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In amateur equipment, the only thing

that counts is the fine print. So we've
made the fine print big enough to read

ﬁa//icra

5th & Kostner Aves., Chicago, lllinois 60624

Export: International Div., Hallicrafters. Canada: Gould Sales Company, Montreal, P. Q.



S$X-117 TRIPLE-CONVERSION RECEIVER. Exceptionally versatile and compact
triple-conversion, super-heterodyne communication-type receiver. Selectivity: Vari-
able in 3 steps, 0.5—2.5—5.0 kc. Crystal-controlled 1st and 3rd oscillators. Selectable
sidebands, constant tuning rate. Sensitivity: less than 1 v on AM, less than ¥ uv
on SSB/CW. T-notch for up to 50 db. attenuation to unwanted heterodyne in L.F.
pass band. I.F. type noise limiter. Audio inverse feedback. Crystals provide for
3.5—4.0, 7.0—7.5, 14.0—14.5, 21.0—21.5, 28.5—29 mc. Four addt'l. crystal pos. for
500 kc. segments between 85 kc. and 30 mc. 100 ke. crystal calibrator included.
Size: 15" x 7%8” x 13”. Net wt. 18 Ibs. Amateur net price: $379.95.

HA-10 Low freq. tuner adapts SX-117 for 85 kc.—3 mc. $24.95

- HT-44 TRANSMITTER. Versatile compact amateur band transmitter *for inde-
pendent operation or transceiving with SX-117 receiver. SSB, AM, on CW on 80
through 10 meters. Features Hallicrafters stabilized phasing system for sideband
generation with —40 db. of sideband suppression @ 1 kc. and carrier suppression
of —50 db. Distortion products, —30 db. VOX/CW break-in and PTT operation.
Panel-adjusted VOX/CW delay for maximum Phone-CW flexibility. Exclusive AALC
gives greater talk power with speech compression up to 12 db. Power input 200 watts
DC on CW and SSB, 50 watts AM. Same size and style as SX-117. Furnished with
crystals for 3.5—4.0, 7.0—7.5, 14.0—14.5, 21.0—21.5, and 28.6—29.0 mc. Less trans-

| ceiver cables, $395.00. P-150AC power supply, $99.50.

HT-45 LIGHTWEIGHT TABLETOP, GROUNDED-GRID LINEAR AMPLIFIER.
Covers 80-40-20-15-10 meter amateur bands, styled to match HT-44 and SX-117.

Complete metering—plate voltage, plate current, grid current, relative RF output.
Uses a 3-400Z in a Zero hias grounded-grid circuit. Runs full legal input when used
with adequate plate supply. Requires 2700-3000 VDC at 380 Ma. P-45 Power Supply
recommended. Cabinet size 15"W x 7%"H x 13”D. Weight 28 Ibs. $299.50

HA-1 “T.0.” KEYER. Meets all requirements of the CW perfectionist. Employs

—digital techniques to produce constant ratio of dot-to-space-to-dash throughout entire
speed range. Transformer operated. Speeds from 10-65 WPM. Monitor or sidetone
may be heard through built-in speaker. $79.95.

"I P-150AC POWER SUPPLY. For use with HT-44 Amplifier. 5 silicon diode rectifiers,

built-in speakgr. $99.50

the: We thought this phrase
should be a LOT bigger

where the new ideas in communications are born

*kfor independent operation
or transceiving with SX-117/



OPEN, SESAME!

Collins 628-1 VHF Converter can be your “Open, Sesame” to 2 whole new world (and beyond!) of
excitement and pleasure. I1 The 625-1 gives you a full 8 mc of bandwidth. You can transmit and
receive on 6 and 2 or HF without changing cables. All you do to get on VHF is flick the switch,
You're away from the crowded lower bands. You'll be able to share in some of the new VHF adven-
ture . . . moon bounce, Oscar III. .. You can use Collins 62S-1 to cover 49.6 to 54.2 and 143.6 to -
148.8 mc (crystals for amateur bands provided ). If you have the KWM-2 or 8/Line, you don't necd

an additional power supply. One more feature...the 62S-1 is compatible with most equipment. -«

operating in the 14.0 to 14.2 mc range. IJ Visit your Collins

distributor and ask him to dem- onstrate the 628-1 VHF Cons—
verter. See how easy it is to get

going to VHF with the 628-1.

more fun out of ham radio by

Now’s the time to do it!

COLLINS
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4X2508 tetrode
chalks up 20,000
hours-and is

still going strong!

Back in 1960 an original-design Eimac 4X250B tetrode was placed in
operation in a UHF communications system belonging to the County of
San Mateo, California. 20,000 operating hours later—February, 1964 —it
was removed by San Mateo Chief Radio Engineer Walter Harrington, W6MX,
for test and evaluation. Returned to the Eimac laboratory, this 4X250B
tetrode passed acceptance tests with flying colors—within specification
in all respects and equivalent in. performance to a brand new productien
tube! This is another example of the way Eimac designs quality tubes
for power, dependability, long life. For data on Eimac
original-design tetrodes to meet your needs write: Amateur §
Service Dept., Eitel-McCullough, Inc., San Carlos, Calif.




Some may call it “‘ancient modulation'’, some
simply call it AM phone—but whatever you
call it, AM still represents a major portion of
today's amateur activity—and the ‘‘Ranger
11" is one of today's most popular AM rigs!
For AM or CW operation, for 160 through 6
meters—the ‘'Ranger |l offers the “'biggest-
little'* 75 watts you'll find on the air! Rated
at 75 watts CW and 65 watts high-level AM,
the ‘“‘Ranger [I'" delivers communications

quality audio with the necessary punch to

break through today's QRM! An excellent
“first’’ transmitter for the Novice or the new
General, the ““Ranger |I"" will drive any of the
popular kilowatt level tubes and will provide
a high quality speech driver system for high
powered modulators without modification!
What else? The **Ranger |1"* offers attractive
styling in a compact cabinet and is available
at a reasonable price.

Cat. No. 240-162-1..."Ranger II" Kit ... Net $249.50
Cat. No. 240-162-2..."Ranger II"" Wired Net $359.50

FEATURES

Built-in temperature compensated,
extremely stable VFO—separate,
calibrated bandspread dial scales for all

7 bands—highly efficient pi-network

tank circuit—flexible, timed sequence
keying system—self-contained

power supplies—effectively TVl suppressed!

EASY TUNING

Basic tuning controls are located on the
VFO dial escutcheon—QSY within

the phone or CW portion of a band

is usually possible by merely changing
the VFO frequency setting.

RANGER I1I

COMPLETE CATALOG
Drop us a card and we will
send you Amateur Catalog
962 which gives the full
‘‘Ranger I1'* story, as well
as detailed information
on our complete line of
amateur transmitters
and accessories.

E. . JOHNS5ON COMPANY
WASECA, MINNESOTA, U.S.A,
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Section Communications Managers of the ARRL Communications Department

Reports Invited. All amateurs, especially League members, are invited to report station activities on the fimst of exch
month (for preceding manth) direct. to the (M, the admunistrative ARRL oHiciul elected hy members in each Section.
Radio club reports are also desired by SCMs for inclusion int 87, ARRL Field Organization station appointments are
available in areas shown to qualified League members, (ieneral or C'onditional Class licensees or higher may be appointed
ORS, OFES, OPS, 00 and OBS. Techniciaus may be 4ppmuted OES, OBS or V.H.F. PAM. Novices muy be uppoiuted (LS,

SCMSs desire applxca,tmn leadership posts of SEC, C, RM and PAMI where vacancies exist,
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Manitoba VE4HW w Hllnm H lioruer 6 Huart Ave. Winnipeg
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+ (rffictal appointed to act temporarily in the absence of a regulur official
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"Scthootls Open”—Fgh. 1, 1965

The Engineering Services Department of the Technical Materiel Corpora-
tion will offer four new courses in SSB in its newly opened training center

in West Nyack, N. Y.

For further information on these courses write for Field Engineering
Bulletin #19B, or contact Director of Engineering Services direct.

THE TRAINING COURSES OFFERED ARE:

¢ COURSE NO. 1
Detailed study course covering
theory of design and operation of
synthesized sideband communica-
tions receiving and transmitting
equipment.

e COURSE NO. 2
Commaunication control center op-
erators training cowurse.

e COURSE NO. 3

Maintenance and operation of the
latest synthesized sideband
recetvers.

¢ COURSE NO. 4

Muaintenance and operation of the
latest high power synthesized side-
band transmitters.

The courses are available to all qualified personnel in both industry and government.

and Subsidiaries

SAN LUIS OBISPO, CALIFORNIA

THE TECHNICAL MATERIEL CORPORATION

MAMARONECK, NEW YORK
Tel: 914 OW 8.4800

OTTAWA, CANADA e ALEXANDRIA, VIRGINIA e GARLAND, TEXAS e OXNARD, CALIFORNIA

o LUZERN, SWITZERLAND e  POMPANO BEACH, FLORIDA

Z
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“It Seems o Us...”

FEES — AND APPROPRIATIONS

THE schedule of fees imposed by the Federal
Jommunications Commission for license
applications will shortly have been in cffect
for a full year. If earlier FCC estimates were
aceurate, some three and 4 half million dollars
will have been collected und turned over to
the U.S. Treausury. This is approximately
one-fourth the Commission’s total operating
expense for a year.

Fees were imposed despite considerable
apposition by FCC licensees — including that
of the League on behalf of amateurs. An
appeul to the courts was decided in the Com-
mission’s favor; although the Supreme Court
now has before it u request to review the
matter, no one scems optimistic about any
reversal. We want to discuss briefly this
month not the propriety of the FCC action,
although we still disagree with it, but rather
the practical results-—on the assumption
fees will remain an established procedure.

It is our impression a principal basis for
licensee dissatisfaction is that collected funds
disappear into the Treasury rather than being
credited to FCC’s bank account. We specu-
late that had the monies gone direct to FCC
to be used in expansion of services —— in the
amateur cuse, particuiarly more field per-
sonnel for additional examinations, more ex-
tensive monitoring, etc. —the objections
would have been far less vociferous. It is
conceivable the League might even have
supported the proposal were it to have less
the appearunce of a tax and more the sub-
stantive addition of services.

In a practical sense that result can still be
accomplished, at least to a degree. Congress
will shortly be examining requests from vari-
ous governmental agencies for operating funds
during the coming fiscul year. We hope the
C'ommission’s budget request will be expanded
particularly in the mentioned fields of oper-
ating examinations and monitoring activity.
We further hope that the Congress will be
influenced by the fact we amuteurs are now
underwriting a substantial portion of radio
regulatory costs, and that it will be somewhut
more liberal in providing a needed expansion
of services.

The original schedule of fees would have

produced a wholly inequitable relationship
hetween the expected income and the costs of
servicing the various branches of U.S. civilian
radio — broadeast, marine, aeronautical, ama-
teur, etc. H.g., the broadcast fee expected
income would have provided about half the
cost of running the FCC Broadcast Bureau;
the Sufety and Special Radio Services Bureau
(which includes amateurs and C B) expected
income would have provided more than three
times the S&SRS operating budget! The Com-
mission’s revised schedule partially corrected
this imbalance, but the fuct remains that under
t,he present fee breakdown our S&SRS group
is paying a much higher percentage of its
costs to FCC as compared with, e.g., broad-
casting.

The 1952 action of Congress, on which FCC
somewhat nebulously based its authority for
fees, specifically requires an equttable urrange-
ment for federal licensees. Kven the revised
schedule still does not meet, thut requirement.
The inequity can be corrected, at least in
some meusure, if the Congress will provide
additional funds to FCC for expansion of
administrative and regulatory activity among
its more “profituble’” customers in the
S&SRS. License applications are still delayed.
More monitoring and enforcement personnel
are badly needed, especially for the Citizens
Radio Service — and to some extent also for
amateurs. In the amateur case, more fre-
quent examinations at more field points should
be provided. We hope the Congress will be
disposed to grant the Commission additional
monies for such purposes, and thus end the
S&SRS subsidy to the regulatory costs for
broadcasters.

THE NEW HANDBOOK

The other night we were listening to a con-
versation between two sidebanders. It went
something like this: Sidebander 1: Bill, the
dope you want is in the ARRL Handbook.
Just a second . . . yeah, here it is on page
so-and-so. I'm using one here and it works
just fine. Sidebander 2: Stand by one. Okay,
now, let’s see. Uh . . . what page did you say,
Jim? Sidebander 1: Page so-and-so, Bill.
There’s a picture of it at the top of the page.

(Continued on page 10)
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(Continued from page )

Sidebander 2: By golly, I don’t sce it, Jim.
You sure that's the right page? Sidebander 1:
I'm looking right at it! Hey, what edition of
the Handbook you got there? Sidebander 2:
Lessece . . . it's the 37th edition, 1960, Jim.
Nidebander 1: For erying out loud, no wonder!
You oughta get yourself an up-to-dute edi-
tion, Bill. Things have changed quite a bit in
the last tive vears.

And so it went. Bill's ARRL #Handbook
was up to date in 1960 and is still useful for
basic theory, data on old tube types, and
the like. But as Jim suid — things have
changed.

Moral: treat yourself to the 1965 edition —
newly available about the sume time as this
issue of QST — and join Jim in kecping up
with changes that keep occurring in the
fuscinating game of hawm radio.

OUR COVER

Despite the family resemblance, the gadget
shown on the cover is not an electronic octopus.
Instead, it is a device that permits an antenna to
be tuned with the transmitter at full power, with-
out radiating an interfering signal. For the details,
see page 21. The transmitter in the background
iy a new half-kw. c.w. special huilt for the 1965
Radio Amateur's Handbook.

COMING A.R.R.L. CONVENTIONS

February 20 — Michigan State. Muske-

gon

March 26-28 — Delta Division, Mem-
phis, Tenncssee

April  3-5 — Midwest Division, Des

Moines, lowa

April  24-25 — New
Swampscott. Mass.

July 2-53 — ARRL National, San Jose,
Calif.

July 9-f1 — West Gulf Division, Okla-
homua City, Oklahoma

England Division,

MICHIGAN STATE CONVENTION
Muskegon, February 20

The Michigan State ARRL Convention will
be held on Saturday, February 20 at. the Central
Junior C('ollege Auditoriun, in Muskegon. Con-
vention activities will include manufacturers’ dis-
plays of the latest amuteur equipment; meetings
of the Michigan Council of Clubs, ARPSC,
MARS and RTTY: and the Michigan B.R.,
Wolverine, Tecnage, Michigun limergency, Post
Office and QRDM nets. There will be an initiation
ceremony for the Royal Order of the Wouff Hong.

Lurry LeKashman, WOIOP, of klectro-Voice,
will give a talk on “"T'he XYL’s Plight in Hum
Radio'"; Professor Dempsey, from Grand Valley
(ollege, will present *‘Boo-boos [n Radio And
Televigion’', including tilms: @ magicinn, Ken
Booth, will put on a show; and there will be a
Western Style square-dance exhibition. A full
day of entertainment for the ludies will include
floral urranging, china and egg painting, ceru-
mics and glass fusion.

(‘onvention registration is $2.00 in advance, or
$2.25 ut the door. Meals, at extra cost, will be
served at noon and in the evening, cufeteria
style. Visiting amateurs will be given tree parking
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at any parking meter in the city: in addition, the
Ocecidental Hotel will offer reduced rates. For
further information, registrations or reservations,
contact the convention chairman. Willis Burlow,
WSITJ, 2827 Whitehall Road, Muskegon.

O s o T o ey R et
Jramfest Calendas.

Tllinois — The third annual mid-winter Ham Swap and
Shop will be held at the DuPage (lounty [fairgrounds,
Wheaton, Illinois, oun Sunday, February 21, 1965. A $1.00
donation 18 payvahle 2t the door. For more information
contiact: John Koranek, KUGTT, 505 East [llinois Street,
\Wheaton, lllinois.

New Jersey - The East (foast V.tI.F. Society, Inc.,
will entertain its members and their many friends at its
7vth Annual Dinner and Hamfest, Saturday, February 27,
1465, at the Swiss Chalet, Route 17, Ramsey, New Jersey,
atarting at 7:00 p.M. Tickets ure $5.00 each and are uvail-
able from auy member or may be obtained by writing to:
[Fast Cloast. V.H.F. Society, Inc., P.O. Box 1263, Puterson,
New Jersey.

Ohio — The ‘Toledo Mobile Radio Association will hold
its 10th Arnual Ham Auction on Valentine's Day, lebru-
ary 14, 1965, starting at 11:00 a.m. It will be held in the
new anditorium of the Lucas (‘nunty Recreation Center in
Manmee, OhLio. I'or more information write: W. K, Smith,
K8LFI, 5030 Janet Avenue, Sylvania, Qhio,

Oklahoma — The lawton Fort Sill Amateur Radio
Club will hold its annual lounders Day tlamfest at the
National Guard Armory in Lawton, Oklahoma, on Feb-
ruary 14, 1965. Details may be obtained from the Luwton
Ifort Sill ARC, Inc., Box 842, Lawton, Ukla.

OPERATOR OF THE MONTH

Have you thought back over the past month
and picked out vour nomination for “‘operator of
the month” " Cunsiderations to bear in mind include
a eclean signal. good Kkeying, careful enunciation,
correct, procedure, judgement und courtesy. The
League’s Operating Aid No. (1 lists further
examples., Send your vote for “Operator of the
Month"” to the ARRL Comununications [Depart-
uient.,

During December the following additional ama-
teurs were nowminuated in recognition of their extra
skills and courtestes:

WIECH K4ZSX
WIPYY WB6FOP &
WA2QJU WSUPH
WA2RBN KOERL
W3GIL ~ WYKSE
K$YZF  WORFS
W4GUJ  KH6AFC
WA4ILG

- TTT



“Quickie” Orbital Predictions for Oscar III

BY WILLIAM I. ORR,* W6SAI and ARTHUR M. WALTERS*, W6DKH

Launch of Oscar 1 is expected some
time between the date this issue of
QST appears in print and the end of
the winter scason. As a reminder:
The input frequency of the Oscar IIT
repeater is a i-kilocycle band cen-
tered on 111.1 Mc., and the output is
a similar band centered on 145.9 Mec.
All modes of communication will be
accepted by the satellite. In addition,
Oscar I1I will have two beacons, a tele-
metry beacon on 145.85 Mc. and a
coherent c.we. beacon on 145.95 Me. All
amateurs are requested to refrain from
transmitting on these output fre-
quencies during the time Oscar Il
is within communication distance.
Life of the satellite is estimated to be
four weeks. Use of Oscar Il is dis-
cussed in *Using the Oscar [IT V.H.F.
Communication Satellite”, August,
1961 QST.

scARIII, the rudio amateur repeater satellite,
O has passed final calibration and environ-
mental tests, und will soun be luunched into
orbit about the earth. Many earth satellites have
heen launched in high orbit since Osear [I1
orbited in 19621 so it is not unreasonable to
speculate that Oscar 11T has a good chance of
acquiring a higher orbit than these of its worthy
uncestors. Such an improved orbit would create
a whole new set of eircumstances for the observer
and user of the sutellite.

Regardless of orbital height, interested ama-
teurs may experience delay in hearing that Osear
IIT is in orbit und in determining the character-
istics of the orbit. This is becuuse the satellite is
a “piggy-back” passenger and must take, not
choose, a predetermined orbit which will be
unknown to the Associiation until ufter the satel-
lite is in orbit and preliminary tracking meusure-
meuts huve been made. In addition, the vaguries
of rudio communication often make it difficult
to spread word quickly of preliminary veritied
urbital data. In the case of Oscar I1, orbital data
was delayed in reaching Lurope und Australia
by radio because of s sunspot storm. Backup
eibles to these wreas took as long us 15 hours for
delivery. Time and Oscar [1T wait for no man,
so it will be good insurance for all amateurs to
provide themsclves with approximate orbital
Jdata us soon as orbit, is verified und it is known
that Oscar 111 is travelling ubout the earth.

Project Oscar, by meuns of W6E18 and W1AW,
and the ussovinted Oscur Network stations, hopeg
" % Project Osear Association, Foothill College, Los Altos
Hills. Culif.

! Thexe huve been tabulated, with orbital parameters, by
CGeorge Jacobs, W3ASK, in his monthly **Space Communi-
cations column in C'Q Magazine,

February 1965

to supply orbital period, declination and height
information as well as pass-time for major cities
in the world svon after launch of the radio
amateur satellite. This is the ruw material from
which “do-it-yvourself” predictions may be made.
In fact, once the period is determined from these
hroadcasts or from direct observation, the inter-
ested enthusiast can gencrate his own upproxi-
mate predictions. Here is how you do it.

Orbital Height

Kepler's Luws provide the clue for orbital
height determination from observation of the
sutellite period. Fig. 1 is 4 summary of that
relationship for a circular orbit. With a period of
100 minutes, for example, the height of the orhit
above the curth will be about 500 miles. A period
of 105 minutes will provide an approximate
height of slightly over 650 miles. If the period
is as low as 85 minutes, the satellite is plunging
back into the earth’s atmosphere.

Once the satellite’s height is determined from
the orbital period, the slant range (distance to the
horizon) may be determined from Fig. 2. At an
altitude of 500 miles, for instance, the slant
range is about 2000 miles. Two observers located
east and west of the satellite path, then, who are
4000 miles apart could theoretically communicute
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Fig. 1 —The period (P) of a circular orbit provides height

information as shown in this graph. A period of 100

minutes, for example, indicates a mean elevation of 500

miles for the satellite. Slight orbital eccentricities introduce
little error into height calculation.
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Fig. 2 — Once the period or altitude is known, the approxi-

mate slant range to the “'horizon” of the satellite may be

approximated from this graph. A satellite height of 500

miles, for example, indicates a ''horizon range” or slant

range of about 2150 miles. Operationai range will tend

to be less than this depending upon the terrain surrounding
the ground observer.

with e.xch other via Oscar III, us they ecan both
“see’”’ the satellite. This is not strictly true, us
ground distance and slant runge ure not the same
und the sutellite would be suo very low on the
horizon of hoth stations that the time it would
be in the common range would be but a matter of
seconds.

[nterestingly enough. stations located in an
eust-west direction will enjoy a greater possible
mutual communication time via Osecar L1 than
will stations locuted in a north-south direction.
{This assumes Oscar 111 will be in a neur-
polur orbit.) Conversely, the north-south stutions
will sutfer becuuse the number of available con-
tact periods during a given time span will be
less than for those stations in an east-west direc-
tion. A study of I'ig. 3, plus the examination of
the satellite track on a globe, will quickly verify
this fact. Iven so, if Oscar III does acquire a
higher orbit thun Oscars [ and II it will permit
the sutellite to remain in range of ground stations
for a longer time period than that of its ancestors.

The Orbital Plane

A good way to confuse yourself us to the
whereabouts of Osecar I[I is to imagine yourself
on a stationary earth with the sutellite whizzing
about overheud on various erratic passages, south
to north, north to south, and at impossible angles
to your horizon.

A much clearer and more accurate picture may
be gained by visuulizing the sutellite to be ro-
tuting in un orbit. lying in a fixed, invisible plane
about the earth, the latter revolving within the
satellite orbit. .As the eurth rotates within Oscur
1II's orbit (sce I'ig. 4) it can be seen that the
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rotation will cause all areus of the world to pass
beneath the satellite at one time or unother,
with the pussible exceptions of areus near the
north and south poles, which will be missed if the
orbital plane is *tilted” at too greui un angle.
In any event, when Oscar IIT passes over a par-
ticular spot on the enrth on one orbit. the rotation
of the earth will cause the sutellite to pass over
a slightly different point, lying somewhat to the
west of the first point, on the next orbit. 1n fact,
cach successive orbit of Oscar III will progres-
sively cross the equator of the carth farther west
by an easily determined distunce, us the specd
of rotation of the eurth is known (one revolution
in 24 hours).

Let us assume again that the orbital period of
Oscar 1II will be 100 minutes (1.66 hours).
During this time. the ecarth will have rotated
1.66/24 (or 0.0692) revolution while speedy Oscar
11T is circumnavigating the globe and has re-
turned to the same spot in its orbit. The earth
rotates 24/360 degrees per hour, or 15 degrees
per hour. In 1.66 hours, therefore, the earth will
have rotated 25 degrees and Oscar [IT will have
completed one of its orbits, and will be over a
point on the earth 25 degrees to the west of the
first point.t To un curthbound observer, the orbit
of Oscar IIT will have “moved” 25 degrees to
TTAt40° N. latitude, this amounts to about 1200 miles,

SATELLITE
PATHS

/ OPERATIONAL
“\\ RANGE

\JI'ATION B
wssr<——»zAsr
OPERATIONAL
RANGE
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OPERATIONAL A /
RANGE. Y NORTH
STATION A ™, / \j I
/
/ SOUTH
OPERATIONAL
-~ RANGE
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Fig. 3—The operational range of a ground station is that
distance over which it can achieve entry into the Oscar Ili
repeater. For two amateurs to communicate with each other
via Oscar lll their operational ranges must overiap in a
common operational area {shaded). When Oscar Il passes
through this area, communication is possible. Stations
located in an east-west direction will have longer com-
munication time than will stations in a north-south direction,
although the north-south stations will have more
communication opportunities,
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the westward during the time of one revolution,
but in reulity the observer on eurth will have
moved 25 degrees to the east during this time
interval. The circumference of the earth is about
24,900 miles at the equator, and 25/360 of this
distunce is about 17:30 miles. Thus, each period of
Osear I1T in its orbit will allow the earth enough
time to rotate 1730 miles farther west from un
equatorial observer mwnitoring the position of
the satellite. The rileage separation between
guccessive passes, of course, will become less us
the observer leaves the equator and departs for
higher latitudes. If he visited the north or south
poles and if Oscar 111 was in a truly polar orbit,
each pass would be observed directly overhead.
and the successive orbits of Oscar III would
rotute ubout like the spokes of a wheel and every-
thing would be greatly simplified. He would
observe each puss, missing none, and would
quickly obtain an accurate “fix” on the orbital
period.

Orbital Predictions

How to pull the proverbial rubbit from the hat
once Oscar I1I has been heard, and determine
when the satellite will be heard aguin, and from
what direction it will come? If Oscar III travels
in 1 near-polar orbit, an observer in mid-latitudes
(U.S.A. and Furope) will hear the sutellite ut
least twice in 24 hours, and probably four times:
two groups of two pusses each. Let's again nssume
that Oscur 11T will be launched at 2000 hours
CGMT (noon PST), attuining an orbital height of
500 miles and a period of 100 minutes. If the
sequence follows that of the earlier Oscars, the
new sutellite will be launched on the Pacitic
Coast of the United States and **aimed’ south-
ward over the Pacific Ocean. Oscur III will cross
“down’’ over the Antarctic, ‘““come up” over the
Indizn Ocean and eastern Furope, pass over the
North polar ares, and ‘“‘come down’ across
Aluska to a point between Hawaii and California.
Thus, near the end of the first orbit in space,

OSCAR s POLAR ORBIT

START OF ORBIT No.1
WHEN SATELLITE
FIRST CROSSES EQUATOR
JQUTH-TO-NORTH,

February 1965

OSCAR TIZ
=TT~ ORBIT

Fig. S—Oscar lll orbit remains fixed in space while the
earth revolves inside it. If Oscar lll is launched during
daylight from California, in a southward direction, all
future observed daytime passes will be in a north-south
direction (observer at point A) and all night time passes
will be in a south-north direction (observer at point B).

if all goes well, a W6 — KH6 QSO via Oscar III
repeuater satellite might be possible!

The next orbit of Oscar IIT will take the
40-pound package ‘““down” ucross the Pacific,
passing near FO8-land, the edge of Antarctica,
and “up’’ over Africa und central Europe. The
first Kuropean crossing thus occurs about 114
orbits from launch, or about 150 minutes (244
hours) later. As the Associution will have no
verification of the success or failure of Oscar I11
until it passes over Alaska, or off the (falifornia
coast, the time allowed to tlash the word to
FEuropean amateurs that Oscar III is in orbit is
going to be short indeed. 1t is hoped that some of
the KC4 amuteurs on the Antarctic continent
will have monitoring equipment capable of
picking Oscar III up on the first pass and thus
giving Project Oscar a few precious moments of
advance notice of the success of the satellite.

Fig. 5 shows that an observer in moderate
latitudes will hear Oscar [II at least twice in
24 hours. The initial hearing will be followed by
a sccond period of reception on the opposite side
of Oscar's urbit, us the earth will have rotated
180 degrees or so since the first reception period.
If Oscar I1I is high enough, the slunt range cover-
age will be such that two successive passes of the
satellite will be heard during each period of recep-
tion. A noontime (PST) launch in & southward
direction would indicate that all daytime passes
of the satellite have a north-south direction and
all nighttime pusses (opposite side of the satellite
orbit) will have a south-north direction. It

Fig. 4—The earth rotates within the Oscar Il orbit, which
lies in an orbital plane as shown in this simplified drawing.
Remember: North-to-south passes will be over central
U.S.A. and Europe about 40 minutes after equatorial
crossing time on the opposite side of the orbit. South-to-
north passes will be over central U.S.A. and Europe about
12 minutes after equatorial crossing time, because the
observer has rotated under the portion of the orbit
closer to the equatorial starting point. These times apply
only to a 500-mile orbit, and to a daylight launch.
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merely depends upon which “side” of Oscar’s
orbit the observer *‘sces” us the earth whirls
about.

Do You Live on the Equator?

Only a small number of radio amateurs live on
the equator (apart from some HC's, PY’s and
5724'8) and life becoines u little more complicated
for the rest of us non-equatorial amateurs: the
reason i8 shown in Figs. 4 and 5. To begin with,
orbita) periods are determined from northbound
equatorial crossing points and Orbit No. 1 will
start on the opposite side of the eurth from the
launch side, at the equator somewhere in the
Indian ()cean. Moreover, an observer at some
point (A) on the earth will observe Oscur III at
different points on its orbit during daytime and
nighttime passes. He will observe the satellite
first at point A, then us the earth rotates about
within the Osgcar III orbitul plane, he will next
observe the satellite from point B, on the opposite
side of its orbit. The satellite, however, will not
complete an integral number of revolutions while
the earth rotates from A to B. Oscar III will be
short of a complete orbit by the distunce from
B to A. This meuans that the interval between a
daytime pass and its nighttime ‘“opposite” will
not be equal to the intervul between u nighttime
pass and its daytime ‘‘opposite,” since the ob-
server at point A will have moved in the interim
to point B (or vice-versa) and will be “looking”
at a different point of Oscar’s orbit.

However, all is not lost. The distance BN'A
may be computed and the time it takes Oscar [II
to make this journey muay be determined. A
correction factor (A) may be found that will
cnable the observer to predict pusses from one
side of the sutellite orbit to the other:

K =2 X (U0° minus your latitude)

, period of (scar III in minutes
P = (1)
360

K (in minutes) at 4 north latitude of 40° (the
center of the United States) for a 100-minute
period figures out to be about 27.8 minutes. For
amateurs in the northern hemisphere A must be
subtracted in predicting a nighttime crossing
from a previous- daytime one. [For southern
hemisphere stations, A must be added in this
operation. Added to or subtracted from what?
Well, if Oscar III completes one orbit in 100
minutes (1.66 hours). it will comnplete about 7
orbits in a 12-hour (180-degree ecurth rotution)
interval, so A is applied to the 7-orbit figure.
Seven orbits take 700 minutes of earth-time,
or 11 hours 40 minutes. Now, subtracting A from
700 minutes, we find that the following nighttime
pass will occur T00-27.8 = 72.2 minutes (11
hours, 12.2 minutes) after the noted daytime
pass. We will thus hear Oscur III once again
some 27.8 minutes before it completes its seventh
orbit after the orbit we first noted during the
daytime period.

Predicting: Day to Night and Night to Day

To predict a daytime pass from the observed
nighttime pass, the sume approach is used
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except the correction factor (K) is added in the
northern hemisphere and subtracted in the south-
ern hemisphere.

We know Oscar III will complete 14 orbits in
a day and a night, or about 24 hours, more or
less. (Actually, 14 orbits «t 100 minutes per orbit
take 1400 minutes, or 23 hours, 20 minutes.) We
will call the day and night time of 14 orbits by
the term, D. Now, letting 7" be the time of the
desired pass und 7" be the time of the preceding
day or night pass:

T=7|I+I

)
S - K

@)

is used to predict nighttime (south-north) passcs
from daytime passcs, and

. D
T=T+, +K ®)

is used to predict daytime (north-south) passes
from nighttime passes.

All well and good. Let us ussume that Osecar
111 is heurd at 1045 GMT on a daylight (north-
south) pass, and we know that the period is 100
minutes. We are located at 40° north latitude
and equiation (1) provides a A = 27.8 minutes.
When does the next nighttime pass occur?
Using (2):

T = 10:45 4 23:20 — 00:27.8 = 21:57.2 GMT

2]

When does the following daytime pass occur?
Using (3):

T = 21:57.2 + 23:20 4 00:27.8 =

34:05 or 10:05 GMT,

which is 40 minutes earlier than the equivalent
pass the day before. Thus, u tuble may be built
up by a *‘hootstrap” vperation, going from duy
to night to day passes, revising the figures as the
time of Oscar III is cheeked by actual reception.

Long Range Predictions

The method discussed above may be uscd to
predict Oscar I orbits for several days in
advance, predicting from one day to the next,
or from one night to the next by meuns of equa-
tion (4) below, obtained by the addition of
equations (2) and (3):

b=t +D, (4)
where ¢ is the desired time of the next duay or
night pass, ¢’ is the time of the previous day or
night pass, and D is the time of a set of day and
night orbits. Using a ¢ of 10:45 GMT and a D
of 23:20, u day-to-duay coputation provides a ¢
of 10:05 GMT, which ngrees exactly with the
previous computations Jdone sepurately with
equations (2) and (3).

The Orbital Shift of Oscar IIT

During 14 orbits ot Oscur III (1400 minutes,
or 23 hours, 20 minutes) the eurth will have
revolved 23.33/360 = 349°. This meuns that if
Osgear [II passes directly overhead on the first
daylight pass, it will pass 11" further west (about
550 miles at 40° N) on the next day’s puass, 23.33
hours later. Thus, with each successive daytime
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Table I

Predicted and Observed Orbits, Oscar II,
December 1961.

Day Night Passes .]jay Pagses

16 - — — (0049) — — (1024) (1156) | (1328)
—_ — 2317 0049 — — 1023 1155 N

17 — (2217) (2349) (0121) e (1055) (1227 (1400)

! — N 2344 0117 - — 1049 1221

18 — (2343) (0015) (0147) - (0947) | (1119) (1251) —
— N 0012 0144 — 0944 1116 N —

19 —_— (2307) (0039) (0211) — (1011) | (1143) (1318) —_—

: — 2306 0037 N — 1012 1142 N —

20 (2202) | (2334) (0106) — (0907) | (1039) | (1209) — -

< N 2332 0105 — N 1037 1209 — —

Predicted times ure shown in parentheses.
N = No signal heard.

pass, the satellite will shift 11 deg. west, possibly
out of the runge of the observer, und the nect
puss (the one to the east) will work iteelf into
runge and will be the one that is ubserved.
The movement per orbit of Oscars I and 11 was
less noticeable, but this day-to-duy drift was
still easily discernible. A complete history of
such a prediction for Oscar II by [LBMYV is
shown in Table 1.

Prediction broadcasts of W6EE will supply
orbital data, equatorial crossing times, und
approximate crossing times of Oscar III over
many large cities of the world. Remember longi-
{wudes given in the prediction messages are medsiured
west af Greenwich and eust longitude s not nsed.
Thus, for example, (65°lS is given as 195°W,
WP is given us 270°W, and 8o on.

Reference Material

A treasury of reference material has been
included in the past issues of QST and the reader
is referred to the following urticles for more
detailed informution pertinent to tracking and
predicting the orbit of Oscar III.

“(iround Support for Project Oscar,” Garner,
Wells, December, 1961

“Project Oscur Measurements and Tracking,”
Walters, Wells & Hillesland, July, 1961

“Tracking Information for the Oscar Satel-
lite,” Wells, Orr & Towns, September, 1961

“Eyeball and Kardrum Doppler Tracking,"
Norgaard, April, 1962

“Keeping Track of Oscar,” Burhans & Ran-
kins, May, 1962

“Making your Own Orbital Predictions from
Doppler Measurements,” Hilton, March, 1962

“Qgear 111: VHF Translator Satellite,” Orr,
April, 1063

“Communicating ‘Through Oscar 111, Tellef-
sen & Gabrielson, May, 1964

February 1965

“Toxperiments With Oscar ITI,” Gabrielson &
Tellefsen, July, 1964

*“Oscar III: Technical Description,” Walters,
June, 1964

* Using the Oscar 1T V.H.F. Communicutions
Satellite,” Orr, August, 1964

Conclusion

Onee the orbital period of Oscar IIT is known
with fair accuracy, orbital height may be deter-
mined and (knowing your latitude) a table of
orbital predictions may be generated. As time
goes on, the table may be corrected for maximum
accuracy by actual “on-the-air” monitoring of
the satellite signa.ls. More thun ever, the old
suying “you can’t work it if you can't hear it”
applies to Oscur III. [Follow these sunple equa~
tions and you can hear it!

Of course, the reagon behind this effort by both
the members of Project Oscar and yow is to effect
two-way radio amateur v.h.f. communications
via Oscar I[II. All actions are aimed at this
unique event. Computations of orbit and predic-
tion generations are thus but a means to an end
and not an end in themselves. The life of Oscar
[II will be short (a matter of weeks), but this
short interval, if properly used, will provide an
opportunity for a new and glowing chapter to be
written in the imposing record of amateur radio.
Do your purl to make this dream come true!

Acknowledgements

The muterial in this article has been prepared
around prediction methods suggested by Dr.
Giiorgio Giro, I1BMV and material in “The
Astronautic Chart”, Proceedings of the IRE,
April, 1960. Special thanks are given to Ed
Hilton, W6VKP, Harley Gabrielson, W6HEK,
and Don Norgaard, W6VMH, for their help,
suggestions and criticisms, G5T—]

15



AVE you ever wished that you had a 115-
I‘I volt a.c. source of power in your cur? [

have, every time I've had to modify a
transmitter so that it would work mobile us well
as in the home station, every time the dynamotor
that supplies B+ to the final was switched on
with its 55-per-cent efliciency, every time 1've
had to change a flat at night without the henefit
of a decent light, und every time that I've reulized
I couldn’t use the electric shaver in the car.
About two years ago something was done about
these problems. The following is one man’s
solution.

The Circuit

Tt was obvious from the start that
the supply was going to have to be one
of the popular transistor circuits be-
cause of the advantage of higher effi-
ciency over rotary converters or vibra-
tor types. The circuit appears in Fig. 1.

In operation, the transistors act as
switches which interrupt d.c. through
the primary of a transformer analogous
to the action of a vibrator. When a d.c.
voltage is applied, one transistor, say
1, conducts more current than ¢Js. The

hase windings is such that ; will con-
duct more heavily and @2 will tend to
be biased off. When the vore of the
transformer approaches magnetic satu-

———§ 2NI74

The a.c.inverter installed on the fire wall of the author’s car.

A.C. for Your Car

An 85-Watt Transistor Power Inverter

BY JOHN LAWSON,* W2MEX

to be the least expensive way to keep the voltage
spikes at the leading edges of the rectangular
wuave below the }er maximum rating of the
transistors.

Construction

Parts placement does not seem to be eritical.
A look at the photos will show how the unit is
constriucted. The main stumbling block was the
transformer. ‘Transistor power-supply trans-
formers cost more than the old pocketbook could
stand. Surely a less-expensive substitute eould be
found with only o slight decrease in efficiency.
In browsing through the junk box, a variable

(Continued on page 150)

100
10W.
10T )

107 J_)

ration, the induced voltage tends to
zero, and the collector current de-
creases. The decrease in collector cur-
rent causes a polarity reversal in the
induced base voltages, cuuging (1 to go
off and s to turn on. The cyecle then
repeats. The output waveshape is thus
rectangular. The 2-uf. paper capacitor
across the output winding was found
* 39 Gold St., North Arlington, New Jeraey.
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Fig. 1—Circuit of the mobile power inverter.
Ci—Paper.

I1—NE-51 neon pilot lamp.

S1—S.p.s.t. toggle switch,

Ti—See text.
TB;—Four-contact terminal strip (Cinch-Jones
4-141).
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Oscar III Compatability with
Transmit-Receive Converters

Auxiliary Injection Unit Using Transistors
BY WILLIAM E. McKAY,* WgHRQ/WZQBR

If you’re working on a 2-meler station
with an eye toward using the Oscar
111 satellite, this little addition to a
popular type of v.h.f. ham gear may be
just what you are looking for. Although
resourceful hams will do better. the cost
of all new parts for the device is around
twenty dollars. The circuit can be adap-
ted readily to different frequency com-
binations.

many amateurs are looking to their

2-meter stations in preparation for
utilizing the everyday DX capability of this
active sutellite. The Project ()scar committee
has recommmended that transmitter power be
kept low, under 100 wuatts output, and that
schedule-type operation he used. Frequency
stubility, culibration accuracy und the nse of
narrow-band emissions such as c.w. and ss.b.
will be important to obtain the maximum traffic
in the 50-ke. passband of the satellite.

W‘ITH the launching of Oscar III imminent,

A v.h.f. converter used in conjunction with u
low-frequency s.8.b. exciter is an excellent choice
for Oscar TII communications. The Collins 62S-1
is such a converter; however, sepuration of
transmit-receive frequencies beyond 200 ke. is
not provided for in the 6215-1. Since it is necessary
to transmit at 144.1 Mec. = 25 ke. and to receive
at 145.9 Mec.= 25 ke., the transmit-receive
frequencies must be separated by almost two
megacycles. Separate converters are used for
transmit and receive in the 623-1, with the in-
jection svstem comumon to both. If 4 separate in-
jection source was available for use with one of
the converters the other injection could he pro-
vided by the regular 628-1 system. Such an
injection source was built and is described here.

Circuit

The transmit converter was selected to receive
the external injection for two rensons: (1) It is
more desirable to retain the full 4 Me. receive
eapability and limit the transmit coverage: (2)
No wiring changes in the 62S-1 are necessary if
injection is provided to the transmit converter.

The transmit frequencies desired are between
144.0 and 144.2 Me. The required injection

*(‘ollins Radio Company, Cedur Rapids, lowa

Fig. 1-—The switch for selecting normal or auxiliary in-
jection sources is mounted on the light bracket
just behind the front panel of the 62S-1.

February 1965

frequency is then 144 minus 14 Me.= 130 Me.
To keep harmonics of the crystal oscillator out of
the band and to keep circuits to # minfmum a
crystal frequency of 32.5 Me. was chosen. A
standard Pierce erystal oscillator using an
RCA 2N1178 transistor operates at 32.5 Me.
The first doubler uses an RCA 2N1177 transis-
tor and has an output frequency of 65 Mc. The
second doubler uses a Philco 2N1742 transistor
the output of which is the desired 130 Me. Link
L4 couples the output to Sy where either the
regular internal injection source or the auxiliary
injection source is selected. Power to the aux-
iliary injection source is cantrolled by Squ.

Oscillator stabhility is assured by Zener-regu-
lating the supply voltage to oscillator transistor
(1, and by using good quality components in the
oscillator circuit.

Construction

The oscillator and doublers are contained in a
hox 1 X 114 X 3 inches bent from light-gauge
aluminum. A scale drawing of the drilling tem-
plate is shown in Kig. 4. Small Teflon tie points,
similar to Garlock type 60002-0500 or Cambion
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OSCILLATOR

DOUBLER

DOUBLER

CR,
IN758A

EXCEPT AS INDICATED, DECIMAL VALUES OF
CAPACITANCE ARE IN MICROFARADS (pf );
OTHERS ARE IN PICOFARADS { pf. oR mpt); t
RESISTANCES ARE IN OHMS; K = 1000. TO

TBo Jazon Yis
FL-2

Fig. 2—Circuit diagram of auxiliary injection source. Except as indicated, fixed resistors are Ys-watt composition.

Ci—120-pf. silver mica.

C2—0.005-uf. disk ceramic.

Cs, Cs, C7, Ci0, C12—1000-pf. (0.001 uf.) disk ceramic,
C4—30-pf. silver mica.

Cs—35-pf. tubular ceramic.

Cx—6-pf. tubular ceramic.

Cy—5-25-pf. NPO ceramic trimmer (Erie type 557).
Ci1—3-12-pf. NPO ceramic trimmer (Erie type 557).
Ci13—356-pf. silver mica.

CRi—Zener diode, 10 volts, 400 mw.

J1—Phono jack (Switchcraft type 3501FP).

Li—Nominal 1-gh, coil, 18 turns No. 26 enam. wire on

tvpe 4103-1 (availuble through Newark Iilec-
tronics Clorp.). were used for supporting compo-
nents. These tie points simply press into the hole
sizes specified. Regular lug-type terminal strips
could be substituted with no sacrifice in per-
formance.

Wiring should be point-to-point, with lead
lengths kept to 2 minimum. The transistors are
installed last and are soldered permanently in
place. The usual precaution of using a heat sink
hetween the transistor and the solder joint
should be observed. Fig. 5 illustrates the location
of components within the box.

1/4-inch diam. slug-tuned form, brass core
(CTC PLS6-2C2L or equivalent),

La—5 turns No. 16, 1/2 inch i.d., length 1/2 inch.

L+—3 turns No. 14, 1/2 inch i.d., length 3/8 inch.

Li—2 turns No. 22 solid insulated wire, |/2 inch id.,
inserted between the turns of La.

R1—12,000 ohms, 10-watt wire-wound.

RFCi—1.5-uh. molded r.f. choke (Miller 9320-12 or
equivalent).

Si—2-pole, 2-position nonshorting miniature rotary switch.

Y)—32.5-Mc. 3rd-overtone crystal, parallel resonant,
32-pf. load capacitance, = 0.005 per cent tol-
erance (International Crystal type F-605).

The finished unit is fastened by two small
sheet-metal screws to the cover plate under the
transmit-converter sub-unit (see Fig. 3). Resistor
Ry i8 located as shown in Fig. 3. One end of the
resistor is suldered to a 1-lug terminal strip
fastened by the front screw of the cover plate
previously mentioned. The other end of the
resistor i8 fastened to the extreme rear lug of
TBI10. A wire is then connected from the one lug
terminal strip to Sis. A wire trom Sz to the
power-input feedthrough on the auxiliary in-
jection source box completes the power control
connections.

Fig. 3—Auxiliary injection source
installed under chassis on the
62S-1. Two sheet-metal screws
fasten the unit to the cover plate
for the amplifier subassembly.
Phono plugs connect the adapter
into the 62S-1 transmit injection
system. Resistor Ry is visible just
below the injection source box.

QST for




Fig. 4—Chassis layout and template, This is a half-scale

drilling template. It can be copied in full scale and pasted

on the metal. When bending is completed, the tempiate

should be on the inside of the box. A holes are No. 33; B

holes are No. 27; C holes are No. 40; and D holes are
No. 43 (numbers refer to drill sizes).

Switch 8; is enclosed in u cut-off shield can
(Miller 532) and fastened by a small bracket to
the bracket that holds the two ligchts behind the
625-1 main dial. Three ten-inch lengths of RG-
174/U miniature coax run from the switch and
shield can to /32 on F'L-2, J18 on the injection
input to the transmit converter, and to ./ on the
auxiliary injection source. Phono plugs on these
cables allow each lead to be simply plugged into
its respective jack.

Tune-Up

With 8 in the NoRMAL position tune up the
625-1 at 144.1 Mec. Turn S to the AuxILIARY
INIECTION position and peak (‘y and ('jy for
maximum power-amplifier grid-current on the
625-1 PA grid meter. Set the slug of /4 in the
middle of its range. If a close check of calibration
accuracy is desired, switch from NORMAL TO
AUXILIARY INJECTION while listening to the
transmitted signal on another receiver. Tune Ly
until the signals are on the same frequency.

0 U T

/LIP

Su 15

Fig. 5—Interior view (enlarged) of the auxiliary injection source. Li, Lz and Lz are along the rear wall from right to left.

The Zener diode, CRy, is close to the coupling capacitor between Qi and Q2. A small Teflon feed-through insulator on
the left end of the box, just under the phono jack is used as the power-input terminal.

February 1965
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1f grid drive in the 625-1 is too high with the
external injection source move Lg away from Lg
until the desired level is reached. If insufficient
prid drive is wvailuble it may be necessary to
adjust (144 lorated in f/-2 just slightly to
compensate for the added capucitance of the
coux cuble. For complete ndjustment of /7l-2
refer to puragraph 4.4.6 in the (623-1 instruction
manual. This trap is used only to eliminate the
148-Me. spurious present when operating in the
148-148.2-Me. region.

With the switch in the AUNILIARY INSECTION
position the receiver may be set to uny frequency

in the 2-meter band with the 628-1 main dial
and the h.f. receiver dial. The transmit frequency
may bhe set to uny frequency hetween {440
and 144.2 Mec. with the h.f. exciter dial.

Two of these asuxiliary injection sources have
been built and both ure operating very well.
Stability of the units is excellent. Using Collins
“S" Line with 625-1 4 total system frequency
shift of less than 100 c.p.s. for = 10% change in
line voltage wus measured. Warm-up drift is
virtually nonexistent in the injection source.

Thunks are due Doug Horner, WOHUTF, for the
photographs used in this article. [asT—]

RECORDING OSCAR III

It was mentioned in July @SN (Gubriclson and
Tellefsen, ** Experimenting with Oscar III")Y that it
would be desirable to study the relative frequency
distribution nnd number of stations using Oscar [1I
at a given pass. It would also be of interest to know
the relative strength und mode of modulation.
Though I haven't had time to develop the following
technigque myself, 1 am sending a general deseription
so others may not be delayed if they desire to de-
velop it for the up-coming launch of Osear ITI.

‘The best wiy to study the frequencey distribution
and modes of operation of u number of stations in a
iven band is with the use of some type of panoramic
adapter or recciver, However, it would be impossible
to keep track visually of a Iarge number of signals,
and it would be fine if we could record the scope
pattern easily for leisurely analysis at a later date.

In my casc, I plan to modify an old HE-10 receiver
for variable amounts of sweep up to 200 ke. I plan to
do this by bridging the r.f., mixer, and oscillator
tuning scetions with voltage-variable enpacitors,
‘These diodes will be driven by a saw-tooth signal
taken ecither from an cxternal gencrator or from the
detlection cirenit of the display scope. (A suw-tooth
signal must be used. naturally, if we are to obtuin a
linear display on the scope.) If the driving signal is
approximately 60 c.p.s. one ern ensily see, by tuking
into account the bandwidth of the receiver, that the
audio output of the receiver could be recorded (along
with u syne pulse) on an ordinary tape recorder.
Reproduction of the scope display would involve no
more than playing the tape into the vertical ampli-
fier of the oscilloscope und locking the scope in sync
with the recorded pulses.

Applying a marker signal to the receiver during a
pass of the satellite would allow yvou to determine the
doppler shift, by comparing the bewacon pip from the
sutellite with the pip from the calibrator. Since the

| TAPE I
POSSIBLE
ISOLATION RECORDER

STAGE O

MODIFIED

2oM
CONVERTER

COMM.
RECEIVER
Fig. 1—Proposed equipment arrangement for recording
panoramic reception of Oscar Ill.

Doppler shift wil be much smaller than the total
sweep, it will he necessary to *‘blow up’ that por-
tion of the sweep by adjusting the horizontal gain
and positioning to facilitate meusurcment.

By using another receiver along with the sweeping
receiver you can go about normal reception while
recording the entire transmitted band. The two
receivers should have different first i.f.8 in order to
avoid generation of beats by the h.f. oscillators.
The muin interference problem would be # possible
buzz caused by the loading as the sweeping receiver
passes through the frequency to which the communi-
cations receiver is tuned. This could be climinated
by using a broad-band amplifier stage for isolation.

Of course, you would be unuable to determine the
cull of a station by its pip on the scope, but you will
have a panoramic view of the spectrum which you
can play back at will. — Charles Flink [T, WASBMEF

{Those who now have panoramic adapters on their
receivers need only record the audio output of the
adapter as it is applied to the vertieal plates of the
aduapter scope. The tape can then be played back on
a regulur oscilloscope. — Kditor.)

SLOW-SCAN VIA OSCAR III

oN Miler, WONTP, Wuldron, Indiana, plans
L to transmit a picture on 1411 Mec. using the
Macdonald slow-scan system (QNT, January and
February, 1961) to Oscar III during its passages in
his vicinity. When processed by the translator, this
will come out us 145.9 Me. The runge over which the
signal might be heard will depend on 4 number of
factors discussed in August 1964 @NT' (Orr, ** Using
the Oscar TII Communication Satellite'). The
slow-scan signal cau be taken out of the audio jack
of the receiver and recorded on tupe with any equip-
ment capable of responding to modulation frequen-
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cies up to 2500 c.p.s. WINTP will appreciate
receiving tupes from anvone who picks up the
signal, and will decode themm on his reproducing
equipment. Circuits for making your own reproduc-
tions were described in March 1964 QST (Mac-
donald, *A Compact Slow-Scan TV Monitor').

WONTP plans to transmit Oscar IIT tracking
information for the [udianapolis arew on 147.3 Me.
f.m. Amatewrs iu other sections who cxpect to be
within range of the Oscar-relayed transmissions can
usc the prediction method given clsewhere in this
issue.

QST for
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The “Telematch”

Full-Power Transmitter Tuning Without QRM

BY BYRON GOODMAN,* W1DX, AND WALTER LANGE,* W1YDS

“Telematch” isn’t “matching at a
distance'’ as the name suggests; it is
“tell-a-match’’, a method for correctly
tuning your antenna and loading your
transmitter, at full power, without
causing undue QRM. The article also
describes how to build a low cross-talk
coaxial switch from readily available
parts.

T is well known that most amateurs arc noble
souls who never tune up their transmitters at
full power in uny of the bands. What is not quite
su well known is how the blazes they avoid it! All
of the avuiluble publications (including ARRL)
suggest the use of a dummy load for testing, but
none of them tell how to transfer the delicate ad-
justments acquired with the dummy load to the
transmitter-antenna connection without a full-
power signal being transmitted on the uir. The
“Telematch” principle to be described enables
one to correctly load his transmitter while it is
running at full power, without sending out more
than a fraction of & watt on the air. While it is
readily udmitted that a fraction of a watt can at
times cnuse serious QRM, it has been established
that. all other things being equul, & fraction of a
watt will never cause us much QRM as 700 watts.
So at leust Telematch is 1 step in the right direc-
tion.

The umateur stations the Teclematch is ad-
dressed to urc those currently using an antenna
tuning unit (*“Lransmateh’”, commercial *Match
Box", ur what you will). This tuning unit is used
to present @ 50- or 75-ohm load to the truns-
mitter proper, a8 indicated by a Micromatch or
Monimateh or other indicator that operates ut
full transmitter power. We have nothing to otfer
the other type of station, the one that omits a
tuning unit for any of several unvalid reasons.

The basic idea behind Telematch is shown in
Fig. 1. Normally, with Sy set at NoraraL, the trans-
mitter output runs to the antennu via the antenna
tuning unit. When S} is flipped to the rung posi-
tion, the dummy load is connected to the trans-
mitter and the input side of the antenna tuning
unit is connected to a sensitive s.w.r. bridge. A
small portion of the transmitter output is used to
chieck the s.w.r. looking into the antenna tuning
unit. The level for the s.w.r. bridge is adjustuble,
so that the sume Telematch can be used over a
wide range of power levels. The transmitter is
tuned for normal operution into the dummy load.
The antenna tuning unit is adjusted for zero re-

+ ARRL T'echnical Departinent
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flected energy (1.0s8.w.r.) at the same time. When
S is returned to NORMAL, the transmitter is cor-
rectly loaded, and all current readings und eapa-
citor settings will be the same as they would be if
transmitter had been tuned on the wir at full power.

How cun one be sure? What about the dummy
load? Maybe it isn't perfect.

The dummy load doesn't have to be perfect:
any reusonable one will do. The important thing
is to match the s.w.r. bridge to the dummy load.
In other words, cach Telematch is custom-tail-
ored to a particular dummy load. Then when the
antenna tuning unit is set for minimum s.w.r.,
it pregents the same load to the transmitter that
the dummy load did.

The s.w.r. bridge is a simple resistance bridge
that huas heen in the Handhook for years. It is a
low-level device, which is why it has not been
used as widely as the more rugged Monimatch or
Micromatch. However, in the Telemutch appli-
cation it is a natural.

Growing Pains

We had great hopes for using a simple commer-
cial switch in the Telematch, and the first model
wus built with a regular rotary ceramic switch.
The unit showed promise but it was not good
enough by critical stundards. The fault was traced
to r.f. “‘getting in the buck door™ of the s.w.r.
bridge, so that a composite balunce instead of a
true balance wus being obtained. A four-pole com-
mercial-switch version was built, with the two
extra poles employed to ground the connecting
link. Once again we got close to the ubjective but
there was still evidence of a composite bulance.

] DUMMY
LOAD
3 TUNE
TRANS- o ANTENNA
MITTER NORMAL - TUNING
, SiB
SWR. I

<,
LEVELS BRIDGE

7

Fig. 1 —Basic principle of the Telematch. The transmitter is

tuned up with a 50-ohm dummy load. A small fraction of

the transmitter output is used to adjust the antenna tuning

unit, using the sensitive s.w.r. bridge as an indicator. The

s.w.r. bridge shows s.w.r. == 1.0 when the antenna tuning
unit presents a 50-ohm load.

Reconciled to the conclusion that the switch
would have to be built from scratch. we cast
around for suituble contact muterinls. Some test
clips made by (irayhill looked like they might do
the trick. A letter to the company was answered
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Fig. 2—Practical circvit diagram of the Telematch. Resistors are 1-watt composition unless specificd otherwise.

C1—1000-pf. feedthrough (Centralab FT-1000),

CR1—TN34A or equivalent,

J1-Js—S50-239 coaxial receptacle.

J7, Jx—Phono jack.

M;—0-200 microammeter (Triplett Model 327).

Pi, P2—M-359 90-degree adapter, connected by Dow-
Key DK60-P connector.

Ps—PL-259 plug with UG-175 /U reducing adcpter.

with the information thut a larger clip, the No.
2-60, wag available and might be suitable for our
purposes. 1t was indeed, und since Grayhill clips
are stocked by many of the larger mail-order
houses, the most scrivus objection to the home
construction of a switch was overcome,

P4, Ps—Phono plug.

Ri—Not required for powers below 100 watts. Above that,
approximately ten times the power pius 1000. E.g.;
for 500 watts, Ri = 10 X 500 4 1000 = 6000
ohms, One-watt below 5K; 2 watts above 5K.

R:—5000-0hm 2-wattcomposition, linear (Ohmite CU5021).

Ri—Approximately equal to line impedance. See text.

Si—Homemade switch, See text.

Construction

The several photographs tell much of the story
of the construction. Three 4 X 4 X 2-inch alu-
minum utility boxes (Bud AU-1083) and one
234 W 214 X 54-inch “Minibox” (Bud C'U-
3 llnl \) prowde the housings and shielding. The
gwitch rotors ure made from
knobs {Johnson 116-262) thut
have their }j-inch holes drilled
through. Segments of brass cut
from dial scales are bolted to the
knnbs L The control shatt, which

! The brass used for tho switch shnwn
fiere came from the Johnson knobs,
which c¢ame from laboratory stock.
Currently the Johnson scales are muade
from aluminum. If the older knobs can-
not be found, sheet hrass about 0,023
inch thick should be used.

Removing the front cover of the Tele-
match shows one section of the home-
made switch. The ceramic insulators
serve as stops for the switch, in the
absence of a detent mechanism,
Coaxial line (RG-58/U) runs from
R2 (upper right) through meter box
and out back to s.w.r. bridge (see
another photograph). Brass for the
switch is part of the original dial. For
smooth operation of the switch, the
entering edge should be chamfered
with a fine file.

QST for
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Rear view of the Telematch with covers removed. Shaft bushing on extension shaft has been reversed to permit assembly.

In the s.w.r. bridge, the three resistors lie close to the metal. The 1N34A diode can be seen adjacent to the 0.01-uf.
disk ceramic (edgewise in this view). D.c. is fed through two thicknesses of aluminum via feedthrough capacitor.

extends through two utility boxes, must be flutted
with u file for the knob set screws: it was found
impossible to prevent the knobs turning on the
shaft if this wasn't done. The shaft is a Johnson
115-256-2 with panel beuring reversed; two
115-255 beurings are ulso used.

lach switch contact is made from u Cirayhill
260 clip soldered to an S0-2:39 couxiul recepticle,
Before suldering, a small tab on the clip should be
removed (twisted off with long-nosed pliers), and
the nickel plating should be scraped off where the
clip is to be soldered. A 4-40 screw and two nuts
are used to adjust the gap of the elip and to pro-
vide a pressure adjustment (see photograph ). The
clip is soldered to the receptable with the switch
rotor material in place, to serve as a soldering jig.

The important thing in the s.w.r. bridge is
that it show no reflected energy at maximum sen-
sitivity when connected to the dummy load. This
is something we cun't tell anyone how to do in-
fallibly; we can only report our own tindings. We
used two dummy loads in our experiments,
Heath IIN-312 and a (Gentec,* and the one s.w.r.
bridge sufficed for both without moditicution.
However, the leads in the bridge had to be dressed
close to the vase before satistactory results were
obtained. [t is quite possible that other treatment
would be reguired with other loads und other

2 ¢ New Appuratus”, July 1962 QST.
3 * Recent liquipment’’, August 1964 QST

Detail of the switch-contact assembly. The Grayhill clip is
modified (see text) and the compression adjustment added.

hridge resistors. The two 47-ohm resistors across
the input (Fig. 2) should be of etqqual d.c. value,
but not necessarily exactly 47 ohms. The other
resistor, /3 must match the nominal impedance
of the dummy load. The Telematch will only be
us good as the s.w.r. bridge, so time spent in in-
proving the bridge is time well spent.

Initially 72 should be set close to the ground
end. It can be advanced to maximum sensitivity
when the dummy load is switched in and the an-
tenna tuning unit is close to correct.

Fxperience will show the setting that can be
used during normal operation (transmitter coupled
to antenna) without pinning the meter. [@5F—

Clip is soldered to connector after switch is assembled, so

that proper alignment is obtained,

February 1965
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Begmnexs

The Whys of Transmission Lines

Part IT — Standing-Wave Ratio and Line Losses

BY GEORGE GRAMMER*,

0T have seen, in Part I,! that the power
Y put into # matched line nearly all gets to
the load at the output end. A small amount
is used up by the losses in the line itself; this is
converted into heat. We are assuming here, of
course, that the line conductors ure so close
together that there is no radiation becuuse of
incomplete cancellation of the fields. If the
spacing between the conductors is of the order of
1/100 wavelength this is a good assumption, pro-
viding the currents and voltages in the line are
balanced. Line balance means thut the current
and voltage in one wire are exactly duplicated in
the other, except for reversed polarity.

But what if the load connected to the far end
of the line does not exuctly match the line's
characteristic impedance? A case like this falls
somewhere between the perfectly-matched con-
dition and the extremes of the open- and short-
circuited lines. Some of the power reaching the far
end of the line is absorbed by the load, but some
of it ulso bounces back toward the input end. A
mismatch is said to exist when the load resist-
ance isn't the sume ag the line's characteristic
impedance. The worse the mismatch, the greater
the proportion of power retlected back.

Losses

The principal effect here, ut least in trans-
mitting, is that the line uses up u little of the
power on both the outgoing and return trips.
Aside from this, the power thut is retlected from
the load is by no meuns *‘lost”. It's like the
change you get when you pay for a 69-cent item
by handing the clerk a dollar bill. The money
returned goes back in your pocket. The retlected
power on a transmission line, too, is unused: it
simply subtracts from the power the transmitter
put into the line, und the power iuput to the final
stuge is correspondingly reduced.

Kven though some of the power is handed
back to the generator (the transmitter) we can
still put the full output of the transmitter into
the antenna. This is simply a matter of the
coupling between the transmitter and line. The
coupling that would deliver the transmitter's
nut,put to & matched line won't do it if the line
isn't matched. But by changing the coupling as

* ’I‘w‘hmcal Director, ARRL.
t *The Whys of Transmission Lines’’, Part I, ¢S7', Jan-~
nary, 1965.
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required, the transmitter can be loaded just
as well. A little less power will reach the load
than would get there if the load matched the
line properly, because of the extra line loss. But
the difference on this account is too small to
cause any worry, if a low-loss line is used. I'ven
with lines which, when matched, have fairly
high losscs, the erira loss caused by mismatching
isn't much if you aren’t mismatched by a factor
of more than 3 or so.

On a perfectly-matched line there are no
standing waves because no power is reHected
from the load end. )n open- or short-circuited
lines there are large standing wuves. Along such
lines the voltage and current go to zero, or very
close to it, at the nodes.

When 2 line is mismatched, but not open- or
short-circuited, there are standing waves be-
cause some of the power is reflected. But only
some of it. The retlected voltage and current
can’t completely balance out the incident voltage
and current (the voltage and current traveling
to the load) at the nodal points unless there is
just as much coming buack as is going out.
Since this is not the case, there are no points of
zero voltage and current along the line. Instead,
there will be points of minzmwm current and
points of minimum voltage. Likewise, there will
be points where the voltage and current will be
maximum.

Standing Waves on Mismatched Lines

If we went along a mismatched line measuring
the amplitudes of the current and voltage, with-
out paying any attention to polarity, we would
find that both vary along the line. Fig. 1 is typical
of what might be measured. The points of maxi-
mum and minimum are still one-quarter wave-
length apart, us in the cuses discussed before.
The ratio of the current at 5, a maximum point,
to the current at .4, 4 minimum point, is called
the standing-wave ratio. Measurement of the
maximum and minimum voltages would give the
same ratio as neasurement of current.

Lf very little power is retlected from the load
-—i.e., the line is nearly matched — there is rela-
tively little variation in the current and voltage
along the line, so the standing-wave ratio —
usually abbreviated to s.w.r.-—is low. The
greater the mismatch the greuter the retlected
power and the larger the s.w.r.

QST for




S.W.R. and the Load

It happens that the stunding-wave ratio can
be meusured more readily than the current or
voltage, or even the load resistance. So it is
customary to measure the s.w.r. in order to find
out whether the line is matched. There is o very
gimple relutionship between load resistunce, the
charucteristic impedance of the line, and the
8.W.I.:

g B

S.W.E. 7 or B
where R stands for the load resistunce and Zg
stands for the line's characteristic impeduance.
The reason for the choice in this formula is that
it is customury to put the larger number on top,
s0 that the s.w.r. is expressed us, for example,
5 to I, rather than 1 to 5.

Actually, you don’t nced to know K at ull in
naking most adjustments of load resistance. If
you're shooting for no reflected power — that is,
an s.w.r. of 1 to 1, meaning that the maximum
and minimum values are the saine — you adjust
for the smallest possible s.w.r. When you have it
you know you're right.

Fig. 1 shows the voltage high and the current
low at the load. It could be the opposite. The
drawing is for the case where the load resistance
is larger than Zy. The reverse would be true for a
load resistunce smaller than Zy. The tirst case
approaches the open-circuited line us K is made
larger, and the second approuaches the short-
circuited line us f¢ is made smaller.

With a mismatched load resistance, as in the
cuses discussed earlier, the generator sces » pure
resistunce when the line is sume multiple of a
yuarter wave in length. Thus this same length
indicates resonunce. At all other lengths the
gencrator will see reasctance ulong with resist-
ance. Table 1 in Part I can be used to find the
kind of reactaunce, if the short-circuited column
is used for loads less thun Z, and the upen-circuit
column is used for loads greater thaun Zy,.

Resistance Only
Iinally, & warning: To avoid confusing you
with a lot of gualifications, in what wus said
above we huve omitted one very important point.

The load has to be a pure resistance if any of this s
to be true.

Mostly, you will be working with loads that
are “pure,’” or nearly so. You can’t get an s.w.r.
of 1 to I unless the load is a pure resistance; any
reactance in it throws the whole thing off. So if
you've been able to get the s.wr. to 1 to 1 or
close to it, you cun take it for granted that the
line behavior will be as described.

Practical Lines

Quite a few varicties of manufactured trans-
mission lines are available. The ones that are of
interest to amateurs are usually in stock at radio
supply stores, since they ure ulso used for tele-
vision receivers. There are two general types.
One is the parallel-conductor type we used for
purposes of discussion in Part I. The other is the
coaxial line. This also has two conductors, but
vne of themn is a tube and the other is a wire
centered in it.

T'he coaxial line, fumiliarly known as “coax”
(pronounced with two sylubles), obeys the saine
laws as the parallel-conductor line. All we have
said so fur applies to both types of line. However,
the coux line has some distinctive features. The
current is carried by the inner conductor and the
inside surface of the tubular outer couductor.
The outside surface is “cold” for r.f.. if the line is
properly used. In other words, the uctive part of
the line is shiclded from outside influences. This
means, too, that there can be no radistion from
the inside of the line.

Substantially all couxiul line in use by amnuteurs
iy the tlexible type having a bruided-wire tube
for the outer conductor. Multistrund wire is
often used for the inner conductor, although in
some small-dismeter lines a solid wire can be
used without aticcting the flexing. The insulation
between the two cvonductors is a Hexible solid
plastic — polyethylene.

Velocity Factor

The presence of this solid insulution does two
things: 1t increuses the power loss, us compared
with air insulation, and it reduces the speed at
which power can go through the line. This me:ins
that the wavelength in coax cable is shorter, for
the same frequency, than in air. The formula for

LOAD - NOT
MATCHED
- TO LINE
Fig. 1—The standing-wave
ratio is the ratio of the current
VOLTAGE amplitude at B to that at A, or
of the voltage amplitude at
~~~<._CURRENT A to that at B.
< T
A
I\
| z A
l /4 /4 |
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Table I
Transmission Lines

Ctharacterintic Matched Loss in Db, per 100 Feet
Type Description Imprdance, Velority
Ohans, tactor | 8.5 Me. | 7 Mec. | 14 Mc.| 21 Me. | 28 Mc.| 60 Me. | 144 Mec.
RG-58/U Small coaxial 53.5 0.66 0.68 1.0 1.5 [R] 2.8 3.1 5.7
RG-5%/U Small coaxial 73 0.66 0.64 0.9 £.3 1.6 1.8 2.4 4.2
Medium
RG-8/U coaxial 52 0,66 0.3 0.45| 0.66 0.83 0.u8 1.35 2.5
TV Twin Parallel-cond.,
Line, Stand- | sulid insulation
ard 300 0.82 0.18 0.28 0.41 0.52 0.6 0.85 1.55
TV Ladder | Parallel-cond.
Line, l-in. air-insulated
spacing with spacera 450 * * * ¥ * { o+ * *

* Not known. Velocity factor approx. U5 per cent. Losses very low in comparison with solid-insulation types.

wavelength given eurlier hus to be modified by
4 correction factor, culled the velocity factor, on
this account. For polyethylene-insulated solid-
dielectric coax the velocity factor is 0.66. A line
one-half wavelength long at 7.1 Me.. for example.
would be 0.66 times 69.4 feet (a half wavelength
in space), or 456.8 feet. long.

Line Losses

Lf we should divide « line into sections of equal
length and measure the power going in and
coming out of each, we should find thut there is
the same percentage loss in euch section. Suppose
that 100 watts goes into the first section and 10
per cent of it is dissipated in heat in that section.
Then 90 watts comes out to o into the second
section. In the sccond section 10 per cent repre-
sents Y watts, so now we have 81 watts left to go
into the third section. This section loses 8.1 watts,
and so on. This sort of power change is exactly
what the decibel represents so nicely, su we cun
express line loss a8 so many decibels per unit
length. The custom is to give the loss in decibels
per 100 feet of line.

The loss becomes greater us we go higher in
frequency. Losses in db. per 100 feet for the lines
most used by amateurs are given in Table I.
These losses ure for lines that ure properly
matched by the load. If there is & inismatch the
loss will be higher. However, us we said carlier,

the additional loss isu’t usually serious unless the
mismatch is 3 to | — that is, an s.w.r. of 3 to 1
——or more. ISven then it is not considerable un-
less the line has high loss when matched.

Parallel-Conductor Line

‘I’he most common type of parallel conductor
line is TV lead-in, consisting of two wires sepu-
rated by a web of polyethylene upproximately
3¢ inch wide. It is sold under several trade names,
and has a characteristic impedance of sabout 300
ohms. As shown by Table [, its losscs ure lower
than ihe losses in coux. This is true of good-
quality line, which you can be sure of getting
only when yvou buy a well-known brand. Some of
the “bargain’ unbranded line i8 very poor, so it
is best to steer elear of it.

The lowest-loss line availuble is the Iadder
type, consisting of parallel wires separated about
an inch. The wires are held apart by small rods of
polyethyviene ut intervals of o few inches. Thus
most, of the insulation is air, which hus negligible
loss.

There are muany other types of line, both co-
axial and parallel-wire, than those listed. Some
have different c¢haracteristic impedances, and a
few varieties have lower losses or greater power-
handling ability. However, the types mentioned
are easy to get, and ure satisfactory for most ama-
teur installations of medium power.  [QE

‘- Strays "L,

The Oldsmobile people have donated
more than 33,000 free cards for mem-
bers of the Central Michigan Amateur
Radio Club {Lansing), some of whose
officers are pictured here,

Left to right are K8ZNP, W8BQD,
WBWWT, WS8FSZ, W8VPC and

K8BGZ.
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-,, Hints ==« Kinks

For the Experimente

V.L.F. CONVERTER WITH UNTUNED
INPUT

TuE problem of ubtaining coils for use in v.1.f.
AL reception ¢an he solved by not using any in-
ductance whatsoever in the input circuit! Sur-
prisingly good results cun be obtained from the
simple converter described by K1PNK in * Hints
and Kinks,” March 1963 S7, with the input
coil omitted and with a 0.01-uf. capacitor from
antenna to ground acting as a sort of low-pass
tilter. The modified cirenit is shown in Fig. 1.

Since the v.Lf. spectrum is repeated on both
the high- und low-frequency sides of the crystal
frequency, stations strong enough to ciuse
direct feedthrough cun often be eliminated as a
source of interference by tuning the receiver to
the opposite side of zero heat. The 3-Me. crystal
shown in Iig. 1 is a good choice from the stand-
point of feedthrough because not too muny
high-powered signals are present in that portion
of the spectrum. As with most transistor circuits,
best performance is obtained when the alpha
cutoft frequency of the transistor is several times
the crystal frequency. Intermodulation, due to
overloading of the receiver by the converter
oscillator, can be minimized by keeping the sup-
ply voltage to the latter as low ns possible.
congistent with reliable oseillation.

With an antenna of about 10 feet in length,
NAA pushes my HQ-129’s S meter past “89."”
British GBR on 16 ke. is received weakly but
consistently, as is WWVIL on 20 ke. At higher
frequencies, the input ecupacitor attenuantes
signals somewhat, but performance remains ad-
equate at 500ke. —— Cljifford J. Bader, WSNNL

9 -3 T0O 6 VOLTS +

.01 uf. DISC

ANT.
2N247

Fig. 1—Diagram of the untuned v.l.f. converter. The resistor
is Y2 watt. Transistor Q2 can be most any high-frequency
p-n-p transistor.

COMPACT COIL FORMS

|' NEXIENSIVE double-slug TV-type i.f. coil forms
L may be halved to provide single-slug forms for
compact construction.— Bela V. Foldesy, M6 H('L
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Fig, 2—Crystal test oscillator. Unless specified otherwise,
capacitance is in pf., resistors are 2 watt,
Si is an s.p.s.t. toggle switch.

CRYSTAL TEST OSCILLATOR

rTHE ¢ircuit shown in Fig. 2 was circulated
Laumong MARS members recently. It will oseil-
late with any good erystal having a fundamental
frequency between 3 und 20 Me. No tuning is
necessary. The output is sufficient to be heard
in a receiver or to be measured with a frequency
meter.

The transistor, )y, shown in Fig. 2 is very
inexpensive. (ther p-n-p types may be used.
such as the 2N1178 through 2N1180, or the
2N1742. The transistor may be wired in the unit
or mounted in a socket. If u socket is used. the
device can also he used to check the oscillating
ability of different transistors.

The 9-volt battery, 87, is the type made for
pocket transistor radios. For the best stability,
all of the capacitors. except the 0.01 pf., should
be silver micas.

During testing, overtone crystals will oscil-
lute on their fundamental. This will be about
13 the marked frequency for crystals up to 50
or 60 Me., and 4 that of the marked frequency
for crystals marked above 60 Me.

With a little care, the purts for this unit can
he mounted on a 1!7 X 2-inch piece of elee-
tronic pegboard, such as the Vector Terminal
Board type 32A A9, and the whole works squeezed
into a Bud CU-3016-A (411 X 271 X L!4-inch)
Minibox. -— William L. Smith, WWSGKP

ANOTHER USE FOR OCTAL TUBE
SOCKETS

EN breadboarding transistorized circuits,

mount the transistor through the center hole

in an octal socket und use the pin connections on

the socket for tie points. In fact, this arrange-

ment. makes for a good permanent mount for
transistors in the finished produet!

— Peter A. Franke, K2LTC
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What ARRL Means to Me

BY KERMIT A. SLOBB,* WOYMZ

During its 50th anniversary year of 1961,
the League conducted a Golden Anni-
versury lissuy Contest on the subject
which titles this article. WOYMZ’s entry
won second place —a desk pen trophy
und a cash award. In subsequent issues
ST will publish the other winning
eSSy S.

convention is. . . what does the ARRL
meun to vou? Let's ask this man right here.
Sir? Have you heard the question?"”’

*“The ARRL means nothing to me. I'm a e.w.
man and the ARRL devotes entirely too much
time in (ST to phone.”

“The ARRL meuns nothing to me. [ am a
phone man, and the ARRL takes up too much
space in their magazine QS7' talking about
single sideband.”

“And you, sir?"”

“The ARRL means nothing to e, either. I'm
o sidebander, und the ARRL does entirely too
much yakking about radioteletype."

“The ARRL? Radioteletype is what 1 love,
and you should read that S7'. . . nothing but
ads!”

*“Don’t ask my opinion of the A-double-R-L.
All T ask from a maguzine is lots of advertise-
ments 80 I can keep up with the new gear. And
what do I get? (ontests!”

“ARRLY? Don't believe in 'em. My forte in
amateur radio is contests. 1 love ‘em. . . OM-YL,
Sweepstakes, you name ‘em. But ull that QST is
filled with is news about the FCC.”

‘“Are you asking me what the ARRL means to
me? Well, buddy, I'll tell you. All I ask of an
organization is to keep me posted on the rules
and regulations of the FCC, and this ARRL
does nothing but fill its magazine with junk about
building new equipment!”

“In answer to your yuery, my greatest thrill
in amuateur radio is the joy of building, the smell
of u hot soldering iron, the snip of sidecutters
through new wire. The ARRL huas absolutely
nothing in (ST about building, only those long
lists of DX hounds.”

“The ARRL did you say? Nothing. I love DX,
"% 1605 Oakwood Rd., Northibrook, LUl 60062

THE question at this national amateur radio

WOYMZ (center) receives an engraved desk pen set, in
recognition of his winning second place in the essay con-
test, from Central Division Director Philip Haller, W9HPG.
The presentation was made at the 1964 meeting of
W9DXCC whose chairman, Steve
Hritsko, W9SFR, is at left.
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chasing those rare ones is my specialty, and QST
is filled every month with garf about v.h.f. Who
wants to work next door?"

“I'd be glad to comment on the ARRL. In my
opinion, they spend entirely too much time in
their maguazine tulking about what happened
fifty years ago. V.h.f. . two meters. . that's my
dish!”

“What does ARRL mean to me? Iforget it,
Mac. With my two-letter call on this lupel pin
you can see I'm an old-timer, and [ like what
QST says about the good old days. But they tuke
up too much spuce plugging them dad-ratted
beginners and novices. Don’t they?”

“(ice. 1 don't know much about ARRL. I'm a
novice and everything in (ST is great. lixcept all
that talk about high-priced equipment.”’

“ARRL? Atrocious! I have u full-time man
servicing the tens of thousunds of dollurs worth
of equipment in my rotating ham shack and
(ST magazine ignores me and prints columns and
columns about YLs.”

“My husbund says I shouldn't be quoted. but
I do think the magazine from cover to cover is
nothing but propaganda abont their organiza-
tion. Sce!”

“Well, I'm a Section (ommunications Man-
ager now, aud I would like to run for director.
My group spends entirely too much time on
messages and traffic.”

“Me, I'm a tratfic man, carned over a hundred
BPL certificates in the past five years alone, but
my complaint is about all that time devoted to
QSLs.”

“My entire time is devoted to handling QSL
cards for the eleventh district, so I haven't much
time for other aspects of amateur radio. And my
only complaint is about the tremendous amount
of space wuasted on mobile gear in QST.”

“Mobile is the greatest. . . it's those guys
with all their tulk about emergency communi-
cations that bug me."”

(Continued on page 136)

QST for



Operating the Teleprinter

Codes, Speeds, Keyboards and Loop Circuits

BY IRVIN M. HOFF,* K8DKC

This second article of a series on RTTY
by K8DKC describes the signal generated
by the Teletype machine and used by it
in printing the received message, and
tells how to hook up a “*local loop’ for
giving the machine a workout without
radio connections. It also discusses key-
board arrangements and other features
of different models of teleprinters. The
next article will take up the receiving
demodulator.

Teletype Codes

In order to transmit iuformation electrically,
codes have been devised to convert the alphabet
into electrical pulses. Around 1832, Morse pro-
posed the code that has since been known simply
as “Morse Code.” It involved dots and dashes
which were obtained by holding a key down
and releasing it. This is called a ‘“binary”
(meaning two states) code. The Teletype codes
that we are concerned with ulso are binary.

Kither of two systems can be used: (1) *Neu-
tral” keying, where there is current in the line
with the key down und no current when the
key is up; and (2) “Polar” keying, where there
is u change in the polarity of the current with
keying — during key down the current tlows in
one direction in the line and with key up the
direction is reversed, without change in the cur-
rent amplitude.

Both systems are used in the process of setting
up an amateur station. ‘e shall discuss this
aspect in greater detail later when looking at
receiving demodulators (converters) and fre-
quency-shift keyers for transmitters.

The system now known as Clontinental Morse
is based on the dot: one dash equul to the length
of 3 dots, one dot length between elements of
the sume letter, 3 dot lengths between letters of
the same word, and 7 dot lengths between words.
It has been shown! that the qwerage length of
letters is 9 dots, but the actual length ranges
from 4 dots for the letter “E” (counting the
spuce between letters) to the equivalent of 22
dots for the number 9. Such a system is culled
uan ‘“‘uneven length code.’ As one can easily
imagine, it is very difficult to construct an auto-
matic reader to work efficiently on such a vuriety
of characters.

To overcome this, the “5-unit” code was de-

#1733 West Huron River Drive, Ann Arbor, Michigan
48103.
- LY. W. Freebody, Telegraphy, published by Sir Isaac
Pitman & Sons, Ltd., London,
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vised. Five consecutive pulses in a binary system
(where uny pulse may be either “plus” or
“minus’’) give 32 possible combinations (25 =
32). Since ull pulses occupy the same length of
time, this is called an “even length’” code.

With such a code some form of timing is nec-
essary so that each of the impulses may be
properly received, identified and interpreted ut
the receiving station.? The early machines re-
quired great precision in the adjustment of the
motor speed at both ends in order to remain in
synchronization. The “sturt-stop’ system now
in use provides the necessury timing, although
recently some systems have reverted to the
synchronous method. (These systems are of little
interest to the amateurs, since the FCC rules
clearly state that a normal start-stop system
must be used.)

The fact that the 5-unit code has only 32
characters available has posed » hardship on
the alphabets of some countries, and in any
event has limited flexibility. Many other codes
are in service using more units than five. For
example, the stock ticker and the teletypesetter
machines each have their own separate 6-unit
codes. However, the FCC rules for amateurs
spell out use of a machine using the 5-unit code.

In regular teleprinter practice, a “sturt” pulse
is added in front of the 5 units of information
and a “stop” pulse is added at the end, making
a total of 7 pulses. This is called a “start-stop
S-unit code.”” For the t0-word-per-minute-speed
amateurs are allowed in this country, normal
pulses are 22 miilliseconds in duration. The stop
pulse is 31 ms., which iy 1.42 times as long as a
regular information puise. Thus we have a total
time of 163 ms. for each charucter typed, as
shown in Fig. 1. This gives u total of 7.42 pulses
per character in the American system. This has
at times been erroneously referred to as a

START 5 sTOP

12 3 a4
,_l \._._J.—ILLE

b 22 ~+22 4~ 22 ~ 22~ 22 <t 22 +t— 31 —]
MS.  MS. MS. MS. MS. MS. MS

; 163 |

! MS. -

IDLE

IDLE - MARK PULSE : CLOSED CIRCUIT
SPACE PULSE: OPEN CIRCUIT
Fig. 1 — Standard 5-unit code consists of six 22-milli-
second intervals followed by one 31 ms. long, occupying a
total time of 163 ms. The first and last intervals are "start”
and "stop"' pulses, respectively. The drawing above shows
the mark and space intervals for the letter "Y.”

?B. F. Watson, “Fundamentals of Teletypewriters,”
Bell System Technical Journal, October, 1938,
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Fig. 2—Teletype letter code as it
appears on perforated tape. Start and

w
FIGURES — 3 & 20 14 5 & z stop elements do not appear on tape.
LETTERS~ ABCOEFGHI JKLMNOP QRS T ol Elements are numbered from top to
FeED ) H bottom, and dots indicate marking
HOLES 3 eeee pulses. Numerals, punctuation signs,
a 4 and other arbitrary symbols are
g L]

secured by carriage shift.

There are no lower-case letters on a teletypewriter. Where blanks appear in the above chart in the "'FIGS” line, char-
acters may differ on different machines,

“7.41-unit"” code, It i8 not. The 7.41 is correctly
defined merely as the character interval expressed
in units of normal pulse length.

The length of the stop pulse helps to control
the euse with which the muchine stuys in correct
synchronization should s noise burst or other
interference cause it to miss a correct start pulse.
In various systems this stop pulse is of different
length. In the Western Union system, it is only
a regular 1-unit length of 22 ms. In the Inter-
national system, it is actually .50 times longer
thun normal. In certain military upplications
where special cryptographic codes are used, «
2-nit. (44 ms.) stop pulse is employed: in these
systems correct synchronization of the sending
and receiving machines is essential because if one
letter is missed, the entire transmission must
be repeated.

In speaking of the speed of the system, it
does not tell the correct story to talk only in
terms of words per minute. Instead, engineers
have introduced the term “baud.” A baud is
a unit of keying rate und the baud rate is found
by dividing the shortest pulse length into unity.

In this case, - 01)— = 45.45, usually rounded off
to 45.5 bands. This is the system required for
use by American amateurs. The Internationul
system uses pulse lengths of only 20 ms. with a
stop pulse of 30 ms. This is a * 50-baud” system
and may not be used by Americun amauteurs
under present FCC regulations.

Western Union machines also use a 45.5-baud
gystem, although their stop pulse is only 22 ms.
rather than the more usuul 31.

Printing Speeds
Fig. 1 shows the construction of a typical char-

acter. You will note the stop pulse is 31 ms.
long, so this system uses a total time of 163 ms.
to complete a character. If we divide one char-
acter's time into one minute we get the total
number of characters possible in that minute.
Since there ure 60) seconds in one minute,

80 368 characters per minut
—-— = 368 charac nute.
0.163 P

This is more often ealled “368 o.p.m.” (for

“uper:tions per minute ).
tne word is usuully thought of as 5 letters
plus one space, to total 6 characters. Thus
368
6
This s normully rounded off to he ecalled a
*60 w.p.m.” machine.

Table [ lists vurious speeds used throughout
the world. You will notice thut all speeds use
the standard 5-unit code. Although the Inter-
nutional machines go 66.6 w.p.m. they are not
cotuputible with the American Western Inion
machines which go 65 w.p.m. The normal
61.3-w.p.m. machines are, since they both use
45.5 bauds.

With a 60-w.p.m. machine all characters are
sent at the rate of 6U w.p.m., but the actual trans-
mission speed achieved depends on the typing
speed of the operutor, when using the keybourd
direct. With punched-tape transuission it is pos-
sible to operate at the normal speed continuously.

Since this is a start-stop system, the actual
shaft speed of the motor is fuster than the 368
o.p.m. In fact, with the I-unit stop pulse used
by Western Union, one gets 390 o.p.m. The shaft
speed actuully is made greater than that figure
to ullow for correct synchronization.

= 61.3 w.p.m.

Table I
Some of the Teleprinter Speeds in Current Use
Siynal Unit ) Character
W.P.M. Bauds Length Code Stop Pulse O.P.M. Interval
85 45.5 5 1.0 (22 ms.) 3003 7.0
62.5 45.5 5 (.27 (28 ms.) 375 7.27
61.3 45.5 ) 1.42 (31 ms) 3681 742
57.2 15.5 5 1.96 (43 ms.) 3424 7.96
66.6 500 5 1.5 (30 ms.) 4007 7.5
82.5 50.0 &5 2.0 (40 ms.) a75 3.0
75 56.9 5 1.42 (25 ms.) 460 7.42
100 7+.2 o 1.42 (1Y ms.) 600 7.42

L Standard American system used by amateurs.
2 Standard International system.

3 Standard Western Union avstemn in U.S.A. L
* (iften used by U.S. government agencies for crypto transmissions,

(Editor's Note: In some instances the figures above are uiathematically inconsistent to a minor degree. The author assures
us, howes er, that they are the ones actually used in the industry).
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Motors

There are two types of motors avuilable: syn-
chronous for regular 60-cyvcle 115-volt house
circuits, and governor motors which may be set
independently of the incoming a.c. frequency —
and, in fact, run from 115 volts if nceded. These
latter motors are set by use of a special K7.6-
«.p.s. tuning fork, and are to be avoided since
one must obtain the fork, make periodic checks
for speed accuracy, put up with replacement of
carbon brushes, aceept the r.f. interference —
which invariably destroys weuk incoming signals
-—und put up with frequent neurby television
interference caused by the brushes arcing.

With either type of motor, gears are used to
turn the shaft of the printer and keyboard ut
420.5 r.p.m. This is correctly synchronized down
to the 368 o.p.m. by clutches. Thus very accu-
rate speed control is maintuained with the send-
ing station.

Synchronous motors arc obtuinable for wround
$10 used, but since they run at 1800 r.p.m. and
the governor motors run at 2100 r.p.m., different,
gears must be used when replacing a governor
motor. When buying any Teletype equipment,
attempt to lenrn whether it hus a synchronous
motor. Nevertheless, if the price is low enough,
cven equipment with governor motors obviously
would be worthwhile for purchase.

How the Keyboard Works

When you hit a letter on a regular typewriter
no electrical pulses urc generated — the letter
struck is directly connected to the type buar
which then strikes the paper. On a teleprinter
it Joesn't work this way. It may be difficult at
first to realize that the printer and keybourd
are actually two entirely separate devices vper-
ated from a comumon motor. The two wires
coming from the ‘‘keyboard distributor” (de-
vice generating the appropriate clectrical pulses)
can be hoovked in the sume circuit us the actuat-
ing magnets on the printer, in which cuse the
combination operates much like a normal type-
writer. However, this nced not be. For example,
you can keep the printer on an incoming signal
und concurrently use the keyboard on u different
cireuit to operate a tape punch. This feuture is
one of the most difficult for a newcomer to
ussimilate, us ut first it seems quite impossible
that one could use the keyboard for other pur-
poses while the printer is running from an
incoming signal!

We already stuted that in & 5-unit system it
is possible to have ouly 32 characters. As there
are 26 letters in the alphabet, this leaves only 6
more that can be used. Or so it would appear.
Since there are more numbers than 6, something
had to be done.

As a result, we “‘shift” into upper case for
many of these remuining functions, such ag
numbers and all punctuation. A newcomer's
typical reaction is thut it seems strange you
can't get at least & period or comma without ull
this extra work. This is readily explained by the
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Table II — Various Keyboards
Upprr Case
American Bell

Lower | Communi- Wextern cCIT Sustems

Case ~alions [Tninn No. 2 (TWX)
A - - - -
B ? ? ? g
(o : : : 5
D $ £ Note 4 B
E 3 3 B 3
10 1 Note 1 L
(8] & & Note 1 &
H # i Note 1 P
I 8 8 S &
J ’ Bell Bell ’
i ( ( ( 15
I ) ) ) ¥
N . . . .
N , ) ) 7%
O 9 9 4 9
P [/] 0 [/ 0
Q 1 1 1 1
R 4 4 4 +
S Bell * ' Bell
T 3 5 5 by
u 7 7 7 7
v 3 ; = &5
\% P 2 2 2
X / / / /
Y [ 6 6 6
4 » ’ + I
('urringe Return (Note 2)
Line Ifeed (Note 2)
Letters (Note 3)
Figures
Space
Blank

1 Avuilable 28 wished by each government.

2 For page priuters.

* Also used for erasure of errors.

4 T'o operate the answer-back unit.

kevbourd arrangement:
26 keys for the letters in the alphabet
1 key for spuce between words
1 key for carriage return
1 key for line feed
1 key for up-shift (** Figures™ key)
1 key for down-shift (““Letters” key)
1 blank key (seldom used)
totul 32 keys.

And that is why all punctuustion must be done
after up-shift to the “Iigures” position. Unlike
a normal typewriter, where you merely let go of
the shift when you are finished, you must tell
the teleprinter to come back down. The * Letters”
key provides this information. (The * [Lctters”
key is also used to remove mistakes when cutting
taupe. More on that luater.)

Types of Keyboards

In the United Statcs we use four busic key-
board configurations. Tn each, the identical
placcment is used for lowcr-case letters. Only
the upper-case (“Iigures') symbols ure varied.
The four are:

1) Bell Systein business keyboard. This system
is used by most business firms, and is quickly
identified by having fractions such us Lo, 47, ete.,
over certain keys. Many of the machines made
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Figs 3 — Communications-
type keyboard. The key-
board resembles that for a
regular typewriter, but has
O only three rows instead

of four.

available to amateurs have this type of key-
hoard. Conversion to c¢ommunications type is
possible.

23 Weather type. Many of the upper-case sym-
bols pertain to cloud coverage, wind direction,
and other specialized syinbols. Again, these can
be converted to communications type.

&) Western Union. This keyboard fairly closely
approximates the American communications
keyboard except that the bell sounds from
upper-case *J”’ rather than from upper-case
“S,” as in all Bell System machines. If you have
a machine of this nature it will also run at 65
w.p.m. (3Y0 o.p.m.).

4) Comununications type. This is the ‘“stand-
ard” amuteur keyboard and is shown in Fig. 3.

The FCC stipulates thut we should use a
keyboard conforming to CCIT No. 2 insofar us
letters, numerals and slant bar go. You cun use
anything you want for the remaining ** Figures"
case. The “‘standard” American communica-
tions keyboard shown in Fig, 3 mects this re-
quirenient.

Many machines when obtained do not have
the *“‘slunt zero” () which the FCC regulations
stipulate. Many owners of these machines use
the letter () rather than going into upper case
for regular zero, as it appears to them to be the
same and is “easier.” However, the change to
the proper symbol is not difficult.

Unshift on Space

Commercial stations frequently send groups
that include many numbers. They want to stay
in upper cas¢ throughout these number groups.
However, a machine of this type is u nuisunce to
an amateur, because if o false * Figures” symbol
is received, the machine will go into upper case
and print those symbois rather thun the letters
it should print. It will stuy this way until the
locul operator somehow gets the machine back
into lower case or else, finally, a “Letters” char-
acter comes along which accomplishes the sumne
thing,

Most Teletype machines aure equipped with a
mechanical lever which can be changed to give
“unshift on space,” 80 that cach time a space
bar is touched between words it automaticully
returns the carriage to lower case, if it happens
to be in upper. Then one would not remain acci-
dentally in upper case for more than vne word.

Wiring
There ure so many different types of machines
availuble that publishing wiring diagrams would
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be pointless, Usually a classified ad for «n in-
struction book for the particular muachine in
question will provide the information.

Many machines taken out of service huve had
the electrical wiring altered over the yeurs for
u particular subscriber. Often the machines come
with a red jack and black jack dangling from
wires ubout three feet long. The red jack is for
the printer and the black juck is for the keyboard.

However, there are only six wires thut need
interest you:

2 for the selector mugnets on the printer

2 for the keybourd contacts

2 for the motor, which are intended for 115
volts a.c.

Actuully, all electrical wiring und ull terminal
strips not connceted directly to the above six
wires can be removed. This greatly simplifies
later maintenance when nceded. However, most
amateurs just locate the necded connections and
never bother to clean out the superfluous wiring
intended for wire use on the Bell System. In
my case, I use a 2-foot picce of ““Ham-M" rotor
cuble, which is 8-conductor, huving two heavier
than the rest. I attach an octal plug to one end
with its protective cap: the two heuvy wires
attach to the motor, two others go to the selector
magnets and two more to the keyboard contacts.
This leaves. two extra for other uses, such us
remote transmitter control from the printer.
This adapter dangles from the machine a few
inches. Then extension cords having octal plugs
on them can readily be used so the muchine can
be placed ut any convenient point in the room,
and all machines are reudily interchangeuble.
Such o system may or may not uppeal to the
newcomer, but it is one example of a versatile
gystem,

Polar Relays

Polar relays were used in original land-line
cquipment as isoluting devices. Many early
amateur converters were designed to utilize the
polar relay. However, for a number of years such
relays have not been used by either the ad-
vanced amateur or most commercial operators.
Since they are mechanical they ure a constunt
source of difficulty: they are hurd to muintain
in optimum condition, being affected by temper-
ature changes asg well us by humidity, und weur.
They ulso generate high-frequency r.f. hash be-
cause of arcing at the contacts while in transit,
and require ‘‘hiag" voltages which make it
difficult to keep the relay properly balanced for
mark and space operation. The newer mercury-
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wetted types, which have only one coil (no
“biag” winding) and through capillary uction
“muake-before-brewk”, are much better, but the
writer discourages the use of any keying relays.

Mark and Space

"The earlier Morse writing machines used a
pen attached to a mechanicul arm. On dots und
dashes the pen would make a mark on the paper
in ink. Betwecen the marks would be. spaces
where the pen wrote nothing, This soon became
known as “mark” and ‘“‘space,” and we keep
the saume terminology for RTTY. “Mark” is
the condition in which the circuit to the printer
is closed and current keeps the selector magnets
vlosed. “‘Space” oceurs when this circuit is
opened monientarily and the selector magnet
releases. “Marking”’ is equivalent to *‘idle”: the
motor runs, but otherwise the machine is guiet.

$&- IN2070, etc.

1/2 AMP.

X KEYBOARD CONTACTS

X SELECTOR MAGNETS
(PARALLEL FOR 60MA.}

Fig. 4 — Local loop circuit. This can be used for checking
machine operation or typing practice. The transformer
should deliver 50-60 ma. at 125 volts
(Stancor type PA-8421 or equivalent).

The Local Loop

A “loop” is nothing more than a closed circuit
in which current circulates. A *loeal loop™ is one
in which the entire circuit and voltage source is
located in the immediate vicinity of the particu-
Jar machine. It is used for machine adjustment or
test purposes, primarily. Other “loops’ are those
for receiving and for transmitting.

Fig. 4 shows a typical locul loop. The large
dropping resistor allows high voltage to be used
initially to close the selector magnets quickly
and yet keep the muximum current in the cir-
cuit from exceeding a particular amount —
that is, 60 ma.

Selector Magnet Current

There are two identicul selector magnets.
They have about 100 ohms d.c. resistance and
may be hooked in series or in puarallel. In either
cuse, each coil should have 30 ma. current
through it — thus the choice of 30 ma. or 60 ma.
“loops.” (You will heur contlicting reports about
running 20 ma. rather than 30. Kven the Tele-
type Corporation hates to say which of these
two is correct. They prefer the 30-ma. designa-
tion but Bell Telephone has been using the 20-ma
value in certain series circuits.)

At any rate, with the magnets in parullel the
total resistunce is 50 ohms. Thus if we use 60 ma.
the voltage drop across the magnets is only 3
volts. However, becuause of the inductance of
the sclector-magnet coils such a low voltuge
would not close the selector magnets quickly
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enough. Since the ability of the machine to copy
signals which have been distorted in transmis-
sion rests on the portion of the 22-ms. pulse that
is availuble for sampling, we try to get the
selector magnets closed us quickly us possible
when a current pulse is received. To effect this,
rather high voltages are employed in the loop
vircuit. Some military circuits use up to 300
volts, but a more typical voltage is 120 volts
d.c. Voltages considerably less than this can be
used, but with some loss in protection aguinst
distorted signals.

When operation is at o fixed value of high
voltage with u current-limiting resistor, the
current can build up considersbly faster in a
parallel circuit than in a series circuit using the
same coils, because the inductance is much
smaller, This becoines particularly important
when using transistor keyers rather than vuac-
uum tubes, becausc the available voltage is
lower. The 60-ma. loops ure also better when
several muchines arc used in scries at the same
time, and nlso when the transmitter is keved
directly from u printer rather thun from a sepa-
rate keyboard,

Holding Magnets

The older machines built prior to World War
Il had “pulling” magnets, which are charac-
terized by a spring, with thumb screw adjust-
ment, connected to the armature of the magnet.
The newer types are ‘‘holding” magnets and
have no such spring. One should try to get the
*‘holding” magnets if possible, as there urce no
adjustments to be concerned with. The letter
“H” is usually stamped on the range-udjust-
ment plate, which is graduated from 0-120 points.

Range Selector

“luring  trupsmission over long distances,
telegruph signals may become distorted quite
badly; thus mark or space pulses may be con-
siderably shortened or lengthened from their
correct values. 1t is essential that the receiving
system be capable of receiving and interpreting
these signals without error. To accomplish this,
the receiving distributor is arranged so that. it is
sensitive for the reception of the selecting im-
pulse only for a very short time at the middle
of each impulse. The exact location of this sensi-
tive period is adjustable in euch receiving dis-
tributor so that it may have maximum tolerunce
for receiving distorted signals.” 2

This adjustment is called the *“‘range sclec-
tor,” and it is assumed that the operator will
oceasionally check the accuracy of the sctting.
You can check the adjustment quite eusily. The
selector has u movable arm which is locked with
u thumb screw und moves in an arc over a (-120
scule. With one hand, quickly type the letters
“RY" alternately while adjusting this arm with
the other hand. As you approach 10-15 points
the muchine will no longer print accurately. Re-
metnber this setting. Advance the arm toward the
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other end of the scale while still typing *“RY.”
At around 100 points the machine will *“lock up”’
and stop printing. Remember this lust setting
that produced good print, and then place the
arm midway between these two settings. The
ensy way is to add the two scttings together,
divide by 2 and set for that point. A totul range
of S0 or more points indicates an excellent
aystem und a machine in good adjustment. With
this setting, one can get good copy on at least
40 per cent distortion.

If the incoming signul has really horrible dis-
tortion it is possible that an improvement could
be obtuined by deliberately misadjusting the
range-selector arm. Such a method is discour-
aged. Some receiving converters can make this
correction either automatically or manuully.

Actually, the scnding station should be told
that his signal is buadly distorted — svoner or
luter somebody else will tell him, and certainly
if your own signal were poor you would appre-
viuate being notified to that effect.

Receiving International Speeds

Since the International machines normally run
at 50 bauds, the pulses are 20 ms. rather than 22
ms. This meuns thut the stop pulse for each
character comes some 12 ms. tvo soon for Amer-~
ican printers. By deliberutely setting the range
selector to sample the initial part of the first
pulse instead of the middle, it is possible to
copy un lnternational station if conditions ure
good and the signul is not distorted. However,
we should like to point out that such 4 system is
strictly » compromise spproach and will give
sceond-rate results. 1f you reully want to copy
50-baud International transmission, @ inuch
better solution is to use a ‘‘regenerative ve-
peater.”” These repeaters have un adjustable
control for allowing copy of such signals without
making any adjustment on your own printer.
Regenerutive repeaters ure sold at the present
time on the surplus market for about $40 from
several sources. They huave muny other advan-
tages as well.3

Answer-Back

The newer machines have an asutomatic “an-
swer-back " festure that can be triggered by the
operator who pushes un appropriate key: or they
can be triggered automaticully from the other
end, usually by hitting an upper-case “ (" key
ou the Bell System machines (“D' on Western
Union). Amateurs disconnect the usutomatic
feuture so an erroncous upper~case “Cowill
not trip it off.

The answer-back can curry any predetermined
19 characters you wish. My unit says “THIS IS
TRV K8DKC” and is preceded by a space so I
can repeat the message continuously. The an-
swer-back makes a nice means to break into u
QSO. The Models 28 and 32 have this optional
feature, but the eurlier muchines, such as the
14, 15, 19, and 26, did not huve it.

B 1. M. Hoff, * Regenerative Repeaters,” RTTY Bulletin,
April, 1964,
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Automatic Carriage Return

The Models 28 and 32 have optional auto-
matic carriage return. If the sender neglected to
send u carriage-return signal, or it was mutilated
in transmission, you would normally *‘pile up®
1t the end of the line and lose the information.
The *“‘auto e.r.” feature eclininates this by
automatically returning the carriage and turning
up 4 new line when the end of the line is reached.
IKits are availuble for under $20 to convert the
15, 1Y or 26 machines to this feature. It is most
worthwhile. The 14, of course, has no need for it.

Non-overline

Many times a talse curringe-return signal is
received, allowing the printer to print on top of
the information it has just typed. This wipes
out both the old und the new, und of course is
most frustrating. It can cusily be prevented by
a minor modification of the printer.

If the vormal carriage-return function is dis-
connected entirely, nothing happens when =«
carriage-return signal is received. The curriage-
return lever then can be conneeted to the line-
feed mechanism 8o that when a line-feed signal
is received, it trips both the line feed und the
curriage return. K3NTO developed this system
and has used it quite successtully. (‘ombined
with auto carriage return, it prevents loss of
information caused either by accidental carriange
returns or the ubsence of carringe returns. This
then gives u machine that ullows one to not be
present and vet get all the information. 1t is
particularly beneficial during tests on  weak
signals.

The Teletype Corporation can supply Model
32 machines (new) with automatic carriage re-
turn ind non-overline features. After once using
a machine su equipped, you would never be sut-
isfied with an “ordinary” printer aguin.

Removing Errors

When using tape equipment, errors can be
removed by backing up the tape the appropriate
number of spaces und then striking the ** Letters”
key over the incorrect letter or letters. ‘This
punches all five holes in the tape and you then
continue as though vou had never made an
error. When the machine comes to this point in
the tape, it does not print anything on the puge
at ull. Thus perfect copy c¢an be transmitted
even though the operator has made several
actual errors.

If vou hit a wrong key while sending with the
keyboard, it i8 customary to space, type several
“NXXXXX" keys, und then continue. This indi-
cutes that the word preceding the “ XNXXXNs"
should be disregurded.

RYRYRYRY

This combination is used for a test, as the “R”
key containg the 2nd and 4th pulses, and the
“Y'" key contains the ist, 3rd and 5th pulses.
Thus ull pulses ure_checked alternately. The
“Letters” key contuing ull five pulses but no
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printing i8 done, Table IIT
RYRYRYRYs ure used for
testing. Left Hand ! Right Hand
- i
Typing Fingers > | 5| 4| 3| =2 2 b + | s
— ]

Sooner or later you are | Top Row QIWIE|R™T YU 1 0 p
going to be faced with the | ... = lg FG | HY K I CAR.
fact that to operate on RTTY RET.
you must use your fingers. A
few of us had prior experience | BottomRow | Z | X | ¢ | V B | N M | LTRS | LINE | BLANK
with typewriters and had ul- | FEED

ready mastered touch typing.

but. the majority of fellows know little or noth-
ing about regulur typewriters. In fact, 1 wn
certain that quite a number of amateurs have
hesitated to get on RTTY merely becuuse
they have no typing ability. This in itself is
no problem — evervbody has to start sometime,
so don’t think you represent an unusual cuse.
What is strange, however, is that so very little
progress has been made by many of the fellows
already on RTTY.

The touch system is not at all difficult to
leurn, but involves doing it — like learning c.w.,
it is not something you are born with. Although
the majority of amuteurs follow the ‘‘hunt-und-
peck” method, using only two or three fingers,
there is no reason to be sutisfied with such «
crude system. You will never enjoy RTTY as
you could if you spent even a few minutes ut-
tempting to learn the correct use of ull nine
fingers. (Yes. all nine - the left. thumb is never
used at all, normally.)

The RTTY keybourd is much euasier to learn
than u regular typewriter. We suggest training
yourself to send “THE QUICK BROWN FOX
JUMPED OVER THE LAZY DOGS BACK”

without looking at your fingers or the keyboard,
before uctually putting a station on the uir.

Tuble III is a chuart for the placement, of the
fingers. The left little finger is placed on the
“A” key us an anchor and the right little finger
is placed on the “Carriage Return” key as an
anchor. You will notice the left index finger and
the right index finger each huve six letters to use
and the other fingers huve only three each. The
right thumb does all the spacing between words.

With this chart it should not. take long for
you to type ut leust us fast as you would with
only two fingers via “hunt and peck,” and in
short order you should quickly exceed that speed.
Hook up a local loop to the printer and just sit
down und teach yourself the touch system. All
it takes is practice!

One note concerning my article, “The Tele-
type Machine,” that appeared in the Januury
1965 igsue of QS1': Footnote 2 on page 15 should
read: Florida RTTY Bulletin, published by Fred
W. DeMotte, W4RWNM, P.0. Box 6047, Day-
tona Beach, Florida.

(The third article of this series will appear in
an early issue. - fditor.) [a5F—]

WINY (left) receives a plaque from K11JU, president of
the Hampden County Radio Association, honoring him
for his many contributions to amateur radio*
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K4UBF (ex-W80OPX) is currently involved in the
design and construction of a unique wheelchair
which will be able to negotiate stairs. The patent
application included 37 drawings and 65 pages of
explanation.

While W8LBI was in a round-table QSO which
included WASFCZ, he got a phone call from the
post office asking for the uddress of WASFCZ. This
i3 a fine coincidence, for otherwise the improperly
addressed QSL card would have gone to the dead-
letter office, but can you count on such luck? Nao!
Better file your call letters and address with the
post. office, so that incompletely addressed (QSLs
don’t go ustray.

Raythcon has avuiluble 2 new tube characteristic
eard file enlled Fast-Fax, which has the dope on the
more common tube types. It is avuiluble through
Raytheon distributors ut $3.95.

K9IXS would like to compile u list of high school
amateur radio stations. Send them the dope on
your school, and include a 5¢ stamp for your copy
of the list. KOIXS, Elkhart High School, Elkhart,
Indiana, 46514,
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Some Fine Points in Traffic Handling
Part IV: Handling Traffic by Radioteletype.

BY GEORGE HART,* WINJM

Radioteletype wras devised for the pur-
pose of putting communications in writ-
ing. Therefore, why shouldn’t it be used
by amateurs us an ideal traffic handling
medium? This is a discussion of some of
the special problems involved.

using radioteletype in their duily operution.
and RTTY is becomning more involved in
handling record trathic, u use to which this mode
is admirably suited. While basic message furms
and procedures upply to RTTY just us they do
to voice and e¢.w., there are many special pro-
eedJures used in RTTY. Most of them arise from
the fact this mode automaticully converts the
intelligence from signal to paper. No intermediate
mental conversion is needed. s in other modes.
This doesn’t mean, of course. that handling
traflic by RTTY does not require one to use his
heud. On the contrary, the use of u proper and
standard procedure is just as importunt here
a5 it is with other modes — and as in other
maodes, a standard form iy required. The difter-
ences arise mainly in having the knowledge and
skill to operute u teletypewriter (quite . bit
different from an ordinary typewriter, us we
ghall see’ so that messuges transmitted will,
when printed automatically at the other end,
he identical with messages received by any other
mode, and be reudily transferrable from one
made to another.

! GROWING number of amateur operators are

Some RTTY Basics

RTTY is basicully an operation of machines, of
which the page printer, the tupe reperforator und
the transmitter distributor are common to most
RTTY stutions. The keyboard of the page printer
cansists of three banks of keys instead of the four
on your typewriter, and the machine prints ouly
cupitul letters: thus, the shift is used for numeruls
and figures instead of capitulization. One hus
to get used to shifting to print figures instead of
fetters, und on some muchines to shifting back
to get letters agnin. Different muchines have
different features, just as typewriters do, but the
“feel” of u teletypewriter is entirely cifferent
and requires some pructice. In RTTY, differences
in the sending and receiving machines cun cause
all kinds of discrepancies in the printed copy
unless suituble precautions are taken by the
operators at both ends.

Collaborator Bud Knight, W6CAL, compares
60-speed RTTY pulse combinations to a bucket
¥ National Emergency Coordinator, ARRL.
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hrigade sending buckets down the line at a rate
fust enough so thut 368 buckets (six buckets per
word) would puss uny point each minute.
Maximum information is conveyed when each
bucket is full, but & certain number of empty
huckets have to go ulong to convey spaces and
non-information functions such us FIGS, LTRS,
curriage returns (CR), line feeds (T and the
like. W hile they wre required, they have the effect.
of “diluting” the information rute.

Noise ucts upon the brigade like shots, capable
of spilling buckets, the rate of spilling depending
on how far above the noise level the signal is. [For
any set of conditions, this rate uverages o certain
number of spills (errors) per unit of time. So if
we use a format that includes many nou-informa-
tion (empty) buckets, it will take longer to send
the same wnount of information and give QRM,
QRN, QSB or what have you more time to spill
buckets, so the copy will be not only slower. but

\vorse.

K
ABURST OF STATIC CAN
WIPE OUTAWHOLE LETTER

On the other hand (and let's drop the bucket
brigade unalogy for & moment), a non-informa-
tion function that is not received can result in a
teletypewriter fuailing to carriage return so that
it, keeps right on hammering away at the right~
hand stop, or failing to line feed so it starts
overprinting, or failing to shift so typing is done
in figures when it should be letters or vice versa.
So the problem resolves itgelf into using as
mueny non-information functions as ure reguired
in normal conditions, but not over-using them.
In marginal conditions, une would be more cure-
ful in this respect than in normal conditions, just
as one sends slower and repeats oftener if required
on ¢.w. or phone.

Although RTTY may be transmitted manually
"""" thut is, typing on the keybourd ut one end and
receiving on the page printer at the other — it is
a rare typist who can muintain the steady maxi-
mum of 60 w.p.im. of which most teletypewriters
ure cupuble. This speed is achieved through use
of tape, which is punched in advance and fed

QST for



RELAY STATION

} I
rTY !
SENDING - i RECEIVING
RTTY /\/’{ RevR. }—| converter |—"NE SAAS
STATION : |
|

REPERE STATION

One of the advantages of RTTY is its ability to relay automatically. The diagram above shows how a properly-equipped
RTTY station can be used to relay by using the received signal to operate the teletypewriter and reperforator to punch a
tape containing the incoming message which is then fed into the transmitter-distributor for
transmission to the destination station,

into the transmitter distributor (TD) for trans-
mission. An incoming signal can cause a tape to
be perforated as it is simultaneously heing
printed by the page printer, so a message reccived
cun be relayed simply by feeding the reperforated
tape through the TD.

RTTY Message Handling

The above suggests some very important
advantages of RTTY in message handling,
particularly the constant 60-w.p.m. speed (when
tape is used) and the possibility of automatic
relaying. There ure ulso methods, known as
“autostart,” by means of which a transmitted
RTTY signal cun actuate a receiving station (or
several of them) by turning on its machine,

. printing the traffic, then shutting down the

machine so that a receiving operator doesn't
even have to be present.

It can readily be scen, however, that RTTY ig
best employed when there is a considerable
volume of traffic hetween two puints, preferably
between two stations. Uiven the stack of traffic
at one point and the cupability of transmitting
it at a steady 6U-w.p.m. to the other point, then
there are two principal problems: first, collecting
it at the transmitting point and second, dis-
tributing it from the receiving point. Usually,
sume degree of versatility will be required on the
purt of operators at both ends in utilizing modes
other than RTTY both in collecting and dis~
tributing.

Assuming the availability of traffic at both
ends, a number of arrangemnents cun be made
for handling it. ()ne already mentioned is auto-
matic relaying, in which an incoming signal
perforates a tape which feeds into the TD which
uctuates a transmitter on a different frequency
and reluys the traffic to another point within
seconds after being received. Such  setup could
be used, for example, on a transcontinental
circuit with the relay being half way between,
when direct reception between transmitting and
receiving points is not good enough; or, if neces-
sary, 4 number of such relays could be utilized
with the luss in time being only the few seconds
it takes between reperforation and retransmission
multiplied by the number of relays.

Although *‘break-in” i not normally feasible
on RTTY, a variation of it can be made avail-
uble, given the equipment, by estublishment of
“dual contact” between stations, one by RTTY
another by phone or e.w. The phone or c.w.
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channel can then be used to ask for fills or tape
re-runs in cuse gurbling is so bad that this be-
comes desirable. Thus, while the tape is going
through and the receiving printer is chattering
away, the two operators can discuss the quality
of reception, huve the tape stopped in cuse of
interference or fading garbles and part of it run
over, or anything else. This is even better than
e.w. break-in, but it does require sepurute trans-
mitter, receiver and antenna facilities.

“Duplex” can also be used, if you have the
equipment and enough separation, either in
frequency or physical distance or hoth, between
your receiver and transmitter. This consists of
sending and receiving at the same time and will
require two machines at each location. Naturally,
enough separation will have to be present to
prevent your transmitted signal from blocking
the one you are trying to receive. Where a
circuit is so full that there is necessity for both
sending and receiving at all times, a ‘‘duplex”
circuit ¢can handle twice as much traffic as a
‘“gimplex’’ one.

There are many other variations used in com-
mercial and military practice that are possible
also on umateur circuits, but generally speaking
amateurs do not at present possess the equip-
ment or the facilities, or even the need, to put
them to use.

RTTY Traffic Nets

There are at present not a great many RTTY
traffic nets, but we expect, there will be more of
them in the future as use of the mode increases,
as it seems destined to us more muchines become
available to amateurs. Consequently, all we have
to go on for net procedure on RTTY are first,
the procedure used in amateur nets using c.w.
and phone, second, the procedure used in com-
mercial and military RTTY circuits, aund third,
the procedure used by those tew wmateur RTTY
circuits which do exist. Out of this, we have come
up with an RTTY procedure, leaning most
heavily on the third of the three factors men-
tioned. We don’t claim perfection for it and don’t
expect complete agreemnent among the teletypers,
but let’s hope we can use it as a basis for stand-
ardization.

The NCS opens the net with a call-up and test
tape which he runs for about three minutes: such
tupe tnight print the following: CQ CQ €Q
RATTS NET DE W6CAL W6CAL W6CAL
QND QND QNZ QNZ . .. This is followed
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by about thirty secunds of uninterrupted carrier
on the “mark" frequency for zero beat purposes.
This is very important on RTTY beciuse the
tuning tolerance is considerably less than other
modes received by ear. Then comes the cull-up.
This may vary considerably from net to net, but
one should bear in mind that its purpose is to
gather the clun and to iustruct them on reporting
procedures as briefly as possible. 1t the net is
clogse-knit and there are not likely to be visitors
who don't know the procedure, the call-up can
be kept very short, such us: CQ CQ RATTS NET
DE W6CAL QNI QNI KKK. If it is an “open”
net, as most ure, brief instructions such us the
following may be included: CQ CQ CQ RATTS
NET DE W6CAL W6CAL RTTY STATIONS
ARE INVITED TO QNI FOR TRAFFIC AND
BULLETINS ON THIS NET OPERATING
AT 0400 GMT MONDAY THURSDAY AND
FRIDAY. MESSAGES SHOULD BE LISTED
BY DESTINATION AND PRECEDENCE
AND PRETAPED FOR IMMEDIATE
TRANSMISSION IF POSSIBLE. TRAFFIC
WILL BE DISTRIBUTED ON THIS NET OR
RELAYED VIA THE ARRL NATIONAL
TRAFFIC SYSTEM. ((Q RATTS NET DE
WOCAL QNI QNI KKK.

Stations then check in and list their traftic,
much the same us in a c.w. net. For example:
W6CAL WGCAL DE K6DYX K6DYX QNI
MONTEREY QTC. . . . When all stations ap-
pear to be checked in, NCS directs stutions with
traffic when and on what frequency to transmit
it. Usually the net frequency is used, but when
there is to be an exchange of several messages,
or a batch, they are directed to QNY. (Inciden-
tally, use of () signals and other c.w. ubbrevia-
tions is encouraged on RTTY). NCS ilentifies
by sending his cull by c.w. (not required to send
the other stution's cull) at least vnce every ten
minutes, otherwise identification exchanges in-
clude both his call and that of the station he is
culling or in contact with.

\With RTTY as with phone. use of a “squelch”
on the receiver is practical, and thus a pre-set
frequency may be used for continuous monitor-
ing. On v.h.f., RTTY setups use audio frequency
shift keying (a.f.s.k.) in which u steudy carrier
is modulated by an audio tone which shifts its
audio frequency just as fs.k. shifts its radio
frequency. Thus a receiver on “squelch” can be
activated by the curricr, which cun also, with un
“auto-start’’ system, actuate the teletype mu-
chine g0 that any stution muy transmit messages
to other stations even though no operator is
present at the latter. The technical details of such
u system are outside the scope of this article.!
Suffice it to say that such a setup is readily feasi-
ble with RTTY and is actually in use by some
stations, presenting an advantuge cefinitely not
available by any other mode. Of course it is not
practical on h.f. because there is so much “skip”
and so much crowding that any signal, teletype or
otherwise, might actuate the equipment und

1 For technical information on RTTY, we refer you to
K8DKC's series of articles starting in @87, January 1465.
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waste roll after roll of paper. ()n some portions of
the v.h.f. amateur spectrum, however, the use of
“intercom"’ communication with “‘autostart’ is
practical. This type of setup is not really a net
and hag no NC'S until or uniess traffic becomes
heavy, at which time a station may assume the
role of NCS until things quiet down, after which
monitoring with squelched receivers can continue.

AUTOSTART SYSTEMS
CAN USEUPA LOT OF PAPER

Fixtended use of this type of RTTY presents all
kinds of intriguing possibilitics in traflic work,
as an adjunct to regular station equipment on
h.f. Examples: (1) A station may take traffic, suy
from the section net and shoot it across town by
v.h.f. RTTY for immediate relay via another
local station to another L.f. net. (2) In emergency
operation, when several different stations are each
monitoring a difterent h.f. emergency net. they
can transfer traffic rapidly from one net to an-
other through use of such a v.h.f. crossover. (3)
For *‘command” purposes, such a system auto-
matically records every conversation so that there
can conveniently be a record of exactly what is
suid and by whom, far superior to voice circuits
in which the content of communicution either
has to be remembered or laboriously written
down by hand. (4) The chattering of an RTTY
machine, while it can be distracting, is not nearly
a8 much 8o as two simultanecous speakers on voice
circuits; that is, when two circuits are being
operated in a single station, it is better to have
one RTTY und one voice than to have both voice.

RTTY Message Format

There ure a number of differences between
message formats and transmission procedures
using the three principal modes of emission —
c.w., voice and RTTY. We have already dis-
cussed the first two in a previous article.* We'll
now discuss any differences brought about by the
use of RTTY, bearing in mind the desirability of
standardization of the printed (or written)
message.

(n phone and c.w., what is actually transmit-

Z(ctober, 1964, YST, pp. 8890, 7




ted docsn't always appeur on the copy — for
example, the many procedural signs (prosigns)
used on c¢.w. and the pro-words used on phone.
&n RTTY, use of signs und symbols that do not
appear on the printed page are restricted to what
is available on the keyboard. Every combination
of teletype pulses is used for some motion of the
teletypewriter carriage, although some of them
are not printing motions — for example, space,
line feed, carriage return, and the shifts for letters
and figures. Nearly every other pulse combina-
tion results in a printed letter or figure on the
page. The problem is to adapt the format gener-
ally used by teletype to use by uther modes,
and this in turn meuns the elimination of pro-
signg that would not be transmitted on e.w. or
phone. Su any consideration of RTTY message
format should meet the following requirements:

(1) Contain all the elements of the standard
ARRL format.

(2) Be readily transferrable to phone or c.w.
with a minimum of required changes.

(3) Provide uniformity and a practical degree
of ease in composition.

{4) Allow the receiving and relaying operators
to double check the information which is most
critical to accurate delivery.

(5) Resist the effects of poor conditions, at-
mospherics and QRM.

{6) Employ techniques which are the least sus-
ceptible to variations in machines and random
errors.

(7) Provide udequate spacing on tape between
messages sent manually or from tupe to allow
the separation of messages recorded on reperfo-
rated tape.

{8) Use the minimum practical number of lines
on the page so the receiving operator will not have
to chase messages down the back of his machine
to detect errors — especially when a large vol-
ume of traffic is being handled.

(1) Provide adequate, but not excessive, sepa-
ration between messages on the page for ease of
reading.

Quite an order. We thought there wouldn’t be
much to discuss on this matter until W6CAL
started acquainting us with some of the problems
involved. Our biggest concern was standardiza-
tion, his was the best form for RTTY. We think
the following sample best meets all the reguire-
ments involved:

RYRYRYRYRYRYRYRYRY ......... (just a short length of

test tape 80 receiving operator can tune yvou in for optimum

“opy, required only before the first message if more than

one.i NR 28 R W6CAL CK 25 NORTH HOLLYWQUD CT

0157Z NOV 1 TO JOHN J BROWN 1234 TEMPLE

51 EL CAMPO CF TEL 987-6543

BT

DID YOU ASK HOW TO INCREASE TELEPRINTER
SKILL QUERY THE

BEST WAY IS REGULAR TOUCH TYPING PRACTICE
ON LOCAL LOOP

AND ON AIR X REGARDS

BT

S(D AVERY JONES

('I'M BROWN 1234 TEMPLE ST 987-6543 AVERY JONES AR AR

Note that the preamble is identical to that
which would be copied by c.w. Un c.w. the CK
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is sometimes omitted, but it can be sent, 80 no
harm in its appearing on the TT printer.

[n the address, we balked at the inclusion of the
word TO because we thought there was no RTTY
reason why this should be included when we dis-
courage it on c.w. and do not write it down on
phone. However, on RTTY this short word is a
tipoff in case the line feed or carriage return func-
tion is lost, cnabling the receiving operator to
identify the beginning of the address or perhaps
even to line feed or carriage return manually
hefore the address actually starts, if he is on his
toes. Teletypers transferring a RTTY inessage
to a c.w. circuit will just have to remember not
to send the TO when transmitting the message.

T'he necessity for spacing between the parts of
the address poses a problem. Considering every-
thing, if you agree that such separation is neces-
sary (and we old time traffickers have found that
it i8), the eusiest, quickest, most economical way
to indicate it on RTTY is to send an extra letter-
space.

Always LTRS to unshift a machine before
changing lines when the machine is in FIGS at
the end of the line (some machines won't CR or
LF when in FIGS). One CR, one LF and two
LTRS is the standard method of changing lines;
the latter provides time for a sluggish machine, or
one that “bounces” st the left hand margin, to
coine to rest before the printing pulses start.

The message should be preceded by not less
than ten LTRS, so it is easy to tear between
messuges on reperforated tape and still leave an
udequate leader for insertion in a T'D. This ad-
vances the tape but makes no printed symbol on
the puage.

Don’t send space to unshift the receiving ma-
chine after sending numbers, because the receiv-
ing machine may not be set up that way; send
LTRS to unshift.

It is customary on phone and c.w. to spell out
all punctuation, except to use STOP or X for a
period and QUERY for a question mark. Tecle-
typers often use different abbreviations, such as
PD for a period, CMA or CMM for a comma,
CLN for colon, PRN for parentheses. etc., per
military usage. We think PD is an especiully bad
abbreviation because about 50% of c¢.w. opera-~
tors, not being used to it, copy it as AND. STOP
has its disadvantages, too. We think the best
compromise is X. As for other punctuation, in
the text or elsewhere, uvoid it wherever possible.
Nine times out of ten, no punctuation is necessury
except a period (X) now and then. Originators
please cooperate!

‘This is important! Whatever the originator
uses for punctuation is carried through in the
same form to delivery. Stundurdization on this
has to be effected by the originator.

Note that the text contains ten words to a
line, with an extra space between the fifth and
sixth words. This makes it easy to ‘““check the
check” to be sure it is correct, and even though it
might waste a line here and there, in general we
feel it is worthwhile. When ten words exceeds
one line we carry over to the next line, indenting

39



five spaces. Luckily, this doesn't happen often.

The signature line beging with SGD, for the
same reason that we begin the address line with
TO. It is not sent (neither is SIG and don't you
forget 1t!) when transferred to a c.w. circuit.

After the signature line on teletype comes
another line not usuully included by other modes.
Clertain types of copy are more subject to error
caused by sudden noise or fuding than others.
fn common words and text it is often possible to
fill this in or correct it if printed wrong, but
unusual names or numbers can casily be garbled
on RTTY, so teletypers use a CFM line after
the signature line to repeat such things as unusual
names, street numbers or wddresses, telephone
numbers, etc., in any part of the message, in the
order in which they were sent. Just muke sure the
CFM line doesn't change something that was
right the first time!

Since much traffic on RTTY is reperforated
48 it i8 received (this makes relaying very simple
and convenient), the making of chunges because
of improper format or procedure is decidedly
inconvenient. Therefore, frequently an operator
will add an “operator’s note’’ munually after the
C'FM line to point out chunges that should be
made in the message prior to delivery — for
example, u correction of the check, scpuration of
parts of the address, anything else in the message
that needs changing before delivery. ““Operator’s
notes’ are a pain in the neck on phone and c.w.
They are more convenient on RTTY where they
can be printed with the message without operator
exasperation. \Where an operator’s note hecomes
lengthy or cumbersome, let's throw out the reper-
foration and perforate a new tape; but don't
forget relaying operators nerver make changes in
message content, only in form if it is incorrect.

After the AR, send two curriage returns and
four line feeds. to leave space between messages.
Then send ut least ten LTRS, so there will be
space at the end of the reperforated tupe. If
another message follows send ten more L.TRS
before starting it, so the tape for this one can
have an adequate leader. More than four line
spaces separation between messages is a waste of
paper.

When handling a high volume of traffic, send-
ing live messages at u time is about right. The
receiving operator can lift the paper for about
that length to scan what has been received; more
than that and he has to crawl over the back of
his machine.

RTTY Traffic Handlers

The number of RTTY enthusiasts handling
traffic is small at the present time, but we suppose
the percentage who ure iuntcrested is just as
high in this field as it is among amateurs of other
modes — and should be higher, becuuse of the
characteristic adaptability of RTTY for record
communication purposes, which indeed is what
it was originally devised for. It is probably the
coming thing in amateur volume traffic handling.

Nevertheless, for a good many yeurs to come
we expect most of our traflic will continue to be
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handled by c.w. as the basis of amateur radio
communication, and that proficiency in code
will always remain desirable. The necessity for
technical (not to mention mechanical) knowledge
and skill is, generally speaking, greater for the
RTTY enthusiast than for the amateur primarily
interested in c.w. results, but the amount of
operating skill required is sll on the e.w. side.
Somewhere in between is a desirable middle point
of versatility. An amateur who becomes inter-
ested in handling traftic by only one mode and
persists in using that mode to the exclusion of
ull others is far less valuable as a traflic man than
one who has the uability and willingness to use
two or more modes.

DON'TWAIT
TOO LONG
FOR FILLS

Traflic is traffic, and logically the mode used
to handle it should be selected strictly on a
practical basis. That is, we should select the mode
to suit the need., within availabilities. ©On this
basis, we would think that RTTY would be
ideal for point-to-point long haul circuits carrying
heavy loads of traffic, and definitely useful for
locul v.h.f. *‘intercom’ circuits (using a.f.s.k.)
with syuelch receiving and perhaps “autostart”
techniques. MWhere the preferred mode is not
avuilable, of course we use what s available, and
often we find that more than one mode is avail-
able for a single purpose 8o we use both or all of
them.

But one thing we cannot escape: if we are to
have aun integrated national traffic system we
have to have liaison between and among all
interest groups, und this means a corps of opera-
tors with versatility enough to use more than
one or several modes. There are probably many
such operators. Will they kindly step forward

and offer their services?

MEMBERSHIP CHANGES OF ADDRESS

Four week’s notice is required to effect
change of address. When notifying, pleuse
give old as well as new address. Advise
promptly so that you will receive every
issue of QST without interruption.

QST for




Experience—
Technique—

Finesse—

BY JOHN G. TROSTER,* W6ISQ

. . . nr 46 rst 569 de G6QB qrz contest?”

“G6gb gbgb gbqb gbéqb g6qb goqb . tuke
va to the second show, Marge. . . gimme & hour
or 80. . . want ta work some of t,hese DX fellas
in the contest. . . gbqh gbqb gbgb gbgb g6gb
gbgb gbgb de wbisq wbisq wbisq wbisq wbisq
wbisq woisq woisq k k.”

“ .. or 49 rst 569 de G6QB qrz?”

“(36gb goqb gb6gb gbgb gbgb gbqb . . . boy,
when 1 said ‘work’, I wasn’t foolin' . #6qb

g6gb gbqb gbqb gbqb de woisq wbisq woisq
wbisq wbisq wbisq wbisq k."

“ .. nrblrst 569 de G6QB qra?”

“Hmmmmmmm . . . gbgb gbqb gbgb gbéqb
gbqb . . . ptffhhheeeeceewww . . . gbgb = g6qb
gbgb gbgb gbqb de woiisq woisq wbisq wiisq
wbisq woisq k.”’

“ ... nrd3rst 569 de G6QB qrz?"”

“Qo6gb (i6gb gbgb gbgb gbgb gbgb . . . I'm
gonna have to go iuto training . . . hurampfffhhh
. .. gbgb gbgb de wéisq wbisq wbisq wbisq
wbisq k.”’

“ ... nr 54 ret 569 de G6QB qrz?”

“I’m catchin’ up . . . gbqb gbqb gbgb g6gb
gbqb gbagb de wblsq w61sq woisq k.”’

. . . nr 55 rst 569 de G6QB qra?”

“(36qb gbqb gbqb gbgb . . . think I'm closing
in now . . . g6gb gbqgb de w6isq woisq woisq k.”’

“ ... nr 56 rst 569 de G6QB qrz?"”

“Ha once again now . . . gbgb goqb gbgb
#6gb de wbisq wbisq woisq k.”

“ . .. 6LDD nr 57 rst 569 G6QB qrz?”

“I'm guinin® on him . . . gbgb gbqb gbgb de

wbisq wbisq woisq k.”

I “ ... WAGSBO de G6QB unr 53 rst 569
| G6QB qrz?”
- “Maybe my antenna blew down . .

g6agb gbgb de wbisq wbisq woisq k.”

“ ... K60OHJ de G6QB nr 59 rst 569
G6QB qrz?”

“I'm poopin' out . .
wbisq k.”

“ .. W6WB de G6QB nr 60 rst 569 de
GoQB grz?”

“They suid this was fun . .
woisq k.”

“ ... W6EBG de G6QB nr 61 rst 569 de
G6QB qrz?”

“I’m bushed . . . gbqb de wbisq k.”

“W6ISQ de (36QB nr 62 rst 589 de G6QB
qrz?”

“Well, for . .. and I only called . . . und
signed . . . and . . . wonder how <¢ome he
kept goin’ back to ull them other fellas all that
time when he was given' them u 56 and . . . e
.. .. .87 Maybeif I ... "

# 45 Laurel Ave., Atherton, Calif,

. gbab

gbgb gbgb de w6isq

. g6gb de wéisq
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“ . ..or82de YVIDP qrz test?”

“Back to work . . . yvldp yvldpyvldp yvldp
yvldp yvldp yvidp yvldp yvidp de wbisq wbisq
wbisq woisq wbisq wbisq wbisq k.”

... nr 858t 579 de YVIDP qra?”
“Oh well . . . yvldp de woisq k.”
“ WGISQ de YVIDP nr 86 rst 589 de

YVlDP "

= “wo,?/(//va
DX 1S RIGHT

“Well now . .. things is
maybe . . . zslrm de wbisq k.”

“\W6ISQ de ZSIRM nr . . . rst . .. 7

“I say . . . oadpf de wbisq k.”

“ .. W6ISQde OA4PEF . . . "

“Naw, Marge . . . why doncha watch a good

. well, suyway, wateh a TV show . . . gotta
play this DX contest a bit more . . . ['m hot as
a 616 in # kw. final . . . workin’ ‘em right and
left . . . ohhhh, I dunno ... years and
vears of experience . . . and technique . . . and
finesse . . . and . . . ahhbhhh . .. TALLY-
HOOO0000000 . . . lugbaj de wbisq . . .
0zd8 de w6 . . .smébrs de ... dXdju ... "”

RE=]

pickin' up . . .

B Strays 5

Because of the death of Bill Bradley, K4YPY, any
correspondence concerning his article, ' Updating
the [-177 Surplus Tube Tester,” @QST, November
1964, p. 21, should be sent directly to ARRL Head-
quarters instead of to Bill’s horhe address.

— e ¢

Recently a number of items were stolen from a
residence in the city of Miami, Florida. Among the
items stolen was a Colling 75 A4 receiver (Serial 1249).
If anyone has information on this item he should
contact Sargent D. D. Massingill, Burglary Detail,
Miami Police Department, 1145 N.W. 11 Street,
Miami, Florida.
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o Beginner and Novice
Using the Lightning Calculator

And Some Information on Small-Diameter Coils

BY LEWIS G. McCOY,* WIICP

NE tool that has heen around for over thirty
O years, but one that many amateurs are not,
awure of, is the ARRL Lightning Calcu-
lator, Type A. The Type A Calculator is a reul
“must” for any amateur who likes to construct
his own gear.

What will it do for you? Let's quote from the
first sentence of the instructions that come with
the calculator: “The Lightning Calculator is u
device for rapid, accurate and simple solution of
problems involving frequency, inductance and
capacitance.”

Of course, there is a lot more to the story than
just that bare statement. Suppose you have a
variable capacitor in your junk box that has a
runge of 10 to LU0 pf., and you want to make «
coil that, with the cupacitor, will tune to X0
meters. The formula for inductance is:

[, = 25.330

4 = ﬁ"zﬁ .
When you work this ull out it is still necessary
to determine the coil size to provide the necessary

#'Pechnical Assistant, QST',

Fig. 1 —The Type A Calculator makes problems in induct-
ance, capacitance and frequency very simple to solve.
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inductance. We won’t even show you that for-
mula becuuse it is & real beauty. Just let’s say you
would fill up a couple of sheets of paper working
it all out. However, with the calculator it only
takes a few seconds to find the correct size.

Using the Calculator

Fig. 1 is a photo of the Type A Calculator and
Figs. 2 and 3 are close-ups of the scales. Let's
ugsume we have that junk-box variable with its
range of 10 pf. minimum and 100 pf. maximum,
and we want to make a tapped coil that will tune
both 80 and 40 meters. We have some No. 22
enameled wire and a ¥4-inch-diameter coil form.

O one of the scales, Fig. 1, you'll see an F,
which designates frequency. Just below the IF is a
rotatable scale that has 14 frequency range from
40 ke. to 150 Me. Step 1 is to rotate this scale
so that 3500 ke. falls directly under the F. We
want our coil to hit 3500 ke. with our variable
near maximum capacitance — suy, 90 pf. The
next step is to swing the clear plastic hairline so
that it intersects Y0 pf. Looking at Fig. 3, we see
that with 90 pf., u coil of 22 uh. is required to
tune to 3500 ke.

The next question is determining the coil size.
Holding the two rotating scales and the hairline,
swing them around together to the point where
the hairline intersects the marking for No. 22
enameled wire. Looking back ut I'ig. 2, we find
that a 34-inch-diameter coil form requires a coil
length of 1'% inches. How many turns of No. 22
wire are required for this length? Kasy. In Fig.
3, we find that No. 22 enamel runs 37 turns per
inch. We need 114 inches, so that comes out to
37 plus !s of 37, 1813, or a total of 5514 turns.
karlier we said it takes only a few seconds to set
up the culculator, and after using one a few times
vou’ll agree.

Another thing we can tind quickly is the tuning
limits of the cireuit, with our variable going from
minimum to maximum capacitance. \We said the
range of the variable was 10 pf. to 100 pf., but
we always should allow for stray capacitance in
an actual installation. These strayvs are usually
about 10 pf., so let’s make the actual range 30
pf. to 110 pf.

Holding the I scale and the wire scale fixed,
swing the capacitance/frequency scule to 110
pf. and then look up at the I marker. The lowest
frequency for our circuit will be about 3100 ke.
Now swing the capacitance scule to 20 pf., vur
minimum. We find the highest frequency is just
below 7500 ke., so the range of the cireuit is 3100
ke. to 7500 ke.

However, let's ussume we want (o tune the
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Fig. 2—This close-up of the calculator illustrates the simple
problem explained in the text. The top scale gives the coil
diameter and the rotating scale immediately below pro-
vides the length information. Note the F set over 3500 kc.

40-meter band with more capacitance, say, 90
pf. for 7000 ke. The next problem is where should
the coil be tapped for #) meters? Swing the fre-
quency scale 8o that 7000 ke. is under the K
mark, place the plastic marker over Y0 pt., and
then, holding both scales. swing them uround
su that the plastic marker bisects No. 22 wire,
Louking up at the top of the calculator we find
that for our ¥4-inch-diameter coil we need !4-inch
winding length. The No. 22 wire is 37 turns per
inch, so !% inch would be 1814 turns. e tap our
coil at 1814 turns and it then mcets our require-
ments.

Fig. 4 shows a coil winding on a 34-inch form to
illustrate our example. Actually, we are being a

Fig. 3—The upper scale here shows the capacitance, and
immediately below is the inductance. The hairline indicator
is set over 90 pf. and bisects 22 ph. and No. 22 wire
on the scale below.

little sneaky here becanse we want to say some-
thing else about the coil form illustrated.
Recently, while watching the XYL put up her
hair in plastic curlers, we happened to notice that
the curlers appeared to have other possibilities,
at least as far as amateur radio wus concerned.

Fig. 4—This coil illustrates

our example explained in

the text. As mentioned,

these forms are plastic hair

curlers available in nearly
all supermarkets.

February 1965

Upon checking we found that nearly all super-
markets have 4 large display of plastic contrap-
tions used by the fair sex to make themselves
fairer. Several items showed promise in use as coil
forms, feeder spreaders or insulators. The form
shown in Fig. 4 is sold under the trade natne of
Cioody Rollers(!). In any event, if you are looking
for some cheap coil forms, these cost 59 cents a
dozen and can be obtained in several ditferent
diameters.

We've already given you the frequency range
on the Type A Calculator. Here are the other
runges: capacitance, 3 pf. to 1000 pf., inductance,
1 uh. to 1500 ph., coil diameters, '3 inch to 6
inches, coil lengths, !4 inch to 10 inches, and wire
sizes, No. 0 to No. 36.

Coil and Wire Sizes

One thing the calculator won't do is show you
what size wire or what size coil (length and di-
ameter) is optimum.

In practice, the coil or form size will usually
depend on the space available where the coil is
to be installed. Actually. the principul considera~
tion often is that the wire or coil should handle
the required power without burning up. In these
days of low-drive low-duty cycle requirements
even this may not be a serious consideration.

Table I shows wire sizes that will usually be
adequate for the power levels shown. If you
want a coil that has good @ (and this is the
usual case) use the largest core size and coil
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Table I

Power Wire
Input Band (Me.) Size
21-28 [}
1000 14-7 3
3.5-1.8 10
28-21 R
500 14-7 12
3.5-1.7 4

28-21 T

150 14-7 14
3.5-1.7 18
28-21 14
75 14-7 8
3517 22
5w 2821 18
and 4-7 4
Recv. 357 28

* Wire size limited principally by consideration of ¢J.

diameter that is consistent with the available
space, without jamming the coil up against other
components, and make the coil length one to two
times its diameter. This may mean spacing the
wire turns, but usually a satisfactory arrangement
can be made. That's one nice thing about the
calculator — it's easy to find several ditferent
combinations of turns, length, and diameter.

Coils for Small-Diameter Slug-Tuned Forms

Many pieces of gear that are described these
days use small slug-tuned coils having diameters
of 14 inch or less. The calculator won't handle
any sizes smaller than !s-inch diameter. To give
the reader a complete picture. we checked out
the more common types of small forms and have
included this information in the graphs in Figs.
A through &.

It would be practically impossible to list all
the various types and sizes of slug-tuned coils
available 80 we have concentrated on ceramic
forms only, und diameters of L4, #g, 14, und ¥4
inch. The useful winding length on these forms is

4O T

T 4]
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Fig. 6—Graph for Y4-inch-diameter forms,
14 -inch winding length.
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dependent on the length of the slug in the form.
In the graphs, Figs. 5 through 8, you'll note that
two dimensions are given, the diameter of the coil
and the winding length. All of the inductance
figures given in the graphs are based on the slug
heing completely out of the winding. Screwing the
slug into the coil will, of course. increase the
inductance. Cloils wound on forms made by differ-
ent manufacturers show different amounts of
change in inductance, with slug position, for a
given diameter and winding length, because of
the length of the core and type of material used
in the slug. However. u factor of 1.3 is a reliable
oue to use with any ceramic form and slug ma-
terial; that is, when the slug is all the wuy inside
the winding the inductance will be at least 1.3
times the inductance with the slug all the way
out.

As an example of how to use the graphs, refer
to Fig. 5. The vertical column of figures at the
left is the inductance, in icrohenries. Across
the bottom is the number of turns. Let's assume

30.0 —~ .
W
25.0
200 J /V,
7z DIAM. P
/2" WINDING ’y
18.0 b— LENGTH
. zu/
£ 100 V
e N 7 .
a
7 26
] //
° 24
4 — T
sk—tee Al || I
21~ 20p/ : ¢
t L ’T | I
[ [ i El
‘i( 20 30 40 50 {1
TURNS

Fig. 5—This graph is for determining inductance values for
V42-inch-diameter ceramic forms, Ya2-inch winding length,
The inductance value is given along the left vertical col-
umn, and number of tumns required along the bottom. The
numbers along the coil line are wire sizes,
enameled, Nylclad or Formvar

we want a coil with an inductance of 10 ph. The
first thing to keep in mind is that the inductance
figures in the graph are with the slug screwed all
the way out of the coil, so the figure you check
out will he the minimum inductance. With a
tuctor of 1.3, the inductance range with slug posi-
tion will be 10 uh. to 13 xh. To insure that we will
actually get the desired 10 xh., the coil should be
wound for slightly less than 10 xh. Then the slug
will take us through the runge. For example, if
we use u fuctor of slightly less than 1.3, say 1.25,
and divide this into 10 zh., we should get the
desired inductance range. Dividing 1.25 into 10
gives ¥, 50 we need to find the number of turns
for an &uh. coil.

Referring to Fig. 5, find 8 ph. and then look
across to where the vertical lines intersect the
coil line. At the bottom of the graph we find that
30 turns are required in our !4-inch winding space
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to give us 8 ph. No. 26 wire will just fill up the
!4-inch winding space with close-spuced turns.
If we happen to have a smaller wire size available,
the same inductance can be obtained by winding
on the same number of turns but spacing them
evenly across the winding area.

All of the data in the four graphs are for single-
layer coils wound with enameled or Nylclad
wire.

Although it may be apparent, there i8 a point
worth mentioning here. Onee you've found the
coil gize and inductance from the graphs. you
can usc your Lightning Culculator to determine
not only the amount of capacitance required for
1 desired frequency, but also, with a fixed capuaci-
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fFig. 8—Graph for ¥js-inch-diameter forms,
#e-inch winding length.
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Fig. 7—Graph for ¥%-inch-diameter forms,
Y4-inch winding length,

tor across the slug-tuned coil, you ean eusily
determine a conservative tigure for the frequency
runge of the circuit. This would be based on a
maxinum/minimum inductance ratio of 1:3,
as suggested carlier.

As we said at the beginning, if you like to build
your own gear, the Type A Calculator is one
tool you really should have in the shack, [@5T—]

Before the storm W8HRV had a stacked array for 15 and 6 meters which looked like this photo at the left. But then
along came the wind, leaving the mess shown at the right. (He has since rebuilt the beams and mast, and they are now

more securely guyed.)

February 1965
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Happenitgs ot the Month

Retaining Novice Calls

Canadian Alternate Addresses

Conditional Class Examination Circles

ITU SEEKS ENGINEERS

The [nternational Telecommunications Union
is seeking u large number of telecommunications
experts to carry out various programs being
financed hy the United Nations. Pusitions will
he avuilable for communications systems engi-
neers and other teleccommunications personnel of
equivalent skill levels in twenty countries, for
perinds ranging from six months to two yeurs,
or possibly longer. U.S. recruiting for these posi-
tions is heing coordinated through Richard T.
Black, Telecommunications Division, Depart-
ment of State, Washington, D. C.

RETAINING NOVICE CALLS

Under present 'CC procedures, Novice (‘lass
licenses must apply for a higher class license
before expirution of the license if they desire
automatic issuance of the ccuivalent eall sign.
If, for instance, WN2QRM qualifies as a Tech-
nician (lags licensee before the Novice expires,
he will automatically receive the call WB2QRM,
paying only the stundard $4 fee. If WNGQRS,
however, waits until the weck ufter his Novice
runs ont to take the General Class test, he'll be
agsigned WB6SOI, or whatever call is next in
line when his license is processed. He would be
eligible for WB6QRS under the provisions of
Section 97.51, but would have to pay the $20
apecial call sign fee in addition to the regular $t
fee. Thus. a Novice who is fond of his present
call may want to hustle in order to quualify for
u higher license by the end of his Novice year.

Technicians, Conditionals wnd higher cluss
license holders may regain expired cull signs
within the one-year grace period after expiration,
without paying the special call fee. Members
with special problems concerning licenses are of
conrse welcome to write League headquarters
for advice and ussistance.

CANADIAN ALTERNATE ADDRESSES

At the request of Canadisn ARRL officials,
the Department of Transport has modified its
rules so that any amateur having a second loca-
tion, such as a weekend cabin, no longer has to
send an individual notification of portable oper-
ation for each period of operation. Instead, w
VI or VO may secure an endorsement to his
licenses permitting operation at a location in
addition to the permanent location, upon making
application therefore to the Regional Superin-
tendent.
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Quoting DOT’s letter:

“An amateur experimentul stution may be op-
erated at the location shown on the license, or at
another location, e.g. place of business, summer
cottage, ete., subject to the following conditions
- 1. Any equipment left ut one location must be
securely locked. 2. Either station will not be used
for communication with the station at the other
focation. The licensce of the station involved
should forward his license with full particulurs
of the alternate location to the Regional Super-
intendent of Radio Regulations having jurisdic-
tion in the arca. Arrungements will then be made
for the station license to he endorsed so us to
preclude the operation of equipment at more
than one location simultancously.”

With reference to requirement 1, asbove, the
Department will be satisfied if the building in
which the equipment is housed is locked in the
licensee's absence. The sccond requirement need
not be observed where there are two licenses
available, e.g. if o husband and wife both are
licensed.

A Canadian amateur may request this new
privilege when the license is submitted for re-
newal prior to March 31.

FELLOWS, LE.E.E.

John . Gayer, HBOAEQ, a member of the
International Frequency Registration Board and
president of the International Amatear Radio
Club at ITU headquarters in Geneva; John P.
Costas, W2CRR, consuiting engineer, GE Ileavy
Military Llectronics Dept., Syracuse, N. Y., und
“patron saint” of double sideband suppressed
carrier transmission; and . H. Sharbaugh,
W2UKL, Manager, Dielectric Studies Unit,
(LE. Co., Schenectady, N. Y. are among the
Junuary 1, 1965 cluss of Fellows, Institute of
Ilectrical and IKlectronics lingineers. ltlearty
congratulations, OMs!

CONDITIONAL CLASS EXAMINATION
CIRCLES

In November ST we reported on the Federal
Communications Commission’s Notice of P’ro-
posed Rulemaking, Docket 15610, which would
change the mileage basig for Conditiona]l ('lass
eligibility from the present 75 miles to 175 miles,
and count semi-annual a3 well us quarterly ex-
amination points for this purpose. It would
leave unchunged the rules permitting Conditional
Clags examinations for shut-ins, servicemen and
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citizens temporurily outside the U. 8. The pro-
posul would not uftect any present holders of the
Conditional Class license.

In keeping with policies previously expressed
by the Board, aund ag u direct result of discussion
at the November meeting of the Iixecutive Com-
tittee, the Leugue has filed cornments in support
of the F'C(*'s proposed changes. The text appears
below:

Before the

FEDERAL COMMUNICATIONS COMMISSION
Washington, D. C. 20554

ln the Matter of

AmendmentofSertions97.9(d) (1)
and Y7.27(a) of the (‘fommission’s
Rules governing eligibility for the
(‘onditional Class license in the
Amateur Radio Service

- DOCKET NO. 15640

COMNDMENTS IN SUPPORT OF PROPOSED
RULE MAKING

The American Radio Relay League, incorporated, by its
(General Counsel, respectfully submits the following com-
ments in support of the aumendments of Sections 97.9(d) (1)
and 97.27(a) of the Commission’s Kules propused by a
Notice of Proposed Rule Making released October 1,
1964 (FCC 64-893).

Ln 1962 the League embarked upon  long-range program
having as its objective the inore etficient utilization of the
amateur bands. To further implement that program, the
Board, at its annual meeting in 1963, adopted a resolution
directing the otlicers of the League, with the advice of its
tixecntive Clommittee, to request the Cummission to extend
the existing incentive-licensing structure by modificutions
of the license requirements, examinations, procedures aud
privileges. Pursuant to that resolution, the League tiled a
Petition For Rule Amendments And Rule Making (RM-199)
with the Commission on Qectober 3, 1963. In that petition,
the Leuyue noted that suggestions of possible modifications
of the Conditional Class license were not submitted at that
time because the Commission already had initiated a study
of possible revisions and only recently, vn September 13,
1963, had amended Section 12.44(¢) (now 97.35(¢c)) of the
Rules to strengthen the procedures for conducting (londi-
tional Class exaninutions (FCC 63-813).

‘The instant proposal to amend Sections 97.9(d) (1) and
47.27(a) *to provide that only those individuals wiiose
actual residence and propused station location are more
than one hundred and seventy-five airline iniles distance
from a Commission Field Office, Quarterly or semi-annual
examination point shall be eligible for the Conditional Class
license on a distance basis,”” is the second step taken by
the (‘ommission in little more than a yeur to strengthen
the Clonditional Class license. Inasmuuch as the propused
amendments will strengthen the existing license structure,
the League supports the propusul and respectfully urges its
adoyption.

Respectfully submitted,

THE AMERICAN RADIO RELAY LEAGUF, [NC.

kY ROKERT M. BOOTH, JR,

I’ecember 14, 1964 Its General Counsel

FEEDBACK

There is an error in the bottom picture caption
ou page 59 of January 1965, @57 The caption
should read W1VBG, of Westfield, Mass.

- o mma

It should be noted that, due to a clerical error,
the name of Robert K. Pratt, KOAAA, appeured in
*Silent Keys” column of the Junuary 1965 issue of
ST, The listing should have read: Raoul Du
Chatellier, KYAAB, Palos Heights, I1l,

February 1965

Among the many scientists who have made a mark in their
field after a start as radio hams is Dr. Brockway McMillan,
ex-W9EAY, Undersecretary of the Air Force. Dr. McMillan,
who has a Ph.D. from MIT, 1939, is a research mathema-
tician. He was appointed Assistant Secretary of the Air
Force for Research and Development in 1961 and took
his present post in June, 1963. He received his ham ticket
in 1931 while a high school student in Hinsdale, lllinois
and first used an m.o.p.a. rig with a pair of 210s, modu-
lated by a 250. The last entry in the WQEAY log was
August 1938 when graduate studies
precluded further hamming.

NO DUES RISE

On page 49 of December QST, we
announced a change in the rate which
libraries, schools, Ilaboratories and the
like will have to puy for QST annually,
and also in the retail price at radio stores.
Some individual members have misunder-
stood and have sent in more money than
needed.

We remind members therefore that the
fee for the regular combination member-
ship in ARRL und subscription to (ST,
for Full and Associate Members in the
UJ.S. continues to be $5.00; in Canada, it
stays at $5.25 and elsewhere the fee
remains $6.00. Members shonld pay their
dues either through an affilinted radio
club or direct: memberships are no longer
accepted through agencies.

Banned Countries

‘The correct list of countries and prefixes that are
“banned” for (anadian amateurs is: Cambodia
(XU, Viet- Nam (3W8), Indonewn (PIK, JZH),
Laox (XW8), Jordan (JY) and Thailand (HS).
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Fig. 1—Coaxial-sleeve balun for 144 Mc., showing the parts that make up the air-dielectric matching section.

Beer-Can Baluns for 144, 220 and 432 Mec.

Unbalanced-to-Balanced Feed, plus Impedance Matching

BY KEN HOLLADAY, K6HCP * and DON FARWELL, WA6GYD **

HE coaxial-sleeve bulun transformer has

several advantuapges over the texible type
- commonly used in v.h.f. work. The novel
aspect of the baluns described here is the use of
standard beer cans for the detuning sleeves.
This is easier, lesy expeusive, and certainly more
enjoyable than obtaining and processing copper
or brass tubing.

‘T'his type of baulun has been uround for a long
time, but it has not been widely used, probably
hecuuse its properties have been doubted, und
becuuse it is somewhat harder to make than the
type made by folding back o half wavelength of
tlexible coux. The lutter appears to work well up
to at least 50 Me., but at 144 Mec. and higher its
losses and matching qualities may be poor.
Cthecks made at 144 Me. indicate considerable
r.f. on the outside of such a balun, as well us on
the couxial feed line, even when the s.w.r. is
moderutely low. In these circumstances, moving
the balun from where it was taped to the boom
to & position at right angles to the boom changed
the s.w.r. noticeably.

At 220 Me. these conditions become worse,
und at 432 Me. the conventional flexible balun
may be all but useless. Length becomes so critical
that it must be cut and connected with extreme
cure. Velocity of propagation varies so tnuch
from one piece of coux to another that un clec-
trical half wuvelength cannot be cut by formula,

#7733 Rainbow Drive, San Jose, Calif.
** 172 Martha Ave., Saratoga, Calif.
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and balun radiation is nearly always excessive.
An ecighth of un inch of error or » small change
in bualun position muay change its properties
markedly. If you must use a Hexible-coux balun,
do not lay it along the mast or bhoom: mount it
in 2 fixed position perpendicular to the driven
element and boom. Clut it uccurately. l<d Tilton
described a good method.! Don’t forget to take
soldering lugs and leads into account.

Buluns described here ure the so-culled bazooka
or Type | family: quurter-wave sections of air-
dielectrie coax, equipped with detuning sleeves.
Theory regarding them is given in full detail in
Very High-Frequency Techniques, Vol. I, Me-
CGraw-IIill Book Co.

Matching Various Impedances

The air-dielectric coux forms a ¢uarter-wave
“Q" section. It can be made to continue the
line impedance, or trunsform it to uny other
impedance within fairly wide limits by proper
choice of conductor diameters. The required im-
pedunce for a “Q” section is obtained from the
formula

Z, =\ R (1
where Z, is the impedunce of the matching sec-
tion, Z. is the line impedance, und Z, ig the
impedance of the loud. This informution und
more detailed explanation may be found in any
ARRL Handhool: or Antenna ook,

feV.hf. Antenna Facts and Vullacies,” Part LI, QST,
TFeb., 1964, p. S0,

~
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After the desired impedance is determined
the dimensions required can be calculated from
the formula

Zo = 139 logll @2
a

where 7, is the impedance of the matching sec-
tion, as before, b is the inside diameter of the
outer conductor, und ¢ is the outside diameter
of the inner conductor. Or you can do it the
eusy way, from the chart, Fig. 2.

For example, let’s suy you want to match 50
to 300 ohms, & common situation that cannot
be handled with a fexible-coax balun. ¥rom
formula (1) we find we need a “Q” section with
an impedance of 122 ohms. From Fig. 2 we see
that a b/a ratio of 7.5 is needed. We cun now
check the plumbing supply houses and the
Handbook wire table to find available materials
that will come closest to this ratio. We used
9/16-inch i.d. copper water pipe for the outer
conductor. (“Pipe” is sold in terms of id.;
“tubing” in terms of o.d.). Dividing 0.5625
inches by 7.5, we get 0.075 inch, which is very
¢lose to the diameter of a No. 12 wire. Using the
information of Table I, we can take care of
common impedance matching problems with
standard wire sizes and $/16-inch i.d. pipe.
Many other combinations can be worked out
from the formulas and chart.?

¥ The required outer-conductor i.d. for various ratios
with standard wires sizes for the inner conductor may be
obtained from & chart appearing in the .lntenna Book,
‘Transmission Lines chapter.
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Fig. 2—Characteristic impedance of coaxial matching
sections for various conductor diameter ratios. The outside
diameter of the inner conductor and the inside diameter of

the outer conductor are used,
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Table I — Inner conductor wire sizes to be used
with 9/16-inch i.d. copper pipe outer conductors,
for various impedance matching jobs commonly
encountered in v.h.f. work. The impedance of
the main coaxial transmission line, Z,, is given in
the left column. Next is the balanced load, Z;, to

. be matched.

Zus 0hms Zeo 0hms Wire Size, A.V.G.
50 72 4
50 200 10
50 300 12
50 450 18
75 200 12
7t 300 18
ksl 450 24

The Detuning Sleeve

With just the coaxiul matching section we
would still have an unbalanced condition. This
would be all right where the load is unbalanced,
but most antennas ure balanced loads. This is
where the beer-can decoupling sleeve comes in.
Being a high-“Q” quarter wavelength of line,
open at the top and shorted at the bottom, it
presents an almost infinite impedance to r.f. cur-
rents (at the resonant frequency) that might
be Howing on the outside of the coaxial feed
line.

Calculations show that u sleeve for 432 Me.
should be 6.25 inches long. Tn our search for
suitable materials we discovered that a half-
quart beer can was exactly the right size. Two
such cuns are right for 220 Me. Ior 144 Me.
three cans and part of another are required.
For tips on soldering them together see October
1964 QST page 13.

Construction Hints

Assembly of the baluns is the same for each
band, except for the length. We've used two
methods: one for a fullv-soldered unit for use
where impedance adjustments ure not antici-
pated, and a bolted and soldered one thut per-
mits changing the ceuter conductor to change
the output impedance. To make the first type
for 432 Me. proceed as follows:

Select a half-quart beer can or other steel-end
can 614 inches high. Do not use an sluminum
pop-top can. With a kitchen can opener remove
the top that was punched to remove the con-
tents. Locate the ceuter of the other end and
punch a 34-inch hole.

Prepare an N-type chassis connector by turn-
ing down the erimped Hlange on the back of the
connector so that it will fit inside the V/16-inch
i.d. of the copper pipe (o he used as the outer
conductor of the line. If yon do not have access
to o lathe for this operation, filing or reaming
out the end of the pipe slightly will serve the
same purpose, which is to make the pipe end
fit Hat aguinst the sgquare tlange of the connector.

C'ut the wire for the inner conductor about one
inch longer than the pipe length, dimension B
in Fig. 3 and Table II. Solder the wire to the

center pin of the N connector. Slip the copper
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BEER CAN
DECOUPLING SLEEVE

TEFLON WASHER
16 THICK

)

ase
~./ T

pipe over the

center conduc-

tor and onto the con- -

nector flange. Solder it in B
position, being sure to maintain N

the connector and pipe in coaxil T
alignment.

('ut alignment washers from 1/1G-inch Teflon
or other good insulating material to fit closely
inside the outer conductor and over the wire.
These washers must be a press fit.

Insert this assembly in the beer can (decou-
pling sleeve) and check for smooth fit. If neces-
sury, trim away any excess solder at the point
where the pipe joins the fitting, to inake sure
that the fitting sets evenly aguinst the can bot-
tom. Center carefully, mark the four holea for
the connector mounting screws, drill, and bolt
in place. The flange ean be soldered to the can
bottom, if you wish. Because of the weukness of
the can bottom, you may want to strengthen
the assembly by fitting the open end with a
press-tit washer of polyfoam, or similar material.

The other version, shown in exploded form in
Fig. 3, uses a brass bottom for strength. For this
type. vut both ends from the can. Using steel
wool or a file, remove the plastic coating from
the crimped flange on the hottom.

Fig. 3—The beer-can balun in exploded form.
Sleeve and outer conductor lengths are given

in Table Il. The wire inner conductor should

be approximately 1 inch longer than B.

. COPPER PIPE
578 0.0.,%¢'1.D.

//— TEFLON WASHER

.~ BRASS BOTTOM PLATE V¢ BRASS
DRILL 8 TAP FOR 4-40 SCREWS

= S0LID COPPER WIRE

N_CONNECTOR
e

4-40 SCREWS

Cut a disk about 1/32 inch larger than the
can outside diameter from 1/16-inch sheet brass.
Punch a 84-inch hole in the center. Trim the hole

Table I — Lengﬂu for the decoupling sleevae,
A, and copper pxpe outer conductor, B, for
144 220 and 432

A B
144 Me. 193" 203"
220 Me. 1234" 12%¢"
432 Me. 614" 636"

edge with u knife, so the connector base will lie
flat. Cut the outer conductor from 54-inch pipe
(Continued on page 146)

Fig. 4—Three completed baluns.
A single half-quart beer can serves
for the 432-Mc. balun, left. Two
are right for a 220-Mc. model,
center. The 144-Mc. assembly re-
quires approximately 3% cans.
Except for [ength, the inner portions
of the assemblies are all the same.
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A Transistor Audio Oscillator

Simple Unit for Tcsting Purposes

BY FRANK C. BAXTER, JR.,* W3SKL

PTIKE many of my projects, this one was con-
L ceived several years ago. I was searching for

transistor oscillator circuits when I found
the one that is the basis for this article. [ never
usced the circuit in my work, but its simplicity,
performance and apparent low cost seemed par-
ticularly attractive for u picee of amatewr test
equipment. Therefore, I put the circuit in my file
und only recently completed the building of the
ogcillator.

Principles of Operation

Fig. 1 shows the oscillator circuit, which is
bagically the same as that described by Peter
Bulzer in Transistor (drcuits and A pplications.t
The circuit is clagsiied a8 a “null-network”
ogcillator, the name being derived from the fact
that the frequency of oscillation is controlled by
a network that exhibits maximum attenuation

* HRB-Singer, Inc., Box 60, State
College, Penna.
t Carroll, Transistor Circuils and Applications, McGraw-

Hill, 1957, p. 101.

Science Park, P.O.

Fig. 2—Bridged-T network discussed in the text.

(or “nuils”) at a single frequency. The null
nct,\vork utilized in this oscillator, and drawn in
Fig. 2, is appropriately called a ‘“bridged-T.”
Furthermore, because only resistors and capaci-
tors ure used as circuit elements, the network is
correctly termed an “ R('” bridged-T. The null
frequency can be determined from the circuit
values by the following equation:

_ 1

2rRC S b
where the resistance and capacitance rutios repre-
sented by b and k&, respectively, are chosen arbi-
trarily.

C_oeesv. o
BT 4 - \~’:c B20K
ﬁC‘MH I M
il 1
AAAY
T
10k 25V
330K ap

~12v]

FEEDBACK Ry
500
p

IOK(bR)

i ]
i

3 1A

T

100K

sV, 25V,

I \

19 -1 +

i i LEVEL
002 50K
oz ooa Ra
OuTPUT

1500

(kC)

(C) (R)

Fig. 1 —Circuit of the transistor audio oscillator. Unless indicated otherwise, capacitances are in uf., and resistances are in
ohms (K= 1000). Capacitors marked with polarity are electrolytic; others, if not listed below, are tubular paper. Fixed
resistors are 2 watt. Capacitors and resistors corresponding to those of the basic bridged-T
circuit of Fig. 2 are identified with similar designations in parentheses.

BTi—22.5-volt miniature battery (Burgess 4156).

Ci—150-pf. mica or ceramic.

li—3-watt 115-volt lamp (GE FG616).

Q1, Qz, Q3—Germanium p-n-p transistor (Lafayette 19 G
1502).

February 1965

Ri, Rz—Linear control.

S1—S.p.s.t. toggle switch.

Sz—Phenolic rotary switch, 2 sections, 2 poles, 7 or more
positions.
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In addition to having a null frequency, the
bridged-T hus phase, attenuation, and bandpass
charucteristics. For fixed values of €' and &, the
attenuation und bandpass ure determined by b:
the greater the value of b the greater the atten-
uation and the more narrow the bundpass. At
the null frequency the input is in phase with the
output. For frequencies other than the null, both
the phase and attenuation will vary between the
input and output terminals.

In summary then, the bridged-T c¢an be em-
ployed as a frequency-selective network by the
proper combination of resistors and capacitors.
There ure, however, sume practical considera-
tions. The equation shows that there are four
variables which affect the null frequency — £2,
b, ¢, and k. Becuuse & determines the network
attenuation, cupucitor tuning is preferred. In
this way amplitude changes are avoided. Fur-
thermore, the use of dissimilar tuning elements
can be avoided by setting & = 1.

Precige frequency control is difficult to achicve
because of the tolerunces and values of resistors
and capacitors normally used by the amauteur.
The RC bridge is not, 4 true null network because
a complete null (infinite attenuation at u single
frequency) cannot be attained. [inally, but
not within the scope of this article, the use of
the network in the over-all circuit must be con-
sidered.

Circuit

In Fig. 1, transistor () is an amplifier. (2 is a
direct-coupled emitter follower which has €3 as
the emitter loud. In addition, )3 acts as an
amplifier with capacitor €y coupling the signal
from the collector of ()2 to the hase of Qx. lissen-
tially, ()2 und @3 are acting as a push-pull ampli-
tier, and this mode of operation appreciably de-
vreases even-harmonic distortion.

Bv virtue of transistor action, a current at
point A is in phase with the current at point B.
Thus the lamp /; provides u path of positive
feedback which, in turn, causes oscillation.
Furthermore, because the lump resistunce in-
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Rear view of the front panel showing the mounting

of the frequency-selector switch and frequency-

determining capacitors. S1 is at the upper right, and

Rz at the lower left. The spacers at the four corners
support the perforated subpanel.

creases with feedback current, the lamp tends
to stubilize the amplitude of the oscillation.

Since the bridge is frequency sclective, the
circuit, will oscillate uat the null frequency. Also,
the bridge is connected into the circuit in such
a manner that u current at point C is 18U de-
grees out of phase with the current at point A.
‘I'herefore, the bridge provides a path of negative
feedback and aids in reducing distortion. Oscilla-~
tion will occur when the amount of positive
feedback is slightly greater than the negative
feedback.

At this point it should be noted that the condi-
tion for ovscillation depends upon a phase shift
oceurring in the transistor circuitry. Accordingly,
this circuit will ceusc to oscillute when the tran-
sistors cannot produce the required phase shift.
Such a limitation generally occurs at high fre-
(uencies.

In Sulzer's original oscillator, (VI-7228 were
specified, but 1 used close equivalents sold by
Lafayette Radio at a coust of four for 89 cents.
Although these buargain transistors oscillated
with the original ecircuit values, considerable
waveform distortion wus evident. Therefore, the
transistor operating points had to be adjusted
to produce a good sine wave. Specifically, I
selected new values for the emitter resistor of
()1 and the base resistor of (3. I also added a
few more switch positions and capacitors for u
wider selection of frequencies. A third modifica-
tion was required to squelch a parasitic oscilla-
tion at 2.5 Mec. The 150-pf. capacitor from the
base of (J2 to ground eliminated this problem.

Consfruction

The oscillator is housed in a 6 X 6 X 6-inch
utility box. Most of the constructional detuils are
obvious from the photographs. The buattery
switch, level control, vutput terminals, and com-
ponents of the bridged-T network are mounted on
the front panel of the box. The remaining compo-
nents are mounted on a prepunched terminal
board (Vectorbord), und the board is attached to
the front panel with spacers approximutely 214
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inches long. Transistor sockets were used to
facilitute testing, but they are not required. Of
course, the huilder should exercise the usual
precautions when soldering transistor leads.

No mounting hardware was used to secure the
components to ithe Vectorbord. My technique is
to mount all components on one side of the board
und make all solder connections on the apposite
side. The component, leads are first bent to pro-
ject through the perforations. ()n the other side
of the bourd the leads ure again bent to meet the
proper connection and soldered together. Only
five components used were of the miniature type
80, with a better parts layout, the builder should
be able to use ull standard-size components.

Most of the components came from my limited

parts bin: consequently, the photograph of the .

bridged-T shows more capacitors than indicated
in the schematic iagram. This is u result of
puralleling capacitors to obtain the proper values.

I determined that seven frequencies were
sufficient for my needs. However, rotuary switches

A transistor audio oscillator covering spot frequencies
in the range of 14 cycles to 17,000 cycles.

are usually manufactured in 6 or 11 positions:
thus there is a possibility of expanding the
frequency coverage.

Adjustment

The oscillator is hest adjusted with the aid of
an oscilloscope. TThe scope should be conneeted to
the output, the level control set at maximum, the
frequency switch set to the highest frequency,
und /; adjusted to produce a good waveshupe at
approximately 1.5 volts r.m.s. output. The wave-
shape should then be checked at all frequencies.
Because of the circuit time constant and the
thermal delay of the lamp, the oscillator will
require u few seconds to stabilize in amplitude.
The various d.c. voltage levels shown on the sche-
matic were measured with a v.t.v.m. The total
current drain should be about 4 ma,

The table will give the builder some idea of
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Front view of the perforated subpanel, showing the mount-
ing of the resistors and frequency-determining capacitors.
I1 and Ry are in the lower right-hand corner. The transistors
and the shaft of R are on the reverse side of this board
—the side that faces the rear of the cabinet
in the final assembly.

what final frequencies to expect. The target
value was my design goul. The calculated value
was obtained from the equation by using stan-
dard-value cupacitors. The actual value was
measured with a laboratory instrument. The
table also shows the maximum no-load output
voltage for the different frequencies, and the
total r.m.s. distortion plus noise measured at full
output under no-load conditions. A test was also
made to determine the lowest resistive load for
the oscillator. As it turned out, under low loads
the circuit had a tendency to generste parasitic
oscillations. Nevertheless, good waveshape was
maintained down to 2200 ohms with 4 maximum
of 10 per cent drop in output voltage.

As previously mentioned, precise frequency
control is difficult to achieve. My approach to
this problem was first to measure each frequency
with an 1800-ohm resistor in the bridged-T net-
work. Then, because 1 felt that the mid frequen-
cies were the important ones in umateur radio
work, 1 made small changes in this resistor until
I achieved a good compromise. My tinal value
wus 1500 ohms.

Type 2N1305s also appear to work well in this
circuit, although no actual measurements were

made. o5
Caleu-

Tuarget lated Actual No-Load Distortion

Freq. Freq. Freq. Output Plus Naoise

(e.p.s.) (e.p.s.) (copws.) (vromes,) {per cent)

20 20.6 13.7 1.9 not measured

200 206 174 1.7 12
1000 1030 070 1.8 0.13
2000 2060 1760 1.6 0.11
4000 4120 4100 1.8 0.14
10,000 10,300 10,600 1.6 0.09
20,000 20,600 17,000 1.5 0.06
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Amateur

Commemorative

Stamp

Dedication Ceremonies Held in

Anchorage and Washington

ing radio amateurs, on which we reported

brietly in January (JST. was brought out
with appropriate ceremony in Anchorage, Aluska
on December 15, 1964. On the 16th, there were
repeats in Washington and throughout the coun-
try where ualert amatcurs and clubs arranged
local observances.

The program in Anchorage centered on a
luncheon sponsored by ARRL and hosted by the
Rotary Club, with Henry B. Montague, Chief
United States Postal Tnspector, us principal
speaker. A. H. Romick, (‘lommissioner of (fom-
merce fo<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>