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HIGH

TRANSFORMERS

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

HIPERMALLOY secries
This series provides virtually all the
characteristics of the Linear Standard
group in a more compact and llghter
structure. The frequency r

THE STANDARD OF COMPARISON FOR OVER 20 YEARS

FIDELITY

TYPICAL UNITS

13-10X Shielded Input
Mult:ple lme (50, 200 250, 500/600, etc.)
NS to 0 ohms .. . muitiple shielded.

LS-19 Plate to Two Grids
H|  Primary 15,000 ohms.
Secondary 95,000 ohms C.Y.

o LS-50 Plate to Line
3 L5355 15,000 chms to multiple line... 415 db.
T

level.

LS-63 P.P. Plates to Voice Coil

CASE  LS-1  LS-2 Ls-3

anary 10.000 C.T. and 6.000 C.T. suited v 3. " c
H Ls-63 to MLF, ul.-linear circuits. Length. %7 3.7/16" 5:13/1§
% 1.2, 2.5, 5, 7.5, 10, 15, 20, Width 256" 314" 5
: : 30 ohms. 20 Watts. - ' Helght. 314~ 4-3/167 4-11/16
Unit Wt.3 Ibs. 7.5 Ibs. 15 Ibs.

within 1 db. from 30 to 20 000 cycles
Hipermalloy nickel iron cores and hum
balanced core structures provide mini-
mum distortion and low hum pickup. In-
put transformers, maximum level +10db.
Circular terminal layout and top and
bottom mounting.

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

A-10 Line to Grid
Multiple line to 50,000 ohm grid.

T ST

A8l _ A-18 Plate to Two Grids
E' R 15,000 ‘ohms to 80,000 ohms, primary and
1

y both spli it.

iy

a20

N I A-20 Mixing Transfnrmer
Multiple line to tipte line for mixing
mikes, lines, etc.

] :
il
)

A

arourhEr-cvelch oreircono
a—26 1 A-26 P.P. Plates to Line

; ?0 ,000 ohms plate to plate, to multlple
1

Ytomudi-trues a weoms.

OUNCER CASE
Diameter _.
Helght __
Unit Weigl

UNITED TRANSFORMER CO

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




® Right: the “why’’ of G-E ““Operation Snow White”. Unretouched micro
photograph of tube grid, shows a strand of lint which can easily cause
an inter-electrode short-circuit. Dust particles have similar effect.

® Glass-paneled hoods for General Electric
5-Star Tube assembly and microscope inspec-
tion, assure working conditions of optimum
cleanliness. Employees wear rubber finger cots,

to avoid contaminating tube parts with dirt or
moisture. The entire ‘‘Snow White”’ area is air-
conditioned and pressurized, and all garments
are made of lint-free Nylon and Dacron.

G-E ““Operation Snow White” further increases
5-Star Tube high reliahility!

Inoperatives among 5-Star Tubes have
been cut two-thirds by measures G.E.
has taken to provide lint-free, dust-free
assembly and inspection. 100% 5-Star
factory tests prove this gain in built-in
tube dependability.

Most tube inoperatives are the result
of intermittent “shorts” from lint and
dust. G-E “Operation Snow White”’, by
means of pressurized, filtered, and de-
humidified air, plus numerous other
steps to aceent working cleanliness, cuts
down on short-cireuits at the source.
Result: 5-Star Tubes are the most trust-

worthy types that you can install!

Use them in civil-defense work, where
dependable communications are a
“must’’! Specially designed, built, and
tested, they’re your foremost protection
against rig and receiver failures.

Your G-E tube distributor stocks
5-Star high-reliability tubes. See him
for full information! Tube Department,
General Electric Co., Schenectady 5, N. Y.

Frogress fs Our Most Important Prodvct

GENERAL @B ELECTRIC

166-184



ease of operation

exclusive with

75A-4

Advanced design features of Collins new
75A-4 receiver provide the greatest ease in
SSB, AM, or CW operation ever offered to
the amateur.” Proven circuitry of the earlier
75A receiver§ such as crystal controlled first
injection oscillator, hermetically sealed VFO
and mechanically filtered IF selectivity are

retained.

PASSBAND TUNING

The receiver BFO is mechanically ganged and

.. tracked with the main tuning dial. Once a

SSSC signal is tuned in, it can be moved around
in the passband to tune out interfering signals,
and it also allows selection of either sideband
for SSB operation. In CW rcception the desired
signal can be moved around in the passband
without changing the received beat note, and at
the same time, interfering signals can be pushed
off the edge of the steep sided mechanically
filtered passband.

REJECTION TUNING

A combination “Q” multiplier and bridged-T
rejection notch filter, are used. The filter has
a deep, narrow notch and is effective anywhere
in the passband. Conventional crystal filters
become inoperative at frequencies several
hundred cycles on either side of the resonant
frequency. The T filter does not distort the
1F passband seriously as does the crystal filter.
Heterodynes are effectively eliminated with little
loss of intelligibility.

IF AMPLIFIER Q MULTIPLIER BRID 114 A:‘:Algm
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Rejection Tuning Circuits

AVC

A fast attack, slow release AVC system is em-
ployed in the 75A-4. It will respond to the
first few cycles of a sideband transmission and
does not require the presence of a carrier for
operation.” Fast and slow release tiines are
selectable by means of a pancl mounted con-
trol. ‘The fast is used normally for AM recep-
tion. The slow is used during sideband and CW
reception and prevents the receiver from open-
ing up during words and characters.

SEPARATE
AM AND SSB DETECTORS

Separate detectors are used for double or single
sideband signals. The single sideband detector
is a mixer type, which generates much less dis-
tortion than a conventional diode detcctor on
a SSSC signal. A diode detector is used for
conventional double sideband signals.

o

i
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See your nearest
Collins distributor
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The enemy attack will allow #no time for the development of advanced commu-
nications systems ... #o time to further perfect electronic equipment for defense
or swift retaliation . . . #o time to produce more of the vital and dependable equip-
ment made by Hallicrafters during World War II and Korea. Hallicrafters, with
a background of over twenty years of electronic “know how,” is perfecting and
producing secret equipment zow being used by our Air Force and other branches
of the service. The American “edge” over the enemy depends upon Hallicrafters
and other “Primary Producers” for the United States Armed Forces.

®
World’s leading exclusive manufacturers
of communications radio a I cra e rs
4401 West Fifth Avenue, Chicago, lllinois

HALLICRAFTERS FACILITIES ARE NOW BEING USED FOR THE DEVELOPMENT AND PRODUCTION
OF: GUIDED MISSILE CONTROL EQUIPMENT ¢« COMMUNICATIONS EQUIPMENT « COUNTER-
MEASURE EQUIPMENT e+ COMBAT INFORMATION CENTER « HIGH FREQUENCY ELECTRONIC
EQUIPMENT ¢« MOBILE RADIO STATIONS « MOBILE RADIO TELETYPE STATIONS « PORTABLE
TWO-WAY COMMUNICATIONS EQUIPMENT « RADAR RECEIVERS AND TRANSMITTERS (ALL
FREQUENCIES) « RADAR EQUIPMENT.




Calibration
on the
nose...

A dependable secondary frequency standard 1s
a MUST for today’s amateur station .. . to deter-
mine band-edge...to keep the VFO and receiver
properly calibrated. Now you can buy a really
dependable, commercial-quality PR 100 Kec.
Crystal at reasonable cost. The Type Z-6A is

hermetically sealed. razor-accurate, uncondi-

tionally guaranteed. Get it at your jobber.

. e AN A AL W AR & A SEAmLE CEAREE K Rt el T EAEE



Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, e>ped411y League members, are invited to report station activities on the first of each
month (for preceding month) direct to the SCM, the ddmlmstrauve ARRL official elected by members in each Section.

Radio club reports are also desired by SCMs for inclusion in QST. ARRL Fi

eld Organization station appointments are

available in the areas shown to qualitied [.eague members. These include ORS, OES, OPS, 00 and OBS. SCMs aiso desire
applications for SEC, EC, RM and PAM where vacancies exist. .1/l amateurs in the United States und Canudu are invited
to join the Amateur Radio Emergency Corps (ask for Form 7).
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Y.astern Pennsylvania
Maryland-Delaware-D.
Southern New Jersey
Western New Vork
Western Pennsylvania

WIPYF
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W3INCD

Clarence Snydcr 717 Porter St.

J. W. Gor 3707 Woodbine Ave.
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(,corzc H. Graue .
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Cleveland 26
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Carleton L. Coleman 109 Cedar St.
Lloyd H. Manamon 709 Seventh Ave.
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East Hampton, L. I.
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Austin
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( Jouglas L Johnson 104 Preston St.
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109—1th N.w.
1044 King St.

‘vydneyT ones
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Halifax, N. S.
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Edmonton, Alta.
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l"on,agc 1a Prairie, Man.
Saskatoon




ABOUT SINGLE SIDE BAND THESE ARE THE FACTS

“talk power’’ equivalent to 1 Kw. AM in the new Hallicrafters Linear

Power Amplifier Model HT-31
e MORE COMPLETE <+ MORE RUGGED

More complete—Engineered with a wider range of antenna impedance—50
to 600 ohms.
More rugged—Components surpass even the most rigid commercial specifi-
cations. Heavier transformers for less heat, and an exclusive Hallicrafters
feature, a blower to further reduce heat!
More reliable—on-the-air factory tests assure you of dependable performance.
Here in one compact package is a full band switch power amplifier covering
80-40-20-15-11 & 10 meters that's easy to drive, highly stable, extremely
versatile, and engineered to Hallicrafters world-famous quality.
SPECIFICATIONS
Plate Power Input—500 - 510 watts.
Power Output—330 P.E.P. on 80 meters with slightly less on 10 meters.
Drive Power for 80 meter input 10 watts P.E.P. maximum on lowest frequency.
FEATURES
. Continuous frequency coverage from 3.4 Mc. to 30 Mc.
. Pi-network output for efficient harmonic and T.V.l. suppression.
. Major T.V.l. suppression built in.
. Does not require an antenna tuner as will feed loads from 50 to 600 ohms.
. Full power capabilities available on CW because high stable, time proven
circuitry does not require trick overload protective devices.
. No special sclection of R.F. amplifier tubes required.
. Total tube repl nt cost including high voltage rectifiers, amateur net
only $14.20.

8. Full metering of all important circuits.

9. Power input in watts shown on meter.

10. May be mounted in relay rack.
CIRCUIT DETAILS
This power amplifier employs two 811-A zero bias triodes in parallel. The
input system is designed to be fed from a 50 - 70 ohm unbalanced line and
requires a maximum of 10 watts drive on 80 meters. The grid tank circuit is
balanced to provide all band neutralization. The output tank circuit is a
continuously variable pi-network which provides a high degree of harmonic
suppression. ’

hallicraffers

Chicago 24, illinois

N NHWN -

* MORE RELIABLE

TUBES

2—811-A Triode amplifiers

2—866-A Rectiflers

POWER OUTPUT

P.E.P.—330 watts

CW—275 watts

PLATE POWER INPUT

P.E.P.—500—10 waits

CW—450—9 watts

FRONT CONTROLS

Grid Range

Grid Tuning

Meter—Plate /Grid/Power [nput
Watts

Plate Voltage On/Of

Power On/Off

PA Tuning

Antenna Loading—Fine

Antenna Loading—Coarse

Physical details:

Grey black steel cabinet and

brushed chrome control knobs.

Piano hinge top. 103" x 19 relay

rack panel—over all size 20"

wide x 12V4" high x 174" deep

—shipping weight 100 Ibs.

approx.

POWER

105/125 V—50/60 cycle AC

Engineered to performance, not to price!

Model HT-31 Linear
Power Amplifier $395.00
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DIRECTORS

Canada
ALEN RELD . .o iiii e vezBR
240 Logan Ave., St Lampert, P, Q
Vice-1otrector: Reginuld Town
2479 Ciraveley St., V:mcouver 6, B. (

Atlantic Division
GILBERRT I, CROSSLEY . ............. W3YA
Dept. of L., Penna. State University
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725 Garden Road, Glenside. Pu.

Central Division
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Dakota Division
ALFRED M, GOWAN. "OPHR
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6830 Harriet Ave., Mioneupolls, Minn.
Delta Division

GEORGE H, 8TEED.......... . .W5BUX
1912 Beech St., Plne B, ArK.
Vice-Director: Cieorge 8. Acton. .. ... ... W5BMDM

Plain neul\ng, La.
Great Lakes Division

JOHN H. BRABB... .. . ... .. ... WS8SPF
708 i'ord Bidg., l)elrolt 26, Mich,
Vice-Director: Robert L. Davis, . ..... . WSEYE

247 tlighland Ave., bnlem Obllo
Hudson Division

GREORGE V., COOKE, JR...... ... w2oBop
8%-3) 239 Bt., Bellerose 26, N. Y.
Vice-Irector: Thomas J. Ryvan, Jr.. ..... W2NKD

2339 Redwood Rd., 8cotch Pluing, N, J.
Midwest Dzvuuon

WILLIAM J. 8CHMID' v..-WPOZN
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S {ce—l)lrermr James E. MeKim, L WOMYVG

104 8. Tenth, Sulina, Kunsas
New En gland Division
PHILIP . RAND., . ................. \VlDBl\l

1 ice«l’lrerlor (Mlayton ' Gordon. ...... WIL{R('
65 imerson Ave., Pittsfield, Mass,

Northwestern Division
R. REX ROBERTS. ................. W7CPY

Vice-Director:
Pacific Division
HARRY M. ENGWICHT....... ... ... WeHC

770 Chapman, San Jose 26, Cullt,
Vice-Iotrector:

Roanoke Division

P. LANIER ANDERSON, JR........ wWiMWwWH
428 Maple Lane, Danvilie, Va,
Vice-Itrector: ‘Theodore P. Mathewson. . ... . \WW4FJ
110 N. Colonial Ave., Richmond, Va.
Rocky Mountain Division
CLAUDE M. MAER, JR.........._ ... WweIc
740 Lamyene 8t., Denver, C'ofo.
¥ tce-Dtrec(ar Walter M. Reed. ... .... WBWRO
1355 E. Amherst Cirele, Denver, Colo.
Southeastern Division
JAMES P BORN, JR.................. W4zZD

5 First Ave N.E., Atlants, Ga.
I'lce«/)trectar Randall E. Smlth ..... W4DQA

9022 Plaza Court, Orlando, Fla,
Southwestern wasxon

\VALTER R JOOS.................. WOLEKM
1315 N. Overhill Drive, ‘Inglewoud 3, Callt,
Vce-Director: Robert E. Hopper. ... .... WeYXU

4327 Santa Crus, Snn I)lego 7, Cullt.

West Gulf Divigion
ROBERT E. COWAN.................. WsCr
3640 Encanto Drive, bort Worth 9, Texas
Yce-Director: John F. Skel - W5MA
1901 Standish Dr xrv\ng, ‘Texne



‘It Seems to Us..."

PUBLIC RELATIONS

The instances are fortunately rare, but every
now and then an item in a newspaper will
carry an account of amateur radio which can
be classified as uncomplimentary. The subject
is usually amateur interference. Oceasionally
the item is directly antagonistic; more often
the disparagement is implied, or conveyed by
an inaccurate headline.

In some of these few cases amateurs will
write the League asking that a retraction be
demanded. In our experience, this is entirely
the wrong approach, for two reasons: Too
much time is wasted (any effective action must
be immediate); and generally speaking the
editor is more impressed with a protest from
his local readers than one from a distant
organization. Usually, an alert local ham or
club will take immediate action by contacting
the paper or writing a letter to the editor in
an attempt to obtain clarification and set the
record straight. While this is the preferable
procedure, it still has the disadvantage of
again mentioning interference and amateurs
in the same breath, and thus tends to accentu-
ate the association of ideas.

There’s a much better basic approach.

What is needed is full, complete and accurate
accounts of all other amateur doings, so that
any localized interference problems will seem
minor in comparison to the good that cun be
and is being accomplished by public-spirited
hams. In other words, a good long-range public
relations program. To paraphrase the song
title, you eliminate or neutralize the negative
by accentuating the positive.

Naturally, any emergency activities of ama-
teurs should be promptly and fully reported
to the newspapers and radio stations. But in
any one community emergencies are few and
far between. You can’t create a disaster, but
you can be alert to participation in civic
projects, or to initiation of some of your own,
to maintain and improve the local standing of
your amateur group. We’d like to mention
here several such special projects, simply to
suggest angles which you might use.

“Must” reading for those concerned with
the state of vur public relations is the article
in November QST, describing Maryland Ama~
teur Radio Week activities of the Baltimore
Amateur Radio Club. It’s full of project ideas.

A number of clubs have codperated in fund-
raising drives. One helped out in an all-night
Telethon on behalf of the March of Dimes.
Persons wishing to contribute called the TV
station, whereupon an amateur net control
installation directed a mobile to the address,
where civic club members performed the leg-
work of actually calling on the donors. Another
amateur club undertook a similar project in
a cerebral palsy drive, enriching it to the tune
of $50,000 — and doing themselves a world
of good in public relations.

In a city famous for its huge parades, hams
offered their services to the grand marshal.
The marshal reluctantly accepted, and ended
up immensely pleased — the parade started on
schedule for the first time in the city’s history!
Needless to say, hams are now a fixture when-
ever they “strike up the band.”

But you don’t need to wait for fund drives
or parades; except in the larger cities, a great
many amateur occurrences are considered
newsworthy. The local club receiving its char-
ter of ARRL affiliation; a local amateur mak-
ing DXCC; an emergency codrdinator being
appointed; participation by the club members
in a contest,- Field Day, or hamfest; delivery
of a message from a serviceman in Alaska to
his mother — all these and a host of other ac-
tivities, however common they seem to us, can
mean an inch or two in the Daily Bugle or 30
seconds on “The Voice of Podunk.”

What eclse? Well, is your PTA putting on
a hobby show? Be in it! Kiwanis looking for
a speaker? Volunteer! Does your company
have a ‘‘house organ”? Its editor would
probably be delighted to have a feature story
on the hams in the company.

Publicity helps are available at League
Headquarters to make it easier for you, too.
A sample speech, interview, radio broadcast
program, and TVI script with slides are avail-
able. So are reprints of outstanding amateur
stories, which have appeared in nationally-
known magazines, to explain our hobby to
interested BCLs.

Good public relations are important to
nearly every SO(‘lPtV, corporation, or charity,
but especially important to us-—our very
licenses depend on our activities being ‘in the
public interest, convenience, or necessity.” We
must leave no doubt in the minds of the public
that we meet this requirement.



HAMFEST CALENDAR

ILLINOIS —- The Central Illinois Radio Amateur Picnic
will be held Bundsy, July 17th, at Spitler Woods State
Park, aix miles southeast of Decatur on State Route 121.
Registration will open 11 s.m. CDT. There is no charge
for admission to anyone interested in amateur radio.
Lively contests for the kids; it will be a real family affair.
There will be a ham auction and a swap table, Bring the
family and a basket lunch. Drive east of Decatur on
Highway U.S. 36 and watch for Ham Picnic signs.

INDJANA — The Annual Turkey Run V.H.F. Picnic
will be held on Sunday, July 31st, at Turkey Run State
Park under the sponsorship of the Wabash Valley Amateur
Radio Association. The route in the park will be posted.
There will be a swap table and games. Bring your family
and a lunch basket and meet the v.h.f. gang. For further
information write to Charles Hoffman, W9ZHL, Picnic
Chairman, P. O. Box 186, North Terre Haute, Ind.

MICHIGAN — The annual Upper Peninsula Hamfest
will be held on Sunday, July 31st, in the Houghton area,
under the sponsorship of the Lake Superior Radio Club.
The election of the UPEN NCS will take place at this time.
Further details of the program will be given on local
bulletins. There will be a potluck lunch, with coffee, pop,
and ice cream provided by the host. A registration fee of
one dollar will be collected at the grounds to cover expenses.

MICHIGAN — Sunday, July 31st, at Warren Dunes State
Park, 15 miles south of St. Joseph, Michigan, on U. S.
Hwy. 12 — Annual Picnic and Hamfest of the Blossomland
Amateur Radio Association. Bring the family, a basket
lunch, and swimming gear; also usable radio equipment
for swap and shop. Ten-meter transmitter hunt. No ad-
mission charge to the park or picnic. Registration fee
$1.00 in advance or $1.25 at the park. Please make reserva-
tion in advance through R. T. Hatch, W8JFW, 3225
Cleveland, St. Joseph, Michigan.

MICHIGAN — The first annual Adrian Amateur Radio
Club Hamfest will be held Sunday, July 10th, at the Adrian,
Mich., Fairgrounds. The program will consist of various con-
tests of acquired skills, and will include activities of interest
to XYLs. The following bands will be monitored for mo-
biles: 2 meters at the low end; 10 meters at 29,640; 75
meters at 3910 and 3960; and 160 meters at both ends of
the band. Gov. G. Mennen Williams of Michigan is expected
to speak briefly. There will be a ‘‘swap and shop” party
throughout the day. Representatives of leading manufac-
turers of electronic equipment of interest to amateurs will
be present to discuss their products with the group.

MONTANA — The Glacier Waterton International
‘Peace Park Hamfest will be held at Apgar Camp Grounds in
Glacier Park on July 23rd and 24th. All welcome.

WYOMING — Saturday and Sunday, July 23rd-24th.
The Annual Wyoming Hamfest at the South Fork Camp
ground and Inn, in the beautiful Big Horn mountains 18
miles west of Buffalo, Wyoming. The Sheridan Radio
Amateur League is sponsoring the event. A full program
including banquet and Wyoming Trading Post is planned.
Registrations, including banquet, $3.50. Tourist mobiles
in Yellowstone Park area welcome; watch for mobile
antennas on Highway 16. Register with Robert B. Miller,
President, SRAL, 362 E. Loucks St., Sheridan, Wyoming,
or contact any Wyoming ham for information.

COMING A.R.R.L. CONVENTIONS

July 30th-31st — Canadian Division, St.
John, New Brunswick

August 12th-14th — Roanoke Division,
Old Point, Va.

September 3rd-4th —South Dakota State,
Yankston, S. D.

October 15th=16th — Central Division,
South Bend, Ind.

October 22nd-23rd — Midwest Division,
Omaha, Neb.
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A.R.R.L. CANADIAN
DIVISION CONVENTION
Saint John, N.B. — July 30th~-31st

The New Brunswick Amateur Radio Association is
sponsoring the 1455 ARRL Canadian Division Convention
to be held in Saint John, N.B., on July 30th-31st, with the
Loyalist City Amateur Radio Club as host. Every effort
is being made to make this convention a most interesting,
informative and enjoyable affair. It will be held in the
YMCA building, commencing at 6 p.M. ADT, Saturday,
July 30th. Registration is from 2 to 6 o’clock.

The program will include a banquet, special spcakers,
presentation of the VE1 Contest cup, and contests. There
will be a 75-meter hidden-transmitter hunt, picnie, games,
ete., on Sunday, July 31st. Alternative plans are being
arranged in case of poor weather on Sunday. There will be
special programs for the ladies.

The rates, including banquet and picnie, are $4.00 for
men and $3.00 for ladies. Send advance registrations to
R. B. Nichols, VE1GE, 153 Rodney St., West Sazint John,
New Brunswick, Canada.

25 Years Ago f

this month
F

July 1930

. Describing the annual meeting of the ARRL Board
of Directors, the Editor states that a lively advance interest
was displayed by the members in regard to important
topics scheduled for discussion. Comments were also made
concerning various problems confronting 'phone men and
mesgsures the Board feels necessary to make voice operation
more effective and enjoyable.

. . Adventure and ham radio are combined in *Ham-
ming with a Portable in Africa.,” by Clyde I'e Vinna,
W60J-W6ZZK.

‘ Naval Reserve Holds Its First National Emergency
[)nll " by William J. Lee, is a detailed report of that organi-
zZation’s latest operating activity. Main objectives of the
drill were to determine speed, completeness of district rep-
resentation, accuracy and circuit discipline.

. . . VE2CA, operated by Mr. and Mrs. Earle H. Turner,
is the station of the month. With two transmitters, each
employing UX-852 oscillators, the Turners emit healthy
signals on both 7 and 14 Mec. Two receivers are in operation:
one, a four-tuber with an r.f. stage, detector, and two audio
stages; the other, a conventional Hartley with a two-stage
audio amplifier.

. . . RCA announces the production of three new tubes.
One is a general-purpose tube known as the UX-230; an-
other is a screen-grid tube, the UX-232; and the remaining is
an UX-231 audio power amplifier featuring low distortion.

. . Some good hints on key click elimination can be
found in the Experimenters’ Section of this month's issue.
An excellent filter is described. It utilizes old Ford spark
coil primaries and two 0.0U6-uf. capacitors.

. . In the same section, A. E. Harrison, W6BMS,
describes a receiver for 3.5 and 7 Me. using a variometer for
the tuning inductance. The set uses a Type '22 untuned r.f.
stage, a Type '99 detector and two I'ype '01As as audio
amplifiers.

OUR COVER

“Oh! my aching back. . . . T almost got that
W7 ... That #3&9,* gencrator!” These are
familiar post-Field Day expressions. Yes sir, if
you weren’t out with the gang this year you just
haven’t lived!

QST for




A Four-Band S.S.B. VFO

Single Fundamental Range for Use with Conversion-
Type S.S.B. Exciters

BY GORDON LAUDER,* WOPVD

Central Electronics exciters and others

using a 9-Mec. master oscillator cover one,
or at the most, two bands: 75 meters, or 75 and
20 meters. This is because the same 5-Mec. in-
jection frequency can be used in the mixer stage
for both these bands, but not for others. However,
the injection frequencies for 40- and 160-meter
operation are harmonically related to this same
5-Me. injection frequency. The beautiful part of
this is that the oscillator can always be calibrated
against the 5-Me. signal of WWV. Thus a VFO
with a fundamental tuning range of 5.0 to 5.5
Me., plus a bandswitched buffer /multiplier stage,
will furnish outputs on all four bands.

Using two miniature tubes and slug-tuned
coils, a complete unit can be built horizontally on
a 3 4-inch rack panel, as indicated by the accom-
panying photographs of the one used at WOPVD.
The tuning is done with a National type MCN
dial which has been equipped with a National
type HRT knob for ease of tuning.

The circuit uses two 6AK6 tubes, one as an
electron-coupled oscillator and the other as a
buffer/multiplier stage. The plate coils of the
huffer/multiplier stage are shorted out electri-
cally, when not in use, by a Centralab switch that
connects all unused contacts, thus connecting B-
plus to both sides of unused coils. Shorting the
coils allows mounting them in close proximity.
All that is necessary is to wire B-plus voltage to
any unused contact on the switch.

An UB2 VR tube is used to stabilize plate and
screen voltages of both tubes. Each stage uses
{0 ma. of cathode current. The Central Elec-
tronics exciters furnish 300 volts at 25 ma.
through the accessory socket in the rear. The
"% 134 Marquette St., Park Forest, 11l

MOST of the VFOs used in s.8.b. work with the

¢

The four-band #.x.h. VFO fits
readily on a 34-inch relay rack
panel, By choosing the proper funda-
mental tuning range and using ap-
propriate harmonics, four bands can
be covered with exciters using a
9-Mec. s.8.b. generating frequency.

® No doubt there would be more sa.s.b.
activity on 7 and 1.8 Me. if it were not
generally thought that a separate YFO
is needed. Here’s how to make one VFO
unit serve for both the popular 4/11-Mc.
combination and the above two bands as
well.

0B2 dropping resistor is adjusted until a current
of 23 ma. is drawn with the 6AK6s out of their
sockets. This allows a margin of insurance against
loss of ignition in the VR tube. At these current
and voltage settings, sufficient VFO injection is
developed to give stable operation on all four
bands.

Construction

The author’s VFO was built on 2 homemade
chassis. Room was reserved on the left side of
the panel for mounting a 2-inch ’scope monitor,
as described in the 1954 ARRL Handbook.

The best size in commercially available chassis
would be the 5 X 10 X 3-inch with bottom plate.
The dimensions of the chassis at W9PVD are
5 X 7 X 3 inches. The chassis is mounted with
the top down and even with the bottom of the
panel, to allow clearance for the bottom of the
National MCN dial mechanism. The dial is
mounted with the top flush with the top of
the panel. The tuning condenser, Cy, is mounted
on an aluminum bracket so a8 lo line up with
the dial drive.

The switch S; is mounted on another bracket
with the end of the 2-inch shaft projecting
through a 3/8-inch hole in the panel to allow
mounting the knob. This switch is mounted to be
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Qscillator circuit is at the right
in this view, frequency-multiply-
ing coils and bandswitch at the
left. The two resistors alongside
the switch add up to the 10,000
ohms spccified in Fig. 1 for the
dropping resistor to the VR tube.

symmetrically placed with respeet to the opera-
tion switch of the 10-A exciter, which is mounted
directly above the VFO in the rack.

Viewed from the rear, the components mounted
from right to left on the center line are Ly, V3,
L», and the plate coils for V7, these coils being
mounted in a roughly triangular grouping to
give minimum lead length to S;. Ls should be
positioned for the shortest leads as it is the
highest-frequency coil. After these come V3 and
the jack, J1. A 6-prong Jones chassis-type male
connector was used for Ji because it was avail-
able in the junk box. However, any malc connec-
tor having 5 or more prongs will do the job.

OSCILLATOR
6AKE

50-5.5 Mc. &)
o I
Too 7foo wicy.
Ca
)bz

Ly

The two stages ure shielded to reduce the pos-
sibility of feed-back when the buffer/multiplier
is operated at the oscillator frequency. The
conpling capacitor, ('s, i8 mounted inside a 14-
inch rubber grommet, both for mechanical stu-
bility and insulation.

Only two of the coils, L; and Lg, need to be
wound by the constructor. The total number of
turns for L; was wound on the XR-50 coil form,
then 514 turns were backed off before cutting
and soldering to the ground end. The enamel is
carefully scraped off with a knife, and the tap is
made by wrapping the bared wire around a
small diameter nail and then twisting onece to

(C'ontinued on page 116)

BUFFER/MULTIPLIER

Fig. 1— Circuit diagram of the four-band VIO.
Resistors are 14 watt unless otherwise specified. Capaci-

tances below 0.001 pf. are given in upuf.
Ct — 100-ppf. variable (Hammarlund HF-100 or equiv-
alent).
(2, C3 — Silver mica.
(4 = Cg, inc, — Ceramic.

Cy — Mica.
Ci10 — Low-temp. ceramic.
Ii — Approx. 8 uh.; 37 turns No. 26 ecnam. on Y%-inch

diam. slug-tuned form (National XR-50) tapped
514 turns from ground end.
L4 — Slug-tuned (CTC LS-3 5-Mec. coil).
Slug-tuned (CTC LS-3 10-Me. coil).

Lz

L —

12

\&J 6AK6ES

3( Y4
123456

Ls——25 turns No. 26 enam. on 3-inch. diam. slug-
tuned form (CTC LS-3).

NoTE: Sece text for data on resonating slug-tuncd coils
to proper frequencies. Inductance required depends on
stray circuit capacitance and length of coax cable to
s.5.b. exciter.

51 — Rotary switch, 1 pole, 3 positions, unused contacts
shorted (Centralab PA-18 with PA-300 index.
Use all spacers furnished to mount scction near
cear of index).

Norte: The 2.5-mh. choke in the oscillator cathode cir-
cuit should be of the small type such as National R-33.
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Versatilize Your Oscilloscope
Adding a Z-Axis Amplifier and Voltage Calibrator

BY LYLE E. SHARPE, + W6FSC

HE addition of a Z-axis amplifier and voltage
Tcalibrator to any ’scope provides a useful
asset and is not a difficult job. The oscillo-
scope pictured in this article ia a Heathkit model
0-7. but the same technique may be applied to

Front-panel view of the 'scope with the additional
vontrols, .

* ¢, Engineering Dept., J. B. Rea Co., Santa Monica,
Calif.

e This article describes the circuitry and
construction involved in adding a Z-axis
amplifier and voltage calibrator to any
oscilloscope lacking these refinements.
The 7-axis amplifier may be used for
trace brightening, Z-axis modulation,
or retrace blanking and, with the voltage
calibrator, the measurement of any wave-
shape on the scrcen is available at the
flick of a switch.

any ‘scope, providing necessary space for mount-
ing the parts can be found. In this case, very little
space was available immediately behind the front
panel, so two small subchassis were fabricated
and set back on the main chassis with extension
shafts run through panel bushings for the control
lknobs. As shown in the front-view photograph,
the added rows of controls are placed midway
hetween the existing controls with the voltage
calibrator on the left side, and the Z-axis am-
plifier on the right.

Voltage Calibrator

The voltuge calibrator (Fig. 1) consists of u
free-running symmetrical multivibrator (V)
operating at approximately 1500 c.p.s. Tts output
is taken off the plate of Vir through C to the top
of the diode load resistor, I21. T7»a is connected as
# diode and functions as » clipper to square the
waveshape. The plate of Vaa is direct-coupled to
the grid of ¢athode follower, Vo, and the output

MULTIVIBRATOR CLIPPER
230V
100K 47K N RS 300
330 g\'ll 100K
\Ceiumxc) 71— Lo — AV
Ol (i i Vaa
R,3680K 12AU7

25/100V.=
(Puper)g;

Ria g Sig.

y Cal. q.
I0K/2wW.
o+ Sz

_ Ilo/«zsov.

lnpu{

Rect =
Iy SO 8/450V.
'SCOPE PWR. SUR __TA: .

«Axs
Amp. Fig.2
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Fig. 1 — Circuit of the voltage calibrator. All resistors Y4 watt, unless otherwise specified.
Rt ~~ Ohmite CU-1041, 51, Sz — Rotary switch,
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voltage of the calibrator appears across the
cathode-resistor string, K5 to 210. The maximum
peak-to-peak voltage in each position of Sy, as
indicated, may be taken from the arm of the
switch and attenuated through the gain-control
potentiometer Rij.

Potentiometer K3 in the wvoltage divider,
RoRaR4, controls the bias on the cathode of Vaa
which, in turn, controls the output voltage of the
calibrator. Qutput voltage is taken from the arm
of Ry to the calibrating position of Saa for com-
parison with the signal being measured.

Z-Axis Amplifier

The first tube in the Z-axis amplifier (Fig. 2)
is a 12AU7 duo-triode acting as a phase inverter.
The cathodes of both sections are tied together
using the same cathode resistor, E14. The second
section operates as a grounded-grid amplifier.
Signals from the plate of each section to the
ends of the center-tapped potentiometer Rj5 are
equal and 180 degrecs out of the phase. This
potentiometer must be linear, with 25,000 ohms

Voltage-calibrator sub-
chassis wired and ready
for installation.

each side of center tap. The tube gives a gain of
four for each phase.

The signal is then taken from the arm of
the gain-and-phase-control potentiometer, 5.
through Cj to the input grid of V4. V4 is a triode
voltage amplifier with a gain of 12, thereby giving
a total gain of 48 through the amplifier in either
# positive or negative direction. From the plate
of Vj, the signal is passed on to the top of I2js
and through Cs to the grid of the cathode-ray
tube. Positive signals at this point brighten the
trace, while negative signals bias the tube toward
cut-off. C3 must be a high-voltage capacitor to
withstand the negative d.c. voltage on the grid
of the tube.

Blanking

The pulse for blanking is taken from the
oscilloscope horizontal-sweep oscillator and dif-
ferentiated through Cy and Ry7. During the slow
rise time of the sawtooth swecep, no voltage is
developed but the rapid fall in voltage at the end
of the sawtooth develops a pulse at the junction

PHASE INV 250V, ~__AMR

10K ] o4t cg,

41K =T 450V- Tube
S

. D1/2.5KV. ¢
! - A
162500K
W ()

Fig. 2 —-Schematic of
the Z-axis amplifier. All
resistors 14 watt unless
otherwise specificd.

Ris — Centralab BT-33.
Sa —- Rotary switch.

. Pulse Sowtisoth vy
Ipf. 2 HOR.
00N 378 & 30 A AME
o———}
Z fnput s 3
’i, ‘ 3A 12AT7,
‘ | o I
S3s
To_Bt

14

Ti — 6.3 volts, 2 amp.

15V,
A.C.

M, Vz~See Fig.|
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Fig. 3 — Sketch showing dimensions of the two subchassis. The one to the left is for the Z-axis amplifier; the

one to the right is for the voltage calibrator.

of Cy and Ryy, which is impressed on the grid of
’3a through Sza when in its blanking position.
‘The size and width of this pulse is adjusted by
Ry7, and Rys is adjusted toward its positive
position, putting a positive pulse on the grid of
V4 which, in turn, puts a negative pulse on the

grid of the cathode-ray tube, thus bla.smg the

grid to cut~off, and blanking during the
. retrace.

Construction

The material used in the construction
of the two subchassis is 0.026-inch copper
sheet, since it is easily worked. They
were cut out, drilled and bent to shape in
a small vise, as shown in Figs. 3A and 3B.

A photograph shows the voltage-
calibrator chassis with the components
mounted and wired. The calibration po-
tentiometer, 11, is shown mounted on
the lip of the chassis, with the multiplier
switch (S1) just below. The Z-axis am-
plifier chassis is bent in the opposite
direction, with the gain-and-phase po-
tentiometer, Kj3, mounted on the lip,
and the selector switch S3 below. These
four controls are reached with extension
shafts through panel bushings, the re-
maining controls being mounted on the
front panel.

In the photograph of the voltage cali-
brator, the potentiometer shaft, R3, may
be seen extending through the chassis
where it is available after assembly for
adjustment of the voltage-calibrator
output. The potentiometer is mounted
between the tubes on the top side of the
chassis, its leads being fed through a
small grommet to the underside.

Both amplifiers should be completely
wired according the schematics, leaving
signal, B+ and heater leads long enough
to reach their connections. Wiring is not
at all critical and point-to-point wiring
was employed to conserve space.

The holes in the front for the added
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controls are all 34-inch diameter. The hole for the
shaft of the voltage-calibrator gain pot,entiome~
ter, 11, is centered 21{ inches above the main
chassis, and midway between the oscilloscope
vertical-gain and frequency-selector controls. The
hole for the shaft of the multiplier switch, Si, is
[ 1§ inches below.

Rear view of oscilloscope with the cathode-ray tube removed,
showing the added subassemblies. The voltage calibratog-is in the
foreground, and the Z-axis amplifier above and to the feft.
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& Fig. 4 — (Left) Voltage-calibrator
square wave with low horizontal
sweep frequency. (Right) Same
signal with high-speed sweep.

& Fig. 5— (Left) Sine wave before
return-trace blanking. (Right)
Sine wave after return-trace
blanking.

€ Fig. 6 — (Left) Intensity modula-
tion of 2-microsecond positive
pulse. (Right) Z amplifier used for
trace brightening.

& Fig. 7 — (Left) One cycle of sine-
wave input to vertical modulated
by 4 e¢ycles of square wave
(right).

& Fig. 8 — (Left) Marker-generator
signal on baseline. (Right) Marker-
generator signal putting a hole in
baseline.
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The voltage-calibrator switch, S», is mounted
on the panel in the most available position be-
tween the oscilloscope vertical-input attenuator
_switch and the vernier frequency control.

The hole for the shaft of the Z-axis gain and
phase control, 215, is centered 214 inches above
the main chassis, and midway between the fre-
quency-selector switch and the horizontal-gain
control. The hole for the shaft of the selector
switch, Sz, is 114 inches below. The blank-phase
potentiometer, Rj7, is mounted on the panel
midway between the frequency-vernier and
synchronizing controls. The Z-axis input jack is
located just above the horizontal input switch.

The placement of the two subchassis, with
their extension shafts through the panel bushings,
is shown in the rear-view photo of the ’scope.
The Z-axis amplifier chassis is on the left side of
the photograph, just behind the ’scope horizontal-
sweep-amplifier tube (6J5) and the voltage-
calibrator chassis is on the right in front of the
power-supply rectifier tubes.

The Z-axis amplifier draws only 8 ma. in
operation, and the voltage-calibrator requires
10 ma., so they may be operated from the os-
cilloscope power supply, as shown in Fig. 1. The
power-supply output voltage is 340. This poten-
tial is dropped to 240 volts through E;e for the
voltage calibrator, and to 250 volts through
Ri3 for the Z-axis amplifier. In the calibrate
position, Ssp puts plate voltage on the calibrator,
and Szg has the same function for the Z-axis
amplifier. It is necessary to provide another
filament source for the tubes, so a small fila-
ment transformer, 7'; in Fig. 3, is mountcd
alongside the power transformer, under the main
chassis.

After the units were installed and the wiring
completed, switch positions on the front panel
were labeled with decals as shown. The voltage-
calibrator multiplier switch shows inaximum
output voltages of 50, 25, 10, 5, 1 and 0.1. These
voltages may be attenuated at each position
with the gain potentiometer, Iy, which is cali-
brated in tenths on the front panel.

The only adjustment necessary after comple-
tion is to set the output level of the voltage
calibrator. This calibration is in peak-to-peak
volts which is equal to 2.88 r.m.s. voltage. Divid-
ing the maximum output voltage of 50 by 2.88
is equal to 17.4 volts r.m.s. Turn on the oscillo-
scope, put S in the 50-volt position, and turn up
the gain pot, K11, to maximum output. A square
wave should appear on the screen, as shown in
Fig. 4 (left), if the horizontal sweep is at a slow
rate. However, if the swecp speed is increascd,
an image such as Fig. 4 (right) will appear. Con-
nect an a.c. voltmeter to Pin 8 of V3 and adjust
potentiometer R3 so the r.m.s. output voltage
reads 17.4 volts. The calibrator is now ready for
operation.

Turn S; to the signal position, and feed a sine
wave into the ’scope input. Adjust the trace to
any convenient height between sclected lines on
the screen mask. Turn Sg to the calibrate position
and adjust the multiplier switch, Sy, and gain pot,

July 1955

Ry, till the square wave on the screen is at the
same height between the previously selected lines.
The sine-wave peak-to-peak voltage may now
be read by noting the position of the multiplier
switch and the percentage of the gain pot used.
For example: If the multiplier switch reads 5
and the gain pot 7, there would be an indicated
voltage of 0.7 X 5, or 3.5 volts peak-to-peak or,
dividing by 2.88, 1.22 volts r.m.s.

Turn S; to the signal position, put the sine
wave back on the ’scope screen and turn up the
intensity control so both the sine wave and
retrace are visible as at 5 (left). Turn Sz to the
blanking position, advance the Z-axis gain con-
trol, Ry3, to its positive position, and advance the
blanking-phase pot, Ri7, until the retrace just
disappears as at 5 (right). The small bit of retrace
left on 5 (right) would be eliminated by increasing
the gain of the blanking control. At low frequen-
vies most of the resistance in K7 will be needed
for blanking, but this becomes successively less
as the frequency (speed) is increased.

Z-Axis Amplifier

Set the Z-axis pot, 15, to zero (midposition).
Turn Sz to the Z-amplifier position. Tuke the
sine-wave injection out of the vertical input and
put a sine-wave signal of approximately 1 volt.
1000 c.p.s. into the Z-axis input jack. Set the
'scope horizontal sweep at approximately 100
¢.p.8., and advance the Z-axis gain control toward
cither positive or negative polarity, readjusting
the sweep rate at the same time until the baseline
hecomes a series of dashes. The number of dashes
will show the frequency ratio of the sine-wave
input to the sweep frequency and is a handy way
to check frequency rate.

Turn the Z-axis pot to zero position. Leave the
sine-wave signal on the Z-axis input, and inject
the same signal into the vertical input of the
'scope, placing several cycles on the tube screen.
Turn down the ’scope intensity control until the
trace disappears, and advance the Z-amplifier
gain control toward positive. The trace should
appear similar to Fig. 6 as the cathode-ray-tube
grid is driven positive from cut~off by the positive
part of the Z-axis signal.

Fig. 6 (left) shows a scrics of two-microsccond
positive pulses which were barely visible on the
screen before brightening with intensity modula~
tion, accomplished by injecting the signal into
both vertical-input and Z-axis terminals. Fig. 7
shows one cycle of sine wave into the 'scope verti-
cal input with four cycles of square-wave input
to the Z axis, and is another method of checking
frequency rate.

Fig. 8 (left) shows the horizontal baseline with
a marker-signal input to the Z-axis amplifier.
The Z-axis gain control is advanced toward
positive phase, giving a bright marker on the
baseline. Turning the gain control toward nega-
tive phase puts a hole in the baseline, as at 3
(right).

Further information on the possible applications
of the 2-axis amplifier may be found in Rider's
Encyclopedia on Cathode-Ray Oscilloscopes.
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Band-Scanning — The Easy Way

A Simple Means of Automatic Receiver Tuning

BY K. R. JONES,* WZOSL

e This simple gadget should appeal to
many, both as a novelty and as a utility.
It lets you sit back and hear the sigs go
by. The lazy man will find it just the
thing for watching for band openings.
It requires no alterations of the receiver,
and can be connected or disconnected
in a second or two.

AVE you ever spent valuable tiime tuning
H across the 10-, 15-, or 20-meter bands
without finding a single signal? Then you
must have wished for an easier way to catch the
hand openings which are so rare in this period
of the sunspot. cycle. Perhaps what you need is
an automatic tuner to operate the receiver while
you sit in an easy chair reading QST.

Of course, any well-equipped machine shop
could attach an assortment of gears, cranks
and motors to your receiver that would do the
job, but most hams would prefer to get the
results without altering their receivers. It can
be done. Most of the needed parts may even be
in your junk box now.

The theory is easy. All you have to do is vary
the tuning of the receiver’s high-frequency os-
cillator at a slow rate. A motor-driven capacitor
clipped on in parallel with the h.f. oscillator
tuning capacitor will do the trick, and the only
disadvantage is a temporary shift in dial calibra-
tion during the time the motor-driven scanning
capacitor is in use. Theoretically, the r.f. and
mixer tuning should also be varied, but most
receivers in the lower-price brackets have only
one r.f. stage and the front-end passband is so
broad that little loss in gain can be noticed over
a small frequency range when only the oscillator
is tuned.

The unit illustrated was assembled for use
with an NC-57 receiver. An old electric clock
motor was used as the base and a scrap of alumi-
num was bent to form a mounting for a ball-
bearing butterfly capacitor, as shown in the
photograph. The shaft coupling was made from
a small block of plastic. An APC-type padding
capacitor was fastened on top and connected in
series with the butterfly capacitor to vary the
bandwidth scanned. The whole unit is small
enough to fit inside the receiver near the tuning-
capacitor gang.

Although the unit scans only about 200 ke.
on the v.h.f. amateur bands, it has proved very
satisfactory in detecting band openings. It has

* 627 Fifth Ave., S8alt Lake City, Utah.
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also been very interesting to operate it on bands
where there is plenty of activity. At a rate of
two scannings (one complete revolution of the
capacitor shaft) per minute, the tuning is covered
so slowly that several words can be heard from
each station as it is passed, and familiar voices
can be recognized.

Construction

Specifications are listed with the schematic.
but u8 identical parts may not be available,
several points in construction should be stressed.
First, and most important, is keeping stray

75-100
C, S
) L, TOH.F.
0SC. TUNING
_—— vlfc —3CAPACITOR
<, AC)
25-30
(Series Cap.)

Fig. 1 — Circuit of the simple band-scanner.
1 — 35-uuf. (stator to stator) ball-bcaring butterfly
variable (Burstein-Applebee Cat. No. 18B1027).
Also see Addendum.
(3 — APC type air trimmer (see Addendum).
M —- Synchronous clock motor, 1 r.p.m.

capacitance at a minimum since this will bave a
considerable effect on how far the r.f. stage must
be detuned from normal.

Second, the butterfly capacitor must turn
very easily. The ball-bearing type shown is
ideal, but with some ingenuity in loosening and
lubricating the bearings, a plain-bearing type
might be satisfactory. A capacitor with a stop
cannot be used, of course.

Third, the capacitor shaft should be very
carefully aligned with the motor shaft to prevent
excessive bearing friction and overloading of
the motor during constant use. If the alignment
cannot be done accurately, a flexible shaft
coupling should be used.

Fourth, any different type of motor than
a clock motor should be checked for radio
interference before construction is begun. The
synchronous clock motor shown caused no in-
terference while operating inside the receiver,
but other small motors could generate a great
deal of noise.

Fifth, the 115-volt wiring to the motor should
be carefully insulated. Every amateur should
realize that 115 volts a.c. is potentially just as
dangeroua as the higher d.c. plate voltages found
in power supplies.
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Adjustment

Adjusting the scanner for operation is not
difficult with the following procedure:

1) Set the butterfly capacitor to approximately
the center of its capacitance range by running
the motor through part of a revolution.

2) Attach the lead clips in parallel with the
receiver oscillator tuning capacitor. On the NC-57
this is the capacitor section next to the front
panel. The lead from the APC padder should
attach to the stator, and the other lead to the
capacitor frame.

3) Use a VFO, erystal oscillator, or signal
generator to obtain a strong signal in the middle
of the desired band. Tune in this signal with
the receiver tuning dial. Since the scanning unit
adds capacitance in parallel with the tuning
capacitor of the receiver, the setting may be one
to several hundred kilocycles higher than the
normal dial setting.

4) Peak the signal with the antenna-trimmer
control if the receiver has one.

5) Run the butterfly capacitor to its maximum
and minimum settings and check these fre-
quencies with the VFO or signal generator.
Then adjust the APC trimmer to more capaci-
tance for a wider scanning range or to Iess
capacitance for narrower scanning range. (The
total capacity added by the unit is of course equal
t C1>< Cy
° ot Cy
capacitance and the scanning width are reduced.)

6) Repeat Steps 3, 4, and 5 until the desired
range is covered.

The amount of receiver tuning capacitance
in use is different on each amateur band, so the
scanner must be readjusted for each band.

To restore normal receiver operation, just
unclip the scanner, lift it out, and reset the
antenna trimmer. This scheme is, of course,

80, by decreasing (s, the total

This simple band-scanner
can be thrown together in a
few minutes. The ball-bearing
capacitor driven by the clock
motor is mounted, with its
shaft in line with that of the
motor, on a scrap of alumi-
num. The range-adjusting ca-
pacitor, (2, is snspended from
C1 on stiff leads connecting it
tn the latter.
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not useful with receivers whose tuning ranges
are restricted to the amateur bands.

Addendum

The scanning capacitor used by the author,
being of the butterfly type, goes through its
capacitance range four times for one complete
revolution of its shaft, and therefore the band is
swept four times — twice in each direction. The
butterfly type with ball bearings may not be
generally available on the market. However,
the standard-type Hammarlund VU-30 should
make a satisfactory substitute, although it will
take iwice as long to sweep the band (twice per

_revolution instead of four times). The VU-30

has a maximum resultant capacitance (two sec-
tions in series) of 31.5 upuf.

To obtain an idea of the range to be expected
on the various lower-frequency bands, the ar-
rangement of Fig. 1 was tried on a Hallicrafters
SX-71, with a Johnson 27-uuf. capacitor at Cy,
and a 100-uef. unit at Ca.

With C; set at minimum, the band-set on the
S8X-71 had to be readjusted about 200 ke.
higher, and the tuning range of C; was approxi-
mately 40 ke. With C; set at maximum, the band-
set had to be set about 300 ke. higher, and the
range of C'; was about 300 ke.

On 40, the band-set was adjusted about 200
ke. higher, C3 at minimum, and the tuning range
was about 40 ke. With (2 at maximum, the
band-set was about 250 ke. higher, and the range
slightly over 300 ke.

On the 20- und 10-meter bands, the band-set
adjustment was only slightly different than
normal. On 20, the bandspread range of € could
be varied from about 30 ke., with Cy at minimum,
to about 300 ke. with Cs at maximum. The range
on 10 was about 2 Me. with C2 at minimum,
and with Cy set at about half capacitance, the
ontire band was covered.
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A Tripler for the 1215-Mc. Band

Crystal-Controlled Qutput with 420-Mc. Drive

BY RUSSELL W. ROBERTSON,* W6DQJ

o Most of the work done so far on 1215
Me. has been with escillator-type rigs,
which leave much to be desired in the
way of stability and efficiency. FHere is a
solution in line with more modern tech-
niques: a tripler that can be driven with
a low-powered 120-Mec. stage.

the 420-Mec. band is fairly well standardized,

experimentally inclined hams are thinking
of going higher in frequency. Most of the work
done so fur on 1215 Mec. and higher bands has
heen with oscillator-type transmitters. This can
he fun, but experience has shown, as on ull lower
bands, that if we ure to accomplish any real good
it must be with something more stable and relia-
ble in performance.

Choice of tubes for use as frequency multipliers
or r.f. amplifiers is limited enough at 420 Mec.
When we go to 1215, there is practically no
vhoice at all. The lighthouse types such as the
2C40 and 2C43 work well at very low power, but
if we want to go over the milliwatt level we have
only the 2C39A to look to. There are bigger
tubes, of course, but their cost puts them out of
the reach of most hams.

Tank-circuit design definitely leaves the coil-
and-condenser field when we move up from 420
Me. This shift from coils to lines to cavities leaves
the average ham with the feeling of having en-
tered another world, but construction of suitable
cavities can be managed without too. much in the
way of machine tools. The tripler described here
is a combination of modified surplus and home-
made tank circuits that should not be beyond the
ability of many experimenters.

The photographs show the tripler in both as-
sembled and knocked-down form. The input
circuit was made from a coaxial tank circuit of
an r.f. amplifier from an ASB-series receiver de-
signed for 450 to 500 Mec. Enough detail is ap-
parent so that a near duplicate could be made, if
the surplus variety is not available, though having
the ASB cavity makes the job quite a bit simpler.
The original amplifier wus designed for use with a
446A lighthouse tube, but most of the parts can
he salvaged for this application with the 2C39A.

Making the Cavities

The ASB cavity, if used, should be cut apart
carefully so that it is 134 inches long. The inside
diameter is 277y inches. The original cathode
ring is salvaged for use as a plate contact for the
2C39A. The grid ring is used for the grid contact

* 8118 8. Chaney Ave., Rivera, Calif.

Now that the design of stable equipment for
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for the 2C39A, also. Both these are spring-contact
finger stock and are probably the most difficult
parts to make if suitable materials are not at
hand. The plate line of the 446A is cut to a length
of 17{g inches, and then slotted to tuke the
cathode sleeve of the 2C39A. The insert that

. originally held the plate contact to the plate

line is slotted to a depth of about 314 inch, and
then pinched together slightly to fit into the
heater connection on the 2C39A. Heater voltage
should be fed through shielded wire. Insert the

The tripler for 1215 Mec. uses a 2C39A tube. The
small cylinder at the bottom of the assembly is the 420-
Mec. cathode tank circuit, and the 1215-Mec. tank is a
radial cavity. Air should be blown across the plate fins in
normal operation.

heater connection in the end of the tube before
putting the tube into the cavity.

The radial plate cavity is made of thick-wall
aluminum tubing, 3 inches inside diameter and
2544 inch long. Silver-plated brass would be fine,
if you can manage it. Top and bottom covers are
34 9-inch aluminum, fastened to the cylinder with
six No. 4 screws each. The bottom cover is drilled
and countersunk to take four 6-32 flat-head ma-
chine screws that hold the cathode line onto the as-
sembly. The ears into which these screws thread
are integral parts of the ASB tank circuit.

Both grid and plate contact rings are insulated
from the case for d.c., but there must be capaci-
tance to the case to make the cavities function
properly. The rings are separated from the cavity
by sheets of Teflon, though any good insulation
that will stand heat may be used. The grid con-
tact ring is held to the cathode side of the bottom
cover by a round sheet of flashing copper, 214
inches in diameter. The screws that hold this in
place must, of course, be insulated from either
the copper plate or the cover. In the photograph,
a short insulated lead for the grid leak is shown
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attached to a lug under one of the nuts that holds
this assembly together. The screw is insulated
from the cavity. The other three screws are in-
sulated from the copper plate, but not from the
cavity. The plate contact ring, on the top of the
cavity, is treated in like manner, except that only
three screws are used. One of these makes contact
to the ring and is used for a plate-voltage terminal.
The other two are insulated from the ring, but
not the cover.

Inductive coupling is used for both input and
output. Detuils of the coupling loops should be
clear from the photographs. The cathode cavity
is tuned by means of a disk capacitor, the fixed
plate of which is part of the cathode line. The
movable plate is mounted on a fine-thread screw,
which runs through a threaded fitting attached
to the inner wall of the cavity. The end of the
screw is slotted to permit adjustment from outside
the cavity. Coupling out of the cavity can be
varied by turning the Type N coaxial fitting.
Maximum coupling is with the loop vertical. This
position is indicated with a dot of red paint on the
sleeve so placed that it lines up with the slot in
the fixed portion of the fitting when the loop is
vertical. Normal coupling is about 15 degrees
from the vertical position. Tuning is done with a
14 X &4 X %¢-inch piece of copper, fastened to a
l4-inch polystyrene rod that is brought out
through a shaft bearing. Pulling the rod out
raises the tuning range higher in frequency.
Normal tuning is done by rotating the rod.

Operation

Drive for the tripler is furnished by a 9903
tripler to 432 Mec. With a 10,000-ohm grid re-
sistor, grid current in the 2C39A is about 12
ma., dropping to 10 under load. So far the tube
has been operated at no more than 450 volts, as
no cooling has been uscd. At this voltage the
plate current dips to 35 to 40 ma. at resonance.

L 4

Components of the
1215-Mec. tripler. Lower
left: hottom plate of the
1215-Mec. plate cavity,
showing grid-contact ring
and capacitor plate. Right
front: top cover, with
plate-contact ring and by-
pass element. Upper left
shows interior of the
cathode cavity, with the
radial plate cavity in the
upper right, The 2C39A
and the heater contact
fead are in the center of
the picture.
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No means of measuring output is available, but
the appreciable dip indicates that fair efficiency
can be expected.

Sufficient cooling for low-power operation may
be obtained by blowing air across the tube’s
plate fins. If anything approaching the maximum
rating for the tube is to be run, a cowling should
be used around the cooling fins, to confine the air
flow where it will do the most good. Air should
also be blown through the cathode cavity. Holes
should be drilled in this cavity for ventilation,
even at low power levels. Air flow should be in-
creased as the plate dissipation is raised. With no
cowling, a flow of 10 cubic feet per minute will
take care of up to 40 watts plate dissipation.
With a cowling just larger than the plate fins,
10 c.f.m. will allow up to 85 watts dissipation.
Running the maximum of 100 watts dissipation
raigses the air requirement to about 13 c.f.m.
There should be u forced air How through the
cathode cavity if more than about 25 watts dissi-
pation is anticipated.

The 2C39A should be inserted into und removed
from the cavity with care. The grid plane is
held to the glass seal with only a ring of cement;
it can be broken loose very easily if any strain is
applied to the grid, cathode or heater terminals.
Remember, too, that the top plate is hot for d.c.
Do not attempt to handle the cavity when plate
voltage is applied.

In a cavity very similar to the one described
here, it wus found that the tube could be made to
oscillate by reducing the capacitance in the
cathode circuit. The grid resistor was reduced to
1200 ohms for this purpose. The oscillation fre-
quency was around 1280 Mec., but by some re-
tuning of the cathode cavity the frequency was
changed to about 960 Mec. Obhviously some accu-
rate method of checking frequency should be
available before operation of the unit as an oscil-
lator is attempted.

21



Subinterval Markers from a 100-Kc.
Crystal

More on Simple Secondary Standards

BY W. C. SMITH,* K6DYX

receiver, the article, ““50-Kc. Markers from
a 100-Ke. Crystal,” QST, July, 1954, was of
particular interest to me. If this circuit would
divide a frequency by two, why not by five, or
even ten, and yield markers every 20 or 10 ke.?

BEING in possession of an old and uncalibrated

The crystal calibrator unit complete with power
supply.

With this possibility in mind and, with the help

of H. Minor, KN6JIE, the circuit of Fig. 1 was

agsembled. We carried out extensive tests and
* 687 Cuesta Vista Driv“e,'Mnnterey, Calif.

e This article is supplecmentary to one
that appeared in the July, 1954, issue.
K6DYX shows how additional markers
at intervals as small as 624 ke. may be ob-
tained from a 100-ke. crystal. Included
is a scries of graphs that help to explain
the mannecr in which the circuit works.

think the results would be of interest to other
hams.

Circuit Operation

It was immediately apparent that the expla-
nation offered in the original article is incorrect.
The grid resistor has little effect on the frequency
of the subharmonics. The cathode by-pass capaci-
tor is likewise ineftfective, although there is an
optimum range for both these components in
their effect on the stability of operation.

The proper explanation scems to be that the
relaxation pulse from the screen circuit is fed
to the LC network composed of L, €; and C2
through the crystal operating at near its series
resonant frequency. A transient oscillation is
excited in the tuned circuit which, for 50-ke.
markers, has a frequency of 350 kc. Thus the
grid signal consists of the resonant frequency of
the ecrystal with the frequency of the tuned
ecircuit superimposed upon it (Fig. 2A). The

GATH.FOLL.

hAK5

6AKS

T, - 4

S5 E)

”ZK/IW

s

1150

Fig. I — Circuit for ob-
taining subinterval mark-
ers from a 100-ke. crystal.
All capacitances less than
0.001 pf. are in uuf C1 and
Cg are 50-ppf. air trim-
mers. All resistors ¥ watt,
unless  otherwise  noted.
Ty — Power transformer:
750 v.c.t., 40 ma.; 5 volts,
2 amp.; 6.3 volts, 2 amp.

Qutput

+ IbO

(L 3mOJ

5HE
6 5 258 a?x/lw
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Bottom view of the
crystal calibrator.

positive crests of this complex wave
trigger the tube in such a way that the
screen voltage appears as in Fig. 2B,
and the output voltage as in Fig. 2C.
There is little or no synchronizing action, since
the crystal does not feed back any of the 350-ke.

4)

(B)

(©)

Fig. 2~ Qscillograms when circuit is adjusted for
50-kc. markers. A — Grid voltage. B — Screen voltage.
G- Qutput voltage.
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frequency present in the screen voltage. The
cathode bias is important, because the tube
triggers as its grid returns from beyond cut-off,
but the capacitor across the cathode resistor
serves only to stabilize the bias, and has no direct
effect on the frequency. The time constant of
the screen circuit should be less than the period of
the crystal for strong relaxation pulses. In this
cage it is 47K X 100 uuf. = 4.7 microseconds,
whereas the period of the crystal is 10 micro-
seconds.

Other Subharmonics

The existence of 50 kc. and harmonics thereof
in the output voltage is obvious from Fig. 2C.
Here every second one of the 100-kec. sawtooths
is distorted. According to the theory of operation
given above, it should be possible to distort every
third tooth by tuning the LC circuit to 33314 ke.
and obtain markers every 3314 ke. This was found
to be the case. In fact, it was possible in our set-up
to distort the sawtooths at any periodicity up to
the 15th, yielding markers every 624 kc.! A series
of frequencies to which the LC circuit was tuned,
the ratio of these frequencies to the 100-kec.
fundamental, and the separation of the marker
frequencies is shown in Table I. This is not the
only series that will produce subharmonic distor-
tion in this way. A ratio of 3/2, 5/2, 7/2, 9/2,
ete., will result in 1/2 frequency harmonics. A
formula giving the frequency of the tuned circuit,
L with C1 and Cj in series across it, is:

F¢ = nF1 = F h
Where n takes on integral values, Iy is the funda-
mental frequency, and F'y is the frequency separa~
tion of the harmonics it is desired to produce.
This formula was verified in our experimental
work, but the frequencies shown in Table I
seemed to work out best.

Fig. 3 shows the grid-voltage wave and the
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output-voltage wave when the circuit was ad-
justed for 10-ke. separation of the markers. Note
that the frequency ratio in Fig. 3A is clearly 31
to 10. The adjustment of either C'y or C2 is rather
critical because the frequency of the tuned circuit
must be within a few hundred cycles of 310 ke.
We found it advisable to usc u cathode-follower
butfer after the oscillator circuit to avoid detun-
ing when we changed loads. Adjusting the funda-
mental to exactly 100 ke. is also critical, because
tuning the LC circuit pulls the crystal a little
and it is necessary to readjust Cj.

Adjustment Procedure

For our experimental work we had available
rather ideal equipment in the way of syncro-
scopes and frequency counters, but the unit has
been adjusted from scratch and used in the home
station with very satisfactory results. The best
procedure is to establish oscillation, and adjust
either or both (!; and C» until clean markers are
heard on the station receiver at 100-ke. intervals.

(B)

Fig. 3 — Oxcillograms obtained when circuit is ad-
justed for 10-kec. markers. A — Grid voltage. B — Out-
put voltage.

Then tune the receiver to the approximate point
where the subinterval marker is desired and
adjust either or both (; and Cq until a clear,
clean marker is heard. No difficulty at all was
expericnced in getting markers every 20 ke.,
but for closer intervals one should check that
there are the required number between the 100-ke.
points previously noted. After the marker inter-
vals have been established, zero-beat with WIWV
by adjustment of (3.
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TABLE I
Frequency of Katio of Tuned Separation
Tuned Circuit, Cireuit and Crystal  of Markers,
Ke. Frequencies Ke.
350 7to2 50
3331 10to3 3346
325 13to4 25
320 16to5 20
31644 19to 6 163¢
31414 22 to 7 14.285
312.5 25 to 8 12.5
311.1 28to 9 11.1
310 31 to 10 10
Construction

The unit shown in the photographs includes a
cathode-follower buffer stage and a built-in
power supply with voltage regulation. The cir-
cuits of these sections also appear in Fig. 1. The
components are assembled on a 7 X 7 X 2-inch
aluminum chassis. The power transformer, 6H6
rectifier and 0D3/VR150 voltage-regulator tube
are lined up along the right-hand edge of the
chassis. At the left are the 100-ke. crystal (at
the rear), the oscillator tube, and the cathode-
follower tube. A coax output connector, pilot
lamp and power switch are set in the front edge
of the chassis.

In the bottom view, at the top, Cz is to the
left, and C's to the right. €y may be seen near
the center. Clearance holes have been cut in the
chassis 8o that these three variable capacitors
can be adjusted from the top with a screwdriver.

Silent RBeps

I'r Is with deep regret that we record the
passing of these amateurs:

WI1AFT, Bernard Seamon, Wiscasset, Me.

WI1BBL, Frank G. Cheever, Manchester, \lass.

‘W1UHR, Henry A. Starkel, West Hartford, Conn.

W2CZV, ex-W2BKG, Joseph D. Braman, \Wood-
haven, L. I.,, N. Y.

W2GLY, Geroge W. Weidman, Haddon Heights,
N.J.

ex-W3BAQ, ex-3BAQ, Theodore Turretti, Trenton,
N.J

ex-3JJ, Louis J. Kneceshaw, Trenton, N. J.

W3MCEF, ex-WB8ION, Paul K. Secor, Sayre, Pa.

W4BYN, Herman Rieben, Memphis, Tenn.

W4MZN, Everett G. Hemenway, Covington, Va.

W6LJO, Horace A. Bodine, Los Angeles, Culif.

W6PBM, Leland M. Anderson, Woodland, Calif.

W7FT, Wilson P. Boyd, Heyburn, Ida.

W7I1V, Marvin 8. Worthley, Portland, Ore. ’

WS8HFQ, LeRoy C. Bridgman, Garden City, Mich.

WSHHF, Maynard A. Nelson, Sylvania, Ohio

WS8PBK, Fred P. Manderscheid, Detroit, Mich.

WS8PTD, Charles W. Woodward, Detroit, Mich.

WOURC, Wayman C. Herkless, Indianapolis, Ind.

EI7U, Dick Murphy, Dublin

(:6HU, ex-GISHU, Robert 8. iTolden, Sheffield,
‘Yorkshire

HBIDQ, Otto Disteli, Sainte-C'roix, Vaud

PY7AJ, Joao Baptista de Carvalho, Olinda, Per-
nambuco

VK2DG, Keith Rudkin, kast Maitlaund

VKS5CR, C. R. Cheel, Maylands
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Modifying 75A-2 and 75A-3 Receivers

Hints on Bringing Two Popular Receivers Up to Date

BY E. A. ANDRADE,* W¢DAN, AND E. W. PAPPENFUS,* W¢SYF

PREVIOUS ARTICLE spoke of receiver design
in general terms,! but this treatment may
not have answered the needs of mauny

receiver owners. While it is impossible to discuss
each receiver specifically, perhaps a detailed
commentary on the 75A-2 and 75A-3, with
special emphasis on improving performance,
might be in order. Since the production of the
first 75A-2 some three and one half years ago,
there has necessarily been a number of changes.
As pointed out in the previous article, in some
respects receiver design is onc of compromise
of conflicting factors. A change of viewpoint
sometimes causes revision of circuits to effect
a new compromise. Another reason for modifica-
tion is the need for improvements to keep a design
abreast of the state of the art. Yet another reason
for circuit change is lack of consideration of
production variations and engineering error,
but it is very hard to get any engineer to admit
this.

R.F. Stage Changes

The first 75A-2 receivers used a 6AK5 tube
in the r.f. stage. This tube is very good from
the standpoint of sensitivity but, since it has

C
° |o'6'ppf. Ee
el
Si-6
‘r—_MAI_—'
47
Res S
1.5 meg.
8 R,
imeg.
Rz
10K
AV.C.

I'ig. 1 — Revised 75A.-2 r.f. stage circuit when replac-
ing 6AKS5 with 6CB6. All resistors =10 per cent values,
L3 watt. See Appendix 1.

a sharp cut-off characteristic, it is not suitable

in this application if the receiver is subject to

strong signals on adjacent channels. It tends to

cross-modulate at lower levels than are desirable.

By changing to 4 6CB6, as shown in Fig. I,

greater freedom from cross-modulation is ob~
* ¢, Collins Radio Compuny, Cedar Rapids, lowa.

! Pappenfus, ‘A Discussion of Receiver Performance,”
QST, Jan,, 1955.

July 1985

e During the past several years, the Col-
lins Company has introduced several
receiver improvements. In this article
two of their engineers tell how these im-
provements can be applied to some of
the older models.

tained. To make this change, sce Appendix I.

A recent tube development offers cven greater
freedom from receiver malfunctioning in the
presence of strong interfering signals. This tube
is the Type 6DC6 or 6BZ6, which was developed
to meet, the same problem in television receivers.
Adding this tube to the 75A line-up really shows

R.F. AMP,
Vi-6DC6 or 6BZ6

Si-F

R69-47

O iooppf. ts
g’\)_) — VYV
Si-g
AN
a7
R
lm'egg 33K
Cis
Ra
10K
AV.C.

Fig. 2 - Revised r.f. stage for use of low cross-
modulation 6D)C6. All resistors =10 per cent values, !
watt. Sce Appendix I1.

a great improvement. At the present time the
6DC6 as an r.f. stage offers much better per-
formance in a strong-signal area and yet it
possesses a good noise figure. The circuit diagram
for the 6DC6 or 6BZ6 is shown in Fig. 2, and
conversion instructions are given in Appendix 11.

R.F. Attenuator

Now that a good front-end tube is available,
what is the next step if this is not enough? If
the receiver still suffers from cross-modulation,
an r.f. attenuator can be used. Try the circuit of
Fig. 3 between the antenna and the receiver
antenna input terminal. As pointed out in the
previous article, if both signals are well above the
noise level, the loss in the antenna lead-in will
not hinder reception of the desired signal. In
fact, a.v.c. will bring up the gain so that it is
almost impossible to detect a@ change in audio
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INPUT

. Fig. 3— R.f. attenuator of 21-db. loss for reducing
signals at antenna terminals, All resistors =10 per cent
values, 14 watt.

S1 — D.p.d.t. toggle.

level when receiving a.m. signals. Thus the
registive r.f. attenuator can offer improvement
in receiver characteristics in most cases. If maxi-
mum receiver sensitivity is needed, as in the
case of DX reception, there is no satisfactory
solution except added r.f. sclectivity. R.f. selec-
tivity can come only from large low-loss coils
which are not practical in a receiver. The trans-
mitter antenna coupler, however, does meet
the requirements for good selectivity because
ordinarily high-Q coils are used, to prevent loss
of transmitter power. It is logical then to use
the antenna coupler for both transmission and
reception, if one is available in the station.

Ist Mixer
s,m V2'6-8A7
o Cas 1
T
sTo |l° .
1-F
oot | A
L SRe Si-¢
3 470 L
(1.3
Rg
4.7K
3w

C33
toogpf.

+150
ToPin7

of V3

2nd Mixer
V4~ 6BA7

4

SRty

Fig. 4 — Revised mixer circuits for the 75A-2 where
replacing 6BE6s with 6BA7s. All resistors =10 per cent
;ﬁlues, 15 watt, unless otherwise noted. See Appendix
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For a better signal-to-noise ratio, generally
do not forget the value of a beam antenna. A
beam with its high gain and directivity, together
with a transmission line of low noise pick-up, pro-
vides better signals at the receiver antenna ter-
minals. The front-to-back ratio of the beam an-
tenna also helps to discriminate against strong
signals off the rear of the beam. If manmade noise
is very bad, a filter in the a.c. line to the receiver
may help.

Mixer Stages

One circuit problem facing every receiver
designer is8 mixer noise. In the 75A-2 a 6BE6
was used for both first and second converters,
as has been common practice in the past. Upon
checking further into mixer noise level, it was
found that the 6BA7 pentagrid mixer has less
noise than the 6BE6. The tube replacement was
made in the 75A, and over-all receiver per-
formance improved. Unfortunately, the 6BA7
requires some blacksmith work on the chassis,
since the seven-pin sockets must be replaced
by the nine-pin version. See Appendix III and
Fig. 4 for this modification. A further modifica-
tion, resulting from extensive tests, was an
increase in mixer bias level by changing R;
in the V; mixer cathode from 68 to 180 ohms.
This change refers to the 6 BA7 mixer only.

Mechanical Filters

When it became evident that the mechanical
filter contributed so much to the amateur receiver
performance, it was decided to modify the set to
secure the improved selectivity. The revision
took the form of an adapter chassis occupying
the space previously taken by i.f. transformers
T¢ and Ts This simple adaptation permits
amateurs in the field to take advantage of the
better selectivity now available through the
use of a mechanical filter, without a difficult
rebuilding job. See Fig. 5 for the new circuit and
Appendix IV for modification instructions. The
adapter chassis was designed with an added
amplifier tube, V3, to compensate for the 23-db.
insertion loss of the original mechanical filter.
The loss in the mechanical filter upset the gain
distribution of the set so that Vs tended to add
noise to the set, and a slightly degraded noise
figure was present on some sets. By removing
R+g and grounding the cathode of V3, a reduction
of internal receiver noise results.

When the new Collins mechanical filter with
10-db. insertion loss became available, loading
resistors Rg (across the grid circuit of V) and
Rgz (82,000 ohms across the output of T's) were
added. The filter tuning capacitors were also
changed when the low-loss filter replaced the
high-loss element. See Fig. 5.

If your receiver has been in use for some time,
it is wise to check the tubes and touch up the
trimmers as explained in the instruction book.
These routine tests will insure that peak per-
formance of the receiver is maintained. This is,
of course, a good practice in any communica-
tions receiver.
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Selectivity

It was found that the shape of the 75A if.
gelectivity curve could be somewhat improved
by stagger tuning the if. transformers. This
effectively peaks the corners of the i.f. passband,
resulting in less rounding of the corners of the
passband than afforded by the mechanical filter
and transformers peaked at the midfrequency.
Instructions for the revision and realignment to
accomplish this result will be found in Appendix
1V.

It is desirable, from the standpoint of main-
taining the audio output level nearly constant
during fades, to obtain a flat a.v.c. characteristic,
with the a.v.c. threshold occurring at levels of
1 to 2 microvolts. This flat a.v.c. characteristic
has the undesirable effect of increasing the audio
output when the receiver is detuned from a signal
or when the received signal goes off the air. This
difference in level is attributable to the noise
appearing as a highly modulated signal with a
very small carrier component. Because the a.v.c.
time constants will not charge sufficiently on
noise to hold down the set gain, the over-all
result is an increase in audio output over what
was obtained with the received signal. To ag-
gravate this situation, many amateur signals
are not 100 per cent modulated and, as a result,
the difference between the audio output on a
signal and noise between signals is further
increased.

One solution to this problem is to back down
the r.f. gain control to a point where the noise
between stations is not objectionable but where
there is still adequate receiver gain. It should
be noted that when this is done, the S-meter
reading for a given signal will not change ap-
preciably unless the signal level approaches the

To prevent receiver overload and cross-modulation
on exceptionally strong signals, this simple attenuator
can be used at the antenna terminals.

a.v.c. threshold level. However, when tuning
signals that are very weak, it is advisable to
operate the r.f. gain control wide open, for
maximum sensitivity.

It was found that the noise immunity of the
a.v.c. system could be improved by rearranging
the a.v.c. time constants. This improvement is
most noticeable in the presence of sharp pulses
such as ignition noise. The necessary changes
are shown in Appendix V.

It is hoped that these comments and modifica-
tion instructions will be of assistance to receiver
owners.

Appendix I
Revision from 6AKS5 to 6CB6 r.f. amplifier
in 75A-2 receiver.

1) Connect jumper between Pins 2 and 7 of V1 sucket.
2) Revise value of Res from 1 megohm to 1.5 megohms (or
add if not present),
3) Replace 6AKS5 r.f. amplifier tube with Type 6CB6.
(Continued on page 118)

Junction of
Rs7,Ras

ToAVLC.

*180 M
Line

Fig. 5 — Circuit modifications for using 455B mechanical filter. All resistors =10 per cent values, 14 watt.

Re7 — 150 ohms,
Ciog, C109 — 130 ppf.
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1f 455C mechanical filter is used, the following values change:

Rt — 10,000 ohms.
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Selenium Break-In Keying
Another Differential Circuit for Chirp-Free Keying

BY JOHN C. HAYS,* W5QNZ

the transmitter in the final or last buffer, I

wanted a system to turn on the first stages
of my transmitter fast and have them hold on be-
tween letters or words. This eliminates the prob-
lems of chirp at the source, and the final keying
can be adjusted to any degree of softness.!

The Good Book was consulted, but relays and
tubes were considered not to be the answer.
Something was desired that would require few
parts and little work. Since I use a vacuum-tube
keyer built into the transmitter, I had a negative
voltage of around 450 across the key through a
high-impedance source. This circuit is very

BEING a firm believer in break-in and keying

KEYER _
GAS?

CATHODE
QOF
DRIVER
STAGE

ISV,
AL

¢

Fig. 1 — 'I'he vacuum-tube keyer used at WSQNZ is
quite econventional, but differcntial keying is obtained
by additional circuitry at point A.

much like the Handbook version (page 236 in
1953 and page 234 in 1954), dnd is shown in
Fig. 1. Point A represents the high-impedance
negative-voltage source. I connected this point
to a l-pf. capacitor through a selenium-rectifier
stack, and the voltage appearing across the ca-
pacitor is applied to the grid of the controlled
stage through a l-megohm resistor. This resistor
serves as an isolating resistance and a voltage
divider — the basic circuit is shown in Fig. 2.

Referring to Fig. 2, the rectifier is connected
in what may be thought of as ‘‘reverse’’ -— the
1-uf. capacitor charges slowly through the (.1-
megohm resistance and the high back resistance
(something over a megohm) of the rectifiers, thus
delaying the upplication of the grid-blocking
voltage to the oscillator. This delay permits the
oscillator to stay “on’’ for an appreciable period
after the key is opened — about 1 or 2 scconds.
For those who worry about the speed with which
the first dot or dash can be formed when the key
is closed initially, the 1-uf. capacitor is discharged
through the forward resistance of the rectifiers,

#7609 Prospect Ave. N.E., Albuquerque, N. M.

1 It is imperative that keying the final or driver stuge
have no “pulling’’ effect on the steady-running oscillator, or
this or any other differential-keying system will not solve
the chirp problem. In such a case, better isolation between

oscillator and keyed stage is required. — Ed.
2 Carter, * Reducing Key Clicks,” QST, March, 1949.
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e Here is a simple differential-keying
circuit that can be applied to practically
any transmitter currently using tube or
zrid-block keying. It makes use of the
high back resistance of selenium recti-
fiers to give two widely varying time con-
stants in a circuit.

which amounts to perhaps 100 ohms and is of no
consequence. Even if there was a slight ¢‘shorten-~
ing” effect, this is the first character and all
following makes will find the oscillator on. The
output keying is determined solely by the shap-
ing of the vacuum-tube keyer stage, unless there
is some subscquent clipping.®

At W5QNZ, the stage marked **OSC” in Fig. 2
is actually the output stage of a “‘silent VFO.”
One triode of o 12AT7 is used as an 80-meter
ostillator running all of the time, followed by the
other triode as a cathode follower. The output of
the cathodc follower drives a 6AC7 bulfer stage
which is the stage controlled through the se-
lenjum rectifiers. Since the stages are well
shielded and filtered, nothing is heard in the re-
ceiver until the 6AC7 is conducting. The same

a3C.

I o . (f.IMeq. A

Fig. 2 ~-The oscillator stage is normally cut olf
by a negative voltage from the keycr. When the key
is closed, the 1-uf. capacitor discharges immediately
via the sclenium rectifiers and the oscillator turns on.
It stays on for au appreciable time after the key is
opened because the capacitor must charge through the
high back resistance of the rectifiers.

principle should apply equally well, however, to
control of the oscillator stage where a ‘‘silent
VFQ” isn't used. Sharp cut-off tubes like the
6AC7 and 6SH7 are desirable in the oscillator
stage; and if a somewhat lower-u tube is used, it
may be necessary to use something smaller than
the 1-megohm resistor. With the values given,
the 1-uf. capacitor charges up to about -200
volts, of which about —18 volts appears at the

grid of the controlled tube.
(Continued on page 128)
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Six Meters for the Beginner

Part III — Transmitting Equipment and Antennas

BY EDWARD P. TILTON, WIHDQ

who is just getting started in that it is still

possible to do interesting work on ¢ with
very low power. Increasing power pays off, of
course, but plenty of good stuff has been worked
with no more than a few watts. The kind of work
you expect to do will determine how much power
you will need.

If you want only a rig that will give you a good
signal locally, there is little reason to go beyond
the receiving tube power level. Something like
the rig described here will do the job nicely, and
it will help the interference problem markedly if
you stick with low power. It may surprise you to
learn that a 10-watt rig is quite capable of giving
a good account of itself when the band is open,
too. When sporadic-# skip communication is
possible at all, signals are usually quite strong;
thus there is not a large difference in results
whether high or low power is used. Under border-
line conditions, the extra margin over the noise
that the high-powered signal enjoys is a major
factor in making contacts, but there is probably
no field in which low power works out to better
advantage than in G-meter DX. There is no real
QRM, and it is unlikely that there ever will be,
so we don’t necd high power to override other
stations on the sume frequency.

High power does pay off handsomely in one
phase of v.h.f. work. To have a wide reliable op-~
erating radius you have to lick one enemy: the
noise level. The edge of your normal coverage
is the point at which your signal disappears into
the receiver noise. This is farther out when high
power is used, whether you're working on 50,
144, 220 or 420 Mec. (That’s why we have super-
powered TV stations.) If your signal is running
59 at the receiving point, increasing power from
10 to 100 watts (10 db., or about 2 S-units) won’t
sound like much. But if you are just a whisker
over the noise, that 10 db. will put you right up
there in the solidly-readable category.

When you’re after that additional 10 db. of
signal, the first place to go all-out is in the an-
tenna. Decibels come easier and cheaper there
than in the transmitter. In v.h.f. work it is ap-
proaching the ridiculous to increase power while
using an ineffective antenna. On 80 you may
have to put up with a makeshift, but on 6 almost
everyone can manage an array that will give
good results.

With TV antenna components and rotators
available at moderate cost, there is little reason
for not having a rotatable array. Even a dipole
works well if you can aim it in the right direction
for every station, and two or three elements will
do a real job. If you have to, you can make con-

r[um 50-Mec. band is attractive to the fellow
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tacts on 6 with an antenna designed for lower
frequencies, but the chances are that it won’t
do nearly as well as even the simplest rotatable
untenna system designed for the job. If you can
put up a 4-element array of the type described in
all recent editions of the Handbook, you'll have
gained as much, in respect to coverage with a
dipole, as would result from iuncreasing your
transmitter power from 10 to 100 watts. It will
pay a much larger dividend, actually, for it will
increase your receiving performance by at least
us greal a factor.

A Low-Cost 10-Watt Transmitter

The little rig pictured here will take an input
of 10 to 15 watts, when used with a 300-volt plate

A 2.tube 50-Mec. transmitter, capable of running 10 to
15 watts input. ‘I'he 4-pin connector on the front wall of
the chassis may be plugged directly into the modulator,
or a cable may be run between the two units. Tip jacks
on the left end of the chassis are for measuring final-stage
grid and cathode current.

supply, and it can be adapted readily to portable
or mobile, as well as home-station use. When used
in conjunction with the modulator described in
QST for December, 1954, it makes a-complete
'phone-c.w. transmitter that will give a good ac-
count of itsclf on 6. After you've made your start
with the rig as described, it may be used to drive
higher power stages at a later date.

Two dual triode tubes are used. A 12A'T'7 serves
a8 an overtone oscillator and doubler, using 8.3-
or 25-Me. erystals. Output is on 50 Mc., driving a
12BH7 push-pull amplifier. The second tube can
also be a 12AT7, but the larger tube handles the
power more readily. The rig fits a 5 by 7 by 2-inch
aluminum chassis, with plenty of room to spare.

Building the transmitter r.f. section and modu-
lator in separate units is highly recommended,
as the r.f. section for another band can be plugged
into the modulator at any time. If you decide to
make changes in either unit, the other can be left
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intact, whereas a revamping operation may be
rather cumbersome when r.f. and audio are all
on one chassis.
Looking at the top-view photograph, it may be
scen that the tube sockets and the tuning capaci-
tors, (4 and Cs, are mounted along the center line
of the chassis. The oscillator-doubler socket, right,
is 114 inches in from the end. The doubler capac-
itor is 1 inch to the left, and the two tube sockets
are 214 inches apart. The plate tuning capacitor,
(s, in 114 inches to the left of the amplifier socket.
The output jack and series-tuning capacitor are
either side of the center line, 34 inch from the left
edge of the chassis. The oscillator plate coil screw
is scen at the far right, and the crystal socket is in
line with it, nearly obscured by the tube. The
adjustment screw showing in front of (4 is the
balancing capacitor, C.
Power is brought into the transmitter through
a 4-pin fitting on the front wall of the chassis.
This plugs into a matching fitting on the ad-
jacent wall of the modulator unit. If it is de-
sirable to mount the r.f. and modulator units
separately, the two may be connected by a 4-wire
cable of any convenient length. On the left edge of
the chassis are two pairs of tip jacks for measur-

.
2527 172 12AT7
v212a17 25E 7 8

4700
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0SscC, DOUBLER $0-54MC, 12BHY
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ing the final-stage grid current and cathode cur-
rent. The cathode jacks may also be used for
keying the rig for c.w. operation. It will be noted
that one jack of each pair is mounted directly on
the chassis. Obviously, it is possible to dispcnse
with one of these, using one grounded jack and
two insulated ones, if you wish to do so:

In the bottom view the oscillator-doubler tube
socket is at the left. The 12BH7 amplifier socket
is in the middle, with the tuned circuit and output
coupling coil at the far right. At the middle of
the picture, just above and below the amplifier
socket, are the ncutralizing capacitors, C2 and
(3. These are plastic TV trimmers, supported by
the wires that connect them into the circuit. Note
that they are not mounted on the chassis. The
0.001-pf. by-pass capacitor in the 12BH7 cathode
circuit should be connected as close to Pins 3 and
8 as possible.

Photographs of the modulator unit will be
found in December, 1954, QST, pages 27 and 30.
Arrangement of modulator parts is not critical.
The complete diagram and parts required are
given here, so that the unit may be built without
reference to the earlier article, if necessary. Some
minor modifications are included, so follow the

AMR 50-54 MC,

Ls

RFC,
12AT7 12BH?

~ 001 9 s 9/ \45
2] S

432 1]y

AMP AMP.
172 12AXT ~ois 172 12AX7

MOD.

HO0s au.mn\s‘n (32

low 0.001 are in puf.

Ci1, Cz2, C3 — 0.5 — 5-puf. plastic trimmer (Erie style
532.080RS).

Cs, Cs — 11-upf. miniature butterfly (Johnson 11MBI11).

(Ce — 20-uuf. miniature variable (Johnson 20M11).

Ly —-20 turns No. 28 enam., close-wound on 34-inch
iron-slug form (National XR-91). Wind near top.

Lz — 12 turns No. 20 }4-inch diam., spaced diameter of
3\1;1)1-0%,) center-tapped. (B & W Miniductor No.

L3 — 5 turns each side of center, B & W No. 3003, 5/16-
inch space at center for Ls.
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f\

Fig. 1—- Schematic diagram and parts information for the 50-Mec. r.f. unit and modulator. Resistors are 1
watt unless otherwme specified. Doubler grid resistor is 47,000 ohms. Capacitors ceramic except as noted. Values be-

L4 —- 3 turns No. 20 enam., }4-inch diam., close-wound.
Place between halves of L3

Ji, J3a — Insulated tip jack.

J2, J4 — Tip jack — not insulated from chassis.

Js — Single phono-type jack (Cinch No. 81A).

Jo — Microphone connector (Amphenol 75-PC1M).

J7, Ja — 4-pin male chassis fitting (Amphenol 86-RCP4).

Jo — 4-pin female fitting (Amphenol 78-RS4).

RFCi — Solenoid v.h.f. r.f. choke (Ohmite Z-50).

T1— Modulation transformer, 10-watt (Merit A-3003).
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Bottom view of the 50-Me.
transmitter. Oscillator and
doubler circuits are at the left.
‘The amplifier tube socket is
near the middle of the chassis,
with the plate and output-
coupling circuits at the right.

diagram given here, not the earlier one, in wiring
the modulator. The power supply may be con-
nected either through the modulator, or directly
to the r.f. section. This permits operation of the
transmitter on c.w. while the modulator unit is
under construction.

The modulator was shown originally with a
6V6GT in the output stage. This may be used
with the 50-Mec. transmitter, but more audio can
be developed with a 6L6. If the rig is used for
mobile work, retention of the 6V6GT would be
advisable, in the interest of lower power drain.
When the latter is used, the total power drain,
with a 300-volt supply, is less than 100 ma.,
making it very suitable for operation from a
vibrator or generator supply.

Adjustment

In hooking up the power supply a cable should
he made up with a 4-pin female plug (Amphenol
78-PF4). This will attach to either Jg or J7. The
hot side of the 6.3-volt circuit (a.c. or d.c.) should
be connected to Pin 1, the cold side and the nega-
tive side of the high-voltage circuit to Pin 3. The
300-volt lead is brought to Pin 2. This will ener-
gize the oscillator, doubler and audio circuits,
but not the amplifier. It will be helpful if the
power supply has a ssparate filament transformer
for the transmitter heaters. In this way the tubes
can be warmed up before applying the plate
power, which will increase tube life. It will also
make it possible to operate a 115-volt a.c. an-
tenna relay, connected in parallel with the pri-
mary of the plate supply transformer, to switch
the antenna to the transmitter when the plate
power is applied.

Connect a short temporarily between pin jacks
Jz and Jy, to close the final stage cathode circuit
to ground. Connect a low-range milliammeter,
preferably 0-5 or 0-10 ma., in pin jacks J1 and Jo,
to measure the current developed in the final am-
plifier grid circuit when drive is applied. The
positive terminal of the meter is connected to J.
If a low-range meter is not available, a 100-ma.
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meter, that will later be used to measure the final
plate current, may be substituted. It will be hard
to read current accurately on this scale, however.

If a power supply delivering 200 volts or so is
available it may be used for initial tests on the
r.f. section. If a 300-volt source is used, do not
leave it on longer than necessary, until the stages
are tuned up properly, as damage to the tubes
may result during off-resonance operation. With
the tubes hot, apply plate voltage. Have (4 set
near the midpoint of its tuning range, Ci near
minimum, and (s and C3 set with their brass
slugs about halfway into the brass sleeves. If the
coils are the proper size, and the circuits properly
wired, there should be grid current showing on
the meter connected to J; and Jo.

Adjust the position of the slug in L; quickly for
maximum amplifier grid current, and then tune
Cj to see if it can be increased further. Depending
on the characteristics of the crystal used, there
may be oscillation only over part of the tuning
range of L;. In this case, grid current in the am-
plifier will appear suddenly as the coil slug is
tuned through the resonance point. With some
crystals oscillation may not start every time the
plate voltage is applied if the coil is tuned exactly
‘“on the nose” for maximum output. With it set
for maximum amplifier grid current, apply plate
voltage several times to be sure that the crystal
always starts. Should it not do so, detune the
coil slightly until easy and reliable starting is
obtained.

It will be noted that the plate circuit of the
doubler has a center-tapped coil tuned with a split-
stator capacitor. R.f. power is coupled from both
ends of this circuit into the grids of the amplifier.
The output capacitance of the 12AT7 is in paral-
lel with the upper half of the circuit, so some extra
capacitance must be added at the bottom to
achieve balanced drive. This is done with (',
which should be adjusted for maximum grid cur-
rent in the amplifier, readjusting C4 each time
the setting is changed. It is not critical.

Before going any further, the frequencies in
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the two stages should be checked. This can be
done with a calibrated absorption wavemeter or
grid-dip meter. Qutput from the oscillator should
be on 25 to 27 Mec., the doubler between 50 and
54 Me. Frequency can also be checked with a
receiver that is capable of tuning these ranges, if
you can be sure of its calibration. This is a some-
what risky business, however, as mauy spurious
responses may show up in the receiver, and it is
often difficult to tell when you have the right
signal tuned in.

A listening check should be made to determine
that the frequency is crystal controlled. With the
receiver b.f.o. on, the signal should have a clear
musical tone, and the frequency should show very
little change when a metal object is moved neur
the oscillator plate coil, L.

The next step is neutralization of the amplifier.
With no plate voltage on the 12BH7, tune its

300 o 600
ohms

50 or 75 ohms

75-0hm coax-any length

-
15 0hms 300 ohms
75-0hm coax
74* long :]9/.

(B)

Fig. 2 — Two wethods of teeding balanced lines or
antennas with coax. The antenna coupler, above, can use
components similar to those in the final stage plate cir-
cuit. Any impedance coax can be matched to any im-
pedance balanced load, up to 600 ohms. The balun, B,
gives a 4-to-1 impcdance step-up. The outer conductors
may be grounded to the antenna boom or mast.

plate circuit (with () through resonance, watch-
ing for variation in grid current. The latter is
likely to drop sharply as resonance is reached.
Adjust the necutralizing capacitors, keeping them
at approximately equal settings, and check for
the amount of grid-current dip at resonance, in-
creasing or decreasing the capacitance of (s and
C3 until the grid-current dip disappeurs.

Now we're ready to check the final stage. Con-
nect a 0-100 milliammeter between Pins 2 and 4
of the plug on the power cable. ‘This will apply
plate voltage to the final stage, and indicate its
plate current. Tune Cp for minimum plate cur-
rent, which will be about 5 to 10 ma. Now connect
a lamp load to the output. This can be a 10- or
15-watt lamp, or four No. 44 (blue-bead) pilot
lamps connected in parallel. None of these lamps
will make a good load, but any will do for the ini-
tial check. With the load connected, tune the
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series capacitor and retune the plate capacitor
for maximum brilliance in the load lamp. This
should show an output of about 5 watts, with an
input of 10 or so. The position of the coupling
coil, Lg, should be at the point of lowest coupling
to Lz that will give the desired loading. Normal
plate current, under load, will be about 40 ma.,
with a 300-volt plate supply.

The modulator is designed for use with a crystal
or high-impedance dynamic microphone. The
speech amplifier stages provide adequate gain, 8o
long as the operator speaks directly into the
microphone, at a distance of not more than two
inches. A rough check on the required voice and
guin levels can be obtained by watching the load
Jamp. There should be appreciable brightening of
the lamp with ordinary speech.

The final stage may be keyed for c.w. operation
by plugging a key into the tip jacks, Ji and J4.
With the key open no current will be drawn by
the final stage. Stations nearby will hear the os-
cillator-doubler output, and will report ‘“back-
wave” when the key is up, but more distant sta-
tions will not hear this radiation to an appreciable
cextent. The cathode jacks may also be used for a
meter, which will read the combined grid and
plate currents. If neither key nor meter is con-
nected, a short should be inserted in the jacks to
close the cathode circuit. A conventional closed-
circuit jack may, of course, be substituted for the
tip jacks.

The same is true of the grid-current jacks, Jy
and Ja, except that a resistor is connected per-
manently between their terminals, so whether or
not a grid meter is connected will make no differ-
ence in the operation of the amplifier.

Normal operation of the transmitter, with 300-
volt. supply, will show approximately the follow-
ing indications:

Oescillator and doubler plate circuits —
10 ma. each,

Final grid circuit — 4 ma.

Final plate current — 35 to 50 ma.

Qutput — 4 to 7 watts.

Coupling to the Antenna

Any recent edition of The Radio Amateur’s
Handbook or The ARRL Antenna Book will give
you dimensions and construction ideas for 50-Mec.
antennas. If you want to feed your array with
coaxial line, the feedline may be plugged directly
into the output connector, Jgs. In this case no
further coupling devices are required, and adjust-
ment involves only tuning Cg for maximum load-
ing. Retune (5 each time an adjustment is made,
to be sure that the final stage is tuned for mini-
mum plate current. The position of the coupling
loop, Ls, should be set so that 35 to 40 ma. plate
current is drawn with the antenna connected.

If a long run of transmission line is required be-
twecen the rig and the antenna system, lower line
losses will be encountered if open-wire line is used.
This will require some form of antenna coupler or
halun, to take care of the transformation from the
unbalanced coux to the balanced open-wire line.

(Continued on page 128)
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An Inexpensive Battery Charger for
Field Use

BY J. S. REDDIE,* WZFVI

stations in the 5- to 25-watt class depend

almost exclusively upon thestorage battery
as the primary source of power. A single, fully-
charged 100-ampere-hour battery enables astation
to stay on the air continuously for 5 to 10 hours at
the 10- to 20-ampere discharge rate demanded of
the battery. For operation over longer periods
than this, it is necessary to provide additional
electric energy in the form of either more batteries
or a self-powered battery charger. For mobile
installations, charging is readily accomplished by
the car generator. However, this method is not
practical for stations operated in a fixed location,

Momm and emergency-powered portable

Only a few hours are re-
suired to assemble this 30-
ampere charger. If you hap-
pen to have a gasoline-pow-
ered lawnmower on hand and
can dig up an old car genera-
tor and regulator, the cost is
negligible.

such as is often encountered in Field Day and
civillan defense assignments.

A self-powered charger was assembled at this
location with a minimum of time and expense.
The unit is lightweight (60 Ibs.), potent (30
amp.), and is suitable for confinuous operation
over extended periods of time.

The 1-horsepower 4-cycle gasoline engine was
borrowed from my reel-type power lawnmower,
an excess car generator was donated by the
brother-in-law, and a much-used regulator was
supplied by an interested neighbor. The odds
and ends of wood, wire and hardware, plus a d.c.
ammeter, were supplied from my own junk box.
A few hours’ time was ull that was needed to

* 1918 Lassen, Richland, Wash,
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construct the 6-volt 30-ampere charger.

The gasoline engine, generator and regulator
were rigidly mounted on a simple wooden frame.
The regulator, shown in the lower left-hand
corner of the charger, is wired so as to use only
the cut-out section of the unit; its only purpose
here is to prevent a reverse flow of current at low *
engine spceds. At normal engine speeds, full
power is supplied to the battery.

The drive mechanism utilizes the same system
employed in the power mower. At low engine
speeds, the automatic clutch on the engine drive
shaft is disengaged und no power is supplied to
the V belt. As the engine speed is increased,

centrifugal force causes the clutch to close, thus
enabling the V belt to pick up the load.

Only four bolts hold the engine in place in
either the charger or the power mower. Less than
five minutes is required to switch the 32-pound
engine from one assignment to the other. Those
five minutes of time are the only price necessary
to keep W7FVI on the air continuously for Field
Day and disaster-team commitments.

Y- Strays 5

W2RWY of Dexter, N. Y., is an active c.w.
man on 40 meters. His name —— Ken Pound!
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What's the Answer?

A Question-and-Answer Quiz for the Beginner

BY LEWIS G. McCOY, WIICP

N answering correspondence from amateurs
around the country, it becomes apparent that
certain questions repeat more than others.

This would indicate that the same problems are
shared by many beginners and that it would be
helpful to have an article in QST discussing these
problems. People seem to enjoy quizzes so we
have listed the questions in bold-face type and,
if you wish, you can try answering them before
reading the explanations. If you get all the an-
swers right it indicates that you have a pretty
fair radio IQ for a beginner.

1. What causes key clicks?

There are two types of clicks. One is caused
by electrical sparking at the key contacts. This
is the same type of electrical noise you hear in
your receiver when someone in the house turns
on an electric light switch. Depending on the in-
tensity of the spark generated and the associated
wiring, the noise can cover quite a wide frequency
range. The electrical noise from this sparking
won’t travel far — probably not more than a
few hundred feet. However, it can cause inter-
ference to neighbors’ radio reception, so the
clicks should be eliminated. This type of click is
easy to cure; a simple key-click filter (Fig. 1) at
the key contacts will usually get rid of it.

The second type of click is that generated by
the actual turning on and off of the transmitted
signal, If the signal goes on or off too abruptly,

KEY 10 fo 2.5mh, RF. CHOKE
= —YYY
o0l I o0l __L :
: 9 To KEYED

CIRCUIT

(o
0,001 0.001
LISk DISK
\AAAS

1O to 2.5mh, R.F. CHOKE
Fig. 1 —~Key-click filter.

a click will be generated. The clicks will be
strongest close to the frequency of the trans-
mitted signal but may extend far enough to
cause interference across an amateur band. To
get rid of this type of click it is necessary to
‘“shape” the keying. The reader should study
the keying chapter in 7he Radio Amateur's
Handbook, us proper treatment of shaping pro-
cedure is beyond the scope of this article.

2. What causes chirp?

Chirp is a change in frequency as the trans-
mitter is keyed. There are several possible causcs
for the frequency change. One is the voltage
change on the oscillator stage from the key-up
condition to key-down. This can be minimized
by regulating the screen and plate voltages of
the oscillator stage.
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Another common cause of chirp is “pulling”
of the oscillator frequency by chunging condi-
tions in the next stage or stages as the excitation
is applied or removed. Changing voltages and
currents in the stages following the oscillator
“reflect” a variable load on the oscillator and
pull the frequency. When such a condition exists
it is necessary to have more or better isolation
between the oscillator and the changing stage.

When persistent cases of chirp are encountered
with several different crystals, one should look
at the circuit adjustment. An overloaded oscilla-
tor can make any crystal chirp.

3. How far can one expect to work with a
low-powered iransmitter of say 8 or 10 watts
input?

% LOW POWER GETS OUT.”

This is not, an easy question to answer because
of the many variables involved. It will depend
a great deal on the location, type of antenna
used, frequency, time of day and year, and band
conditions. The condition of the ionosphere, the
region above the earth that reflects radio signals,
varies with the time of day, time of year, and
the sunspot cycle. However, it would be safe to
state that with a fair antenna, and exceptional
band conditions, the transmitted signal from a
5- or 10-watt station can reach any country in
the world. This holds true for any amateur band
from 40 through 10 meters.

One amateur using approximately 35 watts
input worked over 100 different countries on the
80-meter band. Many Novices have worked all
48 states using very low power.

4. What is the advantage in using the same
antenna for transmitting and receiving?

Nearly all antennas will give better perform-
ance in certain directions than in others. To
illustrate, let’s assume we have a transmitting
antenna that is good for transmitting in the
cast-west direction but is poor as far as north
and south are concerned. Suppose we have another
antenna, used for receiving, that shows good
reception on the north-south path. We can call
our heads off at stations on the north-south
path but because our transmitted signal in this
direction is weak, we get no replies. By using
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the same antenna for transmitting and receiving,
we eliminate this difficulty. 1t doesn’t mean that
everybody we call is going to come back but at
least we know they might hear us. An antenna
relay or knife switch can be used to switch the
feeders to receiving or transmitting.

8. When tuning the amplifier plate circuit,
which indication is the correct setting for
resonance as shown by the plate milliam-
meter, minimum or maximum current?

The tuning setting that gives minimum plate
current, or the “dip,” is resonance in the plate
circuit. Normally, the ‘“‘dip ” is the correct setting
for getting maximum output from an amplifier.
We say “normally” because in amplifiers using
screen-grid tubes, maximum ontput may occur
at a setting slightly different than the ‘“dip.”
The safest method of tuning is to have an r.f.
ammeter, or some similar indicating device, in
the feed line and then tune the transmitter for
maximum output as indicated by the r.f. am-
meter. The final amplifier should not be loaded
beyond the rated plate current of the tube in use.

6. What does ‘‘crystal-controlled” mean?

This means the {requency of the oscillator
stage is determined by a quartz crystal. A crystal
will only oscillate or vibrate at a certain fre-
quency, depending oa the dimensions aud cut
of quartz used in the crystal. Using a crystal~
controlled oscillator is one method of making
sure the transmitter frequency will be stable.
In addition, the transmitter frequency will be
accurately known.

The FCC requires that Novices use crystal
control of their transmitters.

Z. What is a harmonic?

A harmonic is a signal that is an integral mul-
tiple of the fundamental frequency. It is char-
acteristic of certain types of r.f. generation
that when we dewelop a fundamental signal, we
also generate multiples of that frequency. For
example, if we generate a signal on 3700 kilo-
cycles, there will also be signals present at
7400 ke., 11,100 ke., 14,800 ke., etc. Normally,
these harmonics will be weaker in strength as
they go higher in frequency but in many cases
they will be strong enough to cause interference
to other services unless we do something to at~
tenuate them.

8. Why are filaments and heaters necessary
in vacuum tubes?

When an electric current is passed through
the filament, the wire heats to incandescence.

July 1955

In a vacuum, when the wire gets hot enough
some of the electrons will Hly’ off the filament
and cluster around it. If another element ia
inserted in the tube and a voltage is applied
between it and the filament (4 terminal to the
new element), the electrons from the filament
will flow to the added element.

The emitter of electrons in a vacuum tube
is called the ‘“cathode,” and the filament de-
scribed above is a ‘‘directly-heated cathode.”
Indirectly-heated cathodes are also widely used
in vacuum tubes. Here a thin sleeve of metal
is coated with a material that emits electrons
at relatively low temperatures, and a small
heater coil is contained within the sieeve. In-
directly-heated cathodes reduce hum problems
in audio work that would be encountered with
filament-type tubes.

9. How does a rectifier tube act to change
alternating current to direct current?

As one can see {rom the explanation of Ques-
tion No. 8§, the filament or cathode of a tube
emits electrons which flow to the positive plate
element. If an a.c. voltage is applied between
plate and cathode, one half of each cycle of the
voltage will be positive, the other half negative.
During the positive half cycle, electrons from the
filament will flow to the plate. Current will not
flow during the negative half cycle. This gives us
a pulsating d.c. which can then be run through a
filter to smooth out the ripple that will be present.

10. How fast does a radio signal travel?

Radio signals travel at the same speed as light
waves, approximately 186,000 miles per second.
In this connection, it is interesting to note that
recently two amateurs beamed & signal at the
moon and then listened for the reflected signal.
The signal had to travel a distance of some
440,000 miles to get to the moon and back.
With radio traveling at the speed of light, the
distance would be covered in about 214 seconds.
You can imagine the thrill the two amateurs ex-
perienced when they sent the signal and then a
couple of seconds later heard the faint ‘““beep”
of the returning signal.

11. What is the relationship of the 80-meter
band to the 3.8-megacycle band?

They are the same. Probably one of the most
confusing things the newcomer encounters is the
reference to amateur bands by either meters or

(Continued on page 124)
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Lightning Protection for the Transmitting
Antenna

Grounded System for Open-Wire Feeders

BY R. C. CORDERMAN,* W4ZG

in the same place. You may not agree with
-+ this, but if it strikes you once it won’t make
any difference whether you do or don’t agree.
Radio amateurs for the most part invite
destruction by lightning by neglecting to provide
any protection against it. The antenna usually
associated with amateur radio transmitting
cquipment is most vulnerable to lightning due to
its length and height. T'o validate your insurance,
vour antenna installation must comply with the
National Bourd ol Fire Underwriters Electrical
Code which says:

!N old adage suys lightning never strikes twice

Lightning Arresters — T'ranamaitiing Statinns. Except
where protected by a continuous metallic shield (coax)
which i8 permanently and effectively grounded, or the
antenna is permanently and effectively grounded, cach
conductor of a lead-in for outdoor antenna shall be pro-
vided with a lightning arrester or ather suitable means
which will drain static charges from the antenna system.

A similar requirement is applicable to a re-
ceiving antenna should it extend outside the

ADJUST
(SEE TEXT) No4 or LARGER

TO GROUND

l———- SAME SPACING AS FEEDERS—e1
building in which the rccciving equipment is
located.

Many years ago my antenna was struck by
lightning. At that time, there was un insurance
requirement which said that a [00-ampere
switch should be used for grounding the antenna
when the station was not in operation. The
lightning completely destroyed most of the
untenna wire, burned the wooden base of the
lightning switch and burned the insulation off
the No. 4 copper grounding wire between the
switch and the ground stake. As the switch was
in' the grounded position, no damage to the house
or radio equipment resulted.

Without adequate grounding, hazardous volt-

%792 Oaklawn Ave., Winston-Salem, N. C. -
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e Lightning protection for the amateur
transmitting antenna, especially when
open-wire feeders are used, has been
largely neglected. W4ZG points out the
dangers involved and offers some simple
solutions.

ages can build up on an antenna due io other
causes. About 1920, while attending Carnegic
"Tech, Pittsburgh, Penna., an expericnce was
observed which will be of interest in this connec-
tion. The antenna at 8XC consisted of 10 wires
600 feet long, approximately 165 feet above the
ground at its center. It ran across a gully, at the
bottom of which was 4 mainline railroad track.
When locomotives pulling heavy trains passed
under the antenna, the static charge built up
was sufficient to cause Hush-over of an 8-inch gap.
The flash repeated approximately every five

Z,
’
e
S
e

Fig. 1 — A simple lightning arrester made
trom three stand-off or feed-through insulators
and sections of Y£-inch-thick brass or copper
bar,

scconds while the engine was immediately be-
neath the antenna and less frequently when it
was approaching or leaving the arca below the
antenna.

Lightning Arresters

What steps should we take to protect ourselves
aud our cquipment against these hazards? You
will observe that the Electrical Code specifies
that the lead-in may be a coaxial cable, the
shield of which is permanently and effectively
grounded. This means that a ground connection,
using No. 4 wire or larger, should be made to the
shield of the coaxial cable at the point where it is
nearest to the ground outside of the house. If
the cable can be run underground, a grounding
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stake should be located at the point where the
cable enters the ground. The grounding stake,
to be effective in soils of average conductivity,
should be not less thari 10 feet long, and if
possible, plated with a metal which will not
corrode in the local soil.

When open-wire feeders are used, a lightning
arrester is required. The type of lightning
arresters provided for residential broadcast and
television antennas may be suitable for very

twelve years thesc gaps were in use there was
never an occasion when a lightning hit came
closer to our house than a half block when a
neighbor’s house was struck. This could have
been a happenstance but it is the fact, neverthe-
less. In the Pennsylvania Dutch coyntry around
Lancaster and York, most barns nowadays are
protected from lightning by a length of old
trolley wire mounted on poles extending about
10 feet above the roof. Both ends of the wire

if
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low-power installations but where higher power
is used, they are inadequate, since the radio-
frequency voltage on the transmission line is
usually enough to cause them to operate; i.e.,
flash over.

During the early Thirties, advice was obtained
from the Naval Research Laboratory at Washing-
ton, D. C., on a suitable grounding arrangement
for ightning protection for a {-kw. installation. It
was their suggestion that a spark gap be provided
between each of the two open-wire feeders and a
center contact, grounded with No. 4 or larger
wire. 1t was recommended that 1§ X Lg-inch
flat brass rod shaped as shown in Fig. 1 be used
for the gaps. Each of the gaps should be set
sufficiently far apart so as to prevent flash-over
during normal operation of the transmitter. It
was found that because of the standing waves on
the open-wire line a gap of approximately 34
inch was necessary.

This device worked very well during thunder-
storms as it would start sparking intermittently
when a storm was approaching. As the storms
passed over the immediate urea, the frequency
of discharge would increase. During heavy
thunderstorms, there was a steady stream of
sparks at the gaps. It was possible to operate
the transmitter with relatively little -effect
on its performance even while the static charges
were jumping across the equipment, but this was
seldom done becuause of a personal reluctance
to be so close to the antenna system. It has becn
my belief that a properly installed spark gap
on an antenna system drains off sufficient static
from the immediate area to prevent a direct
hit. This view stems from that fact that during the
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are grounded and, so far as can be learned, no
barn so protected has suffered lightning damage.

Direct Ground Connection

Many of our modern antennas permit relatively
simple mecthods of direct ground connection,
which do not interfere with the operation of the
antenna. Rotary beams using a T or gamma
match may have the center of each of the ele-
ments, including directors and retlectors, grounded
to the tower on which they are mounted. Two-
and six-meter beams should have the supporting
pole grounded. If the antenna is mounted on a
wooden pole or on the top of a house, a No.
4 or larger wire should be extended from the heam
to the ground, using insulators where the wire
comes close to the building. The ground wire
should be spaced away from metal objects such
as gutters, etc., or should be solidly grounded to
them. If the connection to such objects is not a
good one, but is variable in resistance, it may
he a source of spurious signals when excited by the
transmitter. This often results in interference
with your own or your neighbors’ broadcast or
television reception.

For the past seven years, the antenna shown
in Fig. 2 has been used at W4ZG, Winston-
Salem, N. C. It g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>