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THE STANDARD OF COMPARISON FOR OVER 20 YEARS

HIGH FIDELITY
TRANSFORMERS

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

HIPERMALLOY serles
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

: 1$-10X Shielded Input
Multiple line (50, 200, 250, 500/600, etc.)
to 50,000 ohms . . . multiple shielded.

2 LS-19 Plate to Two Grids
3 - = Primary 15,000 ohms.
- y 95,000 ohms C.T. -

18-50 Plate to Line
l15,0]00 ohms to multiple line.. .15 db.
evel.

s s -

- W LS-63 P.P. Plates to Vaice Coil

Primary 10,000 C.T. and 6,000 C.T. suited
to Wi MLF, ul.linear circuits,
Secondary 1.2, 2.5, 5, 7.5, 10, 15, 20,
30 ohms. 20 watts. *

CASE  LS-1  LS-2 LS-3
Length. 38" 4-7/16” 5-13/16
Width_. 2%~ 3% 5
Height.. 314~ 4-3/16” 4.11/16'
Unit Wt.3 Ibs. 7.5 Ibs. 15 Ibs.

stzansse

A-10 Line to Grid
ti (ine to 50,000 ohm grid.

Stareie go

o [A-18T T 1] A-18 Plate to Two Grids
% 1 T 15,000 ohms to 80,000 ohms, primary and
i 1 } dary both split.

A-20 Mixing Transformer
Muitiple line to multiple line for mixing
mikes, lines, etc.

A

sesosasenn,

I I

Fj " .
/

A=28 A-26 P.P. Plates to Line
.‘?‘0,000 ohms plate to plate, to multiple
ne.

=

Pocovtecreeveies vin 3

OUNCER CASE
Diameter
Height _.
Unit Weight —..

UNITED TRANSFORMER CO

150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 40th St., New York 16, N, Y. CABLES; “ARLAB
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All G-E Tubes get individual tests
to assure maximum dependability!

UALITY-CONTROL sampling isn’t
Q_ enough—though G-E standards
for this lead the industry. Every Gen-
eral Electric tube is checked for im-
portant operating characteristics.

Instrument dials say if the tube plate
current is correct . . . if transconduct-
ance equals the prescribed value . .. if
no undesirable reverse current flows
in the grid . .. if there is no tube short,
open circuit, or vacuum leak.

G-E tubes that pass these individual
tests, must run the gauntlet of quality-
control checks for over-all satisfactory
performance. Are microphonics at a
minimum? Does life-testing leave tube
characteristics unchanged? Only if the

answers to these and many other ques-

tions are “yes” can G-E tubes be car-
toned and shipped.

The tubes your G-E tube distributor
sells are the best that precision manu-
facture, rigid inspection, and thorough
testing can produce. Install them with
confidence! General Electric Co., Tube
Department, Schenectady 5, New York.
* * *
General Electric congratulates the winner of the
1954 Edi Award, Benjamin S. Hamilton, W6VFT,
La Mesa, California. The judges named Mr. Hamil-
ton as the amateur whose achievement was most
noteworthy, because he provided San Diego County,
California, with ‘‘an outstanding Civil Defense and
disaster-emergency radio network'. Recognition
given to Award-winner W6VFT and to others whom

the judges cited, was equally a tribute to the public-
spirited efforts of radio amateurs everywhere.

GENERAL ELECTRIC

166-1B2



Rheostats

for 25 to 500 watts

In the course of experimental work, you occa-
sionally run into a spot where you need a power
rheostat or high-wattage voltage divider. When
you do, we believe that Mallory Type “K” Vitreous
Enamel Resistors will give you performance com-
parable to that which you have been getting from
other Mallory wire-wound controls in lower wat-
tages. This series is available in a complete range
covering ratings from 25 to 500 watts.

One of the first things you will notice about the
Series K’ control is its smoothly operating sliding
contact, mounted snugly in its unique, spring-
loaded and hinged carrier.

The firm direction of force exerted by this assem-
bly eliminates completely the problem of ““rocking™
contacts which has plagued power control users for
vears. The specially compounded copper-graphite
contact lubricates the resistance ¢lement, at the
same time that it reduces the contact resistance
between the two parts. A flexible pigtail connection
providesadirect electrical path between the contact
and the center collector mechanism.

Perhaps the most outstanding feature of this whole
assembly, however, is its construction which allows
the contact to be lifted from the resistance element
for cleaning purposes without distorting or dis-
turbing the applied force. Incidentally, the contact
is almost as easy to replace as the brushes in a
small electric motor.

The spring collector and shaft assembly is spring-

P. R. MALLORY & CO. inc,
P, O. Box 1558
INDIANAPOLIS 6 INDIANA

Mallory Type “K”

loaded to assure virtually constant electrical con-
ductivity for the life of the control. In addition, all
Series K™ controls above 25 watts are equipped
with a copper-graphite buffer plate as a part of the
collector assembly to reduce erosion as well as
ussure positive electrical contact. The shaft is
centered and insulated from the electrical circuit
by means of a high quality steatite bushing.

The body of each Series K control is formed
from electrical grade porcelain and each turn of the
resistance winding is uniformly wound on this
form to provide an even progression of resistance
change vs. shaft rotation. A non-alkaline, non-
hygroscopic enamel is applied carefully to the
winding, and then heated to a hard, glass-like
finish for maximum protection to the vulnerable
parts of the winding.

The smaller sizes, 25 through 150 watt, are equipped
with conventional threaded bushings for panel
mounting; sizes above 150 watt are equipped with
set screws. All sizes have panel locating lugs which
may be adjusted for universal mounting. Suitable
knob and dial plate are supplied with each.

A brochure containing dimensional drawings of
these controls, plus catalog listings, has been pre-
pared. For your copy, write to us at Box 1558,
Indianapolis 6, Indiana. Meanwhile, check with
your Mallory Distributor, and take a good look at
these power controls. Their construction alone will
inspire confidence in their ability to operate prop-
erly for a fong, long time.
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§-53A The finest small communications receiver
built and ideal where maximum performance is
required in small space. Several steps better
than the S-38C, but not quite up to larger
S-40B. Govers Broadcast Band 540-1630 k¢ plus
four short-wave bands covering 2.5-31 and 48-
54.5 Mc.

CW Transmitter/Exciter.

ilbrated in ke,

Mode| SX-96 Selectable Sideband Receiver

o Covers Broadcast 538-1580 k¢ plus three
S/W 1720 ke-34 Mc.

@ Double conversion with selectable crystal

Brand New and very much wanted—
Model HT-30 Single Sideband AM and

@ Highly stable VFO with full 100:1
ratio gear drive system built-In, cal-

@ Stability comparable to most crys-
tals .009%.{Full band switching.

® Ample gain for 55 db microphone.
Hum and noise 40 db down.

[
o Calibrated bandspread—*S"

Electrical bandspread for easy tuning. Two i-f
stages. Switches for automatic noise limiter,
code reception and high-low tone. Phono jack
for records. Headfone tip jacks on rear and
built-in PM speaker. Temp. compensated to re-
duce fading due to frequency shift. For 105/
125 V. 50/60 cycle AC.

Full 50 watt peak envelope output.
Complete built-in metering.
Unwanted sideband at least 40 db
down. AM—-CW-—SSB.

Undesired beat frequency down 60
db or more. T. V. |. suppressed.
Stable 50 ke filter system.
Provisions for coaxial output fitting.
Built-in voice control circuit with
bias switching for final amplifier.

pressed carrier and full carrier transmis-
sions. Highly selective 50 kc 1. F. system.
CW operation with AVC on. Delayed AVC.
meter—double

controlled second oscillators,

superhet. Precision gear drive dial system.
@ Selectable sideband reception of both sup- o

10 tubes, 1 rectifier and voltage regulator.

8-94 (S-95) These two new Civic Patrol receivers are
over 10 times as sensitive as previous models, greater
increased audio power output and bullt-in relay squelch
system. Perfect for monitoring, police, fire, taxicab,
telephone-mobile, forestry, Civil Defense. The S-94
covers 30-50 Mc and the S-95 150-173 Mc. Built-in
speaker and provisions for headphones. Eight tubes
plus rectifier. 105/125 V. 50/60 cycle AC/DC.

E————
$-38D Low cost unit with high priced perform-
ance over Broadcast Band 540-1650 kc plus
three short-wave bands from 1650 kc-32 Mc.
Electrical bandspread operates over large easy- | ——

to-read dial. Headphone tip jacks on rear and
powerful built-in PM speaker. Oscillator for re-
ception of code signals. Four tubes plus recti-
fier. 105/125 V. 50/60 cycle AC/DC.

Write for complete specifications.

In Canada:

The HALLICRAFTERS COMPANY :
Don Mills Road e Box 27, Station R e Toronto 17, Ontario

! I'Ia"il:l'affers  Chicago 24, lllinois




the new LOW COST
ss ) PR crystal

~ especially made for
converters, experimenial
applications, etc.

Increased demand for broad tolerance
crystals (frequencies outside amateur

bands) has resulted in the new, low-cost

Type 2XP . .. especially created for con-

TYPE 2XP verters, some types of receivers. experi-
mental applications and other special

FUNDAMENTAL uses. Now you can buy top PR quality
1600 to 12000 Ke. crgstcxls in Type ZX-P for these special re-
+ quirements at practically the same cost as
Z5 Ke. $3.95 reqular amateur frequencies. ASK YOUR
JOBBER FOR THE NEW 2XPs. Of course,

SRD MODE if close tolerance is required, we recom-
mend PR Type Z-1, our reqular commercial

12001 to 25000 Kec. crystal . . . but these will cost more, nat-
* 10 Ke. $5.00 urally. You will find that the inexpensive
Type 2XP will fill most of your require-

EXPORT SALES: Royal National Company, Inc., 75 tree, New or 6, N . A.




| Eastern Pennsylvania

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 ofiicial elected by members in each Section.
Radio club reports are also desired by SCMs for inclusion in ST, 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. A/l amateurs in the United States and Canada are invited
to join the Amateur Radlo Emergency Corps (ask for Form 7).

WiRBIp
Maryland-Delaware-1). C.
Southern New Jersey
Western New York

{Vestern Pennsylvania WINCD

W. H, Wiand

Arthur W, Plummer
Herbert C. Brooks
Edward Graf

R. M. Heck

1linois WoYILX
Indiana WIBK ]
Wisconsin WIOROM

Lsevrge Schreiber
George H, Graue
Reno W. Goetsch

North Dakota
South Dakota
Minnesota

WAHNV

Arkansas
Louisiana
Mississippi
Tennessce

Owen G. Mahattfey
lhomas J. Morgavi
)r. A. R. Cortese
Harry ( bxmpson

W4SBI
WHRAE
WSAJW

Robert E, Ficlds
Thomas (5, Mitchell
John E. Siringer

bastern New York
N. Y. (C.& Long Island
Northern New Jersey

Stephen J. Neason
Carleton L. Coleman
Lloyd H. Manamon

lowa
Kunsas
Missouri
Nebraska

William G. Davis
Earl N. Johnston
Clarence L. Arundale
Floyd B. Campbell

Connecticut

Maine

kastern Massachusetts
Western Massachusetts
New Hampshire

Rhade Island

Vermont

Milton E, Chaffee
Bernard Seamon
Frank 1., Baker, jr.
Arthur Zavarella
Harold J. Preble
Walter B. Hanson. jr.
Robert L. Scott

Alaska KL7TAGU
Idaho W7I1WU
Montana WICT
Oregon \W7ES]
Washington W7FIX

— NORTHWESTERN DIPYIS{CO)N

Lave A. Fulton

an K. Ross
Leslie E. Crouter
Edward F. Conyngham
Victor S. Gish

Hawuii

Nevada

Santa Clara Valley
Kast Bay

San Krancisco
Sacramento Valley
an Joaquin Valley

KHOAED
TJU

Samuel H. L
Ray T, Warner
R. Paul Tibbs
Guy Black

alter A. Buckley
Harold L. Lucero
Edward L. Bewley

™ North Caralina
sonth Carolina
Virginia

West Virginia

R
(’harles H. Brydges
T. Hunter Wood
John Carl Morgan
Albert H. Hix

Colorado
ttah
Wyoming

Karl Brueggeman
KFloyd L. Hinshaw
Wallace J. Ritter

Alabama

Eastern Florida

VVesu‘rn Florida

Greorgi W
V\'est lndxes (Cuba-P.R.-V.1.) KP4D]J

Canal Zone KZ5RM

Joe A. Shannon
ohn W. Hollister
sdward J. Collins

George W, Parker

William Werner

Roger M. Howe

Los Angeles WoYV,
Arizona

san Diego

Santa Barbara

Howard C. Bellman
Albert Steinbrecher
Don Stansifer
Vinecent J. Hag;

Northern Texas

(Yklahoma

Southern Texas
w Mexico

T'. Bruce Craig

Dr. Will G. (.randall
Dr. Charles Fermaglich
G. Merton Sayre

Maritime
Omtario
duebec

Alber

Bnr.lsh Columbia
b4 ulmn

Manitoba
‘:uakau:hewan

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

Douglas C. Johnson
G. Eric Farquhar
Gordon A. Lynn

Sydney T'. Jones
Peter Kiclntyre

ohn Polmark
arold R. Horn

ATLANTIC DlVlSlON

CENTRAL DIVISION.
.DAKOTA DIVISION

DELTA DlVlSl(z‘N

HUDSON DIVISION

MIDWEST DIVlSlON

l’\.ClFlCl DIVISION

OANOKE DIVISION

ROCKY MOUNTAIN Dll\"‘lSION

-~ SOUTHEASTERN DlVlSlON

SOUTHWESTERN DIVISION.

gert
WEST GUI F DIVISION

CANADIAN DIVISION

R 11, Box 300
1804 Rexmere Road
800 Lincoln Ave.

81 King St.
RED 1

(yilbertsville
Raltimore 18, Md.
Palmyra
Tonawanda
Sharpsville

9 S. Scoville Ave.
824 Homc Ave,
929 S, 7th Ave.

Oak Park
Fort Wayne 6
Wausau

P.O. Bax

1900 boulh Menlo Ave.

16113 K. Lake St.

‘)raymn
oux [alls
Minneapolis 7

7
3421 Beaulieu St.

30X
1863 So. Wellington St.
GREAT LAKES DIVISION.

springtown
New Orlcans 20
Crystal Springs
Memphis

531 Central Ave., (Kentucky side)

409 JLiberty
2972 Clague Rd.

Williamson, W. Va,
Buchanan
Cieveland 26

794 River St.
P.O. Box 1011
709 Seventh Ave.

Tr
ha\t Hampton, L. I.
Asbury Park

d St.
4 Roosevelt

18348 §outh Jeﬂerson Ave,
_NEW ENGLAND DlVlSlON

Mitchellville
Topcka

Springficld 4
North Platte

53 Homesdale Ave.
73 Middle St.

91 Atlantic St.
1702 Main St.
Route 4

54 Locust St.

108 Sias Ave,

Southington
Wiscassct

North Quincy 71
Agawam
Concord
Providence 6
Newport

2108 Irene St.

608 Yellowstone Ave,

11901 Powell Rivd.
511 East 71st St.

Anchorage
Hilin
illings
Portland
Seattle 5

P.O. Box 3564
§39 Birch St.

1946 Harmil Way
1546 Spruce St.

36 Colonial Way
1113 Elinore Ave.
421 East Olive St.

Honolulu
Boulder City
San_Jose
Berkeley 8
San Francisco
Dunsmuir
Turlock

3246 Sunset Drive

1702 North Rhett Ave.

Merrimans Lane
1013 Belmont St.

Charlotte

North Charleston
Winchester

Forest tlills, Charleston 4

5 Kearny St.
165 bast 4th, North
P.O. x 797

Denver
RBountiful
Sheridan

3809 Sprmgmld Blvd.
1003 E.. Blount St.
226 ngs Highway

563 Ramon Llovet

Box 462

lottondale
acksonville
‘ensacola
Decatur
Urb. Truman,
Rio Ficdras, P, R.
Balboa Hceights, C. Z.

973 Mayo St.

RED S, Box 800

4427 Pescadero

1017 Indio Muerto St.

1.os Angeles 42
ucson

an Dicgo 7
Santa Barbara

1706-27th

‘-tatc V'eterans Hospital
618 Mecdical Arts Bldg.

Box 625

Lubbock

Sulphur

Houston 2

New Mexico Military
Institute, Roswell

1U4 Preston St.
16 Emerald Crescent
R.R. No.

10706-57th Ave.
981 West 26th Ave,

109-13th, N.W.
1044 King St.

Halifax, N. S.
Burlington, Ont,
Ste, Genevieve de
Picrrefonds P. Q.
Edmonton, Alta.
Vancouver, B. C.

Portage la Prairie, Man.
Saskatoon
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Littlefone with
4" Loud Speaker

Littlefone Central
Station Antenna

CIVIL DEFENSE

®

L
a l c' a | e l Write Dept. Littlefone for details

Chicago 24, illinois

2-way FM radio telephone for 30 to 54 Mc. and 144 to 173 Me.
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New England Division
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Route 5, Redding Ridge, Conn.
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Northwestern Division
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Vice-Itrector: Gus M. Browning......... W4BPD

135 Broughton st., s. E., Oruangeburg, 8. C.
Rocky Mountain Division

CLAUDE M. MAER, JR............... WeIC
740 TIatayette St., Denver, Colo.
Vice-Director: Walter M. Reed. ........ WHWRO
1355 E. Amhenst Circle, Denver, Colo.
Southeastern Division
JAMES P RORN, JR.................. W4zZD
25 First Ave., N.E., Atiunta, Ga.
Vice-Director; Randall F, Smlith......... W4DQA
902 Plaza Court, Orlando, Fla
e P i : i i Southwestern Division
- -General Manager i .- WALTER R. JOOS. .. ... ..o, W6ERM
. 3 . s E T T T L 1315 N. Overhlll Drive, Inglewood 3, Calit,
Communications Manager . : C . Vice-Irector: Robert E. Hopper. ....... W6YXU
e = L : : 4327 Santa Crusz, San Diego 7, Callf,
Technical. D:rec!or [ West Gulf Division
ROBERT E. COWAN.........cc..c0uv... WSCF
3640 kncauto Drive, Fort Worth 9, Texas
Vice-Director: John ¥, Skelton. .......... W5MA
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“It Seems 10 Us...”

FCC's 20TH ANNIVERSARY

The Federal Communications Commission
last year marked its 20th anniversary of exist-
ence as the federal agency regulating all forms
of radio and wire communication.

Old-timers will recall that most radio matters
were administered by the Department of Com-
merce prior to 1927; the Radio Act of that year
created 1 Federal Radio Commission, with
duties obvious from its name. Our affairs were
handled by FRC until the Communications
Act of 1934 designated a Federal Communica-
tions Commission to take over radio regulation
from FRC, and to have in addition responsi-
bility for wire telephone and telegraph matters.
The 1934 change had no particular effect on
amateurs or on radio in general, for it was
simply administration by substantially the
same Commission and staff as FRC. The anni-
versary seems an appropriate one to look
back to our regulatory status two decades ago.

The new Commission inherited from FRC
(in reality, from itself!) a fairly sound set of
amateur regulations — they having been com-
pletely revised, in consultation with the
League, a year earlier. It was also an extremely
simple text; that the one printed page of
regulations existing slightly more than 20
years ago has grown to more than 10 pages of
fine print today is a measure of the increasing
complexity of even the amateur phase of the
art.

In June, 1934, there were 46,390 amateur
radio operators; today there are apprommately
125,000. In those days licenses were issued in
Classes C, B or A for three-year terms, a
relatively new set-up from the earlier one-year
licenses of the generally-comparable Tempo-
rary, First Class, and Extra First Class tickets.
(Comparable, that is, except for the Tempo-
rary certificate, which like our present Novice
license had a one-year nonrenewable term.)
There were 32 quarterly examination points,
compared with 61 at present (plus thousands
more volunteer amateur examiners under our
current procedures.)

The code speed was 10 w.p.m. and you had
to copy the text in longhand — no printing.
One year's experience was required before
taking the Class A test, which license entitled

you to the delights of voice operation in 3900-
4000 (that’s as big as the ’phone band was)
and 14,150-14,250 ke. A commercial 'phone
license waived the technical exam. Flunking
any exam made you wait 90 days before tack-
ling it again — it’s now 30 days. The power
limit, as always, was a kw. If you used any of
the bands below 14.4 Mec. you had to put a
filter on your power supply, but raw a.c. was
permissible above that point. It is worthy of
note that we had “gone d.c.” for even the
lower bands only a few years earlier. You
could operate mobile only above 56 Mec. (mean-
ing, in effect, the 56-60 Mec. band), and only
in aircraft — there was no mobile operation
as we know it today. The license automatically
granted portable privileges in any band, but
this was also a brand new regulation; only a
year earlier separate portable licenses and calls
were required for such operation.
The bands were:

1715-2000 ke.

3500-4000 ke,

7000-7300 ke.

14,000-14,400 ko.

28,000-30,000 ke.
56,000-60,000 ke.

You could also operate. anywhere above 110
Me.; no one else was using those “micro-
waves” in 1934. But it was pretty tough to
generate any r.f. with gear then available;
even to get to 56 Mc. a lot of hams were remov-
ing “lossy” bases from tubes. :

For ’phone operation any amateur could use:

1800-2000 ke. '

28,000-28,500 ke.
56,000-60,000 ke.

with the Class A boys additionally entitled
to 75- and 20-meter voice. You could transmit
music if you were engaged in bona fide tests
of modulation gear.

In the interests of strict accuracy, we
should point out that amateurs were assigned
one additional band: 400,000-401,000 ke.
To our knowledge no amateur ever had a QSO
there. As the story goes, the band was ear-
marked for us, years and years ahead of any
possible practical use of that territory, because
that frequency was calculated , (erroneously, s
it turned out) as one for which the parabolic



reflector of the common electric heater could
be used for beam purposes.

It should be noted that the few differences
between the over-all band limits above and
those we have today ure largely a result of
international regula,torv agreements and not
arbitrary rulings by the Commission; FCC
has always assigned amateurs in this country
practically every kilocycle permitted under
international treaty. In the formation of the
1], 8. viewpoint toward international regula-
tion the Commission has been an unqualified
supporter of the amateur, as of course have
most other (Government agencies concerned.
In this field during the last twenty years we
recall particularly the 1936 FCC hearings,
looking toward the Cairo world conference of
1938, and the 1944 hearings, looking toward
the Atlantic City conference of 1947, at both
of which — as in every conference since 1927
~— amateur radio was practically on trial for
its life. We know, with pardonable pride, that
the testimony put into the records on behalf of
amateur radio established pretty thoroughly
our right to continued use of our frequencies
because of our record of operation in the public
interest, convenience and necessity. Yet many
of the contributions of amateur radio are in-
tangibles, and it is indeed a rare group of men
who are possessed of sufficient wisdom and
vision to weigh these against the hard and cold
facts and statistics of the commercial users,
and come up with the answer they have.

The progress that amateur radio has made
these past twenty years could never have been
made without the help and cotperation of a
Federal agency, replesentmg the established
(Government viewpoint toward encouragement
of scientific endeavors on the part of its
citizens as an advancement of the national
interest and culture. To the (C‘ommission as
an agency, the League extends its sincere
appreciation. Equally as important, to the
many individuals on the staff who have over
these years worked in our interest, the League
on behalf of all amateurs extends its warm

thanks.

OUR COVER

Nowadays accurate frequency checking is an
important responsibility of every amateur. The
secondary frequency standard shown on this
month’s cover is designed for just that purpose,
a3 well as being compact and economicul. It is
capable of supplying 50-ke. check points through-
out the communications spectrum. In addition,
it. can be used with high-frequency crystals for
identification of the points. The unit is described
in detail starting on page 14 of this issue in
‘ Frequency Marker with 50-Kc. Intervals.”

The author, Beverly Dudley, ex-9BR, is now
editor of The T'echnology Review at the Massa-
chusetts Institute of Technology. A former
ARRL statf member, Mr. Dudley was an Assist-
ant Technical Editor of QST just twenty-five
vears ago!

10

WHAT BANDS AVAILABLE?

Below is a summary of the U. 8. ama-
teur bands on which operation is permitted
us of February 15th. Changes will, as usual,
be announced by W1AW bulletins. Figures
are megacycles. A@ means an unmodu-
lated carrier; Al means c.w. telegraphy:
A2 is m.c.w.; A3 is a.m. ‘phone; A4 is fac-
simile; A5 iy television; F1 is frequency-
shift keying; n.f.m. designates narrow-
band frequency- or phase-modulated ra-
diotelephony; and f.m. means frequency
modulation, ‘phone (including n.f.m.) or
telegraphy.

3.500-4.000 — A1l
3.500-3.800 - F1
3.8004.000 — A3 and n.f.m.
7.000-7.300 — Al
7.000-7.200 — F1
7.200-7.300 —- A3 and n.f.m.
14.000-14.350 — Al
14.000-14.200 — F'1
14,200-14.300 — A3 and n.f.m.
14.300-14.350 — F'1
21.000-21.450 — A1
21.000-21.250 — F1
21.250-21.450 — A3 and n.f.m.
26,960-27.230 — Ap, Al, A2, A3, A4, f.m.
28.000-29.700 — A1
28.500-29.700 — A3 and n.f.m.
29.000-29.700 — f.m.
50-54 -— AL, A2, A3, A4, n.fom.
51-54 ]

52.5-54
144-148 1
220-225 |

4204501 | ; 3

1,.215-1,300 [ A#, Al, A2, A3, A4, A5, fmn.
2,300~ 2.450}
3,300~ 3.500
5,650~ 5,925 | Ap. Al Az, A3, A4, A5 fm,,
10,000-10,500 pulse

21,000-22.000

Allabove 30,000 |
! Peak antenna power must not exceed 50 watta.

Af, Al, A2, A3, A4, f.m.

In addition, Al and A3 on portions of
1.800-2.000, us follows:
Power (watlz)
Area Rand, ke. Day Night
Minn., Iowa, Mo., Ark., 1800-1%825 500 200
La. and east, including 1875-1900
Puerto Rico and Virgin
[ds.
N. and 8. Dak., Neb., 1000-1925 5So0*  200%
Clolo., N. Mex., und west, 1975-2000
inrluding Hawaiian Ids.,
‘T'exas, Okla., Kansas 1300—1825 200 ntss
1875-1900
* KExcept in State of Washington where daytime
power limited to 200 watts and nighttime power to
50 watts,

Novice licensces muy use the following
frequencies, transmitters to be crystal-con-
trolled and have a maximum power input
of 75 watts.

3.700-3.750 Al 21.100-21.250 A1l
T.175-7.200 Al 145-147 Al, A2, A3

Technician licensees are permitted all
amateur privileges in the bands 220 Me.
and above.

QST for




A Compact Dual Beam for 20 and
40 Meters

Two-Band Operation with Simplicity

BY L. J. JENSEN,* WMIQ

¢ WPMIQ has built a simple compact
dual rotatable beam for 20 and 10 meters.
After preliminary adjustments, bands
can be changed instantly at the flip of a
switch. The system is fed with a single
coax transmission line with low s.w.r. on
both bands. The boom is only 15 feet
long. and the elements 24 feet, so it will
fit in almost any backyard.

only made it possible for the ham with a

small backyard to put up a rotatable array
for 20 meters, but it has also made a 40-meter
parasitic beam mechanically feasible for the aver-
age ham. A logical development of this principle
is the use of a single set, of elements for two-band
operation, simply shorting out loading coils, or
portions of them, for the higher-frequency band.
Element spacing is not a problem because a
spacing of approximately 0.1 wavelength at 40
meters, where maximum gain occurs with the
parasitic element tuned as a director, becomes
0.2 wavelength spacing at 20 meters. This spacing
is close to optimum if the parasitic element is
adjusted as a reflector. The loading coils can be
shorted out by means of relays.

The photographs and sketches show the con-
struction of a two-element beam covering 20 and
40 meters. The boom is 15 feet long, and the
elements are 24 feet long. The array is easily
turned with a TR~-4 TV rotator.

Loading short elements, especially when the

THE recent revival of loaded autennas has not

*20 West 9th St., Kansgas City 5, Mo.

This view shows the assembly at the
driven-clement cnd of the boom. Kx-
cept for the link winding and coax-
cable connection to it, the assembly at
the parasitic end of the boom is identi-
cal. Shiclded relay control wires also
are run through the boum, emerging
through a hole in the hoom, and enter-
ing the relay box at the rear. Vertical
guys are attached to the insualators at
the ring-bolt in the ¢nd of the boom,
and horizontal guys to the inner ends
of the upper-elcment conductor. 'I'he
metal base and angles between the
boom and redwood support help to
stiffen the .mechanical joint. The
outer braid of the coax cable is con-
nected to the boom. Weather-proof
tape is used to seal the coax cable and
reduce carrosion at electrical joints.

¢
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elements are close-spaced, results in a high-Q
circuit in which the reactance will vary rapidly
with a change in frequency. Thus any matching
adjustment will hold over only a relatively small
portion of the band. This can be alleviated to o
considerable degree by using a pair of conductors
for each element, and fanning them, as shown in
the photographs. This, in effect, increuses the
size of the conductor. The curves of Fig. 1, made
with a Millen s.w.r. bridge, show that with a
match at the center of the 7-Mec. band, the
s.w.r. does not exceed 1.75 to 1 at the ends of the
band. At 14 Mc., there is the added benefit of
wide spacing. These curves were made with a
single matching adjustment for both bands.

The transmission line (52-ohm coax) is in-
ductively coupled to the center loading coil
On 20 meters, the radiator element is shortened
only sufficiently to permit the use of enough
loading-coil inductance to provide adequate
coupling to the link. Loading inductance is added
to make the electrical length of the elements
suitable for 7-Mc. operation. A pair of relays
shorts out the 40-meter loading coils in each ele-
ment, when operating on 20 meters.

Construction

The boom is a 15-foot section of ‘3-inch diame-
ter ST-61 aluminum tubing with lg-inch wall.
A guy wire, connecting the ends of the boom,
runs over a truss at the center of the boom to
add rigidity. The boom is fastened at its center
to a mounting, shown in one of the photographs,
by means of two large U bolts. This mounting
permits the boom to be tilted in either direction
for adjustment of the loading coils merely by re-




The elements of this dual

20 — 40-meter beam are only
24 feet over all, and the boom
ir 16 feet long. The clements
are fanned for broadbanding.

moving onc of the hinge holts or the other.

Similar J bolts at each end of the boom support
a mounting for the antenna elements. These
mountings are of redwood, 114 inches thick, 334
inches wide and 7 feet long,.

Each half element is made up of two [2-foot
lengths of ST-61 aluminum tubing, !4 inch in
diameter with }{g-inch walls. At each of the
inner ends, the tubing is Hattened und drilled
for the threaded rod of a feed-through insulator.
At the outer ends of the supports, the elements
are attached to similar feed-through insulators
by means of clamps fashioned from sheet metal.
The threaded rod of the outer feed-through
insulator is made to extend about 6 inches above
the top of the insulator. This extension serves
ag 4 vertical truss in bracing the elements. Also
attached to this insulator with a sheet-metal
strap is a 30-inch length of !4-inch aluminum
tubing that will serve as a horizontal truss. The
ends are guyed to the vertical truss at the feed-
through insulator.

The two conductors of each element are fanned
out at the ends so that their tips are separated 30
inches. The spreaders are made of the same ma-
terial as the clements, and arc flattened at the

ends and drilled for screws that fasten them to
the clements. The tips of the elements are simi-
larly flattened and drilled, but the clements are
not Hattened for the short intermediate spreaders,
since this would weaken the elements. The short
spreaders are placed as shown in the photograph.

A system of guy wires is used to brace the ele-
ments both vertically to prevent drooping, and
horizontally to reduce whip. Copper-clad stranded
steel guy wire used in TV work i8 good material
for these guys. The guy wires are insulated from
the boom, but not from the elements. On each
side of the boom, a guy wire runs from a strain
insulator fastened to the boom, over the truss at
the outer feed-through insulator, and thence to
the upper bolt at the short spreader.

The horizontal guys run from the stand-off
insulators at the inner ends of the elements to the
horizontal truss. and thence to a bridle at the
short spreader. This bridle is simply a piece of
guy wire loosely spanning the spreader.

The relays that short out the 40-meter loading
coils are enclosed in standard 3 X 4 X 5-inch
aluminum boxes. The relays should be of the
antenna-changcover type with good insulation
and heavy-current contacts, such as the Ad-

Each element is guyed both vertically and horizontally. The vertical truss is a brass rod extending above the
outer feed-through insulator. ‘’he horizontal truss is a piece of aluminum tubing attached to the same insulator with

a clamp. Similar clamps anchor the element conductors to the insulator.

QST for




vance AT /2C. I was able to pick up some surplus
28-volt models at $1.20 each,! operating them
from a 100-ma. selenium-rectifier supply.

Leads to the loading coils are brought out
through 1-inch ceramic feed-through insulators
set in the sides of the hoxes. These feed-through
insulators also serve a8 mountings for all coils ex-
cept the link coil. The latter is fastened to a piece
of 1{-inch polystyrene sheet attached to the red-
wood support for the elements. The mounting
screws also serve as terminals for connecting the
coax line to the link. The coax line is fed through
the boom to a point near the center where it leaves
through a hole to an anchorage on the mast.

2
]
v —
7 71 12 13
FREQ., Mc.
2 7
Q: 1.5
X
vy | —1
14 14.1 14.2 14.3 4.4
FREQ., Mc.
Fig. 1 — Curves showing s.w.r. measured on trans-

mission line feeding the dual beam.

The loading coils shown are wound with heavy-
duty aluminum clothesline, although }4-inch to
34s-inch copper tubing, or No. 8 copper wire
could be used. The 20-meter loading coil in the
driven element has & turns 114 inches in diameter,
turns spaced approximately the diameter of the
conductor. The link coil has 5 turns, similarly
spaced, 2 inches in diameter. The 40-meter load-
ing coils in the driven element each have 20 turns
114 inches in diameter. In the parasitic element,
the 20-meter coil has 11 turns, and the 40 meter
coils 18 turns each, all 114 inches in diameter.
After completion, the entire beam was sprayed
with two coats of acrylic or plastic lacquer. All ex-
posed electrical connections were first covered
with plastic tape and then sprayed.

Adjustment

The parasitic element should be adjusted as a
reflector for 20-meter operation first, with the
40-meter loading coils shorted out and the driven
element open at the center. In my case, it was
made 5 per cent electrically longer than a half
wave for 14.2 Mec. With a grip-dip meter cou-
pled to the 20-meter loading coil, the resonant
frequency should be adjusted to 13.5 Mec. by
squeezing or spreading the turns as necessary.
If this does not suffice, it may be necessary to
add or subtract a turn. Then, with the shorts re-
moved from the 40-meter loading coils, the coils
should be adjusted for element resonance at 7.5

1 Potter Radio Co., 1314 McGee $t., Kansas City, Mo.
2 Measurements Chapter, A RRL Handbook, 30th edition,

et 8eq.
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Mec. This gives an electrical length about 4 per
cent shorter than a half wavelength — a proper
length for operation as a director.

Attention should now be turned to the driven
element. With the 40-meter loading coils shorted
out, the output terminals of a 52-ohm s.w.r.
bridge should be connected to the link terminals,
and a suitable r.f. source fed to the bridge. Fol—
lowing recommended procedure,? the 20-meter
loading coil should be adjusted for minimum
s.w.r. Then, with the shorts removed from the
40-meter loading coils, these coils should be ad-
justed similarly.

The 52-ohm coax line may then be connected
and a recheck of the match made by connecting
the bridge to the transmitter end of the line. Ad-
justment should be made as close to the final
elevation as possible. If the adjustment as checked
with the s.w.r. bridge at the input of the line docs
not hold after the array has been put in place,
the s.w.r. measurements will show the frequency
of minimum s.w.r., and thus the direction in
which the driven element should be retuned.

If greater f.-b. ratiois desired, the procedure will
he the same, but it should start out with a greater
electrical length (lower resonant frequency) for
the reflector, and a shorter electrical length
(higher resonant frequency) for the director.

In conclusion, I want to thank W@PUB whose
ever-ready strong arm enabled countless experi-
ments to be completed with success.

The tilting mount for the hoom. The stub is an 8-invch

piece of 115-inch pipe welded to a channel of 14-inch
steel. This channel is 8 inches long, 6 inches wide, and
the sides are 2 mches high. 'The mounting plate (with
U bolts in place) is of 3fs-inch hardened aluminum, 6
inches wide and 24 inches long. The U-shaped strips
attached to the mounting plate are of steel strip 34-
inch thick and 2 inches wide, case-hardened after
processing and fitting. 'The pins are $§-inch steel with
nuts welded at one end and cotter-pin holes at the
other. The boom may be tilted in either direction.
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Frequency Marker with 50-Kc. Intervals

A Compact, Low-Cost Unit Using Surplus Crystals

BY BEVERLY DUDLEY *

e lHerc is a frequency standard built
around the low-frequency FT-2t1A crys-
tals, and using a multivibrator to obtain
markers every 50 ke. throughout the
communication spectrum. The oscil-
lator circuit is one that will work with
high-frequency crystals as well, and thus
provide spot checks for identifying the
50-ke. harmonics.

cies at intervals of 50 ke. per sccond is a

useful piece of measuring equipment for the
radio amateur, not alone because it permits ac-
curate determination of the amateur band limits,
but because it provides means for calibrating
receivers, variable-frequency oscillators and simi-
lar gear. The frequency marker described in this
article provides crystal-controlled marker fre-
quencies at 50-ke. intervals up to at least 30 Mec.

! FREQUENCY MARKER providing spot frequen-

OSCILLATOR

Power to operate the unit is taken from the
60-cycle line. The frequency marker contains its
own power supply, consisting of a 6.3-volt 1-am-
pere filament transformer, and a half-wave
selenium rectifier and resistance-capacitance
smoothing filter comprised of €, Cs, and R
Protection against short circuits to ground is
provided by the ground coupling capacitor, (i,
in the output circuit.

The crystal oscillator uses a 6AKS5 pentode in
an electron-coupled Pierce oscillator circuit, with
the screen of the pentode serving as the plate of
an equivalent triode while output to the multi-
vibrator is taken from the plate of the pentode.
The frequency of oscillation can be adjusted over
a small range by means of the variable capacitors
C3 and C4. Capacitor Cj is used to raise the fre-
quency, whereay ('3 lowers the frequency slightly.
Both of these capacitors are mounted on a single
ceramic base as a double trimmer, and each has
a capacitance range of from 10 to 170 puf. A
series capacitor, (5, was used to reduce the

Eo-xc MULTIVIBRATOR

LCu (“—_
13
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@ﬁq T,V Thmp. 2 DPAKS £ Deus

Fig. 1 — Clircuit of the 50-ke. frequency marker. Resistors are 3-watt composition unless otherwise specified.

Capacitances in uuf. except where specified otherwise.
Ci, Cz2 — Electrolytic. o

(3, C4 — Dual ceramic-mounted trimmer,

Cs, Co, Cio, Cn1, C13 — Mica.

Except for the 115-volt a.c. source of power, it is
entirely self-contained in a standard metal case,
3 by 4 by 5 inches in size. It uses a low-frequency
erystal, such as are now readily available on the
surplus market in FT-241 or FT-243 holders for
two dollars or less.
Circuit

As the wiring diagram. Fig. 1, shows, the
marker comprises a 6AKS5 crystal-controlled
oscillator, followed by a 6U8 triode-pentode
frequency-controlled multivibrator adjusted to
provide marker frequencies at intervals of 50 ke.
Output is ample for communication-type receiv-
ers up to 30 Me.

* 22 Temple Street, Belmont 78, Mass.
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Cg, Cz, Cs, C12 — Ceramic or paper.
CRi — 75-ma. selenium rectifier.
S1 — D.p.s.t. slide.

maximum capacitance of C4 to about 60 ppf.
Output from the plate of the 6AKS5 is fed to the
grid of the triode section of the 6 U8 multivibrator.

The frequency divider consists of un electron-
coupled multivibrator. When free running (i.e.,
not controlled by the crystal oscillator) its fre-
quency range extends from about 30 to 80 ke.,
depending upon the setting of the frequency-
adjusting resistor, Ks. When the multivibrator is
frequency controlled to operate at 50 ke., 2 hasa
value of about 23,000 ohms. Aside from the fea-
ture of clectron coupling, which virtually elim-
inates effect of load on operation of the fre-
quency marker, the only unusual feature of the
multivibrator circuit is the use of series resistors
in the grid circuits. Thesc are not necessary but

QST for



‘This unit generates frequency marker signals at 50-ke.
intervals, using surplus crystals in the 400- to 500-ke.
region as the primary frequency source. In this front
view the oscillator tube is at the left rear and the multi-
vibrator tube at the right.

are used as an aid in producing a reasonably good
square-wave output at 50 ke.

Adjustment

The oscillator goes into oscillation easily when
the crystal is plugged into its holder. The multi-
vibrator is, perhaps, easiest adjusted by coupling
its output to a communications-type receiver
and varying the resistance of Rs until
marker frequencies are produced at in-
tervals of 50 kc. This adjustment is
most easily done in the broadcast band,
or a similar low-frequency band of a
multiband receiver. Proper adjustment
is that for which the note in the receiver
is sharp and clean. It will probably be
found that the desired condition of
operation can be obtained with Rs ad-
justable throughout a small range of
angular rotation. If adjustment is made
by means of a receciver alone, the mid-
point of this angular rotation is prob-
ably the best adjustment, but a check
at the high-frequency end of the receiver
is advisable.

If a cathode-ray oscilloscope is avail-
able, it can be used to permit the output
to be adjusted more nearly to a square
wave. This is done by connecting the

»

Power-supply components are at the
top in this interior view of the fre-
quency marker. Most of the oscillator
,and multivibrator circuit components
are mounted on the Vector sockets for
the two tubes.
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output of the multivibrator to the input termi-
nals of the vertical-input amplifier of the oscillo-
scope. The oscilloscope sweep circuit should be
adjusted to provide horizontal sweep of from
10 to 50 ke., and the synchronizing adjustment
should be advanced to lock the trace into a sta~
tionary pattern showing several cycles of wave-
form of the multivibrator. The resistor R may
then be adjusted to that value of resistance
which yields the most nearly square wave on
the screen of the oscilloscope.

Operating Data

Power consumption is small (approximately
10 watts) and thus the unit may be left running
continuously. Very little drift— only a few
eycles per second — is observed in warming up,
however, so for most frequency measurements it
is not really necessary to leave the unit running.
The crystal frequency can be adjusted to exact
value by varying C3 or (s until the output is in
zero beat with signals received from WWYV.

A score of crystals have been used with this
frequency marker and in all cases oscillation oc-
curred readily. The multivibrator has synchro-
nized easily with crystals whose fundamental
frequencies were 200, 400, and 500 kc. The oscil-
lator also worked well with crystals having fre-
quencies of 1000 and 5000 ke., but the multi-
vibrator would not synchronize at all with the
5-Me. crystal, and only with difficulty and not
too satisfactorily with the 1-Mec. crystal. Thisis in
accordance with usual good practice of not using
multivibrators for dividing the frequency of the

(Continued on page 120)
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Overtone Crystals—How and
Where To Use Them

Some Circuits and Their Adaptation to V. H. F. Gear

BY EDWARD P. TILTON, WIHDQ

HOUGH we've used overtone crystal oscil-
Tlator circuits in v.h.f. work for quite a few

years, it's a safe bet that the vast majority
of all hams who employ overtone techniques have
little understanding of what actually goes on in
such oscillators. Several types of overtone crystal
circuits were discussed in detail in QST some
vears back,' and this information appears in
boiled-down form in all recent editions of the
Handbook. It is suggested that the reader go over
these references, as what is to follow is supple-
mentary to them,

All overtone oscillator circuits have one basic
feature in common: some method of introducing
additional feed-back, beyond that normally
present in simple oscillator circuits. The differ-
ence between the various overtone circuits lies
mainly in the method of controlling the feed-
hack. The idea is to give the crystal a little extra
regenerative kick, ou the frequency of the desired
overtone, to encourage oscillation at that fre-
quency rather than on the fundamental. There
should be only just enough to accomplish this,
without causing the stage to take off on a fre-
quency determined by the tuned circuits, rather
than by the crystal.

How Crystals Work on Overtones

The frequency at which a quartz plate will

! Tilton, “Overtone Crystal Oscillator Circuits,” QST,
April, 1951, page 56.
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Fig. 1 — Yiow crystals oscillate at fundamental ap

o The economy and circuit simplicity
that are achieved through the use of
overtone crystal oscillators have a price:
the necd for some care on the part of the
user, to be sure that they are adjusted
and operated properly. Overtone crystals
and circuits should be thought of as
tools useful in attaining certain ends,
rather than as an all-inclusive technique
to replace other methods in v.h.f. circuit
design. Here the good and bad features
of overtone circuitry are sorted out, to
enable the v.h.f. man to decide whether
they are right for the job at hand.

oscillate is determined by the way it is cut from
the main crystal, and in the case of frequencies
we're interested in here, by its thickness. The
crystal, Fig. 1A, is deformed mecchanically during
oscillation, as shown in greatly exaggerated form
in Figs. 1B and 1C. When the crystal oscillates on
an overtone (the fundamental frequency divided
by some odd number) it breaks down into sep-
arate layers. There are three layers for a 3rd-
overtone oscillation, five for 5th, and so on. The
overtone crystal looks like Fig. 1D and 1E, again
greatly exaggerated. There is no fundamental-
frequency oscillation at this time, nor is it possi-
ble to develop oscillation on even multiples.

T
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vertone frequencies. The crystal, A, is shown at successive

peaks of the cycle, when oscillating on it¥fulidameit al frequency, B and C. When oscillation is on overtones the

crystal is broken down into layers, as shown 2¢ D and E.

16

QST for



When we remember that a crystal is actually a
very thin plate, we can see why some work per-
fectly on their design frequencies, but refuse to
oscillate on overtones. And it is obvious why
extreme care must be taken in grinding and
mounting crystals where overtones higher than
the third are to be used. A 7-Mec. BT-cut crystal
is only about 0.014 inch thick. This means that
the overtone layers, even for 3rd-mode operation,
are less than 0.005 inch in thickness. For 5th
mode they are less than 0.003 and for 7th, 0.002
inch thick! This doesn’t allow much for varia-
tions in thickness due to imperfect grinding.
¥ven a tiny scratch on the surface may destroy
overtone-mode operation entirely. The slight con-~
vex curvature usually imparted to the surfaces
of standard crystals also may prevent high-order
overtone oscillation.

The method of mounting, too, may have con-
siderable bearing on how well the crystal will
work in overtone service. Pressure mounting, as
in the FT-243 type of holder so commonly used,
clamps the crystal in place and tends to inhibit
overtone oscillation. In general, crystals mounted
in the small CR-7 type of holder, with electrodes
in the form of plated areas on the crystal surfaces,
tend to work better on overtones than do pres-
sure-mounted types. The capacitance of the
holder may be an important factor in the attain-
ment of high-order overtones, and here, again,
the CR-7 holder and mounting method are
superior.

Just about any crystal that will work well on
its intended frequency will oscillate reasonably
well on its 3rd overtone. Higher overtones are
generally unsatisfactory with crystals ground for
fundamental use. The 5th may be found, but
with a majority of run-of-the-market crystals it
will be low in output and very critical in adjust-
ment. This applies to crystals between 5 and 12
Mec. Lower than 5 Mec., the crystals are thick
enough so that 5th and sometimes higher over-
tones can be developed. Fifth-mode operation of
3.5-Mec. crystals, for instance, may be quite
satisfactory. We keep hearing about this or that
pet circuit that makes possible the development
of high-order overtones with any crystal, but
many hours of tedious adjustments with any
number of circuit variations and with hundreds
of crystals have convinced the writer that trying
for overtones beyond the 3rd with crystals higher
than about 5 Mec. is a waste of time and patience,
unless crystals ground especially for overtone
service are used.

Overtone Circuitry

With crystals ground and mounted for over-
tone use, even simple circuits will work satis-
factorily, provided that there is a tuned circuit at
the overtone frequency, as in Fig. 2A. This is
suitable for use between 12 and 54 Me., the range
over which relatively inexpensive 3rd-mode crys-
tals are currently available. There is some over-
lap between 12 and 20 Mc. as to whether a crystal
i8 an overtone type or not. Most manufacturers
supply overtone crystals for any frequency above
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12 Me., though fundamental crystals can be
made up to about 20 Me.

The simplest circuit, Fig. 24, ordinarily does
not provide enough feed-back to make funda-
mental crystals in the 6- to 9-Mec. range take off
on the 3rd overtone, however, so some provision

1% 6U8, 12AT7, 646 50
12-54 Mc
12t0 S4Mc.
7 001
L L L = 310K
(A> +150V.
12608, 12AT7,6J6 50

12-54 Mc.

471018
OR
12710 54 Mc.

10K

+I1S0V.

Fig. 2 - 'Three circuits for use with overtone crystals.
Circuit A, the simplest possible overtone circuit, is suit-
able for use with crystals processed for overtone service.
Circuit B introduces more feed-back, and may be used
with fundamental-type crystals. 'I'he circuit at C is for
obtaining high-order overtones with crystals that were
processed for 3rd-overtone use. It was sent in by
WYMBI, who reports use of it for direct control at fre-
quencies as high as 216 Mc. In all three diagrams, the
tuned circuits are resonated at the frequency of the
desired overtone. The grid circuit in C may be tuned
with a capacitor for greater range.

must be made to increase and control regenera-
tion. In addition to the circuits we’ve been using
for several years ! there are variations such as the
one shown in Fig. 2B, This circuit was first used
in QST through the courtesy of the Robert Dollar
Co. and WEEFT. The feed-back element here is
the smaller of the two capacitors connected be-
tween the low side of the plate coil and ground.
Decreasing the capacitance increases the feed-
back, though the value of 50 uuf. has been satis-
factory in several applications in which we've
tried many types of crystals. This takes only one
(Continued on page 120)
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Flexibility in the Antenna Coupler

A Wide-Range Antenna Tuner and Coax-Matching Circuit

BY T. H. PUCKETT,* W8IXM

e Antenna couplers don’t seem to have
changed much over the years, but
matching the coupler to a coax line is
becoming increasingly important to
amateurs. Here is a unit which performs
both functions in one package.

HE advent of low-pass filters und pi-tank
Tuutput, circuits has just about made some
form of transmission-line impedance match-
ing a must in amateur stations. Also, if a balanced
antenna and transmission line is used, most
amateurs these days prefer to put in some

Fig. 1 — Complete schematic of the coupler. Ti should be as required for series- or
parallel-tuning of the particular antenna-feeder system used (Barker & Williamson type

‘I'A antenna coil used in the unit pictured).

Ci1, Ca — 250-ppuf. variable, 3000-
volt rating (see text).

(g — 250-uuf. variable, 1000-volt

anced to single-ended conversion, and an adjust-
able L-C section for mutching to the coax
transmission line.

‘The complete circuit is given in Fig. 1. Barker
and Williamson type TA plug-in coils are used
for Ty, the balanced-to-single-ended converter.
These are designed for this purpose, being made
of tinned wire so that taps may be easily made.
Two clips are furnished with each coil for making
taps.

The antenna side of the circuit is a more or
less conventional plug-and-jack warrangement
which may be connected for either series or paral-
lel feed. Fig. 2A shows the plug arrangement for
parallel feed, and B for series feed. The taps on

BALANCED
ANTENNA

”
Wyl CI

rating.

(4~ Nine 200-upf. 1250-volt
working, mica con-
densers.

S1 — 2 poles, 3 positions, steatite.

Sz — 10-position progressive
shorting (Centralab P1S
section, steatite).

device to convert to unbalanced coaxial line
because of its greater convenience in installation.
This antenna coupler is designed to perform
both of these functions in one package, and to
have enough range to accommodate any of the
usual amateur antenna-fcedline combinations.
This is achieved by using plug-in coils for bal-
* Box 2155, Boulevard Station, Norman, Qkla.

Front view of the coupler. The large center dial
controls the antenna tuning capacitors through a right-
angle drive. The two knobs at the lower left control
the matching-section capacitance, the switch controls
the matching-section circuit, and the counter dial drives
the matching-section variable inductor. All controls
have arbitrary letter designations.
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the coil are not nceded for series feed, but are
indicated because the same coil might be used for
both series and parallel feced at different times.
Dummy jacks are provided for storing the taps.

The antenna tuning capacitors Cp and Cp
have a maximum capacitance of 250 uuf. cach,
which is considerably more than is necessary
to resonate the 80-meter coil. However, it
is sometimes convenicnt to have the extra
capacitance uvailable, as some antennas couple
considerable reactance into the tuner which
must he canceled out to uchieve resonance.
As it was expected to use this coupler only on
the 80-, 40- and 20-meter bands, no great
thought was given to the ruther large minimum
capacitance of these capacitors. [f regular
15- or 10-meter operation is planned it is sug-
gested that 150- or even 100-upf. capacitors be
substituted. Also, it would probably be wise to
make the circuit a little more symmetrical. As
may be scen in the back view, one capacitor is
much nearer the variable inductor than the other,
and has an aluminum support bracket fastened
to it.

The coax line side of the unit may be set to
three different configurations by the circuit
switch S;. These are shown in Fig. 3. A shows
the switch in position /, where the fixed link is

QST for
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Rear view of the coupler.
The antenna feed line comes
in from the top. The L-C
matching section components
are along the bottom. The 80-
meter coil is plugged in. A
standard 1014-inch aluminum
rack panelis used as a mounting
base. The output coax con-
nector is behind the variable
inductor.

g

series tuned. B shows the switeh in position 2,
with an L-C matching circuit that is useful when
the impedance looking into the link is high. G,
position 3, is useful when the impedance looking
into the link is low.

Switch S, is a progressively shorting ten-posi-
tion switch which can connect nine 200-puf.
fixed mica capacitors, ('y, in parallel with the
250-puf. variable capacitor, C3;. This gives a
total capacitance range of about 2000 puf. The
variable inductor L is a l5-microhenry job,
Barker and Williamson No. 3852, which is driven
from the front panel by a B & W No. 3902 100-
turn counter dial.

Operation

A standing-wave ratio bridge of some kind
is an excellent indicator for adjusting the coupler.

0.

C:
®)

Fig. 2-— (A) shows the plug connections for a parallel-
tuned antenna-feed line combination. (B) shows the

connections for geries tuning,
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The controls arc simply manipulated to produce
a null on the s.w.r. bridge. If one of the ‘“Micro-
match’ type is used, it may be left in the line
continuously. A calibration chart should be
prepared which lists the control settings wvs.
frequency.

The suggested operation of the coupler when
it is being calibrated is as follows: Set S; on
position 2, and Ci, (4, aud L, on minimum
capacitance and inductance, respectively. Plug
in the proper coil and adjust the antenna tuning
capacitors, Cy and Co, and the coil taps, if used,
to give resonance. This would be indicated by
a dip on a standing-wave indicator. Then adjust
(3, Cy and Ly until the line is matched. Try the
other two positions of Sy if necessary. Position 2
of Sy is preferred, as it should give the best

{Conlinued on pnge 126)

Link

(A)

Link

(8

L

Link
©

Fig. 3 — The three possible matching section circuit
arrangements. (A) shows S; in position 1, (B) in position
2, and (C) in position 3.

C 3 C4
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Low-Noise Receiver Design

Reworking a Receiver for Maximum Sensitivity

BY HARRY LONGERICH,* W2GQY/4, AND ROBERT D. SMITH,** WSLHD

¢ This is an interesting article telling
how two amateurs were able to improve
considerably the performance of a com-
mercial receiver. We think you will be
interested in the reasoning and the cir-
cuitry involved. However, it should be
pointed out that the improvement that
can be expected with any receiver will
he in proportion to the poorness of its
present performance and the lack of
outside noise at one’s location — you
can’t expect thcse changes to help a
currently-good receiver or one in a noisy
location.

FTER spending several hundred dollars for a
A new receiver, most of us feel rather pleased
- with ourselves — if we didn’t, that hollow
sensation in the hip pocket would be hard to
bear. But how about a few months later, when
the novelty has worn off and we’ve settled down
to some serious DX operating? Are there ever
any little gnawing doubts? Probably more often
than most of us would care to admit. The crux of
the situation is that while one receiver may have
hetter selectivity, stability, or operating con-

* Major, Oflice of the Chief Signal Officer, Washington
25, D. C.

#* Lieut., 6207th AC&W, APO 74, %, Postmaster, San
Francisco, Calif.

! Two r.f. stages are not necessarily better than one. If
a low-noise mixer is used, one good r.f. stage should be
sufficient, and it would lessen the chances of cross-modula-
tion in the front end. — Eb.

Ist R.F.AMP.

280 R.EAMP.

venience than another, they are pretty much
alike so far as front-end performance is con-
cerned. This is because the industry long ago
settled on pentode r.f. amplifiers and pentagrid
mixers as the accepted standard. Obviously, two
r.f. stages are better than one or none, but manu-
facturer X’s r.f. amplifiers or mixers will have
essentially the same noise figure as those of
manufacturer Y.!

As it turns out, low-noise amplifiers have
been easiest to build for the v.h.f. bands because
of the small frequency coverage (percentagewise)
demanded of most v.h.f. reccivers. External noise
is lowest in the v.h.f. bands, and hence full ad-
vantage can be taken of low-noise r.f. amplifiers.
Gienerally accepted theory considers that ex-
ternal noise (static, ete.) is so strong below 25
Me. that it is useless to use special circuits to
reduce internal receiver noise on our general
operating frequencies. While this is essentially
true, we beclieve the critical frequency to be
more in the order of 10 Me., indicating low-
noise circuits for three of our most important
DX bands. This figure of 10 Mec. is somewhat
variable, depending on local conditions; certainly
the man who lives under a trolley line is little
concerned with internal set noise at virtually any
frequency.

Testing Your Receiver

Here is a simple test to determine whether or
not a lower noise figure would help your own
receiver: set it to or near your favorite DX band
(use your regular receiving antenna), tune in a
frequency entirely free of any signal, advance the

MIXER

j 6ca [,
. [
[t tr—""%
!EXIST!NG 0 {Exlsrme o
ANt 1 JUNE i TUNED !
" | CIRCUIT ICIRCUIT |

N

r=-"-7

T {EXISTING!

1LETRANSY "0 1 F.

| FORMER } AMP.
N ane

Fig. 1 -~ Circuit diagram of the rrem——
1

low-noise receiver “front end,” as ap-
plied to an LIRO-5. The added 6C4s
are mounted under the chassis.

All resistors are 14 watt.
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TRIODE -HEXODE CONVERTER
6K8

(BEFORE)

+150V. REGULATED

PENTAGRID CONVERTER
©SAT, 6BE6,
OR 6SB7

|
4

+250V.

zain until the noise is at a comfortable level, and
now substitute a resistor having the same value
as the antenna input impedance, usually about
300 ohms. If there was not un uppreciable de-
crease in noise when the antenna was replaced by
the resistor, your recciver can stand improve-
ment; most of the noise remaining is being gen-
erated within the receiver.

We made the above test on a modified HRO-5,
and found that internal set noise masked much of
the weak-signal DX. In the course of testing this
and other receivers, another interesting fact
came to light. Literature covering weak-signal
reception, available to us, generally states that
the first r.f. stage is the most important since its
noise is amplified more than that of any other
stage. This apparently does not hold true for the
average amateur rcceiver; a considerable amount
of noise is coutributed by the pentagrid mixer
or converter stage. Further research into the
subject disclosed that pentagrid mixer and con-
verter tubes available today have an equivalent
noise resistance ranging from 62,000 to 300,000
ohms; * in addition, conversion transconductance
is low. Economic factors and construction con-
venience have generally dictated the use of
conventional mixers or converters, because they
are simple and inexpensive and perform fairly
satisfactorily for most medium frequency ap-
plications. However, at frequencies above 10

3 The more elements there are in a vacuum tube, the
greater the noise that is produced, because of the random
division of the cathode current between the elements. See
Terman, Radio Engineer's Handbook, page 294.
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o LK
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Connect to
point “x-
wnFig.l

|

Fig. 2 — Typical oscillator circuits,
before and after modification.

(AFTER)

Me., they may leave quite a bit to be desired.

R. F. Amplifiers

The triode is the least noisy vacuum tube
amplifier known. A check of tubes narrowed our
choice to a triode-connected 6AC7, or the minia-
ture version, the 6AH6, since they have the
highest g, and therefore the lowest equivalent
noise resistance of available triodes.?

A straight triode amplifier is not practical
because it will oscillate without neutralization,
and neutralization is impractical in multiband
receivers. The grounded-grid amplifier overcomes
this objection, but in turn has the drawback of
heavy input-circuit loading. To overcome this
disadvantage, the cathode follower is made to
order. The high input impedance of a 6C4 cathode
follower stage decreases loading of the tuned
circuit, resulting in greatly increased input-
signal voltage, and improved r.f. selectivity;
while the low output impedance of the cathode
follower matches the input of the grounded-grid
stage. Our experience has shown the combination
to be relatively noise free.

Mixer

Since the grounded-grid amplifier and cathode
follower proved so successful, it was decided to
try the combination in the mixer stage. Cathode
injection looked like @ good bet. * The circuit
was incorporated in the modified HRO-5 and it

(Continued on page [£8)

4 Goodman, *Some Notes on Improving Small Receiver
Performance,”” QS7', December, 1953.
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The Multimatch Antenna System

Unique Design Providing Essentially Constant Impedance
Over Several Bands

BY CHESTER L. BUCHANAN,* W3DZZ

e For a long time, hams have been
searching for a single antenna that could
be fed efficiently with a low-impedance
transmission line on several bands. At
last a simple but ingenious design by
W3DZZ provides a solution. e has ap-
plied some well-known but neglected
principles to both wire and parasitic-
beam antennas.

ADIO transmitters and receivers have en-
R joyed rapid development in flexibility to
the point where changing bands is a matter
of only spinning a dial or two and flipping a
couple of switches. In contrast, the operation of a
single antenna on several bands is usually done
only at the expense of high standing waves on
the feed line, because of the wide variation in
antenna feed-point impedance from band to
band.

Some work done by the author several years
ago in connection with a dual-band parasitic
array! has led to the development of a simple
wire antenna covering five bands, from 80 to
10 meters. This antenna can be fed with a low-
impedance transmission line without incurring
excessive 8.w.r. on any of these bands.

Basic Design

The fundamental principle of the system can
be explained with the aid of Fig. 1. In Fig. 1A,

hy by iy hy
e ot i P

a.2ph. /( )
A

mw/@wm

»— ) - ap

8.2ph.

@

Fig. 1 — Sketch illustrating the three fundamental
modes of the multimatch antenna.

* 4671 Lacy Ave., Washington 23, D. (.

1 Buchanan, ** Duo-Band Ham Antenna,” Radio & Tele-
vision News, December, 1950,

% Morgan, ‘A Multifrequency Tuncd Antenna System.”
Eleetronics, August, 1940,
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sections h; constitute a half-wave dipole for
some frequency f1. This dipole is terminated in
lumped-constant trap circuits resonant at fi.
Additional wire sections, &g, extend beyond the
traps. If the system is excited at frequency fi,
the traps serve to isolate the dipole much as
though insulators were inserted at these points.*

At frequencies much lower than fi, the traps
no longer isolate the dipole, but act simply

4 Re
k QS /'l
S
2 s P = -l
Isal A -1
\ - - -T
35 3.6 ar 3.8 39 4.0
3
2 —
\ \L/
0 i) T2 73 T4
s
=2
» [
14.0 14. 14.2 14.3 14.4
3
2
1
210 21 2.2 2L3 2.4 21
3
2 T ———
'\'—‘.
280 28,5 220 295 300
Mc.

Fig. 2— S.w.r. measurements made on the antenna
of Fig. 1A. The dashed lines show measurements made
on a 122-foot dipole in the same location for comparison.

as loading inductances in a second dipole whose
electrical length is made up of hy, hy and the
inductive reactance of the traps, as in Fig. 1B.

At frequencies much higher than fj, the traps
again cease to isolate the scctions, the traps now
acting as series capacitances, as in Fig. 1C, °

Another important consideration in this multi-
band system is that low impedance at the center
feed point of the antenna occurs not only at its
fundamental resonance but also at any odd
harmonic of the fundamental.

By applying these principles, and by proper
selection of the values of L and ¢ in the traps,
and choice of lengths for Ay and hg. it has been
possible to arrive at a design where the system
operates as follows:

1) Sections hy form a half-wave dipole resonant,
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in the J40-meter band. The
traps, resonant at the same
frequency, isolate this dipole
from the outer sections.

2) The inductive reactance
of the traps is such that the
entire system, including sec-
tions he, resonates as a loaded
half-wave dipole for the 80-
meter band.

3) The capacitive reactance
of the traps at higher frequen-
cies i8 such that the entire
system resonates as a 3/2
wavelength antenna on 20,
5/2 wavelength on 15, und 7/2 wavelength on 10
meters.

The antenna is fed with 75-ohm Twin-Lead,
and Fig. 2 shows the results of s.w.r. measure-

Director |
1 T
l__ 74" ' [
oo
fr——17'2% l
28-Mc. Director
Boom—
3 215 8" Il 69"
Driven
Element
== =S )

f— 53 236"
VT, T Mat :7/

- 750 Twin-Lead

20 Relle
fects
| 1

86

26 & 6%

32"

Reflector

Fig. 3 — Dimensions of the 3-band parasitic beam
found optimum at W3DZZ. Dimensions are, of course,
duplicated on the opposite side of the boom.

ments made across each band. Proper dimensions
wre given in Fig. 1A.

Trap Construction

The values of (' and L used in the traps are
quite eritical. The capacitance should first be
adjusted accurately to 60 uuf., then the in-
ductance should be trimmed until the trap
resonates at 7200 ke. This should be done hefore
the traps are inscrted in the antenna. The in-
ductance will be approximately

Lightweight weatherproof traps made by the author. To the left is the type
inserted in beam elements, while the other one is suitable for wirc antennas.

walls, molded around the inner conductor. The
polystyrene is also Hlowed into a series of holes
in one end of the outer conductor so that the
strain of the antenna will not pull the assembly
apart. The inductor is wound with No. 14 wire
and is concentric with the capacitor. The in-
ductor is weatherproofed by molding it in insu-
lating material. Other construction might be
used, of course. As an example, a conventional
inductor and capacitor could be enclosed in a
plastic box, suspended across an insulator. This
would, however, add to the weight.

A Three-Band Parasitic Beam

The principle of isolating sections of an antenna
with resonant traps has been applied to a parasitic
heam antenna that operates on 10, 15 and 20
meters. This array with dimensions is sketched
in Fig. 3. The array is a five-element job on 10
meters, with two reflectors spaced approximately
.15 wavelength, and two directors spaced ap-
proximately 0.2 wavelength. On the other two
bands, three elements are active. On 15 meters,
spacings are approximately 0.22 wavelength for
the retlector and 0.29 for the director. On 20
meters, the approximate spacings are 0.14 and
0.2, respectively.

Fig. 4 shows a breakdown of 1 suggested
method of construction of the three main ele-
ments. Fach element starts out with a 12-foot
center section to which various sections are
added at each end. Provision is made for adjust-
ing the length from the center of the element
to the first (28-Me.) trap, the length between
traps, and the section on the outside of the second
(21-Mc.) trap. The photograph shows an exam-
ple of the array traps used by the asuthor. Here,

(Continued or page 130)

8.2 ph. The traps made by the l<
author are 6 inches long and
weigh only 6 ounces and the ¢
is well over 100. They will with-
stand the voltage developed by
a l-kw. transmitter. Samples
are shown in the photograph.
The wire-antenna capuacitor is
made up of concentric lengths
of l-inch and 34-inch alumi-
num tubing separated by poly-
gtyrene tubing with }§-inch inches.

- Section
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Fig. 4— Breakdown of the element assembly.
Secctions 4 and B are assembled permanently. Other |-}~ — |- —
sections may be telescopmg for adjustment. Detail
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The “Hidden Gem”

A Field-Strength Indicator for Mobiles
BY CLIFFORD ABEL,* WSIWB

o All mobileers will find this little gadget
mighly convenient and valuable. A
simple field-strength indicator helps to
tell you when you are getting the most
out of your rig on any band.

NE of the main problems besetting today’s
O struggling mobileer is getting maximum
power output from his installed equipment.
Considering the relatively low-power input and
poor antenna radiation efficiency with which he
must contend, the mobile operator can ill atford
the additional losses of improper antenna or
transmitter tuning. After the transmitter and
antenna of his choice have been installed, he must
make the most of it no matter what his power
input or what the inherent efliciency of his an-
tenna system may be. What could be a better
method of making the most of it than by measur-
ing the relative strength of the radiated field as

The field-strength indicator is mounted

inside of the glove-compartment door, oriented so that
it can be seen easily from the driver’s seat. The an-
tenna banana plug is at the left rear, the sensitivity
control is at the upper left, and the slug screw of the in-
ductor at the lower right. Small holes in the top of the
can provide access to the sheet-metal screws holding
the unit to the glove-compartment cover.

the antenna and transmitter tuning are changed!
In other words, use a field-strength indicator.
Nearly any type of field-strength meter could
be used to do the job. A de luxe commercial
meter borrowed from a fixed station or a simple
crystal rectifier in series with the low-current
scale on your volt-ohrameter will work with a
proper pick-up antenna. But most desirable is a

#783rd AC&W Squadron, Charleston, W. Va.
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unit which is an integral component of the
mobile system — an indicator that will give a
relative power-output measurement from minute
to minute, and day to day.

You may bhave already been convinced of the
value of 1 mobile field-strength indicator, but
then the question arises of where to put the
thing. Your under-dash mounting space may be
pretty well used up by now, so why not stick
it in the glove compartment? In there it's com-
pletely out of the way and out of sight. Better

ANT.
1N34

2.5mh.

Fig. 1—Circuit of the field-strength [indicator.
Ly and M are discussed in the text. Li should be
approximately 200 ph,

yet, if you mount it on the inside top of the glove-
compartment door, it will take up little of the
useful space in the compartment. When the door
is opened, the indicator drops down into a posi-
tion where the scale can be seen euasily, and the
compartment light illuminates the meter for
nighttime operation. Two small shcet-metal
screws can be used for mounting.

Construction

The circuit, shown in Fig. 1, is conventional,
and none of the values is critical. Nearly any
type of crystal detector can be used, and the
meter movement can be anything from 50 ga. to
2 ma. or more, depending upon the size and
placement of the pick-up antenna and your
transmitter power output. All the components
are housed in a small tin can. The round can is
availuble and cheap, and takes up less space than
other types of housing. It doesn't look half bad
if it’s new and shiny, or if you give it a coat of
black crackle paint. The can is the 8l4-ounce
size. That’s the same diameter as a can of Camp-
bell’s soup, but somewhat shorter. Of course, the
smaller the meter you can find, the smaller the
can may be. The pick-up antenna lead-in comes
in to a banana plug. Thus, the whole assembly
can be detached quickly from the car and can
be used anywhere that a field-strength indicator
might be needed. By using the terminals on all
the fixed-mounted components and one 3-point
soldering-terminal strip, all the other components
may be mounted easily and compactly.

(Continued on page 130)
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Transmitter Hunting — Seattle Style
A De Luxe D.F. System for Ten Meters

BY J. ALAN DUNCAN,* WZOTA

* This story on hidden-transmitter
hunting should strike a response
in every mobile ham. It includes, along
with other useful information, descrip-
tions of a special S-mcter circuit and a
dircction-finding loop with suggestions
for mounting.

ing on the steady increase throughout the
nation, it becomes more and more neces-
sary that amateur mobile stations be kept ever
alert and active, so they may supply that vital
communication link so important if the situation
should arise. Hidden-transmitter hunting has
been found to be one of the best drills for keeping
the mobiles trained for this type of activity,
because it develops the qualities required for
successful emergency mobile communication. It
also affords more thrills, more opportunity for
technical development, and more participation
by the whole family, than most other phases of
amateur radio. The mobile operators in the radio
clubs of Seattle, Washington, have been kept
active on 29 Mec. almost continually since Don
Newman, W7CO, first brought hidden-transmit-
ter hunting to Secattle some five years ago.
Various methods and techniques are used to
locate the hidden transmitter, depending upon
the equipment on hand and the ingenuity of the
bunter. Some mobileers do remarkably well with
just their transmitting whips, using the direc-
tional characteristics of the car, and by determin-
ing the signal strength by ear. The author prefers
a more exact method, however, and describes
the following equipment and tracking technique
for those mobileers who would use a more scien-
tific approach to this exciting sport.

The Loop

Essentially, a directional loop and a signal-
strength meter are the required auxiliary equip-
ment for successful hunting. The author’s loop
i8 a one-turn resonant circuit, nine inches in
diameter, requiring about 65 uuf. of capacity
to tune it to 29 Mec. The signal is fed from the
loop to the recciver through a 50-ohm coaxial
cable which is gamma-matched to the loop. Fig.
1 shows the loop dimensions and the method of
coupling the coaxial cable to it. The loop diameter
i8 not especially critical so long as it is kept small
(under about 10 inches), and any discrepancy
may be compensated for in the adjustment of the
variable capacitor. The dimension of the coupling

* 016 45th Ave. N.E., Seattle 5, Wash.

March 1955

WITH civil-defense and disaster-relief train-

tap is shown only as a starting value. Further
adjustment will be required in the tuning process.
For the tuning capacity the author is using a
50-uuf. fixed capacitor in parallel with a 25-uuf.
variable capacitor (Hammarlund APC-25). This
tuning arrangement was arrived at after some
experimenting, and has been found to be very
steady and extremely easy to tune. The capacitor
combination is enclosed in an old surplus capaci-
tor casing (Sangamo type F-2) with the original
capacitor removed. With a new sealed-in fiber

|

The loop assembly mounted on W70TA’s car. The
mounting is a triangular framework of tubing or rods
with plates that hook over the window frame, and a
rubber suction cup at the bottom. The loop mast re-
volves in a section of tubing. Large rubber bands to the
external rear-view mirror and door handle help to hold
the assembly in place.

hottom cover, this makes a nice weatherproof
housing.

The type of stock used, the method of mount-
ing the loop to the car, the dimensions of the
mount, etc., will certainly vary with desire and
circumstances. The author constructed his loop
and mount entirely of duralumin tubing, though
most hunters use copper for the loop. The style
and mounting are shown in the illustration.

Adjustment

Tuning the loop is a very simple process.
Connect it through the coaxial cable to the an-
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tenna terminal of the receiver. Radiate a 29-Me.
signal with a grid-dipper, r.f. signal generator,
or some other calibrated source, and tune the
loop to resonance as indicated by maximum sig-
nal. The loop should also be rotated for maximum,
and then rocked back and forth across maximum
as the capacitor is being adjusted. Then adjust
the gamma match by moving the connection
back and forth along the lvop until maximum
transfer is indicated. This may throw the loop
off resonance, so the processes should be repeated
until neither causes any noticeable improvement.
The loop should be tuned very carcfully, other-
wise a sharp null may not be obtained. Although
the maximum signal is used when tuning the
loop, the minimum signal (null) is used when
locating the hidden transmitter. This is because
the angle of minimum is sv much smaller thun
the angle of maximum signal.

S-Meter

Difficulty is usually encountered in trying to
tell a difference between maximum and minimum
signal by ear as the hunter closes in, and a signal-
strength meter becomes very desirable. A meter
in the cathode circuit of one of the a.v.c.-con-
trolled tubes was tried, but the change in deflec-
tion from maximum to minimum signal, as the
hidden transmitter was approached, was as in-
distinguishable as by the aural method. The
author finally came up with the amplifier-bridge
circuit shown in Fig. 2. This system opcerates by
sampling the a.v.c. voltage, amplifying the volt-
age change causing a change in the plate resist-
ance of the 6C4 tube. This change in plate re-
sistance upsets the bulance of the bridge circuit
(se¢ cquivalent circuit in Fig. 2B), causing a dif-
ference of potential to exist between points D
and B. The resulting current How through the
meter causes the needle to deflect. Potentiometer
I?; i8 a gain coutrol and governs, to a certuin
extent, the amount of detlection of the meter.
Potentiometer s is the zero adjustment used
to balance the bridge. As the signal of the hid-
den transmitter changes in intensity, both the
gain and zero controls will need adjusting. A

last 1.£.Stage
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I'ig. 1 — Sketch showing details of the 10-meter d.f.
loop.

little technique is involved in making these
adjustments during the short transmissions from
the hidden transmitter, but after a couple of
hunts it will be accomplished very simply. Also,
the hunter will find that with a little practice,

_the sensitivity und gain of the amplifier-bridge

S-meter can be adjusted such that full-scale

L4

Fig. 2 — A — Schematic dia-
gram showing the circuit of the
S meter with sensitivity control
and- how it is connected to the
receiver a.v.c. bus. B — Equiva-
lent bridge circuit,

L4
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steering post.

deflection is possible (from maximum to minimum
signal during rotation of the loop) regardless of
whether the transmitting station is very weak
and distant or whether he is within a few feet.
As a matter of fact, on a particular hunt, W7CO
(the hidden transmitter that night) was asked
by the author at the beginning of the hunt if he
was using his mobile whip or his receiving antenna
for transmitting. The hidden transmitter operator
replied that the hunters would have to loop
in and find out. When the author arrived along-
side the hidden transmitter and asked for a
transmission, he was able to develop a very
definite null (actually more than full-scale deflec~
tion) with the pointer directed at the rear trans-
mitting antenna, less than four feet away.

None of the leads in this circuit need be

W70TA all set to start out
on a hidden-transmitter hunt.
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shielded, and the lengths are not critical. Also,
don’t put off making this unit just because you
don’t happen to have a 150-ua. meter, as some
of the boys are using 1-ma. meters with quite.
good results. Even the 6C4 tube may be re-
placed by practically any other triode tube. Half
the fun is in experimenting with various values
and components,

The S-meter unit may be housed in any
convenient chassis or box. The author originally
mounted his S-meter under the dash, next to the
transmitter control unit. This was difficult to
read without stopping the car, so the unit was
rebuilt into a surplus pilot’s control box, with the
meter mounted just above in an old coil shield
can. This unit was then hung on the steering
column. This proved to be a very handy location.
Finally a pilot lamp was installed so as to illumi-
nate the meter and is very helpful for night
hunting.

Various techniques are used to track down
the hidden transmitter or ‘‘bunny’” as he is re-
ferred to in Seattle. The author has used the
triangulating method of pin-pointing the bunny
by using a map, etc., but doesn’t recommend it
hecause it is too undependable. This is especially
true in hilly country. Such phenomena as retlec-
tions, wave-polarization changes, and antenna
effects will cause some readings to be in error by
a considerable amount. This makes a very dis-
couraging triangulation plot on a map, in addition
to a possible waste of considerable time. The
errors reduce to insignificance as the hidden
transmitter is approached, however, and regard-
less of the system or technique used, if complete
trust is placed in the loop, the hunter should
eventually arrive.

Typical Operation

At 7:15 p.m., on the first and third Thursdays
and second and fourth Fridays of the month, the
Seattle mobileers (usually some ten cars) assem-
ble in front of the museum at Volunteer Park.
They proceed to tune their loops and ready them-
selves for the bunny hunt. At 7:30 p.M., the
operator of the hidden transmitter calls, “QST,
QST, QST. This is W7QPR mobile (or whatever

(Conétnued on page 134)
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Unidirectional Loops for Transmitter
Hunting

Less Guesswork in Mobile D.F. Work

BY WARREN U. AMFAHR,* WgWLR

OBILE hams in the Wichita ares have heen

running 10-meter hidden-transmitter hunts
- each week for the past three years or
more. Not long after these hunts were inaugu-
rated, it became evident that the affairs were
rapidly degenerating into rat races. Under the
usual rules, where the first car to arrive at the
site of the transmitter was declared the winner,
the honor system for compliance with existing
speed limits failed completely. 1t became obvious
that the contests would have to be conducted
along different lines, if they were to be continued
on a safe and sane basis. In the interest of public
safety, we felt that we could not continue to en-
courage speedy and hazardous driving. We
realized too that our call license plates and long

The unidirectional 10-meter d.f. loop is a simple
affair, consisting of two turns of copper tubing mounted
on an insulating rod. Directivity is adjusted by the
trimmer condenser at the center.

whip antennas could easily draw attention to us
in any adverse publicity.

For some time now, we have been operating
under a scheme in which precision and skill are
substituted for speed and recklessness. The
time element has been eliminated entirely, and
all hunts are now based on the mileage covered

* 3096 Clifton, Wichita 10, Kansas.
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e This article not only describes the con-
struction and use of a d.f. loop that
climinates much of the uncertainty in
making *‘fixes’’ in fox hunts, but it also
contains some interesting observations
regarding the conducting of this highly
popular activity.

between a common sturting point for all cars and
the hidden transmitter. Speedometer readings
are recorded at the starting point, and again
when the car reaches the objective. There is no
time limit, and the winner is the one who reaches
the hidden-transmitter site over the shortest
route.

The changes in rules naturally have brought
about u search for more accurate direction-
finding gear, rather than speedier cars. Perhaps
the most important result has been the adoption
of a unidirectional loop antenna by the hunters.
It has eliminated the possibility of starting out
in exactly the opposite direction, and reduced the
probability of overshooting the transmitter. In
eliminating the necessity for triangulation, it has
simplified the hunting technique, and placed it
more within the grasp of the YL and Jr. Ops.

The unidirectional loop antenna works on
rather well-known principles. In simple terms,
a loop that is not accurately balanced in respect.
to ground will exhibit two modes of operation.
One mode is that of a true loop, while the other is
that of an essentially nondirectional vertical an-
tenna of small dimensions. The voltages intro-
duced by the two modes are out of phase, and
will add or subtract, depending upon the direction
from which the wave is arriving.

The theoretical true loop pattern is illustrated
in Fig. 1A. When the voltage introduced by the
antenna mode is large, the nondirectional pattern
of the vertical-antenna mode predominates, and
the loop will show little directivity, as shown in
Fig. 1B. When the antenna effect is small, one of
the loop lobes will be reduced, while the other
will be correspondingly enlarged (sce Fig. 1C).
When the voltages introduced by the two modes
are equal and 90 degrees out of phase, one of the
lobes will be canceled out, making the loop
unidirectional, as indicated in the pattern of
Fig. 1D.

Since the loop pick-up will usually be pre-
dominant, when the dimensions of the loop are
small in terms of wavelength, the loop and an-
tenna effects can be balanced by detuning the

QST for



loop so as to reduce its pick-up to equal that
introduced by the antenna effect. .

‘The loop shown in the photograph consists
of two turns of !{-inch copper tubing, 11 inches
in diameter. The two cnds are flattened out,

€ 2RCD
> Q

Fig. 1-—Small-loop field patterns with varying
amounts of “antenna” effect. ‘T'he heavy lines show the
plane of the loop.

and fastened to opposite sides of a I-inch diameter
insulating rod that serves as a mounting. The
center of the loop is broken, and a 20-puf. mica
trimmer is inserted in series. The ends of the
tubing at the break are supported in a slot cut in
the end of the insulating rod. The rod of the loop
shown in the photograph is a picce of 1-inch
polystyrene. However, a piece of ordinary broom-
stick will provide adequate insulation.

The loop is connected to the receiver input
with a length of coax cable. After the receiver
has been tuned to the desired operating fre-
quency, the trimmer condenser in the loop should
be adjusted for maximum background noise. If
no peak in noise can be found, the condenser
range value should be changed. An 11-inch loop
should require no more than 5 to 15 uuf.

Once a noisc peak has been established, a
signal and the receiver S-meter should be em-
ployed. (If the mobile receiver is not equipped
with an S-meter, the circuit of Fig. 2 can.be

B8+
AV.C.

10 Meg.

AAAAA,
WWWWY
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!
|

.......
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Fig. 2 — S-meter circuit widely used in transmitter
hunting.

added.) The capacity of the loop condenser
should then be carefully reduced until the loop
acquires a unidirectional characteristic. The
final setting of the trimmer condenser depends
upon the front-to-back ratio desired. Complete
cancellation of signals from the back can be ac-
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quired at the expense of a certain amount of
frontal signal pick-up.

This type of loop is, of course, oriented for
maximum signal in contrast to a conventional
d.f. loop which is usually worked on the signal
null. In the use of the loop, it will be found that
resonant antennas or other objects are highly
capable of receiving signal energy and reradiating
it. The possibility of the loop receiving reflected
signals from the mobile whip should be thor-
oughly investigated. Usually, the loop when
used on one side of the car will be more suscepti-
ble to whip reflections than it will be on the
other. This depends upon the car body contour
and the distance between the loop and the whip.
In some installations, it may be necessary to pull
the whip down while taking loop bearings.

In the process of hunting, it is advantageous
to keep the hidden transmitter on the loop side
of the car. The maximum-to-minimum signal,
and the exact direction, will be less pronounced
if the loop has to look across a reflecting or dif-
fusing car roof. Whenever the loop is used in the
vicinity of a strong signal, some means of at-
tenuating the antenna circuit should be used,
rather than to decrease the S-meter sensitivity.
Various resistor values, switched in parallel with
the antenna input, will achieve this.

Those who organize, or participate in, this
popular activity will find that many headaches
will be avoided if the rules place strong restriction
against hunting or hiding on private property.
We have also found it highly advisable to notify
the local police in advance of a scheduled hunt.
Summer-night hunts, with dozens of dangling
loops and seeking searchlights, can load the
police telephone circuits with curious inquiries!

e Stravs 5

W5UXP, enjoying a late-afternoon 75-meter
QSO while parked and waiting for his XYL to
QRT work at WBAP-TV, was confronted by one
of the station engincers: “You’re 50 per cent
station level on the program monitor in master
control!” the ex-ham engineer exclaimed.

You just can’t get away from ’em!

COMING A.R.R.L. CONVENTIONS

May 21st-22nd — Pacific Division, Fresno,
Calif.

June 10th-12th — West Gulf Division,
Fort Worth, Texas

June 11th=12th — Southeastern Division,
St. Petersburg, Fla.

August 12th-13th — Roanoke Division,
Old Point, Va.

October 8th-9th — Central Division,
South Bend, Ind.
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Meet the S.W.R. Bridge

Simple Instrument for Adjusting Antenna Circuits

BY LEWIS G. McCOY, WIICP

¢ Here is a nontechnical description of
how to build and use a standing-~wave-
ratio bridge, an incxpensive instrument
that is worth many times the small out-
lay for its construction. The use of such a
bridge will heip you to solve some an-
tenna-circuit problems that can be
sofved in no other way.

h 1D you ever stop to wonder if your trans-
mitter was properly coupled and matched
. into the antenna or antenna coupler? 1f
you're the average ham, this problem has prob-
ably bothered you a great deal. Well, there is
one simple way to find out, and it won't cost
you more than a few dollars.

When working with antennas and antenna
couplers, the standing-wave-ratio bridge is prac-
tically an indispensable instrument. With the
s.w.r. bridge, it is possible to know when the
coax line between the transmitter and antenna
coupler is matched, or if a cvax-fed antenna is
properly matched to the feed line. When a low-

Yop view of the bridge. Be sure to mark theinput and
output connectors to avoid mistakes when using the
unit. The lug at the bottom end of the case offers a
clip-on point for the minus side of the meter.
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pass filter is used to attenuate harmonics, it is
important to keep the s.w.r. low in the connect~
ing line, otherwise there is always the possibility
that the filter may break down. By setting the
system up with the s.w.r. bridge, one can be sure
the filter will be working in a line with a low
s.w.r. It has been mentioned that the s.w.r.
bridge only costs a couple of dollars; another
attraction is that the unit is very easy to build.

S.W.R. Bridge Construction
As can be seen from Fig. 1 and the photo-
graphs, the bridge consists of four resistors, two

INPUT ouTPUT
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Fig. 1 Circmt diagram of the s.w.r. bridge. All
renistors are 3 watt, composition type, 10 per cent
tolerance.

condensers, a crystal diode, an isolantite stand-
off, two coax connectors and a chassis. A tip
jack is used for the -+ meter terminal, and the
chassis case for the — side. The value of I2; will
depend on the type of coax the bridge is designed
for. If for 52-ohm line, then K; would be a 50-
ohm resistor, aud the value would be 75 ohms
if 72-ohm coax is used. Whichever type is used.
buy two resistors, because one will be used in
the bridge and the other for testing the unit.
All of the resistors are 1 watt, and be sure they
are composition-type and not wire-wound.

In the construction of the bridge, the resistors
and the crystal should be mounted at right
angles to each other, as shown in the photograph.
This is done to avoid stray coupling that might
give erroneous readings. The unit shown in the
photographs was built in a 4 X 2 X 1%¢-inch
channel-lock box. If this size is used, it should
be simple to follow the layout in the photograph.

When soldering the leads of the crystal diode,
the leads should be held by a pair of pliers in
order to conduct the heat away from the crystal.
Don’t hold the iron to the suvldering point any
longer than necessary, as it is easy to damage
the crystal with excessive heat.

Testing

The completed unit is connected to the trans-
mitter with a piece of coax of the proper impe-
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dance, the coax going to the input side of the
bridge. A 0-1 milliammeter is connected to the
bridge with the 4+ side of the meter going to the
pin jack and the — side to the chassis. The out~
put side of the bridge is left open.

The next step is to adjust the transmitter out-
put so that a full-scale reading is obtained on
the 0-1 meter. A very small amount of r.f. is
needed for this, so it may be necessary to turn
off the final amplifier and just allow the driver
stage to run. If the transmitter has a drive con-
trol, such as the Viking and Viking Ranger, it is
merely a matter of advancing the drive control
to a point where full-scale reading is obtained.
With the meter reading full scale, the test re-
sistor i8 connected between the output coax
connector’s inner conductor and the shell or
ground side of the connector. The reading on
the meter should drop to, or near, zero. If the
reading is appreciably above zero, there is stray
coupling between the resistor arms in the bridge,
and their placement should be carefully checked
and changed if necessary.

Several different resistors of the same value
were tried in testing the unit shown, and in
every case the reading dropped to zero, indicat-
ing that the 10 per cent tolerances were close
enough for the purpose.

Using the S.W.R. Bridge
For au example of using the bridge, let's as-
sume we have an antenna fed with open-wire
line, and that an antenna coupler is used with

Inside view of the s.w.r. bridge. The resistor connected
between the inner conductor pins of the coax sockets is
Ri. One of the 47-ohm resistors is on the right, connected
between the inner conductor pin and the junction of a
0.001-uf. disk condenser and the other 47-ohm resistor.
Note the three resistors are mounted at right angles
to each other. The 1000-ohm resistor at the lower left is
connected between the tie point andthe meter terminal.
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the open-wire line. A length of coaxial line con-
neets the transmitter to the coupler. Such a sys-
tem is illustrated in Fig. 2A. Our problem is to

ANTENNA

OPEN-WIRE
LINE

XMTR.

ANT.
........ -4 CPLR/

(A)
XMTR.
72-OHM COAX ANT.
CPLR.
S.W.R.
BRIDGE — >
Ly él-z 2502
(w8 o2
=+ o 2 e ne
d To
®) ANTENNA

Fig. 2 —— At A we see the typical layout described in
the text. At B the schematic shows the actual connec-
tions one would make for using the bridge.

take the power out of the final amplifier and get
it to the antenna coupler, with as little loss on
the way as possible.

The Novice will probably wonder why an
antenna coupler is used instead of connecting
the open-wire line directly to the output termi-
nals of the transmitter. The feeders could be
connected directly to the transmitter, but it
greatly simplifics coupling problems to use an
external antenna coupler, particularly if the
antenna is to be operated on more than one band.

Where most amateurs run into trouble with a
system such as this is in adjusting the coupler
and getting the transmitter to load. With an
s.w.r. bridge inserted in the coax line between
the rig and the coupler, it becomes an easy job
to adjust the coupler to the proper operating
values. An ideal set-up, for adjusting the coupler,
and the link at the coupler, is shown at Fig. 2B.
This coupler, incidentally, is the unit described
at Fig. 13-32 in the 1953, '54, and ’55 editions of
The Radio Amateur’s Handbook. Complete de-
tails are given for component values.

The bridge of Fig. 1 does not make actual
s.w.r. measurcments — this takes a more com-
plicated bridge — but it shows when the s.w.r.
is a minimum and as such is used to adjust the
coupling system for a good match.

The first step is to set the meter to full-scale
reading with the output side of the bridge dis-
connected. Once full-scale reading is set on the
meter, the transmitter controls are not touched
again for the test unless the frequency is changed.
The coax line from the antenna coupler link is
then attached to the output side of the bridge.
The feed-line taps are attached to Lz at or near
the outside turns of the coil, making sure they
are equidistant from the coil ends. The coupler
capacitor Cy is then tuned for minimum reading
on the milliammeter. When this point is reached,

{Continued on page 138)
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o On the TVI Front

ADJUSTING LOW-PASS FILTERS

To adjust a low-pass filter for maximum atten-
uation of harmonics falling in u particular TV
channel, it is often necessary to unsolder the
coils used in the low-pass and adjust their in-
ductance using a grid-dip meter. A short-cut that
possibly provides more accurate tuning is to in-
sert, the filter into the TV receiver antenna feed
line and tune for maximum attenuation of the
TV picture on the critical channel. This method
mauy be criticized by those who take a dim view
of the mismatch created by inserting a 52- or
75-ohm low-pass in a 300 ohm line —but it
works! ~— Kenneth Montgomery, W5ABY

MORE ON SIGNAL SHIFTER TVI
SUPPRESSION

Some months ago a method was shown for re-
ducing harmonic radiation from the Meissner
Signal Shifter.! It was tried and found inade-
quate in suppressing harmonics which interfered
with Channels 2 and 4 at this location.

It was found that quite a bit of r.f. was being
picked up by five 115-volt a.c. leads which go to
the rear of the chassis from the switch on the
front panel. These werc inserted separately in
shielded copper braid grounded in the center and
at both ends. This reduced r.f. in the a.c. line
about 50 per cent.

Further inspection revealed that the output
link coils in the turret are closely coupled to the
plate inductances of the 807 stage. It was reasoned
that if the output coils were tuned, the harmonics
should be considerably reduced. An external as-
sembly mounted in a small aluminum box (Fig.1)
was used to accomplish this objective.

720

] {i:ro 813 Grid
To Xmtr. Chassls

Fig. 1 — Schematic of external assembly for addi-
tional ‘T'VI suppression in the Meirsner Signal Shifter.
CGi — 75-puf. variable (low-loss).

L1 — Qutput coil of Signal Shifter.

L.z — 10 turns No. 18 plasticinsulated on l-inch steatite
form tapped as follows: 3.5 Mec. — whole coil;
7.0 Mc.—8 turns; 14.0 Mc.— 6 turns; 21.0
Mc. — 4 turns; 28 AMc. — 2 turns.

81 —- S-position 8.p. ceramic rotary.

The completed unit was fastened to the rear
of the Signal Shifter. This unit consists of a
tapped coil in scries with the output coil of the
VFO through a 6-inch length of 72-ohm coax. In
addition, a 75-uuf. variable capacitor was con-
nected from the output side of the tapped coil to
ground. Another 72-ohm coax line was used to
connect the external assembly to the untuned
grid of an 813 final.

) ! McCoy, “Suppressing TVI in the Meissner Signal
Shifter,” QST, Oct., 1953.
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Measurements showed that harmonic radia-
tion was almost completely eliminated, and as
further proof, the interference in the TV set
disappeared. ~— M. J. Grainger, KP4JE

TVI COMPLAINT
2160 N. Mason Ave.
Chicago, I1L.

Editor, QST: '

On Friday, January 21, 1955, I received rather unique
publicity in one of Chicago’s newspapers about a case of
‘TVT that came to me via the Presidential office in Washing-
ton, D). C. Apparently some of the other news services
picked up this ‘“‘scoop,’” adding or subtracting their own
twist, resulting in nation-wide radio and newspaper pub-
licity. I received considerable mail about this matter and
believe an explanation is in order.

The transmitter in use here is a Viking II, equipped with
a low-pass filter. My operation is on the 40-meter 'phone
band, and I have no interference on TV receivers in my
own home. Extensive checks have been made with several
neighbors and no TVI was encountered.

After becoming aware of this much publicized case of
TVI, through the local FCC oflice, I had my son, who is &
TV engineer and also a radio amateur, conduct an investiga-
tion. The complainant's TV receiver is one of a well-known
manufacturer, about six years old. Both the audio and video
on all channels (2, 5, 7, and 9) were being affected in the
same manner, My son installed a high-pass filter.

Tests were conducted which proved that the cause of
this TVI was definitely the TV receiver. The complainant
promised to contact the manufacturer and have them install
& high-pass filter.

1 am writing this in the hope that it may clarify the
amateurs’ side of the story. — dnthony Shragal, W9SEF

Lo
25 Years Ago J

this month
=

March 1930

.« . With the Wouff-Hong in his right hand, and typing
with his left, the editor proceeds to lambaste those careless
operators who have been found in large numbers outside
the bands, clobbering AT&T and USN circuits.

.« . Continuing the theme of the editorial, the first
technical article deals with a description of an extremely
accurate frequency standard, written by J. K. Clapp and
John D. Crawford.

... “The Old Connecticut Yankee passes out some
timely advice on ‘‘codperating with the BCL,” in his
usual helpful fashion.

... How to build—and how not to build —au 20-
meter 'phone transmitter is discussed by Beverly Dudley,
with full plans for a particular rig, using push-pull UX-210s
in the final, modulated by parallel UX-250s.

. . . Clark C. Rodimon explores the use of electrolytic
condensers in transmitter high-voltage power supplies.

.+ . The Old Man announces he’s back on the scene,
complete with Rettysnitch, Wouff-Hong and the pot of
boiling transformer oil to get the Young Squirts back
on the straight-and-narrow.

. . . George E. Fleming describes a high-gain direct~
coupled power amplifier for audio frequencies, with com-
ment on the relative merits of transformer, condenser and
direct ¢oupling.

. « . Some constructional hints are described by George
Cirammer, including the use of old tube bases as coil forms,
shielding, winding copper tubing, and insulating shafts
from metal panels.

. . . Station WOBVH is featured as the station of the
month, and with good reason. The three-tube exciter unit
is laid out in a unique circular form, and both exciter and
driver are shielded. The final is a UX-852 running about
450 watts input.
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A Mobile S.S.B. Receiver for 80 and 40

Using a Tunable I.F. and Crystal-Converter

BY ROBERT A. THOMASON,* W4SUD

e Here is some sound reasoning on what
should go into a good receiver for mobile
work, and some suggestions on how
to work over a BC-453-A to meet
those requirements. If you have a RC-
453-A that is now gathering dust, this is
your meat.

HAT FEATURES would an ideal amateur
mobile receiver have for a.m., c¢.w., and
s.8.b. reception? While everyone might
not agree across the hoard, the writer believes
they should include:
1) Exceptional frequency stubility (for s.8.b.).
2) Good selectivity (234 ke. at 6 db. down).
3) Adequate sensitivity.
4) Plenty of bandspread.
5) Good calibration (reset within 2 ke.).
6) Built-in automatic noise limiter.
7) Automatic volume control.
8) Stable b.f.0. (with switch control).
Y) Separate a.f. and r.f. gain controls.
10) Independence of b.c. receiver.
11) Low image response.

Wait a second! That's a lot of receiver. You've
got to make it fit somewhere in the family jalopy
and operate it from an average car battery. Well,
then, let's make the next two features:

12) Compactness (under-dash mounting).
13) Reasonable power consumption (100 ma. at 250 volts).

Assuming these specifications could be met,
who could afford it? Also, the uverage amateur
does not have the ‘“‘know-how ' or test equipment
to build it. So we have:

14) Moderate cost.
15) Simple construction.

This recciver was realized in the writer's mobile
station by converting a BC-153-A low-frequency
(190-550 ke.) Command receiver.

At this point, the one drawback this receiver
does have should be mentioned: Limited fre-
quency coverage (3.5 and 7 Mec.).

This is rather serious for many mobile enthusi-
asts. However, by adding a high-frequency con-
verter with output on 40 or 80 meters, the higher
frequencies can also be covered with the possible
partial loss of stability, bandspread, and calibra-
tion, depending upon the quality of the converter.

Changes & Additions

The following additions and modifications were
performed on the BC-153-A to obtain our almost-
super mobile receiver:

[) Add a erystal-controlled pentagrid converter (6BE6),
This is mounted on the rear apron of the receiver originally
occupied by the dynamotor. The Command receiver is used

* 1825 Cherokee Drive, Owensboro, Ky.
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as a tunable i.f. amplifier from 190 to 550 ke. A different.
crystal is used for each 360 ke. covered. The crystal switch
could include a crystal for WWYV or perhaps a local broad-
cast frequency.

2) Add one stage of audio amplification (6C4) between
the scecond detector and power amplifier. The stage is
mounted on a small subchassis underneath the receiver.

3) Add a.v.c.

4) Add shunt noise limiter (1N34).

5) Add a.f. and r.f. gain controls.

6) Replace all 12-volt tubes with their 6-volt equiva-
lents. The 12A6 was replaced by a 6V6.

7) Rewire all heaters in parallel.

8) Replace the antcnna trimmer capacitor with a unit
that is screwdriver-adjusted from the side. The capacitor
thus released was used as a b.f.o. pitch control.

9) Add speaker and matching transformer.

Details

Let’s take each feature and study how it can
be accomplished.

The frequency stability is exceptional in this
unit. The crystal-controlled high-frequency os-
cillator, together with the excellent stability
found in these receivers, makes s.8.b. reception
eagily possible ¢ven while driving over rough
roads.

The BC-453-A has an intermediate frequency
of 85 ke. and has six tuned i.f. circuits. This gives
good selectivity. The selectivity with minimum
coupling in cach i.f. transformer is just sharp

m{vﬂ: i

"

A BC-153-A with a few revisions makes a good tun-
able i.f. amplifier for a mobile receiver. One is shown
here tucked under the dash.
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enough for s.8.h. reception (The coupling can be
varied by unscrewing the knurled cover and ad-
justing the fiber rod.) “Up” position is minimum
coupling. More coupling is desirable for a.in.
(except for exulted-carrier reception).! The noise

CONVERTER

an r.f. gain control. This was retained in the final
design for s.s.b., and an audio control was added
for normal a.m. reception. In the writer's in-
stallation, this recciver is independent of the
broadeast set except for the speaker.

©BE6
5
=,

' OBC 453
001
“ XTALS
RFC2

verter that is added to the revamped BC-153-A.

L, — 40 turns No. 22 enam. close-wound on '%-inch

L B
f~
ANT, 238
RFC, : 1
22K T
6ND, O T L
Fig. 1 — Circuit diagram of the 3.5-7.3 Mc. con- e/lsov._[_

diam. form; antenna tap at 11th turn.
RFC), RFCz2 — 2.5-mh. r.f. choke.
XTALS —- See text.

figure i8 better than the usuul noise found on the
lower frequencies.

The entire dial covers 350 ke.. giving plenty of
bandspread. (Two crystals are required in the
h.f. oscillator to cover all of the c.w. portion of
the 80-meter band.)

By using a 3500-ke. crystal in the h.f. vscillator
to cover the 75-meter 'phone band, a dial reading
of 500 ke. is 4000 ke., 150 ke. is 3950 ke., and so
on. The calibration will stay put indefinitely.

The automatic noise limiter was added at
little additional labor or expense. It will prove

DET.—B.F.O.
65Q7

-0
250V,,0.C.

When it was first tested on a long-wire an-
tenna, this receiver had rather high image re-
sponse. However, when it was instulled in the car
and the center-loaded whip used as an antenna,
the images dropped to a negligible value. The
tuned antenna apparently acts like an additional
front-end tuned circuit.

The over-all dimensions are¢ 5 by 54 by 11
inches deep, exclusive of speaker and power
supply. This is small enough for under-dash
mounting in almost any car.

The power consumption is 100 ma. at 250 v.
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——Il——]—»éva GRID

z
22meg. §.22me9.

1st AUDIO AMP.
6C4

AAAAAAAA.
vWWWV

=

15/25V.
T o
B+

[}
4 I
R.F. 1&2 LF. -5 %;z.o H
colL  CoIL g gme~ !
200 T i
1
it i
= 'r’- ::AVA' AA'A'A
J5meg, meg. 47K 47K ifi I5meq.
b AW AAMAAAALLAAAAAAA —e
1 1 l—awww WWWWWAMWAY
Avc, J l
I 51 IN34

lmeq i
100 o

I

more valuable if the higher frequencies are cov-
ered with an outboard converter. A.V.C. was also
casily added and requires few additional parts.
The b.f.o. operates at 85 ke. and is very stable.
The antenna trimmer capacitor is used as a pitch
control. Normally, the BC-453-A is used with only

! Goodman, *Seleetivity und 'Phone Reception,’” QST,
March. 1954.
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I5/25V. Fig. 2~ Modifications in

the detector and audio circuit
of the BC-453-A.

This can be furnished by a small dynamotor, or
by the broadcast recciver power supply, if its
regular load is switched off while aperating the
BC-153-A.

The Command receiver used in our car was
removed from the hamshack where it. was serving
as a Q5-er. It was felt the loss was more than
offset by the addition of a good mobile receiver.

QST for



For those who do not own a BC-453-A, remember
that although the price is considerably higher
than a few years back, they are still well worth
their money. ¥ven at today’s prices, this modified
receiver costs less than the cheapest commercial
converter.

The modifications are simple and require
minimum of test equipment. The average ama-
teur should have no difficulty in this respect.

The 6BE6 crystal converter is built into
homemade metal box that just fills the space on
the rear apron of the receiver. The simplicity of
the circuit can be seen in Fig. 1. The only caution
the builder should observe is to keep Ly and the
r.f. chokes well separated. The controls, ¢ and
81, are mounted on the rear of the metal box.
The side may be more convenient if space is
avuilable in the reader’s car. However, it is only
necessary to adjust them when changing bands,
s0 the rear mounting is satisfactory.

The regular antenna post was removed and
the hole plugged. A wire was roldered to the
small mica condenser that was originally tied to
the antenna post and then run along the inside
top of the cabinet to the converter in the rear.
This will minimize stray pick-up on the i.f. inter-
mediate frequency. It is necessary to remove the
top cover and variable-condenser cover in order
to reach the antenna post. While these covers are
removed, small holes can be drilled for the
wire going to the converter. The heater choke
mounted just below the dynamotor plug under-
neath the chassis was removed and discarded.
This guve more working room. The wires going
to the dynamotor plug were left as originally con-
nected. The heater, B+, and ground leads were
thus convenient to the converter by soldering to
the banana plugs.

The socket on the rear of the recciver wus
removed and the hole enlarged to 1114 inches.
This permitted the installation of a conventional
octal tube socket. Plugs for thesc sockets are
made by Amphenol and ure available at most
distributors. The ounly wires retained on this plug
were ground, heater, B+, and audio output.
The others were cut loose at their source and re-
moved.

The wires and neon lamp were removed from
the antenna trimmer condenser: then the stator
plates were connected to Pin ¢ of the 68SQ7
(formerly a 128Q7). The antenna trimmer thus
became a b.f.o. pitch control. A 30-upf. com-
pression condenser was mounted on the side of
the chassis to serve as a screwdriver-adjustable
antenna trimmer. There is suflicient guin in the
receiver for this antenna trimmer to be omitted
entirely, if desired.

The small metal box and condenser mounted
onn the front puanel should now be removed to
make room for the audio and r.f. gain controls,
b.f.o.. a.v.c., and a.n.l. on-off switches. This
malkes things quite crowded, and miniature com-
ponents should be purchased for use here. All the
wiring going to the small metal box should be
cut at its source and removed, except the green
and red wires; these are r.f. gain and b.f.o.
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‘““off,” respectively. The r.f. gain control is a
20,000-ohm unit, and is connected to a switch
that grounds it to turn the b.f.o. on. The wiring
for the other controls is shown in Fig. 2.

The output transformer used in the original
st was retained and a 2000-ohms-to-voice-coil
transformer mounted at the speaker. This made

Under chassis view of the reworked BC-153-A. The
metal strip running across the chawsis at about the
ceanter is used to support the 6C4 socket.

a little less modification work than replacing the
output transformer. Also, it made 2000 ohms
output impedance available for headphones.

If the receiver is used for s.s.b. reception, for
the sake of stability it would be more desirable to
mute the receiver at the speaker rather than to
vemove B4~ during transmitting periods. This is
not a necessity even for s.s.b. reception, if the
builder wishes to use his receiver supply for a
portion of the transmitter.

(Conlinued on page 136)
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Hints «=« Kinks

For the Experimenie

THREE-WAY SWITCH FOR THE
SIMPLEST MODULATOR

() ERATORS who employ the “Simplest Modu-
7 lator” for casual 'phone operation with their
existing c.w. rigs must remember to unplug the
modulator whenever the mode of operation is
changed from ’phone to c.w. Of course, if the
cathode of the final i8 keyed and if the modulator
output terminals are connected in parallel with
those of the key, the unplugging motion is un-
necessary. However, in installations where the
ovscillator or a low-level stage is keyed, it is neces-
sary to disconnect the modulator so that the r.f.
output tube may work at normal input.

The circuit shown in Fig. 1 shows how a single-
pole three-position switch has been put to use

CATH.

*Phone of AMP

Ly / CH.
For Tunlng =
& Zero

I Beating

Prmm——

Fig. 1 — Circuit diagram of the switching system
described by W3PVY,

with the transmitter and modulator used here at
W3PVY. Two of the switch positions provide for
rapid change over from ’phone to c.w. operation,
and the center or third contact allows the final
to be disabled during zero-bearing or tuning ad-
justments.

To clarify the circuit of Fig. 1, it should be
mentioned that all components other than S
are parts of the modulator circuit appearing on
page 15 of September, 1953, QST', and page 250
of the ARRL Handbook, 31st edition.

— Ed Rittenhouse, W3PVY

CONVERTING FILAMENT TRANSFORM-
ERS FOR PLATE-SUPPLY USE

'[N searching for miniature power transformers
AL for such low-power items as grid-dip oscilla-
tors, etc., I have found it convenient to make my
own, using small filament transformers. Since
most of these have the low-voltage winding wound
on the outside, it is a eusy to remove the few fila-
ment turns to make room for the rewinding.
The procedure is simple. Count the turns re-
moved to determine the turns per volt ratio for
the core. Now rewind the filament turns with a
smaller size wire. Follow this with the ‘‘high-
voltage” winding using the number of turns per
volt previously determined. The wire sizes should
be chosen so the I*R losses in the two secondaries
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under load do not exceed the rated I2R loss for
the removed turns. This allowable loss is fairly
flexible and can be exceeded by 50 per cent or so
for intermittent duty or where some ventilation
is present.

—- Ben Vester, WSTLN

[EpiTor’'s Note: Additional data pertaining to the re-
winding of transformers will be found in Chapter 7 of The
Radio Amateur’s Handbook.)

IMPROVED AUDIO CIRCUIT FOR THE
50-MC. C.D. UNIT

LTHOUGH the circuit to be presented is in-
A tended primarily for use with the 50-Me.
unit described in May, 1952, QST, it deserves con-
sideration by anyone embarked on a speech-
amplifier project designed with carbon-micro-
phone input in mind.

The new circuit, shown in Fig. 2, uses a 6U8
triode-pentode as a replacement for the 12AT7
originally employed in the microphone input and
the amplifier-clipper stages of the c.d. unit. Not
only does the revised arrangement retain all of
the desirable features discussed in the original
constructional article, but it increases the gain of
the speech amplifier by 10 db. or more. This
represents an improvement over the 12AT7
line-up and eliminates the need for crowding the
microphone so that full modulation may be ob-
tained.

,6U8

Fig. 2 — Schematic diagram of the revised audio cir-
cuit for W1CTW’s 50-Me. c.d. unit.

In Fig. 2, the pentode scction of the 6U8 is
used as the microphone coupling tube and the
triode section is employed as the voltage ampli-
fier and clipper. The schematic shows that a 0.1-
megohm screen dropping resistor and a 0.1-gf.
screen-to-cathode capacitor have been added to
the circuit and that the plate resistor for the
input stage has been increased to 33,000 ohms.
It should be pointed out at this time that the
values of the plate and the screen resistors are
quite critical from the standpoint of maximum
obtainable gain. Further study of Fig. 2 shows
that the component values and the wiring origi-

(Continued on page 140)
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You Can’t Beat F.M.!

Advantages of “Almost-N.F.M.” for V.H.F., with Practical
Application in a 48-54 Mc. Exciter

BY DON H. GROSS,* W3QVC

for saying so, but for v.h.f. voice work

nothing excels the right kind of f.m. Per-
haps a few hardy souls will want to venture
through the technical difficulties of single side-
band on frequencies above 50 Mec., but aside
from such a remarkable feat, a.m. is definitely
inferior to f.m., if the latter is properly used.
(o ahead and laugh, but please read on.

The word has gotten around pretty well that
f.m. eliminates high-powered modulators, and
that it is far better than a.m. when it comes to
TVI or BCI. We can also see that the high grid
drive and higher plate dissipation and voltage
ratings necessary for a.m. make it difficult when
we approach the u.h.f. region. Then, too, a 100
per cent modulated a.m. transmitter in the
420-Mc. band is limited to 12.5 watts antcuna
power (since 50 watts peak is the law), while up
to 50 watts antenna power is legal with f.m.
But we usually sce a tendency to be apologetic
about the communications value of f.m. This is
mainly because most of our thinking since the
war has been in terms of strictly narrow-band
f.m., where second-order sidebands are kept in-
significant so that our signals will occupy no
wider channels than a.m.

In order to keep to true n.f.m., the modula-
tion index must not exceed 0.6. Under these
conditions, as the venerable Handbook says, ‘‘so
far as effectiveness is concerned, a narrow-band
f.m. or p.m. transmitter is about equivalent to
a 100 per cent modulated a.m. transmitter oper-
ating at one-fourth the carrier power.” At this
rate, n.f.m. is enough to discourage any self-
respecting DX man. Add to this the horrible
method of detecting f.m. signals by slight de-
tuning on an a.m. receiver, as nefariously prac-
ticed by most of us, and anyone with a brain in
his head would conclude that if you want a
signal without any vitamins, if you want your
voice drowned in a waterfall of noisc and clob-
hered with QRM, just use f.m.

Whoa There!

However, dear friends, we have been over-
looking a juicy item. Above 52.5 Mec. (and on
some frequencies below) we aren’t confined to
the narrow-band version of f.m. What if we
crank the audio gain up to give us a modulation

SOME of the brethren may think me a bit daft

* 1146 Prospect Road, Pittsburgh 27, Pa.

! In most locations there is not 8o much v.h.f. QRM that
the extra bandwidth would matter much; and in any case
heavily-modulated a.m. transmitters in the region above
144 Mo. are already using more space than f.m. with a
deviation ratio of 1.0.
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index of 1.0? Second-order sidebands appear,
but they are still relatively weak.! The happy
part is what happens to the first-order sidebands.
Now they have some real zip. Put this signal
through an i.f. amplifier of 6 or 7 ke. bandwidth,

8

The W3QVC f.m. exciter is8 a compact package. At
the right front is the 6AG7 oscillator, with the modula-
tor behind it. Left is the tripler, with the 5763 doubler
in the back corner. The voltage-regulator tube is visible
in back of the modulator. Note ventilation holes in
the side of the bottom cover.

detect it with a good ratio detector or discrimi-
nator-following-a-limiter, and presto —f.m.
comes into its own!

Rummage through the old QSTs published
just beforc the war and there you will see the
beginnings of a2 development in amateur f.m.
that was nipped in the bud at Pearl Harbor.
Look, for instance, at that fascinating article
by Murray Crosby on ‘“Bandwidth and Reada-
bility in Frequency Modulation,” page 26 of
March, 1941, QST'. There we see that for maxi-
mum readability of weak signals the deviation
ratio should be 1.0, and that such an f.m. signal
is always more readable than a.m. In fact, at
some weuak signal levels this ‘‘almost-n.f.m.”
signal is as readable as an equivalent 100 per
cent modulated a.m. signal of four fimes the
power. 'Thus the tables are turned. If it is trans-
mitted and received properly, you can’t beat f.m.
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How To Get Good F.M. Above 50 Mc.

Reactance-tube modulation of a self-excited
oscillator just isn't stable enough for good
narrow-band work on v.h.f. W1VLH has the
right idea in his phase-modulation exciter.? A
crystal oscillator provides the necessary sta-
bility. Reactance modulation of a tank circuit
provides phase modulation. The only difference
between a p.m. and an f.m. signal is that with
p.m. the frequency deviation rises in propor-
tion to the modulating audio frequency (assum-
ing that the amplitude of the modulating wave
ia held constant), while with f.m. the deviation
is the same for all audio frequencies. So the
secret of turning p.m. into f.m. is to make the
output of the specch amplifier vary in inverse
proportion to the audio frequency. Only the r.f.
section of au exciter is to be described here, but
the speech amplifier that is used with it ends up
with a 65J7 having an effective load resistance
of 50K. A 0.006-uf. condenser across this load
gives the proper inverse frequency response. A
clipper-filter circuit is also used, and this is most
desirable.

A Phase-Modulation Exciter

The exciter shown here is a straightforward,
highly stable affair with sufficient output at
48-54 Mc, to drive an 832 tripler to 144 Me. It
uses single-control tuning, for compactness and
simplicity of operation. Crystals for 8 to 9 Mec.
plug in the front. Shielding, short wiring, and
voltage regulation of the oscillator screen all
serve to give excellent isolation of the grid-
screen oscillator eircuit from the phase-modu-
lated plate tank, even though both operate at
the same {requency.

The 6AG7 reactance modulator has enough
gain and plate-current capacity to provide ade-
quate deviation at 50 Mec., and more than enough
for multiplication to higher frequencies. About
two volts of audio (at normal voice frequencies)
gives proper deviation for the 144-Mec. band.
Some care has been taken in by-passing the

2 8outhworth, “A Phase-Modulation Exeiter for the
V.H.F. Man,” QST, August, 1954.

screen and cathode of the modulator, as well as
in adjusting the grid to ground capacity, in
order to eliminate v.h.f. parasitic oscillations.

The plate tank tuning range is determined by
Ly, €y, and other circuit capacities across L.
Tracking is accomplished through adjustment of
Lg, C4, L3, and Cs TVI is prevented by proper
shielding and by-passing. An electrostatically
shielded output link helps further in coupling
out only the desired frequency. All tubes have
protective cathode bias. Power supply require-
ments are 300 volts at about 125 ma., and 6.3
volts a.c. at 2.7 amp.

Construction

The exciter is built in a 3 X 4 X 5-inch alu-
minum box (Bud CU-3005 Minibox). Holes are
drilled in the cover opposite the mica trimmers
(4 and Cg to allow adjustment after assembly.
They may then be covered with adhesive tape.

The crystal was at first mounted in the center,
but had to be moved closer to the oscillator
tube to achieve proper isolation from the rest of
the circuit. A small aluminum shield partition is
placed between the 6AGT oscillabor and the
tuning condenser; the cathode by-pass condenser
is placed so as to shield the plate contact on the
tube socket from the grid; and RFC; is small,
with a short lead to the screen grid. All these
precautions carefully isolate the crystal circuit,
to achieve maximum stability.

A small-diameter octal socket allows the
tripler tube to be mounted in its limited space.
Don’t dope the tripler plate coil until its circuit
is aligned. Note that the center section of the
tuning condenser is used for the oscillator plate;
the front section for the tripler plate; and the
rear section for the doubler plate. Insulated
'phone tip jacks are used for grid-circuit meter-
ing. The modulator screen by-pass in the photo-
graphed unit is a mica condenser; a disk ceramic
condenser is specified because it is cheaper.

Adjustment and Operation

The initial tune-up procedure is as follows:

1) Put the bottom cover on, but without its
screws. Set C4 to minimum capacity. Plug in the
highest frequency crystal to be used, und con-
nect a high-impedance voltmeter between J3
and ground. Adjust the main tuning condenser
for maximum negative voltage. This should be
about 130 to 150 volts.

2) Change the ineter to Jg, und tune (4 for
maximum ncgative voltage, which should be
around 70 to 90 volts.

Bottom view of the oscillator-modulator side of the
f.m. exciter. Note the small shield partition for isolat-
ing the crystal circuit. Two phono-type jacks are for
audioinput and r.f. output. Tip jacks are for measuring
tripler and doubler grid voltages.
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Bottom view from the tripler-awmplifier side. In the
foreground are the tripler plate coil and the two mica
tracking trimmers. The doubler tank coil is at the right.

¢

3) Plug in the lowest-frequency crystal and
tunc the ganged condenscr for maximum volt-
age ab J3.

1) Adjust the slug in Lo for maximum volt-
age at Ja.

5) Repeat Steps 1 through 4 until no further
adjustments are necessary. The spacing of the
turns of L may have to be changed if the slug
does not give vnough tuning range in the right
direction. Remember that minimum inductance
is with the slug all the way in. Inductance also
decreases as the turns are spread apart. When
you are sure the slug will properly align Lp,
dope the turns in place. The exciter is now aligned. Screw on the

6) Now for the output tank. With the iighest bottom cover. After this, all vou do is plug in
frequency crystal, tune the ganged condenser for  the desired crystal and tune the knob for maxi-
maximum voltage at J3. Then tune Cj for mum output.
maximum output. Frequency deviation is adjusted by controll-

7) Try the lowest-frequency crystal. Tune the ing the output of your specch amplifier. The
ganged condenser for a maximum voltage at J3 optimum adjustment is that which gives maxi-
again, Note which direction, if any, Cs must be um output without appreciable distortion, at
tuned for maximum output. If you had to in- a moderate signal level, in u receiver with a 6-
creage its capacity by tightening it, squeeze the or 7-ke. i.f. bandwidth, equipped with a ratio
turns of Lg together a bit; if you decreased Cs, detector or limiter-and-discriminator. The n.f.m.
spread L; a little. You will have to remove the adapters advertised for a number of the stand-
bottom cover to do this; be sure to replace it ard commercial ham receivers fill the bill per-

@

before checking alignment. fectly.
8) Repeat Steps 6 and 7 until no change in My thanks go to my good neighbor, Andrew B.
(s is necessary for Step 7. Potter, for the photographs used in this article.
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Fig. 1 — Schematic diagram and parts information for the v.h.f. f.m. exciter. Capacitor values 0.001 and larger are
in microfarads. All resistors 4% watt.

C1, Co, Ca— 3-gang variable, 25-uuf.-per-section (Bud braid; ¢nd of outer braid left unconnected.
LC-1847). Leave outer insulation on.

Ci, Cs— 8-30-ppf. mica trimmer. ) J1 - 8-pin male chassis fitting.

Iy — 18 turns No. 20 enam., close-wound on l-inch  J, J5— Phono-type coaxial fitting.
diam. form (National XR-2). h: Jo— Phone-tip jack. i

Lz — 514 turns No. 20 enam., 3§ inch long, wound on S - N .
#{-inch diam. brass-shig form (National XR-73). ~ KEFC1 —50-uh (National R-33).

Ls — 5 turns No. 12 cnam., !4-inch diam., 3§ inch long, ~KFCa —2.5-mh. (Na{hona! R-100).

Ls— 1 turn RG-58/U coaxial cable around cold end ~RIFCs— 1 mh. (National R-300).
of L3; end of inner conductor soldered to outer  RFCs — 7 ph. (Ohmite Z-50).
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o flocont fquipment —

The 5100 Transmitter and 51SB
Single-Sideband Generator

NY amateur interested in a complete 'phone/
A c.w. transmitter in the 150-watt class, to
which he can later add s.s.b. with a mini-
mum of effort, will do well to consider the new
Barker & Williamson 5100 Transmitter and its
companion unit, the 51SB Single-Sideband Gen-
erator. When the two units are tied together,
switching to c¢.w., a.m. or 8.8.b., or any amateur
band, 80 through 10 meters, is simple and quick.

The 5100 Transmitter

Designed for table-top operation, the 5100
is 22 inches wide, 1114 inches high and 1434
inches deep. It weighs 83 pounds. The r.f. line-up
consists of a 6BJ6 VFO (in the 160-meter band)
followed by two ABJ6 buffer stages. The second
buffer stage is grid-block keyed, and serves as the
crystal oscillator when crystal-controlled opera-
tion is demanded. The frequency-multiplication
section of the transmitter uses up to four 6AQ5s,
depending upon the multiplication requirement,
and this entire section i8 broadbanded and conse-
quently requires no tuning in operation. The
output stage uses two 61468 in parallel, with a
pi-network output circuit. A small variable con-
denser across the grid circuit of the output stage
trims the circuit and serves us an excitation
control. Recommended operation of the 61468
permits a power input of 135 watts on *phone and
150 watts on ¢.w.

The audio section of the 5100 uses a 6U8
triode-pentode speech amplifier, 6AQ5 trans-

former-coupled driver, and a pair of 6146s for
modulators.

A low-pass filter is included in the transmitter,
which makes it mandatory that the transmitter
work into the same load resistance (75 ohms) on
all bands. All leads entering or leaving the pack-
age are filtered, as a further precaution against
TVI. The manufacturer states that the low-pass
filter has a minimum attenuation of 85 db. over
the TV range, with over 100 db. at Channel 2.
The instruction book devotes two pages to sug-
gested antenna systems, apparently to allay any
fears that working a transmitter into a given load
resistance may represent an insurmountable
obstacle. Actually, of course, it is the only way a
transmitter with a built-in low-pass filter of this
type can be operated, and it has the advantage
that the pi-network circuit can be properly de-
signed for the same @ on all bands.

Two power supplies are included in the trans-
mitter, a high-voltage one for the 61468 and a
low-voltage one for the other stages and for bias
voltages. A pair of 5R4GYs is used in the heavy
supply and a 5V4G handles the job in the other
supply. Two VR tubes take care of the regulation
problems.

One bit of unusual circuitry can be found in the
frequency-multiplier section where, for d.c.,
one pair of 6AQ5s is connected in series with the
other pair of 6AQ5s across the 600-volt high-
voltage supply. This is a good way to utilize a
power supply to best advantage, but it is the

¢

A top view of the 5100 Trans-
mitter shows how the construc-
tion has been broken down into
subassemblies. The r.f. output
section can be scen at the left
near the panel, while the 6146
modulators are at the right near
the panel. The four tubes in the
r.f. multiplier section are mounted
horizontally.
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This view of the 51SB Single-
Sideband Generator shows the
audio subassembly in the fore-
ground and the r.f. section behind
it. The audio phase-shift network
is housed in the gray metal-tube
envelope between two small trans-
formers.

first time we have seen it in a piece
of commercial gear. A similar dodge
was used a few years ago in & mo-
bile rig described in QST

For c.w. operation the screens of
the output 61468 get their power
from the low-voltage supply; on S Ce i -
"phone the screens are fed from the high-voltage of the big supply is reduced by dropping the
supply through a dropping resistor, so that line voltage through a resistor.
modulation is applied to both plates and screens. The owner of a 5100 doesn’t have to give up
For tune-up on either 'phone or ¢.w., the voltage the unit when going to higher power — terminals
at the rear permit utilizing the audio power (up

{ Harrington, “ Ten-Meter Mobile With Remotely-Tuned (0 79 Wf"t’t’s) to drive a larger mOduIatqr .
VFO," QST, August, 1951. Looking at the 5100 from the operating stand-

J_ioo 15K

i T O . SO

s BAL. MOD.
EE BALANCE 01 \]2A77
[ 1000 !
Sooph. T (40
503 C E Ll t=
0 2 =3z
S 215k oot
R.F. = T:oo :
o—{
INPUT BAL.MOD. Ist DRIVER
TUNING 6CcL6
50(3/1/:. L,
A.F. =
< <
50 BAL.MOD. ge8kK
100 " | 12A17 N
s .00
3 BALANCE Lo
1000 1

. gsooﬁh. ___I__—~ E*—_;:—I }/ =
L b 001

'rloo 15K

VWAV

Fig. I — Simplified schematic of the balanced modulator circuit used in the 51SB. The r.f. phase shiftis obtained
hy proper constants at Li and C. In the actual unit, these constants are switched for each band change, as is Lz.
Sideband selection is obtained by reversing the polarity of one of the audio channels. One cathode of each balanced

modulator is opened for carrier unbalance when tuning the following r.f. stages.
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point, the front panel carries the VFO knob (a
large one), bandswitch, meter switch for measur-
ing grid and plate current of the output stage
and plate current of the modulator, a CW-VFO-
PH switch for selecting the mode and for spotting
frequency, and A.C., Tune-Operate and Plate
switches. Once the band is selected, the operator
has only to set the VFO and adjust the plate
tuning and loading controls of the output stage,
touching up the excitation control also, if neces-
sary. The VFO frequency can be easily read on
the slide-rule type scale.

The 51SB Single-Sideband Generator

The companion 8.8.b. generator for the 5100 is
a small 10 < 111 X 1434-inch package that
is placed to the right of the transmitter and tied
in electrically with interconnecting cables and
mechanically with boits. Once it is properly con-
nected to the 5100, it is a relatively simple matter
to change from s.8.b. to a.m. or c.w. and back
again.

The 515B takes r.f. at the output frequency from
the 5100 multiplier section and generates s.8.b.
ut the output frequency through audio and r.f.
phase shifts. Fig. 1 shows a simplified schematic of
the two balanced modulators. The audio section
of the 51SB uses 114 sections of 12AT7s in cas-
cade before the audio is introduced into the audio
phase-shift network. A 3500-cycle cut-off low-pass
filter ahead of the network protects the network
from audio frequencies beyond its range. From
here the signal is amplified and then trans-
former-coupled into the two 12AT7 balanced
modulators. The voice-controlled break-in and
antitrip (for loudspeaker operation) circuits use
12AT7s and a 6AL5. The output of the balanced
modulator is amplified through a 6CL6-6V6
chain to build up the amplitude to the point
where it is sufficient to drive the pair of 6146s in
the 5100 transmitter. Two tuning controls are
included in the s.s.b. generator: the balanced-
modulator output circuit and a ganged control
for the 6CL6 and 6V6 plate circuits. The r.f.
phase-shift networks are broadbanded and do not
require adjustment. Consequently, the tune-up
procedure of the 51SB is quite similar to the
tune-up of any series of r.f. stages, and the opera-
tor does not have to be familiar with how s.s.b.
works to put the rig on the air. A switched meter
in the unit monitors the grid current of the 61468
and, by using a pair of germanium diodes, the
output of the 6VG driver. The r.f. output position
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The r.f. subassembly of the
51SB, with the bandswitch shaft
and the balanced-modulator tun-
ing shaft removed to permit bet-
ter visibility of the parts. The
compartments, from left to right,
are 6Y6 amplifier (the shield
straddles the socket), 6CL6 am-
plifier, balanced modulators, and
r.{. phase-shift nctworks.

¢

is used to set up the two carrier-balance panel
controls.

The voice-operated control ecircuit closes a
three-pole double-throw relay that provides a
keying circuit for the transmitter, an antenna
relay control circuit, and a receiver-silencing
channel. Adjustable voice-control threshold and
hold-in controls are available inside the unit, as is
the antitrip sensitivity control. The unit can be
used ““push-to-talk” from a switch on the micro-
phone or with full voice-controlled break-in, us
desired.

Most of the panel controls have been men-
tioned, but in addition there is a carrier-unbal-
ance switch (for tune-up), upper or lower side-
band selector switch, bandswitch, tune-operate
switch, and an audio gain control. In operation
it is necessary, of course, to make sure that the
bandswitches on the 51SB and the 5100 are set to
the same band. A minor inconvenience, but noth-
ing to worry anyone who has gone this far in
equipping a complete station, is the necessity for
changing microphone from unit to unit when
going from s.8.b. to a.m., but this could be solved
by using two microphones or a shielded switch.

All of the power leads leaving or entering the
H1SB are filtered, in keeping with the TVI pre-
cautions in the 5100. A 5Y3G in the power supply
handles the plate-power requirements of the
exciter.

General

In both the 5100 and 515B, considerable use
has becen made of subassembly type construction.
This is illustrated in the accompanying photo-
graphs. The subassemblies are a production ex-
pedient, of course, but they also contribute to
shielding within the unit.

Instruction books for both units are careful to
give step-by-step instructions for all operations,
and anyone who takes the time to read them
should have no trouble.

Of special interest to home constructors of
8.8.b. gear is the little nudio phase-shift network
used in the 51SB. It is similar to others on the
market in that it provides a Y0-degree shift over
the 300-3000-cycle range, but this one is com-
pletely enclosed in a4 metal-tube envelope of the
size used for a 6J5. Thus, plug-in convenience
and good shielding are provided in u very small
package. This unit, the B & W Model 350, is
marketed separately.

————— -B. G.
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260 Series Power-SWR Meters

HE newest additions to the MicroMatch
,Tli_ne of instruments for measuring power and
-L gtanding-wave ratio feature operating con-
venience: With these meters it is no longer
necessary to reverse the r.f. input and output
connections in making measurements of forward

¢

I'he two types of indicator units,
Model 262 at left, 263 at right. The
principal difference is in the switching
arrangement used for measuring for-
ward and reflected power and for
changing the full-scale range.

)

¢

and reflected power, as was the case with the
original MicroMatch. The Models 261 and 263
each consist of essentially two MicroMatch
bridges arranged back to back so that one reads
the outgoing voltage continuously while the other
monitors the reflected voltage.

tr.

Load

Fig. 1 — Basic circuit of the back-to-back bridges
used in the Models 262 and 263 MicroMatches.

The basic circuit by which this is accomplished
isshown in Fig. 1. R, is the series resistance of the
original MicroMatch circuit. CR; is the voltmeter
rectitier for reading the forward voltage. The
bridge formed by &y, (1, Cg and the transmission

line balances out the forward voltage and re-
sponds to the reflected voltage, which is rectitied
by CR.. The voltmeter, a 0-200 microammeter
with appropriate series resistors for several usable
voltdke ranges, can be connected to either circuit
by means of the single-pole single-throw switch.

Both models consist of a “coupler unit”’ and
an “indicator unit.” The former contains the
actual bridge and the latter the voltmeter and
multipliers. The coupler units are identical in
both models except for the line connectors; regu-
lar coax fittings are used on the 261 and “N”
type fittings on the 263. The indicator unit for
the Model 261 (it has a separate number, 262)
uses a variable resistor as a multiplier, with cali-
bration points for 10, 100 and 1000 watts full-
scale reading marked on the resistor scale. The
Model 263 indicator uses an individual factory-
adjusted variable resistor for each of the same
three ranges and selects them with & switch. The
meter calibration is in watts and is the sume on
both indicators — 0-10, 0-100, and 0-1000 —
and the samne type of meter is used in both. The
actual power delivered to a load is found by tak-
ing the difference between the forward and re-
flected power readings. ‘The voltage standing-
wave ratio is found by taking the ratio of the
forward to reflected power and reading the cor-
responding v.s.w.r. in instruction book chart.

Either coupler can be left in the transmission
line continuously, provided the power does not
exceed one kilowatt with an s.w.r. of 1 to 1. The
bridges are designed for 52-ohm lines.

The circuit of a measuring instrument is rarely

¢

Internal construction of the coupler
unit is shown by the view with the cover
removed, at the left. The unit comes
furnished with protective caps for the
coax connectors as shown at the right.
‘The units are designed for use with 52-
ohm fines.

¢
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the whole story of its periormance, s the sourccs
of error are seldom obvious. The accuracy of a
bridge of this type is almost entirelv determined
by the selection of components and the method of
construction. The inside view of onc of the coupler
units shows the special constructional arrange-
ment adopted to maintain accuracy over the
frequency range from 3 to 225 Me., and to pre-

vent the coupler from introducing an impedance
“bump” in the linc. The insertion loss is stated
to be less than 0.1 db.

Couplers and indicators ¢an he obtained
separately. The iustruction book with the coupler
contains circuit information for home construc-
tion of an indicator unit, in case only the coupler
is purchased. — @ G,

The RME-100 Speech Clipper

quite well known by this time. Modulation

pereentage is limited by the amplitude of the
modulating wave form, rather than by average
modulating power. The speech clipper increases
the ratio of average modulating power to peak
amplitude by clipping the peaks of the wave
form. This increases the average percentage of
modulation, improving the intelligibility without
increasing the transmitter power. Since clipping
introduces distortion in the form of harmonies, a
filter for the harmonics follows the clipper.

The RME-100 consists of a two-stage pream-
plifier, using a 6SC7 dual triode, followed by a
6116 clipper and a harmonic filter. Power supply
is included in a unit measuring 5 by 6 by 7 inches.

The circuit is shown in Fig. 1. The unit is
designed to be inserted betwcen the microphone
and the first stage of the speech amplifier, und a
switch is provided for cutting the unit in or out
of the circuit. The gain is limited to about ¢ db.
at the maximum clipping level so that a mini-
mum of readjustment of the speech-amplifier
gain control is necessary when the clipper is
switched in or out.

About 15 millivolts of audio is required to pro-
duce a full 24 db. of clipping. This is usually
obtained from a crystal or dynamic microphone
when talking normally with the microphone at a
distance of about 3 inches. The clipping control

THE advantage of speech clipping should be

switch has 5 positions, 0 to 21 db. in steps of 6 db.

The clipper feeds into a low-pass filter, at-
tenuating frequencies above 3000 cycles at the
rate of about 20 db. per octave, and limiting the
sideband width. At the low-frequency end, the
amplifier hag a roll-off characteristic attenuating

‘The RME-100 Speech Clipper in its streamlined cabinet.

frequencies below 