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Efficient filters and selected injection frequencies make the NEW SR-46
and SR-42 VHF transceivers virtually immune to FM and TV interference.

Interference-free reception is only one of many
advantages in the new SR-46. Complete six meter
band coverage is another. Or full two meter
coverage, if you prefer, in the companion SR-42
unit. Both give you double the usual bandspread,
through use of dual tuning ranges. A neutralized
nuvistor front end boosts sensitivity, and eleven
tuned circuits increase selectivity while sup-
pressing interference. Push to talk, of course.

Thorough field testing, before production, by
hundreds of operators, assures you of years of
trouble-free performance. It all adds up to your
top VHF value. See the SR-46, or the SR-42, at
your distributor today.

HOSRAB

SIX METER VHF TRANSCEIVER
and SR-42 for two meters

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

—

FEATURES

Frequency Coverage: 50 to 52 Mc and 52 to 54 Mc
(144 to 146 Mc and 146 to 148 Mc in the SR-42).
Power Input: 10-12 watts. Power Supply: 115 VAC
and 12 VDC (vibrator and line cord optional extra).
Transmitter Crystals: high frequency type; provision
for four (one furnished), plus external VFO, switch-
selected from front panel. Tubes: 10, plus zener
diode oscillator control and four diodes (11 tubes,
2 zeners and four diodes in the SR-42). “S” Meter
automatically switches to RFO. Cabinet: “snap-off”
type for easy access. Size: 5%2” high, 121" wide,
814" deep. Shipping Weight: 17 Ibs. Amateur Net
Price: $189.95.

Confomans
hallicraffers

5th & Kostner Aves., Chicago, lil. 60624




Every year for 31 years, Hallicrafters has engineered
more high performance amateur radio equipment
than any other manufacturer in the world. For

the last 30, we’ve had to fight every inch of the way.

In 1933, we had less than a dozen competitors.
In 1964 we have over two dozen (at last count).
Naturally, they all want to be the leader.

Early in the game, we learned that staying
ahead of the crowd would depend on two things:
Dedication to the needs of al/l amateurs; and
very superior, progressive engineering.

So it’s no coincidence that our SR-150 and
SR-160 amateur transceivers alone offer both
Receiver Incremental Tuning and Amplified
Automatic Level Control. Or that we
manufacture 19 products to answer any amateur
requirement, while our largest competitor
makes fewer than half that number.

Visit Qur Booth at the
1965 SSB Show
Statler-Hilton Hotel
Tues. March 23rd
12 Noon-9 P.M.

l:__..,)//(//g‘{y K/u'ﬁ({y/
“¢. /'/2//5 //me//% i

hallicraffers

5th & Kostner Aves,, Chicago, 111, 60624

P.S. we'll send you complete specifications twice as fast, too!

Export lnternatxonal Div., Ha”lcrafters Canada: Gould Sales Company, Montreal, P. Q.
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Why is it the most expensive is often the most cconomical? A paradox? [0 No! O First, with any
purchase, and especially with ham equipment, you want self-satisfaction. Next, you want a good
investment. (1 What better satisfaction than to know you have the finest. When you purchase
Collins you get such features as complete station compatibility; frequency stability; frequency
calibration; more QSO's per kilocycle; mechanical filters; dual or single PTO control; automatic
load control; negative RF feedback; light weight; simplicity and styling. And Collins is still the
only equipment which has all ten of these features—-and is still unexcelled in any of them. []
What better investment can you have than in Collins equipment —~ proven over the years by such
famous units as the 32V series, the 75A series, the S/Line
—and in the end costing less than the lower-priced units.
Collins is interested in protecting your investment by not
introducing new models and styles every year or so just
to stimulate sales. [1 As one of our customers told us,
“You can’t afford to buy less than Collins.” See your
Collins dealer. Ask for a demonstration. Then you'll know
why Collins is the finest. Why it costs so little to own.
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4X250B tetrode
chalks up 20,000
hours—and is

still going strong!

EIMAG

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 production
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. ..

L s 4 K



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, far 160 through 6
meters—the ‘‘Ranger|l' offersthe ‘'biggest-
little" 75 watts you'll find on the air! Rated
at 75 watts CW and 65 watts high-level AM,
the “Ranger "' 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 11"’ 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 (|’ 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 |I" 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 TVI 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 11

COMPLETE CATALOG
Drop us a card and we will
send you Amateur Catalog
962 which gives the full
“Ranger Il story, as well
as detailed information
on ourcomplete line of
amateur transmitters
and accessories,

E.F.JOHNSON 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 first of each
month (for preceding month) direct to the SCM, the administrative ARRL oflicial elected by members in each Section.
Radio club reports are alvo desired by SCMs for inclusion in QAST'. ARRL Field Organization station appointments are
available in ureas shown to qualified League imnembers. General or Conditional Class licensees or higher may be appointed
ORS, OLS, OPS, 00 and OBS. Technicians may be appuinted OLS, OBS or V.L.I". PAM. Novices may be appointed OES.
SCMMs desire applxcutlon leadership posts of SIKC, C, RM and PAM where vacancies exist.
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in the absence of a regular officlal




- 1965

EDITION

NOW
AVAILABLE

7HE STANDARD reference work
and text for everyone—radio
amateurs, engineers, lab men,
technicians, experimenters, stu-
dents, purchasing agents.

QAnnual revision is a feature of the Handbool:, al-
ways with the objective of presenting the soundest
and best aspects of current practice. The big, 1965

. IEdition contains new deseriptions of equipment.
Semi-conductor and vacuum tube tables are brought
up to date. Every important aspect of amateur radio
is covered: transmitting, c.w., a.n., sideband, radio-
teletype; receiving; mobile; v.h.f.; propagation; an-
tennas; construction; theory; charts; diagrams; tran-
sistors; vacuum tubes; station assembly and opera-
tion. The complete handbook!

$1.00 USA proper $1.50 US Possessions and Canada $5.50 Elsewhere

Clothbound Edition $6.50 USA, Possessions and Canada, $7.00 Elsewhere

The AMERICAN RADI0 RELAY LEAGUE, Inc.

NEWINGTON, CONN. 06111
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Itis an incorporated associotion without capital stock, chartered
under the lows of Connecticut. Its affairs are governéd by a Board
of Directors, elected every two years by the général membership.

The officers are elected or appointed by the Directors, The League

is noncommercial and no one commerciolly engaged in the mani-
facture, sale or rental of radio apparatus is el;gnble fo membershxp
on its board.
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cally every worth-while amateur in the nation and has a history of
glorious achievement as the sténdord-begrer in amateur affalrs.

inquiries regarding membership are solicited. A bona fide

interest in amateur radio is the only esséntial quolification; owner-
ship of a transmitting station and knowledge of the code are not

prerequisite, although full voting membership u granted only to
licensed amateurs,
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“It Seems toUs...”

CB —HAM PROSPECTS

MENTION’ of the Citizens Band to any group
of hams is certain to raise some hackles if
not cause outright mayhem. Much of our dis-
dain for CB is merited; some of it is not. Let
us, with open minds, examine some factors
which have led to that antipathy.

One is that Class D CB operates in a portion
of the spectrum once available to amateurs.
Ergo, they stole our band! The fact is, how-
ever, that 11 meters wis never un umateur band
as such. It was and is assigned by FCC to
“fixed and mobile” services, which covers
raost anything other than bhrowdlcasting and
amateur, Some years ago the League re-
quested and obtained « special arrangement
for amateur sharing. We still remain of the
view, as stated in our formal opposition, that
FCC used questionable judgement in estab-
lishing B operation in this portion of the
spectiium in lieu of amateurs. But there is no
justification for an anti-C'Ber attitude becnuse
he is using “‘our’ hand, any more than we can
properly take individual offense at commer-
cials now in 14,350-14,400 ke. Or any more
than former commercial users of 21 Me. can
logically be bitter toward individual amateurs
because we uow have *their’” band.

There have been conflicts in the press. We
are angry — and properly so — when TVI
cnused actually by CB operation is blamed on
“some amateur.”” But we've seen some exam-
ples of the reverse situation as well. There have
ulso been times when newspapers have head-
lined some (*B constructive communications
activity as “ham’” accomplishments. 5o we
think we're about even on that score.

There can be no doubt that, in » substantial
percentage of elass [ CB operution, the origi-
nal concept has been perverted. Has this been
entirely the fault of the individual user? We
think not. Rather, a major share of the blame
cun be placed squarely on manufacturers who
over-promoted the service with little or no
ethical consideration of the regulations (and
still do!); on maguzines which winked at the
rules while encouraging DXing, QSLs, cer-
tificates, und the like; and on FCC which found
its Pandora’s box too fantasticully large a job
of rules enforcement to accomplish.

The individual CBer had no one successtul

national organization {and still hasn’t) to cn-
ordinate his aims, to keep him informed, to set
up self-imposed standards and policing, to
guide the growth of C'B in s proper direction.
Numerous local groups made valiant attempts,
but they were not sufficient. The ('Ber was
swept up in a catacylsm of headlong growth,
not of his own mal\mg or direction. He foll into
operating practices and procedures sometimes
idiotie, often illegal. There was no one to tell
him any different. He has been the vietim,
rather than the cause, of the CB fiasco.

Many CRers are persons with an honest in-
terest 1n radio communications. The serious
ones are in the sume position as were you and
we in our preamateur days. Fortunately for us,
we had no (!B ogre to get us off on the wrong
foot. A few serious individuals and groups in
('B have accomplished some constructive we-
tivities in the field of communications organ-
ization — disaster relicf, parade liaison, and
similar events. On occasion, we must grudg-
ingly admit, they have equalled or outshone
amateur performance. They could not have
accomplished this were they all indeed the nit-
wits we blindly choose to helieve.

Are they, then, busically good prospects for
conversion to the ham ranks? We think so!
Having begun to make a name for themselves
by ('B participation in some aspects of local
public service, if they can be encouraged to
come over to ham radio they will have an op-
portunity to participate “in the pubhc inter-
est, convenience und nccessity’” on a more
wide-spread basis. Thousands have already so
graduated.

Some of our readers ure undoubtedly al-
ready aghast at the prepostecrous suggestion
there is any good in (!B. \We can visualize 2
few magazine editors sharpening their pencils
to charge the League with some nefarious plot,
knowing that blind hate of B is a popular
amateur pastime and that anti-CB ¢omment
will win them accoludes based on emotion
rather than objective consideration. So, a
warning: Let no one misconstrue our words as
a suggestion that amateur standards be low-
ered to permit easier transfer from CB to uma-
teur. The League is currently attempting to
upgrade standards for the amateur service, not

(Continued on page 10)
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(Continned from page )
reduce them, There is to be no speeiaj treat-
ment. CBers will have to enter the ham ranks
under estublished regulations, the same us any
other citizens.

If FCC ecurries through with its proposed
restrictive CB rules, a lot of present CBers will
no longer have a legitimate medium of ex-
ploiting their interests. Some may continue, in
violation of the rules. The more conscientious
will have two choices — give up much com-
munications activity, or join the ham ranks.

They’ll be cast adrift — a fertile feld for am-
ateur newcomers,

Let's invite them into our club code and
theory classes, or help them individually. Let's
direct their enthusiasm to the expanded fields
of amateur experimentation snd communica-
tion — yes, and to the contests and routine
activities which provide much of the enjoy-
ment in amateur radio. Tet's not hold against
any amateur prospect the fact that he has a
CB background. [s=]

COMING A.R.R.L. CONVENTIONS

March 26-28 — Delta Mem-
phis, Tennessee

April  3-1 — Midweslt
Moines. fowa

April 21-25 — New England
Swampscott, Massachusetts

July 2-5— ARRL National. San Josc,
California

July 9-11 — West Guif Division, Olla-
homa City, Oklahoma

October 1-3 — Ontario Provinee,
bury

Division,
Division, Des

Division,

Sud-

DELTA DIVISION CONVENTION
Memphis, Tennessee March 26-28

The Delta Division ARRL C'anvention will he
held Friday, Saturday and Sunday, March 26-25,
at the Chisea Plaza Hotel, in Memphis, Tennes-
sce. Clonvention activities will include talks on
antennas, receivers, transmitters, fransistors,
DX, v.h.f.,, MARS and portable eleetric plants.
«s well as amateur equipment exhibits. A v.h.f.
seminar will be conducted by Paul Wilson,
WH4HHEK, with Sam Tarris, W1FZJ, QST con-
tributing editor for v.h.f. Other League officinls
will algo be on hand. Sperial activities are planned
for wives and children.

C'onvention registration is $2, and banquet.’
dance tickets are $4.75. Rates at the Chisea Ho-
tel are: singles. $5.75 to $7.50: doubles, $8.25 to
$10; suites, $15 up; motel (connected to the ho-
te]) singles, $8 to $10: doubles, $10 to $12; suites,
522 up, Requests for registration and, or hotel
reservations may be sent to Bill Littles, W.A4-
DPJ, Chisea Plaza Motor ITotel, Linden und
Main, Memphis.

MIDWEST DIVISION CONVENTION
Des Moines, Iowa April 3-4
The Midwest Division ARRL Convention will
be held in Des Moines, lowa, on Saturday and
Sunday, April 3-4, at the Kirkwood Hotel. The
program will embrace niost. phases of amateur

radio, with group sessions on DXCC, v.hl.,’

MARS, RTTY, mobile und ARPSC; FCC exu-
minations will be administered; a c.w. speed
contest will be held; and many other :ctivities
are planned including a Royal Order of the Woutf
Hong initiation ceremony.
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With the ARRI, Exceutive Committee plan-
ning its April meeting during the convention,
those present will include ARRI President
Hoover, W6ZH: 1st Viee-President Ciroves,
WHNW; General Manager Huntoon, WILVQ;

Communications  Manager Handy, WIBDI:
Canadian  Director  Eaton, VE3QJT; Dukota

biirector Compton, WOBUO: Midwest Director
l_)«\lmiston, WONWNX; and ARRI, Cieneral
Counsel Booth, W3PS, Other speakers and guests
will cover a wide vuriety of subjects, from anten-
nas to Project Osecar. Distributors and manu-
fucturers will exhibit the latest in amateur
cquipment.

Ladies’ aetivities will include a hospitality
room, u special women’s luncheon and a millinery
show, with the latest sivles in hats and wigs,
complete with live models. Dancing Saturday
night will be to musie provided by a name dance
hand.

Room reservations may be made by writing
direetly to the Kirkwood Hotel, 4th and Wulnut,
Des Moines, Iowa 50309, Prices start wt $6.50
for singles, $0.50 for doubles und $10.50 for
twins. Clonvention pre-registration is $7.50 per
person, if postmirked before March 16; the cost
will be $0.50 at the door. Prices inchude the Sun-
day wfternoon hanquet. Registration requests
should go to the Des Moines Radio Amateur
Association, Convention ('ommittee, P.O. Box
1031, (University Place Station, Des Moines,
Towa H0311. “Talk-in" transmitters will be in
operation on 3.970, 20.6 and 50.4 Me.

OUR COVER

Paul M. Wilson, WHHIIK, is dwarfed
by his I18-fout dish installation, (fenter of
the antenna, currently set. up for 432 Me.,
i 35 feel ubove ground. The ecuipment in-
cludes a SCR-H84 el-nz mount. and an 'PS-
3 radar platform. Dish with supporting
frame and counterweights weighs about
2400 pounds! V. h.[. enthusiasts sattending
the Delta Division ARRL C'onvention in
Memphis, Mareh 26 through 28, are in-
vited (o inspect the moonbounce installa-
tion in nearby Collierville, WK
(AAHMK) is « member of Third Army
BMars.

QST for



Oscar III Orbital Predictions and
How To Use Them

BY HARLEY C. GABRIELSON,* W6HEK

you will need to develop your own tracking

data to determine when the satellite is within
line-of-sight range of your station. You will ulgo
wish to determine what your relative azimuth
heading to the sutellite will be at the time of
aeqquisition, what general path the satellite will
fol'ow while it is within your range, and the time
and azimuth heading at which the Osear IT1 sig-
nals will be lost. when it disappeuars helow your
horizon. 1n plunning two-way communication via
Ogear LT, you'll also want to know when the sta-
tion you wish {o contact will acquire and lose the
sutellite signals. All of this pertinent information
muy be extracied from the generad orbital predie-
tions using the methods deseribed in this article.

Ib‘ vou plan to communicate through Oseunr 1L
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Fig. 1-—Satellite altitude vs. orbital period (minutes).

Data Broadcasts from Project Oscar

Project Oscar Headquarters at Foothill ('ol-
lege, Los Altos, Culifornia, will disseminate gen-
eral orbital prediction messages ! once Oscar [11
is known to be in orbit around the earth. These

# Project Oscar, Inc., Foothill College, Los Altos, Calif,

! Present plans cull for ¢.w. bulleting to be broadeast on
35075, 7015, and 14,030 kes. RTTY broadeasts will be on
3620 and 7040 ke, The 20-meter RTTY frequency and
s..b. frequencies on R0, 40 and 20 meters will be unnounced
hy the time this article is in print.
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messages will be siwilar to the ones produced for
Ogcars 1 and 11 EBach prediction message will
identify the time of origin and will give Oseur I11
orbital parameters upon which the predictions are
based. The text of the messuges will contain o
tubulution of orbit numbers and, with each orbit
number will be given the “official” south-to-
north equatorial crossing time (GMT) and equa-
torial crossing longitude (degrees west of C(ireen-
wich). The messages will be availuble daily from
W6k (the Osear Headquarters station) and
possibly from WIAW and other relay points. The
prediction messiges will be sutliciently complete
for you to make vour own predictions if you plan
full tracking and use of Oscar I11.

Your Operational ''Range’’ for Oscar IIT

The first requirement in using the general pre-
diction daty and, indeed, making use of Oscar 111
is to determine your maximum reception runge of
the sutellite. Whenever Oscar ITI comes within
“view " of your antennu, it should be possible for
you to hear it and to make use of the satellite.
The higher the satellite altitude, of course, the
farther away you should be uble to hear it. If you
know the orbital period of Osecar 111, its altitude
may be found from the altitude/period graph of
g, 1. A graph of orbital sltitude versus map
range is given in Fig. 2. (Mup range is the dis-
tance measured wlong the surfuce of the earth
from your loeation to the point on the surface of
the curth directly below the satellite. "This point
is known ar the sub-satellile point.) Your opera-
tional range with respect to Oscar 11T muy be
drawn on a map of your aren, A circle having o
radius equad to the reception range with the cen-
ter ut your QTH will give the picture (with due
regard taken for ubseuration of nearby hills, ete. ).
This “*aequisition map” will come in handy dur-
ing the forthcoming Oscar 11T flight.

The ongest possible period of reception und
use of Ogear 111 will oceur when the satellite
pusses directly over your loeation. Your map
shows this ug the diameter of the range cirele.
You can find the velocity of the sub-sutellite point
by dividing the circumference of the enrth (25,-
000 statute miles) by the orbital period (in min-
utes). You can then divide the dinmeter of your
range circle (in miles) by the sub-satellite veloc-
ity (in miles-per-minute) to obtain the time
duration (n minuies) of your longest possible
period of reception.

The Earliest Acquisition Time

The euarliest ucquisition time for Osear 111 may
he determined if you know how loug it takes the
satellite to truvel to your latitude from the equa-
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tor.® Fig. 4 tabulates this information for given
values of orbitul period and orbital inclination.
The desired time is given as a per cent of the total
orbital period so the graph applies to any near-
circular orbit, regardless of the period. Using
Fig. 3, you can determine the travel time Oscar
[IT requires from the equator to your QTIL, or to
the latitude of the southernmost point of your
range circle. The lutter information will tell you
the time lapse between the equatorial crossing
und the instant vou will be uble to hear a south-
to-north Osecar 111 pass. This time lapse may be
added to the predicted equatorial crossing time
(alwavs given for an “official " south-north pass)
to ohtain vour earliest acquisition time for w
south-to-north pass.

"2 Orr and Walters, “Orbital Predictions for Oscar 1"
(UNT, Lebruary, 165,
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Fig. 4—The component of satellite motion parallel to the

earth’s equator. A satellite having an orbital inclination of

807, as discussed in the text, will have un apparent
eastward "'drift" of about 9°.
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In the same muanner, you can determine the
travel time between the northernmost limit of
vour range circle and the equator. This figure will
give you the time it takes Oscur ITI to travel from
that point to the equator during a north-to-south
pass. Subtracting the southbound travel time
from one-half the orbital period will give the time
taken by the satellite to travel from the “official”
equitorial crossing at the beginuning of an orbit to
vour eurliest acquisition time for north-to-south
pusses.

Equatorial Crossing Longitude

The following step determines the FEouaicrial
(rossing Longitude for w satellite puss directly
over your location. Two equutorial longitudes are
involved, one for northbound passes and one for
southbound passes. The longitudes in yuestion
are wnlled Station Reference North (SRN) and
Station. Reference South (SRS). To derive SRN
and SRS equatorial longitudes it is necessary to
know the approximate pattern of motion of the
sutellite as it whirls around the earth. Two dis-
tinct motions coutribute to this pattern. First,
the rotution of the earth adds a component to the
appurent sitellite motion which shifts the orbit.
westward about one degree for cvery four minuies
of time (157 per hour). 1t is necessary to know the

B

SIN LAT = SIN 1 SIN L (360)

A 11+ orBIT INcLINATION
e TiME

P+ ORBIT PERIOD oraiT }

e
]
E

10 5 20
PERCENT OF PERIOD TIME
Fig. 3—Travel time of Oscar lll to reach your iatitude from
the equator,expressed as a percentof total orbital period.
If your latitude is 40°, for example, and Oscar Il has an
orbital inclination of 80, the satellite requires about 11%,
of total period time to travel the distance from the equator
to your latitude.

component of sutellite motion parallel to the
equator, and this niwy be determined from Fig. 4.
The time scale 18 shown as o per cent of the total
arbital period sa the graph is upplicuble to uny
neur-cireular orbit, regardless of the period.

Second. inany sutellites are lannched toward
the southeast to take advantage of the rotutional
velocity of the earth a8 an aid in achieving orbital
velovity, 1t is assumed Osear ITT will be uo excep-
tion. As a result, such satellites travel in « uorth-
easterly direction during the first and fourth
(uarters of each orbit and in a southeasterly di-
rection during the seeond and third quarters of
ench orbit (Fig. 5.)

We wre now nrmed with enough information to
estublish the Stution Reference Longitudes (SRN
and SRS) at the vquator. Let's tirst consider Stu-
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tion Reference North (for a south-to-north pass).
From ffig. 3 we determine travel time for Oscar
111 from the eyquator to your latitude. This time
can be divided by 4 to obtain the westward “drift”
(in degrees) of the orbit due to the rotation of
the earth during the travel time. Fig. 4 provides
the longitudinal component of sutellite motion
directed to the east. It only remains to combine
the two components of motion properly with your
longitude (expressed in degrees west of Green-
wich) to wrrive at the equatorial SRN point. The
locution of the SRS point is found in u like man-
ner. In the lutter case, the commbination is first
referred to the point at which the sutellite crosses
the equator sonthbound ufter an overhead pass.
The resultant southbound equatorial crossing is
then referred back to the equivalent official equi-
torial crossing longitude at the beginning of the
orbit to obtain SRS.

An example is worth tive thousund words ut
this time! Let's assume an approximate H00-mile
¢ircular orbit for Osecar 1[I huving a period of 100
minutes, and an inclination of 50 to the wuxis of
the curth. What will be SRN and SRS for Joe
fTam in Columbus, Ohio (40°N, 83°W) and what
will he do with this intriguing information? Fig. 3
shows satellite travel time from the cquator to
his QT'H as ubout 1t minutes. During 11 minutes
the earth will have rotated wbout 23%{°. From
frig. 4, the given orbital inclination during this
time carries the satellite 9° to the eust. This
Hlrift” s combined with the westward move-
ment of the orbit (as the earth rotutes to the east

OVERHEAD
NORTHBOUND SUB-SATELLITE
PATH THROUGH
SRN AND YOUR

2 QTH
/ 4 TYPICAL NEARBY
NORTHBOUND PASS
/ LATEST LOSS TIME
YOUR ~7FOR NORTHBOUND
RANGE~. she
CIRCLE PAS
______________ .
OUR -m-7 MAXIMUM
TIME
LATITUBE _ / - TIME  pURATION OF
/ DURATION QVERHEAD
/ OF PASS
/ TYPICAL
/ PASS
/ Al £

EARLIEST ACQUISITION
/ TIME FOR NORTHBGUND
PASSES

fsen /
P T.
/ \ /

EQUATOR

= “WINDOW"

l‘ NORTHBOUND ’
AT EQUATOR

Fig. 6—An acquisition map of a typical northbound pass
of Oscar Ill. Broadcast of equatorial crossing points (SRN
and SRS) from WGEE will define “'acquisition window"

for orbital predictions.
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LAUNCH

LAUNCH
SITE ™.,

Fig. 5—The orbital period of Oscar lll may be divided into
quarters about the earth, the first quarter being the one
immediately after the start of orbit one, on a northbound
pass. If Oscar il is launched from California (A), it will
achieve orbit in the second quarter, and will travel in a
south-eastward direction through the third quarter, across
Antarctica, and into the fourth quarter (B). A side view
of the orbit is shown in (C).

the orbit appears to move to the west, to wun
enrth-bound observer) for « total shift of 614
eastward. To pass directly over Columbus, Oblio,
therefore, the satellite will have to cross the equa-
tor on a south-to-north puss at N3 + 614 =
5914 west longitude. (IKnowing this, Joe Ham
will be alerted to Osear prediction broadcasts,
particularly those that call out equatorial cross-
ings in the vicinity of 89° west longitude!)

Clontrariwise. for north-to-south pusses over
Columbus, the satellite will move o total of 614°
eugt during the time it travels from Columbus to
the equator, and will cross the equator at 7634~
west longitude, heading south. As a southbound
equutorial crossing is not an “official” one, being
merely the midpoint of an orbit, this crossing
point must be referred back to the “official”
northhound equatorial crossing at the beginning
of an orbit, which is on the other side of the earth.
Merely add one-half the earth diameter (180°)
to determine the *‘officinl” cquatorial crogsing
point of 25634 und then subtract one-half the
orbital period progression (one-hulf 25° = 1214%)
to obtain the SRS reference of 24414° west longi-
tude, which is over Borneo. iJoe Ham will be
alerted to equatorial crossings in this vicinity,
too!)

‘'The BIG Picture’’

You can now add several items of interest to
your ‘“‘acquisition map’ to increase its utility in
making predictions, as shown in Fig. 6. Mark the
SRN longitude point on the equator. Also mark
the point where a typical, nearby northbound
puss vver your station crosses the cquator. Draw
a line through your location and the equutorial
SRN point, and a second parallel line through
the equatorial crossing point of the “typical”
pass. These two lines represent two sub-sutellite
tracks for Osear [11 passes which go through your
range vircle, Draw lines parallel to the cquator
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and tangent to your range circle at the northern
and southern limits of the circle. These lines mark
your earliest acquisition and latest loss times.

Next, add two miore tangents to the range
circle parullel to the northbound sub-sutellite
track. The cquatoriul interception points detine
vour northbound ““acquisition windew". When~
ever the Oscar L1 predictions show an orbit crossing
between. these tiwo peints, the satellite will intercept
your range cirele and yow will be able to use Osear
[1]. A similar procedure will work with south-
bound passes wnd the SRS paint.

Putting the Information to Use

¢longratulations! You are now a trucking “ex-
pert” and in an cenviable position to make use of
tsear prediction data to the fullest. You muy
use your “‘acquisition map’' to pinpoint the route
of Ogear I1I as it passes over vour vicinity. If, for
example, the predicted southbound equatorial
crossing longitude is 5° east of your SRS point,
yon can draw a projected track line across your
range ecircle through the point. at your luatitude 57
eugt of your loecation, purallel to the known sub-
sutellite track. Along this new line you can meas-
ure the time period from the early-acquisition line
to the loss-of-signal line. You can wlso measure
the length of the line within your range circle o
determine the duration of use of Oscar [11.

CONTACT COMPLETED-
¢ READY OR NOT!

YOUR RANGE
\ CIRCLE

.

ANOTHER STATION'S
RANGE CIRCLE

CONTACT MAY
START HERE

Fig. 7—Satellite track of Oscar lil passes through range
circles of two v.h.f. stations for ‘‘repeater” QSO.

The map presentation will also provide you
antenna “‘aiming” information. It shows the
azimuth sctting required to direct your beam to
the point of initial acquisition, and permits you
to program the beuwm to track the satellite during
the puss.

The final step in using the *acquisition map”
i to draw a range cirele about the location of a
distant station you wish to schedule via Oscar
{IL. The sutellite (rack must pass through an
overlapping portion of the two range circles
(Fig. 7). Contact vie Oscar 1L will be broken
when the sub-sutellite truck leaves either one of
the circles.

[f you do not have :ccess to the Uscur predic-
tion bulleting, don’t give up hope. If Oscur 111
can once be located und tracked. it should be pos-
sible for you to establish the orbital period fromm
your own observations. Recent articles deseribe
various techniques for muking your own predic-
tions. Orbital inclination is difficult to determine.
but it is sutficient to use an estimated value of SO7,

Your muap efforts will be expedited hy mount-
ing the map on u tlat surtace with two clear plas-
tic overlays. The range circele, the reference sub-
satellite trackis), the “window” limits and the
lines of acquisition and loss are drawn with o
vrease pencil on the bottom sheet. The top plastic
sheet can then be used as w work sheet for cach
orbit as it comes along.

The Osear Association hopes to broadeast pre-
dietion times for passes over many of the major
cities in all continents. By following the outlined
procedures, it is possible for yon to generate these
prediction times for your location. Much of the
wark may be done in advance. leaving you free
to concentrate on wehieving an Oscar LI1 trans-
lator (S0, Good luek! [@57=]

3 Hilton, " Making Your Own Orbital Predictions from
Doppler Measurements," QST, March 1962, Giro, **Plan-
ning Osear's Orbit With Kase,” €Q, June, 1962, Our, © Osear
{ — & Summary,” QST. October, 1UA2, *Communicating

Throngh Ogear 111" AST, May. 1964, " Using The Osear
L1 VLT, Comutication Satellite,” QS7', August, 196L,

e Strays %
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To get some background on a QST story which will appear
in a future issue, several members of the ARRL Hq. staff
made a trip to RCA's Princeton, N.J., Astro-Electronics
Division, where they were given a red-carpet tour of the
iaboratories by H. L. Schwartzberg, W3VQQ, Manager
of the ComSat Project. Left to right above, inspecting the
innards of o Tiros weather satellite {OT-1), less solar
array structure and antennas, are WI1HDQ, W1DF, Glen
Corrington, Tiros /TOS project engineer, W1CUT,W1LVQ,
WI1IKE, and W3VQAQ. In the background is the Tiros en-
gineering ground station used during all launches for direct
read-out of engineering information.

QST for




Oscar III

Some Photographs Taken During Final Check-Out

Components for Oscar Ill box. At right is a special flight
approved battery. The panels are made of magnesium-
lithium, the lightest commercial metal available.

The 3-stage linear amplifier of Oscar lll. Capable of better

then 1-watt p.e.p. output at 145 Mc,, this transistorized

amplifier has intermodulation products lower the —35

db below one tone of a two-tone test signal. The entire
package is less than six inches long.

Almost three years of effort end in the successful operation
of amateur radio's first spectrum translator. From left to
right: Al Horley, ex 9M2TC, Bill Orr, W6SAI, Bill Eitel,
W6UF, Don Norgaard, W6VKP,
and Lance Ginner, K6GSJ.

Don Norgaard, W6VMH, makes some last minute adjust-

ments to Oscar Il before final A-okay is given. Ed Hilton,

W6VKP removes the test supply as Oscar lll is readied for
flight battery, which occupies the center of the case.

Lance Ginner, K6GSJ checks Oscar lll while a two-tone

test signal is radiated by a test generator on the bench.

In flight, the meter panel is removed and the flight Four antennas are used, with a fifth element acting as a
panel is substituted, counterpoise to establish a reference ground.

March 1965 15




Making Use of the Oscar III
Telemetry Signals

BY ARTHUR M. WALTERS,* W6DKH

incorporates threc channels of vital telem-
etry data that will be transmitted to ground
observers on 145.85 Mec. These channels will
tell just how Oscar is behaving in his ‘“‘out of
this world” environment. This information is
necessary to cheek the operation of the trunslator
eguipment, and also to provide data for future
Oscar satellites. It is hoped that radio amateurs
throughout the world will monitor the telemetry
channpels, in addition to using the translator.
This article will illustrate how eagy it is to
“read’” the telemetry signals and the proper
way to interpret the readings. Culibration curves
are included which translate the pulse informa-
tion into the parameters measured.

A separaie telemetry transmitter in Oscar TLI
is driven by the telemetry equipment. It has an
output power of about 25 milliwatts and is keved
on and off by several sources in a programmed
manner. If all goes well, the keyed signals will
tell the ground observer a number of things
ubout conditions aboard the satellite.

Tum Oscar ITI amateur radio space satellite

The Telemetry Gear

A block diagram of the telemetry equipment
is given in Fig. 1. The telemetry transmitter is
actuated by a keyer which is driven from sev-
eral sources. all of which are controlled by a rate
multivibrator. The

represents 7'y, the temperature of the transistors
in the final amplifier of the translator. The pulse
burst lasts two seconds.

AND gates 3 und 4 now switeh the kever to
pulse generator No. 2, which represents 1, the
temperature of the main battery ease within
©)scar II]. This reading indicates the average am-
hient temperature in the satellite, This 2-second
pulse burst is followed hy the r1 signal, signify-
ing a repetition of the telemetry eyecle (Fig. 2).

The telemetry signals are o form of pulse-
width modulation, and the pulse-width signals
are triggered by the rate multivibrator. This
multivibrator has o nominal frequency of 64
e.p.8. at 25° (!, at a nominal battery voltage of
-~ 18 volts. kKnvironmentul tests have shown
that changes in the multivibrator frequency for
moderate temperature variations are quite minor
and may be negiected unless the dctual tempera-
ture of the package is greatly different than the
design value.

The frequency of the rate multivibrator is
arranged to vary us the potentinl of the —18
volt supply changes. Thus, as the main silver-
zine battery deteriorates over a period of 3 or 4
weeks, the rute of the pulses will decrease from
about 69 c.p.s. it the beginning of orbit to
around »7 c.p.s. after the main battery goes
dead and the telemetry switches over to the
solar-cell-

keying pattern is N > DINARY charged aux-
divided into twi) [. VIBRATOR | CHAIN iliaury g‘ahc-
major parts,: each | | ) tery. e
of which Tasts for &b F9 VoLTS +i§i+— D Vs C.RS. telemetry
fpur s<.«ond§. The SENSE 2 s _MATRIX AND GATE T0 TM.
first part of the HI-GENERATOR o~ XMTR
) > (145.85Mc.)

sequence  connects | 1
the telemetry transmitter to the diode Vs RS (D
matrix Hr generator. The output from
the matrix is a series of dots and spaces L] Nod e AND GATE
which make up the Morse Clode greet- GENERATOR L—.
ing HI which is Uscar's signature. The .
word H1 is sent twice af a rate of about ANO GATE |
% dots per second, taking fonr seconds )
to complete the sequence. The binary THERVISTOR 3 "AND" GATES
divider chain switches aND gates Nos. T 1 AND 2 = Hivs, TEMP (4 SEC)
I and 2 so that the 11 generator drives ¢ 3AND4 5T, vs. Tp (2+2 SEC)
the keyer stuge. Next, the transmitter .
and keyer are switched to the telemeter No.2 TM N Fig. 1—Block diagram

) . ) . Lot pULSE of Oscar Il telemetry
pulse generators. There ure two of GENERATOR system. The 145.85.
these, and they are selected one after Me. telemetry transmitter is keyed
the other; anp gates 1 und 2 control by three telemetry channels, selected
the switching, and AND gates 3 and 4 THERMISTOR in sequence by four ""AND" gates,
make the choice of generators. The first. T, Gates 1 and 2 choose between the

identifier HI and the temperature

. channels. Gates 3 and 4 choose between the two tem-

* Project Qsear, Inc., Foothill College, Los Almq Hills, (’4 peruture channels. Calibration curves for the three channeis
Calif, are given in Figs. 3 and 4.
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train of pulses from No. 1 genera.tor
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TWO TELEM.

TIME

TWO

HI'S NO.1 NO.2 HI's ete——
e /N —_ ‘,u__,,-f‘\v,,\ /____/\. ............ ~ P e N <
I- ~ 6 TO 12 SECONDS mmmmmomsem ~-! NEXT BURST ——=

Fig. 2—A representation of the telemetry channels. Two Hl's in Morse code are transmitted, followed by two bursts of
telemetry. Each burst consists of a series of pulses, and each represents a temperature measurement made at a specific
point in the satellite. The pulse rate of the complete sequence is related to the battery voltage and the duty cycle of
the pulses in the two telemetry bursts conveys temperature information. The ratio of pulse width (A) to repetition rate (B)
may be measured on the screen of an oscilloscope. One complete sequence (Channel 1, for example) should be ex-
panded to fill ten divisions on the screen of the scope, and the duty cycle (A/B) may be read directly in percentage.

calibration curve for primary battery voltage
versus pulse rate is shown in Fig. 3.

The telemetry pulse generators arc Schmitt
trigger circuits with a thermistor as one of the
hing-control resistors. (A thermistor is a tem-
perature-sensitive element whose resistance
varies in accord with external temperature.) The
circuits have been adjusted so that the pulse
width is about 50) per cent (a square wave, us
ghown in Fig. 2) at normal operating tempera-~
ture. The pulse width varies from about 20
percent at 0° C. to approximately 80 per cent. at.
60° C. Fig. 4 is a graph showing the relationship
of battery voltage to pulse width, or duty factor,

Telemetry Measurements—Battery Voltage

Figs. 3 and 4 provide the necessary conversion
data that will permit the ground observer to make

k(]
€5 {{ oscarm
A\
. €0
s AV
o
o 1
[R5
w \
&
L N
w %0 \
(2]
el
pas
o 48[
. Ay
40
5% 25 20 15 10 F

PRIMARY BATTERY VOLTAGE

Fig. 3—Calibration curve for primary battery voltage
as represented by pulse rate (cycles per second). The
graph is linear, and may be reproduced by drawing a
straight line through two reference points: At 22 volts, the
pulse rate is 68.7 c.p.s., and at 8 volts
the pulse rate is 36.0 c.p.s.
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the necessary measurcments from the data
telemetered from Oscar III. The only ground
apparutus required is a sensitive v.l.f. receiver,
an inexpensive oscilloscope, und a1 calibrated
audio oscillator. Fig. 5 shows the equipment used
to determine the pulse rate, which is the meusure
of primary battery voltage. The oscilloscope is
connected to the output of the detector stage of the
receiver and the receiver audio section is used
only for monitoring purposes. During the tele-
metry bursts a “‘buzz’ will be heurd. The tele-
metry signal is tuned in and the audio oscillator
adjusted to display a stationary pattern on the
scope. There are many frequencies that will do
this, but the proper one will be the same as the
pulse rate, and will be between 35 and 75 cycles.
During the early life of the satellite, the pulse rate
is expected to be about 60 eycles, so this is u good
starting point for initiul oscillator setting. When
the Lissajous pattern is stuble, the uudio
frequency muy be read from the dial of the oscil-
lator. This is equal to the pulse rate (or pulse
repetition frequency) of the kever and represents
battery voltage, as shown in Iig. 3.

Telemetry Measurements—Temperature

Fig. 6 shows the equipment adjusted to deter-
mine the pulse width aund the two temperature
measurements telemetered from Uscar TII. An
audio oscillator is not required. To acceomplish
the pulse-width reading, the uscilloscope sweep
should be synchronized on the incoming signal
ituken from the detector stage of the receiver).
It is necessury to know whether the detector
ontput of your receiver goes positive ur negative
with incoming signal, to prevent confusion of the
“mark” und “space” portions of the telemetry
signals.

[n the presence of noise, there will be ““jitter”
in the synchronizing, so that an *‘educated ave-
ruge " will have to be taken. Sweep speed und hor-
izontal-amplifier gain are adjusted suv that one
pulse cycle (one telemetry measurement ) expands
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145.85 Mc.

to fill ten horizontal divisions on the acreen. Tt is
now possible to read directly the percentage of
pulse “on’’ time to the time of full eyele (Fig. 2).
A direct reading is possible if the puttern is
adjusted to fill exactly ten horizontal divisions.
Record pulse width of the first pulse train (T),
followed by the pulse-width re:ling of the second
train (7). The pulse width readings may he con-
verted to temperature by means of I'ig, 4.

The ITI signal serves only the purpose of iden-
tification and as & timing signal to enable the
eround ohserver to distinguish 7 from 7%, and

— BATTERY VOLYAGE =18V

;:F_‘ c?scAnm
i —
1

TEMP

ol I B
[

o 11 T
-l — ; ) I
20%  40%  60%  B80%  100%
PULSE WIDTH DUTY FACTOR

Fig. 4—Calibration curve for pulse width, representing
temperature (degrees Centigrade) at two points in Oscar
ll. Curve T is for the temperature of the linear amplifier,
and Curve T2 is for the temperature of the battery case.
If, for example, the pulse width (ratio A/B, Fig. 2) is 60%,
Ti is 34° C. and T» is 28.5° C. This graph is plotted on
Keuffel & Esser 359-51, Semi-Logarithmic, 1 cycle X 10
to the inch paper. The graph is linear, and may be re-
produced by drawing straight lines through two reference
points on each curve. These are: Curve Ti, 20% pulse
width is at —0.5° C. and 70% pulse width is at 49.5° C.;
Curve Tz, 20%, pulse width is at —2.2° C. and 70% pulse
width is at 42° C. It is recommended that these curves be
redrawn on large graph paper for greater accuracy and
that Figs. 3 and 4 be used merely for reference.

AUDIO OSC.
0SCILLOSCOPE 20 - 1000 7

O O,

W 1

VHE RCVR. b4 5
[°)

-

Fig. 5—Determining pulse rate of Oscar lli. A stable v.h.f.
receiver, plus an inexpensive oscilloscope and an audio
oscillator are all the tools needed. The dial calibration of
the audio oscillator should be checked against a standard
(the power line, for example) for accuracy. A Lissajous
pattern is created on the screen of the scope, and the
audio frequency of the oscillator is adjusted to make the
pattern stand still. The pulse rate of Oscar lll is then equal
to the audio frequency. Use Fig. 3 for conversion of pulse
rate to primary battery voltage.
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Fig. 6—Determining pulse width of Oscar .. The two
temperature measurements shown in Figs. 2 and 4 may be
made with this equipment setup. Oscilloscope
sweep is synchronized internally.

does not enter into the readings as such. If de-
sired, the pattern may be traced on the oscillo-
scope with a grease pencil for liter mensurement.

Be sure to make aceurate records of your
measurements. Log the date, time ((+MT), and
orbit. number. The Osecar Associntion would
appreciate receiving vour data, which should be
mailed to: Project Osear ITeadquarters, Foothill
College, lLog Altos, Cualifornia. U.8.A. Your
participation and support. in this activity will
make future Osears possible! L

- Strays "%

Those interested in Osear satellite predictions
are invited to write Thomas W. Petrie, 2459 Over-
lnok Rd., 75, Cleveland Heights, Ohio +1108, for full
details, Tom has aceoss to a large, high-speed digital
computer (UNIVAC 1107) and @ computer program
for enlculating satellite predictions.

OSCAR III USERS: REMEMBER 3rd-
PARTY RULES

V.h.f. men using Osecar [IT fucilities for
international communications may be
faced with questions on international third-
party communications tor the first time
since they left the “*d.e. bands." A re-
minder then: messages wnd other com-
munications — and then only if not impor-
tant enough to justify use of the regulur
international communicutions fucilities -
may be handled by U8, amateurs on
behalf of third parties only with anmateurs
in the following countries: Bolivia, Cunada,
(‘hile, Colombia, Costa  Rica, ('uba,
Dominican Republie, Ecuador, El Sulva-
dor, Haiti, Honduras, Liberia, Mexico,
Nicaragua, Panama, Paraguay. Peru. and
Venezuela. (Manadian amateurs may han-
dle these rvelatively unimportant third-
party messages with amateurs in Bolivia,
'hile, Costa Rica, Kl Salvador, Honduras,
AMexico, Peru, U.S. and Venezuela.

QST for
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The Whys of Transmission Lines

Part III — Putting the Antenna and Line Together

BY GEORGE GRAMMER*, WIDF

uk half-wave dipole is the basis for most
T:unu.tcur antenna designs. Different types of

lines can be used to feed power to it. The line
should just carry power to the anteuna and not
get into the radiating act itself. When this is so,
the dipole does ull the radiating, and one dipoie
is the saine us another no matter how power
may be fed to it. This obvious fact is too often
overlooked. Amateurs frequently let themselves
he dazzled by some triek name tacked on a
dipole-plus-feeder combination, but names don't
do the radiating.

The best place to feed a half-wave dipole is
at the center. The dipole is o balunced antenna
- that is, it is symmetrical about its center. To
maintain this symmetry a balanced line — /i.e, a
parallel-conductor line —should be used. The
dipole can be fed at one end, but this also upsets
the svmmetry of the system.!

If the impedance at the center of the antenna
matches the charuacteristic impedance of the
{ransmission line the two c¢an simply be con-
neeted together and the line will operate with-
out standing waves. One advantage of this
matched operation is that the line length has
very little effect on the coupling required be-
tween the line and the transmitter. Another is
that the losses in the line arc least, for a given
length, when the line is properly matched. The
line losses can either be very important or con-
pletely unimportant. They are quite important
at v.hf. even when the best possible job of
matching is done. They are unimportant at the
lower frequencics. even with o considerable mis-
mateh. The only exception here is when o major
error 8 made in selecting the proper type of
line for the use to which it is to be put.

A matched antenna system is actually matehed
only for ouc frequency. At best, the system will
stuy matched over only a small band. As the 7-,
14-, and 21-Me. bands are narrow, in terms of
pereentage, an anlenna that is matched at the
center of one of these bands should work over
the entire band without having the s.w.r. get too
large at the bund edges. But you can’t do (uite
a8 well with antennas of this type ou 3.5 and 28

#Pechnical Director, ARRL.

L An exception to this is when two dipoles are fed from u
parullel-conducior transmission line. An example iy de-
seribed shortly.
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Me. Here it is best to cut the antenna for the
seetion of the band that interests you most.

Matched Antenna Systems

Since the dipole has a center impedance of
about 70 ohms, it will match a line having a
characteristic imperdance of 70 ohms, or some-
thing close to it. (A small — e.g., 20 per cent or
80 — discrepancy doesn't cause any difficulty.
When 70-ohm or 75-ohm line is mentioned it is
to be understood that any impedance in that im-
mediate vicinity is meant.) There is a polyeth-
vlene-ingulated two-conductor 75-ohim line avail-
able for this purpose (Amphenol 214-023). The
antenna is simply cut in the center and a connce-
tion made to ench line conductor, us in Fig. LA.

In spite of the fact that it is desirable to keep
the system balunced, o good many amateurs use

) /\/2 i

75-0HM PARALLEL-
CONDUCTOR LINE

2

(B)

75-0HM COAXIAL
LINE

Fig. 1—Using 75-ohm line to match the center impedance
of a half-wave antenna. The antenna length in feet is
equal to 468 divided by the frequency in megacycles.

75-olm coux for the sume purpose, as in IMig.
1B. This is not the best practice, although it
will work. One side of the dipole is unavoidably
connected to the oufside of the outer conductor
a8 well us to its inside. This makes the outside of
the coax line a part of the antenna system. Thus
the outside of the line radiates — but not in any
predictable way, because everything depends
on where aud how the line is installed and how
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1 A/2 —-1
]

300-0HM TWIN
LINE

Fig. 2—The folded dipole. The antenna length is calculated
in the same way as for a single-wire dipole,

jong it is. The principal thing to be said for this
aystem is thuat the coux line is casy to get.

Very often, 52-ohm (a nominal value) line is
used instead of Ti-ohm. It is not matched us
well by the antenna, but the mismatch is not
serious. 1t has the same disadvantages as 75-
ohm coax.

The Folded Dipole

The advantages of matched operation ulso sre
realized with the jolded dipole, shiown in Fig. 2.
The folded dipole lus two half-wave conductors
gide by side. Une is continuous, but the other is
cut at the center for making connection to 300-
ohm twin line. The two conductors are joined
it their ends.

The wires radiuate in parallel. In this respect,
the puir is equivalent to a single half-wave di-
pole. But splitting the conductor into two purts
has the effect of making the sntenna impedance,
u8 seen by the line, four times the impedunce of
a single-wire dipole. Thus at the point where
the transmission line is connected the antenna
impedunce is approximately 300 ohms — just
right for mutching 300-0hm line.

Twin- line' ¢an be used for the folded dipole
itself, but ordinary ‘I'V line won’t stand the me-
chanicul stresses too well if the nntenna is long.
There is u special heavy-duty line availuble
{Amphenol 214-022) which is better. TV ladder
line wso cun bhe used for the dipole. The gpacing
between the dipole wires can be anything up to
a few inches, so practically any construction
that will keep the wires parallel can be used.

"“Open-Wire' Feeders

Iig. % shows u half-wave dipole fed at the
eenter through open-wire parallel-conductor line.
This is line having mostly air insulation, such us
the TV ladder line mentioned earlier. Here there
is no uttempt at matching the antenna to the line.
Consequently there ure fairly pronounced stand-
ing waves on the line. However, the high s.w.r.
doesn’t cause an undue power loss in open-wire
line. The principal penalty is that more attention
hag to be paid to the coupling between the line
and  transmitter. The advantage is that the
antenna can be made to take puwer at practically
wny frequency.

A transmission line operating with a high
staunding-wave rutio is often called u tuned line
or tuned feeder. Actually, the only tuning nec-
essury is that required for coupling the trans-

20

mitter to the line. The line cun be any length.
However, it does help simplify the transmitter
coupling a bit if o resonant length is used. Such
# length, us you have seen, will be some multiple
of one-quarter wavelength.® The line will “look
like" u resistance at its input end in such & cuse,
provided the antenna itself is resonuant.

On the other hand, in this open-wire aystem the
dipole doesn't have to be exuctly resonant. Since
there is no attempt at matching the characteristic
impedunce of the transmission line, the antenna
doesn’t harve to look like a pure resistance. of
just the right value, to the line. The over-all
length of wire in the system, including both the
dipole und the transmission line, is of more in-
terest. It is this over-all length that determines
whether or not the system us a whole is reso-
nant. One line wire plus one side of the dipole.
(the length L in Fig. 3) should be & whole-number
multiple of u quarter wuvelength if you want the

system to be resonant. The formula
- Lo 234

Length in feet = —=C7
Freq. in Me.

will give the length of a quarter wave as ae-
curutely as is necessury,

; Mo .
} 2

l
!

=

L

|

Fig. 3—Half-wave dipole fed with open-wire line.

OPEN - WIRE
LINE

Multiband Operation

The simplest multiband antenna, and the most
versatile, is the one shown in Pig. 4, using open-
wire feeder. Since the wmateur bands are har-
monically related in frequency, we cun take
advantage of the fuet that wires have harmoni-
cully-reluted resonunces. The fundamental fre-
quency of u center-fed wire i8 the one for which
its length is a half wavelength. At twice the
frecquency euch side of the wuntenna is a half
wuvelength long. so ut this frequency the trans-
mission line is feeding « pair of half-wave di-
poles end-to-end. The current distribution is
shown in Fig. 4, which also shows the other
resonances up to the fourth multiple.

You should note & few especiully interesting
things in these drawings. In the scecond-har-
monic case the polarity of the current is the sume
in both sides of the antennu. There is no reversal
such as there is in 1 continuous wire of the
sume over-all length. This difference comes about
because we have, in etfect, two half-wuve un-
tennas driven in push-pull, rather than u single
antenna a full wavelength long. )

There is u wotnewhat similar situation at the

““The Whys of Transmission Lines,” Part I, Junuary,
1465, YST.
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Fig. 4—Harmonic operation of a center-fed antenna. If
the antenna is a half wavelength long at 7 Mc., for ex-
ample, it will also be resonant in the
14-, 21- and 28-Mc. bands.

fourth harmonic. Here, too, the currents in the
haif-wave sections connected to the line have
the sume polarity. However, when we go out
along either wire we find that the normal re-
versal oecurs in the next half-wave section.
This type of current distribution oreurs at ull
even. nltiples of the fundamental frequency.
Note ulso thut ut the second harmonie the cur-
rent is minimum where the feeder is connected.
Although the voltage distribution isn't shown,
the voltage is highest at these same points, just
a8 in the cases discussed earlier. This me:uns that
the impedance is high ut the connection point.
[f the antenna is resonant, it is a resistance rather
than an impedance, and is of the order of several
thousands of ohms. This sume condition exists wt
all even multiples of the fundamental frequeney.

Odd Harmonics

Now look ut the drawing for the third hur-
monic. Here we have the normal current distri-
bution for o wire three half-waves long. The
antenna  current has ite largest value right
where the transmission line is connected. The
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voltage must be lowest at this point, so the
impedunce (or resonant resistancej of the an-
tennu i8 low — more like the impedunce at the
fundamental.

Thus for all edd multiples of the fundamental,
the current distribution is the same a8 in 4 simple
continuous wire of the sume over-all length, and
the impedance ut the feed point is low. The im-
pedance goes up a little with each odd harmonic
-— to a little over 100 ohms at the third harmonic
and to ubout 120 ohms ut the tifth harmonic.

Because these figures do not differ too greatly
from 70 ohmg, it is possible to operate an un-
tenna on its add hurmonics when it has been
matched on its fundumental. The match is not
u8 good as ut the fundamental, but it is not so
poor as to result in excessive line loss. Such op-
cration does not really qualify the untenna for
multiband work. becuuse only a few bands — not
a consecutive series — ean be covered.

If the antenna is fed with 50- or 75-ohm line
you should not try to aperate it at even har-
monics of the frequency for which it is mautched.
The line losses would be excessive becuuse of
the high s.w.r.

Transmitter-to-Line Coupling

Nowadays nearly ull transmitter final tank
circuits ure designed for eoupling into resistive
londs of 50 to 75 ohms. A properly-matched
conxial line will “look like” such a resistance,
and when a matched coux line is used there is
no difficulty in making the final asmplifier load
up to the rated input. But if the loud isn't prop-
erly matched, or some other type of line is used,
you muy have problems. The loading and tuning
adjustments offered by the transmitter usuully
will give you some leewuy — even if the mateh-
ing at the untenna isn't perfect you may still be
able to get the power input you want. Again, you
muy not.

You can get around troubles of this sort by
using a special coupling circuit — a transmatch
-— between the output of the transmitter and the
input end of the line. As we suw eurlier, the input
impedance of the line is not the same as the
line's characteristic impedance unless the line is
perfectly matched by the antennu? 1f the s.w.r.
is greater than 1 to 1 the input impedance muy
differ widely from Z,. If the linc is connccted
directly to the transmitter, the latter may sec w
load that it can't handle. The transmatch tukes
the line input impedance and transforms it to
what the transmitter wants.

It also does two other things. Practically all
transmitter output cirenits are single-cnded —
one side 1s grounded to the chassis, which is the
right way to do it for coux line. What to do
when o balanced line 18 used, us in IKigs. 1A,
2 and 3% The trunsmatch easily handles this
one; it provides the meuns for going from u
bulanced line to coux. In addition, it adds selec-
tivity between the transmitter and the line —
selectivity thut often is badly needed. [t is an

3 The Whys of Transmissivn Lines,” Part (I, Iebruary,

1965, YST.
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Fig. 5—The transmatch provides means for matching your transmitter's output impedance requirements, for going from a
balanced transmission line to coax, and for filtering out frequencies that shouldn't be allowed to reach the antenna.

unfortunate faet that most transmitters " put
out” not anly the frequeney you want, but also
harmonies of {hat frequency — nond, in some
enses, lower frequencies too, when lower fre-
quencies are present in the stages leading up to
the tinal amplifier. The transmateh is o cireuwit
thut. awmong other things, is tuned to your
desired output frequencey, and so helps in keeping
the unwanted frequencies from  reaching the
anicnna.

Using the Transmatch

Fig. 5 shows how il is conncceted, and i,
6 s notypical circuit. 1t isn't the only circuit

C

BALANCED LINE
TO ANT.

o=

COAX _LINE

16T

Cy

COAX LINE
TO ANT,

Fig. 6— A representative transmatch circuit.
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that can be used, but is probably as versatile ws
any. The circuit formed by Ly und € is tuned to
vour operating frequencey. If the line is the
parallel-conductor  (balanced) type the wires
are tapped on 1 at equal numbers of turns from
the center. The loading is adjusted by changing
the positions ol these taps. Lo couples the power
to Ly, and (‘y gives you u meuns for fLuning this
link cirenit. A coux line goes from here to your
transmitter’s ontput terminal. Between these two
adjustments you can transform a wide range of
linc input impedances into 50 or 70 ohms {(which-
ever i8 the Zy of the conx line from the trans-
matel to the transmitter).

The method used for coupling to a coax line
feeding the antenna is shown at B. It is very
similar. the only difference bheing that the outer
conductor of the line is connected to the center
of the coil and only one tap is used. The coux
link cireuit to the transmitter remains the sume.
So does the method of audjustment.

The benefits of the trunsmatch circuit do
have their price — you have to tix things so L
ean be tuned to each band you want {o use. This
usually means that Ly is a plug-in coil. Lo is
generally made part of the sume coil assembly,
since it is advantageous {o change it, too, for
various bands. The same capacitors can be used
fur all bands, though, over at least the 3.5-30
Me. range.

The wdjustment of a trangmatch is casy if you
have a bridge such us the Monimatch. Such a
bridge i8 inexpensive und i an almost indis-
pensable station accessory. [However, you can
arrive at n reasonably satisfuctory adjustment
simply by vurving the tup positions, along with
the settings of the two capacit<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>