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THE STANDARD OF COMPARISON FOR OVER 20 YEARS

HIGH FIDELITY
TRANSFORMERS

FROM STOCIK...ITEMS BELOW AND 650 OTHERS IN OUR CATALOGUE B.

HIPERMALLOY series

This series provides virtually all the
characteristics of the Linear Standard
group in a_more compact and lighter
structure. The frequency response is
within 1 db. from 30 to 20,000 cycles.
Hipermalloy nickel iron cores and hum
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level +10db.
Circular terminal layout and top and
bottom mounting.

ULTRA COMPACT series
UTC Ultra Compact audio units are small
and light in weight, ideally suited to re-
mote amplifier and similar compact
equipment. The frequency response is
within 2 db. from 30 to 20,000 cycles.
Hum balanced coil structure plus high
conductivity die cast case provides good
inductive shielding. Maximum operating
level is +7db. Top and bottom mounting
as well as circular terminal layout are
used in this series as well as the ones
described above,

TYPICAL UNITS

LS-10X Shielded Input

line (50, 200, 250, 500,600, etc.)

to 50,000 ohms . .. multiple shielded.

LS-19 Plate to Two Grids

Primary 15,000 shms.

acorcna-08

y 95,000 ohms C.T.

LS-50 Plate to Line

15,000 ohms to muitiple line... <15 db.
level,

scpoustpe

LS-63 P.P. Plates to Voice Coil

Primary 10,000 C.T. and 6,000 C.T. suited

to Wil{lamson, MLF, ul.linear circuits.

arPovs- 06

1.7, 2.5, 5, 7.5, 10, 15, 20
30 ohms. 20 watts.: ' Tt T

A-10 Line to Grid

agsonic-om

Multiple line to 50,000 ohm grid.

A-18 Plate ta Two Grids

15,000 ohms‘to 80,?00 ohms,. primary and

erronse 0t

y both spli

A-20 Mixing Transformer

Multiple line to muitiple line for mixing

19300808

mikes, lines, etc.

A-28 P.P. Plates to Line

I

ﬁo,ooo ohms plate to plate, to multiple
ne.

UNITED TRANSFORMER CO

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLA!

v

Ls-2 Ls-3

CASE  LS-1
Length. 314 4-7/16” 5-13/18"
Width__ 234~ 3%~ 57

Height..314~ 4-3/16" 4-11/16

Unit Wt.3 Ibs. 7.5 Ibs. 15 Ibs.

OUNCER CASE
Diameter
Height ...
Unit Weight _
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W2GYV CHECKS PERFORMANCE
OF G-E 12-KW KLYSTRON

Transmitting power tubes like this
carry u-h-f television to viewers in
all parts of the country. Rigid Gen-
eral Electric tests precede shipment
and installation. The special equip-
ment for klystron tests shown in
the picture, was designed and built
under the direction of W2GYV
(L. F. Jeffrey). Features arc the
three large beam focusing coils,
surrounding the upper half of the
tube . . . the rectangular wave
guide on top, into which output of
the klystron is fed by a coaxial line
ending in a 14-wavelength antenna
...the elaborate power-supply con-
trol and metering cabinet at right.

Radio Amateur Lawrence F. Jeffrey Holds
Important G-E Power-tube Responsibility

WITH 8 states still to contact on six
meters—he has 40 already in his
log-book—amateur Jeffrey (W2GYV) can
be pardoned for wishing his rig had a final
as high-power as G.E.'s big 12-kw tele-
vision klystron!

A licensed ham since 1934, Jeffrey finds

that his after-hours work with mike and
key is a hobby tuned to the same frequency
as his daytime job as supervisor, tube
circuitry engineering for General Electric
power tubes.

Moreover, 25 percent of the electronic
specialists who work for and with Jeffrey,
are active amateurs. Experience gained,
lessons learned in the ham shack, contribute
to ethiciency in testing and designing circuits
for G-E tubes whose frequencies go from
d-c to microwaves—whose power ranges
from milliwatts to megawatts.

Radio amateurs like W2GYV share im-
portantly in the design, manufacture, and

GENERAL ELECTRIC

testing of tubes—power, receiving, C-R—
built in all 7 General Electric tube plants.
Ham vision and know-how are quality in-
gredients of G-E tubes of cvery type sup-
plied by your local distributor! Tube
Departinent, General Electric Company, Sche-
nectady 5, New York.

* Ed *

Congratulations from General Electric to the
1955 Edison Award winner, Robert W. Gunder-
son, W2J10, Bronx, N. Y.! Mr. Gunderson was
named for noteworthy achievement by the
committee of judges because, a blind operator
himself, he continued to aid others similarly
handicapped by editing the only electronics
magazine in Braille and completing 30 types of
special test equipment for the blind. By present-
ing the Edison Award trophy and gift to
W2JIO and by citing other amateurs for meri-
torious 1955 service, national recognition again
was given the efforts of all radio amateurs in
the public interest.

166-182



'COLLINS NEW

Time Payment Plan

MAKES THE FINEST SSB EQUIPMENT
AVAILABLE NOW

Collins Radio Company and its distributors
have made it possible for you to operate the
new Collins SSB rig while you're paying for
it. It can be yours right now by taking
advantage of the new Collins Time Payment
Plan. A small down payment will team you
and superior SSB performance on the
Ham bands. Your present equipment may
apply on the down payment, too. See

vour Collins distributor — he'll explain
how that Collins rig can be yours for a few
dollars a month, with up to 18 months to pay

Here's how easy it is to own
Collins SSB equipment

Take the Collins 75A-4 Receiver for example
For as little as $59.50 down, you take your
75A-4 home and start operating. You

can choose the plan that fits your budget
best — as low as $33.00 a month for I8
months, or fewer payments if you wish.

Here’s another good point to consider.
Collins advanced engineering and quality
construction give you a station with
lasting value. When it comes time to
modernize your rig in the years ahead,
your Collins equipment will retain its
position of top trade-in value on

the Amateur market,

Collins 75A-4 Receiver, 312A-1 Speaker/Control,
KWS-1 Transmitter and Power Supply.

__ (M
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N4




Q5T

RAPRIL 1956

VOLUME XL

NUMBER 4

PUBLISHED, MONTHLY, AS ITS OFFICIAL ORGAN, BY THE AMERICAN RADIO RELAY LEAGUE, INC.,
WEST HARTFORD, CONN., U. S. A.; OFFICIAL ORGAN OF THE INTERNATIONAL AMATEUR RADIO UNION

STAFF
A. L. BUDLONG, WIBUD
Editor
RICHARD L. BALDWIN, WIIKE
Managing Editor
GEORGE GRAMMER, W1DF
Technical Editor
DONALD H. MIX, WITS
BYRON GOODMAN, W1DX
Assistant Technical Editors
EDWARD P. TILTON, W1HDQ
V.H.F. Editor
C. VERNON CHAMBERS, WIUIEQ
LEWIS G. McCOY, WI1ICP
E. LAIRD CAMPBELL, W1CUT
Technical Assistants
ROD NEWKIRK, W9BRD
Contributing Editor, DX
ELEANOR WILSON, W1QON
Contributing Editor, YLs
ANN B. FURR, W1ZIB
Production Assistant
I.E ROY W. GARBER
Editorial Assistant

LORENTZ A. MORBOW, W1VG
Advertising Manager
EDGAR D. COLLINS
Advertising Assistant
Chris Dunkle & Associates
3257 West 6th Street
Los Angeles 5
California Representatfve

DAVID H. HOUGHTON

Circulation Manager

J. A. MOSKEY, W1IMY
Agsistant Circulation Manager

OFFICES

38 La Salle Road
West Hartlord 7, Connecticut
TEL.: AD 3-6268 TWX: HI 88

Subscription rate {n 1Inited States and
Possessions, $4.00 per year, postpaid;
54.25 in the Dominfon of Canada,
%5.00 in all other countries. Single
eoples, 50 cents, I‘oreign remittances
should be by internattonai postal or
express money order or bank druft
negotiuble in the 17, 8, and for an
¢quivalent amount in 1.8, funds.
tutered as second-class matter Ma
29, 1919, at the post atlice at tlartford,
(‘annecticut, under the Act of March
3. 1879, Acceptanre for muailing at

special rate of postaze provided for in
section Act ot October 3, 1917,
authonzcd September 9, 1922." Addl
tional entry at Coneord, N. H., author-
ized Mebruary 21, 1929, under the Act
of Mebruary 2%, 1925.

Copyright 1956 by the American Radio
Relay Leuwgzue, Inc. Title rezistered at
(1. 8. Patent Oftice. International copy-
right secured. rights reserved
Quedan reservados todos Los derechos.
Printed in U, S,

GNAANAAS

INDEXED BY
INDUSTRIAL ARTS INDEX
Library of Congress Catalog

Card No.: 21-9421

A A AAN

—CONTENTS—

TECHNICAL —

A Club-Project 2-Meter Portable
Carl H. Ericson, W2PPL
Reducing Power for S.W.R. Bridge Operation .ccc.c.....
The Beer-Can Antenna, Minnesota Style
H. T, Orr, WOWET
A Radical Approach to VFO Design ’
Larson E. Rapp, WIOU
Push-Pull 6146s in a Two-Stage Rig
Armand Renaud, VE2RZ
Pep Up Your Old Receiver
Howard O. Lorenzen, W3BLC
Twice or Four Times?...00400ce....{Technical Topics)
The Hammarlund PRO-310 Receiver
(Recent Equipment)
The Knight VFO...v0cc000000e...{Recent Equipment)
The Heathkit Q Multiplier........{Recent Equipment)

BEGINNER

Understandmg Television Interference
Lewis G. McCoy, WIICP

MOBILE —

Dual-Battery Power System for Mobile
James L. Atkinson, WOEQG

Directional Antenna for the Transmitter Hunter

Harold J. Braschwitz, W8YPT
OPFRATING —

Simulated Emergency Test — 1985
George Hart, WINJM

9th V.H.F. Sweepstakes ResultS8. . .c.ceevosesececccecns

GENERAL —

Harry B. Hickeeeesereeeesooseersreessssccssesssssens
The Latest WWV Transmission Data..cecesesscscscess
Edison Award to W2JIO . ...eevisesecccccccccecccsnne

“ItSeemstoUs..."...coenvee =] Happenings of the Month. ...,
In QST 28 Years Ago........ 10
Coming ARRL Conventions.... 10
World Above 50 Mc....oovves 43
Hamiest Calendar.....cvceesee 49
YL News and Views....o0000. 50
BRRL Southeastern Division

ConventioN.cessessssesssres S23

Correspondence from Members.
How's DX?...icieeeeecencscess
Operating NewS..ceo00000000s
With the AREC.....00000000ee
Station Activities..sesscssaass
Silent Keys...veonseessserenss
ARRL QSL Bureauseceesessanae

11
21

23
24
26

28
32

36
38
39

18

i8

30

40
46

10
49
53

52
54
88
89
61
66
126
144



QUALITY PRODUCTS
BY A}

DIP METER

This indispensable measuring instrument
helps you get the most out of your equip-
ment. It will suve you time in initial
transmitter tuning, neutralizing, antenna
loading, and dozens of other jobs. Ex-
tremely versatile, the unit will serve you
equally well as & sensitive grid dip meter,
signal generator, absorption wave meter,
or signal monitor from 1.75 to 260 mc.
The calibrated, color coded dial is di-
vided in five bands, matching each of
the five coils supplied.

Net Price: Model 600 ........$39.75

1 KW BALUNS

Fill the gap between un-
balanced feed lines and
balanced antenna loads.
provide maximum trans-
fer; low power line ra-
diation on transmission:
high signul-to-noise ratio
on reception. Models for.
rotary beam, folded di-
pole antennas.

Net Price: Models 700
714 $16.50

LOW PASS FILTERS
Fight TVI hy attenu-
ating  undesirable har-
monics and spurious
radiation by a minimum
factor equal to 17,780 to
{ with this new B&W
low pass filter. Wave
Guide principle and
novel multi-sectional
construction mean more
attenuation in less space
at lower cost.

Net %Model 425 (52 ohms imp.)

"o
Price | Model 426 (75 ohms imp.){ *148

SINGLE SIDEBAND GENERATOR

The 51SB generator of-
fers sparkling SSB per-
formance with your
present B&W, Collins,
Johnson, or other com-
mercial or composite
home built transmitter,
on 80 through 10 meters
with the output fre-
quency control presently
in your transmitter.

Net Price: Model 51SB $279.50

AUTOMATIC T - R ANTENNA SWITCH

Fully automatic elec-
tronic antenna change-
over from receiver to
transmitter and vice-
rersa — suitable for all
power applications up to
the legal limit. Model
380B is ideal for voice
operated SSB — AM
phone and break-in CW
—all with one antenna.

Net Price: Model 380B $23.70

ALL OF THESE FINE B&W
products are available at. 1eadmg
distributors’ everywhere

PLUG-IN LINKS

Match present feed lines
up to 600 ohms by pull-
ing out one coil, plug-
ging in another with cor-
rect number of turns.
Wide range of sizes and
turns available.

Net Prices for links,
»rms, and arm and
hinge assemblies, range
from $.60 to $1.86.

WATCH FOR the big value
announcement on B&W’s new
L-1000A | KW Single Side-
band Linear Amplifier!

All pricessubject to change without notice,

Barker & Wlllaamson, Iinc.

237 Fairfield Ave.,

Upper Darby, Pa.
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Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in QST. ARRL Field Organization station appointments are
available in the areas shown to qualified League members. These include ORS, OES, OPS, OO and OBS. SCMs also desire
applications for SEC, EC, RM and PAM where vacancies exist. A1l amateurs in the ‘United States and Canada are invited
to join the Amateur ‘Radio Emergency Corps (ask for Form 7).

ATLANTIC DIVISION

HKastern Pennsylvania W3PVF Clarence \nyder 717 Porter St. Faston
Maryland-Delaware-D. C. WSPRL J. W. Gor 3707 Woodbine Ave. Baltimore 7, Md.
Southern New |ersey K2BG Herbert L Brooks %0U Lincoln Ave. Palmyra
Western New York wasjv Edward Graf 81 King St. Tonawanda
Western Pennsylvania WiINCD R. M. Heck RFD 1 Sharpsville
CENTRAL DlVlSlO

illinois WIVIX Creorge Schreiber 39 5. nooville Ave, Qak Park
Indiana WONTA Seth i.. Baker ’76 West Sumner Ave. Martinsville
Wisconsin WI9ROM Reno W. Goetsch 929 S5, 7th Ave. Wausau
DAKOTA DIVISION.

North Dakota WAKTZ Elmer J. Gabel i . Hankinson
South Dakota WarLP L.es b'rice Custer State Park Hermosa
Minnesota WOMXC Charles M. Bove 1611% E. Lake St. Minneapolis 7
DELTA DlVlSION

Arkansas Owen (». Mahattey x 157 “pringtown
l.ouisiana Thomas J. Morgavn i409 Beaulieu St. Metairie
Mississippi ¢ Julian (. Blakely 525 So. Main St. Greenville
‘Tennessee W4SCF Harry C'. Simpson 1863 So. Wellington St. Mempbhis
_ _ .GREAT LAKES DIVISION.
K y W4s Bl Robert . Fields 531 Central Ave., (Kentucky side) Williamson, W. Va.
Michigan WBRAE ‘Thomas G Mnchell 400 I.iberty Buchanan

Ohio WEAL Wilson E. Weckel 118 Tuscarawas St., \V., ¢

HUDSON DlVlSl()

Eastern New York W2EFU (reorge W, Tracy 1138 North Country Club Drive Schenectady

Y. C. & Long Island W2TUK Harry J. Dannals 139 Kast Zoraune Drive Parmmxdale L.I.
Northern New Jersey W2VQOR Lloyd H. Manamon 709 Seventh Ave. Asbury Park
M[DVVEST DlVlSlON

lowa WOBDR Kussell B. Marquis 807 North Fifth Ave. Marshalltown
Kansas ¢ Earl N. Johnston 1100 Crest Drive Topeka
Missour i James Hoover 15 Sandrmzham Lane Ferguson 21
Nebraska Flovd B. Campbell 203 W, 8 h'S North Platte
NEW ENGLAND DIVISIO|

Connecticut WIEFW Milton E. Chatfee 53 Homesdale Ave. bouthlngton
Maine Allan 1, Duntley T Cas

tiastern Massachusetts WIALP Frank L. Baker, jr. 91 Atlantic St. Nonh Quincy 71
Western Massachusetts Gisborne R, McKeraghan 22 Mutter St. Easthampton
New fiampshire WI1HS Harold J. Preble oute 4 Concord

Rhode Island Walter B. Hanson, jr. 54 T.ocust St. Providence 6
Vermont Robert L. Scott 108 Sias Ave. Newport
NORTHWESTERN DIVISION.

KL7AGU  Dave A. KFulton Rox 104 Anchorage

W7lwWuU Alan K. Ross )ll)i irene 'st. Boise
Montana WICT Leslie k. Crouter 1211 Hollin: Helena
Oregon W7ES§)é Fdward h Conyngham 1|90! Powell Blvd, Portland
Washington W7FI Victor S. Gish 1 East 71st St, Seattle §
P\(‘IFI(‘ DlVlSlON

" Hawali ICH6AED Samuel H. Lewhel Box 3564 Honoluiu

Nevada W7]1U X . Warner 510 ‘Birch St. Boulder City
aanta Clara Valley WoWGO 1946 Harmil Way San Jose

East Bay ‘D] Roger L, Wixson 3018 Berlin Way $akland 2
San Krancisco ; Walter A. Buckley N ial W; San Francisco
Sacramento Valley Harold L. Lucero 1113 Elinore Ave. Dunsmuir
San Joaquin Valley Ralph Saroyan 3039 Mono St. Fresno
OANOKE DlVlS[ON

R
North C'arolina W4RRH . Riley Fowler x 143 Morgantown
South Carolina W4HMG Brvson L. McGraw ’27 Kalmia Road olumbia
Yirginia W4KX lohn Carl Morgan </n Radio Station WFVA, Box 26Y I"redern:ksbunil
West Virginia wsrQQ Albert H. Hix 1013 Belmont St. Forest Hills arleston 4

ROCKY MOUNTAIN 8lglV[SION

(“olorado WBHEM James B. Simpson $ South Weber St., Colorado Springs
Utah W7UTM  Floyd L. Hinshaw 165 East 4th, North Bountiful
Wyoming W7PKX Wallace J. Ritter P.0. Box 797 Sheridan
SOUTHEASTERN DIVISION.

Alabama WaMI J 5 o . Cottondale
kastern Florida £ P.0. Box 358 Howey-in-the-Hills
Western Florida 1003 E. Blount St, Pensacola
Cieorgia A} 459 Fairway Hill Drive, S.E. Atlanta
West lndles (Cuba-P.R.-V.1.) 4D ] Wllllam Werner 565 Ramon Llovet Urb. Truman,

Rio Fle«lrau, P. R,
Canal Zune VA Koger M. Howe Rox 462 Balboa Heights, C. 2
SOUTHWESTERN DIVISION

1.08 Angeles William j. Schuch 6707 Beck Ave. North Hollywood
Arizona Albert Steinbrecher RIFD S, Box 300 Tucson

$an Diego ’ Ion Stansifer 4427 Pescadero San Diego 7
Santa Barbara Wo6QIW William B. Farwell 90 (irapevine Road 0Oak View

WEST GULF DIVISION.

Northern T'exas WSRRM  Cecil C.Cammack 3750 Brighton Road Fort Worth

€)klahoma WSRST Lyr. Will G5, Crandall <tyte Veterana Hospital \ulphur

Southern T'exas W50DX Morley Rartholomew RFD 7, Box 65 Aust

New Mexico WSEFPB Einar H, Morterud 2717 Quincy St., N.E. Rel Au' Albuquerque
CANADIAN DIVISION

Maritime VEIOM IDouglas C. johnson 104 Preston St. Halifax, N. S.
Cintario VE3IA Cr. Eric Farquhar 16 kimeraid Crescent Hurlmgt,on Ont,
Cucbec VE2GL Gordon A. Lynn R.R. No. 1 Ste. Genevieve de

Pierrcfonds, P. Q).

Alberta VE6M] 3 T, 10706-57th Ave. Edmonton, Alta,
»l;rilt‘ish Columbia \’F7JT . Mclntyre ‘)81 West 26th Ave. Vanoouxer, B.C.

ukon —

Manitoba \'E4HL John Polmark 109-Uth N.W. E‘ortage la Prairie, Man,
Saskatchewan VESHR Harold R. Horn 1044 kmg St. Saskatoon

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




e hallicrafters introduces

THE ONLY INEXPENSIVE
COMPLETE RECEIVERS

FOR 2 AND 6 METER BANDS...

Here are two new models Geared for VHF Use
by Novice » Technician ¢ Civil Air Patrol

Model $-102 - Model S-106
Model S-102.......... . . . ... 143-149 Mc. 2 meter band (Civil Air Patrol 148.14 Mc.) $59.95
Model S-106....... ... ... ... . ...... P 49-55 Mc. 6 meter band $59.95

Once again . . . Hallicrafters Quarter-Century policy of producing what the amateur wants and
needs is reflected in these two new, low-cost. . . complete receivers.

Specifically developed to meet the need for an inexpensive, versatile. .. self-contained
model . .. either unit is ideal for use by the novice ham—or in local phone work.

0ld timers, too, will find both receivers an ideal complement to their present low frequency
receiving equipment since each provides a low-cost means of contact with the growing VHF
fraternity. These units also make the perfect corner stone for any VHF Civil Defense participation.
For the ham interested in Civil Air Patrol the S-102 is a “must” addition for his shack.

Check these features at Your jobber Today! FOR BOTH MODELS— EXTERNAL CONNECTIONS
o7 tybes plus rectifier L<')w Frequen?y Drift g RO.NT_ '\’/ AINEL E?\’:TROI_-% A'}tc%"a';aa':g l:tvitgrg;r&a)lls
« Built-In 5” PM speaker < High Sensitivity uning: volume—Ag, on/o ;
igh circuit effici , Noise limiter, on; off Standby terminals
« High circuit efficiency ~ « Compact Design Receive/Stan’ dby/ Phone tip jacks
« Single Band Design Speaker—5"

hallicraffers

CHICAGO 24, ILLINOIS



rur AMERICAN
RADIO RELAY

LEAG UE, INC,

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 associafion without capital stock, chartered
under the laws of Connecticut. Its affairs are govermned by a Board
of Directors, elected every two years by the general membership.
The officers are elected or appointed by the Directors. The League
is noncommercial and no one commercially engaged in the manu-
facture, sale or rental of radio apparatus is 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 voting membership is granted only to
licensed amateurs.

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

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

Officers

President . « « « . . . . » GOODWIN L. DOSLAND, W@TSN
Moorhead, Minnesota

First Vice-President . . . . . WAYLAND M. GROVES, W5NW
P.O. Box 586, Odessa, Texas

Vice-President . . . . . . . . . FRANCIS E. HANDY, W1BDIi
38 La Salle Road West Hartford, Connecticut

Vice-President . . . . « . PERCY C. NOBLE, W1BVR
37 Brocd St., Westf:eld Massachusetts

Secretary . . . .« . A. L BUDLONG, WIBUD
38 La Salie Road, Wo:t Hartford, Connecticut

Treasurer . . .+« . . DAVID H. HOUGHTON
38 La Salle Road, West Hartford, Connecticut

¢ o6 ¢ o o

General Manager . . . . . . . . A. L. BUDLONG, W1BUD

Communicafions Manager . . . . FRANCIS E. HANDY, W1BDI
Technical Director . . . . . . . GEORGE GRAMMER, WIDF
Assistant General Manager . ... . JOHN HUNTOON, WILVQ
Assistant Secrefaries . . . . . . . . . LEE AURICK, WIRDY

PERRY F. WILLIAMS, W1UED
38 La Salle Road, West Hartford, Connecticut

[ ) L] ° L] .

GeneralCounsel . , . . . . « « « « . PAUL M, SEGAL
816 Connecticut Ave., Wushmgron 6 D.C.

DIRECTORS

Canada

ALEX REID.........

230 1.ogan Ave., &t.

Vice-Diector: Wllll um R. Savage......... VE6LO
129 15th 8t. N, Lethbndr{e. Alta.

Atlantic Division
GILRERT I., CROSSLEY . ..o e WwW3YA
Dept. of k.17, enna, \tute University
ate College, P!
Vice-Director: 'h wrles O, Badge! t ........ W3LVT
725 Garden Road, Glenside, Pa.

Central Division

IOARRY 1\17 \\IATTI'IFWB wouQT
So. &th
Vice-Director: Cirorge eith .WoQLZ
RID 2, Rox 22-A, Utlea, Ll
Dakota Division
ALFRED M. GOWAN............... WOPIIR
1012 Routh Willow Ave., bluux Ieallg, 8. D.
Vice-Director; Forrest Bryant. ... ... .... \ 'AED8

6440 larriet Ave., Mlnneupnlh, Minn,

Delta Division
VICTOR C \NI‘II‘I D ....W5B8R
Rox 165, Lake Churles, .
'ar-lrtratmr Mlilton W. Kirkputrick....\W5SKYC
113 Patton Ave., Huttlesburg, Miss.

("reat Lakes Division
JOHIN H. BRAB A\

TUR I'ord Hlds: Detroit 26, Mich.
Vice-7rirector: Robert 1. Davis. ......... WSLEYE
247 Hightand Ave., Salem, Ohlo
Hudson Division
(;EOR(;I‘ V COOKE, JR..

239 St., Bellerose 36, N. ¥,

v lco-/llrerlnr I‘hom’m J. Ryan Jr....... W2NKD
2339 Redwood 1td., seoteh Pl 1ing, N. J.

Midwest Division

ROBERT W. I)L\ NISTON.......... WoNWwWX
Rox 631, Newton, lowa
I’tce- *irector: fumner H. Foster. . ........ TOGQ

2315 Linden Dr., 81, Cedur Raplds, low.x

New England Division
PHILIP 8. RAND
Route 58, Redding Ridge, Conn.
Vice-Diirector: ('layton ¢, Gordon. . ... .. WIHRC
65 Imerson Ave., Plttxncld Muass,
Northwestern Division

R. REX ROBFERTS, .. ............... W7CPrY
%37 Purk IIill Drive, Billings, Mont.

Vice-1iirector:

Pacific Division

HARRY M. ENGWICHT.............. WeHC
770 Chapman, San Jose 26, Calif,
Vice-Director: Hurold L. Lucero \W6JDN
1113 Klnore Ave., Uunsmmr. Culit.

Roanoke Division
P, L&NII- I{ ANDERSON, JR,.
2% AMaple Lane, l) anIIIP V
Vlco—l;(rprtm ‘I'ncodore P. Mathewson., . .... W4FJ
110 N. Colonial Ave., Richmond, Va.

Rocky Mountain Division
CLAUDEL M. MAER, JR
740 Lafayette St., Denver, Colo.

Vlce-l)irm‘lnr Walter M. Reed......... WAWRO
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“It Seems toUs...”

NEWCOMER TRENDS

Recently, a would-be ham walked into Hq.
for some additional help in getting on the air.
This is not a rare occurrence, but what set this
particular incident aside in our mind was the
book he already had on getting into ham radio.
We took some time to leaf through it; the
experience is one we won’t soon forget.

A recent publication, it is liberally sprinkled
with information on learning the code, proce-
dure in FCC examinations, on-the-air operat-
ing and ARRL organization. Its bulk, however,
is occupied with a catalogue-type description
of equipment the newcomer can buy — re-
ceivers, transmitters, antennas, test weuar,
mobile equipment. There is even a separate
chapter devoted to ‘“how to buy it,” with
advice on time payments, shipping costs,
trade-ins, etc. In all fairness, it must be said
that in these respects we felt the book performs
a useful function of guidance to the newcomer.

What startled us, however, was to find in a
general introductory text on amateur radio
there was not one schematic diagram or sym-
hol, not one word about the most elementary
theory, only the barest suggestion that the
written portion of the amateur examination
deals with theory and technique, not one word
of encouragement that the beginner might
learn — and have fun —- by constructing some
of his own gear. The author abhors the thought
of “building a receiver from scratch,” and in
the transmitter field infers that even building
from kits is for the other guy; ““the charge for
factory assembly and wiring, including testing
and adjustment, is well worth while.” An
alternative title could easily have been a
quote from the text: ‘“Putting a factory
transmitter on the air is no more work than
installing a floor lamp.”

We simply cannot bring ourselves to sub-
scribe to this as a picture of amateur radio; if 1t
is, pardon us while we shed a tear. We aren 't
50 reactlonary as to 1gn0re the growing trend
toward ‘‘store-boughten’ equipment, nor do
we fail to recognize the vital importance of the
radio manufacturing industry to our growth
and progress. But we cannot completely ignore
the existence of radio technique as a prime
field for the interest of the radio amateur; we
must, we believe, do more than put modern

amateur radio right alongside the TV set and
washing machine (and floor lamp!) as just
another home utility. We must indicate that
the need of the prospective amateur today, as
in the years pust and the years to come, is how
to learn something about radio, not stopping
with advice on what and how to buy. To stop
at that point is a far cry from the amateur
radio we know a.nd have nurtured, miles dis-
tant from the “service of self-training, mter—
communication and technical investigations”

defined in international treaty and the reason
for the continued existénce of amateur bands.

We have not reached the point where it no
longer becomes of the slightest importance to
know what’s going on hehind the dials. We
have not reached the point where we avoid
telling prospects that much of the fun and real
satisfaction in amateur radio can come from
a suggestion for an improvement in technique
that sends us diving toward the junk box,
gleam in eye, to dig out parts and try the
gadget. Amateur radio must continue to take
more than an academic interest in new
developments in the art; our interest in tech-
nique 1s not confined to how many knobs per
dollar a receiver offers. Prospective amateurs
must continue to look forward to being more
than third-class telephone permit holders, or
citizen-band licensees.

Many of today’s leaders in the communica-
tions field began their careers through an
early interest in amateur radio — an attraction
which, we’ll wager, was primed largely by
technical interest. We cannot subscribe to an
amateur radio that, ten or twenty years
hence, will depend on its contribution to the
art from “amateurs” raised in the belief that
what goes on inside the crackle-and-chrome
boxes is wholly unimportant.

ARE YOU LICENSED ?

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




Harry R. Hick
. . . QST Contributor Extraordinary

HE IMPRESSIVE RECORD of having served

QST continuously for 40 years is established

this month by Harry R. Hick, artist and
draftsman, who has contributed to every issue
since April 1916.

Harry first saw QST on the newsstands in that
year and went to Clarence D. Tuska, one of its
pionecrs, with the request that he be allowed to
make covers for it. He made the cover of the
following issue and his first hook-ups were done
for the July 1919 issue.

The square letters QST and the flash symbol
on the cover today are Harry’s product. He has
hecome renowned for his ability to draw hookups
rapidly and estimates that his diagrams for QST
now total well in excess of 8000. In one two-week
period he prepared 300 of them for the Handbook.

His ham interest began with a spark set and a
second grade license prior to World War I. His
amateur carcer with station 1ESS was inter-
rupted by this conflict, in which he served in the
aviation section of the signal corps, attaining the
rank of sergeant.

He is married and the father of three children.
He served ten years on the Rocky Hill, Connecti-
cut, Board of Fducation and was a member of its
building committee for a year. He is former
treasurer of Rocky Hill Methodist Church and
has been finance officer for the Campilio-Holmes
Post 123, American Legion, since its organization
in 1923, He has been a member of Washington
Lodge No. 81, A F.&A.M., of Cromwell, Con-
necticut, for 25 years.

Harry also will have been an employee of
Aetna Life Insurance Company for 40 vears in
1956. Nearing retirement, he looks forward to
having more time for the thing he likes best,
drawing, and for painting in oils and water color.
He particularly likes landscapes, for he finds that
like hookups they take careful planning for
proper design and layout.
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25 Yeatls Ago
this month

{87

o

April, 1931

. . . Twenty-five years ago this month the editors of
)ST were alive with thoughts of Spring and the out-of-
Jdoors. Gil's cartoon cover showed the Podunk Hollow
zang out sprucing up the club shack, while over in the
back of the magazine you were urged to obtain a large
metal ARRL auto emblem, so that other hams would
recognize you on the road.

« .. Jim Lamb tock a look into the future, and gave
some dope on how to move up from the *‘short’’ waves and
take advantage of the wide open spaces on 160 meters, Most
of the emphasis was on antennas and coil construction.

+ « . George Grammer came to the aid of those who
wunted clean signals, with his description of ** A Harmonic
Monitor"’.

... On the editorial page was a report of continued
cooperation with B.C.L.'s; and admonishments to stay
within the band, 'cause the Department of Commerce,
Radio Division, had finally determined to take action
against out-of-band offenders.

. . . Ev'Battey reported on the phone-va.-c.w. Transcon
Relays, with phone winning some rounds and c.w. the
others. These Relays were of such importance that April
1931 QST devoted 13 pages to the write-up. In addition,
there were 7 pages of pictures and descriptions of the
outstanding stations in the Transcon Relays.

. . . Ross Hull produced for League members & story of
the crew at 38 LaSalle Rd., complete with pictures and
biographies.

v+« J. 8. Cebik wrote up a Push-Pull A.C. Receiver
Using Screen-Grid Tubes, which was described as being
just the thing for the ham with a push-pull complex.

... In the I.LA.R.U. News were reports about New
Zealand hams participating in earthquake traftic, as well
as reports from several other active overseas amateur
societies.

. « . And in the human side of the news it was reported
that over at W1MK one night Ev Battey so vigorously
manipulated the key that it collapsed.

.+ . Those who peruse the ads will find QST of 25 years
ago a fascinating place. The Manhattan Electric Bargain
House lists some Army and Navy radio surplus; and some
fine 40 meter crystals are available at $40.00 (unmounted),
but the price drops to $15.00 in the 160-meter band.

. o « A reul nifty double-button carbon mike is listed at
$19.50, and the Leeds Co. offers a 10-watt transmitter kit
for $70.00. RCA lists a UV-211, rated at 75 watts output,
at a firm net price of $30.00; and both E. T. Cunningham
and CeCo give specs on some of their latest tubes.

COMING A.R.R.L. CONVENTIONS

March 3 — Michigan State, Grand Ra-
pids

April  14-15 — Southeastern
(West Indies Section),
Puerto Rico

June 9-10 — Rocky Mountain Division,
Denver, Colorado

June 15-16-17 — West Gulf Division,
Galveston, Texas

July 6-7-8 — ARRL National Conven-
tion, San Francisco, Calif.

1 Division
San Juan,

QST for



- A Club-Project 2-Meter Portable
KBT Radio Club Produces Hand-Carried V.H.F. Rigs

BY CARL H. ERICSON,* W2PPL

e ‘‘Let’s start a construction project!”
If this idea comes up in your club it may
be the start of a program that will do
the organization a lot of good. Or it
could mean headaches for the sponsors,
before it’s done with. How it turns out
depends mainly on planning done be-
forehand. Here is a report on a project
that was carried through in a business-
like manner, giving members a useful
piece of equipment and valuable experi-
ence in cooperative cffort.

LUB CONSTRUCTION PROJECTS Inay serve
many ends. They may help to educate the
newer members of the fraternity in methods

of construction. Their purpose may be to obtain
# number of duplicate units for CD work, or to
develop an interest in club activities through co-
operative effort. In the KBT Club of Buffalo
it, was decided that a club project would be
worthwhile, so a committee was appointed to
investigate and report. This article rclates the
experiences of that committee, and describes the
result.

It was decided that suitable and popular units
that might be constructed would be (in the order
of increasing difficulty) monitors, modulation
meters, grid dippers, field-strength meters, and
hand-carried transmitter-receivers for 2, 6 or
10 meters. The committee also recommended
that one of the first three units be chosen. As
might be expected, the voting membership of
interested amateurs chose the portable trans-
mitter-receivers, to operate in the two-meter
band, the most difficult of the projects.

From this point the committee worked to
develop a suitable circuit and layout from avail-
able literature plus home-grown innovations,
and to set up some form of financial and ad-
ministrative organization. We followed through
the project with a small committee doing all of
this work in a more or less informal manner, but
now, with the advantage of hindsight it is quite
apparent that a much more effective organization
might have included the following:

Chatrman — to codrdinate all groups and to
act most essentially as a whip to get things done
on time.

A Technical Committee — to develop the unit,
construct and test a pilot model and to act as
advisors to the working groups.

An Ezpediter — to break construction down
into subunits, to call the participants and arrange

#1727 Moore Ave., Eenmore 23, N. Y.

April 1956

construction meetings, and to make sure that a
each of these meetings there would be sufficient
parts, tools, hardware, etc.

A Treasurer —to collect all payments and
keep books on same and purchases.

A Buyer -— to purchase all material.

Nine members registered for the project at
the outset. We expected to pick up more members
than we would drop as time went on and news of
the project spread, so twelve units were started.
This proved to be a sound decision as we easily
filled our quota, and had but one drop out,
whose rights were bought up immediately.

Financing. was complicated. Some members
were willing to pay cash at the beginning but most
wanted to buy in on time, so a schedule of
monthly payments was set up, the total invest-
ment being about 200 per cent more than esti-
mated total cost. This was done so there would
be some cash on hand to take care of small
emergencies, and to avoid the necessity of charg-
ing anyone more than he expected to pay. At the
conclusion of the project the surplus was divided
equally.,

There were quite a number of participants that
felt we should not expect them to purchase parts
for the unit if they could supply the parts from
their scrap box for their own usc. In order to
avoid the difficulties that would arise if we were
to build similar units with dissimilar parts we
chose to refuse all substitution parts unless they
vould be offered in lots of twelve and therefore

The author, right, and K2DVD work a little DX
with their KBT Radio Club 2-meter portables.
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be used in all units. We further stipulated that
a4 nominal price would be paid for all parts so
obtained. Much to the credit of human nuture
we received quite a lot of assistance in this way,
vet all of it was donated outright and, in some
instances, donated by people not participating
in the project.

Membership in the project was by registering
name, telephone number and nights most favor-
able for working, and making the initial and sub-
sequent monthly payments as they fell due. At
the outset it was announced that the club, or
the project in itself, would not buy up any mem-
bership in the project. Once a person signed up
his only way out and only way to recover any
of his investment would be to scll his rights to
some other person at whatever price could be
obtained. No trouble was encountered by this
rule. It was additionally stipulated that posses-
sion of the unit by a member would not be al-
lowed until the final payment had been made.
Here again no trouble arose. We had no rule set
up to enforce an cquitable distribution of the
work and subscquent developments showed that
some advantage might be realized by having
such a rule; however, its formulation und enforce-
ment might be difficult.

There proved to be more bookkeeping thin
first met the eye on even so small a project us
these dozen units. The total funds ran into sev-
eral hundred dollars and disbursements reached
20 or 30 different vendors. To keep track of this
in a manner that would avoid confusion and
misunderstanding required that at least an ele-
mentary bookkeeping system be sct up. There
was work enough that the financial sccretary,
or treasurer, of the project found plenty to do.
Certainly, the regular club treasurer should not
be burdened with these extra duties.

Some sort of a technical committee was essen-
tial to the very existence of such a project. After
a suitable circuit for the unit was developed
there were other problems that arose and had to
be considered by the committce and then voted
upon by the participating group. In our 2-meter
project a suitable circuit was developed around
reasonably inexpensive components. From this
puint decisions were made on the following
alternatives:

Some of the group wanted small hand-carried
units with built-in mikes and phones such us
were built by the Detroit, CD group.! In order
to simplify construction it was decided to build
the units in o more spucious case, lurge cnough
to permit the use of a rechargeuble wet battery

 1“Btructural Details of the Detroit CD Portables,’
ST, Feb., 1953, p. 16.
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Subassembly construction made
mass production of the 2.mecter
rigs possible for KBT club mem-
bers. The combined audio-modu-
lator unit, center, is flanked by the
transmitter r.f. section, and the
receiver front end.

and vibrator supplies if such were desired. Since
most of the fellows already had mikes and
phones, to keep costs to a minimum thesc were
made cxternal to the units. In fact, even jacks
werc omitted as some men wunted 2-pin and
some wanted 3-pin jacks. Some of the members
wanted to add another 3A5 amplifier to the trans-
mitter and some wanted to replace the super-
regenerative receiver with a simple superhet.
All of these desires were taken into consideration
and insofar us possible, the units were designed
to permit their inclusion at u later date.

The usual advantages of subassembly construc-
tion apply fully to a project of this sort, as
future changes can be made with a minimum
of disturbance to remaining circuits and the
small confines ‘“‘open up” when the subussemn-
blies are pulled out. One other advantage which
really outweighed the others in our project was
that the subassemblies allowed the work to
progress simultaneously on several parts of the
units, and this would not have been practlcdl
if they had been all on one chassis.

Since labor was free, the expense of project-
constructed units such as these is principally
the cost of the purts, so if any savings arc to be
made they must be made in the purchuse of the
components. The postwar amateur is pretty well
schooled into thinking in terms of both new and
surplus parts, and some savings can be made
if surplus parts can be used. There are, however,
pitfalls to avoid. Since we used surplus trans-
formers that may not be available for replace-
ment in the future, the layout of parts was made
with an allowance of sufficient spuce to allow
replacement with any of several commercially-
available transformers. Quite a number of the
other components were procured from surplus
sources also, and as much time and effort might
be wasted if each component failure was referred
back to its source, we adopted a blanket policy
of making an over-purchase of 10 per cent on all
parts, including tubes. This assured us of a suffi-
cicnt supply of parts when we wanted them and
did not actually run up costs 10 per cent because
our parts failure wasn’t that bad. The extra
good parts were auctioned off at a regular club
auction, the procceds reverting to the treasury
of the project. All in all, the savings were suffi-
cient to justify the extra effort required to search
ouf. and purchase low-cost surplus parts.

Getting Started

Finally the day urrived for our first construc-
tion get-together and almost at once our vision
of an automotive type production line went up
in thin air. We learncd the hard way what o
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production engineer probably could have told
us in 15 scconds: that it is not economical to set
up much of a production line for 12 units. Too
much time was consumed in trying to explain
to each station just what parts went where, only
to have those parts added in fifteen minutes and
the worker waiting for new instructions. Repeat
this process with eight or ten men simultaneously
and bedlam results. Our first night of full group
effort produced a gay time for all, but very little
real work done!

Here is where the subchassis idea really paid
off. All chassis were bent and drilled by two of
the most mechanically minded members. The
antennas were made by another man. The receiv-
ers were built by three of the men working in
their own homes, and the transmitters and audio
chassis were built by other groups working sepa-
rately. This proved to be far superior to the one
production line, as the difficulty of getting every-
one together at once was avoided, and yet effi-
cient assembly methods could still be employed.
It is quite possible that someone with more
experience in such matters could have made a
production line work well, but it wasn’t for us.

Before any of the actual construction started
all of the components were tested. The trans-
formers were tested for continuity, shorts and
grounds. Resistors were tested and those beyond
10 per cent rejecied. So were the capacitors and,
in addition, they were given a high voltage
check. Out of the several hundred parts tested
there were about a dozen rejects, each of which
may well have represented a nasty trouble-
shooting job avoided on the completed units.

TRIPLER

24MC

0sc

Testing consumed about six man-hours, and it
certainly saved much more than that in trouble-
shooting time!

Visual inspections were made thrce times:
once after all parts were mounted, once after
about half of the wiring was in place, and finally,
when the wiring was completed they were in-
spected. The firat inspection checked for correet
positioning of sockets, transformers, variable
condensers, etc. A number of mistakes were
caught and corrected before the final testing.
These rather inelaborate precautions produced
finished units that all worked the first time
tested, with only a little coil squeezing needed to
line up the transmitters and put the receivers in
the band. After a few units had been tested and
their average performance noted, the rest tested
out very rupidly in that a performance standard
was established and the tester knew quickly
when he neared optimum performance. While the
testing was originally viewed with some trepida-
tion it turned out to be one of the simplest and
certainly the most satisfying phase of the whole
project.

The Subassemblies
The unit is constructed on three subchassis

and housed in an aluminum chassis 8 by 12 by 3
inches, with an aluminum cover plate, to form
a case. The receiver chassis is 3 by 3 inches
with a 2-inch turndown on two sides. The trans-
mitter chassis is 414 by 3 inches with a 2-inch
turndown on one side. The audio chassis is
identical to the transmitter chassis except for
drilling.
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Fig. 1 — Schematic diagram and parts information for the KBT Radio Club 2-meter portable rige.

Cr— 1.5- ];o 3.1-uuf. butterfly variable (Johnson

L1 — 17 turns No. 25 c¢nam., close-wound on Y5-inch
diam. form. Tap !4 from crystal end.

Iz~ 4 turns No. 18 enam., 3%-inch diam., }4 inch long.

I.a — 3 turps similar to L2, about 34 inch long.

L4— 2 turns No. 18 enam., }{-inch diam., }£ inch long.
Couple close to cold end of Ls, adjusting posi-
tion for maximum field strength.

April 1956

Ls — 20 turns No. 20 enam., }4-inch diam. Run through
center of La.

Le —- 4 turns No. 14 tinned, }4-inch diam., 34 inch long,
tapped at 114 turns from plate end.

S1as 818 — D.p.d.t. switch (shown in receive position).

Sz — S.p.s.t. switch.

T1 — Transceiver transformer (similar to Thordarson
T20A03).

T2 — Qutput transformer

'T22590).

(similar to Thordarson
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The transmitter is a 3A5 with its first section
as an overtone oscillator. An 8Mec. crystal oscil-
lates on 24 Me. driving the 3A4 tripler to 72
Mec. The oscillators all worked with any crystal
tried in the circuit, ulthough some crystals re-
quired retuning of the H0-upf. trimmer to get
them to start. It is good policy to check the
output of the oscillator with a grid dripper or an
absorption wavemeter to insure its being on 24
Mec. The 3A4 tripler is merely tuned up to give
maximum output on 72 Mec., again its output
being checked for frequency with a wavemeter.
The wsignal then returns to the 3A5, the other
half serving as a doubler to 144 Me.

The recciver has a 959 r.f. amplifier stage and
a 957 superregenerative detector. A common
audio system is used us the amplifier for the
receiver and modulator for the transmitter.

By virtue of a 3-upf. ceramic condenser from
the hot end of the transmitter final tank the r.f.
stage of the receiver is coupled to the antenna.
Since either the 3A5 or the 959 filament is out
at any given time the effect of the inactive stage
upon the active one is that of added capacitance
only, aud this is tuned out in the adjustment of
the final tank ecapacitor. The 1-megohm grid
resistor of the 959 has no measurable ctfect
npon the output of the transmitter. The primary
function of the 959 is to isolate the superregenera-
tive detector from the auntenna and thereby
minimize radiation from antenna loading on the
detector. Although it is difficult to determine
with any accuracy without suitable instruments
the r.f. stage scems to have a small amount of
gain.

The detector required individual treatment in
each unit to get the best performance. In general,
it scemed advantageous to make whatever
changes were necessary to sccure smooth super-
regencration at the lowest plate voltage on the

~ Y57. Some of the units worked with as low as 25
r 30 volts and these scemecd to bhe the most
sensitive, while others required 40 to 55 volts
on the plate. Adjustments to the detector con-
sisted mainly of moving the coil tap and trying
various ratios of L to (! by squeczing the coil.
If an oscilloscope is available the grid-leak resistor
should be adjusted to give u squegging frequency
of about 50 ke.

There is a lot of hop in the audio seetion. In
the interest of cconomy we might have eliminated
the 1U4 stage, bub it is nice to have lots of ear-
phone volume under high room noise conditions,
and plenty of modulation is & must in a trans-
mitter in this power class. High modulation is
achieved with most any type of carbon mike.
A 114 or a 1'T4 might be substituted for the 1U4.
The 1T4 has u 67-volt maximum rating, however.
A 3E5 will plug in in place of the 3V4 with ul-
most identical performance.

Recceiver battery drain is rather small so many
hours of listening can be done on one set of bat-
teries of the size illustrated. (1.5-volt Eveready
No. 742 and 90-volt Eveready No. 490.) The
transmitter drain is considerably more, and a few
hours of talking will run the batterics down quite
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a bit. By nature a unit like this will be used more
for listening than talking and the occasional
transmissions will be short and to the point. A
rechargeable battery and vibrator supply would
be advisable if a considerable amount of use is
anticipated for the unit.

Although common practice on 2 meters is to
use a 19-inch whip for an antenna we found by
experiment that the maximum signal was radi-
ated by a whip approximately 25 inches long. An
inch plus or minus did not greaily affect the ficld
but the 25-inch whip was considerably better

loterior of the 144-Mec. portables, showing trans-
mitter, upper Ieft, and modulator below it. At the right
are the reeeiver unit and the batteries. There is room
for substitution of rechargeable wet batterics, where
heavy duty may make them more cconomical.

than the 19-inch oune. The very small ground
plane below the antenna, formed only by the
case of the unit, is no doubt responsible for this.

After the antenna was attached, with the
transmitter operating, the entire transmitter
was retuned, this time for maximum radiated
signal. With the voltages on the little rig at 67
or 90 nothing appeared to be abused by tuning
up for maximum signal, and that is, of course,
the desired end result. I'he field strength meter
consisted merely of another whip antenna con-
neeted to an r.f. probe on a v.t.v.m. and placed
scveral meters away from the unit undcr test.

The “final amplifier” runs about 14 watt input
with 67 volts and 1 watt input with 90 volts on
the plate. We have worked base station CD-2’s
whip to whip at one to two miles with good
signals both ways and with fixed stations having
more claborate antennas the range is consider-
ably greater. Unit-to-unit range is ruther short,
1000 to 1500 feet, unless a completely open path
lies between the two portables.

The transmitter is sure-fire and gives a very
good account of itself. There is plenty of audio
for both receiving in a noisy room und trans-
mitting with a high percentage of modulation.
The receiver, like all superregens, is inclined to
be eritical and it tukes sume care in tuning and
sctting the regeneration control if weak stations
are to be copied.

The author wishes to thank Frank Lumney,
W2UHLI, for his cooperation in photographing the
rigs. Circuit ideas were taken from an article by
W3QCV in February, 1952, QST.
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Understanding Television Interference
TVI Facts for the Novice Operator

BY LEWIS G. McCOY, WIICP

ILE TVI (television interference) may not

SK/ necessarily be a problem for every Novice,

the newcomer should have more than a

nodding acquaintance with the subject. The

purpose of this article is to discuss the various

aspects of television interference and how they
uffect the Novice.

So far as amateur radio is concerned, TVI falls
into two categories. One of these is interference
due to faults in the amateur’s equipment. in the
other, the television recciver is to blame. Let’s
discuss the amateur’s equipment first, because in
the event of a TVI complaint one should be
certain his station is not at fault. The prime
cause of interference from a transmitter is
harmonics. There are a few others which we’ll
discuss later, but by far the most important is
the radiation of undesired signals that fall in the
TV channels.

case, he's right. You have no business putting
out a signal in Channel 3.

The first step in checking harmonic interfer-
ence is to find out if the transmitter causes 'I'VI
without the antenna system counected. Remove
the fecdline from the transmitter output terminal
and connect a dummy load, such as a light bulb,
to the rig. Now load up the transmitter and
check to see if the interference has disappeared.
If it has, you can then be reasonably certain that
the harmonic is not heing radiated from the trans-
mitter. Obviously, it was fed up the feedline to
the antenna and then radiated. It is entirely
possible that by using an antenna coupler (assim-
ing you don’t have one at present) the harmonic
will be attenuated to a point where it no longer
interferes. If the reader is unfamiliar with the
construction and use of antenna couplers, it is
recommended that he read the section on coup-
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Fig. 1— Sketch showing 30
the relationships of a 21-Me. OUTPUT 10 CHANNEL3  CHANNEL6
signal and its harmonics. In POWER PRy el ity
actual practice, the harmonics ; 2D HARMONIC

A Bon’ (WATTS)
might not have the amplitudes 10 380 HARMONIC
shown. The important point
to remember js that in addi- 03 l 4TH HARMONIC
tion to the fundamental, there ol |
ure harmonics present, 21.2 42.4 63.6 84.8

Harmonic Interference

What is a harmonic? Let's say that you are
operating your rig on 21.2 Me. Depending on
the design of the transmitter, it is quite possible
that in addition to the fundamental signal, you'll
be sending out signals that are multiples of your
tundamental frequency. This is shown in Fig. 1.
The strength of these harmonics will depend on
many things, and it is a matter of considerable
concern when one or more of them is strong
enough to interfere with television reception.

Let's take the case where you are operating on
21,200 ke. and your local TV service is Channel
3, which is 60 to 66-Mc. Because it’s the nature
of the beast, the TV receiver needs this entire
frequency range of 6000 ke. just to see one chan-
nel. Any signal other than the TV signal appear-
ing in this frequency range can cause TVI. The
reason we say ‘‘can’’ is because it is entirely
possible that the TV signal will be strong enough
to override the interfering signal completely.
However, when the third harmonic of 21.2 Mec.,
which is 63.6 Mec., happens to meet up with a weak
Channel 3 signal, the result is TVI. Your neigh-
bor immediately yells, “That blankety-blank

ham next door is running my TV!” And, in this
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lers in The Radio Amateur's Handbook. 1n addi-
tion to the Handbook, a description of an antenna
coupler for the Novice is given in the April 1955
issue of QST.

1f the antenna coupler doesn’t do the job, then
more drastic action is nceded. The best method
for preventing harmonic radiation is the use of a
low-pass filter. A low-pass filter is simply a device
that acts as a gate. It permits your fundamental
signal to’be fed to the antenna but shuts off the
harmonics. Low-pass filters are available com-
mercially, or they can be constructed at home.
The filter is an easy unit to build, and complete
details are given in the BCI-TVI chapter of the
Handbook.

For a low-pass filter to do its job properly,
certain precautions should be observed. Most
transmitters these days are designed for use with
coaxial cable, the output terminal being a coax
receptacle. The low-pass filter should be inserted
in the coax line, close to the transmitter. If the
harmonics are not being radiated directly from
the transmitter but are fed up the feedline to the
antenna, the installation of the filter may elimi-
nate the interference. However, if it doesn’t there
are a few more steps necded to make sure the

filter has a chance to do its job. In order for the
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filter to be completely effective, all of the trans-
mitter output must be routed to it.

In the sketch at Fig. 2, we see how the har-
monics can reach the antenna without passing
through the filter. By shielding the transmitter,
the r.f. is forced to pass through the filter to reach
the antenna. Other leads that enter the trans-
mitter box, such as the 110-volt and key leads,
must be filtered to prevent the harmonics from
escaping the box. In obstinate cases of TVI, com-
plete shielding and lead filtering of the transmit-
ter are required. This is particularly true in areas
that are quite far from the TV station and when
the TV signal is weak. Naturally, the stronger the
TV signal, the less one is apt to be bothered
by TVI. Here is a summation of the steps to
try when combating interference: Try the an-
tenna coupler first; it may be enough. Next, add a
low-pass filter. If these two steps don’t do the
job, then shielding and lead filtering are neces-
sary. You can be reasonably sure that with a
shielded transmitter and a low-pass filter, your
signal will be clean. If you have a TV set in your
own home and it doesn’t show interference when
your transmitter is running, then it is pretty good
evidence that your rig is clean.

TV Receiver Deficiencies

This leaves us with the other problem, that
of faulty TV receivers. Let’s make one point
quite clear concerning TV receivers: interference
due to poor receiver design is not your fault.
You should cooperate as much as possible with
the set owner but, once you know your signal is
clean, the obligation of fixing the receiver is not
yours.

A TV receiver is designed to receive the bands
of frequencies on which TV signals are trans-
mitted. When the receiver picks up signals from
frequencies other than the TV bands, then some-
thing is wrong with the set. Usually this some-
thing is lack of selectivity. When the TV receiver
is tuned to (*hannel 3, it certainly shouldn’t
receive your 21.2-Mec. signal. If it does, then it is
lacking in selectivity. When the 21.2-Me. signal

1Information on the formation of TVI committees is
available from ARRL Headquarters upon request.
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Fig. 2~ In this drawing we sce
what can happen when the trans-
mitter is not shielded. Without shield-
ing, the harmonics low over the chassis
and on the outside of the coax and
low-pass filter. With good shleldmg,
the harmonics must gow inside th
coax as there is no other means for
them to escape.

overloads the front end of the TV receiver (r.f.
and mixer stages), these stages gencrate har-
monics of the 21.2-Me. signal. This type of over-
loading and generation of harmonics gives the
same final result as TVI caused by transmitter
harmonics. However, in this case, the TV receiver
is at fault. The answer to the problem is the in-
stallation of a high-pass filter at the receiver. As
mentioned before, if your own TV set or one
belonging to = neighbor is clean of I'VI, then
vou can be. fairly certain the affected sct is at
fault. Of course, for your own set to be clean,
it must have sufficient selectivity to keep from
overloading. This may mean the installation of a
high-pass tilter on the set.

Just like a low-pass filter, a high-pass filter
acts as a gate. When installed on the TV receiver
it permits the TV signals to enter but shuts out
lower frequency signals. However, the installa-
tion of a high-pass filter on the ncighbor’s set is
not your responsibility.

Handling TVI Complaints

The first thing to do on being informed that
you are causing TVI is to contact the complainant
and explain what is happening to his set. Assum-
ing that your station is clean, you are in a posi-
tion where you know his set is at fault. 1f your
radio club has a TVI committce, and many
cities have such organizations, give the com-
plainant the name and phone number of the com-
mittee. By all means let the committce handle
the complaint. It is not only equipped and
trained for such work; it is authorized by the FCC

- to take whatever action is necessary to settle the

complaint.

Many TV manufacturers are aware of the need
for additional selectivity when their receivers
are used near a short-wave transmitting station.
Upon recommendation by an authorized TVI
committee, or the FCC, the manufacturer will
furnish a high-pass filter at no charge to the set
owner. If you are in an area not serviced by a
TVI committee, then the procedure would be
to write the FCC and explain the problem to
them. They will take whatever action is neces-
sary for the installation of filters.!

It should be pointed out that in order for a
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high-pass filter to do its job properly, it should
be mounted directly at the tuner of the TV set,
not on the antenna terminals at the back of the set.

2.Meter Image Interference

There isone type of interference that the Novice
9-meter operator living in a Channel 2 area is
likely to encounter. 1t is ‘‘image” interference in
TV receivers having a 44-Mc. intermediate fre-
quency. While this type of interference is a fault
of the TV receiver, the Novice should know what
it is if and when he encounters the trouble. If you
don’t know anything about receivers you’ll
probably wonder how in the world a signal in the
144-Mc. band could interfere with a TV receiver
tuned to Channel 2 (54 to 60 Me.). Without
going into a long discussion on how a receiver
works, we’ll try and explain what happens.
In Fig. 3, at A, the signal-input circuit of a TV
receiver is shown in block diagram. To keep the
explanation as simple as possible, only two signals
are shown in the diagram, at 56 and 144 Me.
Actually, there will be a multitude of signals
from the antenna reaching the first tuned circuit
in the receiver. The tuned circuit should accept
signals at its resonant frequency and reject sig-
nals at other frequencies. The degree to which the
undesired signals are rejected will depend upon
the sharpness, or “selectivity,” of the tuned cir-
cuit. You will note in the diagram that the 144-
Me. signal is not as strong as the 56-Mec. one
after they pass through Circuit 1. Both signals are
amplified by the r.f. stage and then passed
through Circuit 2. The 56-Mec. signal is now much
stronger than the 144-Me. one. Both signals,

TV ANTENNA

At

~,
(A) ok
. 56 144 144

Fig. 3— Block dia-
grams of the input
stages of a 'I'V re-
ceiver. (A) A receiver
tuned to Channel 2
but with inadequate

o ea s o TUNED
selectivity in the input . CIRCUIT
stages will pass enough CHANNEL-2)
strong 144-Mec. signal 56Mc.
to cause interference
with reception. (B)

Adding a 144-Mec.
“trap” in the antenna
feedline improves the
selectivity of the TV
receiver and prevents
interference from 144.-
Me. signals.

TRAP IN

FEEDLINE
TUNED TO
144 Mc.
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plus the oscillator signal, are then fed into the
mixer stage. The action in a receiver mixer stage
is to shift the frequency of the incoming signal
to another frequency (the i.f., or ‘“intermediate
frequency’’) where it can more conveniently be
amplified. This is done by introducing a “local
oscillator” signal; the incoming signal will be
shifted to frequencies corresponding to the sum
and the difference of the two frequencies. In the
case shown in Fig. 3A, the frequency relationships
are such that the 100-Mec. oscillator signal shifts
both the desired TV signal and the undesired
amateur signal to the 44-Me. i.f. If the receiver
does not have sufficient selectivity to reject the
144-Me. signal, it is quite possible for the signal
to interfere with the 56-Mec. signal. However,
the cure is simple.

At B, in Fig. 3, we see what happens when 2
trap (see Handbook chapter on BCI-TVI for
constructional details) is installed in the feedline
of the receiver, to improve the selectivity of the
receiver. The trap is tuned to 144 Mec. to reject
the interfering signal. After the two signals pass
through the trap (the 56-Mec. signal is not at-
tenuated by the trap), the difference in amplitude
between the two signals is so great that the 144-
Me. signal no longer interferes.

As pointed out earlier, it is not your fault that
the T'V set picks up vour signal. The cure for
the problem is a 144-Mec. trap installed at the
antenna terminals of the TV set. Explain the
problem to the set owner and let him know that
you'll be happy to tell the TV serviceman how to
correct the interference. 1t is not recommended

(Continued on page 114)

MIXER
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Dual-Battery Power System for Mobile

Reducing Battery Failure in Car Installations

JAMES L. ATKINSON,* WJEQG

e This article discusses the use of two car
batteries to reduce the danger of being
stranded. A system for monitoring the
condition of the batterics and charging
system is included.

greater than the average rate of charge, it is
obvious that reliable motor starting cannot
be expected with a single battery, and such is
often the case in mobile amatecur radio operation.
Originally it was thought that the problem
could be solved by using two similar batteries
in parallel. However, after several years of
operation, certain disadvantages became ap-
parent. Should one battery develop an internal
short, the other would discharge through the
faulty battery. From an economic point of view,
one battery at half load will not necessarily last
twice as long as the same battery at full load.
And, finally, confidence in the ability to start
under most conditions leads to overconfidence
and consequent overloading of both batteries,
and one finds two dead batteries on his hands.
To rectify this situation, a switching system
was installed in the author’s 1949 Chevrolet
convertible so that either of two batteries could
be used for starting and operating purposes.
Additional metering was also provided to facili-
tate the checking of the condition of the batteries
and the functioning of the charging system. The
circuit of the coutrol and metering system is
shown in Fig. 3.

IF A BATTERY is discharged at an average rate

Control Circuit
K3 is the car’s motor-starting solenoid. Ay is

* 316 West Lutz St., West Lafayette, Ind.
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the solenoid that coutrols the top-lifting motor
of the convertible. K, and Ko are additional
heavy-current solenoids provided so that ecither
of the batteries (or both simultaneously) may
be used to power the starting und top-lifting
motors. (See Fig. 2.) 8, selects the battery that
is to be used for purposes other than starting or
top lifting. With S, closed in either direction, Sg
can energize either Ay or K3 to select the desired
battery for starting or top lifting. S is a spring-
return switch, so that it must be held closed
while the starting switch or the top-lifting switch
is closed. This combination provides a measure of
safety against tampering by children or others.
In the event that both batterics are in a semidis-
charged condition and neither one alone will start
the car, depressing S, instead of Sg, will actuate
both K; and K, simultancously, connecting the
batteries in parallel. Thisis a very handy arrange-
ment, since the two batteries in purallel will
generally provide enough current to start the car.

It will be noted that S, has a center-off position
which is very handy in case a short occurs some-
where in the system. However, it shouid be men-
tioned that this switch should not be opened
while the engine is running, since this unloads the
generator.

Metering

Ay is the car’s standard dashboard ammeter.
Since this meter always reads the difference
hetween charge and discharge currents, an addi-
tional ammeter, A, was provided so that the
generator output current could be checked.
It will also read the current which discharges
bhack through the generator when the generator
voltage drops below that of the battery. This
latter is a normal condition which exists just
before the generator cutout opens. However,

¢

Fig. I — The battery-
monitoring panel installed
in glove c¢ompartment.
Along the bottom, from
left to right, are I, Sz, Sz
and the voltmeter. Across
the top are Ss, S1, S¢ and
the ammeter 4a. J: and
K1 are in between. Se is
mounted on the dash-
board in the hole formerly
nccupied by the choke
control which was re-
moved.

¢
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if the cutout is not operating properly it is easily
seen on the meter. The Chevrolet Shop Manual
gives the settings for particular cut-out relays.
For example, the cut-out relay should be set to
open within the limits of 5.9 to 6.7 volts with
a preferred setting of 6.4 volts. These voltages
are the closing voltages and will differ from the
voltage at which the cutout opens. The important
thing to note is that cutout should open when
there is a discharge current of from zero to four
umperes; the corresponding opening voltage is not
important. Should the current be larger than this,
the air gap and point opening should be read-
justed. Since A9 measures this discharge current,
a convenient check can be made to determine the
operation of the cutout. If adjustment is neces-
gury, it is recommended that a competent auto
electrician be consulted. S4 shorts out the am-
meter, .19, when the latter is not in use.

A voltmeter, V', is also included. With S, in
one position the meter reads the voltage of the
hattery and, in the other position, the voltage
of the generator. A comparison of the two read-
ings will give the voltage drop in the wiring be-
tween the armature of the generator and Aa. The
usefulness of this meter is scen when S» is in the
generator position and ther.p.m.slowly increased,
for then it can be determined at what voltage the
voltage regulator cuts in. From the Shop 8fanual
the voltage regulator should be set to operate
within the limits of 7.0 to 7.7 volts with 7.4 volts
preferred. When the engine r.p.m. is slowly

2 - 'The two additional starting solenoids are
mounted against the wall of the engine compartment.
The second battery is installed on the opposite side of
the motor.

increased from idle or held constant, and R,
varied, the generator voltage will slowly increase
to the battery terminal voltage. At this point the
cutout closes. The meter now gives the cut-out
closing voltage as mentioned above. As the gener-
ator voltage is further increased, the ncedle will
be seen to vibrate about a voltage determined
hy the voltage regulator. The reading just before
the vibration starts is the operating voltage and
should be within the recommended setting. As the
generator output is slowly decrcased, Ag will
show a reading which gradually approaches zero
from the charge side, and then shows the discharge

IGN GOl
REG GEN * B8KR
| BAF AF II} ;L,
'
i LIGHTER &
2 . Mo-«r-» RFLAYS
< IGN Sw
? L RADIO &
4 LIGHTS
5 [ 6 [
6 Q
7 137 —d
8 1 K, Ko EKE’ Ka
7l Pl Ell
’J: 6, 6, START  TOP

Fig. 3 — iagram showing the wiring of the dual-battery system.

A1 == Original instrument-panel ammeter.

Ag —- 30-0-30-amp. d.c. ammeter.

Ri1. Bz — Car storage battery.

Iy — 30-amp. pancl-mounting fuse.

11 -~ Panel lamp.

Ji — 8-pin chassiz-mounting female conncetor (Cinch-
Jonca S5-108-AB).

J2 — 2epin chassis-mounting lemale conncetor (Cinch-
Jones S.402-AB).

Ki, K2 — Automotive starting solenoid.

K3, K¢~ Contact circuits of starting and top-lifting
switches. Windings (not shown) are energized
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through normal dashboard switches as de-
scribed in text.

P) — 8-pin male connector to fit J1.

Ri1 — 3-ohm 25-watt rheostat.

S1 — D.p.d.t. center off.

S2 — S.p.d.t. center off.

S3, S4 — S.p.s.t.

Sg — D.p.s.t. 8pring return.

Sa— S.p.d.t. center ofY spring return.

T — Double-row terminal block.

Wiring shown in heavy lines should be of heavy-duty
hattery cable.
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current. At a point between zero and ‘“negative”’
four amperes, the needle should kick back to
zero, showing that the cutout is operating prop-
erly. The preferred setting for the current regu-
lator is 36 amperes, but since 49 reads only to 30
amperes the operation of the current regulator
cannot be monitored.

In the ¢vent that it is desired to make the
regulator inoperative, 83 can short the regulator
to ground. This is useful when checking for regu-
lator-contact noise. Lts greatest use, however, is
to increuse the generator output above the limits
normally set by the voltage regulator. The condi-
tions for this usage must be carefully controlled or
damage to the generator and system may result.
The engine r.p.m. should be held constant and
the generator output as read on .4y and 19
should not be allowed to increase above the
maximum values as determined by the system
components. Rather than udjust the engine
r.p.m. to suit the proper current and voltage
values, the rheostat, B, can be used as a “‘fine
tuning’’ control, since it controls the generator
field excitation.

Je provides a convenient metered socket for
vither six-volt output or trickle-charger input.

1, when lighted, indicates that the generator -

cut-out relay is open and the ignition switch is
on; i.e. a non-charging condition.

‘The various switches, meters and other com-
ponents were assembled in a unit that could be
mounted in the glove compartment, as shown
in Fig. 1. The construction of the panel is straight-
forward, and the wiring is, of course, not critical
from the standpoint of length and placement.
But there is a difference between this wiring and
the type normally encountered in radio construc-
tion. Most of the circuits in this panel must carry
high current, so that wire size becomes an
important factor. The schematic diagram of
the electricul system found in the Shop Manual
vives the wire gauges for the various sections
of the system. The wiring of the panel is consistent
with that of the original automobile wiring.
Since manufacturers’ recommendations may
differ, the wire gauges were not included in Fig. 3.

To insure reliable starting, it is useful to
know the condition of the batteries. It is difficult
to determine their condition accurately, but a
general approximation cau be gained by a few
tests with the aid of the panel instruments and
ahydrometer. Hydrometer testsand, incidentally,
regulator operation, were discussed in a previous
QST article.! The rate of charge of a battery
after heavy discharge gives a clue to its condition
and the following example should illustrate this.
Battery B; is known to be in poor condition
{specific gravity 1110) and battery Ba in good
condition (specific gravity 1250). The ignition
is opened and the cranking motor operated for
15 seconds with battery B;. The engine is then
started and data taken from 17} and .l. while
varying the generator output. Battery B is

t Mix, **‘The Automobile Storage Battery and Ite Charging
System," QST, August, 1955.
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Fig. 4 — Kor any particular value of charging voltage.
a discharged battery (B1) draws considerably more cur-
rent from the generator than a charged battery (B2).

then tested in the sume manner. The curves in
Fig. 4 show that for any particular value of
charging voltage, battery B; draws considerably
more current from the gencrator than battery
Bo. This indicates thut battery B, is in 4 more
discharged condition than Bs. If a discharge-
charge test is made on a new battery or a battery
of known condition, the graph can later be com-
pared to the same battery under similar test
conditions. This will give an indication of the
condition of the battery.

Fig. 5 shows the results of another test which
wus simply the battery terminal voltage over a
period of 4 minutes under driving-lights load.
Under this relatively light load, the terminal
voltage of a battery in good condition will remain
at about 6 volts, as did battery By, while that of
R, dropped rapidly to 2 volts after only 313
minutes of load. This extreme voltage drop indi-
cates that battery By is in a very poor state.

(Conlinued on page 114)
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Fig. 5 — Under moderate load, the terminal voltaze
of a battery in poor condition (B1) will drop off, while
a battery in good state of charge (Bz) will maintain
constant terminal voltage,
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Reducing Power for S.W.R. Bridge Operation

e Here are a few answers to a problem
that has been bothering some folks.
Take your pick — they all work.

try s.w.r. bridges wind up enthusiastically

proclaiming their virtues. There are some,
however, who have shied away from bridge meas-
urements because their transmitters do not have
provision for reducing power to the low level
required for most such bridges, particularly
bridges of the simple and inexpensive type using
fixed resistances.'

This need not be an insurmountable obstacle.
In a great many transmitters it is a relatively
simple matter to install a means for varying the
power from the full output down to practically
nothing. In others it may not be so easy, but if
it can be done without extensive circuit changes
it is certainly worth the effort -~ not just for the
bridge application but for the sake of greater
Hexibility in other respects, such us tuning up
without danger of damaging tubes or components
from inadvertent overloads.

There are lots of ways of doing it — including
such de luxe methods as having a Variac in the
primary circuit of the final amplifier plate supply
—- but one that is probably as sutisfactory as any
is the ‘““excitation control.”

PRAC'I‘ICALLY without cxception, those who

‘The Excitation Control

An excitation control usually is nothing more
than a potentiometer for varying the screen
voltage ou some low-level tube. The stage has
to be one that is used on all bands on which the
transmitter operates. The potentiometer setting
regulates the output of the stage and thereby
the grid drive to the final amplifier. By this
means the drive can be reduced to zero, and with
it the output of the final stage.

There is one unavoidable requirement with
this system: All tubes following the controlled
stage must stay within their normal ratings, par-
ticularly plate dissipation, when grid drive is
removed. Low-level stages do not represent much
of a problem, since they can be cathode-biased
as a general rule, but most final amplifiers have
to have either fixed bias or some sort of protec-
tive device such as the “clamp’’ tube. 'The more
pretentious commercially-manufactured trans-
mitters have huilt-in protection of this sort for
the final stage, but some of the heginner-type
rigs do not.

A typical excitation control cireuit is shown in
Fig. 1A. The values for /4, the control, and Ks.
the screen dropping resistor, will depend on the

! For example, the ones described in the chapter on
measurements in 7'he Radio Amateur's Handbook.
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kind of tube and its normal operating conditions.
The ordinary volume control, in most cases, will
not have sufficient power-handling capacity
to serve for K1; a unit rated at at least 2 watts
should be used. A resistance of 20,000 ohms is a
good figure for screen voltages of 100 to 150, and
is available in ratings of 2 to 4 watts in inexpen-
sive wire-wound controls. A 2-watt unit should
suffice if the maximum screen current is not over
5 ma. /3 should be calculated to give the proper
drop in voltage from the plate supply when carry-
ing the full scrcen current plus the current
through /27 at the maximum opcrating screen
voltage. A 2-watt resistor generally will he
required.

The Output Control

If for some reason the installation of an cx-
ritation control does not scem feasible there may
be another string to your bow if the final am-
plifier has a clamp tube. This is the “output
control,” which is simply a means for varying
the negative d.c. bias on the grid of the clamp
tube. All it requires is the addition of a potenti-
ometer across the grid leak that supplies the
clamp tube bias. Fig. 1B is a typical circuit. fa
is the final-amplifier grid leak and Rj3 the screen
dropping resistor; these need not be changed from
existing values. Although Fig. 1B shows a triode-
connected clamp tube, the tetrode circuit is
equally amenable to control. By, the output con-
trol, may be an ordinary carbon volume-control

PLATE

+250
10 300

Fig. I — (A) Excitation control. K; may be a 20,000-
ohm IZ-watt potentiomecter in most low-level stages.
Rz depends on the screen current and the total resistance
of Ri, as discussed in the text. (B) Output control.
Rz and Ra are the existing grid leak and screen dropping
resistor, respectively. 1'he value of K1, of the order of
0.5 megohm, is not critical.
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type potentiometer having a resistance of a half
megohm or so.

With the potentiometer arm at the cathode end
the screen voltage reaches its lowest value, just
as in the case of no excitation. However, with
most clamp circuits this is not zero screen voltage,

and when the final-amplifier grid is being driven .

there may still be some output. If it is too much
for the bridge, it can be reduced by detuning one
of the driver stages to reduce the excitation, or by
detuning the final plate tank to effect a further
reduction in output. This can’t harm the tube,
since the screen voltage should be far enough be-
low normal to hold the input to a safe value.

The Power Absorber

If for one reason or another it does not scem
feasible to make any modifications whatsocver
to the transmitter the case is still not hopeless.
The answer lics in ‘‘soaking up”’ some of the out~
put in a dummy load and diverting just enough
to the bridge.

A practical “power absorber”™ using the circuit of
Iig. 2. Iy is a 40-watt lamp and R is approximately
22 ohms, 3 watts (three 68-ohm I-watt composition
resistors in parallel). These values will sutlice for r.f. power
levels from less than 10 to over 50 watts, handling trans-
mitters up to the two-6146 class. The mounting holes in
the lamp socket are used for mounting the resistors. The
s!:iort scction of cable should be on the bridge (output)
side.

The accompanying photograph bears witness
to the simplicity of such a device. Fig. 2 is the
circuit diagram, the gadget being inserted be-
tween the transmitter output terminal and the
input terminal of the bridge. An incandescent
lamp has very desirable characteristics for this
application, since its change in resistance with
temperature tends to keep the r.f. current through
I?1 constant, regardless of the power output from
the transmitter. Thus there is an almost constant
voltage drop across R and hence essentially con-
stant input to the bridge.

Most bridges operate at a level of 5 to 10 volts
r.f. The resistance required at 2y can be figured
from Ohm’s Law, based on the nominal current
through the lamp, /3, at its rated power. For ex-
ample, the current for a 40-watt 115-volt lamp —
the size used in the unit pictured — is approx-
imately 40/115 or 0.35 amp. For 10 volts, there-
fore, k; would be 10/0.35 or about 28 ohms, and
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the power lost in it would be 10 X 0.35 or 3.5
watts. Since the exact voltage required is seldom
known accurately, approximate values are good

|9

P @ Pz
FROMST T
XMTR ¢ ! | R l Ly

Fig. 2 — This circuit uses a 115-volt incandescent
lamp, [1, to absorb most of the transmitter’s power out-
put and maintain essentially constant voltage across
Ri. Values are discussed in the text. P1 and P2 are cable-
mounting coaxial connectors.

WV

TO
BRIDGE

enough at the start. R in the unit shown consisis
of three 68-ohm 1-watt resistors in parallel, giv-
ing a resistance of about 22 ohms and a voltage in
the neighborhood of 7.5. This has worked satis-
factorily with several different bridges at trans-
mitter power output levels from less than 10 to
over 50 watts. It is thus usable with the begin-
ner’s kit transmitter as well as the popular
“120-watt’ table-top outfits. The latter can
easily be operated at power inputs of 50 to 75
watts without any danger of damaging anything
in the set. This is low enough to stay within the
safe limit of a 40-watt lamp.

The lamp is not a perfect constant-current
device, of course, so there is some variation in
voltage across Iy at different power levels. In any
event, it would be an extreme coincidence if the
meter in your bridge happened to reud exactly
full scale in the reference position. This is not
important for matching purposcs, since the object
of circuit adjustment is simply to obtain a null
reading. However, if the pointer goes off scale
there is a choice between two things to do about
it: Reduce the resistance of R; by adding re-
sistors in parallel, or connect a variable resistor
in series with the milliameter so the meter read-
ing can be set where you want it.

As stated above, these values will take cure of
nearly all currently available commercial trans-
ritters and exciters. [f the input to your final
stage cannot be brought down under 100 watts, a
farger lamp and smaller value for [2; will bring
the bridge input into the proper range. The same
method of ealeulating valucs is uscd.

— G

e Strays %

Here endeth another chapter in amateur radio.
When the problem of TVI was at its worst, Phil
Rand, W1DBM, made a compilation of articles
dealing with the solution of the problem and
through the courtesy of Remington Rand had
them published in the form of a booklet titled
“Television Interference’. This booklet was dis-
tributed through threc editions by mail, at ham-
fests and conventions, and by W1DBM in person.
In all, 75,000 copics were distributed, und now
WI1DBM advises that no more copies are avail-
able, and no further reprint is contemplated.

QST for



The Beer-Can Antenna, Minnesota Style

BY H. T. ORR,* WPWET

7-Me. Vertical Antenna,” was published,’

the local boys decided that here was some-
thing: A real, honest-to-goodness vertical made
of beer cans. Almost immediately remarks could
be heard on the local nets like, “Say, Bob, you
want to come over and help me get material
ready for my new antenna?’’

The first thought at this QT was to invite
the local boys over to begin construction of this
antenna, the theory being that each person
would be capable of successfully removing the
contents of enough cans to make a 6- or 10-meter
vertical. As emptying would progress, one mem-
ber of the group could manipulate the soldering
iron, putting the cans in place on top of each
other. After a little cogitation, the conclusion
was reached that, while maybe 10 or 15 meters’
worth might be vertical, the remainder of the
82 cans, stacked on top of each other, would
probably not be a beautiful sight to behold.

From this the conclusion was drawn that, not
only did the 82 beer cans have to be obtained,
they had to be found pre-emptied. W2JTJ’s
article mentioned that little trouble was had in
the summer months in obtaining the required
number of beer cans. This was very good for
W2JTJ, but the month was now November and
winter, along with its snows, had long since
made its debut in the Great State of Minnesota.

For quite svme time, two days to be exact,
the problem of obtaining the required number of
cans seemed insurmountable. It was then sug-
gested that one look in the trash barrels in the
alley. Being dressed as a radio amateur, I aroused
little or no suspicion as I lifted one garbage
can lid after another. After one-half hour and a

!LMOST As sooN a8 W2JTJ's article, “ Budget

*..I AROUSED
LITTLE ORNO
SUSPICION ¥

few trash barrels, there were 82 beer cans in a
paper bag in the basement waiting to be soldered.
Even the soda bottle base insulator was present
and accounted for.

Since no silica gel was available to act as u
dehydrating agent in each can, the occasional

+ 821 26th Ave. N.E., Minneapolis 18, Minn.
! In the November, 1955, issue of QST. — Ed.
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cigarette butt found in the cuns was left there
in hopes that it would absorb any moisture that
might collect.

According to W2JTJ the beer cuns merely had
to be tacked together in three spots, then rotated
and soldered. The only means of soldering here
was a 135-watt soldering gun. The first two cans
took about ten minutes to solder. The handle of
the gun was hot enough to melt solder by itself.
After the first ten cans, the joints began to look
somewhat better. After about 40 cans, the joints
were almost professional looking, with a mini-
mum of solder neatly melted between the cans.
Oh, they were strong, these cans. In 18-can
lengths they could hold a substantial amount
of weight.

After completing the soldering, the cans were
given a shining coat of aluminum spray paint.
They looked just like the picture in QST. Spirits
were high, although the sume did not hold true
for the constructor.

Up She Goes!

Saturday was a warm, sunny day in Minnesota.
The thermometer almost went above freezing.
This was the day. All the cans were taken outside,

.—".,/’ T
SATURDAY was

AWARM, SUNNY DAY
IN MINNESOTA

luid in the snow, and curefully soldered together.
Did I say carefully? Well, outside the 135-watt
gun did not seem to give quite as many BT Us as
it did in the basement. However, with a little
extra dab of solder here and there, the joints
appeared quite firm. A quick run to the local
supermarket provided the neccessary plastic-
covered clothesline at only ten cents more than
W2JTJ paid for his. All was going swell.

The diagram in W2JTJ’s article indicated four
32-foot radials lying underground. After testing
the hardness of the frozen Minnesota tundra, it
was quickly decided that the radials could be
buried in the ground next June when and if the
snow melted; for the present just burying them in
the snow would have to do.

Everything was prepared for the final step.
According to the article, the assistance of four
persons is necessary to raise the antenna. It

(Continued on page 116)
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New Hope for an Old Problem

A Radical Approach to VFO Design

BY LARSON E. RAPP,* WIOU

® For some years the self-assured author
of this article has been a controversial
figure, and the publication of his articles
has often precipitated a storm of protest
and encomium from our better-in-
formed and most erudite readers who
take their radio more seriously than the
average amateur. However, recognizing
the inherent worth of his current inter-
est. we have no alternative but to offer
another example of Mr. Rapp’s conceit.

HE SCIENCE of amateur radio has been
Tbrought to a high degree of perfection in
practically every phase except one. There is
little room left for improvement in receivers aud
r.f. power amplifiers. The modern two-wire feed
version of the off-center fed antenna, with its
standing-wave ratio of less than 0.5 on all bands,
has neatly solved the antenna problem for all
but a few, and even those few are beginning to
have their doubts. However, there is still one
field in which amateurs have not kept up with the
times, and that is the field of frequency control.
Liet us examine the record. Amateurs have
vacillated from sclf-controlled oscillators of the
worst possible sort (circa 1922) to crystal control
(circa 1933) to the well-loved-but-inadequate
“HECO” (electron-coupled oscillator, circa 1939).
Listening to the signals on most of the bands, one
gains the impression that all three types of os-
cillator are still in use. Unquestionably this is a
disgusting blot on the glorious escutcheon of
amateur radio! Simply changing the name from
ECO to the more general “VFO’ has effected
little if any improvement. It is time something
was done about it.

Something can be done about it! The author
will present in this paper his latest findings on
frequency control and stabilization, and it would
be well for every amateur to study the following
pages carefully unless he has sumething better to
do. Even the manufacturers might learn plenty.

It was obvious from the beginning that the
oscillator circuit must meet several stringent con-
-ditions. It should be completely insensitive to
temperature and voltage changes, and it should be
impervious to shock and vibration. However, the
primary objective of good stability was never lost
sight of.

As it developed, and as other workers have
noted, the temperature and shock reyuircments
could be met by guod mechanical design and
thermal compensation. The author’s major con-
tribution is in the field of voltage insensitivity.

* Kippering-on-the- Charles, Mass.
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The clue was found in an old log book, where it
was noted that most of the operators working the
low edge of a band used the Hartley oscillator,
while those at the high end used the Colpitts.

Basgic Circuits

For those readers whose knowledge of oscillator
vircuits doesn’t go further than the Clapp and
the modified Pierce, a slight review is indicated.
The basic Hartley eircuit is shown in Fig. 1-A.
Tt can be scen that the cathode connects to a tap

(A) (B)

_ Fig. I — (A) Basic Hartley oscillator circuit. (B) Basic
Colpitts oscillator circuit.

on the inductance. The Colpitts, shown in Fig.
1-B, is somewhat similar, in that the cathode
c¢onnects to a tap on the capacitance. In practice
this was readily obtained through the use of two
capacitors in series. The clue, mentioned above,
was in recalling that all Hartley oscillators
chirped one way (higher in frequency) and the
Colpitts chirped in the opposite direction {(lower
in frequency). Obviously, the amateurs had been
aware of this and used only the band edge that
would permit them to chirp back inside. It oc-
curred to the author that the two circuits might
be combined to result in an oscillator that would-
n't chirp in either direction. (It should be pointed
out that the chirp of any oscillator is a result of
voltage changes during ‘‘make' and “hreak.”)
Combining the two circuits to form a Harpitts
{or Coltley) circuit is a simple matter, resulting
in the basic circuit of Fig. 2. It scems rather odd
that this was never done in the past, but blind
spots like this occasionally show up in our think-

C T

Fig. 2 - Combining the two ciccuits of Fig. 1 cesults
in a VFO circuit with amazing possibilitics. The circuit
shown here is not a practical one, since no provision has
heen included for applying power.
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Readers who may
have had doubts about
the effectiveness on
the air of Mr. Rapp’s
inventions can forget
them in view of this
evidence. The coveted
“"Helvetia X XII”
award has been re-
ceived by only four
other W, all in the
2nd call area.
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ing. A practical circuit based on Fig. 2 would
include an adjustable grid leak to set the operat-
ing bias to u proper value. Since the chirp is de-
pendent upon the amplification factor (u) of the
tube, adjustable bias and the use of a variable-u
tube are obvious necessities.

A Super Solution

Most experimenters would have heen satisfied
with this solution, but the objective here was
Perfection (with a capital “p*). Old hands at
this radio game will recall that there is much to
be said for push-pull operation of vacnum tubes.
It is a matter of record thut at oue time in ama~
teur radio prachmlly ovcrvthlng was push-pull:
transmitters,! receivers,” and even antennas.®
For some reason that escapes the author, the
widespread use of push-pull has fallen by the
wayside, although suggestions of it may still be
found in power supplies, some audio amplifiers,

! Lamb, ‘Push-Pull
1928,
2 MeCord, “A Receiver with Push-Pull R.F. and De-

‘Transmitters,” QS‘ T, Uecembe;.

tector,’” QS7', September, 1930.

3 WOCRD, ‘' Push-Pull Antennas,”” @ST, December,
1929, page 45.

4 The Radio Amateur's Handbook, !2th edition, 1935,

published by The American Radio Relay League, West
Hartford, Conn., page 106.

Fig. 3 — The practical VFO
circuit in its push-pull push-
push variation. The use of ¢
variable-yx tubes is manda-
tory, as explained in the text.
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and primitive w.h.f. work. Having decided to
utilize the advantages of push-pullin the Harpitts
(or Coltley) circuit, it became obvious that push-
push frequency multiplication would add still
further improvements. As is well known, push-
push frequency multiplication uses push-pull
excitation and parallel output to obtain highly-
eficient even-harmonic multiplication.* No well-
designed VFO should operate on the swme fre-
quency as the radiated vutput, so frequency
multiplication must be used somewhere, and
what better spot than the oscillator? v
The practical circuit is shown in Fig. 3, and it
must be confessed that the results with it ex-
veeded all expectations. After the cathodes had
heen permitted to come to temperature, plate and
screen voltages were applied and the oscillator
worked immediately. Tuning the plate circuit to
the second harmonic peaked the output. When
the frequency was changed by turning the control
for ('y, it was observed that the frequency didn’t
change immediately. At first it was thought that
this might be caused by a mechanical deficiency
in the rubber tubing that was being used as a
shaft coupling (as indeed some of it was), but it
was finally established (after removing the rubber
(Continued an page 118)
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Push-Pull 6146s in a Two-Stage Rig

Five Bands with No Switching

BY ARMAND RENAUD,* VE2RZ

e This simple two-stage transmitter
makes use of multiband tuners to cover
the &0- to 10-metcr range. The push-pull
6146 final amplifier will take up to 180
watts on e.w. A clamp-tube modulator,
power supply, and provision for YFO in-
put are included.

out so well that perhaps others will be inter-
ested in the details. The circuit is shown in
Fig. 1. A 5763 crystal oscillator drives a pair of
* .0, Box 403, Quebec 4, P. Q., Canada. -

rFHE rig shown in the photographs has worked

61468 in push-pull. Multiband tuners in both
stages make switching unnecessary in covering
all bands, 80 through 10 meters inclusive. Crys-
tals in the 14-Mec. range are required for 28-Me.
output.

The oscillator is keyed for c¢.w., and the ampli-
fier is protected by a 6216 screen clamper and
series VR tube. The 6216 also serves as a screen
modulator for phone opera.tion

In the amplifier stage, C3 is a small trimmer
capacitor whose purpose is to balance the grid
drive by compensating for the output capacitance
of the 5763, which appears across the opposite
side of the push-pull circuit. Ly, Ly and the 100-

AMP Ly

6146 N 2.5~28Mc
0SC~DBLR s 5-zome W'W
3.5~14 MG 5763 of ===\2
VFO A -
INPUT e 7 359 - . | outpuT
e RFC3a
2 pph
a6 25O TLiakv D
S
oz P 18-150
8 100/1W
6146
> L'z LLS.:A = Sa%
.00t MAZ
9 ©
zow 100K/2W +
+500/600V VR-105

1HSVAC

z J20K|_

A %1 = 4 uf/asov
+' M

5

3=]
+300V

TO
VFO |

Fig. 1 — Circuit of VE2RZ's transmitter. All capuacitances less than 0.001 uf. arc in puf. Unless otherwise dcslg~
nated all 0.001-uf. capacitors are disk ceramic, and polanzcd capacitors are electrolytic. Other fixed capacitors
{except filter capacitors), may be mica or ceramic. All resistors are 14 watt unless otherwise specified. The multiband

tuners are produced by the National Company.

1, C2 — Cleramic compression-type trimmer.

Ry~ Wire-wound shunt adjusted to give A4y a full-
scale deflection at 100 ma. See text.

Ro, R4 — Adjustable slider tap.

Ra — \Vu‘e-wound pot. (Mallory ESMP or similar).

la, L2— No. 12 cnam. wire closc-wound full length of

1. mch 100-ohhm 1-watt resistor.

I.s— 10 h., 400 ma. or more (Triad C-224 or similar).

F{ — 10-amp. fuse.

J1 - Prongs on octal socket also used as erystal socket.

Ja— Closed-circuit jack.

Ja— Open-circuit jack.
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MAy, MAz — 23{-lnch milliammeter.

S — D.p.d.t. tog;zle switch,

Sa — 1).p.d.t. spring-return switch.

83— Three-wafer 4-position bakelite rotary.

54 — Three-pole d.t. rotary.

Ty — Plate transformer: lZ()O to 1400 volts r.m.s., c.t.,
400 ma. (Triad P-9A, Thordarson 21P85).

‘2 — Combination filament transformer: 5 volts, 4
amp. or more; 6.3 volts, 5 amp. or more (Thor-
darson 21F23, Triad ¥-38A). Individual trans-
formers may be substituted.

T's — Single-button carbon microphone to grid.
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Along the bottom of the
panel, from left to right,
are Ss, Ra, Ja, Sz, Rs, J2
and S4. T'he cabinet is a
standard type for 1214-
inch rack panels. The unit
to the left is the remote
tuncr for the VFO.

ohm resistors in the 6146 plate leads combine with
the 50-ohm resistors at thc scrcen terminals to
suppress v.h.f. parasitics.

The milliammeter A/A; may be switched to
read either oscillator plate current or amplifier
grid current. A wire-wound shunt, £, is adjusted
to increase the full-scule reading to 100 ma. when
checking oscillator plate current. (See measure-
ments chapter of the ARRL Handbook.) A second
milliammeter, 4145, is connected permanently in
the plate circuit of the amplifier.

A power supply delivering approximately 500
volts at 400 ma. is included in the unit. The
rectifiers are 5R4GYs with elements paralleled
to handle the full load current. A regulated 300-
volt tap for the oscillator is provided by a puir
of VR150s.

S3 is a control switch. In the first position, all
power is off. In the sccond position, Sy turns
transmitter and rectifier filaments on. In the
third position, S; turns the high voltage on,
while S3a grounds the screens of the 6146s so
that these tubes draw negligible plate current
while the 5763 is tuned up. In the last position,
S3a applies screen voltage to the 5146s.

Sy is the phone-c.w. switch. In the c.w. position
(shown in Fig. 1), Ssr councets the grid of the
6216 clamper tube to the amplifier grid leak,
Ssa supplies screen voltage to the 111468 through
a VR tube which acts as an elec-
tronic switch to cut off screen
voltage when the key is open, and
Sscshorts the 6216 cathoderesistor.
in the phone position, the micro-
phone transformer is connected to
the grid of the 6216 by Sn, reduced

Portions of the shielding enclosures
for the multiband tuners have been re-
moved in this rear view of VE2RZ’s
push-pull 6146 transmitter. The octal
socket used as a crystal socket and also
as input conncctor for the VKO is to
the rear of the crystal-oscillator com-
partment. The toggle switch is Si. The
2 % 4 % 4-iuch aluminum box near the
right-hand end of the panel houses the
tube and associated components of a
remotely-tuned VFO. The filament
transformer, T2, is under the chassis.

¢
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scrcen voltage is applied to the 6146s through
N4a, and cathode bias is applied to the 6216 as
Sy removes the short across the cathode resistor.

Provision is included (S)) for switching the
input of the 8763 to the output of a remotely-
tuned VFO similar to the one described in the
last three editions of the ARRL Handbook, and
in QST for January, 1953. The 5763 then func-
tions as an amplifier or frequency multiplicr.
Plate and screen voltages for the VFO are taken
from the 300- and 150-volt regulated taps of the
transmitter power supply as indicated in Fig. 1.

Consfruction

The unit is constructed on a 17 ¥ 10 X 3-inch
chassis fitted with a 1214-inch rack panel. The
right-hand half of the chassis (as viewed from the
rear) is devoted to the power supply. The two
multiband tuners, enclosed in shielding compart~
ments of uluminum sheet, vecupy the remainder.
The two 6146s are in the compartment with the
MB-150, while the 5763 is to the rear of the
MB-40SL. The cover of the amplifier compart-
meunt is drilled for ventilation. An octal socket
and the crystal-VFO switch are to the rear of the
oscillator enclosure. The octal socket is wired up
a8 u combination cryvstal socket and VFO input
connector.

(Continued on page 120)




Pep Up Your Old Receiver

Improving Performance with a Better R.F. Tube

BY HOWARD O. LORENZEN,* W3BLC

how to improve the noise figure of amateur
receivers and thus achieve thé ultimate in
seusitivity. Like a lot of amateurs I am not
blessed with the latest in fine reccivers, but some
fuirly simple changes in my set have effected
some major improvements in its performance. I
am sure others can do the suine with no difficulty.
My BC-348 as it was manufactured used a
6K7 as the r.f. amplifier® and its performance

WE HAVE been reading a lot in QST "2 on

ANT

.4
AT

01
100K

AvC

Fig. 1 — Simplified circnit of pentode first r.f. stage
in BC-348 (see Footnote 3). The only changes made
were to ground points X and Y.

MvC +8

scemed to be quite sutisfactory. T knew that o
higher gm tube in the first r.f. stage should im-
prove the noige factor, but I hesitated to teur
into the receiver to effect any major modifica-
tions. However, 1 felt it would be desirable to re-
move the a.v.c. from the first r.f. stage as well as
to take the stuge off the r.f. gain control. This
was accomplished by breaking the a.v.c. lead at
X in Fig. 1 and returning the bottom side of the
r.f. cuils to ground, and by breaking the lead to
the manual r.f. gain control at ¥ and grounding
the 470-ohm resistor. No noticeable changes in
the receiver performance could be observed even
though these steps were in the right dircction
to get optimum performance from the receiver.*

Next I replaced the 6KK7 with an 1851 pentode,
which has base connections identical with those
of the 6K7. iThe 1851 is a 6AC7 with the grid

+3713 Bangor St. S.E., Washington 20. D. C.

1 “Technical Correspondence,” QST. July. 1955.

* Longerich, Smith, ** Low-Noise Receiver Design,” QST,
darch, 1955.

# In the J, N and Q models the first r.f. tube is connected
28 a triode; in the others it is connected as a pentode. In
some cases, therefore, it will be necessury to revise the wiring
if the substitute tube is to be used u& a pentode. — Editor.

4 Removal of a.v.c. from the first tube is of doubtful
utility unless the a.v.c. circuit is poorly designed in the
first place. Tuking the stage off the nanual gain control will
improve the signal-to-noise ratio in c.w. reception by the
preferred method — i.e., a.f. gain full on, r.f, gain adjusted
for the desired audio output level — particularly «t low-
#ain settings of the manual r.f. control. — £ditor.
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coming out the top.) First I tuned in a weuk for-
eign broadcast station that was just above the
noise level with the 6KX7. The reason for choosing
the b.c. station was because I wanted o steady
signal that would be there for 15 or 20 minutes at
least, just in case of fading. When 1 put in the
1851 the same Spanish music was there but the
signal sounded like a locul. What a difference! I
was sure the station’s signal strength had come
up, but when I replaced the 6K7 there it was
back in the “mud” at the noise level of the re-
ceiver. Several times I changed the tubes back
and forth, always with the same result. Later I
talked sceveral friends of mine with BC-3 18s into
trying the test by loaning them my 1851, In o
couple of cases | darn near didn’t get my tube
back, but the results werc always a unanimous
endorsement of the change.

‘To realize the full gain of the 1851 you should
uge & 220-ohm resistor in the cathode: however, if
the shiclding in the receiver is not too good it
may be necessary to use a higher resistance to
avoid oscillation.

Now a few words of caution before you start
out to get yourself an 1851 to change your re-
ceiver: First, it is desirable to take the first r.f.

Fig. 2 = An adapter unit for substituting a 6AC7 for
the 6D6 in an early-model HRO. I'he 6AC7 plugs into
an octal socket mounted in a 6-prong tube base.
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tube oft the u.v.c. line since the 1851 is a sharp-
cutoff tube and you may impair the receiver per-
formance if you leave it on the a.v.c. line. Second,
vou also want to take it off the manual r.f. guin
control for the same reason. A word of further
caution: If you have u brother ham living in your
buckyard with a kw. rig you may find he blocks
your receiver due to the sharp-cutoff tube in the
first r.f. stage. I have encountered this condition
only once here in Washington.

An Adapter Unit

My father, WGUEX, has an old National HRO
with 6D6s in the r.f. stages. When I was home I

aouuf
6D6
GRID
CAP

BOTTOM

GND TO
RCVR
Fig. 3 — Circuit of the adapter unit shown in Fig. 2.

noticed the receiver didn’t have the snup my
BC-348 did so I made him an adapter for his set.
Fig. 2 is a photograph ol the plug-in unit and
Fig. 3 shows its internal connections.

In this unit I wanted something foolproof that
could just be plugged into the present HRO first
r.f. socket without having to change connections
in the receiver. As can be scen in the diagram,

e Some of the older receivers — particu-
larly prewar models and military surplus
— can benefit by replacing the first r.f.
tube with one having lower noise and
higher gain. The application to the BC-
318 and the RO as described here is
practically painless.

a.v.c. was removed from the tube by putting in
the grid-return resistor and the 40-puf. coupling
capacitor. An external ground wire is provided to
ground the unit at the regular shield by passing
the wire over the socket portion and putting the
shield over the top of it. This unit makes a big
difference in the receiver performance.

Now how about looking at that old faithful
receiver that has served you so well? 1t is possible
that you can make major improvements in its
performance just by changing the first r.f. tube.
Remember, you can’t work them if you can’t hear
them. How often I hear one of the local hams
say, “Sorry, OM, I can’t hear you,” and here at
W3BLC I am getting solid copy. Improved
sensitivity really pays off on those weak signals
or DX contacts.

Although 1851s are a little scarce, you can still
get 6ACTs in large quantities, so maybe you will
have to choose between the alternatives of mak-
ing an adapter, rewiring your socket or, if neces-
sary, replacing it with au octal for the 6ACT.
This is really one of the things you should try
before you junk the old set — or before you con-
vince yourself it can’t be beat for performance.

Reflected Power vs.
Standing-Wave Ratio

There is a direct relationship between standing-
wave ratio (defined as the ratio of voltage or cur-
rent at a loop to the corresponding quantity at
a node) and that portion of the power arriving
at the load end of a transmission line which is
reflected back toward the power source. In the
accompanying chart, prepared by Robert J.
Schlesinger, K6LZM, the reflected power, ex-
pressed as a percentage of the incident or out-
going power, is shown as a function of the s.w.r.
The chart will be useful with bridges calibrated
as power meters and capable of separating the
forward and reflected power.

Since power varies as the square of the voltage,
the percentage of power reflected is rather
small for moderate standing-wave ratios. This
accounts for the fuct that the much-feared
loss caused by standing waves is more of a
buguboo than an actuality — a point that can
be confirmed by referring to the s.w.r.-loss chart
in the Handbook.
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Directional Antenna for the
Transmitter Hunter

Making Use of a Sense Antenna for Single Directivity

BY HAROLD J. BRASCHWITZ,* WSYPT

N the Cleveland, Ohio, area 10-meter trans-
mitter hunts have been conducted on a
county-wide basis (Cuyahoga County) by the

AREC. The transmitter hunters usually start
from a fairly clear region near the center of the
county and the winner is determined by the
distance traveled rather than by the time con-
sumed. Incidentally, in some instances the last
man to arrive at the hidden transmitter site has
been declared the winner. This method of trans-
mitter hunting places a premium on the accuracy
of radio direction-finding equipment and elimin-
utes the nced for fast and/or reckless driving
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Fig. I -~ Sketch of W8YPT’s d.f. loop and scnse
antenna.

while on a hunt. Poor driving technique is, of
course, not in the best interests of ham radio or
transmitter hunting.

With this plan of transmitter hunting, a need
developed for both accurate unidirectional bear-
ings and an extremely scnsitive loop antenna,
since the hidden transmitter could be as far as
20 miles away in any direction. The loop describetd
in this article is a simple and effective answer to
that need. It consists of a shielded loop antenna
equipped with provision for addition of a sense
antenna to produce unidirectional characteristics

* 12187 Sprague Rd.. Cleveland 30, Ohio.
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e The addition of a simple sensec anteuna
to the usual 10-meter shielded loop en-
ables the transmitter hunter to deter-
mine quickly which of the two loop nulls
is the correct one.

when needed and a built-in radio-frequency am-
plifier to increase sensitivity.

The Loop

The loop shown in Fig. 1 bas an outer shield
made of #{-inch brass or copper tubing, prefer-
ably a thm-wall type to reduce weight. The inner
conductor is simply a No. 14 copper wire with
polystyrene disks used as spacers to maintain the
inner conductor in the center of the outer shield.
The spacers were cut from 5g-inch rod stock.
A polystyrene spacer is used at the top of the loop
to insulate one half of the outer shield from the
other half. The outer shield helps to balance the
loop electrostatically so that it will respond to the
ma,gnetlc field only. This balan(,e prevcnts the

WS\ PT’s 10-metec d.f. loop antenna. The sense
antenna i8 braced against, but insulated from the loop
with rubber tape.
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loop structure from operating also as a vertical

antenna which tends to broaden or displace the
nulls.

A small utility box has been used at the bottom

TO RCVR TOX, FIG 1

Y R F AMP

T 7 '4 1 T0 SENSE..
OLUF \
L254 s0uur| 4 ﬁ e J,
G N
L < s 1K LINEARL
J ? IMEG 7
,7L Ra L/AW
Y — Sisy A
i OOK

JuF <IN

75|A + I[l_j:_"--t-

Fig. 2 -— Sketch showing the cirenit of the .r.f.
ampliﬁer. The variable capacitor is a mica trimmer.
‘I'he 0.01-pf. capacitors are ceramic. R is the sense-
antenna phasing control. It should have a linear taper.
R2 i is the r.f.-amplifier gain control. 3; is a d.p.s.t. toggle.
La is a CTC LS-3-30) slug-tuned coil (approximately
1. 3Lm) L1 is a 4-turn link wound at the battery end
of Lg

of the loop to support the antenna and to house
the amplifier (see Fig. 2) and batteries,

The sense antenna allows one to determine
which of the two bearings obtained with the loop
alone (Fig. 3A) is the correct one. This eliminates
the need for unnecessary travel to determine
which bearing of the loop is the triue bearing. It
is a small vertical antenna whose signal is fed in
with the loop signal to the r.f, amplifier to give &
unidirectional characteristic as shown in Fig. 3B.
This single null is generally not as sharp and
accurate as the null obtained with the loop alone,
80 it 18 used merely to determine which of the
two bearings obtained is the true bearing. In
order to obtain the pattern shown in Fig. 3B, the
correct length of sense antenna is necessury and
this length cun be determined experimentally.
CGenerally, it has been found that the length
necded is about three loop diameters. The 1000-
ohm linear-taper phasing rheostat is also adjusted
in conjunction with varying the scnse-antenna
length to produce the best cardioid pattern.
A switch could be used to connect and dis-
connect the sense antenna, but it has not been
too inconvenient to plug the vertical element
into the phonograph-type receptacle on the top
of the box which forms the base of the loop
antenna when the sense characteristic is nceded.

The gain control included has also been quite
valuable in that with most loops the null becomes
virtually indistinguishable when the transmitter
hunter gets close to the hidden transmitter. The
wain control included in this circuit overcomes
this difficulty nicely for, by reducing the gain of
the 1L4 amplifier stage, the null is quite apparent
by aural or visual methods, even when the hidden
transmitter is extremely close.

Adjustment of the Loop

Altbough the loop iuput and output circuits
can be peaked up by listening to 10-meter signals,
the adjustment is greatly simplified by the use
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of a grid-dip oscillator. Merely set the g.d.o. to
the operating frequency desired. Place the os-
cillator coil inside the loop and adjust C; for
resonance. Then place the g.d.o. coil near the
114 plate coil and adjust C3 and Lz coil-form slug
for resonance.

Next, the proper sense-antenna length should
he determined. While receiving a signal from a
known location (preferably a station using a
vertically-polarized transmitting antenna), the
sense antenna should be pruned so that a single
well-distinguished null in the plane of the loop is
obtained. A suggested procedure would be to
start with the sense-antenna length equal to
about four times the loop diameter, and then
prune the sense antenna in small increments
until the correct pattern is obtained. A collapsible
auto broadeast whip antenna can be used for in-
creased adjustment convenience. At the same
time, the side of the loop which actually points to
the transmitter should be noted.

Now the loop is ready for transmitter hunting.
With the loop alone, the figure-eight pattern will
be obtained with two accurate nulls perpendicu-
lar to the plane of the loop and then, by connect-
ing in the vertical sense antenna, a single, not
quite so accurate and sharp a null will be obtained
in a direction in the plane of the loop, the specific
direction having been determined as outlined in
the preceding paragraph.

Technique of Using the Loop Antenna

The most successful technique used in this
area is as follows:

1) At the starting point, a null direction with
the loop alone is obtained and noted.

2) The sense antenna is then used to obtain
the correct general bearing.

3) The loop is mounted on the car so that
bearings can he obtained without the nced for
getting out of the car. Then, keeping in mind the

SO

(A) B)

Fig. 3 — l.oop field pattern. A —— Without sensc
antenna. B — With sense antenna. The horizontal lines
show the plane of the loop.

veneral bearing, travel in that direction, correct-
ing your course as determined by the subsequent,
loop bearings obtained. In essence, the technique
employed is that of following the line directly to
the hidden transmitter site.

A few further comments are in order with
regard to the use of the loop from a mobile
installation in a populated arca. Serious errors
at times result from the use of the loop on an
automobile in built-up areas. Reradiation from
various and sundry objects scems to bhe the
largest factor in obtamlng false bearings.

First, as far as the car itself is concerned, pull-
ing the mobile whip antenna down while taking
u beuring is helpful. Collapsing the auto broad-

cust antenna and other vertical elements which
(Continued on page 122)
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o Tectnical [opico—

Twice or Four Times?

numerous readers is the relationship be-
tween the plate-to-plate load resistance and
the load on ane of the tubes. The confusion is
understandable, since.the relationship is not al-
wuys obvious, nor is it the same under all condi-
tions.
It is helpful to make the approach in easy
stages. In Fig. 1 two generators are connected in

FEATURE of push-pull amplifiers that puzzles
L &

0.1 AMP
____nw__f__m n
+
) < 5000
(G 500V S OHMS
~
ﬁ---_-_z ______ D
L\ i
+ {
. | < 5000
P
6@2) 500V 2 OHMS
8
0.1 AMP

Fig. 1 — Generators in series divide the load equally
between them.

series and are furnishing power to a resistive load
totalling 10,000 ohms. Let us suppose initially
that they are d.c. generators, each developing
500 volts under a load current of 0.1 ampere
{100 milliamperes). If the polarities are as shown,
the total voltage between points A and B is 1000
and 0.1 ampere flows through the 10,000-ohm
load. The total power is 100 watts (1000 volts
3 0.1 amp.}, of which each generator is supplying
500 volts X 0.1 amp. = 50 watts. Each generator
thercfore “sees” u load resistance of 500 volts
divided by 0.1 amp., or 5000 ohms.

Points (! and D are at the same potential and
can be connected together without disturbing the
operation of the circuit. With such a connection
the circuit could, in fact, be divided into two
separate parts at this point and neither generator
would know the difference, since e¢ach would
continue to see a 5000-ohm load.

So far this should not be hard to follow. The
next step is also an easy one: Imagine that the
two generators are now a.c. instead of d.c. gen-
erators, each developing an r.m.s. voltage of 500.
"The two are working in phase; that is, each reaches

U This idea can be extended a bit. So long as the two gen-
arators continue to deliver the same power, it does not mat-
ter what load resistance is connected to the secondary pro-
vided the turns ratio of the transformer is properly chosen.
A 100-ohm load, for instance, would take a current of 1
ampere in consuming 100 watts. 1t would require 100 volts
to force 1 ampere through 100 ohms, and so the total pri-
mary-to-secondary turns ratio would have to be 1000 volts
divided by 100 volts, or 10 to 1. Each generator would con-
tinue to see a 5000-ohm load, the total for the two remaining
at 10,000 ohms.
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the peak of its positive cycle at the same instant,
and the polarities are aiding just as in the case of
the d.c. generators. Except that the current is
alternating and we are dealing with r.m.s. rather
than steady values, the operation of the circuit
on a.c. is identical with its operation on d.c. Each
generator sees a 5000-ohm load and the circuit
could be divided just as before.

Enter the Transformer

Now for step number three, illustrated by
Fig. 2. Here we have the same two a.c. generators
and the same 10,000-ohm load. However, the
load is now connected to the generators through
a transformer having a 1-to-1 turns ratio. The
transformer is assumed to he perfect, so the sec-
ondary voltage is exactly the same as the primary
voltage, and the power in the secondary circuit is
exactly the same as the power in the primary cir-
cuit. This being so, the load “retlected’ into the

0.1 AMP

A
/. .
(Gy) soov !
NS

O.1AMP

<
> 10K
1000V < oHMS

AAA

B
0.1 AMP

~ Fig. 2 — Transformer coupling with a 1-to-1 trans-
kFg)rmcr ratio is equivalent to the direct connections of
ig. 1.

primary circuit is exactly 10,000 ohms, and so the -
two generators think they see & 10,000-ohm re-
gistance instead of the transformer primary.!

In other words, so far as the two generators are
concerned Fig. 2 is no different from Fig. 1, and
each generator still sees a 5000-ohm load. Each
continues to deliver half the total power. A tap at
the center of the transformer primary, as at D,
could be connected to the junction, C, of the two
generators without disturbing the circuit opera-
tion, since the voltage drop along the primary is
proportional to the number of turns.

The point is that a transformer connected in
this way has changed nothing, and the total load
on the two generators is simply the sum of the
loads on each individual generator. Or, if you pre-
fer, the load on each generator is equal to one-half
the total load resistance.

Where There Is a Difference

Now suppose that points C' and D are actually
connected together and that one generator, (o,
is removed from the circuit, giving the arrange-
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ment of Fig. 3. @ is still applying 500 volts to
one-half of the transformer primary, and since
the transformer is now stepping up the voltage in

0.2 AMP
A
0.1AMP
500V 12
10K
¢ D 1000V Zoums

Fig. 3— With one of the gencrators of Fig. 2 re-
moved, the remaining generator doublex its power out-
put.

the ratio of 1 to 2 the voltage induced in the sec-
ondary is still 1000 volts. This continues to put
0.1 amp. and 100 watts into the 10,000-ohm load.
The transformer cannot generate any power, so
all of it has to come from G. Gy accordingly in-
creases its current output to 0.2 amp. {500 volts
¥ 0.2 amp. = 100 watts), and is now seeing «
load resistance of 500 volts divided by 0.2 amp.,
which equals 2500 ohms.

How is it that the current from G automati-
cally doubles when the generator is still con-
nected in exactly the sume wuy as it was in Fig.
27 The answer is to be found in the operation of a
transformer. We won’t go into the intimate de-
tails (an outline of them can be found in the
Handbook) but will be content with stating thut
the product of amperes times turns must be
exactly the sume in both the primary and
secondary of a perfect transformer. In Fig. 2 the
two windings both have the sume number of
turns active (all of both windings) and so must
carry the sume current, 0.1 amp. In Fig. 3
only half the primary turns arc active, the half
formerly connected to G2 being unuscd, and so
twice as much current must flow in that half of
the primary to make the ampere-turn product the
sume in the primary as in the secondary.

Of course, these vultage and current figures
assume that (; is able to maintain its terminal
voltage at 500 under the heavier load, so that
1000 volts will be induced in the secondary. But
even if it does nof, the load on (7 will still be
2500 ohms so long us the load on the trans-
former secondary is 10,000 ohms. No mutter
what G''s terminal voltage may be, the sccond-
ary voltage is twice as large because there ure
twice as many turns in use in the sccondary as in
the primary, so the primary current must be just
twice the sccondary current. Thus the impedance
looking into the primary is one-fourth the load
resistunce connecied to the secondary. Since the
secondary load stays 10,000 ohms regardless of
the voltage applied to it, the secondary-to-pri-
mary impedance ratio remains 10,000 to 2500 no
matter what voltage (1 applics to the primary.

So much for the background. Vacuum-tube
operation can be related directly to the generator
exumples just discussed.
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The Class A Amplifier

A Class A amplificr is very much like the a.c.
generator used in the previous examples. Like the
zenerator, it is working throughout the cycle,
since by definition a Class A amplifier is one in
which plate current flows throughout the cycle.
To be sure, its “‘output’ voltage depends on the
alternating signal applied to the grid, but we will
consider the grid signal to have a constant value,
in which case the voltage generated in the plate
circuit likewise is constant, The tube then be-
comes cquivalent to the a.c. generator, the
principal difference being that its internal resist-
ance is large compared with that of a regular gen-
erator. Hence the actual voltage applied to the
load will not be so independent of the value of
the load resistance as in the case of the generator.
This, however, is a detail that does not at all
affect the principles involved.

Everything that has been said about the be-
havior of the a.c. generators applies with equal
force to the push-pull Class A amplifier. Each
tube secs half of the total or plate-to-plate load
resistunce, just as the generators did in Fig. 2.
In Fig. 4, an illustrative tube circuit, the sume

O1AMP AC
k 0.1 AMP

N ) L 11

515 ﬁ[ 1000V & J) 1000v 2 10K
RG]
INPUT) } AC { <JOHMS

)
ol

0.1AMP AC

Fig. 1 — The Class A push-pull amplifier is equiva-
lent to the two series-connected gencrators of Fig. 2.

numerical values are assumed as in Fig. 2; thus
the plate-to-plate load is 10,000 ohms and each
tube sces half of it — 5000 ohms. The tubes arc
in every way equivalent to two a.c. generators
connected in series,

If we pull Va2 out of its socket, the circuit im-
mediately becomes comparable with Fig. 3.
17y then sees a 2500-ohm load and will deliver
mwre power than was required of it when 175 was
present, and operating. The power may not.
double, in the practical case, because of the
relatively large internal (plate) resistance of the
tube. But the tube will supply just as much as it
is cupable of developing in a 2500-ohm load.

With both tubes operating-— which is the
normal way of using a push-pull Class A ampli-
fier — the plate-to-plate load”is twice the load
for one tube. This relationship can be used for
designing s push-pull Class A amplifier from
single-tube Class A data.

The Class B Audio Amplifier
In considering the Cluss B audio amplifier —
which, it is to be understood, is one biased to
cut-off or so near cut-off that the “resting’” plate
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Iig. 5 — By means of the toggle switch, the circuit
from either generator to the transformer can be com-
pleted and power delivered to the load, but one or the
other generator is always working.

current is negligible — it is helpful to go back to
the generators again for a moment. Referring-to
Fig. 3, suppose that instead of removing G
entirely we rig up a toggle switch so either
generator can be used, us indicated in Fig. 5.
When the switch arm is up, G is idle while (7
delivers full power, 100 watts, to the load. When
the arm is down, G2 does all the work and ( is
idle. If we imagine a switch that acts so rupidly
that one connection is made at the instant the
other is broken, we could operate the switch as
we pleased and the power delivered by the trans-
former secondary would be continuous, since onc
generator or the other always would be working.

This, in effect, is just what happens in a Class
B audio amplifier. When biased to cut-off as sug-
gested in Fig, 6, the grid voltage is beyond cut-otf

0.2 AMPAC

I'ig. 6 — Tn the Class B audio amplifier the two tubes
work alternatcly, as suggested by the fact that in this
drawing the grid of V) is positive and power output is
taken from the plate circuit, while V3 delivers no output
since its grid is beyond cut-off. On the next half cycle of
signal voltage the reverse takes place and Vg delivers
power while V| rests.
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during the negutive half cycle of driving voltage.
Because of the push-pull arrangement of the grid
circuit, the negative driving half cycle for one
tube is the positive driving half eycle for the
other; thus the tubes work on alternate half
cyeles. Tike the generators, one tube has to
deliver the full power output while the other is
idle, and since the switching is instantancous the
power output is continuous.

We have already seen that in a “work — no
work’ arrangement like this the generator or
tube sees a load resistance that is one-fourth the
total or plate-to-plate load resistance. Thus the
plate-to-plate load resistance for a Class B audio
amplifier is four times the load resistance for one
tube.

It is of interest to note thuat taking one tube
out of its socket does not affect the load that the
other sees. All that happens is that the plate
current drops to one-half the value it had with
two tubes. The active tube continues to tuke the
sume plate current that it did before. The average
power output is one-half, of course, since every
other half cycle of output is missing.

The Class AB Audio Amplifier

Most audio power amplifiers are operated
Class AB rather than pure Class A or pure Class
B. At some low level of output a Class AB ampli-
fier will become pure Class A, since if the grid
signal is small enough both tubes will be taking
plate current throughout the cycle. The exact
point at which this occurs depends on the biasing
When the tubes are operating Class A, what was
said above about Class A push-pull operation
applies.

As the grid signalis made larger and approaches
the value that gives maximum undistorted
power output the amplifier approaches Class B
operation. It never quite reaches it, because the
bias is something less than cut-off. However, if
the bias is quite close to cut-off, as it may well
be in a high-power modulator, the operation is
essentially Class B and the discussion of Class B
sudio amplifiers above applics. That is, the load
on each tube is one-fourth the plate-to-plate load
resistance.

In other words, as the grid signal is increased
from a very small valuc to the muximum usable,
the load on each tube shifts from one-half the
plate-to-plate load resistance to one-fourth the
plate-to-plate load resistance, because of the
reasons already discussed. The plate-to-plate load
registance remains the same throughout, since
it is determined solely by the transformer ratio
and the actual load on the transformer secondary:.

R.F. Amplifiers

A radio-frequency amplifier (a typical push-
pull circuit is shown in Fig. 7) does not use simple
transformer output but of nccessity has a
resonant plate circuit. The @ or “flywhecl
vffect” of the tank circuit keeps power circulating
continuously even though each tube may give
the tank a “‘kick” of energy only during a small
part of each cycle. So far as the output circuit is
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concerned, this is just the sume as though each
tube were delivering power continuously instead
of taking turns at working.

In short, with any class of operation — A, AB,
B, or C — at r.f. a push-pull amplifier has the
same plate-load relationships as a Class A uudio

O.1AMP RF
0.1 AMP RF
1000V + 1000V < 1
RF : RE Somms

0.1 AMP.RF

Fig. 7 — The push-pull r.f. amplifier, because of the
power circulating in the tank circuit, is equivalent to
the two serics-connccted gencrators of Fig. 2.

amplifier. The load resistance scen by each tube
is one-half the plate-to-plate load resistance. The
behavior of a Class B or C push-pull r.f, ampli-
fier when one tube is removed is quite different
from that of a Class B audio amplificr. In the

2 The tube may not be quite able to make it because of

varivus factors which can, broadly speaking, be grouped
under voltage regulation.

latter, as we have seen, the plate current and
output will drop to one-half on taking out one
tube. In the r.f. amplifier, the remaining tube will
make a gallant attempt to take over the whole job
and supply just as much power as the two tubes
did working together.? It is easy to convince
vourself of the difference between audio and
r.f., if push-pull amplifiers of both types are
available for the experiment.

Summary

Summing up, the plate-to-plate load resistance
is twice the load resistance for one tube if both
tubes deliver power continuously. It is four
times the load resistance for one tube if the tubes
work alternately.

Tubes in Class A amplifiers deliver power con-
tinuously. Tubes in any class of r.f. amplifier
operation can be considered to dcliver power
continuously because of the flywheel effect of
the tank circuit.

Tubes in true Class B audio amplifiers deliver
power alternately.

Tubes in Cluss AB audio amplifiers deliver
power continuously at low signal levels and may
approach delivering power alternately at high
signal levels. At intermediate levels both tubes
may be delivering power simultancously during
part, but not all, of the cycle. — . G.

A “QST Combination” at VEIIA

The transmitter at the station of John Hambly,
Charlottetown, P.E.L is the cabinetted assembly
at the right in the picture below. 1t incorporates
three QST designs: Remote-tuned VFO from the
January, 1953, issue, the 75-watt transmitter
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from December, 1952, and the associated Class
AB; modulator from May, 1953, QST. You’'ll
agree, we think, that VE1IA has made a good-
looking job out of the project. Incidentally, ull
three circuits were in the '51 and ’55 Handbooks.
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The Hammarlund PRO-310 Receiver
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I'ig. 1 — Block diagram of the Hammarlund PRO-310. The 6 ALS rectifier is for the bias supply; the manual gain
control applies negative bias to the grids of the r.f. amplifier, the second mixer and the first i.f. amplifier, and the

a.v.c. is applied to the same stages.

ceiver have arouscd considerable interest in
many ways, but perhaps the outstanding
promise was the one about the ‘“differential” tun-
ing system that provides for extremely accurate
logging at all frequencies. This is indecd different,
than the tuning system of any other receiver we
have scen, and it may take quite a few words to
get the idea across. We'll save that for later.
The PRO-310 covers the range from .55 to
$35.52 Me. in six bands: .55 to 1.11 Me., 1.10 to
2.22 Me., 2.20 to 4.44 Me., 4.40 to 8.88 Me.,
%.80 to 17.76 Me. and 17.60 to 35.52 Me. Accu-~
rately-calibrated bandspread is available on all
but the first of thesc bands, where it is hardly
necessary anyway.
Double conversion is used on all but the two
lowest-frequency bands, for good image rejection

rFu ADVERTISEMENTS for the PRO-310 re-

(better than 70 db. on all but the first and sixth
bands; better than 50 db. on the remaining two
bands). With double conversion, the first i.f.
in 1802 ke., and the second i.f. is 52 ke. As can
be seen in the block diagram in Fig. 1, the 52-ke.
i.f. has variable s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>