Satellite Tracking tor the Radio Amateur

INTRODUCTION

During the last few vears, thare
has been an increased inlarast in
cammunication wia  the amateur
gatellites  familiary  known a5
OSCAR (Orbiting Satallites Carry-
ing Amatour Radio). Af present
thie activity i resificted 1o 10M,
20 and 7O CM hande.  In tha
futura additional bands ara likely
to be included 8o that most of tha
amataur population cam take part

This activity hes created more
intarast in communicating through
the linear repeaters in satelifes
bevond direct line of sight ancoun-
tared in norfmal VHE/UHF.  Each
newcomar has  many questions
concerning  just  how to  get
gtarbed -

What are the timings in which

tha satallita is availabla ¥

Which band showtd be wsad 7

How much power is neode:d 7

How good shoauld the receiver

ba 7

What kind of antennag should be

used and how big should it ha 7

The abowve questions directly
concarn each ground atation. In
tho procass of datermining antenna
paramaters. it s nacazsary to knoagy
haw ta find and track the sateliite.
In addition, the type of antenna
mount, the aiming System  and
phyzical location of the antenng on
the available space are o function
af the path of the satallita,

Many articles have beon publi-
ghad which will answer 1these
questions and help the beginnor
and ald timer alike. Much olher
data that are available may not be
wilhkin the reach of many hams,
especially in India, 1t i1z tha zim
of the authar ta eollect and re-
produce in one place the literaturs
neceszary o allow the potential
Indian ham 0 make tha basic
decisiens to start e “Satellite
tracking amd communizations®
prajact.

DEFINITIONS

A ham who desires to antér into
zpace technology will coma BCross
a number of new tarms which must
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ba claarly understood, A fow af
tha terms which sra important for
a ham arge listed below o the
alphabaticel ordar  with  their
standard definition,

Acquisitlon : The process of
locating the orbit of a satellite or
irajectory of a spacea probe by
proparly pointing an antenna or
lelegcopa as a praliminary step to
the gethering of tracking or tele-
matey data.

Arrospege @ [From Agronautics
and Space) Earth's atmosphars
anvelope and the space beyond,
domain of operations far airborne
viehicles, rocket vahicles and space
crafr,

Althade ;. Elevation angle of a
cosmic body above the horizon,
meaasured on  tha wvartical circle
passing through the body,

Aproce s On the aarth orbit of
an object, the point farthest from
tha aarth.

Ascondipe Sode o The point at
which an ebject’'s orlil  crosses
tha rafarence plane (usually the
acliptie) from South to Naorth

Command @ A signal that initiates
or triggers an action in the racei-
vifg davice,

Commanication Satellite (Com=
saf) ¢ A Satellive designed o
reflacrt or relay aléctramagnetic
signals vsed far coammunication,

Diplexer: A dovice permitting
an antenna system to be uged
simultanedusly o  saparataly by
twa transmittars.  (Compare with
Duplexer}

Doppler 5k 2 The change in
frequency  with  which  anergy
reaches a receiver when the source
of radiation [or a reflector of the
radiation) and the recalver ara in
moiien relative to each other. The
Doppler shift is usad in many trac-
king and Mavigation systoms,

Muplexer ;. A davice parmitting
& single antanna sysiem 1o be used
for bath 1ransmitting and racaiving.

Eccontricily ¢ Ratio of distance
between foci (of conic section) 1o
langth ol major axis.

Tnclination : The angls by which
the orhitel plans of an objact in
space 5 inclined {o the plane of
rafarance {usually tha squator in
geacentric orbits, or the ecliptic in
haliocantric orbits)

Kepler's Laws ;| An astronomical
theary advanced by Johannes
Kepler (1671-1630) on tha basis
of extensive mathematical analysis
of the copious observational
records made by Tycho Brahe
summarized in tha following thrae
laws :

1. The orbit of any planat is an
allipss with the sun at one focus,

2. Tha line joining the sun and
tha planal will swsap over agqual
arsas in aqgual intarvals of time.

3. Tha ratio of the squares of
tha parinds of any two plansts is
equal to the ratic of the cubes of
thair maan distancas from the san.

Multiplexer 1 A mechanical or
slectrical device for time sharing
of 8 circuit by two or more co-
incidant signals.

WNode : Intersaction of orbit
plana and referance plane such as
aquatorial or ecliptic plans.

Perlgee :  On tha sarth orbit of
an object, the point nearast 1o the
aarth.

Pertorbation : A disturbanca in
the regular motion of a8 celastial
body. as the raault of an addilicnal
force 1o those causing the regular
maticn.

Real time : The display, record-
ing or reporting of events simulta-
neously with their occumance in
contrast to the recall of stored
data.

Satellite : Attendant body re-
volving asbout another (primary)
body; in tha solar system, a
secondary body, or moon, that
revolves about g planst. A man-
made object revolving about a
cosmit body, such as a space craft
arbiting about the earth.

Sensor ;  Instrumant companant
that converts an input atimulus
inlo 2 maasurable output,



bag radiadi Mhe sun Tddia-
?i:f ;!ii;'ﬁhhbi: ﬁ&v ﬁt"larflp'!f;thi'm
of about BT00 K with 99.9 per-
cent of (15 enargy within tho wave
length intarval from 06 (o 4.0
microns ;| 50 parcant within visible
epactrum Ocdioto 0.7 micon; and
muost ob the restin the nearinfra
fadhn el s bsnilari 2 eones
" Spfdr Wind s Strsams of plasma
flowing-© Bpproximately - radiathy
outward from the'sun g i
Fface’ s The part' of the universe
R oinside’ the - limite of 1he
earth's'atmosphers’ - Maore pene.
rafly, “the infinivs “domain. inwhich
all celestial Bodies move, inetuding
the garth, e '
“Cpace cfaft © - Devices " mannsd
and unmanned that are desigried
e placed vinto” @norbit Tabout
the sartht ar /into: 8 trajectony to
anothorcelastial body ) o
CEarion Kedping . Otbital maneu-
vers 1o maintaln & vehicls in'a
pradatarmined orbit. P
Syachromons Satellite ¢ A saral-
lite” oibiting the aarth ‘at periods
equal 1o, or “‘miltiples ‘of the
darth’s - rafationsl periotk ;0. e,
mking ofa bwa ! thresdtcl corbits
irt'a 24" Rour Paridd« Tiuo P
“Telemetry ; The  scienca  of
meazsuring a qusntiy or quantities,
transmitting the ‘méesured” values
o & dEtant StEtion, Cand O thers
intorpreting; ¢ indicating. -ar. record-
ing this quantities: messured.. Data
transmitted by means of electro
megnatic propagation.
e Trackiog ;7o Tha process of . fal-
lowwing ™ thermovement of 8 satellioe
ofrpcket by radar, sadio and/or
photographic observations, -gena.
rally far tha purpose of mcording
its. irajectory of for_imgiaving the
recaption of signals from the .

SATELLITE AVAILABILITY
Armed with.soma understanding of
the special tarms aof space tech-
nolegy. sbane now in a position to
paem inlo Epace 1o locate  and
undesstand. 0 satellita and - ils
orbital - charactenstics.  We  will
limit our studips . to space craft
prbiting around the earth.

Frgl /21 iVindicates: Saratiita ;A
in circular 'orbite and: B dneliptical
gribit around the earth. The tima
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f 1aken fog the satallite 1o come once
“around thie darth is called the arbi

sl poriad (P} and thea radigs i ‘s’
25 indicaled. The earlh is &ssu-
mad to be revolving with s North
pole on top and dus to this assump-
tion, the journey  of tha satellite
from. South pole 1o the North is
known as -the ascending orbit and
Mir]h ta South 88 the descending
ook,

Keplar's-third 1w can be wrilten
&%
a Gh
s (W Cpmaal il

] 4n
wWhaTE
8 = pebital radius (height) of
tha saiollita from the cantre
of aarth.
p-= gthital period
G —: Gravitational constant
and — &6.668 X 10-3 oM. e
M—mass of eanh--5.980%
10 % grammes

seiieire 1)

The right hand side. of the aques-
tan, (1) is 8 known constant for a
given condition, “If one of the Twa

vantities on the left hand side of

@ equetion isknown, the othar
can be easily computed. For an
agrth’ orbiting - setellite like the
OSCAR: a* ‘

e 2= ABAT X A0 (D)

[+
where ‘a" is given.in km and 'p’ in
minutes, - Taking the orbital pariod
of Oecer & a3 115 min ;. a -T834
k. -Bubtracting the sarth's radius
of 6370 km, the otbital height of
the. satellite sbowe tha ground is
1464 km (810 milas). This farmula
holds _good lor all sarth orbiting
satellites. (You may watk out for
Arva bhatta). The complete satel-
lite orbital characteristics can also
ba computed from Dopplar mea-
surement of satellive signal and is
quite invalvad.

Assuming that we heave mana
ged !/ to- know. ‘s’ and ‘p’. lat us
progress - further. We know the
sarth ks revolving on its own axis
once eweiy. 24 hours and from
Waeak to . East. Let us stop the
rotation .of the earth {(we cant )
and allow the satalliis 1o continue
the orbit.  For simplicity, et us
agsume tha paricd as 2 Hoors.
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That meens, the - satellite . witl
be over every place - (sub
satellite point) - on the earth slong
ihe satellita track once in avery
2 hours,  Suppose we  start with
the satellite over the equator at a
longitude of 82'E at Zare hour end
allow the earth 1o rolate.  After
2 hours the satellite would ba over
the equator on_completion. of the
first :orbit. . But. the. santh would
have rotaled towards amsst by this
tir.  Wa know that the “earth
covers 15" for .avery. one hour and
go after-2 hours, . the easnth would
heve peassed 30 degrees. eanterly
which woud bring the satallite oved
(820 = 307y 52 E- Longitude - &1
equator giter the first orbit- - For
all practicel purposes - we can
assume tha satellite maving - west
ward by an amount in Longilude
aqual 1o tha earth's rotation in the
period p For this purpose,. the
conventional notation o marking
the fongitudes from  Greemwhich
as 0 to 180" E and O 10 1800 W
bacomes . cumbsrsome - and- . a
general practice of 0 to 360"W is
adopted. - These details along with
salellite tracks are  given in fig 2

MNow iz the- approptiste time 16
apply all we hove learnt and wark
out the satallite tracks. The pub-
lished orbital data on Oscar gives
the fotlowing infarmation :

(i} Orbit serisl number and date

(i) Time (GMT) when  1ha
satellite  crosses the equator in
ascending part of orbit.

(i) The longitude: (in degrees
West) over which the satellite cros -

(Contd. o1 page 17)
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=ad the squatar n aLcending part
ol nrhit. . ' '

(iv) . Oebital period
[+ =1_1 4.9945p?ﬂ minj

(v} Ineramant in langitude par
Lt orbit. §28.74885) Sdegraa)
: pron arbith

{vi) _Inclination to gyuatar
AL O B :

The new orblts can be calculsted
Ly adding orbital period and tangi-
Tucs incramant 1o - the carrespond.-
g quantltios of the refersnce
orhit conseculively. Tably 1 glves
the ocibits of Oecar 7 far a typical
day and can he enslly understood.,

. India g centrad on {920F) 2780
W longitude - The ling ol sight
ranga wilh 1he satallite being about
2000 miles, the ascending orbits
aceuring batwesh 2607 1o 300N

are’ suitable Tar' aparation. qama
i 5ssgm 5' ﬁ;inugur

%a'iﬂiusr a . tew degreas aast and
wast suitably, Simbarly oporation
tHrough descending orbits is also
possibte.  Ascanding otbits poss-
ing between G5 and 115
(ovar USA) provide satellita com-
munication during their dascanding
portian avar Asia, - Fig 2 indicates
tha typical coversga of g station
cantred al Bangalore with. azcend-
ing and destending orbits.

On an overhaad pass, thas satal-
e gives & communization ol
aboul 20 minutes and l8gs oo the
other passes. Dscar 6 and Oacar 7
are launched at a time window
such that the ascending overhasd
peie occurs ot 9 PM locel tine and
the  descanding  averhgad pass
at 9 am,

WHICH BANLD ?

*Which band to- oparala™7  As -

on today Oscar B and Oscer 7 are
iﬂﬁ\[ﬂ_;‘éﬂd aperating facliitias ara
given ||':|_iT_;I|‘ura 2, :

Oscar 6 haz a linear translator,
functioning very much like 8 recei-
virkg - NOTNVerer: St feceives over
the Band 145 %10 146.0 MHz, and
down converts (029,450 1w 23 500
MHz. | Within this band, what
YOU PUL in QN IWwo mefres is what
you _hear on 10 metres; if you
transmit an CW vou hear CW:if you

A 1

Lransmit upper side- bavd, vou hear
dpper gids band  Oscar 7 works
the same way, <xcept thet il hay
two transiators gbroad, one for

two to-men  moters, the  other
432 MHz in. 145 MYz out.  WIH
Qscar 6, il you transmil  on

145950 MHz (neglacting Doppler),
vou should hear yoursell through
the satéllitée on  approximately
295 MHz; if you transmit 20KHz
tovwar, you will hear yaurself 20KH?
lower on ten metars, Oscar 7's
two meler input and ten et
oulput work in exactly the sama
way 85 Ozcar 6 The 432 MH:
translator aboard Oscar 7 is a little
difterant, since it employs fraguancy
invarsion; if you transmit  lower
side band, you will get uppor side
band back, Bacause aof Dsacar's
altituda, you will hava a maximum
two-way eommunication ranga ot
appraximately 5,003 milas when
propetly positioned The ground
gtation roguirements are arfived at
refering to Table 2. Ascoivars for
10 mater and 2 mater receplion end
Transmitters . far 2 meters and
432 MHz are requirad.

The beacons ara in-band opera-
Lion and regquire special recosvars
out lor 435 end 2304 MHz,

Diffarant gmateurs will lika to
heve ditfarent sysrams depsnding
on their neads and inclinalions.  If
you hava nana and want ta slart
rew, the best choice is a ten maler
racaiver and twg metar  trans-
mittar . This ~iil anatle operatlon
both with Oscar 6 and Qsear 7.

HOW MUCH POWER ?

Ta wark through the two-to-tan
mater translator, an effactive radia-
ted  power  (ERP — transmiller
output minus tranamissian line
lesses plus antanna gain) of anp
roximately 100 watte is required.
Under ideal canditions, it has been
done with as |itthe as 10 walts
ERP, but 100 watns ERP iz tha
recommandad loval  which iz
sufficient to provide horizoa o
horizan access to the satallita.  {f
yvou nesd mora than this to hear
yoursalf, that is pasitiva pracf that
your recadving system nesds mora
wark [ As an example of this
caleulation, a tranamitter  having

S wwatls iRl INTo 3 WHaNESTUSHan
lire having = dB Ioss, and an
antenna having 6 dB gain would
give 100 watis ERF ; ha coract
lewal at two mater. The use of a
810 10 wall transmifier output to
an antenng of 15 dB. gain sesms
1o bt the mast aconamical,

A stable, woll calibratad VEOD of
WHO iz of great convenience
{thoughl notl an- absolula raquire-
mantl), since most Oscar users
answearl calls at or near the caller's
fraquancy-—the batter to hear their
awn signals while warking

HOW GO0D SHOULD
THE RECCEVER BE ¢+

Qscars  tranamliter  paiier . is
quita low and must ba  shared
among a' the stalions using tho
satallite 87 any one tin:  To work
throuah the satellite sicoassfully,
ou hawva to be able 19 haar it wall,
ayond any doubr, the greatesi
single. couse af failures in Oscar
communization is inadequare recal:
ving capability.

On ten meters. many recalvars,
aven tha mast exoensive, can
Benafit fram a simple low nalse
MOSFET  pio-amyplifar,  adjusted
for the Uscar outpar hand, - [ you
ara At waing & goad pra-amplifhar,
you meght alae gain sagisfar oy
parformanca by realigning  the
racaiver’s fan. mater circuils  for
aptimum parformance at 29.5 MHz.
Woarld War Il surplus  recaivars
may no! coma up to the required
sensitivity . and a MOSFET pra-
amplifier seamz 1o bz tha anly
alternativa for most af ys.  &n FET
ampdifigr followad by a MOSFET
iixer will bs regquired in most
cases wsng tho BT 34B series of
Receivars, A crystal oscillator may
ba  used o provide a suilable
converler output  frequancy at
¥ MHz band whare tha  eguipment
will be hot,  The aver afl sengir-
vily of T uvfor 13 dB 5'M ratio
will ba satislactory.

WHAT KIND OF ANTENNA 7

For recziving purposed a varlety
of antennas ave used, from long
wire, dipale, to haams moatly
dictated by tha recéivar sansitivity
Quie  salsfactory  resuliz Havo
heen abtainad with lass 1~an beam

17



TABLE 1
QSTAR Typical Orbal dala

Ecjuatos
Date Crossing  Longitude
10 Mar 77 Tima Wast
Orbit Mo,  (GMT)
10365 04,2 BEY W
10366 025681 Q4 W
10367 4540 123 W
10368 0648 3 1802 W
10369 0438 181 W
10370 10337 210" W
1031 12338 2390 W
10374 14204 268" W
10373 16233 237 W
10374 18182 326~ W
10375 20131 Johe W
10378 22080 2am N

guch B3 whips, dipoles and wird
amays. Of course for best resulls
at low olevation angles, when the
real Dx is warked, 3 beam simply
cannot be beai. A simple dipole
of 168'6" will be good enovgh for
making a start. Stretch it East-
Wast  since the satellite goes
Morth-South, though this direction
iz not abzolutely necessary if space
is not available.

For the VHF and WUHF fraquen-
gies, experienca hes  shown
that beams of four to eleven
alements (948 1o 16 dB gain) give
the best mesults. Larger arrays.
being more directional, are more
difficult 10 keep properly aimed at
tha moving satellite 1han beams of
{awer elamenis, Again, if vou
cannot put up a beam, vou still
con work through Oscar f your
transmittar puls out encugh poWwer;
ar you are not aiming 1o achieve a
Dx record. A limited performarica
is always & possibility with limited
resaurces and enough to meaka
a start.

A four element cubical ouad
giving 15 dB gain in 2 meter band
iz a good cholce. The beam can
be construcled on a boom of 487,
The antenna consisls of four square
loops, mads from medium lhli'.‘ltk—
ness coppar wirg, held in posilion
by wooden spreadars. The driven
glement s 20 inches on all sides,
cut in the centre af the lowear e,
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where an insulating pisce and co
axial sockat is fitted. A reflector
of 31 inches on all sides closed
cireuit i 8. a continuous langih ol
wira} 18 speced 16 inches behind
ihe driven alament-  Tho first die-
ectar, 19 inchas onm all sides i=
placed 16 inches in front of the
drivanalamant and the sacond dir-
gctor is 18} inches on all sidas,
sgainspaced 16 inches. The over-
all length is thus 48 inches. Co-
axial cable of 50 ohms impadance
is to ba used, The aulhor has
constructed this type of beam with
bamboo under B, 10/ .

In reading through the literature
on Oscar, you will constantly
come across references to ciroular
polarisation and azimuth elavation
rotatars, Thesa ara desiroble But
not absolutaly assontial.  Without
circular polarization on two meaters
with Oscar B, the signal will en-
counter tading dus 1o Faraday
rotation; the Oscar 7 raceiving
antennae are designed to make this
unnaecassany,  Clculer polarisation
at tan rmaters is for most amaturs
masier said than done, because of
ground raflection effects. 1 you
can pul up a ¢ross yagi or  halical
array, by all means iy it, but
don't think vou really meed one,
With linearly polarizad antannas,
the signal will fade up and down
as the polarization is rotated in the
ipnosphera. You may uge @ither
vertical or harizamtal polarization ;
it makes no difference.  If you
uyse 8 beamn antenna and do not
have azimuth-slevation rotalors,
it s recommended that you mou-
nt:tha beam to point  wpward
approximately 20 to 30 dagroas
from the horizon and laave it there,

rotating  in the honzontal plane
when needed, 201030 dagreds
fixed epevation haz bean found by
many users to ba an excellent
compromise, making further athen-
tian 1o alevation URRSCESSATY.

CONCLUSION

With my experiance on Satellite
tracking, | have attempted to con-
vay the problams and solutions
that an individual is likely to come
atross, in this article, Tha subjact
is vary vast and every point can-
not be covered in a single articls,
The aim will ba achieved it it takes
you ong step clozer to satellite
tracking.
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TABLE 2
Operating Frequencios of OS5CAR § and D3SCAR 7

Input Qutput I Beacon
(Up link) (Cranarn bink) | [Talametny)
MHz 1 MHz ' __MHz
e e I
45,900-143,000 20.450-29.650 | 29.400
Oscar G 145,900-143 . | 439100 (Silent
145.860-145,950  29.400-29.500 29,500
Oscer 1 145.280
433.125-432,175 ' 145.075-145 926 435,100
l | {inveried) 2304.100
RATH
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