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Hallicrafters brings you an entirely new clas:

‘The engineering team that developed the incomparable SX-101 and HT-32

now offers a precision rig that puts single sideband within reach of all

HT-37 Transmitter

The heart of the now-famous HT-32—the needed,
basic performance charactertistics—is yours in
this precision-engineered new AM/CW/SSB
transmitter—and at a price we did not believe
possible when we began designing it! Same pow-
er. Same rugged VFO construction, and identical
VOX. You'll be amazed at the smooth, distinc-
tive speech quality that’s yours for the first time
at moderate cost.

FEATURES: 144 watts plate input (P.E.P. two-
tone); five band output (80, 40, 20, 15, 10 me-
ters); all modes of transmission—CW, AM,
S.S.B.; unwanted sideband down 40 db. at 1KC;
distortion products down 30 db. or more; carrier
suppression down 50 db.; modern styling; instant
CW Cal. from any mode; both sidebands trans-
mitted on AM; precision V.F.O.; rugged heavy
duty deluxe chassis; 52 ohm pi network output
for harmonic suppression; dual range meter for
accurate tuning and carrier level adjustment;
ideal CW keying; full voice control system built
in,

FRONT PANEL CONTROLS, FUNCTIONS, CON-

The new ideas in communicati

NECTIONS: Operation—(power off,standby, mox,
cal, vox); Audio gain; R.F. level; Final tuning;
Function—(upper sideband, lower sideband, DSB,
CW); carrier balance; Calibration level; Driver
tuning; Band selector V.F.O.; Microphone con-
nector; Key jack.

TUBES AND FUNCTIONS: (2)-6146 Power output
amplifiers; 6CB6 Variable frequency oscillator;
12BY7 R.F. driver; 6AH6 1st Mixer; 6AH6 2nd
Mixer; 6AB4 Crystal oscillator; 12AX7 Voice
control; 12AT7 Voice control; 6ALS Voice con-
trol; 12AX7 Audio Amplifier; 12AT7 Audio amp
and carrier Oscillator; 12AT7 Audio Modulator;
(2)-12AT7 Balanced Modulators; SR4GY HV
Rectifier; 5SV4G LV Rectifier; OA2 Voltagc Reg-
ulator.

REAR CHASSIS: Co-ax antenna connector; Line
fuse; Control connector; AC power line cord.

PHYSICAL DATA: Matching unit for SX-111;
cabinet is gray steel with brushed chrome trim
and knobs. Size: 9” high x 194" wide x 1512”
deep. Shipping weight: approximately 80 Ibs.

born at...

Export Sales: International Division,
Raytheon Mfg. Co., Waltham, Mass.
Canada: Gouid Sales Co., Montreal, P. Q.

hallicrafters

Chicago 24, I11.




of SSB equipment
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SX-111 Receiver

.Here's the receiver you've been waiting for—a

real thoroughbred that retains the essential per-
formance characteristics of the renowned SX-
101, but at a price that can put it in your shack
tomorrow! Rugged . . . dependable . . . beauti-
fully styled, the new SX-111 is outstanding evi-
dence that Hallicrafters aim is always to bring
you the finest equipment at the lowest possible
price.

FREQUENCY COVERAGE: Complete coverage of
{0, 40, 20, 15 and 10 meters in five separate
bands. Sixth band is tunable to 10 Mc. for crystal
calibrator calibration with WWV.
FEATURES: AM/CW/SSB reception. Dual con-
version, Hallicrafter’s exclusive selectable side-
band operation. Crystal-controlled 2nd convert-
er. Tee-notch filter. Calibrated S-meter. Vernier
dial-pointer adjustment. Series noise limiter.
Built-in crystal calibrator. Exceptional electrical
and mechanical stability. Large slide-rule dial.
SENSITIVITY: One microvolt on all bands, with 5
steps of selectivity from 500 to 5,000 c.p.s.
TUNING MECHANISM: New friction-and-gear
type with 48:] tuning ration. Virtually eliminates
backlash.

CONTROLS: Tuning; Pointer Reset: Antenna
Trimmer; T-notch Frequency; RF Gain; Audio
Gain; Band Selector: Function (off/on, standby,
upper or lower sideband, calibrate); AVC off/on;
BFO off/on; ANL off/on; Selectivity.

TUBES: 10 tubes plus voltage regulator and recti-
fier. 6DC6 RF Amplifier; 6BY6 Ist converter;
6C4 Oscillator; 6BA6 2nd converter: [2AT7
Dual crystal second converters; 6CB6 1650 kc.
i.f. amplifier: 6DC6 i.f. amplifier (50 kc.); 6BI7
AVC-noise limiter-detector; 12AX7 Ist audio
and BFO: 6AQS Power output; 5Y3 rectifier;
AQO2 Voltage regulator. :
POWER SUPPLY: 105-125 volts, 50-60 cycle AC.
PHYSICAL DATA: Size: 1834 " wide x 10%4” deep
x 8% " high. Attractive gray steel cabinet with
brushed chrome trim. Shipping wt. approximate-
ly 40 Ibs.

Two outstanding speaker values

R-47 SPEAKER

Specially designed for voice
and SSB. Flat response from
300 to 2850 c.p.s. Input im-
pedance: 3.2 ohms. Size:
S5VA” X 5Y3" x 3'2". Wt. 22
Ib.

‘The last word in features and
design!

SX-110 Receiver

Never before have so many outstanding, wanted
features been incorporated in an all-purpose re-
ceiver—features developed originally for the
highest-priced sets.

FREQUENCY COVERAGE: Broadcast Band 540-
1680 kc plus three short wave bands covers 1680
kc—34 mc.

FEATURES: Slide rule bandspread dial calibrated
for 80, 40, 20, 15 and 10 meter amateur bands
and 11 meter citizens’ band. Separate bandspread
tuning condenser, crystal filter, antenna trim-
mer, “S” Meter, one r-f, two i-f stages.
INTERMEDIATE FREQUENCY: 455 kc.

TUNING ASSEMBLY AND DIAL DRIVE MECH-
ANISM: Ganged, 3 section tuning capacitor as-
sembly with electrical bandspread. Circular main
tuning dial is calibrated in megacycles and has
0-100 logging scale.

AUDIO OUTPUT IMPEDANCE: 3.2 and 500 ohms.
TUBE COMPLEMENT: Seven tubes plus one rec-
tifier: 6SG7, r-f amplifier—6SA7, converter —
6SG7, 1st i-f amplifier—6SK7, 2nd i-f amplifier—
6SC7, BFO and audio amplifier—6K6GT, Audio
output—6H6, ANL-AVC-detector—6Y3GT, rec-
tifier.

AUDIO POWER OUTPUT: 2 watts.

POWER SUPPLY: 105/125 V., 50/60 cycle AC.
PHYSICAL DATA: Gray steel cabinet with
brushed chrome trim. Size 183" wide x 8” high
X 10%4” deep. Shipping weight approximately
32 lbs.

S-108 Receiver

Same basic performance as SX-110 (above) less
S-Meter, antenna trimmer and crystal filter, but
includes a built-in speaker.

R-48 SPEAKER (Sec photo with HT-37 and
SX-111). Latest design, eliptical assecmbly. 3.16 oz.
Alnico V magnet. Fidelity switch for music or voice.
3.2 ohm input impedance. 62" x 131" x 84",



POINT-PACKED
'FIELD DAY PERFORMANCE

with Collins KWM-2 Mobile SSB Transceiver

Here’s the teammate that can put you among the high scorers in Field Day compe-
tition . . . Collins KWM-2 SSB Transceiver. It sets up in minutes and delivers top
fixed station performance under the most severe Field Day emergency conditions.

The KWM-2, the only SSB mobile transceiver on the market, quickly slips from its -
mobile mount to a fixed station installation. It instantly connects to a power supply,

antenna and antenna selector. One compact unit transmits and receives, yet weighs g
only 18 Ibs. :
The 100 watts P.E.P. SSB output gives you a strong, clean signal from 3.4 to 30.0 mc. 4

Mechanical Filter Sideband generation, Automatic Load Control, RF inverse feed-
back and exceptional frequency stability assure extra fast contacts, even on crowded
bands. That means you get more QSO's in less time for more total points.

Get a first hand demonstration at your nearby Collins Distributor. He’ll show you
how easy it is to be a top Field Day scorer with the Collins KWM-2,

7~
COLLINS

-/

COLLINS RADIO COMPANY @ CEDAR RAPIDS,IOWA @ DALLAS,TEXAS8 e BURBANK,CALIFORNIA
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Another example of Eimac tube preference
by leading equipment designers

[

HEATH Chooses EIMAC Tetrodes For First
Build=~-It=-Yourself High Power Linear Amplifier

When pioneering manufacturers get together,
exciting new progress is bound to result. For
example.take this new high power“Chippewa”
linear amplifier designed by Heath - leader
in build-it-yourself electronics —- with two
4-100A power tetrodes produced by Eimac —
pioneering electron tube specialists.

This new amplifier makes possible operation
at maximum legal amateur power inputs in
SSB. CW or AM service. It adds to the group
of Heath ham equipment full power capability
along with complete versatility in the present
day modern amateur station.

Heath’s choice of Eimac 4-400A radial-beam
tetrodes was a natural one. These time-proved
tubes complement the amplifier’s simple.
clean, straightforward design. And their low

4

grid-plate capacitance and low driving-power
requirement aid in considerable simplification
ot the associated circuit and driver stage — to
make do-it-yourself construction even easier.

You can always depend on Eimac tubes to

meet standards of high performance and

reliability demanded in exacting amateur and
commercial applications such as this. For
complete information on Eimac tubes write
our Amateur Service Department.

EITEL-McCULLOUGH, INC.

San Carlos, California




It pays to insist on

PR crystals

STANDARD OF EXCELLENCE SINCE 1934

AMATEUR TYPES
40 and 80 Meters, PR Type Z-2

Rugged. [Low drift, fundamental oscillators. High activity and
power output. Stands up under maximum crystal currents. Stable,
long-lasting; £300 cycles..... $2.95 Net

2 and 6 Meters, PR Type Z-9A

Third overtone; multiplies into either 2-meter or 6-meter band;
hermetically sealed; calibrated 24000 to 24666, and 25000 to 27000
Ke., *3 Kec.; 050" pins .$4.95 Net

6 Meters, PR Type Z-9A

Fifth overtone; for operating directly in 6-meter band; her-
metically sealed; calibrated 30 to 54 Mec., *15 Kc.; .050" pins.

$6.95 Net

CITIZENS BAND CLASS “D”
Type Z-9R, Transmitter
FCC assigned frequencies in mega- COMMERCIAL TYPES

é’,;LOl(;?S\, 2276.'(;)1655’-' %’?3555, %ﬁggg: Commercial Crystals available from

27.055. 27.065. 27.075. 27.085. 100 Kc. to 70 Mc. Prices on request.

27.105, 27.115, 27.125, 27.135. i
27.155, 27.165. 27.175, 27.185, Type Z-1, MARS and CAP

‘ ; ; O)fficial assigned frequencies in
27.205, 27.215, 27.225; calibrated the range. Calibrated to .005%.
to .005%. (Be sure to specify manu- 1600 to 10000 Kc $3.45 Net
facturer of equipment).....$2.95 Net | ~ = "0 fEUEY AxEeecaen .

unee | Type Z1, TV Marker
CITIZENS BAND CLASS “D Czllgnncls 2 thru 13...$6.45 Net

Type Z-9R, Receiver

4.5 Mc. Intercarrier,

Specify LF. frequency, also wheth- 01D e $2.95 Net
cr LF. is above or below transmitter 5.0 Mc. Signal Generator,
frequency. Calibrated to .005%. 01T $2.95 Net
{Be sure to specity manufacturer of 107 Mec. FM. IF -
CQUIPMENL)...cveecverererererernnan $2.95 Net :01% __________ P . $2.95 Net

1Type .Z 9R,' RGdIO. ;f)ntrol Type Z-6A,
FCC assigned frequencies in mega- F

cycles: 26995, 27.045, 27.095, requency
27.145, 27.195, 27.255; calibrated | Standard

to .005%. (Be sure to specify manu- | To determine hand

: i ) edge. To keep the
facturer of equipment)......$2.95 Net edge; 10, keep the

operly calib: d.
Type 2XP 100 Ke. - $5.05
Suitable for converters, experimental, etc. Same holder Net
dimensions as Tvpe Z-2.
1600 to 12000 Kc., (Fund.) #5 KComoomroooeooeoeeenre.
12001 to 25000 Kc. (3rd Overtone) =10 Kc

ALL PR CRYSTALS ARE UNCONDITIONALLY GUARANTEED.
ORDER FROM YOUR JOBBER.

PETERSEN RADIO CO., inc. 2800 W. Broadway

Z-6A

COUNCIL BLUFFS, IOWA

EXPORT SALES: Royal National Corporation, 250 W. 57th Street, New York 19, N. Y., U.S. A,



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 nionth) 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 ST. ARRL Fleld Organization station appointments arce
available in the aress shown to qualified League menibers holding ('anadian or FC:C amateur license, General or Condi-
tional Class ur ahove. These include ORS, OLS, OPS, OO and OBS, SCMs also desire applications for SEC, I.C, RM and

PAM

where vacancies exist, Oli8 nppomtmcnt is available to Novices and Technicians.

ATLANTIC DIVISION__

l“astern Pennsylvunia W3ZRQ Allen R. Brelner 212 Race 8t, “Tamaqua
Mauryland-Delaware-D. C. W3BKE  Thomas B, Hedges 2202 Culver St. Washington 21, D. C.
Southern New Jersey K2BG Herbert ¢, Brooks %00 Lincoln Ave. Palmyra
\Western New York K2HUK C’hurles T, Hinsen 211 Rosemaont Drive Bufmlo 26
Western Pennsylvania W3UHN Anthony J. Mroczka 475-5th St. Donora
.CENTRAL DIVISION .
lilinols WOPRN Edmond A. Metzger 1520 South 4th 8t. Springtield
Indiana WISWD Clifford M. Singer TU70 Eust 21st St. Indiznapolis
Wisconsin WYKQB Cieorge Woldm 2023 South 10 8t. Manitowoc
AKOTA DIVISION S
North Dakota WOHVA H:u'old A. \\’cngcl X21-14th 5t. RBlsmarek
South Dakota WPRRN W. Sikorski 1900 ¥. Menlo Ave. Sioux Falls
Mlinnesota WHKJIZ Mrn Lydia 8. Johnron 1258 Van Buren St. sSt. Puul 4
DELTA DIVISION :
Arkansas W5Z2ZY Ulmon M. Golngs P. 0. Box 207 Ogeenla
Louisiang WS5FMO  Thotoas J. Morgavi .Nlm Beaulleu 5t. Metaire
Mississippi WSMUG  Floyd C'. Teetson 2369 Paden Juckson 4
‘Tennessce W4UIO R. W. Ingraham 105 West P.er Drive Kingsport
GREAT LAKES DIVISION
Kentucky W4sUD Robert A, ‘Thomason 626 Eustwood Drive (Oywensboro
er‘hlg.m WRI'X Rulph P. Thetreau 27209 W. 8ix Mile RO’ld Detroit
Ohlo WSRAL Wiison E. Weckel 211X T'useurawas 5st., C‘anton 8
- JUDSON DIVISION
kustern New York W2EKU Cieorge W. Trac: 1138 North L’ountry Club Drive SHchenectady
N. Y. C. & Long Island W2TUK Hurry J. 1).mmus RI'D 1, Arbor lane, Dix ¥ills Huntington, L. I.
Northern New Jersey W2ZVW Kdward Hart, ir. 51 Was sthgton Bt. Phllllpsburg
R MIDWEST DIVISION.
“Towa WHBDR Russell B. Marquls K07 North Fifth Ave. Muarshalltown
Iansas WOFNS Raymond L Baker 1114 Lincoln St. Neodosha
Missourt WUBUL ! O, Goseh 711 8. Oakland St. Webb City
Nebraska WAEXP t’harles K. McNeel }{oute 3, RI'D North Platte
NEW ENGLAND DIVISION. -
C'onnecticut” WITYQ Viector 1. (‘rawford RID 5, Stadley Rough Rd. DLanbury
ain WIJMN Jeffrey I. Weinstein ”u Caleb 8t. Portiand
Kuntern Nlassachusetts WIALP Frank L. Baker, jr. a1l Atluntie St Nnrth Qulncy 71
Western AMassachusetts WIBVR Percy (‘. Noble 47 Broad st. Wes!
New Hampshire WIRMH  Robert LW right 18 Plne St. [$ onmrd
Rhode Istand K1AAV John k. Johnson 30 kruit S, Pawtucket
Vermont WIVSA Harry A. Preston, jr. 10 Cherokee Ave. Lissex Jet.
..NORTHWESTERN DIVISION .
Alaska KL7DG John P. Trent P. O. Box 82 Kodlak
Idaho W7GGV Mra, Helen M. Maillet Route 1, South Pocutello
Monzana W7NPV/WXI Vernon L. Phillips Hox 971 i Harlowton
Lregon W7JDX Hubert R. MeNally 1190 8,15, Madison St. Portland 16
Washington W7PGY Robert B. Thurston 7700-31st Ave., N.E. Heattle 15
_ PACIFIC DIVISION.
Hawall KHBAED ~umuel H. Lewbhel P. O, Box 3564 H.onolulu
Nevada Ww7VvIU C'harles A. Rhines Box 1025 0
Santa Clara Valley K6DYX \Y. Conley Smith 67 C'uesta Vista Drive Monterey
Fust Bay WAROJW B, W. Southwell 200 Bouth Seventh St Dixon
Sun Francisco AN Leouard R. Geraldi 1500 (‘.xyuzn. Ave. san l"runclsco 12
Hacramento Valley W6GDO  Jon J. O'Brien A6OR-5th & Rio Linda
San Joaquin Valley weéJru Ralph Sarny:m /204 ., I‘nwnsend Ave, I'resno
ROANOKE DIVISION U -
North Carolina W4RRH  B. Rliley l'owler Box 14 Morganton
South (‘arolina WiGQV pr. J. O. Dunlap PO, Hox 447 1tock il
‘irginia wiQDY Robert L., Follmar 1057 Dune &t. Norfolk 3
\th Virginia WRIM Donuld B. Morris 1111 All‘xnndcr Place I:irmont
-ROCKY MOUNTAIN DIVISl
¢ ‘olorado WoOBWJ ¢'arl 1. 3mith 070 lnmm St. Denver 20
Utah W7QWH  ‘Thomas H, Miller 1420 1. 3045 8t. Kalt L‘Lke Clty
New Mexico K5IQL Newell I°. Greene 504 West Second 8t. Roswell
Wyoming W7AMU 1.. ID. Branson 342 south Ik asper
SOUTHEASTERN DIVISION.
Alabuma K4AOZ Willlam D. Dotherow RFD 1, Box 9uU-B Adger
Eastern Florida WIKGJ John I°, Porter Box 7295, Ludlam Branch Miaml 55
\Ve‘atern Florida W4HRKH Frank M. Butler, jr. 494 Elllott Rd.

A ALS )

rgia
\Vf"!t lndles (C'uba-P.R.-V.I.) KP4DJ

Willlam F. Kennedy

1687 Falrway Hill Drive, 8.E.
Willlam Werner

563 Rumon Lilovet

Fort Walton Beach
Atlanta 17
Urh. Truman

Rio Piedras, P. R,
Balboa Helghts

Rialto
Phoenix

San Dicgo 7
Santa Barbura

kFort worth 7
Pond Creek
¢*orpus Christl

('anal Zone KZ5RV Rulph E. Harvey Box 15
e SOUTHWESTERN DIVISION.
Los Angeles W6JQB Albert 1°, HIil, Jr, %61 No. Millard Ave.
Arizona W7QZH Kenneth P. Cole’ 4132 North 18th Ave.
Han Diego W6LRU Don Stansifer 4427 Pescadern
Santa Barbara KGUYVR Robert A. Hemke 28 W. Mission
_ WEST GULF DIVISION
Northern Texas WsBNG L. L. Harbin 4515 Calmont
)Klahoma 5DRZ Adrlnn V. Rea P. 0. Box 23
Southern Texas WSQEM Roy K. Eggleston 1109 Vernon Drlve
- CANADIAN DIVISION.
Maritime VEIWB E. Weeks R.R.3
ontario VE3ING Rlchar(l WV, Roberts 170 Norton Ave.
Quehee VEZ2DR . W. Bkarstedt 62 St. Johns Rd.
Alberta VEARVAL Ciordon W. Hollingshead 108 Hudson Rd.
Hrl:\ls‘h (‘olumbia VEZJT Peter M. Mecintyre 931 West 2Ath Ave.
Yukon e ——
Manitoba VEAJY M. 8, Watson 249 Lanark St.
Saskutehewan VE, 5HR H. R. Horn 2121 Ewurt Ave.

*Othelal auppointed to act temporarily In the ahsence of a regular offelal,

4t. Stephen, N.
Wlllowd.:.lt" I‘nronm ont.
Pointe C'lulr

Montreal 33. P. Q.
(algary, Alta.
Vancouver, B. C.
Winnipeg
Haskutoon



EDITION

QAN INVALUABLE reference work and text for
everyone—radio amateurs, engineers, lab men, tech-
nicians, experimenters, students, purchasing agents.

Zeeping pace with progress, this big, new edition of the ever useful
Handbook contains many descriptions of new equipment. Semiconductor
and vacuum tube listings and tables are brought up to date. Every impor-
tant aspect of amateur radio is covered: transmitting, c.w., a.m., sideband,
radicteletype; receiving; mobile; v.h.f.; propagation; antennas; construc-
tion; theory; charts; diagrams; transistors; vacuum tubes; station assembly
and operation. The complete handbook!

$3.50 USA proper $4.00 US Possessions and Canada $4.50 Elsewhere
Buckram Bound Edition $6.00 Everywhere
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ras A MERICAN
RADIO RELAY
LEAGUE, .

is_a noncommercial association of radio omote‘urs, bonded _for
the promotion of interest in amateur radio communication and
experimentation, for the relaying of messages by radio, for the
advancement of the radio art and of the public welfare, for the
representation of the radio émateur in legislative matters, and for
the maintenance of fraternalism and & high standard. of conduct.

Itis an incorpéru'ed association without capital stock, chartered.
under the laws of Connecticut. lts affairs are governed by a Board
of Directors, elected every two years by the general membership,
The officers are elécted or appointed by the Directors. The League
is noncommercial and no one conimercially engaged in the manu-
facture, sale or rental of radio apparatus is elignble to membership
on its board.’

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

Inquiries  reégarding membeérship are solicited. A ..bona fide
interest in amateur radio is the only essential qualification; owner-
ship of o transmitting station and knowledge of the codé are not
prerequisite, although full voting member:hnp is grcnfed only to

“ficensed amateurs.

All general correspondencé should be addressed to the adminis-

trative headquarters at West Hartford, Connecticut.
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A L. BUDLONG, W1BUD

‘PAUL. M. SEGAL
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“It Seems to Us...”

QRP, OMI

Amateurs in the United States are very for-
tunate in being allowed to run a kilowatt input
to their transmitters —and we don't even
need accurate measurement of our power till
we puss the 900-watt mark. Canadians, too,
have relatively-liberal power regs, being per-
mitted 500 watts output (figuring a transmitter
efficiency of 709, this allows an input of some
700 watts), comparing quite favorably with
the 100 to 150 watts input most countries
permit. When one is trying to work some rare
DX already being called by three layers of
QRNM, or when one has 4 full hook for a TCC
sked, or is trying to knock off the fifticth state
on 6 meters, the extra juice really helps.

But it does seem cdownright ridiculous to
use a full gallon in a state-wide traffic net, or to
rag-chew with @ buddy ten miles away. It
seems especially silly to hear a couple of hams
crying on each other's shoulder about all the
problems they have with adjacent-channel or
fundamental-overload TVI — ull the while
running 50-Me. rigs it maximum legal power,
when over the distances being covered, one
watt would produce an S9 signal!

For most e.w. and sideband rigs, power re-
duction poses little problem. Kither the exciter
can be run ‘“barefoot” into the antenna, or
the final itself adjusted for lower input. For
big a.m. transmitters, it may he necessary
to have a separate low-power rig sitting next
to the “gallon,”’ but in only a few cases would
this be a1 hardship.

What are the advantages? Less TVI, a lower
electricity bill, and — most important — less
QRM for all of us. We don’t have formulas
at hand to prove it, but we're willing to bhet
that u graph plotting interference complaints
against the power of the transmitter being
picked up, especially on v.h.f., would go some-
thing like this: 10 watts, no neighbors trou-
bled; 100 watts, 2 neighbors; 1,000 watts, 16
neighbors! It is perfectly true that if a trans-
mitter does not interfere with TV, BC and hi-fi
sets of good design, its operator has no obliga-
tion to do anything about interference with
sloppy sets, and if & ham needs to run high
power to a clean transmitter to accomplish
his objective, we would be the last to tell him
to refrain. But when low power will do for
the job at hand, doesn’t it make sense to avoid
unnecessary chopping-up of a neighbor's TV
program, no matter how punk his receiver?

It also stands to reason that the bands can
handle only so much useful r.f. at a time. Low-
power stations cun be received closer to ewch
other without harmful mutual interference
than can high-power stations. If amateurs all
ran only enough power to o the job, would
we not find the bands ““wider'?

And now, the final argument — there is u
little-known section in the Communications
Act of 1934 which reads:

Section 324, [n all circumstances, except in ease of

radio communications or signals relating to vessels

in distress, ull radio stations, including thase owned

and operated by the 'nited Ntates, shall use the

minimum amonnt of power necessary to earry out
the communication desired.

... QRP, OM!

DIRECTORS' MEETING

HKach May we customarily use a little space
on this page to remind ARRL members that
their Board of Directors will snon be meeting
in Hartford, and thus if you have anything on
vour mind regarding our hobby or our League,
now is the time to write your director. Consider
vourselves so reminded for the 1960 annual
meeting which occurs on May 13.

This year we'll leave it at that, and use the
rest of the space available for a look *behind
the scenes.” Minutes of meetings are, by their
very nature, restricted to basie facts. While
the minutes accurately reflect (they had darn
well better be accurate!) motions offered and
either adopted or rejected, fur more is nc-
complished by the annual affair than can be
shown in such a document.

To begin with, directors have a chance to
get better acquainted with each other, the
officers, and the staff members. They look over
the Headquarters, visit W1AW, inspeet finan-
cial records, and ask questions and offer sugges-
tions on any phase of League activities — the
content of QST, the prices of publications,
contest and awards administration, public
relations, advertising policies, personnel rela-
tions, working-space problems and so on.

In conversations with one another, the di-
rectors are likely to discuss such things us
ways of increasing membership in their divi-
sions, making the work of volunteer oflicials
easier yet more effective, stimulating interest
in local radio clubs, improving purticipation
in the Amateur Radio Kmergency Corps and

(Please turn the page)
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RACES, and the like. These discussions are
mutually helpful, and occasionally spark an
idea for an action next day at the formal
meeting. On the other hand, sometimes a di-
rector will discover that a pet proposal he has
hrought from his division gets no support
from amateur sentiment in other areas as
expressed by his fellow directors, so he drops
the idea, knowing that any proposal must
have majority support on a nationwide basis
for passage.

Yes, behind the eight, ten or twelve hours
of formal meeting which will be reported line
by line in QST, there ure many more hours
in which your director lepresentb vou at Hart-
ford in the management of your organization,
in addition to the time he spends on League
matters during the rest of the year. It makes
wood sense to let him know your views!

\»’\kp‘ﬁ»——\m T e e ol P

amfest Ca?end%

Connecticut — The New London hamfest, sponsored by
the Tri-C'ity Amateur Radio Council, will be held May 14
at Orcean Beach Park in New London. Activities beginning
at 9 a.nr. include 1 YL meeting, FCC exams, a mobile con-
test. Connecticut phone net meeting and technical talks.
Two other spcakers are scheduled — one representing the
North Pole and the other the South Pole. Tickets are by ad-
vance recistration only and the closing date is May 7, if
vou wish to attend the evening bananet. ‘I'he registration
fee includes a roast beef dinner at 7 p.M. YLs may be regs-
tered for $4, including the dinner. Registrations only (no
dinner) may be purchased ut the door for $1.50, I'or advance
registrations, contact Richard Darling, K1HIYQ, 46 Mahan
St., New London.

tllinois — The annual Mississippi Valley harfest will be
held at Moline in the Gra Kl picnic grounds, three ruiles
east of the Quad City Airport on Route 6, on May 22, Noon
lunch will be available for those who wish a warm meal
and refreahuments are available all day. There will be parking
space and a nice shaded lawn for family picnics. Activities
start at 9 a1 Central Daylight Time. Advance registration
is $1.50 and may be ohtained from R. I, Gardner, X9IYN,
1015 38th Street, AMoline. Tickets at the gate will be $2.

Illinois — T'he Starved Rock Radio Club hamfest will be
held on Jfune 5 at the LaSalle County $-f{ Home and Picnic
urea southwest of Ottawa (same place as last year). [Follow
Route 3 to the south end of the fllinois River bridge at
Ottawa, turn west on Route 71, following big yellow hamfest
signs. There is plenty of space and adequate facilities for all.
I'ree swup section, Advance registration is $1.00, and must bhe
received by May 25, Registration at the gate is $1.50. ‘I'he
hanifest site ix a short drive from the Starved Rock Stute
Park and recreation areas. I'ood is available on the grounds.
Free colfee and doughnuts 1000 to 1030 CDST. For further
information, cuntact George I, Keith, WIQLZ, RFD 1,
Box 171, Oglesby-.

Indiana — The Columbus ARC will hold a ¢combination
flamfest — Swapfest at L)onner Park shelter house in
Columbus on Sunday, May 22, from 1000 through 1500
C'DST. Recistration fee is $1.00. Adequate picnic facilities
and refreshments are available at the park. I‘or furthw in-
formation. contact Irank Reiser, W9AH, R.R. 2, Colum-
bus, Indiana.

Kansas — The [i-Plains Amateur Radio Club will hold
its 11th hamfest Aay 15 at Plains. Eintertainment i8 planned
for XYLs and a hasket inner will be served at noon.

Kansas — ‘T'he 13th annual CKRC hamfest in Kenwood
Park at Salina. will open at 9 A.M. on June 5. Bring a cov-
ered dish and silver service for your own family, Soft drinks
und cofice will be furnished by the (‘KRC. Everyone is wel-
come, but only licensed hams and their YLs or XYLs are
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COMING A.R.R.L. CONVENTIONS

April 30-May 1 -— Orcgon State, Port-
land.

May 1| — New England Division. Swamp-
scott, Massachusetts.

June 4-5— Southcastern Division, At-
lanta. Georgia.

June 18-19 — West Gulf Division, [allas
Texas.

July 30-31 — North
Minot.

September 10-11 — Central Division, In-
dianapolis, Indiana.

Dakota State,

September 16-17 — Quebec Province,
Montreal.
October 78 — Great Lakes Division,

Cleveland, Ohio.

eligible for registration. Registration fee is $1. FFor informa-
tion, contact Buz Baer, WBJAS, 857 Shawnee Ave., Nalina,

Kansas — The Kuw Valley Radio ('lub of Topeka, will
hold its annual Hamarama on May 22 at Lake Shawnce.
There will be mobile and tixed stations on standby fre-
quencics of 3920 ke. and 29.6 Me. to guide out-nf-towners.
Starting time is 9 a.at. There will be mobile hunts on 75 and
10 with prizes for the winners. Rring auction sale material
for a real ham auctioncer *‘that is the best a ham ecan do
with another's gear.” Bring a covered dish for the nounday
meul. The club will serve eaffec and soft drinks. There will
be plenty of boat space for those who have bouts and want
to try the lake.

Massachusetts — The Massachusetts Phone Net will
hold its annual spring meeting May 14 at CGrandview Hall,
21 Girandview Ave., in Worcester, at 1 p.a. There will be
discussions on traffic handling and net apecrations, cveball
€)50s and refreshments. The meeting will adjourn to a local
restaurant for dinner a lu carte. Registration fee ut the door
will be 50 cents; dinner will be on an individual basis, ‘1'hose
planning to enme are asked to contact WIDXS by May 12
on the Massachusetts Phone Net or at 26 Richards St.,
Wareaster.

Mississippi — The Biloxi Amateur Radio ('lub will hold
its third annual hanifest June 4-5 at the Community House
in Biloxi. The program includes an open house and games
with a Duteb treat supper on Saturday and a hidden trans-
mitter hunt and other events on Sunday. Main attraction
will be the free shrimp boil Sunday noon. Tickets are $1.
For information, write BARC. Box 1574, Biloxi,

New York - Rochester will play host to the Western
New York hamfest May 14 at the Doud Legion Post on
Buffalo Road. There will be special scssions on v.h.f., DX
and transmitter design plus contests in code transmitting
and QSLs. Open house at the AW A's historical barn muscum
and an Old Timers’ luncheon is scheduled at noon, lixhibits
and registration start at 1 r.a1. The banquet is at 6:30 r.m.
Registration will be $2.25 and dinner will be $2.75. Advance
combination registration and dinner will be $4.50. Alail
checks to Larry MeConnell, K2UCT, 256 Pemberton Road,
Rochester 22,

New York — The Rome Radio Club will holds its annual
hamfest on June 5 at Beck’s (irove. There will he guest
speakers, entertainment and food for all. Tickets are $4 for
adults and $1.25 for children. IFor further information or
tickets. write (i. K. Bennison, W2IXR, P. O. Hox 184,
Holland Patent, N. Y.

Ohio — The sixth annual Toledo Sideband Dinner is set
for May 28 at Brail Hall on Alexis Road in Toledo. This
affair is an informal reunion of sidebanders from a wide area.
The hall will be open all day Saturday with dinner at 7 e.ar.
Tickets are $4.50 each, with a choice of roast beef or chicken
dinner. Reservations must be in and paid by AMay 15. Motel
reservations can be made and confirmed in advance through
K8AEC or WRALP. Rescrvations are available from K&-
AEC, Ron Reed, Route 3, Tiffin or on the Interstate Side-
band Net, 5935 ke. every evening at 2000 IST.

Ohio — The 1960 Dayton lHamvention will be held on

(Continued on page 44)

QST for




The "Imp" uses a simple crystal filter and YXO

frequency control to put a single-sideband

signal on the 14-Mc. band. The 5§ X 7-inch

chassis shown in this photograph contains the

entire r.f. and audio circuits of the exciter,

Output from the 6CL6 amplifier is about 1
watt,

A Single-Sideband
Exciter of Simple Design

BY JOSEPH S. GALESKI, JR.,*
W4IMP

The “Imp”—a 3-Tube Filter Rig

“I'd be on s.s.b., but it's too expensive”

--------- or “It’s too complicated.”” Clomments
such as these, plus the desire to do a little experi-
menting with high-frequency erystal filters and
VXOs, prompted the development of the “Imp’”;
I needed an exciter with a minimum number of
tubes to use as a laboratory for my experimen-
tation.

The results have been most encouraging. The
three tubes and filter generate a very acceptable
s.s.b. signal, with variable frequency and a watt
or so of output to drive a linear amplifier. I
hope this article will inspire others to give s.s.b.
a try.

For purposes of simplificution this exciter is
designed to operate only on 20 meters. However,
hy the proper choice of filter frequency, VXO
erystal, und suitable modification of the three
coils it can be made for any band. Components
are readily obtainable on the surplus market and
substitutions are quite in order where necessary.
I was able to purchase crystals for less than
twenty-five cents each. The modulation trans-
former ean be any small plate-to-line unit with a
turns rutio of about six or eight to one, such as
the W2LWL type! or the output transformer
from an ARC receiver. Suitable transformers ure
currently advertised in QST and other publica-
tions at a cost of less than one dollar.

Since my own station exciter is a version of
George Bigler's “Sideband Package,” ® and since
I had already won a war against its *“‘bugs,”’ 1
decided that Gieorge's basic circuit was a good
starting point. [t has worked out well.

ON occasion we've all heard the complaint

* 4318 llanover Ave., Richmond 21, Virginia.
I Vitale, “ Cheap and Basy 8.8.B.." QST, March, 1956.
2 Bigler, * A Side-Band Package,” @ST, June, 1958,

May 1960

When a single-sideband generator is
stripped to essentials, there isn’t
much to it; the complications pile on
when assorted accessory equipment
is added. Here’s a basic unit that will
get you off to a good start on s.s.b.
Built mostly from odds and ends of
surplus, including the crystals, it
doesn’t leave much room for argu-
ment on the question of economy:.

Every effort has heen made to keep cireuits
simple and with as few puarts as possible. These
circuits are not original with me and complete
descriptions can be found in the handbooks. I
have ouly adapted them to the Imp.

Circuit and Construction

The triode scction of Vi, Fig. 1, is used as un
untuned erystal oscillator to feed currier to the
diode balanced modulator. The pentode section
of this same tube will deliver enough audio from
a crystal microphone to upset the modulator
bulance and furnish a double-sideband signal to
the filter, which passes only the upper sideband
to the triode mixer, Vwa. The pentode section,
Vo, is a variable-frequency erystal oscillator
which supplies the mixing signal to the grid of
I"sx. About 10- to 12-ke. shift can be expected
from an 8-Me. ervstal. The 6CL6 amplifier, 1y,
uses tuned tanks in both the grid and plate cir-
cuits to provide adequate sclectivity.

Construction is straightforward. A 5 X 7-inch
chassis was used, with the tilter mounted on top.
A shield separates it from the VXO tfuning capse
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CARRIER 0SC.
5773.3 KC.

BAL. MOD.

SIDEBAND FiLTER
5775 XC.

AMPLIFIER
14 MC.

AR

;]; <;1000
Sz
| N\
10005« ~ by
S CARRIER * Tic cPERATE
INSERTION 0 v Va A4
as2s ke, YK 6UBA  6UBA  6CL6
AUDIO AMP s‘g\4 sI i + s 4

REC 01 H "‘-,on

47K F
2.5MH, (L T
2001 6.3V.
DECIMAL VALUES OF CAPACITANCE ARE INAJY.;
T0 Vm 1000 OTHERS ARE IN puf. EXCEPT AS INDICATED,

+B

Fig. 1 —Circuit diagram of the s.s.b exciter. Resistances are in ohms; fixed composition resistors are ¥z watt except as Indicated. Fixed capacitors withpolarities marke d are electrolytic; other
are ceramic. Power requirements are 6.3 volts at 1.6 amp. for tube heaters and 250 to 300 volts at 50 ma. for plates.

Gy, C2, C3—4.5-25,.uf. ceramic trimmer (Centralab 822-AZ).
Cs—50 puf. per section {Hammarlund MCD-50-M).
J1i—Coux connector, chassis mounting.

L1i—22 turns No. 22 enam. close-wound on 1%-inch diam.
form. Modify as necessary to give desired VXO
frequency shift.

Lz, Ls—22 turns No. 22 enam. close-wound on 33-inch diam.
slug-tuned form. Lz and L3 mounted side by side with
3-inch spacing, centar to center.

Li—20 turns No. 22 enam. close-wound on Ya-inch diam.
slug-tuned form.

La—Output link, 5 turns same as Ly wound at cold end of Ls.
R1—1000-ohm potentiometer, linear taper.
R>—500-ohm potentiometes, linear taper.
Rs—1-mcgohm control, audio taper.
R1—25,000 to 50,000 ohms, 2 watts, as needed for swamping
and for stabilizing the 6CL6 amplifier.
S1—S.p.s.t. mounted on Ri.
S2—Rotary, single-throw, with additional poles as needed for output, or similar),
controlling external circuits. Yi, Yz, Ys—5773.3 ke., surplus FT-243 type (see text).
Ti—Tuned winding: 60 turns No. 28 enam. scramble-wound Yz—5775 k., surplus FT-243 type {see text).
to length of 7fs inch on 3g-inch diam. siug-tuned Y;—8525 kc., surplus FT-243 type.

form. Primary winding: 8 bifilar turns on same form
close to tuned winding.

To—Each winding 50 turns No. 28 enam. scramble-wound
to length of 3% inch on 34-inch form (no slug); windings
spaced 34¢ inch between adjacent ends.

Ta—Plate-to-line audio transformer, approx. 20,000 ohms
tc 500-600 ohms (Stancor A-3250, ARC-5 receiver



acitor. A reasonable effort. should be muwde to
keep the cireuits separated. If the unit is not to
be put in & metal bhox, I would suggest putting
. shield ean over the carrier ervstal and over the
filler, beeause hand capacitance tends to throw
the currier balance out of kilter.

The selection of ervstals for the filter permits
a wide latitude of frequencies. However, the har-
monies of the filter frequency and of the mixing
frequency should he well removed from the
desired 20-meter output.

Selecting Crystals

On the surplus market are several groups of
5- to 9-Me. erystals that have a frequency differ-
ence of 1.7 ke. I obtained about ten at 5773.3
and ten more at 5775 for experimenting, but {
now feel that for a similar project seven at 5773.3
and three at 5775 would be cnough. While the
cryvstals are marked as having these frequencies
few of them are **on the nose,”” and vou will find
that they will differ from one another by as much
as a kiloevele.

Marlk each of the 5773.3 crvstals with an identi-
fving letter and determine the relative frequency
of each by inserting them one at a time in the
crystal socket of 1) and tuning them in on your
receiver, If your receiver covers only the ham
hunds, use a second erystul at approximately
%500 ke. in the VXO to hring the sum frequency
to the 20-meter band. A difference in audio tone
against the recciver b.f.o. will permit vou to get
the crystals in order of frequency from highest
to lowest. Record this order by the letters previ-
ously murked on them.

Scleet two of the lower-frequency erystals of
the 5773.3-kc. group having a separation of a
couple of hundred cyeles or so and cull the lower
one ¥4 and the higher Y. You will Jater use one
of the remaining erystals of this group for 7.
Use one 5775-ke. crystal tor Yi. Peak Ty and the
trimmers on I'» with a 5775-ke. crystal at Y.

Circuit and Filter Alignment
The three tuned circuits, Lg, Li, and Ly, can

Behind the panel. Most of the parts are from
surplus. Ly is in the can (from a roll of film) at
the upper left. Following down along the left
edge of the chassis are the output tube, V3, the
mixer-amplifier coupling coils, l2l3, and the
mixer-YXO tube, V.. The VXO crystal is
alongside the tuning capacitor, which is 100
upf. per section with 100 uuf. fixed in series
with each section to give the 50 uuf. specified
in Fig. 1. T2 is on the coil form at the left near
the rear edge of the chassis; its associated
trimmers, C= and Cx, are mounted on the shield
alongside. The filter crystals and T; are also
near the rear edge of the chassis. The carrier
crystal is at the right in the far corner; Vi is
alongside, followed by the audio transformer,
T, and, in the lower right-hand corner, the car-
rier balance control, Rz. C; is adjusted through
the hole in the rear wall of the chassis at the
right.
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hest. be aligned by first removing both 17 and
the VXO crystul and then, with a signal generator
set at 14,300 ke. connected to the grid of Vay,
peaking the coils. An alternate method would be
to use w 7150-ke. erystal in the VXO and peak
the coils on its sccond harmonic. This procedure
should be followed to avoid the possibility of
alignment of the coils on a harmonic of the VXO
or » harmonic of Y.

Alignment of the filter is the next step, and a
BC-221 frequency meter or other slow-tuning
oseillator is necessary. I used a 221 on its low
range, which gives approximately 30 dial divisions
per kilocyele. Insert a cervstal about 150 to 225
ke. lower than the passband frequency at }: this
would be in the 5550- to 5625-ke. runge. Ioxact
frequency matters little as long as the 221 output
and the temporary 1’1 add to tunc across the filter
passhand. A difference frequency may also be
used if yQu remember that in such case increasing
the 221 frequency decreuses the resultant fre-
quency.

C'onnect a eapacitance of a few guf. between
the output terminal of the 221 and a shielded
lead running to the arm of the carrier-balance
potentiometer, /s, which should be turned to one
end of its rotation. Remove the 6CL6 from its
socket und conneet u lead from the ungrounded
end of Ly to vour receiver antenny terminal. You
should be able to get an S-meter reading on the
20-meter band. If the meter goes off seale, loosen
the coupling between the Imp and the receiver
until » mid-range reading is obtained. You arc
then ready. to plot the passhand.

"Tune the 221 #o that the output frequency of
the diode balanced modulator, which is now
acting as a diode mixer, sweeps across the filter
passband. Keep the recciver in tune with the
signal and observe the action of the S meter.
It takes a little practice, but after 4 few moments
of using one hand on the receiver and one hand
on the frequency meter this process becomes quite
casy. You should be able to observe a definite
increase in S-meter readings within the passband
and a decreased reading outside of the passband.




Using a sheet of graph paper, plot, the S-meter
readings on the vertical scale against 500-cyele
dial scttings from the 221 calibration book on the
horizontal scale. Run u scries of points and sketch
in the eurve. After you have plotted once or two
of these curves you will be able to visualize what
happens to the passband by watching the S-meter
action after cach adjustment of the filter trim-
mers. It will only be necessary to plot the final
curve for vour records.

The filter passband of the Imp is shown in Fig.
2. It has o very sharp cutoff on the low-frequency
side and is suitable as a filter for the upper side-
hand for transmission, but is too wide for receiv-
ing purposes. The curve has a dip and a bump or
so, but they do not scem to affect the speech
quality too adversely. Final filter adjustment will
be a compromise between flatness of passband
and maximum suppression of the unwanted
sideband.

Carrier Balance

There should be little trouble with the carrier
balance. If the trimmer, (', does not add to the
carrier suppression that cau be obtained by ad-
justing Ra, conneet it at the other diode. This is a
matter of cut and try, You will find that different
crystals at ¥ require different settings of Ry and
C'1. Any r.f. indicator, such as an r.f. probe and
v.t.v.m. or a reeeiver S meter, can be used for
setting the balance. Be sure 8y is elosed.

Seleeting ¥y is also a bit of cut and try. If its
frequency is too low you will find that the side-
band suppression is excellent, but the signal is
difficult to copy because the low voice frequencics
arc cut off by the filter. 1f it is too high, the signal
will sound fine, but you’ve lost suppression of the
unwanted sideband. Don’t be afraid to move the
frequency around a hit by loading the crystal
with a pencil mark., The final frequency of Yy
should be as low as possible consistent with good
voice quality.

Other Bands

Operation on other bands may be accomplished
by using this same filter. For example, lower-
sideband output at the high-frequency end of the

75-meter band cun be realized by (1) replacing
the VXO r.f. plate ehoke with a parallel-tuncd
circuit at 9760, (2) using a 4880-ke. VXO erystul,
and (3) changing Lg, L3, und Ls to tunc to 3080
ke. You could leave the plate choke ulone and
obtain a fundamental erystal at about Y760 ke.

In any frequency combination that may be
uscd, the sum of the filter frequency and the mix-
ing frequency gives output on the original (in this
cuse the upper) sideband. Subtracting the mixing
signal from the filter frequency will still give
you upper-sideband output. However, if the
sideband filter frequency is subtracted from the
mixing frequency, a reversal will oceur and the
output will be on the lower sideband.

I made an attempt at 15 meters using a 7825-
ke. erystal, doubling in the VXO tank to 15,650
to give exciter output at about 21,423, It worked
fine except that Le, Ly, aund Ly did not give suth-
cient selectivity for adequate attenuation of the
third harmonie of 7825 ke. Clonstruction of a
filter at about 4125 will permit using an 8650
crystal for better rejection of harmonies in the
tuned circuits.

Build an Imp around any group of erystals you
may have, but watch out for the harmonics.
Sce you on s.s.b.!

Results and Afterthoughts

T have had the rig on the air with an amplifier,
and while adequate drive is not available for my
Thunderbolt, the Imp will drive a 6146 or 61)Q5
quite well. Carrier and sideband suppression are
quite good. WHIYC describes it as sounding
“like a well-adjusted phasing rig.” T worked a
number of Ws, TI2HP, and ZS6AQQ, with the
Thunderbolt tied on and doing the best that it
could. The VXO could probably be replaced with
a v.f.0., but I have not tried it. It is quite stable
with the crystuls and there is no detectable drift
in operation.

I would like to say here for the benefit of those
without access to a BC-221 that they should not
lose heart. Any existing v.f.o. can be used if it ix
given additional bandspread with a trimmer so
that a 180-dcgree turn of the dial will cover
about 10 ke. It docsn’t even have to tune the

The large coil is L1, in the VXO circuit.
Knob-adjusted controls are, left to
right, carrier insertion, audio gain, and
operate switch. The microphone jack is
between the latter two. The extra
contacts of the operate switch, S, are
brought out to the terminal strip on the
rear edge of the chassis. These can be
tied in with a linear amplifier and
other accessory equipment as the
operator may desire.

QST for
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Fig. 2.—Pass-band of crystal filter use in the Imp, in terms of S-meter readings on the 75A-4 receiver used by W4IMP.
The frequency measurements were made by using a BC-221 frequency meter as a signal source.

filter frequency. Use the heterodyne principle us
deseribed above with the B(-221. After all, in
this case we want to know only that the passhand
has the desired shape. A VXO on u sepurate
chassis could also he nused.

Since only one crystal, 173, is needed for the
higher channel, all filter erystals may be pur-
chased for the same frequency and a couple
etched or ground up 1!4 to 2 ke. This job is
casier to do than one can imagine. Refer to your

handbooks. Of course, commercial high-frequency
filters are available that will do a beautiful job,
but this makes the task too simple and we side-
banders will lose our “exelusiveness.”

The three tubes and two diodes are the best
that I could do. Anybody for a two-tube exciter?
A triple triode is available!

My thanks to Art, ZS6AQQ, and Myron,
WAIYC, for their encouragement and ideas for
this little rig. @&

e Strays L

FEEDBACK

The “Self-Contained Portable Station for 50
Me. (March QST, page 11) is bringing in plenty
of mail. Some of this indicates that readers don’t
read very carefully. About a dozen letters ask
for au 2-meter version, despite a statement on
the first page of the article giving the reasons
for using 50 Me. instead of 144 for this kind of
work.

Several inquiries concern the 1AF4 tubes. Ours
werc made by Sylvania, and ohtained from a
local radio parts store. They are among the newer
filament-type tubes, but have been made for
several years.

Some ask about the small transformers. Don’t
worry if vou don’t find exact duplicates of
those used in the article. There are many makes
of transistor fransformers on the market. The
impedance values are not too critical. Anything
roughly approximating the impedances given
under Fig. 1 should be satisfactory.

Sharp-eyed W5VCJ asked if there isn't a con-
tinuous drain on the transistor battery, with the
circuit as shown, even with Sy open. We blush-
ingly admit that there is —- though it is not a
serious matter. After more than four months
with the batteries connected the penlite voltages
are 10 and 7'3, respectively, in place of the
original 12 and 9 volts, and there is still plenty
of audio available, If you want to get rid of the
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200-microampere drain, return the 1500-ohm
resistor in the receciver to the plus side of S2alS,
rather than to ground.

There is a dimension error in Fig. 2. As shown
in the diagram, the two small chassis are 2!3
by 334 inches after bending. The large surface
should be 314 inches long, not 334 inches.

The crosstown QSO of K9ORP, K9MBS and
KOMBR was monitored by KN9SVV . . . on
his TV set.

WICTW/W1IQD recently worked a KP4 on
50-Me. phone. So what, say you? Well it so
happens that Cal has been an active amateur
since 1924. He has a country total of 164 on 2t
Me. He has been a leading New England v.h.f.
enthusiast since the carliest days of activity on
5 meters — but this 6-meter contact with Puerto
Rico was his first phone QSO outside the United
States and Canada.

Additional copies of the Golden Jubilee year-
book of the Radio Club of America, published
earlier this year, are available at $4.50 per from
the Club at 11 West 42nd St., New York 36, N. Y.

When WA2HRD ()SOd W2CTH, W2CTH
said this was his 100th contact on 6 meters.

WAZ2HRD checked—it was his 100th on 6 too.
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o Beginner and Vovice —

Harmonics, Harmonics, Harmonics
How To Keep Them off the Air

BY LEWIS G. McCOY,* W1ICP

you’re aware of it or not, you must face the

fact that precautions must be taken to pre-

vent radiation of harmonies from your trans-
mitter. It you don’t, you're likely to find yvourself
in violation of FCC regulations. It isn’t safe to
assume — or hope — that you don’t have har-
monics. [f you escupe getting a ticket for a while
it may just be hecause FCC monitors didn’t hap-
pen to check at times when you were on the air.
There are several methods for getting rid of
harmouies. This article will treat a simple, in-
expensive cure. However, before discussing the
“how”’ let’s talk about the “why’” for a minute.

DEAR Mr. Newly-Licensed Novice: Whether

Harmonics

What you want from your transmitter is a
signal in which all the output power is on one
frequency only.  Unfortunately, transmitters
don’t generate that kind of signal. In addition to
the desired frequency, called the “fundamental,”
there are always other frequencies present. These
frequencics, called “harmonies,”” are simple mul-
tiples of the fundamental frequency.! For ex-

I You shonld know this already from your Novice license
examination, but it’s worth repeating for emphasis.

ample, if vour fundamental is 3710 ke., you'll
have a “sceond” harmonic at twice 3710, or
7420 ke., o *“third” harmonic ut three times, or
11,130 ke., and so on. When these frecquencies are
radiated by the antenna they may cause inter-
ference to other radio services because, for the
most. part, they don’t full in wmateur bands.,

Where most Novices get into trouble is with
the second harmonie from R0-meter operation.
There are numerous commereiul services in the
region around 7450 ke., and there are often times
when it doesn’t take much of & harmonie from
your station to interfere with the reception of one
of these commereial stations.

How Bad Are Your Harmonics?

There is no simple method for determining
whether your harmonic radiation may cause
harmful interference. You can have uauother
ham listen for vour harmonies; if he hears them
at all you know vou have to do something about
them, but unfortunately the c¢onverse isn’t true:
the fact that another ham cannot heur u har-
monic from your station doesn’t mean you are
clean. The only safe assumption to make is that
your transmitter is bhound to have harmonics,
and then take precautions to prevent them from
reaching the antenna.

Many of the antennas in use
on 80 and 40 arc of the trap
type with coax feed. In this
type of installation the coax
feed line i usually connected
directly to the transmitter. In
such case yvou can be practically
certain that harmonics will reach
the uantenna and be radiated.
Another common system is the
off-center feed antenna, usually
fed with 300-ohm Twin-Lead,
connected to the transmitter
through balun coils and ecoax.
Here again there is nothing to
prevent harmonics from reaching
the antenna.

Whether you use the antenna

The two-band filter for coax lines;
80-meter filter at left, 40-meter filter
at right. The coils in each filter are
self-supporting and are oriented with
their axes at right angles.
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Fig. 1—Circuit of the half-wave filter. Ly L, J
A single set of circuit constants, as given Y Y ym Y’ 2
below, will serve for one Novice band, XMTR

but different filters must be used
on different bands.

C1, C3—3.5 Mc.: 820-uuf. mica, 500 volts,
7 Mc.: 470-puf. mica, 500 volts,
21 Mc.: 100-uuf. mica, 500 volts.
C2—3.5 Mc.: 1500-uuf. (0.0015 uf.) mica, 500 volts.
7 Mc.: 1000-uuf. {0.001 - uf.) mica, 500 volts.
21 Mec.: 2000-puuf, (0.002-uf.) mica, 500 volts.
J1, J2—Phono jacks.

systems just mentioned or some other type, as
long as you don’t have an antenna coupler or some
tvpe of filter in the feed line you should take pre-
cautions against harmonic radiation. Some ama-
teurs think that a low-pass filter for TVI will
protect them against all kinds of harmonic radia-
tion. A TVI filter will help attenuate harmonics
in the television range, but it won't do a thing
for the low-frequency harmonics that interfere
with other commercial services.

Usually you can consider yourself safe if you
have an antenna coupler following the transmit-
ter. The coupler provides enough selectivity to
keep the harmonices from being radiated. How-
ever, many amateurs don’t like to use a coupler
because of the additional udjustments required
when changing bands. There is another approach
to the problem of harmonic attenuation, and that
is the use of a filter installed in the coax feed line.
The filter is a fixed device that doesn’t require
adjustment or tuning once it is constructed.

Half-Wave Filters

A “half-wave” filter is a special type which
has the unique property that it. doesn’t have to
be “matched,” beeause whatever impedance
may bhe connected to its output side will auto-
matically he repeated at its input terminals.
‘This means that such a filter can be inserted in
the feed line without changing the load on the
transmitter; except for the fact that it attenu-
ates harmonies such a filter has no effect on the
operation of the transmitter and antenna.

The half-wave filter is not critical of the stand-
ing-wave rutio on the line. A single design will
work equally well with cither 50- or 70-ohm coax
and will tolerate mismatches of approximately
3 to 1. This limit is not due to any theorectical
fimitations in the filter itself, but is because of
the limitations of the components used. With a
large mismatch the currents or voltages in some
parts of the filter may exceed safe values for the
coils and capacitors.

The only drawback, and it is not a serious
one, is that a separate filter is required for each
band. This means the filter must be changed
when a different band is used. However, this can
be taken care of by installing phono-type plugs
on the feed line and phono jacks on the filter,
It is impracticable to use a switch to change
filters because of the danger that harmonies will
leak around the switch connections through
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L1, Lo—3.5 Mc.: 11 turns No. 20, 16 turns per inch, 1-inch
diam. (B&W Miniductor 3015).

7 Mc.: 8 turns No. 18, 8 turns per inch, 1-inch
diam. (B&W Miniductor 3014),

21 Mc.: 7 turns No. 18, 4 turns per inch, V2-inch
diam. (B&W Miniductor 3001),

stray capacitance and reach the antenna. It
only takes a few secconds to change filters with
the plug and jack system.

Making the Filters

The assembly shown in the photograph con-
sists of two half-wave filters, one for 80-meter
operation and the other for 40. A coffee can
makes an inexpensive container for the filters,
and also offers exeellent shielding. Both ftilters
use the circuit given in Fig, 1.

The first step in building such a filter is to cut
a shield from another tin can. The shield runs
through the center of the eoffee can and is sol-
dered to the can at the sides and bottom. This
scparates the can into two shiclded compart-
ments.

Next, mount the phono jucks in place. These
are installed approximately 114 inches from the
bottom of the can and about 2f inch either side
of the shield. The jacks can be installed by solder-
ing them dircctly to ‘the can, or else serews and
nuts can be used.

The coils Ly and Lo are made from a single
length of B & W Miniductor coil stock. See
Fig. 1 for details on coil sizes, When cutting the
eoils from the original stock allow approximately
1!4-inch lead length on each coil.

Note in the photograph how the coils are
mounted at right angles to each other. This is
cdone to minimize coupling hetween the coils. The
ground leads to the mica capacitors are soldered
directly to the can, and their other leuds go to
J1, Jo and the junction of LiLs, respectively.
After assembly, replace the lid to complete the
shielding.

Of course, if you plan to operate only on one
band there is no need to make two filters. In such
a case the internal shield can be omitted.

The half-wave filter attenuates all harmonics
higher than its opcrating frequency and so is
also useful in attenuating harmonies that could
nuse TVI. However, if you already have a TVI
low-pass filter installed in your setup it can be
left in place when the half-wave filters arc used.
Actually, there is no need to build a half-wave
filter for 15-meter operation if you’re already
using a low-pass filter since the latter serves the
same function. -

Remember: Be sure to change filters when
changing bands. If you don’t you may blow out
the mica capacitors, [asT=]
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mind when preparing an antenna system for
Field Day. Or, for that matter, for any
portable operation.

With some help from George Saif, WOBDM,
the author constructed the v.h.f. antennas and
supporting mast for the local club’s 1959 Field
Day.! This article deuls mostly with the con-
struction of the mast and the means employed for
rotating the antennas. Little comment is made
about the antennas, since there are many good
beams described in the ARRL Handbook and
QST'. Almost everv amateur has his own pref-
erence in the antenna department.

It was decided not to use an electrically-
operated rotator, since clectric power is at a pre-
mium on Field Day. As it worked out the Arm-
strong method was quite satistactory. This type
of rotator is the cheapest and most readily avail-
able. For those unfamiliar with the Armstrong
rotator, it is the sume us turning by hand.

Smm,ms'r is best,” is a good slogan to keep in

Construction Details

For the mast. three wood poles 8 fcet long were
used, the combined height being 24 feet. These
poles are approximately 134 inches in diameter
and came from a convention display booth. Poles
like these are readily available at your local
lumberyard or, in some areas, come with rugs
rolled on them. The %-foot length was chosen
because it permits carrying the mast, when col-
lapsed, inside a station wagon. The simplest type
of portable and Field-Day antenna mast is the
one vou can carry around with the least amount
of trouble.

The three poles are butted together and joined

#1425 7th Ave., LaGirange, Ill.
*Chicago Suburban Radio Association, WISW /9.

“The entire installation . . . was completed in 15 minutes”

A Portable Mast for Small Beams

This 24-foot portable mast is easily
made from readily-obtainable and in-
expensive material. Its worth was
proved in 1959 Field Day operations.

Simplest Is Best
BY BOB JONES,* WODWD

by sleeves consisting of 1-foot lengths of 1l4-inch
pipe. The wood poles were whittled and sand-
papered until they fitted tightly into the ends of
the pipe. With the poles inserted, into the pipes,
holes were drilled and 14-20 bolts passed through
the pipe and pole to keep the poles from slipping
in the pipe. To disassemble the mast, the bolts
are removed and the entire mast reduces to an
8-foot bundle. From the photographs, it ean he
seen that the top 8-foot pole section is used as
the mast for the 2-meter and G-meter beams.
The entire mast is guyed at the pipe coupling just
helow the top pole, 1t 16 feet above ground.

Guying and Rotating

The mast rotates by means of a unique and
inexpensive slip ring. The top I-foot section of
pipe coupling was threaded at its upper end,
and a 2-inch-to-114-inch pipe reducer was screwed
on. With the 2-inch end of the reducer upward,
the top wood pole easily passes through the re-
ducer and into the 1-foot pipe. The wide lip on the
2-inch side of the reducer acts as the hearing sur-
face for the slip ring. The slip ring is a I Y4-inch
wall flange. The hole through the middle of this
flange is actually ahout 134 inches and easily fits
over the wood pole and rests on top of the reducer.
The flange has four equally-spaced holes in it
where guy ropes may be attached. The guy ropes
hold the wall flange rigid as the mast turns. The
friction between the wall flange and the wide lip
of the reducer was found ample to keep the beams
and mast from turning in the wind. All pipe fit~
tings used are readily available at your local
hardware store, as is the clothesline rope we used
for guy lines.

I would suggest that if you build a similar type
of rotuting mast with more than three poles, you

The wood sections of the mast are coupled together with
sections of pipe secured by bolts. This detail view also
shows the pipe reducer and wall flange
mentioned in the text.
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This view shows the mounting of the two antennas and the
guy-rope bearing.

should add additional slip rings and guys at the
middle to keep the must from bowing. The addi-
tional slip rings can be made in like manner.

Antennas

For 6 meters the author used a 3-element beam.
The clements are aluminum tubing and quickly
unfasten from the wood boom by removing two
bolts in cach. The boom is attached to the wood
mast by a U bolt. This type of construction per-
mits the entire 6-meter beam to be reduced to a
small Aat package. There are many good com-
mercial beams available that can be used. but
keep in mind that the simplest are the casiest to
take apart and transport to the portable site.

For 2 meters, an 8-clement collinear broadside
bheam was built. This, like the 6-meter beam, is a
familiar type of antenna and is described in the
Handhook. The only point of interest is the
method of attaching it to the wood mast. The
crosspicees, each supporting two buays, consist, of
strips of 1 X I-inch board spread 134 inches
apart. Bolts on either side of the mast, through
the strips, clamp the strips tightly to the wood
mast. Wire was used in the phasing section be-
tween the upper and lower bays so that the beam
would lie flat when removed from the mast, and
s0 the phasing section would not have to be dis-
counceted when disassembled. A coux fitting was
soldered in the feed line just below the balun to

permit casy removal of the feed line when nof
in use.

Summary

This rotating mast and antenna system worked
even better than expected. As anticipated, there
was never a lack of availuble hams to run over
and swing the heam. The 24-foot mast was found
to be ample for the beams, considering the ideal
hilltop location the CSRA club used last year.
The complete installation of beams, mast, guys
and feed lines was completed in less than 15 min-
utes. All of the parts were eusily carried to the
Ficld-Day site inside the author's station wagon.

In couclusion, the antenna system was simple
to build, easy to assemble and put up and, best
of all, operated with no difficulty. All of the
materials are available at your local lumberyard
or hardware store, if not in your junk box, and
the totul cost is low for an installation of this
caliber. Once again, I helieve that “Simplest is
best,” is a good slogan for Field Day.  [@&F]

o YNow Apparatus

Six-in-One Chassis Punch

rlmm problem of storing and using several differ-
ent sizes of chassis punches can he solved by
using a G-hole chassis punch manufactured by
Punches, Box 415, Toledo, Ohio. With this tool,
holes of 114, 1, 74, 34, %6 and 14 inches can be cut
in aluminum chassis.

The photograph shows an ¢xploded view of the
tool along with assorted punches and dies. The
large cylinder at the left is the die holder. Next
to it is the die, punch, locating pin and the driver
which doubles as the 34-inch punch. Before using
the tool it is necessary to drill a 14-inch pilot hole
in the chassis. The desired die is then placed in
the dic holder and lined up with the pilot hole in
the chassis, after which the locating pin is in-
serted through the pilot hole and down into the
dic holder. A punch of the proper size and the
driver are next placed over the locating pin, and a
few blows with a hammer on the driver forces the

punch through the chassis.
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When assembled, the punch measures about 6
inches high and about 1%% inches in diameter. It is
mailed in a stroug cardboard tube with a metal
screw-on cap which makes a handy coutainer for
storing the tool.

—E L C.
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S.S.B. on 144 Mc. with the T-23/ARC-5

BY LEROY W. MAY, JR.,* WBAJG

uE T-23/ARC-5 has been a popular v.h.f.
Ttmnsmittcr for years. Here we have a modi-

Heation of the unit that permits use of its
fust two stuges as single-sideband mixer-ampli-
fier. It delivers ¢nough power to he effective
on its own, or it may be used to drive a kilowatt
amplifier. At W5AJG it is used as an exciter for
all classes of 144-Me. service, driving a pair of
4X250Bs ut 600 watts input on a.m. phone and
1 kilowatt on c.w. and s.s.b. The conversion de-
scribed was worked up for the Air Force MARS
Central Technical Net, Texas Division.

Several methods can be used to convert the
T-23/ARC-5 to s.8.b. service. If only low s.8.b.
output is wanted, the lust 832A stuge can be
modificd for mixer service. This will give enough
output to drive a tetrode lincar amplifier to
several hundred watts, but it is not. recommended
unless some form of high-() tuned circuit is in-
serted between the mixer and the amplifier, in
order to hold down the level of spurious drive
applicd to the final stage. If the first 8324 is used
a8 the mixer and the second operated as a linear
amplifier more output will be obtained, und the

#9128 Hobart St., Dallas 18, Texas. )

MIXER

selectivity of the additional tuned circuits helps
keep down the level of unwanted mixer products.

The s.8.b. exciter ean be anything that will
deliver a few watts. With the arrangement shown
the s.s.b. excitation is on 21 Me., though it could
be on other amatcur frequencies if the hetero-
dyne frequency is suitably altered. The higher
the s.8b. frequency, the easier it is to get rid of
the unwuanted products. Injection of the s.s.b,
energy was tried in the control grid, the screen
and the cathode of the first 8324, with very little
difference in results. Cathode injection is shown
in Fig. 1.

Probably the simplest way of obtaining the
heterodyning encrgy is to build u scparate unit,
rather than attempt to modify the 1625 oscillutor
and multiplier stages in the ARC-5. In this way
the original stages can be left more or less intact,
and the unit can be put back into scrviee in its
original form with a minimum of trouble. A 2-
tube oscillator-multiplier circuit is shown in
Fig. L.

The screens of the 832As are run from a regu-
lated source. This can be drawn from the supply
for the plates. The oscillator and multiplier

TO ORIGINAL
CIRCUITRY
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Fig. 1—Circuit of the ARC-5 v.h.f transmitter, as converted by W5AJG for 144-Mc. s.s.b. operation. Three-figure part
numbers indicate original components. Capacitor values are in uuf. Resistors are 2 watt unless specified.

Ji—Coaxial chassis fitting, S0-239.

J2, J1, J4—Tip jacks for metering.

Li—10 turns (total) No. 18 tinned, Z¢-inch diam., ¥z inch
long, each side of center tap. Space % inch at
center. Mount on ceramic bar in ARC-S.

Ls—2 turns insulated hookup wire, inserted at center of
L1. Twist leads to run to L.

20

Ls—12 turns No. 26 enam., % inch long on %&-inch slug-
tuned form.

Li—4 turns No. 22 tinned, %2 inch long on Y-inch siug-
tuned form.

Ls—6 turns like L.

Ls—2 turns like Lz, at cold end of Ls.

RFC, RFCa—V.h.f. r.f. choke.
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stages are also fed from the $00-volt source,
through dropping resistors.

Stubility cun be improved if the oscillutor
plate voltage is obtained from a separate source,
and the oscillator is allowed to run ull the time.
Some users employ a simple selenium rectifier
supply, with its output regulated at 105 volts
for this purpose, instead of drawing the vscillator,
multiplier and amplifier voltages from the . one
supply, us shown in Fig. 1. Another advantage
of this arrangement is that it enables the operutor

to v.f.0. in on the frequency of a station without
putting a signal on the air. Using o 10B or 20.\
e the calibrate position, and with the oscillator
running all the time, enough mixing takes place
to make a signal audible in the receiver, even
with no plate voltage on the other stages.

Bias for the sccond 832A is obtained by recti-
fving the a.c. line voltage. A 50,000-ohm poten-
tiometer controls the output voltage from the
filter. It can best be set by watching the pattern
on an oscilloscope.

NEW BOOKS

Servicing Transistor Radios, by Leonard
D’Airo. Published by Gernsback Library, Inc.,
151 West, 14th St., New York 11, N. Y. Library
Book N. 76. 515 by 814 inches, 224 pages, includ-
ing index. Price, puper cover edition $2.00; hard
cover edition $4.60.

Although written primarily for the service technieian,
this book also contains information of general interest to the
amateur, such as the problems encountered in repairing
printed-circuit boards and the treatment and salvaging of
transistors, and contains a data table on the latest tran-
sistors and their characteristics. The nine chapters in the
hook vover tramsistor fundamentals, servicing transistor
radios, automobile radiog tests and measurements and
transistor circuits, The last chapter is full of practical dia-
grams for transistor receivers — superhetrodyne, t.r.f. and
regencerative. The book also includes interchangeability
charts and a dictionary of transistor terminology.,— E. L. C,

The Junction Transistor and Its Applica-
tions, by K. Wolfendale. Published by The
Macmillan Company, 60 Fifth Ave., New York
11, N. Y. 614 by 914 inches, 394 pages, including
index. Cloth cover. Price, $7.50.

A compreliensive work of several contributors, this book
covers semiconductor devices and their applications. Writ-
ten for the student as an introduction to the junction tran-
sistor, it includes the physies ot p-n and p-n-p structures and
design of circuits around the transistor. Typical chapters
include information on direct-current biasing and audio-
frequeney amplification, class (¢ amplification, sinusodial
oscillators, amplitnde modulation and demodulation, and
transistor d.c. converters. The book ends with an appendix
of transistor weasurements and a very complete index. 1t is
especially nseful for those who are concerned with the
cdesign of transistor circuits. — L L C.

Principles of Transistor Circuits, by 3. W.
Amos. Published by John F. Rider Publisher,
Inc., 116 West 14th St., New York 11, N. Y.
513 by 813 inches, 176 pages, paper cover. No.
241. Price, $3.90.

This book begins with an introductory chapter on the
physics of transistors but from there on deals mostly with
transistor applications. In fart, the bulk of the hook ie
devoted to showing how to tind such quantities ay input
resistance, stare gain, optimum load. power output, values
of coupling capacitors and transformer-winding inductances.
Illustrated with numerical examples, the mathematics is
eonfired to simple algebra. ‘The book also contains dctails
on transistor relaxation oscillators, photosensitive devices,
superheteradyne receivers, amplifiers and bias stabilization,

— B. L. C.
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Metallic Rectifiers and Crystal Diodes, by
Theodore Conti. Published by John ¥. Rider
Publisher, Inc., {16 West [4th Street, New York
{1, New York. 514 by 84 inches, 152 pages.
Price, paper cover edition $2.95.

Here in one book is information on historical background,
manufacturing techniques, basic circuit design and testing
procedures for judging quality of new and used mctallic
rectiticrs and crystal diodes. The application section gives
circuits with explanations of such devices as modulators,
hattery chargers, power supplies, are suppressor circuits,
limiters, clippers, meters and measuring circuits. There is a
comprehensive appendix with useful information on stand-
ards for coding industrial dry dise rectifiers, and a complete
listing of silicon and germaniuin diode specitication data,

— L. L. C,

Shortwave Propagation, by Stunley l.ein-
woll. Published by John F. Rider Publisher, Inc.,
116 West 14th St., New York I, N. Y. 513 by
814 inches, 151 pages, including index. Puper
cover, price, $3.90.

The author of Shartware Propagation is in charge of fre-
quency and propagation matters for Radio I'rce Europe,
and his cunsiderable experience in the field is evident in
his practical approach to the subject. The hook is written
at just the right level for the amateur interested in iono-
spheric propagation — not garnished with technicalities
principally of interest to the physicist and engincer, but not
at the oppositec extreme of popularization without real
information either,

There is of course the usual background material —
necessary for an understanding of the subject — on the
ionosphere, on radio waves, on sunspots and the sunspot
cyele, all trcated in language that is easy to follow. ‘The
section on ionosphere measurements introduces the ideas
that are important to the detailed understanding of iono-
spheric propagation, leading to the use of ionospheric eharts
and predictions for the determination of maximum usable
frequencies and optimum working frequencies. ‘T'he calcula-
tion procedurc for distances shorter than the maximum
one-hop, generally neglected in amateur literature, is also
included.

Of special interest to QST readers are chapters on amateur
contributions to knowledge of wave propagation and a fore-
cast — ndvanced with admitted caution! — of probable
amateur-band conditions during the enming sunspot eycle.
Throughout the book the reader is introduced to various
interesting aspects of propagation: one-way skip, for ex-
ample, scatter, meteors, auroral effects — all the things that
hams continually encounter in everyday operation, It would
be hard to find a question about propagation in the 3-30 Me.
region — ut least the type of guestion that an amateur
would ask — that isn't covered somewhere in this book,
even if only (of nccessity) by the statement that the answer
hasn't yet been discovered. - @ G
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Measuring Small R.F. Voltages

A YVacuum-Tube Voltmeter R.F. Probe

BY KENNETH C. LAMSON,* WI1ZIF

If yon oun a vacunm-tube voltmeter — «
basic test instrument that is indispensable
Jor anyone doing his oun experimenting —
and baven't equipped it with an r.f. probe
it's probably just becanse of neglect, not
cost. Even so, the probe described here iIs
cheaper to make than any probe kit you can
buy. It's a bare junk box that won’t supply
most, if not all, of the parts.

who does experimenting is an r.f. probe, It
- & has numerous applications, ranging from
measuring oscillator injection voltage in o mixer
stage to measurcments on transmission lines,
All r.f. probes have a common purpose — e~
tecting and rectifying an a.c. voltage and deliver-
ing a proportional d.c. voltage to & vacuum-tube
voltmeter. There ure several types of rectifying
probes, variously designed to read peak-to-peuk,
peuk, ur r.m.s. a.c. voltages at frequencies as high
us 3000 Me.

Either a vacuum-tube or erystal diode cau be
used as the rectifier. Vacnum-tube diodes can
handle larger amplitudes of a.c. voltages than
erystal diodes: and, in general, probes designed
using vacuum-type diodes offer higher input im-
pedance. However, the vacuum-tube probes have
several drawbacks; they are relatively large and
cumbersome, require heater and plate supplies,
und usually have relatively high shunt eapaci-
tance. The use of a crystal diode instead of a vue-
uum tube simplifies probe construction, climinates
the nced for a filument and plate supply, reduces
shunt capucitance, aud allows the finished probe
to be more compuact and lighter than would be
possible using a vacuum-tube rectificr.

The probe shown in the photograph and sche-
matically in Fig. 1 is of the peak-indicating,
shunt tvpe — so unamed because the diode is
shunted across the cireuit being measured — and
uses ¢ IN34A germanium erystal diode rectifier,

¥ Laboratory Assistunt, QST

! uskrUL addition to the test gear of any ham
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Fig. 1 —The r.f. probe circuit.
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Circuit Operation

A probe of thix type has definite limitations,
and in order to appreciate them it is necessary
to understand how the probe funetions. The op-
cration of the v.f. probe is unulogous to that of an
ordinary half~wave rectifier-flter combination,
converting an a.c. input veltage to a pure d.e.
output voltage. Referring to Fig. 2, assume that

c Ry
—-4]——1———N\/\,—-
l I“']‘“}
I 2 lVTVM,
AC, > N
INPUT A4 } >Rz TINPUT
L

] | RESISTANCE

CHARGE DISCHARGE
x x

T AVERAGE
D.C.
l VOLTAGE
2% ONCy

Fig. 2-—-How the probe operates.

the a.c. input voltage is sinusoidal. Initially,
when the voltage rises from zero and approaches
its peuk positive value @ut point X) the diode
conducts and the input capacitor €'y charges
through the low forward resistance of the diode
to approximately the peuk voltage. When the in-
put voltage decreases from its peak value toward
zero, (y begins to discharge through the scries
combination ot /¢y and R, the lutter being the
vacuum-tube voltmeter’s input resistance. €'y
continues to discharge throughout the rest of the
eycle, through O to V" in the negative direction
and back to O again, but if the time constant! of
the circuit is large compared with the time of one
a.c. evele the capacitor will lose only a small
part of its charge. Thus when the input voltage
again goes in the positive direction the diode
is back biased, and cannot conduet until the
amplitude of the input voltage exceeds the po-
tential of the partially-discharged ecapucitor,
In each succeeding evele, as the input voltage

VSee The Radio Amatenr's Handbook, chapter on cireuit
fundamentals. The time it takes for a eapacitor to lose 3.2
per cent of its initial potential is detined as the time con-
stant. The time constant in seconds iy equal to the product
of the capucitance in uf. by the resistance in megohms, The
smuller the £C product. the less time it takes for the capaci-
tor to discharge.
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nears its maximum positive value and overcomes
the voltage stored in (", the diode conducts and
again charges rapidly through the low forward
resistance of the diode.

Theoretically, ) und Ry should be the only
discharge path for ('y; however, in the practieal
case — and particularly when erystal diodes and
not vacuum tubes are employed — it is possible
for 1 to discharge partly through the hack
resistance of the erystal diode. The back resist-
ance is normally about 1000 times the forward
resistance, but is generully small compared with
the sum of /2 and Rs. Thus the time constant of
the circuit actually is determined principally by
the crystal back resistance.

Realizing basically how the probe functions,
it should be evident that at some low input fre-
quency the applied voltage will not change rap-
idly enough to keep the input capacitor
charged to approximately the peak voltage over
the whole eyele. In other words, ¢'; will have
time to discharge more than it should, and the
average d.e. voltage from the probe will be pro-
portionally reduced. This will cause erroncous
readings, limiting the usefulness of the probe at
low frequencies. For satisfactory operation the
time constant of the circuit (Cy times the hack
resistance of the diode) should be 25 to 100 times
as long as the time of onc cycle of the lowest
desired a.c. input frequency, values toward the
higher figure being preferable. The actual back
resistance of the diode is dependent on the ap-
plied voltage, but an average figure of 150,000
ohms can be used for general caleulation purposes.
Thus, for the circuit shown in Fig. 1 the lowest
usable frequency of the probe is approximately:

_ oo 100
R’y 0.15 < 0.01
= (365,700 cycles or (6.7 ke.
where f is the frequency in eycles per second and
Ry, is the ecrvstal back resistance in megohms.
Increasing the capacitance of € will extend the
lower frequency limit of the probe.

The upper frequency limit for a probe of this
type is approximately 250 Mec. The mechanical
design and construction ean markedly influence
the performance of the prohe in this respeet.
Long leads and wiring in which no attention is
paid ito stray capacitance will considerably
reduce the over-all effectiveness of the probe
at the higher frequencies. At high frequencies
it is also essential to provide short, low-inductance
r.f. conncctions to the test circuit. A flexible

The r.f. probe is used in conjunction with a vacuum-tube
voltmeter. The case of the probe shown here is constructed
from a 7-pin ceramic tube socket and a 2V-inch tube
shield. A half-inch grommet at the top of the tube shield
prevents the output lead of the probe from chafing. The
flexible copper-braid grounding lead and alligator clip
provide a low-inductance return path from the test circuit.
The d.c. output of the probe goes to the phone plug,
which plugs into the d.c. input jack of the v.t.v.m.
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copper-braid grounding strap will provide a low-
inductance return path. In general, at the upper
frequencies the usefulness of the probe is limited
mostly to detecting the presence of r.f. voltages
and comparing relative amplitudes, rather than in
making accurate quantitative voltage measure-
ments.

The eapucitor Cy charges to the peak amplitude
of the applied voltage, as described carlier, but
usually it is desired that the r.m.s. values ot the
voltage be indicated. To do this automatically,
it is necessary to set up a resistance voltage di-
vider to couvert peak to r.m.s. The r.m.s. value
of a sine wave is 0.707 times the peak, and there-
fore this ratio is used in the voltage divider, the
resistance across which the d.e. voltage is meas-
ured being 0.707 times the total resistance; that
18,

Ry

Ry + I2
where the cireuit is as shown in Fig. 2. The probe
deseribed here is designed to be used with any
of the several ““11-megohm’ vacuum-tube volt-
meters on the market (the actual input resistance
of these meters is 10 megohms since the d.c.
probe contains a I-megohm isolating resistor).
Solving the equation gives Ry = 04141, and
substituting 10 megohms for Ro yields .14
megohms for the value of R;. Keeping in mind
that the average of the charge on 'y is not quite
equal to the peak of the input voltage, the actual
value for Ry should be chosen slightly smaller
than the caleulated value. In this case a value of
3.9 megohms is not only sufficiently accurate but
also allows the builder to use a standard resistance
value.

= 0.707

Construction

The unit shown in the photograph and sche-
matically in Fig. 1 is similar in c¢ircuitry to most
of the conventional peak-indicating, shunt-type
commercial r.f. probes. However, it. ean he con-
structed for considerably less than the cost of a
commercial unit. If all parts, including the




Close-up of the inside of the probe. The 1N34A crystal
diode rectifier, calibrating resistor, and input capacitor
are mounted tight to the terminal strip with shortest leads
possible. Spaghetti tubing is placed on the diode leads to
prevent accidental short circuits. The tube-shield spring
and flexible-copper grounding lead are soldered to the
cable braid (the cable is RG-58 /U coax in this probe).
The tip can be either a phone tip or a short pointed piece
of heavy wire.

shiclded wire (microphone cable or small coax),
ulligator clip, tie point, resistor, phone plug, tube
socket, tube shield. capacitor, and diode are pur-
chased new, the total cost of the unit is approxi-
muately $2.25. Utilizing junk-box parts can de-
crease the total cost substantially.

The isolation capacitor, erystal diode, and
resistor are mounted on a bakelite 5-lug terminal
strip, us shown in the sketeh. One end lug should
he rotated Y0 degrees so that it extends off the
end of the strip. All other lugs should be cut off
flush with the cdge of the strip. Cut off about an
inch of the outer insulation ot the cable, unravel
the braid three-quarters of an inch, slip a piece
of spaghetti over the free end of the braid, and
then solder its end to the ground lug on the termi-
nal strip, as shown in Fig. 3. Remove the spring
from the tube shield, slide it over the cable, and
crimp it to the remaining quarter inch of shield
braid. Solder both the spring and a 12-inch length
of flexible copper braid to the cable shield.

COVER WITH

CONTngcTS |t:4_34A SPAGHETTI
HERE

/
@q U g & @
BT 2SRV

GROUND” TUBE SHIELD
LUG SPRING

Fig. 3— Component mounting details.

Next, cut off the pins on 4 seven-pin miniature
ceramic or mica shield-base tube socket. Be sure
to use a socket with a ecvlindrical center post,
such as the Johnson 120-277, Crimp the terminal
lug previously bent out at the end of the strip

and insert it into the center post of the tube
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socket from the top. Insert the end of a phone tip
or a pointed picee of heavy wire into the hottom
of the tube socket center post, and solder the
Iug and tip to the center post. Insert a half-inch
grommet at the top of the tube shield, and slide
the rhield over the cable and Hexible braid down
onto the tube socket. The spring should make
good contact with the tube shield to insure that
the tube shield (probe case) is connected to the
grounded side of the circuit. Finally, solder an
alligator elip to the other end of the Hexible braid
and mount a phone plug on the free end of the
shiclded wire.

Be sure to mount components close to the
terminal strip, as this keeps lead lengths as short
as possible and minimizes stray capacitance.
Use spaghetti over ull wires to prevent accidental
shorts. When soldering the crvstal diode, hold
the end to bhe soldered with a pair of long-nose
pliers: this helps conduct damaging heat away
from the diode.

Using the Probe

The a.c. input voltage that the probe can han-
dle safely is limited to about 21 volts r.m.s. or
30 volts peak, as a result of the 60-volt peak-
inverse rating of the 1N34A crystal diode. The
phone plug on the probe eable plugs into the d.c.
input jack of the v.t.v.m., and r.m.s. voltages
arc read on the vacuum-tube voltmeter’s nega-
tive d.c. seale. When using the probe be sure that
any d.c. voltage on the circuit being checked does
not exceed the d.c. voltage rating of 'y (600 volts
for small ceramie ecapacitors).

The aceuracy of the probe is approximately
= |0 per cent from 50 ke. to 250 Me. For exam-
ple, if the error of the v.t.v.m. used with the probe
is = 5 per cent, then the over-all error of the
measuring system is = 15 per cent. At low values
of input voltage, below a volt or so, the accuracy
of the probe is somewhat poorer because of the
nonlinearity of the IN34A cryvstal diode. At these
lower input voltages the ontput of the probe
more closely approaches a square-law relation-
ship than a linear one.

The approximate input impedanece of a probe of
this type is 6000 ohms shunted by 1.75 puf. (at
200 Me.),? and the amount of error introduced
because of circuit loading by the probe is depend-
ent on the impedance of the source of the a.c.
voltage heing measured. It peak values are de-
sired rather than r.m.s., the r.m.s. values ean be
multiplied by 1.41 or the peak scales on the
v.t.v.m. can be read directly if so calibrated.

asT—]

% Ghiradi and Middleton, How To Use Test I‘mhr;,“;;ub;

lished by John F. Rider Publisher, Inc., 116 West 14th St.,
New York 11, N. Y.

‘a-Straysis

W7WDZ’s XYL fixed up an indoor 29-Me. an-
tenna for him by taping to one wall an R-inch
wide strip of aluminum foil cut to the proper
length as a half-wave horizontal dipole. Now she's
thinking of adding a reflector on the opposite
wall. —— IW7SAR
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High Performance
at Reasonable Cost

This thirteen-tube receiver covers 3.5 to 50 Mc., includes
a ham-built lattice crystal filter, "hang” a.v.c., high-
stability oscillator, and a novel product detector.

BY PITT W. ARNOLD,* WOBIY
AND CRAIG R. ALLEN,** WOIHT

Some New lIdeas

in a Ham-Band

Receiver

ing that they can build better receivers

than they can buy, and for less moncy.
But, even if you have no intention of building
complete receiver, you may find u few points of
interest in this receiver desceription. For example,
if you have considered making a high-frequency
luttice crystal filter for a receiver or sideband
exciter, you will find some dope here on building
and aligning it, and a circuit with an extra adjust-
ment for extremely flut response in the passband.
‘The h.f. oscillator is a good deul more stable than
receiver oscillators usually are. Finally, the prod-
uet detecetor has more than 300 times the gain of
the «double- or triple-triode circuits, and its
lincurity is at least as good.

Design of the receiver follows (Goodman'’s
philosophy! of keeping gain low hefore the
“knothole” to reduce overload problems. Plug-in
coils cover the amateur bands from 80 through
6 meters, The home-brew crvstal filter at 4.5 Me.
gives the maximum usable selectivity for s.s.b.
The a.v.c. system is very flat and works on c.w.,
s b, and a.m. A noise limiter and a sharp c.w.
tilter are included in the audio cireuitry,

Front End

As shown in Fig. 1, the r.f. stage uses a 6AILS,
which gave better sensitivity on 6 meters than
any other pentode tried. It was even superior to
a cascode cireuit that was used for u while. The
GAK5 is contact-potential biased to permit
grounding its cathode pins dircetly to chassis as
an aid to stability.

The mixer is one scetion of & 6J6, cathode-
hiased, driven by the other seetion as a cathode
follower. R.f. and mixer tuning capacitors are
ganged and tuned by an “R.F. Peak” control on
the panel.

MORE and more hams appear to be discover-

#1041 N. Christiana, Chicago 51, lllinois.
*¥Box 319, Tolono, [llinois.
1 Gioodman, “What's Wrong with Our Present Receciv-

ers?,” QST, January, 1457,
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This is an ‘‘idea’’ article rather than
a blow-by-blow description of con-
struction; nevertheless, there is am-
ple detail for the reasonably-savvy
ham who might want to copy it. Be-
sides ideas, the accent is on design
and adjustment of the less familiar
circuits incorporated in the receiver.

HL.F. Oscillator

The art of making oscillators stuble has made
ereat strides in the last decade. V.f.0.'s for trans-
mitters are much better than they used to be,
largely because the Clapp and Vuckar circuits
have become popular. Receivers, though, con-
tinue to usc the ancient and mostly inferior
plate-tickler, grid-tickler, and Hartley circuits,?
usually with a low ¢, tube such us 6C4. This
seems strange, because oscillator stability is just
a8 neeessary in a receiver as in o transmitter.

This receiver uses the Vackar oscillator,? which
has several wlvantages over other configurations.
Like the Clapp, it is a variation of the Colpitts
which steps down the tuned-circuit impedance
by a capacitive voltage divider, so that varia-
tions in load or in tube capacitances ure swamped
by the low impedances presented to the tube. A
change in heater voltage or plate voltage thus
has little effect on frequency. The Vackar, unlike
the Clapp, permits the oscillator cathode to be
grounded to avoid 60-cvele f.m. eaused hy
heater-cathode capacitance. Its output is more

2 Tt would be perhaps fairer to say that these three rir-
cuits are often inferior, in practiec, although not necessarily
xu in theory. It scems quite well established by now that
all eircuits are eapable of equal stability if the sume tube and
operating paramcters are used. However, cowponent char-
acteristies are pgenerally more favorable to realization of
optimum operating conditions in the ease of the Clapp
and Vackar, — Edilor.

3 Clapp, * Frequeney Stable LC Oscillators.” Proc. IRE,
August, 1954, p. 1205,
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Fig. 1—Schematic diagram of the receiver, reading from top left to right to lower right. Unless indicated otherwise,
resistances are in ohms, fixed resistors are Y2 watt; fixed capaci’ors marked with polarity are electrolytic, those having
values over 0.01 uf. are papes, others not listed below are disk ceramic.

Ci, Cy, Cyz, C13—3~30-puf. mica compression trimmers.

C2, C4, Cio—35-uuf. double-bearing variable (Bud
MC-1835).

Cs-Cy, inc.—See coil table.

Ci1—15-puf. zero-temp. ceramic.

Li—Ls, inc.-—See coil table.

Ls, L7, Ls—15 to 25 wh.; 45 turns No. 32 enam. close-
wound at bottom of ¥-inch slug-tuned form (CTC
PLS-5), mounted in shizld can (Bud SH-294).

Ly—2-hy. high-Q audio toroidal inductor (UTC HQA-13);
see text.

Ri—10,000-ohm control, linear taper.

R:—15,000-0hm control, linear taper.

Rs—0.5-megohm control, audio taper.

Rs+—500-0hm control, screwdriver adjusted.

constant over a bhand than the Clapp’s, and it
does not require such a lurge coil on the lower-
frequeney bands.

The choice of tube for a Vackar or Clapp
oscillator is important. A suitable tube will have
high transconductance so that the impedunces
presented to the tube by the tuned eircuit can
he made lower without stalling the oscillator.
Interelectrode eapacitances should be small so
that any changes in capacitance within the tube
will also be small. Finally, the amplification
factor must be fairly low to ensure adequate out~
put voltage. The 6T and 6AF4 are good choices
on ull counts.

In this particuar oscillator, & 50 per ceut
jump in plate voltage has almost no effect at 40
meters, and changes the beat note only a few
hundred eyeles at 6 meters. Pulling by the r.f.
gain control is completely absent on ull bands.
Pulling by the r.f. tuning knob is negligible except
on 6 meters and is not bad cnough to be objee-
tionable even there.

The oscillator frequency is above the signal on
80 and 40 aud below it on 20, 15, 10 and 6.
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S, —Rotary, | section, 2 poles, 3 positions.

S:—S.p.s.t. toggle.

Ss—Rotary, 1 section, 1 pole, 3 positions.

Ti—Bifilar winding on ferrite toroid; see text.

Ta—Interstage audio, 2:1 or 3:1, secondary to primary.

Ts—OQutput, 10,000 ohms to voice coil {Thordarson 24552).

Y1=Ya, inc.—~4495-kc. FT-243 surplus crystals, etched to
frequency; see text. Y1 and Y; have the same
frequency; Y2 and Y; are 1800 cycles higher.

Note: Numbers on r.f. and mixer coil terminals are
standard pin numbers on the coil forms and sockets. R.f.
coils are on 4-prong forms (Amphenol 24-4P) and mixer
coils are on 6-prong forms {Amphenof 24-6P). Coils for
50-Mc. band are mounted inside coil forms.

Crystal Filter

The heart of the receiver is the erystal filter,
which was inspired by Ben Vester's article.t Tts
bandwidth is 2500 eveles between 6-db. points:
tinal attenuation in the stop band is about 60
db. Insertion loss is negligible — less than a
deeibel.

The sceret of really Hut passbund response lics
in resonating the toroid 7 (Fig. 1) with trimmer
(‘ja. Without the trimmer there was a dip of
several db. in the wmiddle of the passband. With
(12 properly adjusted the response is Hat within
a few tenths of a decibel.

Building and aligning a crystal filter is reully
not 5o tough. It's a good idea to buy ten or
iwelve of the surplus erystals. The next require-
ment i3 some means of measuring the pole-zero
spacingd of cach crystul and checking it for

1 Vester,  “Rurplus-C'rystal
ST, Junuary, 19539,

&\ “pole" of impedance is the parallel-resonant fre-
guency of the crystal; o “2ero’ is the series-resonant
frequency. The zero is lower in irequency, with the pole a
lkilocycle or two above it.

High-I'requency  Filters,”
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spurious resonances for 50 ke. or so above the
muin response. Vestert outlines one method using
u signal generator and the station receiver.

We didn’t have a stable enough signal genera-
tor, so we haywired together a little three-tube
test chagsis using the circuit shown in Fig. 3
The tunable 4.5-Mec. output of the test chassis is
fed to the crystal as in Fig. 4 and the v.f.o.
adjusted for a peak (at the zero) or a null (at the
pole) on the v.t.v.m. Since relative frequency is
al we need to know, the v.f.o. is heterodyned

May 1960

with a crystal oscillator and the resulting audio
beat measured by Lissajous figures with a scope
and a calibrated audio oscillator, set up as in
Fig. 3B.

Four crystals with pole-zero spacings of 1600
cycles or more and a minimum of spurious peaks
should be sclected for the filter. Set aside two of
the remaining erystals for use in the b.t.o. The
filter erystals may then be etched® with ammo-

5 Newland, “A Safe Method for Iktehing Crystals,”
QST January, 1958,
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nium bifluoride solution nntil two of them have
et frequencies about 1800 cveles above the
#eros of the other two. All four erystals should
be etehed high enough so that the zero of the
lower pair is at least a kiloeyele above the pole of
the lower h.f.o. erystal. The b.f.o. erystals will
he etehed to exact frequency after the reeeiver is
completed.

The filter may next be ussembled in & Minibox
of eonvenient size. In the filter assembly used in
this receiver a Plexiglas plate, with holes cut in it
for two octal sockets to hold the ervstals, is
mounted horizontally between the two long sides
of the box. The number of turns on the toroid 7
should be chosen so that it resonates at 4.5 Me.
with 20 to 25 uuf. when the two seetions of the
hifilar winding are con-

= . i
. E nected series  uiding
2 A N 2 I »g Z (see Fig. 5). A O r
o - = = . F E {sce Fig. 5). A @ meter
® : or grid-dip meter is a
2z Z big help here.
o oy o i o »3 g Preliminary  wdjust-
— —t = —
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=] = . . .
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23 (BE |2 |£% |ifs|se p the wtup of Fig. 6.
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Shielding encloses the r.f. stage and mixer, along the
right-hand edge of the chassis in this view. The small
shield can in the far right corner has been replaced by
the 6C4 cathode follower, Vi, since the photo was taken.
Crystal-filter box and i.f. components occupy the rear
edge of the chassis, with detectors and audio stages
along the left-hand edge. The 12AT7 projects horizontally
from the b.f.o. shield box. The plug-in oscillator coil box is
to the right of the main tuning capacitor.

leads entering the box are filtered by 0.001-uf.
feed-through capacitors. The output lead is
made of miniature coaxial cable. These precau-
tions proved to he necessary becuuse a very little
b.f.o. signal leaking into the i.f. circuits can block
the product detector.

Product Detector

We believe that the product detector is a signif-
ieant improvement over many of the circuits
which have been published. 1t uses the 6BNG
gated-beam tube, a type originally developed for
service as limiter and phase detector in fom.
receivers, The signal grid of a good product
detector must be very linear so that there is no
intermodulation among components of the signal.
A glance at the GBN6 curves shows that grid 1 is
almost, perfectly linear over a range of 2 volts

peak-to-peak (0.7 volt r.m.s.), while outside this
range the tube limits sharply. Grid 3 has similar
characteristics except that its gain is lower.
Tests have shown that the linearity of the
6BN6 as u product detector is excellent. At 0.3
volt, r.m.s. input to grid 1, the modulition recov-
ered from a 50-percent modulated signal, meas-
ured with b.f.0. off, was 40 db. below the normal
heat note obtained with the h.f.0. on. At an input
of 0.7 volt. the distortion products were still 35
dbh. down. Above 0.7 volt grid 1 was driven into
the limiting region and distortion increased rap-
idly. Signal input in this receiver is 50 to 100
millivolts, well below the limiting threshold.
With 3 or 4 volts of b.f.0. injection on grid 3,
the 6BN6 has a conversion guin of 50 —- that
is, 100 millivolts of i.f. signal at grid 1 produces 5
volts of audio ut the plate. By contrast, a 12AU7

s, T

1sv
AC

6.3V.
(A) (8)

Fig. 2—Power-supply schematic.

CRi—Silicon rectifier, 130 volts r.m.s., 150 ma. (Sarkes-
Tarzian M150).

L1, L2—10.5 hy., 110 ma. (Stancor C-1001).

Si—S.p.s.t. toggle.

Ti—Power, 540 volts c.t., 120 ma.; 5 volts, 3 amp.; 6.3
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