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LINEAR STANDARD
High Fidelity Ideal

HIPERM ALLOY

High Fidelity . . . Compact

ULTRA COMPACT

OUNCER

Wide Rdnge . .. 1 ounce

COMPONENTS FOR EVERY APPLICATIO

SUB OUNCER
Weight Y3 ounce

COMMERCIAL GRADE
Industrial Dependability

SPECIAL SERIES
Quality for the ‘‘Hom™

POWER COMPONENTS
Rugged . . . Dependable

VARITRAN

Voltage Adjustors

MODULATION UNITS
One watt to 100KW

VARIABLE INDUCTOR

Adjust like a Trimmer

TOROID HIGH Q COILS
Accuracy . . . Stability

TOROID FILTERS
Any type to 300KC

MU-CORE FILTERS
Any type %2 — 10,000 cye.

EQUALIZERS
Broadcast & Sound

PULSE TRANSFORMERS

For all Services

SATURABLE REACTORS

Power or Phase Control

To 100KW Broadcast

PLUG-IN TYPE

Quick change service

e

CABLE TYPE

For mike cable line

VERTICAL SHELLS

Husky . . . Inexpensive

REPLACEMENT

Universal Mounting

Match any line voltage

LINE ADJUSTORS

CHANNEL FRAME

Simple Low cost



ERE’S a famous General Electric tube that hastens
H your progress to the u-h-f bands. Type 2C43 takes
in stride frequencies that are far above the limits of
other general-purpose tubes in the same power class.

Widely used by the armed forces for radar of various
types, the 2C43 was designed primarily as an amplifier
and oscillator from 200 to 1,500 mc. (In special appli-
cations, such as plate-pulsed amplifier service, usable
trequency is up to 3,370 mc.)

Exceptional efficiency, plus ease of application, stem
from features that emphasize the up-to-dateness of
lighthouse-tube design. For example, the r-f cathode
connection is through a disk-type capacitance which is
an integral part of the tube. This makes for a low-im-
pedance r-f path from cathode to external circuit, and
so does away with much of the grief associated with by-
passing problems.

Other advantages of the tube—there are many—will
appear as you fire up on the u-h-f bands. In Type 2C43,
G.E. offers you a proved means to pioneer successfully
in those parts of the spectrum which challenge the
adventurous ham.

Value-giving price and further information about
the 2C43 await you at your nearby G-E tube distributor.
Or, write direct to General Electric Company, Electronics
Department, Schenectady 5, New York.

ELECTRONIC TUBES OF ALL TYPES
FOR THE RADIO AMATEUR

GENERAL @ ELECT

RIC

161-GA7-880

TYPICAL OPERATION
CW Oscillator

Frequency 1,250 mc
Plate voltage 350 v
Power output 1.5 w

Plate-modulated Amplifier °

Frequency 425 mc
Plate voltage 350 v
Power output Sw
Com
plet,
JUI)’~ ugy fe is giv. .
uild; N, en jn
OOSn t ey s for
drive,, bR' ich MEG4.
Power 57 any . 7Y be
me “Meter rig. Th erata.
Pair of ga OO0ste, fem's 420
bull 4, I Used Ures
F approcrs Yith poysy PUshe
¢ minim:x”n tely ,7,/:’ Inpyt
ou re m co to you .wQ.ffs_
Ultrg.p; S /’;f signq} l'n; 1t lify,
sk O th
Ey

Copyright 1948 by

General Electric Company



Pick em out

of the QRM

with your Collins
75A-1

Add up these receiving advantages when you use a Collins 75A-1 amateur
receiver:

SELECTIVITY: The bandwidth is variable in 5 steps from 4 kc to 200 cycles
at 2X down (6 db down from the peak of the resonant frequency).

IMAGE REJECTION: The double conversion circuit of the 75A-1 has in;
° herently high rejection to image frequencies, giving attenuation greater than
50 db for all bands.

SENSITIVITY: The 6AKS r-f stage in the 75A-1 receiver makes possible a
threshold sensitivity far better than can be realized in normal installations,
corresponding to a receiver noise factor of from 5 to 10 db above a perfect
receiver of the same bandwidth.

ACCURACY AND STABILITY: Three factors contribute to very high ac-
curacy and stability—(1) the use of precision quartz crystals in the first
conversion circuit, (2) the inherent accuracy and stability of the VFO in
the second conversion circuit, and (3) linearity and absence of backlash in
the tuning mechanism.

Your investment in the 75A-1 pays off in results! Amateur net price,
complete with speaker, $375.00. If you do not know your Collins dealer, we
will be glad to furnish his name and address. Stop
by our booth at the National ARRL Conven-
tion in Milwaukee September 4, 5, and 6.

FOR RESULTS IN AMATEUR RADIO, IT'S.

COLLINS RADIO COMPANY, Cedar Rapids, lowa

11 West 42nd Street, New York 18, New York 458 South Spring Street, Los Angeles 13, California
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What hallicrafters JUlJJ19,1R3E:

| variable master oscillator does
for improved umateur transmission

The HT-18 is called by hams who have used
it the most efficient, flexible piece of gear to
be developed in recent years. Easily added
to your present transmitter, it brings it right
up to date. Narrow band FM and calibrated
5 band V.F.O. complete in one compact cabi-
net with all coils and power supply concen-
trates and simplifies your entire operation.
Put vour transmitter anywhere, place the
neat, highly functional HT-18 on the operat-
ing table and you're in action. Narrow band
FM quality like you’ve never heard before.
The HT-18 places your signal anywhere in
the band with excellent stability. Go to your
nearest Hallicrafters distributor today
for a demonstration and complete technical

lata on this splendid
in oo 811000

instrument . . .
Amateur Net

Copyright 1948, The Hallicrafters Co.

EASY, PRECISE, FLEXIBLE OPERATION
FOR THESE REASONS:

e Converts any good CW transmitter

to a high quality phone transmitter.

e Eliminates 90% of broadcast inter-
ference.

e Puts your signal anywhere in the
band with stability comparable to crys-
tal controlled transmitter.

e Gives you direct calibration, direct
output on all bands 80, 40, 20, 15,
11, 10.

e Simplifies operation of entire sta-
tion. Puts both frequency selection and
power control at your finger tips.
72 ohm output. Remote power control
terminals.

hallicrafters

RADIO

THE HALLICRAFTERS C
4401 W, Fifth Ave., Chiccge 4 I finoix
MANUFACTURERS SF RADID AND ELECTRONIGC EQUIPMENT



D=C CAPACITORS FOR

BelowZe"o OPERATION?

Take advantage of the small size and light
weight of Pyranol® d-c¢ capacitors for those
applications in freezing temperatures and
below. No need to penalize your designs with
oversize capacitors resulting from the use of
other dielectrics.

Pyranol capacitors, as improved in recent
years, are not only suitable for operation at
temperatures up to 85C, but can also be
operated at temperatures down to -—-40C.
Throughout this wide temperature range, the
capacitance remains within plus or minus 5%
of its 25C value.

Here are some of the advantages you’ll
secure by using Pyranol capacitors—styles
50 through 69 like those pictured above—

+20 +40
Degrees Centigrade

built to commercial standards:

Size is smaller.

Most commercial standard ratings can be
shipped from stock,

Pyranol is non-lammable.

Like other G-E small capacitors, Pyranol com-
mercial-standard capacitors are hermetically
sealed in drawn cases—hot tinned for resist-
ance to corrosion, They use the new silicone-
gasketed -bushing as insurance against leaks.
They are all individually tested.

For specifications and details, ask for GEA-
2021. Apparatus Department, General Elec-
tric Company, Schenectady 5, N. Y.

407-156E

GENERAL %) ELECTRIC

H




Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the administrative ARRL official elected by members in each Section.
Radio Club reports are also desired by SCMs for inclusion in QST. All ARRL Field Organization appointments are
now available ta League members. These include ORS, OES, OPS, OO, and OBS. Also, where vacancies exist SCMs desire
applications for SEC, EC, RM, and PAM. In addition to station and leadership appointments for Members, all amateurs

are invited to join the ARRL Emergency Corps (ask for Form 7).

ATLANTIC DIVISION

Eastern Pennsylvania W3BES {Lerry Mathu 623 Crescent Ave. Glenside Gardens
Maryland-Delaware-D.C. W3BWT W, 132 Tennessee Ave., N.E. Washington 2, D. C.
Southern New Jersey W20XX G. (Blll) Tunnell 22 Wyoming Ave. Audubon
Western New York W2PGT Hardmg A, Clark 753 Westmoreland Ave. Syracuse 10
Western Pennsylvania W3KWL Ernest J. Hlmsky 509 .Beechwood Ave, Farrell
— CENTRAL DIVISION.
{llinois WOAND Wesley E. Marriner G624 College Ave, Dixon
indiana WOIRSG Charles H. Conway 3335 College Ave. Indianapolis 5§
Wisconsin WIORQM Reno W, Goetsch 929 S. 7th Ave. Wausau
DAKOTA DIVISION
North Dakota WOGZD Paul M. Bossoletti 204 Polk St. Grand Forks
South Dakota WONGM 1. 5. Foasberg 509 Idaho Ave., S.E. Huron
Minnesota WOCWB Walter G. Hasekamp 116 3rd Ave., S.W. Crosby
. DELTA DIVISION
Arkansas WSJIC Marshall Riggs Danville
1.ouisiana WS5VT W, J. \hlkmson, jr. Room 313 JTefferson Hotel Shreveport
Mississippi WSIGW Harold Day _ Route 2, Box 333 Greenville
‘Tennessce wW4QT Ward Buhrman V"' 1000 Overlook Ave. Chattanooga
GREAT LAKES DIVISION .
Kentucky W4(.DA W. C. Alcock 155 St. Mildred's Court Danville
Michigan WasCw Joseph R. Beljan, jr. 13959 Tuller Ave. Detroit
Ohio WSPNQ William D. Montgomery 1290 Coolidge Ave. Cincinnati 30
——HUDSON DIVISION. . .
Fanern New Vork W2HZL, Ernest £, George 2044 Lexington Parkway Schenectady 8
N. VY. & Long Island W2KDC Charles Ham, jr. 200 Harvard St. Westbury
Northem New Jersey W2IIN John J. Vital 57 Sayre St. Elizabeth 3
. M‘D\\’EQT DIVISION
lowa WOPP William (. Davis er St. Mitchellville
Kansas WRAWP /\lvm B. Unruh 842 N “Terrace Drive Wichita 6
Missouri WpICD en H. Wend RFD North Kansas City
Nebraska WOROQK \’anham T. Gemmer 1708 West 6th St. North Platte
NEW ENGLAND DIVISION .
C onnecticut. W1VB Walter L. Glover Glover Ave, Newtown
WIGK]J F. Norman Davis RFD 1 N Old Orchard Beach
i«.nstcm Massachusetts WIALP Frank L. Baker, ir. 91 Atlantic St. North Quincy 71
Western Massachusetts WIAZW Prentiss M Pittsfield
New Hampshire WI1AOQ Gilman Academy Concord
Rhode Island WIHRC Clayton C 70 (.olumbla Ave.. Gaspee Plateau, Providence §
Vermont WINDL Gerald Benedict 23 Foster Montpelier
. NORTHWESTERN DIVISION.
Alaska K7CBF August G. Hiebert Box Anchorage
fdaho W7IWU Alan K. Ross ]017 Fastalleiierson St. Boi;
Montana WIEGN Fred B. Tintinger 328 C \’Vhlt,eﬁsh
Qregon WITHAZ R'\lmgh A, Munkres Baker
Washington WITACK Clifford Cavanaugh Route 1 Auburn
- PACIFIC DIVISION
Haw-:h KHG6EL John Souza Wailuku, Mauf
Neva WICX N. Arthur Sowle Box 2025 Reno
'\anta (,lara Valley Wo6BPT Roy E. Pinkham 1061 Fremont St. Santa Clara
[Sast Bay WaTIL Horace R. Greer 414 Fairmount Ave. Qakland 11
an Francisco WONI, Samuel (, Van Liew 215 Yrm\vlea Ave, Daly City
Sacramento Valley WOMGC John R. Kinney 5240 Jay Sacramento 16
Philippines* KAICB Craig B. Kennedy 25 Rnosevelt Road San Francisco Del Monte
Quezon City, Rizal
San Joaquin Valley WG6FKL Ted R. Souza 3515 Home Ave. Fresno 4
ROANOKE DIVISION -
North Carolina WiCYRB W. J. Wortman Duke Power (o, Charlotte 1
South Carolina “'4BOF/4NG Ted Ferguson 2 2 Roscwood Drive Columbia 25
Virginia W4 Walter R. Bullington ]7]0 Oz2k Hill Lane, Rt 1 Richmond 23
West Virginia WSJM Donald B. Morris 303 Home St. Fairmont
ROCKY MOUNTAIN DIVISION
Colorado WeOvYT Glen Bond 2550 Kendall Denver 14
{Jtah-Wyoming WINPU Alvin M. Phillips 3387 Quincy Ave. Ogden, Utah
SOUTHEASTERN DIVISION _
Alabama WAGT\W Dr. Arthur W. Woodsa 411 Wondward Bldg. Birmingham
Wastern Florida WLE \’V7 John W. Hollister 3‘{00 Springfield Blvd. iucksonviue 8
Wr-wu'm IFlorida W4D T.uther M. Holt 223 W. Romana St . ‘ensacola
Geo! V4I)\ [ Clay Griftin 1557 Athens Ave., S.W, Atlanta
\Vesﬁllndies (Cuba-P.R.-V.I) KP4KD Everett Mayer P. O. Box 1061 San Juan 5, P, R,
Cans — — - -
SOUTHWESTERN DIVISION _
Los Angeles WeIlON Vincent J. Haggerty 1017 Indio Muerto St. Santa Barbara
Arizona W7MLL. Gladden C. Eiliott 39 North Melwood ‘fucson
San Diego W6GC Irvin L. Emig 4852 Marlborough Drive  San Diego
WEST GULF DIVISION.
Northern Texas WsD AS/MNL N. ( S w()i() McCommas Dallas
Oklahoma WSHX B x 1 Crescent
Southern Texas ’VSHIF T ( hastain 3l)37 Sa. Staples St. ‘orpus Christi
New Mexico WSSMA Lawfrence R. Walsh P. O. Box 1603 Los Alamos
MARITIME DIVISION.
T "Maritime (Ntid. & Labr. att.) VEIDQ A, M. Crowell 69 Dublin St. Halifax, N. 8.
ONTARIO DIVISION. -
Ontario VE3DU David S. Hutchinson 90 Wellington Road L.ondon, Ont.
QUEBEC DIVISION _—
Quebec VE2GL Gordon A. Lynn ¢/v Radio Division,
Montreal Airport Montreal, P. Q.
VANALTA DIVISION =
Alberta VEOMY Sydney T. Jon P, O. Box 373 Edmonton, Alta.
British Columbia VETWS W, W, Storey 3915 W. 32nd Ave, Vancouver
Yukon VESAK W, R. Williamson Radio Range Sta., D.O.T, Teslin, Y. T.
J— PRAIRIE DIVISION . =
‘Manitoba VE4AM W. Morley 26 Lennox St. $t. Vital
Saskatchewan VESCO Norrnan ‘Thompson 1120 7th Ave.,, N. W. Moose jaw

* Officials appointed to act temporarily in the absence of a regular oflicial,
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DIRECTORS
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l'RANKl l?\l K. MATEJKA.
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Southeastern Division

WILLIAM C. SHELTON. .. .......... W4ASR
527 Revilo Blvd., Daytona Beach, Fla
Alternate: Willlum P, “ld ............. W4AUP
Fleming Road, Moutgomery. Ala,
Southwestern Division
HANS R, JEPSEN ... .. .. iviiuun.,. WEKEI
837 Lthel Ave., No. Hollywood, Callf.
Alternate; Arthur ¥, Hchll‘rermun Ble.ou.., WeCGI

1445 Raymond Ave., Uilendale I, ('ulif,
West Gulf Division

WAYLAND M, GROVES. .. .......... WENW
Box 586, Odessa, ‘Texas
W5NW at Humble Plpe Line Camp, OUdessa

Alternate: Jack T. Moore. .............. W5ALA
4531 ralrwny Ave Dallas 4, Texas




“It Seems toUs..."

THE BOARD'S 'PHONE DECISIONS

The hardest problem in the amateur world
- - what to recommend for 'phone frequencies
in our lower bands — again occupied the major
part of the time and energies of the ARRL
Board of Directors at this year’s annual
meeting. Preparatory study and surveying
bhad been even more marked this year than
usual, so that the examination was made
against a very considerable background of
data on operating conditions and problems,
and on amateur opinion, both here and abroad.
You will all remember that a year ago the
Board asked its Planning Committee to study
the subject as soon as the Atlantic City out~
come was known, and to get up recommenda-
tions for its consideration. The committee’s
report was published in February QST and,
briefly, recommended that the Board request a
50-ke. extension downward of 4-Mec. ’phone
and an expansion up to the top of the band
for 14-Mec. ’phone, and that there be no
American 'phone in the 7-Mec. band. These
three proposals were the focal point of the
Board’s discussion and the subject for decisions
of wide amateur interest not only to us but to
amateurs all over the world — which we’ll
now tell you about in more detail than time
permitted last issue. You fellows realize that
the headquarters officers of the League do not
participate in such matters — for mstance.
they neither spoke nor were spoken to in the
whole course of the frequency debates — but
we were present at the meeting and we can act
a8 reporters and tell you the way it seemed to
us that these matters appeared to the Board.

First, the Board decided to ask that the
75-meter Class A assignment be expanded to
read 38004000 ke. Our occupancy surveys
show that ’phone use of the 3.5 band has in-
creased far more rapidly in recent years than
c.w. use. More than half the activity in the
band, in terms of operating hours, is now by
telephony, and the density of occupancy, in
point of number of stations engaged, is more
than twice as great for 'phone as it is for

!

telegraphy. This has reuslted in particularly
intense congestlon and interference in the
‘phone assignment, which the League thinks
can and should be relieved. Everybody knows
the immense importance of the c.w. traffic
and emergency networks in this band, and it
is of course realized that the lower frequencies
will have to absorb the nets and routine
telegraph activity displaced from the 3800~
3850 segment; but a careful study shows that
the rea justment can be made without grave
injury to c.w. telegraph operation and it is
the directors’ considered conclusion that it
would be in the best interests of the amateur
service to increase the ’phone authorization by
this much.

The Board very quickly decided agamst
asking for the.establishment of any ’phone
facility in the 7-Mec. band, for the reasons so
excellently stated in the Planning Committee’s
report and revolving chiefly around the dis-
turbed and nonuniform allocation of this band
in the international table. There was prac-
tically no sentiment anywhere favoring 40-
meter 'phone.

That brought the Board to the question of
14-Mc. 'phone. The proposal here was to run
Yank ’phone up to the top of the band. That
proposal had been under study for many
months. Every director was armed with
facts and figures, knew thoroughly what the
amateurs in his division thought, and had a
clear opinion on how the matter should be
settled. There had also been a national poll
of sentiment, the responders being about three
to one in favor of the proposed change, but the
poll had been disappointingly small, only
about one amateur in six in the country re-
sponding. This being a DX band, amateurs in
foreign countries had expressed opinions, too,
and formal representations on the proposal
had been made to the Board by the amateur
societies of (Great Britain and France and
informally by the VKs. The problem, of course,
was on the reconciliation of the differing views
of the directors, which diverged from one sec-



tion of the country to another just as the views
of amateurs in general do. It was very compli-
cated, with many different opposing forces,
some of them probably in vectorial relation-
ship —— we’d hate to have to draw a vector
diagram of the situation. We can identify
several of the factors. One consideration was
that most of the W gang who work chiefly
domestically in this band, cooped up in 100
ke., of course wanted the expansion very badly
and pointed at the 3:1 sentiment among the
poll responders. Another factor was that the
¢.w. men of the country, generally alarmed
at the prospect of foreign ’phones having to
come down below W/VE 'phone, were opposed
on the ground that there would be not more
than 50 or 75 ke. of the band left for ¢.w. The
(33, VKs and Fs pointed out to the Board
that 14 is the major worldwide DX band and
that the extension of W ’phone to the top
would ruin DX in the band for both ’phone
and c.w. One of the most significant vectors
in the whole diagram was the opposition to
the plan on the part of 14-Mc. ‘phone DX men
in this country, who wanted that top space
retained for DX 'phone and who similarly
figured that DX would be ruined if the pro-
posal went through. All these points of view
were examined and sifted by the directors and
debated for hours. When it finally came to
the vote the Board found itself, considering all
the factors, divided cleanly down the middle,
50:50. While the tie might have been resolved,
it was felt to be very inadvisable to propose a
change if closer agreement than that couldn’t
be had. You can’t go to FCC with a world-
shaking proposal adopted by a margin of one
vote; nobody would pay attention to it. So,
after further discussion, it was decided to be
best to ask for no changes in the band, a con-
clusion reached by the parliamentary device
of putting the subject on the table. While
half of the directors believed that ’phone
ought to be expanded and were not hapﬁy
with the decision, the other half were equally
opposed to expansion; but it is our impression
that a very large majority of the whole
Board is convinced, after a thorough test of
strength, that the only desirable outcome under
the circumstances was to leave matters in
status quo. It was frequently cited around the
table that we can’t treat 14 Me. as we do our
domestic bands and whack it up to suit our-
selves but must make provisions in it for long-
range foreign DX and the rights of amateurs in
other countries to work between themselves
and not necessarily with us. It was pointed out
that if W ’phone ran to the top of the band
we'd have 200 ke. for that, with 50 kec. below
it for VEs, followed by a minimum of an ef-
fective 75 ke. of foreign 'phones, leaving a
maximum of only 75 effective kilocycles for the
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c.w. of all the world. To leave the band in its
present status permits foreign 'phones to oper-
ate in the top end, followed by our 100 ke. and
the VEs’ additional 50, which leaves a theo-
retical 150 ke. for worldwide c.w.— from
which in practice must be subtracted the
foreign 'phones, particularly Latin, which for
one reason or another do not go to the high
end. It's rugged all around but it certainly
seemed the best solution.

Now how good and sound are those Board
'phone judgments, how willing should all of
us be to accept and embrace them? As we've
s0 often said, there isn’t any solution to any of
these matters that won’t bring a substantial
bunch of howls from some part of the gang.
It’s utterly impossible to satisfy everybody.
Anybody can get up a proposal that suits him
and his group but the fellows of other interests
or in other parts of the country simply won’t
buy it. It’s hard for us, sitting in our own
shacks, to realize that, but it’s simple truth.
This Board of ours is made up of directors
nominated and elected by the licensed ama-
teurs themselves in each of our divisions.
They're good amateurs who have made their
marks in ham affairs, and the% work awfully
hard to get at the facts and do the best possible
job for-amateur radio. No one man or club or
group of fellows of a particularized viewpoint
is smart enough to get up a plan that is better
or that can have wider acceptance than the
decision that a national board of directors
comes to after months of sincere preparatory
work and two days of meetings. It is our belief
that the ARRL Board of Directors is the best
forum in the world for the collection and
analysis of the data and the greatly divergent
opinions on such a subject as this. When those
directors come to a decision on a course of
action, based on an honest search for the great-
est good to the greatest number, it seems to us
that we ought to put personal wishes and
prejudices aside and agree that that is really the
way it ought to be. We all know from bitter
experience that while we want it one way, fel-
lows in other parts of the country want it
several other ways, and we just can’t all have
our ways. There has to be a compromise, to
come as close as possible to keeping the great-
est number happy and to follow the course
that is wisest in the long-range interests of the
game. We think it is demonstrable that that
is the constant policy of the ARRL Board.
We ask all hands to endeavor to adjust them-
selves to the point of view that the demo-
cratic processes of the ARRL mechanism un-
questionably lead to the soundest possible
conclusions for the good of our art.

,{Aé
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Practical Single-Sideband Reception
A ""Phasing’’ Method for Selectable-Sideband Reception

BY DONALD E. NORGAARD, * W2KUJ

s Applying the ‘‘phasing’® method
described last month for the generation
of an s.s.s.c. signal, a receiver can be
built that will select one or the other
sideband of a normal a.m. or p.m. sig-
nal. By using an automatic ‘“‘lock-in,”
easy reception of an s.s.s.c. signal (with
a small amount of pilot carrier) can be
obtained. This article, the last in the
series by W2KU]J, tells how the system
works and gives pertinent information
for its construction.

N the course of work on a single-sideband com-
munication system a new method of single-
sideband reception was developed as a part

of the system. The performance of receivers em-
ploying this method proved to be so much better
on conventional transmissions than the perform-
ance of ordinary receiving methods that rather
extensive tests were made in receiving signals in
the amateur bands. The results obtained under
these severe conditions were s0 encouraging that
the desire to share this experience with fellow
hams motivates the writing of this article.

The concept involved in this system is essen-
tially the reverse of that described in a previous
article dealing with generation of single-sideband
signals.! It is hoped that the following presenta-
tion is sufficiently clear to enable those who want
to improve their receivers by a significant amount
to do so without difficulty. This is not a ‘“‘nut-
and-bolt” description; instead, it is a description
of a receiving system of rather general applica-
tion.

Sidebands & Carriers

The fact that sidebands — and sidebands alone
------ provide transmission of intelligence makes
single-sideband systems possible. In the case of
amplitude modulation or phase modulation, the
carrier (by definition of these modes ,of trans-
mission) must be transmitted along with the
sidebands that appear in symmetrical pairs about
the carrier. The carrier plays no part in the trans-
mission of intelligence, but it is used in normal
reception to act as a “key’’ for the demodulation

* Research Laboratory, General Electric Co., Schenec-
tady, N. Y.

3D, E. Norgaard, “A New Approach to Single Sideband,"”
QST, June, 1948.

2 M. G. Crosby, *Exalted-Carrier Amplitude- and Phase-
Modulation Reception,” Proc. I.R.E., Sept., 19045,
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(detection) process. Sometimes this key fails to
work because of selective propagation or be-
cause of interfering signals that reach the detec-
tor along with the desired signal. The result is
either partial or complete loss of the desired
transmission.

Extreme selectivity ahead of the detector in a
receiver can help prevent blanketing effects from
strong adjacent-channel signals, but in itself is
not a complete solution to the problem of ama-
teur ’phone reception. To carry the analogy of
the key a little further, it might be said that
every transmission must be ‘‘unlocked” by a
key — the right key — in order to be received.
The transmission can be jammed by other keys
that fail to work or prevent the right key from
being used. The obvious solution to this situation
is to keep the right key in the receiver all the time,
50 that other keys cannot jam the detector. This
is basically the idea of ‘‘exalted-carrier’’ demodu-
lation,? in which a strong “synthetic’’ carrier is
supplied to the detector to demodulate the side-
bands of the desired transmission and to make
other signals subsidiary to this one key signal.
Reception of c.w. signals has always employed
this principle, but it can be applied to ’phone
reception, too.

Oxcillator

100 o 180 Demﬁ‘:" ;‘ tor No.§ Output
voifs peak -
. Signal
L Source
Demidu ke No.2 Output

Fig. 1 — The elements of a dual exalted-carrier de-
modulator.

Single-sideband reception can be employed on
either single-sideband transmissions (s.s.s.c. or
c.w.) or on double-sideband transmissions (a.m.
or p.m.), since in the latter the upper and
lower sidebands contain identical information in
duplicate. It has been found that the combination
of exalted-carrier operation and single-sideband
reception is of great benefit in overcoming the
vast devastation caused by QRM and selective
fading. Another feature of this mode of reception
is that with a receiver so equipped one may listen
to either of the two sidebands characteristic of
a.m. or p.m. transmissions (and dodge some
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Reach Low —pass
R-C
Tube Filter
Oscilalor Demodulator
100 fo 180 Ne
volis peak No.4 { Output
[]
Source
No.2 No.2 Output

Fig. 2-—~ A block diagram of a dual exalted-carrier
demodulator with automatic carrier synchromzauOn
Such a system can be used to “lock in” on a small
amount of carrier sent along with an s.s.s.c. signal, or it
can be used for single-sideband (or double-sideband)
reception of conventional a.m. or p.mn. signals.

QRM), receive s.8.s.c. ’phone transmissions of
either upper or lower sideband, or receive c.w.
signals in real single-signal fashion.

Dual Exalted.Carrier Demodulator

A brief explanation of Fig. 1 is in order, since
an understanding of the characteristics of this

form of exalted-carrier demodulator will make it
easy to follow the explanation of the single-side-
band receiving system as a whole. Two relatively
strong signals of the same frequency but having
90° phase relationship are supplied to the two
demodulators by the oscillator and the 90° phase-
shift circuit as indicated. These signals may have
a peak voltage of 100 to 150 volts each. If a one-
volt signal having a frequency, for example,
1000 cycles different from that of the oscillator,
is applied to these demodulators, the output of
each will be a heterodyne tone of 1000-cycle
frequency at one-volt amplitude. The interesting
and useful thing about this otherwise common-
place result is that the two output signals will
have a 90° phase relationship, and this will hold
true regardless of the heterodyne frequency. This
phase relationship reverses, however, when the
one-volt signal causing the heterodyne is on the
reverse side of zero beat. In other words, if the
small signal has a frequency lower than that of
the oscillator, a plus-90° phase relationship is
produced; if the frequency is higher, a minus-90°
phase relationship results.

The phase relationship between the output
signals of the two demodulators thus gives an in-
dication of whether the frequency of the signal
producing these two heterodynes is lower or
higher than that of the oscillator. This is a point
to remember a little later on. A related fact is
that the voltage output of each demodulator at

I
Ca éﬂ.‘
b s v, b3
2Rs RaZ 3 2y Ry
< T .90% Output
N W' I Nai
r ] L c
rd Cuzm T8 T
* 1 =
:)
2 A
Re¥ T L L =
3 < > ¢, =
1 CIJ. <Ry .LCG ;R"T q‘: Output
Cs| 7 2P 2 No.2
& Ry Z2Ce = [t
s = =
LT
004
> =, ™y
Fig. 3 -~ The schematic diagram of a dual exalted- o o
carrier demodulator. Values of resistors and capacitors %" ohv Input

are =20% unless otherwise specified.

Cp—5-to 25~uufd.. air t.nm.mcr.

Cz — 0,0022.4fd. mica or ceramic.

Cs, Cy, Cs, Cu, C13 — 0.01-ufd. paper.
(4 ~— Approx. 5-pufd. mica or ceramic.
Cg — 0.1-ufd. paper.

Ca — 1.0-pfd. paper.

Co — 0.001-pfd. paper, mica or ceramic.
C10 — 100-gufd. mica or ceramxc

st, Cu, Ci7, Ci8 — 47-ppfd. mica or ceramxc, *5%.
Cis, C16 — 470-ppfd. mica or ceramic, =
Ra, Rio — 0.1 megohm.

R¢— 470 ohms.

Rs, Ri2 — 62,000 ohms, 2 watts.

Re, Ri1 — 33,000 ohms, 2 watts.

R7 — 820 ohms.
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Rs — 10,000 ohms.

Ro — 2.2 megohms.

Ris, Rus, Ris, Ris — 0.24 megohm, =5%.

Ri17, Ris — 56,000 ohms, =5%.

Rio — 3300 ohms.

All resistors }4-watt unless otherwise mentioned.

L1 — 2.3-millihenry choke. (National R-100 tapped
between first and second sections.)

Lz — 50-microhenry coil, approx. (to resonate with C3
at intermediate frequency).

Ty -—1.£. tranaformer with coupling adjusted to provide
equal primary and secondary voltages.

\ i Q:J 7 reactance tube.

\’3 -— f)_HG demodulator No. 1.

Vi — 6H6 demodulator No. 2.

t
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Each of these effects
described is produced
independently of any
other when the signal applied consists of several
components of different frequency. In this re-
spect, the circuit is linear.

Naturally, Fig. 1 has been simplified a little for
purposes of explanation. The oscillator serves as a,
synthetic carrier that is so large compared to all
other signals that it controls the action of each
demodulator. The signal source may be the r.f.
and i.f. portion of a receiver. The oscillator op-
erates at intermediate frequency, replacing the
b.f.0. of the conventional receiver set-up.

Tse can be made of the d.c. output of one of
the demodulators to control the frequency of the
vscillator so that it will synchronize automati-
cally with a selected component of the input sig-
nal. If this selected component is the carrier of a
'phone signal, the sidebands will be demodulated
against the synthetic carrier acting as a substitute
for the real carrier. The block diagram of Fig. 2
illustrates an exalted-carrier demodulator that
has an automatic synchronizing arrangement in
addition to the elements shown in Fig. 1. Fig. 3
is a schematic diagram of such a circuit.

exalted-carrier demodulation.

Single-Sideband Receiving System

The block diagram of Fig. 4 illustrates a single-
sideband receiving system that employs the
exalted-carrier demodulator of Figs. 2 and 3
driving phase-shift networks that have the
property of 90° differential phase shift over a
wide range of audio frequencies.! The operation
of the system dépends upon the transmission
properties of the phase-shift networks to resolve
the demodulator output signals into two groups,
the upper- and lower-sideband responses. Fig. 5
will be helpful in understanding the action.

Suppose a single incoming signal has a fre-
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Fig. 4— A block ‘diagram of a single;sidvhand receiving system incorporating

quency lower than that of the synthetic-carrier
oscillator. The output signals of the two de-
modulators are two audio tones of identical fre-
quency and amplitude, but one signal (the one
from the No. 1 demodulator, for example) leads
the other by 90°. If the « network has 90° more
phase delay than the 8 network, the signals at
the output terminals of these two networks are
in phase, so that the vector sum of these two sig-
nals appears at the output of the “sum’’ network.
If, however, the incoming signal had a frequency
higher than that of the oscillator, the No. 1 de-
modulator output would lag the No. 2 demodula-
tor output by 90°. The signals at the output
terminals of the phase-shift networks would then
be out of phase, and their vector sum would be
zero. Thus, the sum circuit contains only signals
created by incoming signals of frequency lower
than that of the synthetic carrier, or lower side-
band. In the same way, the “difference’ circuit
contains only upper-sideband signals. When both
upper- and lower-sideband signals are applied to
the demodulators at the same time, these actions
take place independently, with the result that

Demodulator Phase-shift “Difference” Upper
No. Network I Circuit [ sideband
oc
0.
£90° or
180
Demodutator’ Phase-shift 1 “Sum” Lower
No. 2 Negark Circuit sideband

Fig. 5 — 'l'he single-sideband selection is obtained
by codperative action of two demodulators and phase-
shift networks. .
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upper and lower sidebands are separated simul-
tancously. The dividing line between upper and
lower sideband is the frequency of the synthetic-
carrier oscillator. When this oscillator is syn-
chronized with the carrier of an incoming signal,
the sidebands thus defined coincide with the
sidebands of that signal.

o
Network

[——0 Output
| 92

-4

I3
Network

Fig. 6 — I'he method of connecting the “sum” and
difference” circuits to the phase-shift networks. In
positions 1 and 2, the switch gives output from one
sideband or the otber, while positions 3 and 4 give
demodulated double-sideband outputs.

The phase-shift networks, o« and 8, have been
described previously.! The sum and difference
circuits are simply potentiometers which can be
connected to the outputs of the phase-shift net-
works as shown in Fig. 6. These serve as balance
controls that should be set for maximum attenua-
tion of the unwanted sideband. The upper- and
lower-sideband outputs from these sum and
difference circuits can be used simultaneously to
drive separate output channels if desired. A
simple switching arrangement such as that indi-
cated in Fig. 4 permits either sideband range to
be used in a single channel. Positions / and 2
are the separate demodulated-sideband outputs,
while positions 8 and 4 are demodulated double-
sideband outputs. Since the signal level at these
points will be only about }{¢ volt, an amplifier is
required to bring the signal to a level suitable for
further use. The use of the filter (indicated by
dashed lines in Fig. 4) is optional. Its purpose will
be explained later.

It is important to drive the demodulators of
Fig. 4 from a source of low impedance. This is
conveniently done by using a cathodp follower
acting as an impedance-reducing device to couple
the signals from the i.f. amplifier of the receiver
into the demodulators. Of course, any other
means that accomplishes the same resylt should
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be equally satisfactory. Care should be taken to
insure that the last i.f. stage of the receiver is not
operated in such a way that distortion occurs,
since distortion can cross-modulate signals and
impair the otherwise good performance of the
system. A diode detector left in the receiver is
quite likely to cause considerable distortion. A
suitable input. level for the demodulators is
about 0.3 volt (r.m.s.) or 1 volt, peak-to-peak.

The attenuation of unwanted sidebands will
be in the order of 30 db. or so from 60 to 7000
cycles per second. As in the case of generation of
single-sideband signals using 90° phase-shift
networks,! the attenuation of the undesired
sideband depends in part on how nearly the
phase-shift networks hold 90° phase shift over the
band of audio frequencies. Similarly, there are
other factors that can prevent realization of ideal
operation. Distortion in the receiver ahead of the
demodulators has already been mentioned as one
cause for imperfect performance. Distortion oc-
curring in the coupling tubes of the phase-shift
networks because of operation at too high a sig-
nal level is apother. Serious amounts of these
effects can be avoided by the choice of operating
conditions, so that the performance is not greatly
poorer than the limit set by the phase-shift net-
works themselves.

Receiving-System Characteristics

The design of the phase-shift networks permits
rather good attenuation of an undesired sideband
in a sideband range from 60 to 7000 c.p.s. The
characteristics of the networks are such that the
response of the entire system of Fig. 4 in the non-
rejected sideband range is usually limited only
by the bandwidth of the intermediate-frequency
amplifier of the receiver used as a source of sig-
nals. Thus, high-fidelity operation is inherently
possible. An example of the type of operation that
may be expected with the system described in
this article is illustrated in Figs. 7-A and 7-B,
which are plots of attenuation versus frequency.
An overly-generous bandwidth of 12 kilocycles is
assumed for the i.f. system of the receiver used
as a signal source. The actual response is indicated
as curve I, which might be measured at the out-
put of either demodulator of Fig. 4. When the
synthetic carrier is set at the center of the band
as indicated, the apparent i.f. response measured
at switch position 1 would have the appearance of
curve 1-U, while at switch position 2 the response
would be as indicated by curve 1-L. This certainly
is single-sideband performance, since curves 1-UJ
and I-L overlap one another only an extremely
small amount near the carrier. With the i.f. band-
width of 12 ke., each sideband is about an octave
wider than is desirable for reliable ’phone com-
munication. A narrower i.f. amplifier will reduce
the bandwidth, but somewhat more satisfactory
results can be obtained by using a 3-kc. low-pass
aydio filter to limit the epparent i.f. bandwidth to
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the value desired. The response characteristic ob-
tainable in this manner is shown in Fig. 7-B. The
sideband-rejection performance near the carrier
is unaffected, but the bandwidth is effectively
limited to 3 ke. in each sideband position (curves
2-U and 2-L). Double-sideband reception in posi-
tions 8 and 4 doubles the apparent i.f. bandwidth
for the same audio response.

It can be appreciated that single-sideband re-
ception of double-sideband signals offers substan-
tial opportunity to avoid interference by choice
of a sideband region least contaminated by QRM.
The signal-to-noise ratio suffers with this mode
of operation because only one of the transmitted
sidebands is heard. This is not the fault of the
receiving system, however. The real fault is that
double-sideband transmission uses twice as much
bandwidth as is necessary and has only half of
its initially small ‘‘communication” power in
each sideband. In addition, carrier heterodynes
are the greatest source of QRM. Single-sideband
transmissions overcome most of the problems of
operating in congested bands, even though there
is no alternate choice of sideband possible at the
receiver. Such transmissions reduce the carrier-
heterodyne problem to the vanishing point.

Carrier Carrier *

Y L 2 ! a-L
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Fig. 7 — Over the range for which the audio phase-
shift networks hold close to 90° difference, the apparent
i.f. response of the system is determined (in combination)
by the i.f. and audio bandwidths. The characteristic
with no audio filter is shown at (A), and (B) demon-
strates how greater effective selectivity is obtained with
an audio filter. '

Until s.8.8.c. ’phone transmission is the only
type a receiver must battle, there will always be a
lot more trouble from QRM than is really neces-
sary. There are, however, several possible meth-
ods of improving reception under the present
conditions. One of these methods — single-
sideband reception with exalted carrier — has
been described. Frequently (although not always)
this type of reception will do the job. It fails
when interference exists simultaneously in both
sidebands. This reason for failure suggests a re-
ceiving technique that has been found to be so
helpful that it bears explanation.

It is a fact that the separate sideband responses
occur simultaneously and independently at the
output points of the sum and difference circuits
of Fig. 4. These are identical signals when a
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double-sideband signal is being received with-
out QRM. Interfering signals (except for the
rare case of zero beat) will certainly make these
two outputs very different although. each still

_contains the desired signal. If a pair of head-
" phones is connected through separate amplifiers

so that each ear hears each sideband separately
and in proper phase, the brain apparently com-
bines the similar intelligible sounds and rejects
interfering dissimilar sounds as being entirely
counterfeit. At first thought this is unbelievable,
but in many cases studied neither sideband was
readable by itself, although when the double
technique was used the combination definitely
could be copied. The effect is difficult to describe,
but it does exist and is a powerful aid in reading
through QRM. It sounds a little like black magic.
Maybe it is, but it does make good use of the
fact that normal hearing is based on the use of
two ears that enables us to separate undesired
sounds from what we want to hear, by means of
binaural hearing. Dual single-sideband reception
of double-sideband transmissions adds another
dimension to radio.

Conclusion

In this series of articles an effort has been
made to point out the advantages of single-
sideband ’phone communication for amateur use. ,
At the same time, practical methods for trans-
mission and reception of this type of signal have
been shown and explained. There are disad-
vantages in everything, and single-sideband is
no exception. It is believed that most of the
disadvantages of single sideband are those shared
by most new developments of a technically-
sound nature; namely, inexperience on the part
of the user. As time goes on, more amateurs will
use single-sideband transmission, and particular
problems associated with its use will be solved.
It has been gratifying thus far to find so many
amateurs keenly interested in the subject and
who have little difficulty in receiving single-
sideband signals even without special receiving
gear. It iy this spirit — this desire to try new
things with an open mind — that points the
way to general adoption of single-sideband trans-
mission for amateur ’phone work. It is a fact of
long standing that amateurs are anxious to adopt
techniques that improve their enjoyment of
radio. The opportunity to do something really
significant in this respect is ours again. We have
the desire, the ambition, and the talent it takes.
The reward is better communication and a chance
to lcarn something new. It really 73 up to you.

SWITCH
TO SAFETY!
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A Counterbalanced Tower
Array Adjustments Made Easy

BY B. F. DAVIDSON,* W8RWO

DJUSTING a rotatable antenna, once it has
A been installed on top of the tower, is al-
~ ways a difficult if not hazardous under-
taking, By the time one has climbed to the top of
a 40- or 50-footer a half-dozen times, he usually
loses his enthusiasm for an on-the-nose trim and
is content to let it ride as it is. After six or seven
years of this, we decided to see what could be
done to improve the situation. One idea we had
considered for some time was a scheme for tilting
the tower to ground for antenna adjustments and
repairs.

The tower, patterned after a QST design of
geveral years ago, is a tapering 40-foot four-
legged lattice structure. To determine the feasi-
bility of a counterbalanced arrangement, the
tower was lowered to the ground. A point 16 fect
from the base was selected as the most convenient
spot for the hinge or pivot. Accordingly the mast
was propped up on a length of 24 which served
as a fulerum at this point. Known weights, such
a8 buckets of water, sacks of cement and the
author’s own weight, were used to simulate actual
conditions. A 50-pound weight, representing the
antenna, was placed at the top end of the mast
and then counterweights were added at the
bottom end to balance. It was found thai the
tower could safely carry a counterweight of up
to 200 pounds.

The cradle which supports the hinge consists
principally of a pair of 4 X 4 uprights, spaced
slightly more than the width of the tower. These
are joined by 2 X 2 cross-members and held se-
curely in place by angle-iron braces. To prevent
rotting out at the base, the bottom ends of the

#1665 Arcade Blvd., Sucramento 15, Calif,
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Anchorages for the tower legs and the hase of the
supporting cradle are sct in cement. The counterweights
are attached to the tower legs with bolts.

4 X 4s are not imbedded directly in the cement
base, but are supported about 4 inches above the
ground on 3-foot lengths of angle iron set in the
concrete. The lower ends of the angle-iron braces
are fastened to heavy bolts embedded in the
cement.

The hinge consists of a pair of iron pipes, one
rotating within the other. The outer pipe is
fastened to a panel on the tower, while the inner
pipe, which serves as the axle, is supported in
holes at the tops of the 4 X 4s.

When the cradle is ready, the base of the tower
can be hoisted up into position with the top end
lying on the ground. When the pipe on the tower
is lined up with the holes in the tops of the 4 X 4s,
the inner pipe can be slid through the holes and
the vuter pipe. The tower can then be swung up
into a vertical position by pulling downward on »
rope attached to the base of the tower. The
counterweight to be attached to the base of the
tower can be chosen to suit any desired degree of
unbalance, remembering that the weights at the
ends to maintain balance are in inverse proper-
tion to the lengths either side of the hinge. Thus,
disregarding the weight of the mast itself, a
pound added at the top end is compensated for
by a counterweight of 114 pounds at the base,
when a 40-foot tower is hinged 16 feet up from the
base. After the antenna has been mounted,
different weights can be hung temporarily on the
base to find the counterweight that makes
raising and lowering easiest. The counterweights
shown in the photographs are made of cement and
are bolted to the legs of the tower. When the mast
is up, the bottoms of the legs are fastened to
anchorages molded in the cement base.

¢

Antenna adjustments are made easily at the ground.
Raising and lowering the antenna and mast top scction
take but a few minutes.




While a fair amount of work is required to
construct a tower of this type, the resulting ar-
rangement is well worth while. T'o lower the tower
it is necessary only to remove the four bolts at
the base and push the lower end free of the an-
chorages s0 that it swings on the hinge. A 20-
pound pull of the rope from the top brings the
antenna down where you can work on it.-

The tower measures 29 inches between legs at
the base, tapering to 11 inches at the top. The
four corners are made from 1 X 2 pine stock,
laminated to make 2 X 2s. This makes it possible
to keep-the splices from occurring at the same
height on all four corners. The various pieces are
nailed together and glued with casein glue for
additional strength and to keep the weather out.
The cross-members are made ot laths. The hori-
zontal members are spaced every 21 inches with
diagonal bracing in between. The cement base is
32 inches square and 30 inches deep with large
bolts set 6 inches decp to hold the brackets for
anchoring the mast and the cradle which provides
additional support for the tower. Before mount-
ing the tower, it should be given at least two
coats of a good-grade house paint. The hinge
arrangement makes it easy to repaint when this
becomes necessary.

About the Author

¢ The next time you hear W6RWO’s
husky signal on ten, you’ll be quick to ap-
preciate the painstaking handiwork Mr.
Davidson has expended to make every
antenna watt count. On occasion, he
also takes a crack at low-power operation
on 80, 75 and 40. First licensed in 1939,
W6RWO holds amateur Class A and com-

mercial radiophone first-class tickets.

¢

Bringing the antenna down for adjustment. When
the counterweight is properly adjusted, only a 20-
pound pull on the rope attached to the top is required
to tiit the tower to ground.

Above: Looking skyward. This view shows some of
the details of construction of the tower and the sup-
rorting cradle. 'The 2 X 4 bracing for the cradle was
ater replaced with angle iron.

Below: W6RWO’s 40-foot tilting lattice tower with
the 10-meter rotatable array in place.
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Low-Pass Audio Filters

Filter Design for Speech Amplifiers

BY ROBERT W. BUCHHEIM, * W9JTH

¢ Here is a simple description of how low-
pass filters end up with the configuration
they do. On the practical side, it gives
the simple formula necessary for build-
ing a low-pass filter for that new speech
amplifier of yours.

T i the purpose of this article to discuss a
I systematic outline of low-pass-filter operation
and design from the point of view of the radio
amateur. Interest in such a problem has arisen
largely through the excellent efforts being put
forth to secure more efficient utilization of the
‘phone bands allotted to amateur use, by means of
speech clipping and limiting of modulation
frequencies.
The intelligibility requirements are quite well

Amplification

Frequency fe
Fig. 1 — A plot of amplification vs. frequency in an
ideal low-pass filter. Such performance cannot be real-
ized in practice.

satisfied if frequencies up to about 2500 cycles are
amplified by the speech system and all others
may be 'more or less rejected — preferably more.
If an amplification @ is required for a speech unit
in the “passband,” the plot of amplification with
frequency should look like Fig. 1, in the ideal case.
This means that the filter circuit would attenuate
all frequencies above the cut-off frequency, fe,
and pass freely all lower frequencies. In the
practical case these requirements must be changed
to attenuate as much as possible all frequencies
above cut-off, and as little as possible those below
cut-off. So the actual plot of attenuation with
frequency should look something like the curve
of Fig. 2.
Type of Filters

"Two general types of filters are available: the

*]epartment of Electrical Engineering, Yale University,
10 Hillhouse Ave., New Haven, Conn.
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T and . Only the = will be considered because it
can be shown that it involves one less coil than
the T for the results desired here. Also, it can be
more easily made to develop an input impedance
that is constant with frequency, thus yielding
flat response from the speech amplifier. The =
filter is of two kinds: the “prototype,” or basic
structure, and the “m-derived” type, which is a

Attenuation
(éb)

Frequency (cycles)  fc

Fig. 2~ A plot of attenuation vs. frequency in a
practical low-pass filter. The attenuation of the filter
is low within the “passband” and high beyond the cut-
off frequency, fo.

revised form of the prototype. See Fig. 3.

Both of these forms are generally used to secure
the desired attenuation curve. To design the
filter we shall be concerned with the individual
characteristics of these forms, and also with

TABLE I
Design Formulas for the Filter of Fig. 8.

1
C2 = 340Rr.
(Y 1 —
73 7 279Rf,

Y mm e
C4 = Ta8RS,

‘75=5.9é__1'€f1
L1=a;~.flii4ﬁ
I = e
Ls=1{5—ﬁ
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g T,

©rototype T1 filter section

[ El— |
m—derived TV filter section

l_?ig..? —:I‘he two basic configurations of low-pass
=-filter sections.

impedance matching within the structure when
combining sections. Mismatches tend to spoil the
over-all filter characteristics, and needlessly,
because rather good matches are obtainable with
no increase in the complexity of design or con-
struction.

The attenuation curves of the prototype and
m~derived type are shown in Fig. 4. These show
that the prototype attenuates better and better

=
-3
B
3
£
-C
fC
Prototype «
= \
=
g
3
g
<
fc
m~derived

Fig, 4 — 'Typical attenuation curves of prototype and
m-derived low-pass filter sections.

as the frequency increases above cut-off, while
the attenuation of the m-derived type goes up
very sharply just above cut-off, but it then drops
rapidly and attenuates less and less well as the
frequency is raised. Apparently, then, if one of
each of these could be incorporated in a filter, the
total attenuation would be their sum, yielding a

——

A

Attenuation  (dh),

fe
Frequency (cycles)
Fig. 5 — Combining the two curves of Fig. 4 results

in an over-all characteristic that closely approaches the
ideal of Fig. 2. .
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TABLE II
Design Formulas for the Filter of Fig. 8, for a
Cut-Off of 3000 Cycles.
P N
17042 X 10%R
1
Oy = =i
*710.47 X 10%R
o = - 1
"3 T R3.7 X 10°R
RIS S
47 1344 X 10°R
1
@ T R
Ia
Lin =3 e —
11.76 X 103
"R
Ls =375 X 103

curve like Fig. 5, which is rather close to the ideal
of Fig. 2.

Now it is well known in filter theory that, for
proper operation, a filter must be terminated in
its “characteristic resistance,” but this resistance
ordinarily varies widely in value over the pass-
band and so cannot he represented by an ordi-

\A_/

Attenustion (db)

[

Frequency (cycles)

Fig. 6 — By adding an additional m-derived section
having its highest attenuation at point 4 in Fig. 5, the
over-all characteristic approaches the ideal still more
closely.

nary resistor. However, filter theory further shows
that a satisfactory match between an ordinary
resistor and a prototype filter section can be
secured by placing between them a properly-
proportioned m-~derived structure. We have al-
ready decided that we need a prototype and an
m~derived section for our required attenuation
characteristic,c so we can secure impedance
matching within the filter with no added effort.
The curve of Fig. 5 has one discrepancy — the
dip in attenuation at the region 4. This mini-
mum will likely come dawn to about 25 to 85 db.
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end sechion
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BuiMing- out m-derived

condenser

Profotype

Fig. 7 — The circuit obtained by combining the various ele-

ments of the low-pass filter.

in a filter containing just the single prototype and
single m-~derived section considered so far, but a
minimum attenuation of about 40 db. is desired.
The remedy is simply to add into the filter

Terminating
resistor

a specific cut-off frequency of 3000 cycles,
element sizes can be found by reference to -
Table II.

A sample filter-network design was set up
and tested. The element values calculated,
and those actually used, are listed and com-
pared in Table III.

The experimentally-determined attenua-
tion curve of the filter structure is plotted in
Fig. 9. Zero db. is taken as an input- to out~
put-voltage ratio of unity.

In incorporating a section of this sort in a
speech amplifier, it is best to use a pentode
tube to insure flat response, because of the
high plate resistance of pentodes. The gain (7 of

70

another m-derived section whose frequency
of maximum attenuation coincides with the
point A. The total filter characteristic is

such a stage is given by

then as shown in Fig. 6, and adequate sup-
pression is secured at all the frequencies to
be rejected. This additional section can be

30

G=gnlt

placed between the prototype and original
m~derived section without disturbing the

9
o

condition of matched impedances at all
junctions.
A final consideration is the input im-

Attenuation (db.)

3

pedance of the filter, since it is this im-
pedance that acts as a plate load to the
tube feeding the structure. To secure flat

response from this tube it is necessary to
“build out” the filter by adding an addi-

tional shunt condenser of proper size across - 1
its input terminals.!
Combining all these factors, the filter

network is basically as shown in Fig. 7, and 100
by lumping elements together, the com-
posite filter of Fig. 8 results. This represents
a practical form, and element values can
be calculated from the formulas given in
Table I. In Table I, f. is the cut-off frequency
and R is the size of the terminating resistor. For

! Wheeler, ‘ Wide-Band Amplifiers for Television,’’ Proc.
I.R.E., July, 1939. The added capacitanceis equal to the ca-
pacitance of one condenser in the prototype section.

ls Ls
L ==ss=2z z==Z==
Csy Cs
ettt —C2 —Ca R
80—
Lo

Fig. 8 — A practical low-pass filter results by combin-
ing the parallel condensers of Fig. 7. Component values
can be found from the formulas given in Table L.
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%00 700 1000 2000 3000 5000
Frequency (cycles)

P00 25000

Fig. 9 — Measured performance of the low-pass filter using
the actual values given in Table III.

where g, is the transconductance of the amplifier
tube and R is the value of the filter terminating
resistor.

TABLE III

" Calculated and Actual Values for the Filter of
gigll. 8 and 9. The Cut-Off Prequency is 3000
ycles.

Size

Calculated

Element Size Used
h 0.0438 pfd. 0.043
sy 0.039 0.039
(0% 0.00485 1,005
[N 0.0304 0.03
s 0.0232 0.023
A 0.26 henry 0.26
Lz 0.208 0.185
2 0.0777 0,075
R 2450 ohws 2450

QST for




Fun on 420 with the BC-788

Getting on the Air with War-Surplus Altimeters

BY FRED D. CLAPP,* W6DSZ

crviTy on the 420-Mec. band in the Berkeley,
Calif., area was started in the summer of
1947 with the use of converted BC-788
rigs by WBJLE, W6ZDJ and W6QT. A note in
the “World Above 50 Mec.” in November 1947
QST regarding the activity here and recounting
a 176-mile two-way QSO made with two of the
altimeters brought so many requests for informa-
tion that this paper was prepared to prevent a
serious case of writer’s cramp from bccoming
permanent!

The BC-788 (or SCR-178) is a pulsed altimeter
cquipment used by the Air Forces during the
war as a terrain-clearance indicator. Its prin-
ciples of operation and complete schematics of
the original circuits are given in the June 1946
issue of Electronics. Because of its compact con-
struction and conveniently-valued components,

;___C -
F e ——
315V
HSV. AC.
3A. - o
O—e
Fuse 5Y3

he used. In the receiver, the high-frequency
oscillator must be equipped with a tuning control
for convenience of operation. The pulse detector
is replaced with an a.m. detector and an audio
stage and loudspeaker are added. A modulator
must be built for the transmitter, means pro-
vided for switching from send to receive, and
(last but not least, as proved by bitter experi-
ence) the grid leak of the transmitting tube
altered from 500 ohms to something like 10,000
ohms, causing the 6J6 life expectancy to increase
from its previous value of about ten minutes!

Power Supply

Most of the conversions have left the original
800-cycle filter intact for possible use with
genemotors in portable applications. An external
filter must still be provided, however, as the
internal induct-
ance of 5 henrys

I_?tii?e‘i‘“ ao. and the two con-
shy 1 I densers of 2 ufd.
o each are inade-

xmtr. quate for 60-

4 cycle operation.
In some instances

Lyl

i
i

- T
Euv. Filaments

Fig, I — Schematic diagram of power supply and control circuits for use with the converted

surplus BC-788 altimeter unit.

it lends itself peculiarly well to amateur work on
the 420-Me. band.

The gear as originally used consists of an
800-cycle power supply of conventional design,
a superhet receiver with 5 stages of i.f. having a
bandwidth of 5 Me. centered at 30 Mec., & pulse
modulator operating at a submultiple of a 98.356-
ke. crystal frequency, and a small transmitter
using a 6J6 tube as a push-pull TNT oscillator.
Both transmitter and receiver are equipped with
quarter-wave lines tunable from the front panel
by means of screwdriver adjustments. The origi-
nal frequency range sandwiches the amateur
band of 420450 Me. very nicely without neces-
sity for changes in the r.f. circuits of either trans-
mitter or receiver.

In modifying the equipment for ham use, the
following steps are necessary:

A well-filtered power supply capable of 250-300
volts at about 80 ma. must be supplied. Most of
the componenta of the built-in supply will also

#978 Grizzly Peak Road, Berkeley 6, Calif.
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improved stabil-
ity has resulted
from the installa-
tion of an addi-
tional 20-ufd.
condenser across
the output side of the internal filter.

The center line of equipment on the chassis
which contains the pulse modulator, crystal
oscillator and power-supply rectifier is all re-
moved except for the rectifier tube socket, power
transformer and filter components. Following
Iig. 1, a change-over relay is provided to switch
from send to receive and suitable chassis con-
nectors and a microphone plug are mounted to
bring out the external leads. A four-inch p.m.
loudspeaker and its matching transformer arc
mounted on the panel near the left end of the
chassis,

L

| P

Mic. Hand ¢ Send
Switch -l;

Receiver

Experience has shown that it is not necessary
to tune the mixer circuit for ordinary operation
over the amateur band. Several ideas have been
tricd for tuning the oscillator from front-of-
panel, ranging from a semicylindrical slug of
brass rotated in the field close to the hot end of
the tuning line (as used by W6JLE) to the use
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of a small condenser similar to that on the
mixer circuit, and finally to a mechanical ex-
tension of the line tuning screw to a knob (as
used by W6DSZ, W6QT and others). The latter
method gives the full range of tuning of which
the unit is capable, but must be applied with
care to prevent wearing out the lines. The use of
some substance like Lubriplate is essential if
noisy operation is to be avoided. A small dial
with a geared-down indicator is convenient since
about 15 turns of the screw are necessary to tune
the receiver over the full range, 8 turns covering
the amateur band, although this varies with
some receivers. The middle of the band is found
with the lines on both receiver and transmitter
at about two-thirds of their full length.

Fig. 2 shows the detector and audio system
used in several of the conversions. The audio
output is taken from the cathode of the detector
tube to avoid oscillation difficulties encountered
when the load was placed in the plate circuit.
The circuit operation is identical with a con-
ventional plate detector in every way except that
the phase of the audio output is reversed with
respect to ground from that obtained with a
plate load.

The audio output tube is a 6V6. If desired, the
modulator tube may be used for receiver audio
with suitable switching, but this has been thought
inconvenient by most hams, and plenty of room
is available for the extra tube. Also, the use of a
separate output tube makes it possible to leave
transmitter and receiver on simultancously (by
shorting the send-receive relay with the switch in
Fig. 1) for alignment purposes, or for using feed-
back oscillation for m.c.w.

Transmitter
The old rectifier tube socket is rewired for a
6V6 modulator tube which is driven directly by &
single-button microphone as shown in Fig, 3

To Screen
Supply o4

6AGS

lack of an air gap in the core), a trick is used in
which the high voltage is fed in at the center-tap
and the modulator and transmitter fed from
opposite ends of the winding.

The resistor, R, and condenser (' (Fig. 3), are
for the purpose of dropping the voltage on the
oscillator tube somewhat below that of the modu-
lator, so that the modulator plate voltage does
not have to swing to zero for 1009, modulation.
A drop of 40 or 50 volts in R is ample and some
units are operating without any drop at all.

Mie.
Transformer

A
')’“1 seilalor

[e)
B8+4300%

Fig, 3 — A suggested modulator circuit for the BC-
788. I‘he center-tapped modulation choke is the sec-
ondary of the power transformer removed from the
unit's 800-cycle supply. Microphone current is obtained
by rupning part of the cathode current through the
microphone transformer.

Justification for this may be found in the fact
that the oscillator cannot be operated at 1009,
modulation without distortion anyway since it
stops oscillating with about 25 volts on the plates.

The microphone current may be supplied by a
small battery, or as shown in Fig. 3, by the
cathode current of the modulator tube. In spite
of the by-passing shown, the latter circuit may
oscillate if the microplione transformer is con-
nected in the wrong polarity. In this event, the
cure is of course to reverse ong of the windings.
Incidentally, very effective single-button micro-
phone transformers have been made by merely
winding 50 to 100 turns of small
wire over the present windings of
any small interstage transformer,
using the new winding as the
microphone winding.

As mentioned before, the os-
cillator grid leak (originally in-
tended for pulse operation) is re-
placed by a 10,000-ohm unit.

Antennas

Any ham contemplating 420-
Mec. operation should plan care-

Fig. 2 — A simple detector-audio system for use in the receiver section

of the converted altimeter.

A Heising modulation system is used in which
the old power transformer serves admirably as a
modulation choke. In order to reduce core satura-
tion (because of the high d.c. plate current and
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fully the antenna system to be
used, since success or failure de-
pends largely on this point. To
those accustomed, to tedious tun-
ing operations with ten- and twenty-meter beams,
the joy of whiling away an evening tuning up a
multielement array for 420 Me. in the living
room will be found a pleasant change. Also, the
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understanding of antenna- and feeding-system
operation obtained on these frequencies may be
applied with profit to the outdoor operations re-
quired on the lower-frequency bands. Since
half-wave antenna for 420 Me. is about 13 inches
long, almost any type array is convenient to
build and rotate. In the Berkeley area nearly
every conceivable type of antenna has been
used, including multiple parasitic arrays, both

nt’
,15'—' -—T‘:-—Diuctor 1 - l
’ {E;— ———é——oimior 2 r 17
7 »
v et Director 3 o4
I 1
i{— —  Pudiater i
1~
— | Reflector

Fig. 4 — Antenna details for 420 Mc. Dimensions of a
S-element array used successfully by W6JLE are given
at the left. At the right is shown the method of connect-
ing a "bazooka” or line balancer for use with coaxial line.
A suitable matching device (*“T,” delta, etc.) should be
connected between the antenna and the line.

close- and wide-spaced; broadside and end-fire
driven arrays, with and without curtains of
driven or parasitic reflectors or directors; arrays
of collinear elements; and square-corner, flat-
sheet and cylindrical-paraboloid reflectors. The
fact that a number of the hams most active on
the band are employed on an antenna research
project at the University of California has no
doubt stimulated interest in this particular phase
of the work. Practically all systems currently
used here employ horizontal polarization.

A typical 5-element Yagi antenna, developed
by W6JLE from a long series of systematic ex-
periments, is shown in Fig. 4. It may be fed by
RG8U or other similar cables, in which case the
balancing transformer shown should be used.
A “T,” delta or any of the standard low-fre-
quency matching systems should be connected
between the antenna and the feedline. Only in-
different results have been obtained with Twin-
Lead feedline systems and their use is not
recommended.

While it is possible to use a coaxial-line switch
to change the antenna from receiver to trans-
mitter, it is usually handier to build two an-
tennas. This has the added advantage that either
break-in or duplex operation is possible for two
stations working on frequencies at opposite ends
of the band.

A good field-strength meter for antenna tests
is shown in Fig. 5. With a 1-ma. meter, the trans-
mitter and a good beam antenna will deflect the
meter full scale at a distance of about 30 feet,
which is many wavelengths at this frequency.
1t has been found that only moderate care is re-
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quired in staying away from walls and conduct-
ing objects when tuning a 420-Mec. antenna inside
the house. Remember that a wavelength is only
25 inches!

It is important in tuning the transmitter not to
use too tight coupling to the antenna. Use of the
field-strength indicator will show that the output
actually drops if the coupling is too great, even
though the plate current is still rising. The tiny
series condensers provided in the equipment, in
series with the inner conductor of the coaxial
cable, are veryimportant in tuning out the react-
ance of the hairpin coupling loop and must be
left in the circuit. Without them it is practically
impossible to load any kind of antenna other
than a resonant system.

Operation

Good line-of-sight paths are generally required
except for very short distances or in the cases
where a reflection can be obtained from some
object in view of both stations. Occasionally,
bhowever, good work will be done over apparently
poor paths. With good paths and good antennas
at each end, the signal strengths are phenomenal.
The rigs probably do not actually radiate more
than a watt or so of energy, but S9 signals are
the rule. From good locations in the Berkeley
hills, stations in the Palo Alto area have been
worked with S9 signals, a distance of about 40
miles airline. In the work previously reported
between Mt. Diablo (W6JLE/6) and Mt. Lassen
(W6DSZ/6), an airline distance of 176 miles, the
signals were S9 one way and S7 the other, input
to the oscillator in the S7 direction being about
175 volts at 24 ma. Yagi antennas similar to the
one sketched in Fig. 4 were used at both ends.

A number of local hams have installed rigs in
their cars, complete with directional arrays, and -
have achieved considerable success. It also has
been found that excellent signals can be received
from very unlikely places, such as inside the
tunnel on the San Francisco-Oakland Bay Bridge.
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Fig. 5 — A field-strength indicator for 420 Mc.

Now that activity has been stimulated on the
band, the gang is turning toward improved
equipment including erystal control, lighthouse-
tube r.f. stages with coaxial tank circuits, and the
like. However, there’s a lot of fun to be had by
the newcomer with simple equipment like that
described. Sce you on 420!
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A QRP Portable
'Phone and C.W. for Three Bands

BY G. L. COUNTRYMAN, * W3HH, WIRBK

need for a low-power transmitter, complete
with power supply in one compact unit, for
use as a stand-by while rebuilding the big rig,
for portable operation, or for occasional QSOs
on a band other than that normally employed.
The QRP Portable was designed to give, in the
smallest possible space, respectable output on
80-, 40- and 20-meter c.w. or ‘phone. The result
is & complete c.w. (32 watts)-’phone (25 watts)
transmitter complete with a.c. power supply,
oscillator, amplifier, antenna-coupling network
and modulator on a 10 X 6-inch chassis with an

!T one time or another almost every ham finds

over-all height of only 7 inches. It will load using *

any length of wire as an antenna. Obviously the
rig can be modified to accommodate that spare
chassis and other unused parts lying around the
shack. 1t has a minimum of controls, and is prac-
tically foolproof in adjustment and operation.
Circuit

Theschematic diagram, circuit shownin Fig. 1,is
simplicity itself. A 6V6GT Pierce oscillator drives
a BL6 output stage. Since the input circuit is not
tuned, it is not necessary to neutralize the 6L6.
There are only two controls — one for tuning the
amplifier to resonance and the other for adjusting
the antenna loading. The modulator likewise is
simple. A carbon microphone drives a pair of
6V6GTs directly, without speech amplification.
The power supply, which delivers about 400 volts,
i8 a conventional condenser-input arrangement.

*Commander, USN; Electronics Officer, U. 8. Naval 8hip-
vard, Boston, Mass.
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e Even if the main transmitter is a 1-kw.
powerhouse with bandswitching and re-
mote control, most hams will find this
little package a handy thing to have
around the shack. It will serve for any-
thing from a signal driver in transmitter
testing to a full-blown rig for the QRP
. ham.

Referring to the photographs, the left-hand
knob on the chassis controls the loading and the
knob to the right controls the tuning. Above
these knobs is the three-way jack into which both
the key and microphone are plugged. In the cen-
ter are two crystal sockets, the top one for ¥4-
inch holders and the bottom one for 14-inch
holders. Directly above them, on its own alumi-
num mounting plate secured to the chassis front
by two bolts, is a two-inch milliammeter. Next
comes the ’phone-c.w. switch and at the right the
a.c. power switch.

Construction

The rear edge of the chassis contains only the
feed-through-insulator antenna connection and
the rubber-grommeted hole for the a.c. line cord.

The power transformer is at the right-hand
rear-of the chassis with two 4-ufd. 600-volt filter
condensers in front (39 cents each, surplus). The
200-ma. 12-hy. c¢hoke is mounted underneath on
the side of the chassis.

The 6V6GT oscillator tube is directly behind
the milliammeter with the 5U4G
rectifier tube behind that. To the
left of the rectifier is the 6L6
amplifier adjoining the amplifier
tank coil in the left-rear corner
of the chassis. The coils are
wound on 1%-inch fluted forms
but any of the small manufac-
tured coils may be used.

The modulator is a separate
subassembly. The small chassis
on which the two modulator
tubes and the microphone and

¢

Front view of the compact
"phone-c.w. transmitter.
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Plan view of the QRP Portable. On the
modulator subchassis in the lower left are the
sockets for the modulator tubes, and the micro-
phone and modulation transformers. Across
the back, from left to right, are the sockets for
the single tank coil, the 61.6 and the rectifier
tobe. The oscillator-tube socket is directly
behind the meter for which the subchassis has
been notched. out. Power-supply equipment is
to the right.

¢

modulation transformers are located was
formed from »4g-inch aluminum. The §
front lip overhangs the front of the
chassis by a half inch so that it can be
secured with one machine screw. The
rear lip is bent back a half inch aud
fastened with the two screws holding the
sockets for the amplifier tube and tank coil, as
shown in the photographs. All the modulator
components, including the cathode bleeder re-
sistor, which supplies microphone voltage, and
the key-microphone jack, fit nicely within this
modulator subchassis, which extends 14 inches
above the regular chassis. A little trimming with
hack saw and file was necessary so that it would
clear the milliammeter.

Wiring

In wiring the subassembly before mounting
it on the chassis, four long leads should be
left — two from the modulation-transformer
output winding which go to the ’phone-c.w.
switch, one to the oscillator cathode, and one to
the “‘hot” side of the heater circuit. These leads
go through four Millen feed-through insulators

e
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Fig. | - Clircuit diagram of the QRP Portable.

i1y Cs — 100-ppfd. mica.
(‘.9, Cs — 0.001-ufd. mica.
(3 — 0.0022-pfd. mica.

Ciay Coy C7 — 0.01-pfd. paper.

Co, C10 —250-upfd. midget variable ({lammarlund
MC-250M).

Ci1, Ci1z — 4-pfd. 600-v. oil-filled.

Cig —- 4-pfd. paper.

Ci4 — 12-u4fd. 150-v. electrolytic.

Ri1, Rz — 47,000 ohms, 2 watts.

Rz — 0.1 megohm, 2 watts.

R4, R7, Ro — 15,000 ohms, 2 watts.

Rs — 22,000 ohms, 1 watt.

Re — 330 ohms, 1 watt.

Rs ~- 25,000 ohms, 10 watts.
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R1o — 220 ohms, 2 watts.

R — 150 ohms, 2 watts.

Lp ~- All coils No, 18 enameled wire, close-wound, 114
inches diameter. 80 meters —32 turns; 40
meters — 14 turns; 20 meters — 8 turns.

Lz — 12-hy. 200-ma. replacement choke.

J1 — 3-way jack for PL68 plug.

MAi —- 0-100 milliammeter.

S1— S.p.s.t. toggle.

Sg~— 3.p.d.t. toggle.

RFCi, RFC2 — 2.5-mh. r.f. choke.

‘Ty — Transformer, 760 volts c.t., 150 ma.; 5 v., 3 a.;
6.3 v.,3 a.

Tz — Modulation transformer (see text).

T3 — Microphone to p.p. grids.
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in the main chassis, carefully located so as not to
interfere with the operation of the two variable
condensers. There was insufficient room on the
“subchassis to mount Millen sockets but a trip to
the surplus store turned up suitable small-diame-
ter octal sockets for a nickel each. In case voice is
not required, this subchassis containing the modu-
lutor components may be eliminated and the key
jack relocated on the rear of the chassis or on the
front in the space occupied by the ’phone-c.w.
switch.

Almost any available low-power modulation
transformer may be uscd satisfactorily, provided
it has a 4000- or 5000-ohm primary and a secon-
dary impedance of about 7000 or 8000 ohms. The
one shown came from an SCR-522 and it fills the
bill admirably. It cost one buck at the surplus
gtore. A cased microphone transformer would
have been preferable, but the only one small
enough to fit the allotted space was the strap-
mounting type shown.

The microphone is a T-17-B (SW109) availa-
ble at surplus for about 75 cents. The push-to-
talk switch on the microphone is connected so
that it will complete the oscillator and amplifier
cathode circuits to ground when depressed and
thus turn on the carrier. The two leads from the
key connect through the plug to these same jack
terminals, permitting one jack to be used for
both key and microphone. An extra icro-
phone cable with a PL68 plug attached was ob-
tained from surplus. The red lead was clipped off
short and the black-and-white leads connected to
the key. The separate three-way PL68 plugs
available on the surplus market seem to lack the
cable-connecting machine screws within the plug,
50 it is best to get one with a length of cable at-
tached. The three-way jack must be'wired ex-
actly as shown in Fig. 1 for use with the T-17-B
microphone.

High-voltage connections are brought to a 34-

Bottom view of the low-power rig. The amplifier tuning
condensers are to the right and the filter choke to the left.
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inch stand-off insulator underneath the chassis.
The two variable condensers, Cy and Cyo, are
fastened to the chassis top, underneath. It is best
to bend the chassis yourself, forming it to an
over-all height of 214 inches. The condensers re-
quire exactly two-inches clearance, which you
don’t get with a commercial 2-inch chassis which
is outside measurement. However, condensers
with semicircular plates, rather than midline
plates, will fit all right in a 2-inch chassis, or
rubber bumper fect at the corners will elevate it
enough for clearance.

Adjustment

61.6 or 6L6G tubes may be used equally well in
the amplifier. Reports indicate no difference in
signal strength when a 6V6GT was plugged in to
replace the 6L6, although the input dropped
from 32 to 27 watts. Type 6V6GT tubes are used
in the oscillator and modulator. The Iarger
glass- or metal-type 6V6 tubes function equally
well. The oscillator circuit as shown in Fig. 1
develops much less crystal current than the
triode Pierce circuit and keys better. Doubling
of any crystal frequency is accomplished casily
by the proper selection of coil for L.

The left-hand condenser, C1o, determines load-
ing and the right-hand condenser, Cy, does the
tuning. With the switch on c.w., set the plates of
C1pabout a quarter-way out and revolve the knob
of Cy for the dip in plate current (with key de-
pressed, of course). Then adjust Cls, relocating
the plate-current for dip at each setting of Cy0and
continue until the meter shows about 80 ma. at
the dip. This represents an input of 32 watts.
The modulator tubes draw some current when S,
is in the c.w. position, with the key plugged in.
Because of the low capacity of the power trans-
former, this load reduces the maximum c.w.
input slightly. For extended periods of c.w.

~ operation the modulator tubes may be removed

from their sockets to take advantage of
the increased power available.

The rig will load perfectly and has been
operated on both 80 and 40 meters using
everything from a two-foot length of bus
wire to a 300-foot antenns. Obviously
the best results will be obtained if the
antenna is reasonably long and in the
§ clear, but there is no critical length.

On 'phone, with the microphone push-
to-talk switch depressed, the loading con-
denser should be adjusted so that there
is no change in plate current with modu-
lation, always readjusting the tuning con-
denser to resonance, of course. No gain
control is necessary with the components
shown. The microphone has ample out-
put to drive the modulator tubes directly.
With about 25 watts input, the carrier
is modulated fully.

(Continued on page 118)
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A “Free” Bleeder Resistor for CW.
Transmitter Power Supplies

BY GEORGE L. DOWNS, * WICT

¢ Here is a good stunt that will enable
you to squeeze a bit more out of your
power supply. But don’t expect to be
able to use it if your final is working on
the ragged edge of oscillation (funda-
mental or parasitic).

ized, you can allow it to draw plate current
under key-up conditions and save in three
ways:

1) Greatly reduce the size and cost of the
bleeder resistor.

2) Reduce the key-down drain on the power
supply, thereby allowing transformers and
chokes of lower current rating to be used. (Or
get more useful current out of your present
supply.)

3) Reduce the power bill through greater
power-supply efficiency.

IF your r.f. amplifier stage is properly neutral-

Bleeder Calculations

For good regulation, the bleeder resistor at the
output of a choke-input filter is generally ac-
cepted to be about 1000 times the value of the
inductance of the first choke.!

R = 1000L

Now suppose you have a 2000-volt power supply
with a 20-henry input choke. The bleeder is 1000
X 20 or 20,000 ohms. The bleeder current is £/R
or 100 ma., and the bleeder power is I?R, or
about 200 watts! Two things are at once apparent:

1) Such a resistor is expensive.

2) The power supply is delivering 200 watts
more than ig necessary when the key is down, and
this power serves no useful purpose other than to
heat the shack.

If, for example, we connect this supply to a
pair of RK-48s or 813s in push-pull, we know
that with the key up, the supply delivers 100 ma.
to the bleeder. With the key down the tubes
draw 360 ma. The total load on the supply is 460
ma. with about 22 per cent of it wasted in the
bleeder.

* 19 Columbus 8t., Newton Highlands, Mass.

1 Dellenbaugh and Quimby, *“ The Important First Choke
in High-Voltage Rectifier Circuits,”” QST, February, 1932.

2 They won't oscillate if properly neutralized. For a note
on these particular tubes, see page 17 of May, 1947, QST.

2 In this connection, a voltmeter makes a good low-current
bleeder while providing an indication of the charge left in
the condensers.
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Tubes as Bleeder Resistors

Now if we eliminate the bleeder (and connect a
few-hundred-thousand ohms resistance in its
place for safety),‘and adjust the bias on the am-
plifier tubes so they draw 100 ma. with the key
up,® the following conditions will prevail:

With the key up:

1) The tubes act as the bleeder.

2) Rated plate dissipation is not exceeded, and
tube life is not shortened.

3) The only bleeder required is a low-wattage
fairly-high-resistance unit to discharge the capac-
itors when the power is off.

With the key down:

1) The power supply delivers 360 ma. to the
tubes, and a negligible amount to the “safety”
resistor.

2) Substantially all current delivered by the
supply is used by the tubes for generating r.f.
power.

3) The lights will blink less when the key is -
closed, because the change in current is now only
260 ma. (instead of 360 ma. as before).

General Application

Following the idea outlined here, the bleeder-
resistor current can be reduced or substantially
eliminated under key-down conditions. The wat-
tage rating of the resistor will be greatly reduced
in any power supply feeding any r.f. amplifier.
Be sure to remember these precautions:

1) Do not exceed the rated plate dissipation of
the tube. (Plate dissipation with the tube acting
as the bleeder is the power-supply voltage times
the key-up plate current.)

2) Always have a few-hundred-thousand ohms
connected across the filter, to discharge the con-
densers when the power is turned off.

3) Always make sure the condensers have dis-
charged before you change coils or tubes.?

About the Author

¢ George L. Downs started in' ham radio
in 1930 as W5CS. Now WI1CT, he finds his
greatest hobby enjoyment in designing
and building gear — there’s a de luxe .
all-band c.w. rig now under construction
in the WICT shack. George has earned
degrees at Northeastern U. and Lincoln
Technical Institute, and fraternally is
a past president of the San Antonio Am-
ateur Radio Club and an organizer of
the Fl Ray (Raytheon) Radio Club.
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TV CHANNEL NO. 1 DELETED

In a long-awaited decision which reflects
[FCC’s belief that the dangers of adjacent-channel
interference to television are greater than har-
monic troubles, the (fommission has issued an
order, effective June L4th, which deletes Tele-
vision Channel No. I (44-50 Mec.) and turns it
over to the non-Government fixed and mobile
services. The order reaffirms our band 50-54
Me. as exclusively amateur.

Readers of QST will recall that at the hearing
called by FCC to study this matter last year the
League’s presentation (page 44, January, 1948,
QST) proposed the deletion of Channel No. 2
(54-60 Mec.) instead of Channel No. 1, as our
suggestion for the solution of TVI. While the
current, decision is not in accord with this pro-
posal, the Commission goes to some length to
explain why it did not feel it could go along with
us, as follows:

In the Commission’s Notice of Proposed Rule Making
‘ the television channel proposed for deletion was No. 1. At
the hearing the Americun Radio Relay League recommended
that Channel No. 2 be deleted. The League based this rec-
ommendation on the fact that the harmonics of an amateur
band and of industrial, scientific and medical devices would
fall in Channel No. 2 and largely destroy its usefulness. The
League further pointed out that improvements in receiver
design can obviate or minimize adjacent-channe! problems
but that no change in recciver design will eliminate the
effects of harmonics; the harmonics 1nust be suppressed.
‘The arguments advanced by the League have considerable
merit and have been carefully considered. The Commission
has concluded that no perfect solution exists. On the whole,
many of the problems in this portion of the spectrum are the
result of the interspersed nature of the frequency allocations.
If television channel No. 1 is deleted, channels 2 through 6
are substantially one block. 1f television chaunnel No. 2 is
deleted, and channe) No. 1 is retained, there will be bound-
ary problems for two channels; channel No. 1 will have
adjacent channel interference on two sides and channel No. 3
will have it on one side. Viewing all factors, the Commis-
sion finds that a better allocation will result if television
channel No. 1 is deleted. Representatives of the telovigion
industry were also of the same opinicn.

‘I'he Commission is aware of the fact that this decision,
meaning as it does that every effort will have to be made to
suppress harmonics as much as possible, will cause some
misgivings to the. amateurs operating in the 28-29,7 Me.
bhand whose harmonics may cavse interference to television
channel 2. The Commission believes that harmonic inter-
ference problems are to be expected generally throughout
the upper spectrum and Commission Rules requiring har-
tonic suppression will be equitable in their application to
the several services. Moreover, a degrce of harmonic sup-
preasion will not be required of amateurs which is unrealistic
or not applicable to other services, considering the pe:culiari-
ties of each such service.

Amateurs should understand that the FCC
reference to general harmonic problems in the
upper spectrum does not refer to amateurs alone
but points to the necessity for attention to this
problem by all services operating there. This has
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INCREASE IN DUES

Effective July lst, ARRL membership
dues in both the United States and Can-
ada are increased one dollar a year, by
action of the Board of Directors, and
apply to both full and associate member-
ships. Dues, including subscription to
QST, are now as follows: In United
States & Possessions, $4 a year. In the
Dominion of Canada, $4.50 a year. In all
other countries, $5 a year. In the special
case of ‘“‘family memberships’® in the
United States and Canada, without
QST, as limited by By-Law 4, $1 a year.

been a troublesome problem to the Commis-
sion’s engineering staff for many months. The
Commission now indicates its intention of tack-
ling it in the future; we’ll keep in clo