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Fig. 1 ~{A} A common communicotion
area exins between two vh i stations
communicating via Owcor W, The orea
depands upon the distonce beiween
the two sletions and the cpera-
tianol range of soch stotion.

0] Two wvhi stations within 2000
nifles of soch other ore theorstcally
sble to commumicate vie Oscor B If
the sotellite orbl is obout 120 miles
obave the sirface of the earth. At ch
sxiroma ronge, however, the sotellite
traverses the common communication
araa in a matter of a few seconds

{) As Oscor il wil probably have o
north-south {polor) orbit, stations lo-
coted on an east-west ling will gen-
wralty have o longer communication
time than stations on o rorth-south line,
The length of time Oscar Nl remaings in
the common commnicalion crec de-
pends upon the distonce between the
#ations ond the ongle the satellile
culs aooss the ares.

OPERATIONAL RADILS

8CAR IIT, the third in a series of apace com-

munication aatellites designed and built by

radio amateurs, is bemg tested in a pre-
flight prototype package in preparation for s
launch during the winter montha of 1964. The
Oncar III satellite ia a battery-powered high-
frequency translalor' operating in the inter-
nationally assigned 2-meter band (144-146 Me.)
in accord with the new amateur space allocation
granted at the recent I'TU Space Communics-
tions Cornference held in Geneva.?

In brief, the Oacar T1I satellite permits two-
way v.h.{. communication to be achieved by
radio amateurs separated by the curvature of the
earth (Fig. 1). The main portion of the transia-
torized equipment in the satellite listens to a
50-kc. segment of the 2-meter hand centered
about 144.1 Mec. and instantaneously transiates
this portion of the apectrum to a 50-kc. segment
centered about 145.9 Me., retranemitting the
latter band segment to the ground abssrver. The
. . _ijoct Oscar Amsocistion, Box 183, Sunoyvale, Cali-
wlngr'r. " The Osear 111 V.H.F, Tranelator Satellite,” QST,
February, 1963.
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satellite runs continuously, and an operational
life of ebout one month ia expected before the
batterios expire. It is an aim of the Oscar Asso-
ciation eventuaily to launeh a repeater of a
pimilar nature with a higher orbit and longer
operating life.

In addition to the wide-band translator, Oscar
III will incorporate two hescon iransmittera.
The firat heacon will trahamit on 145.85 Mc.,
and the signal will be the well-known Oscar
“HIT” sent in Morse Code, followed by a burst
of telemetering. Three separate measurements
will be made within the satellite package and a
simple aydtem of pulse-width modulation will
telemeter this information in sequence. The
ground observer will be able to interpret the
telemetered information with the aid of a 2-ineter
receiver and an inexpensive oscilloscope.

The second Oscar III bescon will tranemit a
continuous unmodulated signal on 145.95 Me.
and will be useful for those experimenters wishing
to make experiments requiring a phase-coherent
signal. The two heacon sigonaly will bracket the
50-ke. spactrum which contains the output from
the translator (Fig. 2).

Operational Range of Oscar ITT

The operational range of Oacar III depends,
among other factors, upon the height of orbit
sbove the earth. As this is unkuown at the prea-
ent time, it will be assumed to be about that of
the earlier Oscar satellites (approximately 120
milea) until proven otherwise, Based on this
figure and upon experience gained with Oscars
I and II, & radiue of ground reception of the
gatallite turns out to be aboul 1000 milea. Thus,
two stations within 2000 miles of each other are
theoretically just within eommunication range
via Oscar III (Fig. 1B}, At this distance, how-
ever, contact would be problematical, as the
common communication area for both stationa is
extremely amall. Btations 800 miles apart ot less,
however, stand & much better chance of com-
munication as the satellite remains within the
common communication area for a greater length
of time. Btations located along sn east-west
line, moreover, will generally have longer com-
mon communication time, as the Oscar III
satellite will probably have a north-south (polar)
orbit. The length of time the satellite remasina
within & common communicationa area between
two stations depends upon the distance between
the atations and the angle at which the satellite
cuis across the area, For short-distance eontacts
{stations separated by 500 miles or less, Fig.
1C} the aatellite traverse time acrose the cominon
communication area may be as much as six to

traverse time may be a matter of coly a few
seconds.

Using Oscar IIT

Various types of experiments may be con-
ducted by radio amateurs duting the forthcom-
ing flight of Oscar II1, Passive, “listening experi-
menta " are useful, as well as attempts t6 achieve
two-way v.h.f, communieation vis satellite. In
&ll cases, however, it is well to plan the opera-
tion in advance go that valuable time will not be
fost during the period that the satellits is within
radio range, estimated to be about eight minutes
or loas,

Telemetering Measurements: A more sophisti-
cated form of telemetering is incorporated in
Onscar IIT than wea used in the first two amateur
space satellites. The original Oscar heacon tele-
metered internal package temperature to earth
by means of & temperature-sensitive element that
varied the “ HI" rate in such & way that a simple
eount of the rate by the ground obeérver could be
tranglated into package temperature. The “HI"®
rate of Oscar ITI will ba nearly constant and used
only s an identifier, broken regularly by bursts
of telemetering, The telemetering will consist of &
setiea of pulses whose width will be a measure of
the transmitted intelligence. Observing the ratio
of pulse width to repetition rate on an inexpen-
aive oscilloacope will provide temperature datn.
Beveral thermal points will be monitored within
Oqcar III and the measurements will be trans-
mitted in sequence, as will be described in a
future article. The Oscar Association requests
temperature mmessurement reports by intereated
amateurs during the forthcoming flight.

Doppler Measurements: The 145.95-Mc. beacon
may be used for Doppler data? by ground ob-
servers, The beacon emita a continuous, unmodu-
Inted mignal, suitable for loag-term measure-
ments, It is hoped that some obeervers will
maintain a 24-hour watch on this bescon, am

“various obeervations made on Osacar II point te

unusual modes of propagation that permit ex-
tremely long distance reception of the satellite,
well beyond the ususl line of sight. A continu-
ously-running receiver coupled to a tape recorder
may very well turn up a permanent record of
long-distance reception by as-yet-unexplained
modes of v.h.{. propagation. In addition, Doppler
meagurements mdy be made on this beacon to
determine orbital parameters and predictions of
future pagses.t

? Norgaard, ' Eyeball and Eardrum Doppler Tracking,”
Q8T April, 1962 and June, 1062,

4 Burhans sod BRankina, '‘Keeping Trmok of Owcer.”
QST, May, 1962, Hilton, ‘‘Msking Your Own Orbital
Predictions from Doppler Measuroments,” QST, March,

eight minutes, whereas for extreme distancea the 1862,
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Fig, 2—The 2-meter spactrum of Ouscar W The 50 ke, input band of the solellite is contered about 144.1 Mc The corre-
sponding ovtput band [s cantered about 1459 Mc, [invertad). Beacon tranamitters
are on 145,85 Mc. and 145,95 Mc,, bracketing the output band.



Fig. 3—Oscer il tronsiotes © v.hf, sipnal
from 144.1 Me to 1459 Me. Signols may
pass both weys simultaneculy through the
repaater, ‘which operatss continucinly
during tha lifs of the Botrery. Oscor I
Inverts the received signal s that the
Honumitted sidebonds ore revarsed within
the satellite, thus reducing the combined
Doppler abift 1o a vclus never greater
than that obsarved by a simple onc-way
sokellite-to-warth transmission.

Passband Monitoring

The transiation equipment in Oscar [TT will
run cantinuously. When the eatellite is in &
quieacent state {mo signais being received) the
output of the translator consists of circuit and
received noige, and may be readily ideatified by
the ground cbserver as a hisg or “white noizse”
which covers the S-ke. cutput frequency spec-
trum. The satellite may, in fact, be readily iden-
tified by this unigue noise. When 2 v.h {. signa) of
sufficient atrength to activate the a.g.c. system of
the satellite falls within its input passband, the
output noige drops and the trenslated signal may
be heard by a ground observer monitoring the
output range of 145875-145.925 Mec. As the
aatellite passes by, ground obeervers may tune
back and forth across this range, logging signals
within the passband that are repeated by Uscar
ITL. Even though the obaerver possesses no traae-
mitting equipment he wil] be capable of making a
valuable contribution to the Uscar program by
monitoring the passband and logging sll signsals
heard within the band. Copies of such loge should
be sent to Project Oscar, Inc., Box 183, Sunny-
vale, Califarnia, U.8.A,

Jt shiould be moted that signals pasaing through
the transistor portion of Oscar 111 and received
on earth will be subject to a Doppler shift cc-
curing over two different paths. That s, the re-
aseived vignal will be a victim of Doppler shift as a
reault of the two-way transmission inherent in
this aystem (Fig. 2). The transletion sircuitry of
Jacar III inverts the received signal 8o that the
tranemitted wpper sideband of a ground trans-
mitter will be repeated back s the lower aide-
bavd to u ground observer. This is done to re-
duee the combined Doppler shift to & value never
grester than that obgerved by a simple one-way
satellite-to-earth tranemission.

It is possible, of course, that nearby ground-
based signals occupying the satellite output
‘requency range may cause interference with the
sepéated gatellite signals. It ia hoped that radio
amsteurs will stay clear of the (scar III output
frequencies dlring the pass time in a given loca-
tion. Nontranslated earth signals in the output
pagshand may be hard to identify aithough they
will have no Doppler shift. Sutellite-repeated
ignsls generally will exhibit some degree of
Joppler shift. but this may be less than the
‘requency drift commonly seen with many v.h.f.

igs using overworked surplus crystals!

DSCAR T

Two-Way Saiellite Communication

The primary purpose of Oscar I11 is to permit
two-way radio amataur translator eatellite com-
munication beyend the normsl v.h.f. range.
Maximum communication distance is limited by
the orbital height of the satellite. which will be
unknown until after launch, but it is hoped that
trapscontinential or transoceanic contacta may be
had by well-prepared radio amateurs. Experi-
ments conducted by amatenrs living in the San
Francisco area with a preliminary Oscar II
model, mounted atop a tower at the home of
WOYMH, proved that the satellite permitted
satisfactory two-way communicstion provided
the uvsers knew what they were doing and co-
ordinated their efforta. Many of the ugers of the
earth-bound Oscar repeater during this prelim-
inary test were Oscar Association membern, well
versed in the working of the equipment, yet the
thrill of the moment and the excitement of using
& spectrum repeater led to chaos, confusion and
unwanted interference until some form of dis-
cipline was planned in advance and a method of
use established. It must be remembered that the
output power of (Wear I1T, approximately one
walt, will be shared by all the signals pasaing
through the repeater. As more signals pass
through Oscar IT] at one time, a point will be
reached where each signa! commands sueh a
small part of the available output power that
none of the signalg ia usable by the ground ob-
server. The ouiput spectrum of the satellite then
becomes a confused, mumbling mass of “gar-
bage.” This may be expected to cccur within
range of areas of heavy v.h.f. population during
week ends when many stations may try to use
the repeater. At nther times, only a few signals
will pass through the repeater ag it orbits over
other areaa vl the world.

ne suggested means of making optimum use
of the Oscar ITI repeater i to take sdvaatage of
the “*buddy " system. This requires two amateurs
10 ret as a team, with a predetennined operation
sequence, oT “seript.” A joint effort will help to
ensure that when Oscar 111 appears over the radio
horizon an attempt at two-way communication
may he made under circumstances that will
20C0Urage BUCLEss,

For illustration, let us assume a hypothetical
pass of Oacar [T between twa v.h.f, stations that
desire to achieve two-way astellite communica-
tion, The problem is defined in this manner:



1. When does the satellita appreach the proper
position between the two stations, and how
long will it remain within radio range of both
stations?

. What will be the Hne of posilion of the satel-
lite between the stations s it moves along its
orbital path?

3. What should be the transmitling frequency of
each station, and to what frequency should
each station receiver be tuned in order to
hear the satellite-repeated mignal of the other
station?

4, At what critical times wil] each station listen
and tranamii?

It would be reasoneble to sssume, until proven
otherwise, that calling CQ at random and “look-
ing across the satellite band” for a eontact
would be asking too much; at least until the
woilld-be satellite DXer hag experience gained
in a prearrenged schedule with a reliable, not-
too-distant v.h.f. companion. The greatest chance
of success would seem to stem from s predeter-
mined sequence of operation enucted between
two coordinated ‘‘buddy stations” who hsave
practiced their modus operandy nided, perhaps,
by pre-launch low-frequency coordinution sched-
ulea or by mail.

The Ogear Association emphasizes that QOscar
T1I experiments in two-way comnunication differ
in one important respect from other v.h{. com-
munication experiments condueted in the past
by radio amateurs. Previous long-distance com-
munication efforts based on propagation anamo-
lies depended heavily on chapce or luck for
success, If the atmosphenie diifraction was right;
if the microwave duct was established; if the
signal scattering was effective; if the unknown
mode of propagation worked — the fleeting two-
way contact wae established on a hit-or-miss
basis. Hours {or years} of work, largely with
unknown, random factors, contributed to success.

Thiz heuristic (cut-sod-try} philosophy iz
absent in (dsear III. If launch is successiul and
the sateilite equipment functions properly, alert
radio amateurs using the proper operating tech-
niques and equipraent st the proper time and
frequency can achieve two-way repeater com-
munication. Propagation anamgolies have little
to do with it; Oscar [ITis a “go, no-go” bird and
affords predictable success to those amateurs
usieg it 1o & knowledgeable fashion. Communica-
tion via Oscar 111 is not something you ry, it ia
gomething you do!

The Oacar Association will do its uimest to
provide accurate and up-to-date fracking in-
formation. In addition, v.h.{. amateurs and eluba
wha tracked the earlier Oscar satellites are urged
to generaie and disscminate their own tracking
information for local congumption.

A QS0 Via Osear Il

By way of example, let's eavesdrop on a
hypothetical 2-meter QS0 viy Oscar I11. Remem-
ber, one of these stations muy be you! Our twa
heroea are WY9XXX in centiral Illinois, and
WSYYY in western Pennsylvania, situated

™

about 500 miles apart, on an east-west path,
Each station is equipped with 4 stable, [ow-noise
2-meter receiver, accurately calibrated in kilo-
tycles acriss both the imput and cutput rangea of
the Oscar 1II satellite. In addition, each station
ls equipped with an auxiliary “early-wurning'
receiver, tuned to 145.95 Me., the ¢.w. bearop
frequency, nt to 145.85 Mc., the telemetry beacon
frequency.® The receivers may consist of two
v.hi erystal-controlled converters feeding a
stable low-frequency communications receiver.

Each station is equipped with a 100-watt out-
put crystal-controlled 2-meter iransmitter, the
frequency of which is known to a kiloeycle. In
addition, each ststion has a medium-gain Yagi
antenny {5 elements, approximating 10 decibels)
rolatsble in azimuth only, controlled by a second
operator whose job is to keep tiwe beam antenna
aimed on the satellite by virtue of the early-
warning receiver tuned to & watellite beacon
signal.

Information from the QOacar Communication
Center has notified our two DX-perts that the
satellite will paas approximately between them,
on & north-south path durtng the time period of
1400-1417 GMT, The tactieal situation » shown
in Fig. 1C, WOXXX aima his anteona to the east
of north, and W3YYY aims Lis antennas to the
west of north.

Both stations have agreed beforehand to trans-
mit on 144,110 ke. plus or minus one kilocyele.
They know that the Oacar [II tranelator will
invert their signals and retransmit them back to
earth on 145,890 ke., ten kilocycles lower than
the ecenter frequency of the outpat range. Ini-
tially, it i@ decided that WOXXX will atart
trapemitting whea he first hears the beacon
signal. while W3YYY will linten for W9XXX at
the proper suiellite repeated frequency of 145,800
ke. As u starter, therefore, the early-warning
receiver of each atation is tuned to the aatellite
beacon Trequency of 14585 Mc. and the com-
munication receiver is tuned to 145,800 ke, Aa the
fateful hour appraaches when Osear II1 comes
within range, the two stations quickly run
through their individual “scripta™:

L. Clock properly set to GMT? Yes.

2. Communication receiver tuned o 145890 ke.?
Yes.

3. Early-warning receiver properly tuped to
145.85 Mr.? Yes ®

4. Antennas positioned in the proper direction?
Yes.

5. It is kpown that Oscar T11 will approach the
common coimmunication area at 1400 GMT
on each station's clock, and it ia agreed that
WOXKX will start transmiiting a8 goon as he
hears the beacon. Since he khows that W3YYY
will hear the beacon at almost the same in-

_ stant, he hus decided to tramsmit for 30 sec-

510 thia article. satellite frequenciss are given in mega-
eycled, and ground atstion freguencies are given io kilo-
cyclod.

? In thia type of shori-distance pass, with the satellits

betwesn the stations, the over-all Duppler shift through the
tranolator will be very small.



onds, then he will listen for one minute at

145,890 ke.

Each station is ready. The growing tension is
broken by the second operator at WOXXX an-
nouncing he has heard and identified the c.w,
beacon of the satellite! The tape recorder is
started, and a few seconds later, reception of the
beacon is verified at W3YYY. The time for the
record-breaking QS0 is at hand! According to
the prearranged plan, WOXXX starts to trans-
mit, calling W3YYY on 144,110 ke, with slow,
steady c.w., one eye on the GMT' clock. Five-
hundred miles to the east, the second operator of
W3YYY tracks the satellite beacon while the
firat. operator tunes a fow kilocyceles above and
belaw the repeater frequency of 145880 ke. He
hesrs the " white noise’’ of Oscar 1II, and care-
fully listens for the c.w. signal of WOXXX re-
trangmitted back to earth via the space craft!
Buccess is almost at hand when he finally hears s
portion of WOXXX's transmission, clearly audi-
ble above the “white noige”'!

When the 30 seconds are up, WIXXX gigns
over amd starts to listen near 145,890 ke, for
W3YYY, while the second operator at WIXXX
faithfully continues to track the satellite beacon
with the early-warning receiver, making any
necessary adjustments to the beatn antenna to
hold the beacon signal at maximum strength.
W3YYY is calling WOXXX on c.w., and shortly,
the operators of the latter station are thrilled to
hear the translator-repeated signal of W3YYY
calling them close to 145,890 ke.! W3Y Y'Y passes
& signal report o WOXXX and the QS0 starts
to resemnble a normal low-frequency contact.
Finally, during WOXXX's reply, both second
operators note that the satellite beacon signal is
going out of range, and sure emough: contact
between the two stations is abruptly lost as Oscar
IIT dipa below the radio horizon. The first QS0
via Oscar I1I satellite has been successfully com-
pleted! The record-making QSQ, moreover, has
been recorded on tape at both stations and has

become a permanent record of the unique
accomplishment.

This, then, is une way the first contact via
Oscar ITI may be expected to be made. No doubt,
gooner or later, some amatedr will call CQ and
receive an answer at random via the aatellite. It
is hoped, moreover, that trans-oceanic and trans-
continental (330 wili be achieved by this unique
repeater satellite. As this is the first time such an
experiment hae been undertaken, all prophesies
and predictions are, of course, bused upon intelli-
gent guesswork and may prove te be invalid. The
possibility exists that the satellite may be badly
overloaded near nress of intense v.h.f. activity
and remain gilent but receptive over areas of the
world where little v.h.f. activity is present.

Remote.arsea ""Beacons’’

1t is hoped that amateurs in areas of the world
having little v.hf. activity will supply beacon
signals that will activate the satellite to alert
other, distant observers. A v.h.f. beacon trans-
mitter in the Azores, for example, may activate
Oascar II1 over the North Atlantic ares so that
such passes may be heard on both sides of the
Atlantic. A similar beacon near the Fiji Islands
and one near India will activate the satellite
over Pacific and Asisn areaa.

It is readily apparent that this new adventure
of amateur radie is a voyage into the unknown,
and no member of the Oscar crew really knows
all the anawers, or has & complete picture of the
capability of Oscar III. Surprises for all will be
in store when Oacar I1I goes into orbit, and radio
amateurs worldwide join Project Oscar in locking
forward to a successful launch and an exciting
and useful life for this 30-pound peckage of
surprises.
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