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5-band amateur transceiver

SPECIAL FEATURES: Patented Re-
ceiver Offset Control (RIT) permits
*+2 ks adjustment of receiver fre-
quency, independent of transmitter,
for round-table, net or CW operation.
Hallicrafters exclusive Amplified
Automatic Level Control.

FREQUENCY COVERAGE: Full cov-
erage provided for 80, 40, 20, 15 and
10 meters. All crystals provided for
28.0 to 30.0 mcs.

GENERAL: Dial cal, 1 kec. Linear
gear drive with less than 1 kc readout.
Adjustable IF noise blanker. Provi-
sion for plug-in external VFO/DX
adapter. Built-in VOX plus break-in
CW and PTT. Built-in CW sidetone.
Hi-Low power switch useable in CW

or SSB.* 2.1 ke crystal lattice filter.
S-meter-RFO-AALC and final screen
metering.* Two-speed blower, 100 ke
crystal cal. VFO covers 500 ke.
TRANSMITTER SECTION: Two 8122
output tubes. Variable Pi network.
Power input, 2000 watts P.E.P. SSB;
1000 watts CW. Carrier and un-
wanted SB suppression, 50db; distor-
tion products, 30db. Audio: 500-2600
cps @ 6 db.

RECEIVER SECTION: Sensitivity less
than 1 uv for 20 db S/N. Audio out-
put, 2W.; overall gain, 1 v for 14 W.
output.

*Meters for final plate current and voltage

built into P-2000AC power supply. Also
Hi-Lo power switch.

the wild ldeas are tamed at... ﬁa///cra/ Ters
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SX-146 Receiver

This is an amateur band receiver of advanced design em-
ploying a single conversion signal path and pre-mixed
oscillator chain to assure high order frequency stability
and freedom from adjacent channel cross-modulation
products. The SX-146 employs a high frequency quartz
crystal filter and has provision for installation of two more
crystal filters. The receiver may also be used from 2 to 30
mc, with the exception of a narrow gap at 9.0 mc, with the
connection of auxiliary oscillators. The highly stable con-
version oscillator chain may be used for transceiver opera-
tion of the matching HT-46 transmitter,

FREQUENCY BANDS: 3.5-4.0; 7.0-7.5; 14.0-14.5; 21.0- 21.5;
28.0-28.5; 28.5-29.0; 29.0-29.5; 29.5-30.0 mc (28.0 to 28.5,
29.0 to 30.0 requires extra crystals at users option).

SENSITIVITY: Better than 1 uv for 20 db S/N.

TUBES AND FUNCTIONS: 6]D6 RF amplifier; 12AT?
Signal mixer and cathode follower; 6AU6A 9 mc IF ampli-
fier; 12AT7 AM detector—AVC rectifier—product detector;
12AT7 USB—LSB crystal oscillators; 6GW8 Audio ampli-
fier and audio output; 6BA6 Variable frequency oscillator;
6EA8 Crystal heterodyne oscillator and pre-mixer; Plus
diode power supply rectifier, ANL diode and AVC gates
diode; *6AU6A—100 kc crystal calibrator oscillator; *Har-
monic generator diode.

PHYSICAL DATA: Size: 57" x 13%" x 11”. Shipping wt.,
20 Ibs.

FRONT PANEL CONTROLS: Frequency: Power off
CW-upper-lower and AM; Audio gain: Band selector—3.5,
7.0, 14, 21.0, 28.0, 28.5, 29.0, 29.5; Selectivity—0.5, 2.1, 5.0
kc (0.5 and 5.0 kc filters optional extra); Pre-selector; RF

.. gain; AVC on-off; Cal. on-off; ANL on-off; Phone set jack;
- S-meter.

REAR CHASSIS: S-meter zero adjust; Internal-External
oscillator switch; Slave oscillator output; External oscil-
lator input; Antenna socket; Speaker, ground and mute
terminals; Grounding stud; AC power cord.

POWER REQ.: 105/125 volt—50/60 cycle AC—55 watts,

I-F SELECTIVITY: Uses a 6-pole crystal filter to obtain a
nose-to-skirt ratio better than 1 to 1.8,

Amateur net, $269.95

Model HA-19 plug-in, 100-kc quartz calibrator available
as accessory. Amateur net, $19.95

*Part of HA-19 calibrator.,

Available in Canada from Gould Sales Co,

BaBEIE-«

HT-46 5-band transmitter

All new from the ground up! Here's the “‘new breed"” trans-
mitter that matches your SX-146 . . . works independently
or may be interconnected for transceiver operation.

FEATURES: 180 watts PEP input on SSB; 140 watts on CW;
Frequency control independent or slaved to SX-146 re-
ceiver; Upper or lower sideband via 9 mc quartz flter;
Built-in power supply; Press-to-talk or optional plug-in
VOX; grid block for keying for CW.

FREQUENCY COVERAGE: 3.5-4.0, 7.0-7.5, 14.0-14.5,
21.0-21.5 mc and 28-30 mc in four 500-kc steps. Crystal
supplied for 28.5-29.0 mc coverage. Other plug-in crystals
at user’s option.

TUBES: 6BA6 VFO; 6EA8 Heterodyne crystal oscillator
and mixer; 12AT7 Carrier oscillator-third audio; 12AT7
Mic amplifier; 6EA8 9 mc I-F amplifier and AALC; 6AH6
Mixer; 12BY7 Driver; 6HF5 Power amplifier; 0A2 Reg.

FRONT PANEL CONTROLS: Frequency Tuning; Opera=
tion-Off, Standby, USB, LSB, CW-Tune, Standby LSB USB;
Microphone gain: Driver tune: Carrier level; Band selector;
Final tune; VFO selector—Transmitter-Receiver; Dial cal.;
Calibrate Off-On; Meter MA-RFO.

REAR APRON FUNCTIONS: AC Cord; Ground lug; Fuse;
Key jack; VOX accessory socket; Antenna jack; Receiver
input (for transceiver); 11 pin control socket; bias adjust.

PHYSICAL DATA: Size: 5%" x 13%" x 11", Shipping wt.,

26% lbs,

HA-16 Vox Adapter, $37.95
R-51 Speaker,

4 x 6 inch oval speaker and attractive 24 hour clock.
amateur net $34.95

Amateur net, $349.95

hallicraffers

Fifth and Kostner Aves., Chicago, Illinois 60624
Export: International Division



A lot of ham operators just won't go anywhere without the KWM-2 transceiver. Why should they
when it's so easy to take along? Just mount it in the car and you're ready to go with the same per-
formance you get in the ham shack. Wherever you take it, the
KWM-2 gives full coverage of the popular HF ham bands. Provides
ample power on 80 through 10 meters with 175 watts PEP input
on SSB, or 160 watts on CW. Betfore you go on vacation see your
Collins Distributor and find out how easy it is to get a KWM-2 for
your vacation trip. And, if you're going through Iowa this summer,
stop during working hours in Cedar Rapids and visit the plant.
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Take Me Along!

A reasonable wife will see the logic of taking SB-34 along on the family vaca-
tion. Particularly when you point out that, with SB-34 operating from the car,
aid can be summoned for any highway emergency. Best to play down the
possibility that the aid call may have to be relayed from Puerto Rico—or
maybe Korea. These SB-34’s really do get out! Works fine from a motel or
campsite using an improvised over-a-branch dipole or an outside-the-window
vertical with insulated wire radials lying on the ground. You can also sit in
the car and operate.

As a traveling companion the SB-34 is unbeatable because of its portability.
Lightweight (only 18 Ibs.), compact (half a cubic foot) and has a built-in
2-way power supply (12V D.C.-117V A.C.). Your wife will applaud your bargain
hunting prowess when you mention these features. SB-34 contributes so
much to the family fun and safety, besides having an attractive low purchase
price. The cost is only 395.00. Take SB-34 along. . . . Write
now for colorful descriptive brochure of SBE equipment. s B E

AYTHEON COMPANY
-—l RAYTHEON I R T
213 East Grand Avenue, South San Francisco, California 94080

Export sales: Raytheon Company, International Sales & Services, Lexington 73, Mass, U.S.A.
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hyqgains incoiﬁpa?éble 6-element
DX THUNDERBIRD Model THBDX

» Takes Maximum Legal Power
« Comes Through Like a Bomb on DX

The Hy-Gain 6-element DX Thunderbird is a breed all its own...built to
provide the ultimate in total performance on 10, 15 and 20 meters.
Individually tuned Hy-Q traps for each band insure peak performance
whether working phone or CW. Exclusive factory pre-tuned Beta Match
assures optimum gain and maximum F/B ratio without compromise.
SWR less than 1.5:1 on all bands. Feeds with 52 ohm coax. Ruggedly

THUNDERBIRD
TRIBANDERS

¢ Individually Tuned Hy-Q Traps for Each Band
¢ Exclusive Hy-Gain Beta Match
* Rugged All-Weather Construction

y test on

hyqgain's famous 3-element

THUNDERBIRD
Model TH3Mk2

« Takes Maximum Legal Power
« Delivers Uncompromised Performance

The Hy-Gain Model TH3Mk2 is more than
just another 3-element tribander. Individ-
ually tuned, large diameter Hy-Q traps pro-
vide full-size performance on each band.
Factory pre-tuned Beta Match insures opti-
mum gain and maximum F/B ratio without
compromise. SWR less than 2:1 on all bands.
Heavy gauge seamless aluminum construc-
tion survives winds up to 100 MPH. Boom

constructed to survive winds up to 100 MPH. Boom length, 24'; longest

element, 24'; turning radius, 20'. Net wt., 47 Ibs.
Model TH6DX..... $139.50 Net

Ayqain's fantastic 3-element

THUNDERBIRD JR.
Model TH3Jr

« Takes 300 Watts AM; 600 Watts P.E.P.
« Rotates with a Heavy Duty TV Rotator

Mounted on a rooftop or a lightweight tower, the com-
pact Model TH3Jr offers amazing total performance to
the Ham hampered by severe space limitations. Has
individually tuned Hy-Q traps for each band. Is Beta
Matched for maximum gain and F/B ratio. SWR is less
than 2:1 on all bands. Rugged heavy gauge aluminum
construction survives 80 MPH winds. 12* boom. Long-
est element, 26'. Turning radius, 14.3°. Net Wt., 21 Ibs.
Model TH3Jr.c.cviviiivie e $69.95 Net

Available now from your Hy-Gain Distributor

HY-GAIN ELECTRONICS CORPORATION
8411 N.E. Highway 6 — Lincoln, - Nebraska

length, 14’; longest element, 28’; turning
radius, 15.7'. Net Wt., 36 Ibs.
Model TH3MK2.........cvveeunenes $99.75 Net

o

—
Ay gain's @} outstanding

2-element THUNDERBIRD
Model TH2Mk2

« Takes Maximum Legal Power
» Rotates with a Standard TV Rotator

The Model TH2Mk2 is a high performance tribander that
installs most anywhere. Has individually tuned Hy-Q traps
for each band...exclusive Beta Match for maximum gain
and F/B ratio without compromise. Feeds with 52 ohm
coax. SWR less than 2:1 on all bands.
Rugged heavy gauge seamless aluminum
construction survives winds up to 100 MPH.
Boom length, 6’; longest element, 28’; turn-
ing radius, 14.3’. Net Wt., 23 |bs.
Model TH2MK2...... $69.95 Net

FREE 16-page
CATALOG NO. 200
48 different models of optimum §'§
performance antennas for HF bands. Jy §
Send for your copy today.
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Reports tnvited.

Radio elub reports a

SCMs desite application leadership posts of SEC, EC, RM and PAM where vacancies exist.
ATLANTIC DIVlbl ON______ e

Section Communications Managers of the ARRL Communications Department

All amateurs, especially League wnewbers, are iuvited to report station activities on the first of each
month tfor preceding month) direct to the SCM, the sdministrative ARRL official elected by members in each Section.
: also desired by SCMa for inclusion in ST. ARRL Field Organization station appointments are
available in areas shown to jualified League members. (ieneral or Conditional Class licensees ur higher may be appointed
OIS, OLS, OPS, OO and UBS, Techniciana may be wppoiuted OKES, OBS or V.H.F. PAM. Novices may be appointed OES.

Western k'lorida W4RKH  Frank M. Butler, Jr. 194 Elliott Rd.

Delaware WHIYE Roy A. Belalr 414 Hrlgmon Road Wi llmmgtou 19809
frastern Punnsy lvauia W3ZRQ Allen K., Ereiner 212 Race St. Tamaquu 18252
Naryland L. W30aA Bruce Hoyd 415 Wickham Rd. laltimore, Md. 21229
Houthern \ew ‘Jersey * WLl bawurd G, Raser 1Y Blackwood Drive W l\hurm (;ardcns.
05625
Western New York KRZHUK  C'hurles T. Hanseu \\ arner Gulf Rd. Hollund 14080
Western 'ennsylvania WiGJyY John i, Wojtkiewiez 1400 Chaplin St. Conway 15027
CENTRAL DIVISION__.___ - .
[llinols “ QI'RN famond A. Metzger 1520 South 4th St, Springteld 62703
indiana 9IVG M. Roberta Kroulik 101 1] Portal Drive Michigan City 46361
\Wisconsin ‘\UUSL, Kenneth A, Epneter ~22 Wauona T'rafl Portage 5390
R — - - ~DAKOTA DIVISION ____ .. S —_
AMinnesota WATCK  Hermuu R. KoplsehkeJr. RFD 2 Junesville 56048
North Dakotu WoDAML Hurold L. Bhects 2 Luclld Ave. hrand i'orkg 58201
South Dakota KorXw  Seward P, Holt Hox &5 (‘lear Luke 57226
e ELTA DIVISION _
Arkansas K6GKEN Don W. W] hltnu 1117 North Drive (P.0, Box 311), Osceols, 72370
Loufslang WSPAL J. Allen Swuuson, Jr. RED L, Bo'c .5.14 -k C'ovington 70433
Mississippl W5EMM S, H. tialrston 2521-27th A Merldian 39303
‘Yeunessee WHUVP Willlam A. Seott U5 Tast uulston Ave, Johnson ('ity 37601
GREA'T LAKES DIVISION___.. _____ - —
Keutucky ence I, Jelirey nzus Autler Ave. Owensboro 42301
Michigau Ralph P, Thetreau 27209 W, Six AMile Road Detroft. 18240
ohto WHAL W Hson L. Weekel 17 Lugau Ave,, N.W., Canton 44703
— R HUDSON DIVISION
Iustern New York W2EFU ~ George W, TTacy 1138 North Country Club Drive Schenectady 12309
Y. C. & Long (sland K21DB Hlaine S, Johnson 266 Cypress St Mussapequa Purk, L. 1. 11762
Nortuem New Jersey WICVW Edward F. krickson {3 Robert C'ireie South Amboy LEK7Y
_MIDWES'T DIVISION . —
Towax KOBRIS Verlin B, Rowley 100K South 'l‘hlrd Bt. Falrfeld 52556
suusas KHPBNF Robert M. Summers 3045 North 72n Bethel 66009
Missour) WPTPK Alfred k., Behwuneke : sdgar Star ﬁ.te Rolla 65401
Nebraska woaar Frauk Allen 1so0x 272 tiering 69341
_ I NEW L\GL\I\D Dl\ ISION e
»nnecticut John J. MecNussor Beriin Ave. Southington 06489
Bastern Massachusetts Frank L. Baker, Jr. \s-, tk)lar Ave, Braintree 02185
Maine Herbert. A. Duvis R¥FD 1 Franklin 04634
New Humpshire W 1SW 2 Robert dpitchell Hox 137-A, RFD Chester 03036
Rhode Lslan John E, Johusou 30 Fruit St. Pawtucket 02560
Vermout ki, Reginuld Murray 3 Hillerest rive ’\Iont':{)eller 05601
\Vesteru Massachusetts WI1BVR Percy C. Noble % St, Dennis s5t. Westtield 01085
_ NORTHWESTERN DIVISION . -
Alaska ¥ KL7ENT  Danlel R, Wright 3206 Wyoming Drive Spenard 99503
idaho * K7HLR Raymond V., kvans te 3 Twin Falls 83301
Montana WITYN  Juseph A L)'Arcy Anaconda 59711
(regon W7AIN tiverctt H. krance 5 8.k 5 Portland 97266
\vashington W7HMQ  Everett Ii Young 2917 Fifth 8t., 8.k, tuyallup 95371
e . R PACIFIC DIVISION.___ .. .
1sust Buy KOLRN vilson 07 Cordova Way Concord 94521
Hawall KHEBZE . ical 5-601 Lluku Rd. Kuneohe 96744
Nevada W7PBYV Levnard M, Norman Utah St. ‘Boulder Uity 83005
Sacraumento Valley WABIJDT Mlnke. 111 %230 Rio Bonito Drive Carmichael 95608
sun lranciscy WABAUD Hug sidy 77 Coleman Drive sSan Rafacl 94901
san Joaquu] Valley waeJpu Ralph Baroyan n204 ¥, Townsend Ave. kTesno 93702
Bauta Clara Valley WHZRJI Jeun A. Gmelin 10835 Willowbrook \ay (‘upertino 95014
WABNU B T Doad T ORE QL) oot ¥ Bt T ‘Gallsbury 28144 T T
orth Carolinu arnett, 8. Do 420 West frank 5t. allsbury,
yogttn C(‘arolina K4LNJ Clark M., Hubbard 124 Fant Lane Unlon 29379
Virginla W4sHJ .H.. J. Hopkins 5600 Hammett Ave. Nortolk 23503
\West \irginia WEIM Tonald B. Morris 1136 Morningstar Lane Falrmont 26554
; i~ . ROCKY MOUNTAIN DI\ISION JRSUI— -
C'olorado KOTTB Donald Ruy Crumpton 223 Alamosa 81101
New Mexico W A.’;l«l G Bl Farley 13086 ‘pru \lumozordo 34310
tituh W7V, tierald F. w arner 1765 South 275 West (gden, 84401
\\ yoming W7C (-L \Wayne M. Moore 142 South Montana Ave. 'asper 52601
. SOUTHEASTERN DIVISION —
Alabama h4KJD Willlam B, Crafts Koute 3, Box 233 At,nens 35611
Clunal Zone KZ5TT Ars. Liilfan C.Smith 1.0, Box 191 Hul
Tauste ru rlorida {43JH A, L. Hamel 220 N. 1_' 25th St. Iy nmpuno Bea,cu 33064
Cieorgla WiRZL Howard L. Sehonher .0, Box 1902 Columbus 31902
West Lndies (P.R.-V.L)  KP4DV Albert R. Crumley. Jr. P.0. Box 10073 «'aparra Helghts

. San Juan, P.1. 00922
Fort Walton Beach 32548

—SOUTHWESTE RNI}){VISION

“Pnoenix 85017~

Arizonn W7FKL  Floyd C. Colyar Vest Plerson Bt.
.08 Angeles W6BILG H. G. Garman 8z Chutwin Avi Long Beuach 4QR0S
orange \\ bJJLY Roy R. Maxson F4.54 Houth Olive st Aanta Ana 92707
san Diego LRU bon Stansifer 4427 Pescadero San LMego ¥2107
Santa Barbara w Aﬁ(mN Ceel! D. Hinson 1933 Coventry Court ‘Thousund Oaks 91360
“Nort 51 L. "JIub’WESI GuLE tl;ll ; lrslloN it Fort Worth 76107
n ‘L' exas WHBNG L i : almoun 0
gt?ll}rl:grmu *hocAy Dunlel 13, P'rater 1401 I, OKlshomu Ave. Knid 73701
gouthern ‘'exas WHATIR G D. Jerry dears 5634 lskriage sSt. Houston 77023
,,,,,,,, CANADIAN DIVISION S
T Alberta a 1834-5th Ave. N. T.ethbridge, Alta.
J4ritish Columbia . Savage 1553 West 12th Ave. Vaucouver 8, B, C.
Maunitoba John "Thomas Stacey 19 Cottonwood ('res. Hrandon
Murltime L., Weeks . Hurvey htatlou, N. B,
ontario Richard W. Robperts 170 Norton Ave, Willowdale, ‘Toronto, Ont.
Quebee Jim iLbey 209 Brookdale Ave. Liorval, I'. Q.
Saskatchewun® VIR5QC Mel Mills P.0O. Box sul #askatoon

4 Oel:d appointed to act temporartly In the absence of a regular othcial




AOM-100X AOM-200 Series

INTERNATIONAL AOC

MULTIVIBRATORS...

AOM-100 Series £ AOM-301

B FREQUENCY MEASURING E BAND MARKERS
B GENERATING ACCURATE TIMING PULSES

AOC Multivibrators are free running saw-
tooth oscillators designed to lock on a uNIT DESCRIPTION PRICE
stabilized signal source for division of 10, AOM-101
Multivibrator units may be obtained in a ﬁ\‘gm:}% :
number of combinations or single units. AOM-104 .
Each multivibrator has isolation amplifier ﬁgm-igg .
to stabilize lock. Complete series allows AOM.201 100 K& and i67ke :
1,000 ke crystal to produce a 1 cycle per AOM-202 10 ke and 1 ke  35.00
second pulse. Both 1,000 ke and 100 ke AOM-301 100 cps, 10 cps, 1 cps.. 49.50
crystal oscillator units are available. AOM-100X 100 kc oscillator............ 32.50
1 lat AOM-100X 4 AOM AOM-1000X 1,000 kc oscillator.___... 32,50

Crystal oscillators - an - Shiooi ioht: 5 1b
1000X provide a stabilized signal source to PPing weight: S Ibs. each
drive the multivibrator chain. Each oscilla-
tor has regulator tube and crystal oven to
insure maximum stability. Short term sta-
bility, 1 part in 10%,

V2P INTERNATIONAL

CRYSTAL MFG. CO, INC.
18 NO. LEE . OKLA. CITY, OKLA. 73102
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HE. RMERICAN
RADIO RELAY
LEAGUE, wc,

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

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

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

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

All general correspondence shouid be addressed to the adminis-
trative headquarters at Newington, Connecticut.

Past Presidents
HIRAM PERCY MAXIM, WI1AW, 1914-1936
EUGENE C. WOODRUFF, WBCMP, 1936~1940
GEORGE W. BAILEY, W2KH, 1940-1952
GOODWIN L, DOSLAND, WHTSN, 1952-1962
HERBERT HOOVER, JR, W62H, 1962-1966

Officers

President . . . . . . . ROBERT W. DENNISTON, W@NWX
Box 73, Newton, lowa 50208

First Vice-President . . . . WAYLAND M. GROVES, W5NW
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CHART.ES

“It Seems to Us...”

FREELOADERS

THE subject of League services to amateurs
who are not ARRL members came in for
considerable discussion at the recent Board
meeting. The Hq. does not reply to inquiries
from such persons saying, “Sorry, Bub, you're
not a Leugue member so we can’t take the
time to suggest how to fix that spurious in
your v.h.f. amplifier,” or, ““ We don’t find you
on the ARRL roster, so we are returning un-
processed your application for WAS.”

Some directors think perhaps we should.
And we’ve heard the same from members now
and then.

They are concerned with the League’s bur-
den of serving all of amateur radio, yet sup-
ported through membership by less than half
the total number of hams. This is one of the
reasons the League has been running close to
the break-even point financially, and has even
lost money in several recent years. Some
directors—und again members—suggest the
[.eague should charge non-members a fee for
clirect assistance in a number of fields. For
example, thirty per cent of DXCC participants
are not members of the ARRL, yet feel free
to use League personnel time (and thus ex-
pense) in processing their upplications and
endorsements, and publication costs of listing
their calls in QST.

There is indeed a touch of irony when 2
non-member amateur asks us — as happened
recently — for technical help in getting his
new and unorthodox antenna to work, when
we find it was built from a description in
another magazine! Another case within the
past month demanded our intervention to
settle n cispute with an advertiser, which
turned out to be a purchase prompted by an
ad not in QST at all, but in the third amateur
magazine; the complainant said he had re-
ceived no satisfaction from its publisher, yet
even though not an ARRL member he felt no
qualms about turning to us for help!

There is, we suppose, un inherent compli-
ment in such a feeling on the part of many
amateurs. It is, however, an expensive compli-
ment when we are asked to provide assistunce
apparently lacking in other magazines. -

Something on the order of one-fourth of
all League expenditures goes for direct assist-
ance to amateur radio generally and to indi-

vidual amateurs — members and non-mem-
hers alike — entirely separate from publication
activities. Contests, awards, licensing help,
technical information service, training aids,
club speakers and travel, ARPSC-AREC-
NTS-RACES, operating aids, financial support.
of Project Oscar — are a few examples. A por-
tion of membership dues receipts of course goes
for QST'; the remainder provides services such
as those mentioned.

So, fellow-members, we're all underwriting
the costs of help to the guy who doesn’t sup-
port the League through membership. Should
we refuse aid — or charge him a fee? A more
appropriate solution, we think, is to arm your-
self with the coupon on page 159 of this issue
(or a facsimile) and canvass your friends to
separate five bucks from each of them not
an ARRL member — and start them paying
their own wuay. Aside from the principle in-
volved, it may avoid — or at least postpone —
an eventual rise in dues to cover the League’s
burden of respousibility to all of amateur radio.

QST CHANGES

YOU may notice a couple of new column
heads this month. The “Recent Equip-
ment’’ department isn't new, but Gil, W1CJD,
has provided us a decorative title designed
to remind the reader that the text is not a
consumer’s report, nor u carbon copy of what
can be found in the manufacturer's catalogs,
or instruction manuals. Qur technical crew
strives to make the write-ups strictly technical
descriptions highlighting interesting and novel
circuits and approaches.

A brand-new column is introduced this
month titled “Gimmicks and Gadgets,” wnd
it’s just what the name implies. Turn to page
20 and see for yourself. We'll try to keep this
in the class of weck-end projects with u solder-
ing iron, and minimum parts and expense.

A brand-new feature (page 10) will bring to
you each month news highlights, last-minute
Hlashes, and comment on current items of
general interest. Other departments und full-
fledged articles will still contain the “meat,”
but often nutshell versions will appear in
“League Lines’ to aid the busy reader.

Pleuse let us know how you like these new
changes. along with suggestions for others.
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League Lines . . .

The League is embarked on an engineering study of the pros-
pects of more privileges on 160 meters. Evaluations are
being made of the interference potential of various modes of
emission—c.w., sideband, a.m. phone, RTTY——to determine
whether either more kilocycles or more power {(or both) can;
be made available for amateur activity without endangering,
the Loran service.

Docket 15928, FCC's proposal in the field of incentive
licensing, unfortunately remains dormant; substantial changes
in Commission staff personnel have put this, among many

other things, behind schedule. Other than "some time this

year," there is no reliable prediction for FCC action.

Under provisions of our By-Laws, Canadian and U. S. hams
temporarily residing outside these countries have in the past
been classified as associate members. Understandably, they
have been unhappy at the inability to vote in the director
elections in their home divisions. The Board of Directors has
now remedied this difficulty by an amendment of the By-Laws.
Thus holders of VE or W/K licenses temporarily overseas are
invited to advise Hq. of their home divisions——and call signs,
if not already on our records. We'll issue Full Membership
certificates and see that you get director ballots henceforth.

Project Oscar has a number of irons in the fire--a 2-t0o-10-
meter package underway, as well as some 432 and 1296 Mc.
beacon modules, and a unit similar to Oscar 4 hopefully for
another synchronous orbit attempt. A group in Germany is
actively working on an Oscar-3 type setup; other groups in
Australia and Canada are proposing additional items. The
next launch is indeterminate at this point, bheing--as always
--0N a Space—-available basis.

"Why can't I get a multiple year membership?'" You can, OM.
There is no bar to paying dues in advance as many years as

you wish. In an extension of this concept, the Board of Direc-—
tors has requested a study and report on the possibility of a
life membership arrangement. If those likely to take up such

a membership—~for a guess, at $100 dues—-could drop Hq. a
postcard, it would help indicate the extent of interest.

Visiting New England this summer? Stop in and pay us a visit;
we would like to meet you, too. The Newington Headquarters

is just a few minutes off the New York to Boston turnpike
(Route 5 and 15). The office is open from 9:00 A.M. to

4:00 P.M., and W1AW hours are shown on page 103.

As this page is being readied for press, the League's
President and General Manager (W@NWX and WI1LVQ) are in
Yugoslavia attending a Region I meeting of the International
Amateur Radio Union. Also present, as an observer from
Region II, is Canadian Division Director VE3CJ. The Region

I representatives from the various European and African

IARU member societies are reviewing past progress of IARU
and planning for the future, particularly for any eventual
ITU conferences.

10 QST for




The 6 Meter “Rushbox”

Five-Transistor Superregen Receiver for the Experimenter

BY DOUG DE MAW.,* WICER

enjoy short-term construction projects, this
simple 6-meter receiver muy be just what,
you've been looking for.

To keep the total cost within eusy reuch of
the experimenter, luow-priced RCA transistors
are employed in the 5-stuge **Rushbox.”” An
additional shaving of expense results from the
use of bargain-house components in part of the
circuit. The eleetrolytic capacitors and some of
the smaller bypass units are low-cost imports.
The interstage transformer, slide switch, antenna
juck, and transistor socketr are of similur origin.

The_receiver is sensitive, und will copy a.m.,
m.c.w., and wide-band f.m. signals. As with
other superregen receivers, c.w., s.s.b., and
n.b.f.m. cannot be copied, und strong signals
will appear to be broad-tuning. By way of bonus
features, however, the a.g.c. action of the Rush-
box will compare favorably to that of many
expensive superhet receivers. Additionally, the
noise-limiting characteristics of the superregen
make it 4 desirable circuit for mobile use, or in
noisy areas.

Although the receiver was designed to operate
from 12 volts d.c., the performance remains
woud when the voltage i3 lowered to 9 volts,
or even to 6 volts. Operation from a t-volt source
makes it practical to use the Rushbox in foreign
rars having 6-volt ignition systems. The tnfal
current drain of the receiver when operating
from a 12-volt power supply is approximately
300 ma. The low drain is desirable for poriable
operation where extended periods of listening
will take place, and where the wito battery is to
he used as a power sotirce.

The Circuit

As shown in Fig. 1, the recciver counsists of
an r.f. stage, Qi, a superregenerative detector
stage, (g, and three audio stages. Although (4
uids receiver sensitivity somewhat, its primary
purpose is to isolate the antenna und detector
from each other. The tuned cirenit between the
antenna and the base-emitter circiit provides
uwmple selectivity to prevent cross-modulation
except from the very strongest of signals. The
collector circuit of ¢y is parallel-fed through a
vesistor, and output to the detector is tuken
through (4, a 1-pf. capacitor, which couples 1he
signal into the detector tank, L.

Audio output is taken from the vollector of
()» through a quench filter consisting of a 2.5-mh.
choke, a 0.001-pf. capacitor, and a2 0.01-f.
capacitor. Transformer 7'y couples the audio
from the detector to @3, and Ra serves as the

[1~' yoit like to experiment. with transistors, and

et
e

audio gain control. B3 is used to set the collector

voltage of ()a for hest superregeneration. A
1000-ohm resistor and @ 50-uf. electrolytic
eapacitor are connected between Ry and T to
form an audio decoupling network which prevents
motor-boating at the higher settings of Ra.

Fransistors @3, (4, and (J5 are used in an audio
channel having a rated output of 2 watts. This
simple circuit was filched from one of the RCA
Application Notes.! The ecircuit has negative
d.c. feedback which results in stable operation
of the circuit despite variations in temperature
and power-supply voltage. The output trans-
former, 1’5, should match the 24-ohm collector
load impedance to that of the speaker used.
An 8-ohm speaker is used in this model.

Building the Receiver

The unit is housed in a 4 X 5 X 6-inch utility
cabinet. The chassis is formed from 16-gauge
aluminum stock bent in a vise to dimensions that
permit it to fit nicely into the cabinet. The rear
apron of the chassis, a t!4-inch lip, contains the
power receptacle, J o, and the antenna jack, J1.

Transistor sockets are used for mounting
through Q4. @5 is mounted on the chassis with
insulating hardware. Silicone grease is used
between the transistor and its mica insulator
and between the mica insulator and the chassis.
This permits better heut transfer between s
and the chassis, enabling the chussis to serve as
u heat sink.

" ¢ Agat. Technical Editor.

July 1966

' RCA publication No, ATC-101.
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50 - 54 Me.

ANT.

VIEW

EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS ( wf.);
OTHERS ARE IN PICOFARADS { pf. oR put);

DETECTOR
Ry 220K

RESISTANCES ARE IN OHMS; K =1000.
AUD. AMP AUD. OUTPUT
o, y Q

Fig. 1—Circuit of the 6-meter Rushbox. Fixed capacitors with polarity indicated are electrolytic; SM = silver mica; others
are disk ceramic. Fixed resistors are /2-watt composition unless otherwise specified.

C)—Gimmick capacitor (see text).

Cu2—12-pf. miniature variable (Millen 25012-E).

J1—Phono jack.

Js—3-terminal connector (Millen E-303A).

Li—2 turns No. 22 insulated wire over cold end of La.

L:—12 turns No. 24 enam., close-wound on Y-inch diam.
slug-tuned form {Miller 4500). Tap 4 turns from
ground end.

Lz—9 turns No. 24 enam. wire, close-wound on Miller
4500 form.,

Fig. 2—Top-chassis view of the 6-meter receiver. An-

tenna and power receptacles are on the rear apron.

R.f. and detector stages are at the upper right of the

chassis. The audio transistors and output transformer are
parallel to the rear edge of the chassis.

12

Ri—See text,

Rs— Audio-taper control.

Ra—Linear-taper control.

S1—S.p.s.t. slide switch.

Ti—Audio transformer, 20,000 to 2000 ohms c.t.; use
one-half secondary winding (Argonne AR-103
or equivalent).

T:—Output transformer, 24 ohms to 8-ohm voice coil
(Poly Paks 34Bé43, Lafayette 33R7501, or
equivalent).

To facilitate mounting 7y on the chussis, a
strip of brass, !4 inch wide and 1!1 inches long,
was soldered to the transformer frame’s top
section. Mounting holes were then drilled in the
brass strip and 7'y was bolted upside down to the
chassis as shown in Fig. 3.

Perforated aluminum is used as a speaker
grille and is held in place between the speaker and
the panel by the speaker’s mounting screws.

The regeneration control, R3, could be mounted
on the rear apron of the chassis rather than sol-
dered to u ferminal strip under the chassis ns
shown in Fig. 3. By having it accessible from out-
side the cabinet, it could be adjusted more rapidly
when the operating voltage of the receiver is
changed.

Capacitor (" is a gimmick made from two
1-inch lengths of insulated hookup wire iwisied
together. Too much capacitance ut 7y will cause
the receiver to have dead spots in iis tuning
range because of too tight coupling to the
antenna tuned circuit. Too few twists of (‘; will
reduce the seusitivity of the receiver. The best
gimmick setting should be determined experi-
mentally. If trouble is experienced with dead
spote despite adjustment of ¢y, try adding a

QST for




Fig. 3—Bottom view of the Rushbox chassis. The audio interstage transformer is at the upper center of the chassis. The
regeneration control is just to the right of the audio transformer. All circuit wiring is as short and direct as possible.

4700-ohm resistor across L to broaden the
circuit. Slight detuning of Lo may also help.

it may be necessary to experiment with the
value of R; to secure smooth regeneration.
Normally, the (.22-megohm vulue will serve
nicely if RCA 2N706As are used. This vulue
may have to be juggled until satisfactory super-
regeneration results, if other types ure used
for Qq.

Final Checkout

When the wiring has been completed und
rechecked for possible errors, connect the power
supply to /o and close Sy. If no hiss noise is
heard, advance R3 until the detector breaks iuto
superregeneration. Next, set C» so that the
plates are fully meshed. If a signul generator is
available, connect it to J/y and set it to 49 Me.
Adjust the slug in Lz until the 49-Mec. signal is
heard. With (s at minimum capacitance, the
receiver should now tune to approximately 55
Me. L» can be adjusted for maximum receiver
sensitivity by peaking it while a 50.2-Me. signal
is being received. If a signal generator is not
available, the receiver cuu be rough-tuned by

July 1966

using a grid-dip meter, or by listening to 6-meter
ham signals.

The receiver cun be controlled from a remote
point by connecting u switch between terminals
1 and 2 of Jy, and leaving 8, in standby.

Some Final Remarks

The audio channel is capable of delivering 2
watts of outpul when operated from 12 volts.
The large output ix desirable when ambient noise
levels are high, making it idexal for mobile use.

The sensitivity of the Rushbox is such that o
2-microvolt, signal, 30-per-cent modulated, is
plainly audible when K is set at mid range.

T'he 6-meter Rushbox can be used for portable,
mobile, or fixed-station operation. Despite its
simplicity, it will give a good account of itself
in any non-stringent receiving application. You
won't be the *‘weak-signal king” in vour com-
munity, but you'll hear darned near as much DX
us the fellows with the sophisticated receivers.

If you've had the yen to try vour hand at
building a simple 6-meter receiver, and are
interested in transistor circuits, try the Rushbox.
It represents a good starting point for the he-

ginner. [msT=—]
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The method of filter design known as
“modern wnetwork synthesis’® leads
either to simpler circuits for a given per-
formance or improved performance for
a given degree of circuit complexily, as
compared with the longer-established
design procedures. Here the author usecs
the system to come up with a simplified
¢‘Filterfier’’ plus a design for an accom-
panying high-pass filter.

An Amateur
Application of
Modern

Filter Design

BY EDWARD E. WETHERHOLD,* W3NQN

Completed speech fil-
ter, less cover, showing
the component mount-
ing boards and front
panel with bypass
switch and microphone
connectors. The low-
pass filter components,
marked with the 3-kc.
cutoff  values, are
mounted on the top
phenolic component
mounting board. The
transistor amplifier is
mounted on the bottom
phenolic board, the
high-pass filter with
the resistor pad on the
middle board. Note
the phenolic washers
used to hold the 60-
and 88-mh. toroids
firmly in place.

Low- and High-Pass
Audio Filters

for Shaping Response

VER the past several years, there has been a
major revolution in the design of electric
wave lilters. The old image-parameter

approach developed by Campbell and Zobel! in
the early 1920s with the now-fumiliar terminology
of ‘“characteristic iinpedance,” “constant-k sec-
tion,” and *‘m-derived section” hus finally been
superseded by a vastly superior filter-design
method generally known us ‘‘modern network
synthesis.” Although this method is not new,
having been first mentioned in 1929 and later
expanded during 1940-1950,? it was not practical
to apply it to practical filter problems until the
digital compuier became available as a design
tool. The recent publication of two texts ¥* with
design tables derived by the computer now makes
it possible for the progressive radio amateur to
take advantage of this most recent development
in Alter design.

* Dept. 2N, Electro International, Inc., Box 391, Annap-
olis, Md. 21404

1 Zobel, “Theory & Design of Electric Wave Filters,”
The Bell System Technical Journal, January, 1923,

2 Zverev, “Introduction to Iilters,” Electro-Technology,
June, 1964,

8 Geffe, Simplified Modern Filter Design, John F. Rider
Publisher, Inc., New York City, 1963.

*+ 4 Handbook on Electrical Filters, published by White
Electromagnetics, Inc., Rockville, Maryland, 1963,
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The fact that many radio amateurs apparently
are not, yet sware of the advantages of modern
filter design techniques is indicated by recent
articles®® in which the now-passé image-pura-
meter design approach was ewployed. The
purpose of this article is to illustrate an applica-
tion of modern design to u simple filter problem
slready “‘solved’” by the image-parameter filter.
By comparing the performance and components
of the filters that result from these two different
approaches, the degree of superiority and advan-
tages of the iodern filter over the image-
parateter filter should be evident.

The most recent image-parameter design con-
venicutly accessible to QST readers is the * Filter-
fier,” % a low-pass filter designed to be used with
8.5.b. phasing-type exciters to restrict the speech
frequency range to that at which the phasing
network performs best (approximately 300-3000
c.ps.), to reduce the possibility of generating
unwanted side frequencies in excess of 3 ke. This
was accomplished by chousing a cutoff frequency
of 2.40 ke. and designing an m-derived, constant-&
image-parameter filter which produced 37 db.
of uttenuation at 3.0 ke. At higher frequencies,
the attenuation in the stop band was never less
than 39 db. The filter required four readily-
available inductors and seven capacitors and
wag designed to be terminated in equal resistances
of 1106 ohms.

Desired performance requirements for the
comparative low-pass modern filter design there-
fore were as follows:

1) A cutoff frequency of 2.4 ke. to permit
ease of performance comparison with the image-
Jesign filter.

2) An attenuation of at least 37 db. at 3.0
ke.

%) A minimum attenuation in the stop band of
approximately 39 db.

4) Kqual source and loud resistances of ap-
proximately 1000 vhms.

It was also desirable to utilize the currently-
availuble ¥8-mh. toroidal inductors because of
their high ( and very low cost.”

Modern Filter Design Applied to the
Filterfier

With these thoughts in mind, a filter type
clagsified by the filter theorists as a ‘“dual-section
elliptic tunction” wus chosen as being most
suitable for this particular application. From the
many possible variations available in the com-
puter-derived tubles of (ieffe’s book® for the
elliptic-function type, une was chosen which
best approximated the desired performance
requirements. The tabulated computer-derived
design parameters, all normalized for a cutoff
frequency of 1 radian/sec. und 1-ohm resistance
terminations, were scaled to the desired levels

5 (ienaille, ** Low-Pass Audio Filters for Increased Talk
PPower,” Blectronicr World, Septetuber, 1963,

6 MacCluer and 'Thompson, Jr., “'The Filterfier,” QST,
November, 1965.

7 For example, 88- and 44-mh. toroids are available 5 for
$1.75, postpaid, from Buchanan & Associates, 1067 Man-
dana Blvd., Oakland, California 94610.
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simply by multiplying ull normalized values by
the proper fuctors. Normalized frequencies were
sculed by multiplying them by the cutoff fre-
quency in kilocycles. Clomponent values were
seuled by multiplying all capacitunces by 1/Rw
and inductances by K/w, where w is 2uf.. The
source und load resistances, [, were specifically
chosen to ussure that the higher inductance
required by the filter would be 88 mh. The lower
inductance cume out to be 60.3 mh. The filter
values uassociated with cutoff frequencies of
2.40 ke. and 3.0 ke. are presented in Table 1.
The second cutoff frequency of 3.0 ke. is presented
us un alternate for those who may prefer a wider
passband for their particular application. Note
that the same inductance vatues are required, but
the source und load values are different as are
also the capacitunce values.

The toroidal inductor used has two separute
22-mh. windings on u toroidal core. When the
windings are connected in scries aiding, the
total inductance is S8 mh. with o @ of 45 ut 1
ke. One of these inductors is used in its unmodi-
fied form for Le. A second S8-mh. toroid is
modified by removing 62 turns from each 22-mh.

TABLE 1
Dual-section elliptic-function Iow-
pass filter
Maximum attenuation in passband
fdp) = 0.5 db.
Minimum attenuation in stopband

i1s) = 40 db.
Element or No. I No. 2
Frequency
C'utoff frequency,
Jeo 2.40 ke. 3.00 ke.
Lowest frequency
for A, 3.05 ke. 3.51 ke.
Resonant, frequency,
section 4 3.14 ke. 3.92 ke.
Resonant frequency,
section 2 4.51 ke. 5.63 ke.
Y 0761 pf. LAHST pt
(o 0142 uf. 0908 uf.
'y LOUAT uf. 0613 pf.
'y 0427 pt. 0274 uf.
A 0568 uf. U363 af.
Ly N8 mh. SS mh.
L4 60.3 mh. 60.:3 mh.
[ source
& load 1305 ohms 1630 ohms
w 15.05 K 18.84 K
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Fig. 1—Transmission loss vs. frequency,

80 -~

35

P low-pass filter with 2.4-kc. cutoff using the
values shown in Table I. Peak rejection fre-

quencies are 3.14 kc. (fyo) and 4.51 ke.
(fanz).
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winding so that when the modified coils are
connected in series uiding, the resulting in-
ductance is 60 mh., which is the amount of
inductance required for Ly.

Mylar cupacitors were used becuuse of their
small size, low loss und excellent capacitance
stabilitv relative to change of temperature and
time. ‘The capacitances of a large number of
mylar capacitors were measured with an im-
pedance bridge und the true value marked on
each capucitor case. Appropriate vulues were
then selected and paralleled to produce the
capacitances of 'y through s to within =32
per cent of the value specified in Table 1. The
two toroids und ussociated capacitors were
mounted on a phenolic board 27% by 334 by !4
inch thick and wired according to the low-pass
filter schematic of Table . This completed the
filter construction.

Filter Response Evaluation and
Performance

The completed filter way subjected to a
transmission-loss response evaluation, the results
of which are shown in Fig. 1. Transmission-loss
response is defined as the rutio of the voltage
amplitude 17y of the load signal before filter
insertion to the value of load signal V., ut the

filter output terminals after insertion of the
filter. This ratio is generally expressed in de-
cibels.

A Heathkit Audio (ienerator, Model AG-9
(step-frequency type) wus culibrated against o
digital frequency counter to provide known test,
frequencies to better than 1-per cent accuracy.
Input and output voltage amplitudes were
measured with a Heuathkit a.c. v.t.v.m., Model
AV-2. Resistive terminations, a8 specified in
Table 1, were provided for the filter input and
output.

"The response curve shows two “ripples” in the
filter passband of less than 1 db., which is sutfi-
ciently in accord with the expected maximum
passband attenuation of 1.5 db. The two pass-
band ripples are typical of the dual-elliptic-type
filter. The measured cutoff frequency occurs at
2.40 ke. where the response curve continues rising
ubove the level of the maximum passband at-
tenuation. The remainder of the filter per-
formance i3 equally in accord with the design
specifications.

Comparing the response curve of the modern
filter with that of the image filter tFig. 3, page 33,
November 1965 (ST), no outstunding differ-
ences are noted above 1 ke. However, in com-
paring the two filter circuits, the modern flter

3 ‘Jr ﬁ‘féozm

_ foog

Fig. 2—~Transmission loss vs. frequency,

TRANSMISSION 0SS iN DECIBELS

low-pass filter with 3.0-ke. cutoff using the

T\‘ -

values shown in Table I, Peak rejection fre-

quencies are 3.92 ke. (fopi) and 5.63 ke b
(Fao2).
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design requires significantly fewer components —

only two inductors and five caputitive elements

TABLE II compared to four inductors and seven cupucitive
Single-section elliptic-function high- elements. Another advantage of the modern
pass filter design not immediutely obvious is the fact that
L. the transmission loss in the modern filter pass-

Maximum attenuation in passband band is less than 1 db. whereas the image design

(4p) = 0.5 db.
Minimum attenuation in stopband
(ds) = 20 db.

used in the IMilterfier has a loss in excess of 6 db.
a8 o result of the 660 (640)-ohm resistor separut-
ing the m-derived section from the constant-ic
section. If it is desired to install the modern

.
Element or Frequency filter in the Filterfier circuit, it is only necessary

Jutoff frequency, feo 294 c.p.s. to provide the required filter source and load
Highest frequency for .4, 208 c.p.s. resistances of 1305 ohms or 1630 ohms, depending
Resonant frequency, on whether the 2.4-ke. or 3.0-ke. cutoff filter is

section 2 1¥6 c.p.s. used.
o 0.10 uf.
'y 0.235 uf. Bandpass Speech Filter Using Modern
'y 0.10 uf. Filter Design
Ly 3.11 henrys Because the results of applying modern filter
I? source design techniques to the low-pass filter applica-
& load 4260 ohms tion were so successful, it was decided also to
w 1.85 X design and construct a high-pass filter so that, in
combination, the two filters would provide a
¢ Cs bandpass of 300-3000 c.p.s. The bandpass filter

is intended to be used with un active device that
will be inserted between a microphone and speech

R input amplifier so as to provide approximately
s L i in. The ¢ , lues and other
2 RL unity gain. The component values and other

wssocianted information for the 3.0-ke. low-pass

v C, filter ure presented in Table 1. The transinission-

loss response curve is shown in Iig. 2.
(Clonsiderations for the design of the high-pass
filter were that, for simplicity, only one toroid

§
3
i
i &

Another view of the

filter, showing the back

side of the front panel.

The input transformer

is clearly visible in this
view,
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[ [ 1 Fig. 3—Relative attenuation vs. frequency,
" cascaded low-pass and high-pass filters.
] Insertion loss due to matching pad is 13 db.
m . . o . .
S Arrows indicate attenuation in excess of
W a0 measurement capability of equipment.
z 38 1 4 |
& 30 I]
2
21 25 -
= I~~~ J T ] !
?'4_3 20 AR
5 | |
<L (5
Yoo -t \ - [
£, A\ [
& o | —
27788 v 00 T2 3 s 700 2R ST 10060 50000
FREQUENCY IN CYCLES PER SECOND
leso  leaz3kC co2 300 C.ps is designed to work into the input resistor of a
r————J\/v\,—{FEL’TE—- mjcrnph?nc preamplifier, _x.vhich is gcner:.nly‘in
excess of 1 megohm, the filter load termination
of 4300 ohms will be relatively unaftiected by
v, 5,900 &gggé V, connection to the speech preamplifier. In fact, if
N < a volume control is desired a 5000-0hm potenti-
ometer shunted by 30,000 ohms could be used
a8 the high-pass filter foad with the potentiometer

..

he required, the minimum attenuation in the
stop band be 20 db., and that maximum pass-
hand ripple be 0.5 db. The most suitable com-
promise appeured to hbe u design which required
two 0.1-uf. capacitors, one 0.235-4f. cupacitor
and one 3.11-henry toroid for source and load
impedances of 4260 olims. See Table II for tilter
parameters and schematic. With these component
values, the cutolf frequency was 204 c.p.s. and
the resonant frequency of the series-tuned circuit
was 186 c.p.s. The cutoff frequency und impe-
dunce level were deliberately juggled to make
¢ and (3 come out to a nice even 0.10 uf. The
3.11-henry toroid uses a core of permalloy and
has a @ of 50 at, 1 ke., or approximately 15 at
the fo of 294 c.p.s. The filter was assembled,
ovuluated and found to perform sutisfactorily
in every respect. The next step was to cascade
the low-pass and high-puass filters to form the
desired bandpass filter.

Cascading the Low-Pass and High-Pass
Filters

A 13-db. pad was installed between the high-
and low-pass filters to provide impedunce match-
ing and also some degree of isolation. The cas-
caded filters und pad were then evuluated for
relative attenuation vs. frequency, using the test
eircuit, shown in Fig. 3. The response curve is
also presented in Fig. 3. The high-pass tilter was
purpnsely placed after the low-pass filter so an
to attenuate any 60-cyvele hum that might be
picked up by the low-pass filter. The output of
the high-pass filter is terminated in its specified
load impedance of 4300 ohms. Since the filter

18

arm wired to the output connector.

Transistor Amplifier Design

To overcome the Insses in the resistive filter
mutching pad and input matching transformer,
an wmplifier voltage gain of approximately -0
db. was required. Also, u low-impedance source
was required to drive the filter input for hest
results. The required gain was obtained from a
common-emitter transistor stage with a voltage
gain of between L00 and 150. Using the input
transformer specified in Fig. 4, an input im-
pedance of about 300,000 ohms is unticipated,
which should be sufficient to assure a Hat re-
sponse down. to 300 c.p.s. even it a crystal micro-
phone is used. The low-impedance signal source
for the filter is provided by a common-collector
stuge which is direct~coupled from the common-
emitter amplifier stage, thus eliminating the
necessity for a coupling eapacitor and biss
resistors. The output impedance of the commmon-
collector stage is approximately 40 ohms. Placing
a 1600-ohm 5 per cent resistor between the
emitter follower and low-pass filter very nicely
solves the matching problem.

The transistors, manufactured hy Cieneral
Flectric and available from Allied Radio Corp.
for about %0 cents each, are n-p-n silicon planar
passivated types specifically designed for fow-
level audio applications. The input transistor,
a 2N3391A, has a controlled noise figure und
high beta and so is very well suited to its appli-
cation in this design. The 2N3392 is similar but,
has a lower beta and no specitication regarding
noise figure.

Several combinations of parallel resistors were
installed for Iy until a @, emitter current of 1.3
ma. was ohtained. [n this particular case, the

QST for
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Fig. 4—Circuit diagram of the bandpass speech filter. Resistances are in ohms, K = 1000, resistors are Y2-watt,5 per
centtolerance.

BT:—15-volt battery (Burgess K10).

Cy, Co, C4—Electrolytic,

Cs—Paper, 200 volts.

Ji, J2—Microphone connector (Amphenol 75-PC1M
Q1—2N3391A,

Qa—2N3392,

required resistance for R; was 44,000 ohms.
Switch 8;, which simultaneously bypasses the
entire circuit and also switches out the battery,
was provided as a convenient means to permit
comparison of the modulated transmitter output
with and without the bandpass speech filter.
With an operating duty cycle of 2 hours per day,
the useful life of the 15-volt battery may be
expected to be in excess of one month. If it
is desired to omit the resistive pad and the high-
pass filter, simply terminate the low-pass filter
with a 1600-ohm resistor, change k4 to 1300
ohms, and if B2 is made 220 ohms unity gain
should be approximated.

Components

The desired filter performance will be assured
if reactora with u +2 per cent tolerance, resistive
terminations with a +5 per cent tolerance, and
inductors with as high a  as practical are used.
There will be relatively little difficulty and ex-
pense in obtaining the 88- and 60-mh. inductors.
However, obtaining the 2 per cent capacitors
will require some extra etfort. Also, the 3.1-henry
toroid may prove to be more expensive than
anticipated. This toroid is available from the
Allen Organ Co. (3.11 henry, £2 per cent, @ = 50
at 1 ke.) at a cost of $1.43 each with a minimum
billing charge of $20. An alternate source is
Newark Electronics Clorp. (Stock No. 39F2806,
Clolling toroid type MP-930-37B, 3.0 henry,
+1 per cent, Q@ = 58 at 1.5 ke.) at a cost of
$7.23. The author employed the following pro-
cedure: Mylar capacitor and Allen toroid data
sheets were requested from the Components
Division of Allen Organ Co., Macungie, Pa., and

July 1966

Ri—See text,

Rz—15 ohms, 10 per cent (adjust for unity gain,.

Rs— 1500 ohms, Y2-watt (see text).

S1—3-p.d.t.slide switch (Lafayette 99R6166).

Ti—Input transformer, 200K/1500 ohms, c.t. (Argonne
AR-144).

$20 worth of mylar capacitors and permalloy
toroids was selected and ordered. The capacitor
cost ranged from 13 cents for 0.007 nf. to 17 cents
for 0.10 uf., and about tifty capacitors of mixed
vulues were obtained for $8. The remainder
of the $20 was invested in toroids, one of which
was the 3.11-henry value. An impedance bridge
wus borrowed and all the capacitors were meus-
ured to an accuracy of 2 per cent or better and
the values marked on the capacitor cases. Ap-
propriate values were then selected and paralleled
to produce the desired filter capacitance values.

Performance of the Completed Unit

When first tested, the gain of the bandpass
speech filter was found to be greater than unity
by 4.5 db. Rs was added to the circuit und ud-
justed until the desired unity gain was achieved.
The 3.1-henry toroid in the high-pass filter was
found to be sensitive to hum pickup, und therefore
the filter should not be placed in the immediate
vicinity of power transformers. The overall fre-
quency response of the entire unit was found to
be essentially the same us that of Fig. 3 except
that the attenuation was greater than indicated
by the response curve at frequencies below 100
c.p.8., becuuse of the roll-off effects of ('3 and
possibly 7;. An operational check of the filter
on the air was satisfactory in every respect.
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Gimmicks ana Gadgets

EE R
A HI_[@E'F’ il ‘D M A.C.-Line Voltmeter

Monitor Your Line Voltage At A Glance

r I HE inexpensive gadget shown in the photo-
graphs can be built in a few hours and will
relieve your regular workbench voltmeter

for other jobs. Simply plug it in the a.c. line
and observe the neon-lamp indicators on the
panel. If the L[U5-volt and 110-volt lamps are
lit while the 115-, 120-, and 125-volt lamps are
not, then the line voltage is 112 volts, plus or
minus 2 volts. Of course, the device can be
designed for finer or coarser voltage resolution.

Construction

Built in a 4 X 2 X 154inch Minibox (Bud
(CU-2102A), the readout voltmeter consists of
neon lamps and resistors. Almost any neon lump
cun be used; the ones shown in the photographs
were found in u *‘bargain barrel” at a local radio
and TV parts supplier. The lamps are part of a
complete molded neon-indicator assembly which
snaps into the panel holes.

The voltage-dividing resistors are all 14 watt
and are mounted on two lug-type terminal strips
(H.H. Smith type 870). Fig. 3 shows the general
congtruction and layout of the unit.

Because of variations in the neon lamps and
because of resistor tolerances, resistor values
must be urrived at empirically, although simple
Ohm’s Law calculations will get the values in
the hall park. Since the neon lamps will fire
somewhere around 65 volts or su, the lamps are
connected across resistors that will have a drop
of 65 volts when the line voltage reaches the

desired value. In the case of a 1/25-watt lamp
(such as the NE-51), a line voltage of 130, and
a totul resistance across the line of 30,000 ohms,
the lamp will fire when connected across 15,000
ohms.

Because of capacitance and unbalances in the
a.¢. line, it is necessary to maintain electrical and
mechanical symmetry in the resistor network.
'This is the reason, as shown in Fig. 1, for splitting
the resistance into equal segments on either side
of the lamp and its parallel resistor. For example,
in Fig. 1, 14 (120-volt indication) is across 15,000
ohms, 4. R4 and Ry should add up to 12,800
ohms, or 6400 ohms each.

il

Fig. 2—Circuit for calibrating the readout meter,
R1—50,000 ohm potentiometer (see text).
Mi—Readout a.c. voltmeter.

Mz—Calibrating meter (v.o.m., v.t.v.m., etc.).

For an NE-51 and a shunt resistor of 15,000
ohms, the total calculated dropping resistance
(Rg 4 Ryy, ete.) for various line voltages is:
105 volts — 9300 ohms, 110 volts — 10,500
ohms, 115 volts — 11,600 ohms, 120 volts —
12,800 ohms, 125 volts — 14,000 ohms, and
130 volts — 15,000 ohms.

3

R:zé

Ry3 Riq

o

R

. 1, |iov. Ty |15V 1, |r2ov.
z§ Ry Ry R5§
15K 15k lsK{ 15K

125V,
Iy

R

Rg Ry

[ 1

"]

Fig. 1—Diagram of the readout voltmeter.

I=15 inc.—~Neon famps (NE-51, etc.).
R1—Rs inc.— 15,000 ohm Y2-watt resistors.

20

Re—Ry5 inc.—Values depend on neon lamps used. See
text.
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Calibration

Jalibrating the readout voltmeter can be done
with a Variac and the shuck voltmeter. Place the
culibrating voltmeter and the readout voltmeter
across the line from the Variac. As the Variac is
advanced, note and record the voltuge at which
the various neon lumps ftire. If a specitic voltage
indication is desired, it will require some filing of
“V” potches in the resistors to change their
vulues to give the required resistunce. This tiling
technique works only with composition resistors
and always increases the resistance.

If a Variac isn't handy for the calibration
procedure, a potentiometer of 50,000 ohms or 8o
will do just as well. Connect the pot as shown in
Kig. 2 and carry out the calibration us described
ahove. Caution — high voltage: use an insulated
knob on the control iand be careful of your
“grounds.”

Fig. 3-—View inside
the Minibox shows the
terminal-strip mounting
of the resistors. The
neon-lamp indicator as-
sembly is a one-piece
molding.
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The readout a.c.-line voltmeter.

Variations

The readout a.c.-voltmeter
need not be constructed exactly
ay shown in this article. A
single indicator model could be used to set the
line voltage to some specific value. For instance,
if your bench signal generator is calibrated for
an input voltage of 115 voits and you can adjust
the line voltage to the bench, construct a single-
lamp readout meter adjusted to fire at 115 volts.
Bring up the line voltuge until the lamp just
fires. The same device could he used for setting
the voltage on the emergency power plant or
field-day generator.

Another vuariation: A maximum and minimum
voltage model using two indicators. If equipment
is designed for operating betwecen 110 and 120
volts, the two-readout voltmeter indicators are
adjusted to fire at these voltages. Ideal operation
of the equipment would be when the 110-volt
laump has fired and the 120-volt lamp has not.

Whatever the application, the readout u.c.-
valt-meter is fun to build and should satisfy one’s
itch to just “build something.” - WierT
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180-WATT D.S.B.

TRANSMITTER

A V.F.0O.-Controlled
Compactron Rig for 80 through 10

BY J. W. RUSH,* W4EWL

HE writer received his ticket after s.s.b.
Themme popular among haui-rudio operutors.
There was a strong desire to huild a trans-
mitter hut after reviewing the recommended
techniques for sideband generation, und becoming
awure of the complexities that were common to
the 8.8.b. mode, the author’s enthusiasm became
romewhat subdued. [t was decided that
compromise was in order and that a double-
sideband transmitter would be built. ‘The choice
wus made because no expensive i.f. filters would
be required, and i high-level modulation were
used there would be no need for using linear
amplifiers in the basic unit. The acceptunce of
these compromises, and a lot of trial and error,
vielded the transmitter that is described in this
article.
The transmitter is v.f.0. controlled, operates
from %0 through 10 meters and is capable of pro-
ducing a 280-watt p.e.p. signal on d.s.b.

V.F.O. and R.F. Circuits

To reduce v.f.o. drift, the frequency-sensitive
components are mounted on, and thermally
coupled to, a piece of aluminum plate which
measures +4 ¥ 5 inches and is %¢ inch thick
(Fig. 53. The plate is warmed by a heating
clement which is comprised of four 1-watt 3300-
ohm resistors and an $-watt 115-volt incun-
descent, lamp. By applying 115 volts to the

* 2123 Fieldcrest Drive, Owenshoro, Kentucky.
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resistors and the bulb through a thermal switch,
the v.f.o. plate is heated and in turn heuts the
grid-cireuit components of the v.f.o0., establishing
4 reasonably constant operating temperature.
The thermal switch is a bimetallic device which
was taken from a portable electric heater and
no attempt will be made io describe it in detail.
The builder may choose to nuse the heating unit
without benefit of a thermal switch, or if such a
switch is desired, he may remove one from any
one of # variety of heat-controlled appliances
aund modify the layout of the v.f.o. plate to
accommodate it.

The four 3300-ohm resistors are inserted into
a brass block; their pigtails protrude from the
block, making connection to the pigtails an
easy matter during the wiring process. The
S-watt lamp is mounted under the v.f.o. plate

The home builder who shies away
from the complexities of a complete
s.s.b. transmitter may find this d.s.b.
rig to be the simple stepping-stone
he needs to get started on ''side-
band.’”” W4EWL offers some novel
circuit ideas for v.f.o. stabilization,
and for tube-complement reduction
through the use of Compactrons.

QST for



TEMP. CONTROL PLATE

3.5-28 Me. BUFE 2.5-28 Me,
BUFE/MULT. 8 siss _RFCt
Va
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Fig. 1—Schematic diagram of the exciter section of the transmitter. Fixed capacitors are disk ceramic, except SM =
silver mica. Resistors are Y2-watt composition unless otherwise noted.

Ci—100-pf. variable (E. F. Johnson 149-5).

C:—15-pf. variable (E. F. Johnson 148-1).

C3—25-pf. variable (E, F. Johnson 148-2).

li—7-watt 115-voltlamp.

Li—20 turns No. 24 enam., close-wound on 1-in., dia.
ceramic form.

La—110- to 200-ph. adjustable coil (J. W. Miller 4512).

Ly—16 turns No. 30 enam., close-wound on ¥g-inch dia.
slug-tuned ceramic form (J. W. Miller 4400 form).

L«—Same as L2,

L5—55 turns No. 30 enam., close-wound on same type
form used for La.

Ls—20 turns No. 30 enam., close-wound on same type
form used for La.

(Fig. 6) and requires no further discussion.

The frequency stability was further improved
by supplying regulated voltage to both the plate
and screen elements of the v.f.o. tube (6AR11),
by the use of small-value coupling cupacitors,
and by rigid mounting of all v.f.o. components.
Cupacitor ('3 (Fig. 1) is switched out of the cir-
cuit during operation on 75 meters.

The remaining r.f. circuitry is of conventional
design. Coil data for the v.f.o. and buffer stages
are given in the parts list of Fig. 1. Band switches
Sa, Sy, and S¢ are ganged together by meuns of
brass drums which are driven by brass straps
(Sce Fig. 6). The straps are anchored to the
bruss drums with 4—40 screws to prevent slip-
puge.

Suppressed-carrier operation (Fig. 2)is effected
by applying the r.f. signul to the grids of the 798+
balanced modulator tubes (in push pull), ap-
plying audio to the 7984 screen grids in push-
pull, and parallel-connectling the plates of the
halanced modulator stage. A pi-network (ank
circuit is used at the outpul of the transmitter
for matching into low-impedance loads.
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L;—13 turns No. 30 enam., close-wound on same type
form used for La.

Ls—6 turns No. 16 enam., self-supporting over center of
Zi. (See text and Fig. 2.)

Ri—O0.1-megohm 2-watt wire-wound linear control.

RFC1—0.84-uh. choke (Ohmite Z-235).

S1—S.p.s.t. slide switch (mounted on v.f.0. enclosure).

Sz—2-pole 5-pos. single-wafer ceramic switch.

S3—S.p.s.t. (normally open) microswitch. (Switchcraft 951
pushbutton switch usable as substitute.)

S;—Thermal switch, (See text.)

Z;—See text and Fig. 2.

Audio Circuit

Three stuges of speech amplification are used
between the microphone and the 6JZ8 driver
stage (Fig. 3). A triple-triode 6110 compactron is
used in the speech amplifier, making the layout
of that section of the modulator a bit, more com-
pact. More than envugh audio gain is available
with this lineup. The amplified audio is fed into
the grids of the 6J78 driver stage by means of an
interstage trunsformer, T's. The pentode sections
of the 6JZ8s serve as the modulator tubes und
are operated as Class B triodes by connecting
their screens to their control grids through two
22K-ohm resistors. The modulation transformer
is a Stancor A-4752. Although it was not designed
to be used us u modulation transformer, but as
a Class B driver transformer instead, it provides
4 suitable impedance ratio for use in this circuit.

An audio feedback control, I3, is included in
the modulator circuit and should be adjusted
for best waveform linearity at high audio levels.
The feedback puath is between the secondary
winding of the modulation transformer and the
cathode of the third speech amplifier, V3.
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BAL.MOD.PA.
Zz

EXCEPY AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS ( nf.);
OTHERS ARE IN PICOFARADS (pf. ORuput);
RESISTANCES ARE IN OHMS; K =1000.

3.5-28 Mc.

7984

35-28Mc. C¢ RFCa
1000 2.5MH.

BAL. MOD. CONTROL 10 Kyn

BAL.MOD.BIAS | oo

Fig. 2—Circuit diagram of the balanced modulator output section of the d.s.b. transmitter. Capacitors are disk ceramic
except those marked SM, which are silver mica. Resistors are Y2-watt composition unless otherwise noted.

Cs—Dual 140-pf. variable (part of Z1).

Cs— 140-pf. variable (E. F. Johnson 149-6).
Cs—3-section broadcast variable, all sections in parallel.
Ji—Coax receptable (Type SO-239).

tx—See text and Fig. 1.

Lo—Illumitronics 1608D6 (See text).

M1—0-1-ma. meter.

R4, Rs—See text,

RFCz, RFC4—2.5-mh. 125 ma. (National R-50).

Balanced-Modulator Output Stage

So that compactron tubes could be used
throughout the r.f. section of the transmitter,
two 7984s were selected for use in the balanced-
modulator output stage. The electrical character-
istics of the 7984 are similar to those of the 6146
tube.

The grid circuit of the balaunced modulator
contains a Harrington bandswitching turret

MIC. AMP
6b10

SPEECH AMP

SPEECH AMP

RFC3—2.5-mh. 375 ma. {National R-300).

Sg—Part of Z1.

Se—Single-pole, 5-pos. single-wafer ceramic rotary
switch.

Sio—D.p.d.t. toggle switch.

Z)—Harrington GP-50 assembly (see text).

L., Zs—Parasitic choke (4 turns No. 20 enam. wound on,
and connected across a 51-ohm 1-watt resistor).

agsembly (GP-50)! to which has been added
4 6-turn air-wound primary winding. The original
primary winding was removed and the new ocne
was mounted in its place as shown in Fig. 6.
The new winding, Lz, serves as the plate inductor
for the buffer stage, V,. No difficulty was expe-
rienced in securing adequate carrier suppression
when using this assembly. About two or three

t Harrington Lilectronics, Box 83, Topsfield, Mass;

450V,

EXCEPT AS INOICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARAODS (ul )

OTHERS ARE IN PICOFARADS (pl. ORpul)
RESISTANCES ARE IN OHMS; K » (000,

Fig. 3—Schematic diagram of the modulator portion of the d.s.b. transmitter. Capacitors are disk ceramic except those
bearing polarity markings, which are electrolytic. F = feedthrough type. Resistors
are /2 watt composition unless otherwise noted.

Ei—Feedthrough capacitor used as terminal.
Ja—3-terminal microphone connector.

Rz—1 megohm control, audio taper.
R3—1000-chm carbon control, linear taper.

24

S11—S.p.d.t. toggle switch.
Ts—Interstage transformer 3:1 sec./pri. (Stancor A-53-C).
Ta—2:1 driver transformer (Stancor A-4752).
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per cent of the peak sidebund level was noted
ag carrier level when observing the output of the
transmitter on a Heath HO-10 monitor scope.
An adjustuable drive control, £y, is contained in
the screen~grid circuit of the buffer stage to
enable the operator to set the grid current of the
balanced modulator at ¢ ma.

The plate tank of the output stage contains a
pi-network circuit and uses an [llumitronics Vari-
Pitch inductor (1608D6). The [0-meter tap is
positioned 114 turns from the high-Z end of the
coil. The 15-meter tap is located 214 turns from
the high-% end and the 20-meter tap is 5y
turns from the same end of the coil. The 4U-meter

6AX3

tap is placed 9 turns away from the 20-meter
tup (toward the low-Z end of the inductor).
The entire coil i8 used during 75-meter operation.

Power Supply

The power supply (Fig. 4) delivers 900 volts
d.c. (450 volts d.c. for tuneup or low-power
operation) at 200 ma., —105 volts d.c. (regu-
lated), 6.3 volts a.c., and 12.6 volts a.c. The
voltage from the secondary winding of the Stan-
cor P-3040 plate transformer is rectified by four
6AX3 TV dumper tubes, bridge-connected.
A choke-input filter section is used in the 900-
volt line and contains a swinging choke, 2 smooth-

4.5H, 4.5H.

A. MA.
(SWINGING) (SMOOTHING) 20K,
50w.
T +900V.
' (H1)
TO P.A.
VALUES OF CAPACITANCE ARE PLATES
IN MICROFARADS ( mf.);
RESISTANCES ARE IN OHMS;. +450V.
K+ 1000 (Low)
pc. N6
ONO
ek ovasou.
T2
TO V.F.O0.
TEMR
63w —105V. PLATE
Ts

$—O BAL. MOD.

Ss 7’
ON.

15A. 15A.
FUSE FUSE Kin RECEIVE.

-—0 6.3V.
-0 12.6V.

150K @

EXCITER

Kic AN
l 4 I
- ' TRANSMIT Kip 005 BIAS LINE
Cﬁ ('L—)s ___&l s J—H‘;J_, s
1 K]

1| REC.
2| mMuTe

.005
5600 I——](j
W « | |J J
115 VOLTS ! OPRTT LINE

AC.

TO BAL.MOD.
° .
I CONTROL
D 4 1] CoAx
5] RELAY
CONTRO
T ¢

005
Jan

Fig. 4—Diagram of the power supply and control circuit. Capacitors are disk ceramic except those bearing polarity
marking which are electrolytic. Oil filled capacitors are so indicated. Resistors are V2.watt
composition unless otherwise noted.

C;, Cs—0.1-uf. 600-volt feed-through capacitor (Sprague
80P3).

CR1—CR4 inc.—400 p.i.v. 200 ma. silicon diodes.

J2, J4—2-terminal male chassis connector.

Ki—4-pole double-throw 110-volt d.c. relay. (Potter and
Brumfield KHP17D11.)

S5,S6—S.p.s.t. toggle switch.
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S7—S.p.d.t. ceramic switch. (Toggle switch shown in panel
view not recommended for use in this circuit.)

Ti—Plate transformer 500-0-500 volts at 300 ma.
(Stancor P-8040.)

T2—Fil. transformer. 6.3 volts at 10 A,

Ta—Fil, transformer. 12.6 volts at 3 A,

T+—Fil. transformer. 6.3 volts at 1.5 A,
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Fig. 5—Top-chassis view of the d.s.b.

transmitter. Modulator section is at

lower right, p.a. compartment at upper

right and v.f.o. assembly at bottom

right, above modulator section. The

power supply is assembled along the
rear edge of the unit.

switch has 4 momentary action.

When the transmitter is acti-
vated by A, une set of relay
contacts mutes the receiver by
shorting out the voice coil of the
speaker. An additional set of
relay contacts is available for
activating an antenna change-
over relay. Control voltage is

ing choke and two S-uf. 1000-volt woil-filled
capacitors. The 450-volt bus is taken from the
center tap of the plate transformer and filtered
with a choke-input network. A\ switch, S;, makes
possible the selection of either of the two B-plus
voltages.?

The bias transformer, 7', is a 6.3-volt 1.5-
ampere unit and is connected back-to-back to
the 6.3-volt filament line. A silicon-diode bridge
rectifier is used across the 115-volt winding of T's
to secure the —105 volts of bias which is regu-
luted by a VR-105 tube (0B2). Separate trans-
formers (T2 and T'3) provide the necessary fila-
ment voltage for the transmitter.

Control Circuit

A 4-pole double-throw relay, Ki, is used for
changing over from transmit to standby. During
the standby period, the v.f.o. and balanced-
modulator stages are biased off. For ‘“zero beat-
ing”, a microswitch (S, Fig. 1) (S3) is mounted
on the front panel of the transmitter to permit
shorting out the bias line to the v.f.0. and buffer-
multiplier stages. By using a microswitch, there
is no chance for the v.f.o. to be left on inadver-
tently during the receive period. The micro-

2 A standard toggle switch of the type used by the author
is not rated for the high voltage levels in this circuit.
A ceramic wafer switch should be used as u substitute.
Editor,
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supplied to the relay through the
push-to-talk switch on the icrophone. The
field-coil voltage for K is taken from the —105-
volt line.

Construction Details

Fig. 6 shows a certain amount of component
crowding in power supply. Since d.c. voltages
are dealt with, primarily, the exact placement of
parts is not a vital matter. The photographs
should serve us a guide to the builder when lay-
ing out the chassis.

The eutire transmitter is assembled on a
10 X 17 X 3-inch aluminum chassis. The panel
is o 19 X 7-inch aluminum unit and fits into
a Bud rack cabinet whose front opening matches
the panel size. It was necessury to file clear-
ance slots in the upper lip of the cabinet’s front
opening so that the plate transformer and oil-
filled capacitor would pass through the open-
ing when installing the assembly in the cabinet.
The chrome strip on the front of the cabinet
was removed during this operation and serves
to conceul the slots once it is back in place.
If size is not an important consideration to the
constructor, an 834-inch panel can be used in
combination with a cabinet whose front opening
matches the size of the larger panel.

Since the meter used with the swuthor’s trans-
mitter is of the “surplus” variety, the values for
the shunts are not applicable to other types of
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meters. Therefore, it will be necessary to “tailor
make” R4 and 125 (Fig. 2) to work with whatever

meter is used. A 1-ma. meter wus used by the

author and is shunted to read 10 ma. full scale
for grid-current monitoring. A full-scule reading
of 200 ma. is used to read total cuthode current.
Data for selecting meter shunts is given in
Cthapter 21 of the ARRL Handbook.

The v.f.0.shaft coupling between the Eddystone
dial mechanism and capacitor ('; (Fig. 5) should
be of stiff design to prevent backlash. A Hexible
shaft coupling was tried but proved to be unsutis-
factory. An aluminum cover is placed over the
completed v.f.o. assembly and can be tfashioned
from 1/16-inch thick stock. In the author's model,
the 75-meter switch, Sy, is mounted on the v.f.o.
cover. As is the case with the v.f.o. assembly, a
cover is placed over the balanced-modulator
output stage. The top cover for the enclosure
should be made from perforated stock to permit
adequate ventilation.

Alignment

To obtain the desired dial calibration it will be
necessary to switch the v.f.o. padder, (', into
the circuit with Si. Adjust C3 to about 90 per
vent of full capacitance. Next, with the v.f.o.
operating, snd while monitoring its 8th harmonic
on a 10-meter receiver, adjust padder Cq 50 that
the 10-meter band calibration vccupies about 80
per cent of the dial scale. After the initial calibra-

tion is completed, the dial scale can be plotted
for the 40-, 20-, und 15-meter bands and will
full into position as shown in the photograph. Lo
calibrate the dial for 75-meter operation, switch
'y out of the circuit und establish calibration
puints while listening to a 75-meter receiver, or
for more accurate eawlibration, o BC-221 fre-
quency meter can be used in lieu of the receiver.
If the desired dial calibration cannot be secured
on the four higher bands, it muay be necessary
to juggle the settings of (‘s and (3 until proper
coverage is obtained.

‘The coils for the multiplier and buffer stuges
can be adjusted for resonance at the centers of
their respective bands by checking them with
a grid-dip meter. It was found that sufficient
wrid drive was wvailable across esch band by
adjusting the coils in this manner. If the operutor
wishes to huve u flatter response ucross the
tuning range of the transmitter, the buffer-
wultiplier coils can be stagger-tuned.

No speeial uttention was given to the balanced-
modulator output stage of the fransmitter in
that the grid circuit can be tuned to resonance
for the frequency of operation by udjusting (‘4
for maximum grid current as indicated by a/7,.
The output tank is tuned in s conventional
fushion, using (s us u loading control and (5 to
tune the circuit to resonance. In order to cause
plate current to flow during the tuneup process,
an audio tone must be upplied at £, (Fig. 3).
If a tone generator is not avail-
able, a sustained tone can be

July 1966

applied to the microphone hy
whistling into it.

The output stage should he
adjusted for best waveform
linearity by observing the out-
put energy at the scope testpoint.
with un oscilloscope. The author
uses the bow-tie pattern while
setting the unit up for best linear-
ity. Feedback control Kz should
be adjusted for best audio wave-
form linearity.

Fig. 6—Underside of the WA4EWL
transmitter. Audio section is at lower
left. The 7-watt lamp, I, is above the
audio section. The Harrington grid-
circuit assembly (Zy) is at the center of
the chassis inside the L bracket. The
exposed terminals of the Sprague feed-
through capacitors (outside the chassis)
should be covered with insulating ma-
terial to prevent accidental contact
with the 115-volt a.c. line,

27



Performance

The final stuge produces n linear waveform
when loaded to approximately 200 nw. of
cathode current. The d.e. input at this level
ranges between 150 and 180 watts, resulting in
u p.e.p. input power us high as 280 watts. During
on-the-air tests, and when compared against
a s.8.b. transmitter of comparable power, the
stations being worked could not discern any
gignificant difference in the strength of the
signals from the two transmitters.

There were no exacting measurements made
concerning the amount of v.f.o. drift on the
different bands. Whatever drift does exist is not
noticeable under normal operating conditions.

Almost without exception, stations contacted
with the d.s.b. transmitter were not aware that
two sidebands were being tramsmitted. In 2
few instances, once the other puarty was in-
formed that d.s.b. was being used, better re-

veplion was reported on one sideband than
on the other, becuuse of QRM problems. Most
sideband receivers are cupable of rejecting the
unwanted sideband, making the reception of
d.s.b. signals no different than the reception of
8.8.b. signals. The audio section of this trans-
mitter was designed to attenuate those frequen-
that lie below 250 c.p.s. und above 4000 c.p.s.
‘This method helps to reduce the problems that
make it difficult for some receivers to sepurate the
two sidebands.

Since the on-the-air reports have indicated
zood speech quality, signal “punch”, and natural
voice characteristics, no attempt has been made
to include an a.l.c. circuit or speech compression.

If you haven't tried suppressed-carrier opera-
tion, this transmitter may lead the wuay to u
new adventure in ham-radio. It is a short step,
indeed, from d.s.b. to s.8.b. operation. The d.s.h.
technique will help you to “get your feet wet”
in thixs interesting field. P

$d

The Seven Seas

Amateur Radio On

$$d

(1oME of us can recall operating a eollege amateur
b radio station which, typically, wuas :ullocated
space in a broom closet on the top Hoor of the engi-
neering building. While the space may not be much
more elegant at the University of the Seven Seax,
the location of the campus is considerably more
exotic. On February LU, the M.S. Scoen Secas sailed
from Los Angeles carrying students of the Seven
Seas Division of Chapman College to Tahiti, first
stop on their round-the-world spring serester. On
board is undergraduate Mike Wolfe, K10MD, of
Boston who will provide amateur radio communica-
tions back to the main campus at Orange, Californiu
as well as to the families of the students on bourd.

The ltinerary of the Seven Scas will includ