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Satellite Tracking for the Radio Amateur

INTRODUCTION

During the last foew vears, thare
has been wn increased inlarast in
communication via the amateur
satellites  familiery known s
OSCAR (Orbiting Satallites Carry-
ing Amalour Radio). At present
the activity is restricted 1o 10M,
2M and 70 CM bands. In tha
future additional bands are likely
1o be included so that most of tha
amataur population can 1ake pan

This activity has created mora
intarast in communicating through
the linear repeaters in satellites
beyond direct line of sight ancoun-
tered in normal VHF/UHF. Each
newcomar has many quostions
conceming  just how to get
started :-

What are the timings in which

tha satellita is availabla *

Which band shoutd be wsad ?

How much power is noadacd 7

Hu;v good should the receiver

What kind of antenna should be

used and how bip should it ha ?

The above questians directly
concern each qround atation. In
tho process of datermining antenna
paramalars. it is nacazeary to knsw
how to find and track the satellite.
In additioan, tha typa of anlenna
mount, the aiming system and
physical lceation of the anternna on
tho available space are a function
of the path of the satullite,

Many atticles have been publi.
shed which will answer these
questions and holp the beginner
and old timer alike. Much other
data that are available may not be
within the reach of many hams,
especially in India. It is the oim
of the esuthor to collect and re-
produce in one place the literature
necassaly to allow the potentisl
indian ham to make the basic
decisions fto start the “Satellie
tracking and communizations”
praject.

DEFINITIONS

A ham who dasites to enter into
gpace technology will coma across
a number of naw tarms which must
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be claarly understood. A fow ol
the terms which are important for
a ham are listad below in the
alphabetical ordar  with  their
standard definition,

Acquisition: The process of
focating the orkit of a satellite or
trajectory ol a spaca probe by
properly pointing an antenna or
lelescopa as a proliminary step to
the gethering of tracking or tele-
meotry data.

Arpaspeee © (From Aeronautics
and Space) Earth's atmosphere
envelope and the space beyond,
domain of operations for airborne
wehicles, rockot vehicles aond space
cralr,

Altiede ;. Elovation angle of a
cosmic body above the horizon,
maasuted on tha vertical circla
passing through the body,

MAprece t On the aarth orbit of
nn object, tha point farthast from
the earth

Ascendine Node « The point at
which an abject’'s orbil  ¢rossos
tha rafarence plana (usually the
acliptic) from South to Neorth

Command : A sianal that initiates
ar tripgers an actlion in the racei-
ving cavice.

Cammanication Satellite (Com-
sat) 1 A Satellite designed o
reflart  or ralay elsctromagnetic
signals used for communication,

Diplexer: A dovico oermitting
an antenna sysiem to be used
simultancously or soparately by
two transmitlers.  (Compare with
Duploxar)

Doppler Sk'lt: The change in
frequoency  with  which  onergy
reachas a receivar when tha source
of radiation {or a rafloctor of the
radiation) and the receiver are in
motion relative to each other. The
Danpler shift is usad in many trac.
king and Novigotlion systems.

Dup'exer ;A davice permitting
a sinyle antenna system 1o be used
for bath transmitting and rasaiving.

Lecentricity ¢ Ratio of distance
between foci (of conic section) to
langth of major axis.

Inclination : The angle by which
tha orhital plana of an object in
space is inclinad to the plane of
refarance (usually the squator in
geacentric orbits, or the ecliptic in
heliocantric orbits)

Kepler's Laws : An astronomical
theory advanced by Johannes
Kepler (1571-1830) on the basis
of extensive mathematical analysis
of the copious observational
records made by Tycho Brahe
summarized in the following three
laws :

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

2. The line joining the sun and
tha planet will sweep over equal
areas in agual intervals of time.

3. The ratio of the squares of
tha parinds of eny two planets is
equal to the ratio of tho cubes of
thair maan distances from the sun.

Multiplexer : A mechanical or
alactrical device for time sharing
of a circuit by two or more co-
incidant signals.

Node : Intersection of orbit
plane and reference plano such as
equatorial or ecliptic plane.

Perlgee : On the earth orbit of
an object, the point nearest to the
aarth.,

Pertarbation : A disturbance in
the regular motion of a celestial
body. as the reault of an additional
force lo those causing the regular
motion.

Rezl time : The display, record-
ing or reporting of events simulta-
naously with their occurrence in
contrast to the recall of stored
data,

Satellite :  Attendant body re-
volving ebout another (primary)
body; in the solar system, a
sacondary body, or moon, that
revolves about a planst. A man-
made object revolving sbout o
cosmic body, such as a space cralt
orbiting about the earth.

Instrumant component
stimulus

Senvor : ¥
that converts an input
inlo a maasurable output.



lae cadhation ,ﬂu sun Tddia-
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of abaut BT700 K, with 99.9 pe:-
cent of its energy within the wave
length interval from 0.16 (o0 4.0
microns ; 50 parcent within visible
spactrum (0.4 10 0.7 micron; and
most ob the rest in the near infra
fody e ' i ] (
U Spldd Wind - Streams of plasma
flowing- * approximately  radiatly
cutward {rom the'sun 1

Space : ' The part of the universe
Winag® outside the limits of the
earth's‘athosphere . More gene.
rally, the infinite domain. in which
alt velestial bodies move, inetuding
the earth. '~

Space ctalt : Devices, mannsd
and unmanned that are designed
to-be placad - into @n’ orbit ‘about
the 'sarth' or’into & trajectory to
andthorcelostial body.

St1tlog Keeping @ Orbita! maneu-
vers 10 maintain a vehicle in a
ptadatermined orbit.

Synchronous Satellite : A satel
lite  otbiting the aarth ‘at periods
equal to, or multiples ‘of the
darth’s " rotfatiorsl period: . e.
muking ona two, thres eic!  orbits
in'a 24 hour Peried <

“Telemetry ; The ‘science of
measuring a quantity or quantities,
transmitting the ‘measured’ values
1o o distant siation, ‘and thers
intarpreting, - indicating, or record-
ing tha quaniities: measured. Data
transmitted by means of electio
magnstic propagation.

Tracking ' The process of lol-
lowing  the movement of a satellite
or rocket by radar, radio andfor
photographic observations, gene-
rolly far the purpose of recording
its rajectory o7 for improving the
recaption of signals from the body,

SATELLITE AVAILABILITY

Armed with,some understanding of
the special terms of space tech-
nology. woare now in a position lo
poep into space .to locate and
understand  a satellite ard ils
orbital- charactenstics.  We  will
limit our studigs 1o space cralt
o1biting around the earth

*1 ' indicates ‘Satetlite . A

in circular 'orbit” and B aneliptical
orhit around tha earth. The tima
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thken for the satallite 1o come once
“ofound the aanh is called the orbi

18l poriod (P} and the radius is ‘2’
2% indicaled. The earth is assu-
med to be revolving whth its North
pole on tap and due to this assump.
tion, the journey of the satellite
[rom South pole to the North is
known as the ascending orbit and
N-.;r]h to South as the descending
orbit.

Kepler's third law can ba written

as
2 GM
T A e s 1)
4] 4n
whare

8 = oibital radius (hoght) of
tha satollite from the cantre
of aarth,

P = orbital pariod

G - Gravitational constant

and = 6.668 X 10-* cm. 'gs:
M —mass of eanh - -5.980X
10 & grammes

The right hand side of the equs-
tian (1) is a known constant for a
given condition, 1f one of the twe
;l.t.::_ntitm on the left hand side of
the equetion is known, the other
can be easily computed For an
sarth orbiting satellite like 1he
OSCAR: a’ .

— == 3637 X 10.., (2)

p
where ‘8" is given in km and "p’ in
minutes, Taking the otbital period
of Oscer 6 as 115 min; a 7834
km. Subtracting the earth's radius
of 6370 km, the otbital height of
the satellite above the ground is
1464 km (910miles). This formula
holds good lor all sarth orbiting
sotellites.  (You may woik out for
Arya bhatta). Tha complote satel-
lite orbital characteristics can also
be computad from Dopplar moa-
surement of satel'ite signal and is
quite involvad.

Assuming that we have mana
ped to know ‘a’ and ‘p’, lerus
progress further. We know the
parth is revolving on its own axis
once ovely 24 hours and from
VWest to East, Let us stop the
rotation of the earth (we cant!)
and allow the satallite 1o continue
the orbit. For simplicity. lol us
assuma tha pariod as 2 hours,
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That means, the satellite  will
ba owver every place  (sub
satellite point) on the carth along
the satellita track once in every
2 heurs. Supposs we start with
the satellite over the equator at a
longitude of 82'E at Zero hour and
allow the eanh 1o rolete. Aftor
2 hours the satellite would be over
the equator on completion of the
first orbit. But tha sarth would
have rotated towards gest by this
time. Wa know that the earth
covers 15" for svery one hour snd
so after 2 hours, the earth would
heve passed 30 degrees easterly
which woud bring the satellite over
(82" - 30 52° E Longitude at
equator aiter the first orbit. For
all practical purposes we can
assumo the satellite moving west
ward by en amount in Longituda
equal to the earth’s rotation in the
periodp For this purpose, the
conventional notation of marking
the longitudes from Greenwhich
as 0 10 1BCYE and 0 to 180+W
becomes cumbersome and a
general practice of 0 to 380"W is
adopted. These details along with
satellita tracks are given in fig 2

Now is the approptiate time 10
apply all we hove learnt and work
out the satellite tracks. The pub-
lishad orbital data on Oscar gives
the lollowing infoarmation :

fi} Orbit serial number and date

() Time (GMT) when the
satellite crosses the equator in
ascending part of orbit,

(iii) The longitude (in degrees
Waost) over which the satellite cras-

(Contd. nn page 17)
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ses the equatar in ascending part
al orbit.

(iv)  Orbital penod
{p=114.9945078 min)

(v} Increment in longitude par
orbit. {28 7486519deqras)
- orbits

{vi) . Inclination to equator
{1017

The naw orhits can Lo calculstod
Ly adding orbital period and longi-
fuce incrament 10 the comrespond-
g quantitios of the raferance
orbit consecutively. Table 1 gives
the cibits of Oscar 7 for a typical
day and cen he easily undorstood.

india is centrad on (32°F) 278+
W longitude The line nl sight
range wilth the satallite being about
2500 miles, the ascending orbits
ace uriﬂghbl:b;armn 250"W to 300w
ate suira of gperplion. _Hams
L

W Assam or Jrinaga

o adjust a lew dagress oast and
wast suitably. Similarly oporation
threugh descending orbits is also
possible. Ascending orbits pass -
inp bstween 65'W and 115°W
(over USA) pravide setellite com-
munication during their descending
portion over Asia.  Fig 2 indicates
the typical coverage of a station
cenlred sl Bangalore with ascend.
ing and descending orbits.

On an overhoad pass, tho satal-
Ite gives & communication ol
aboul 20 minutes and lass on tho
other passes. Oscar 5 and Qscar 7
ore launched =t a time window
such that the ascending overhead
pess occur: at 9 PM loceal firme and
the descanding overhead pass
at 9 AM,

WHICH BAND?
“Which band to operale”? As
on today Qscar 6 and Oscer 7 are
active end operating facliities are
given in Table 2.

Oscor 6 has a lingar translator,
tunctioning very much like 8 recei-
ving -nonverier. .t receives over
the band 146 9 to 146.0 MHz. and
down converts 10 29.450 10 23.500
MHz.  Within 1his band, what
you put in on two metres is what
you hear on 10 meures; if you
transmit an CW vou hear CW: if you

FAL 1

transmil ypper side band, you hest
uppar dide band  Oscer 7 works
the same way, &xcopt thet il hay
two translators abroad, one for
two 10-ton  moters. tha aother
432 MHz in. 145 MHz out. With
Oscar 6, il you transmit on
145.950 MHz (nsglecting Doppler},
you should hear yoursell through
the satellite on  approximately
29,5 MHz; if you transmit 20KHz
lower, you will hear yaurself 20KHz
lower on ten meters, Oscar 7's
tvwo meler input and ton eter
oulput work in axactly the same
way 85 Oscar 6 Thed32 MHr
translator aboard Oscar 7 is a little
dillorent, since it employs freaquancy
invarsion; if you transmit lower
side band. you will gat upper side
bend back. Bscause of Oscar's
altitude, you will hava a maximum
two-way communication ranga of
approximately 5,000 miles when
propetly positioned The ground
station r.quiremants are arrived at
refering to Table 2. Receoivars for
10 meter and 2 mater reception end
Transmitters far 2 moters and
432 MHz are requitad.

The besacons ara in-band opora-
tion and require special recoivars
out for 435 send 2304 MHz,

Diffarant smateurs will like to
have dilferent systams depending
on their neads and inclinations. 1
you hava nana and want to siart
now, tha best -choice is a ten malar
raceiver and tsyo meter ftrans-
mittér  This ~:il anabla oparatlon
baoth with Oscar 6 and Oscar 7.

HOW MUCH POWER ?

To work through the two-1o-ten
mater translator, an offactive radia-
ted power (ERP — transmilter
output minus tranamissian line
losses plus entenna gain) of anp
roximately 100 watts is recquirad.
Undar ideal conditions, it has beon
done with as litthe as 10 walls
ERP, but 100 waus ERP iz the
recommandad lovel  which s
sufficient to provide honizoa to
horizan eccess to the satallite. It
you need more than this 1o hear
yoursalf, that i positiva praof that
your racaiving system needs moro
work|  As an example of this
caleulation, a wansmitler having

O walls appul Vo a lansanssion
bre having  dB loss, and an
gntenna having 6 dB gain would
dive 100 walts ERP . tha corraci
lovel at two moter. The use of a
8 10 10 watl transmitier oulput to
anantenna of 15 dB gain scems
10 be the mast economical,

A stable, woll calibratad VFO or
VXO i3 of great convenience
{though not an absolulo require-
nant). smnce most Oscar users
answar calls at or noar the caller's
fraquancy--the baiter to hear their
awn siqnals while warking

HOW GOO0D SHOULD
THE RCCEWER BE

Oscurs  transmltler pasver s
quite low and st ba shored
among a'l the stlions using tho
sataliite a1 any onetin:  To wark
throuah the satellits succaessfully,
you have to be able to h2ar it wall,
Beyond any doubr, thu greatest
singlo causo af failures in Oscar
communization is inadzguatg recal-
ving capability.

On ten maters. many receivars,
aven tha mnost exoensive, can
benafit from 2 <imple low noise
MOSFET  pis-amntifar, adjusted
far the Dscar outoat hand. I you
A Nt using a goad pra-amolitier,
you mupght aldo gain stislartory
parformanca by realigning  lhe
receiver’s tan mstor circuils  for
aptimum parformance at 29.5 MHz.
World War Il suiplus racaivers
may not coms up to the required
sensitivity and a MOSFET pre-
amplilier seamz 10 bz tho only
gliernative for most of ys  An FET
amplifiar {ofllowad by 2 MOSFET
Mixer will be regured in most
cases usng the BT 348 geries of
Roceivars. A crystal oscillator may
be wused to provide a suitable
converler outpul frequoncy at
7 MH: band wham tha  equipmont
will o8 not. Thna over ofl sensiti.
vily of 1 uvfor 13 d8 S'N ratio
will ba satislactory.

WHAT KIND OF ANTENNA?

For rez2i/ina purposes @ varisty
of anternas a'e used, ‘rom long
wire, dipale, ta haams mostly
dictetad by tha recaivar sansitivity
Quiio salisfactary  results havo
heen obtainad with lass 1~an beam
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TABLE 1
QOSCAR Typical Orbit data

Equator
Date Crossing  Longitude
10 Mar 77 Tima Wast
Orbit No. (GMT)
10365 0104.2 58" W
10366 0258.1 94 W
10367 c454.0 123 W
10368 06482 152 W
10369 0B43 8 181 W
10370 10337 2100 W
10371 12338 239 W
10372 14284 268" W
10373 16233 297 W
10374 18182 3260 W
10375 20131 356 W
10376 2208.0 24n W

such &s whips. dipoles and wiio
arrays. Of course for best results
at low olevation angles, whan the
real Dx is warked, a beam simply
cannot be beai. A simple dipole
of 16'6" will be good enough for
making a start, Strelch it Easi-
Wost  since the satellite goes
North-South, though this direction
is not absolutely necessary if space
is not available.

For the VHF and UHF fraquen-
cies, experlenca hes  shown
that bheams of four to elaven
slemants (948 10 15 dB gain) give
the best rosults. Larger arays,
being more directional, are more
difficult 1o keep properly aimed at
the moving satellite than beams ol
fewer elements. Again, if you
cannot put up a beam, you still
can work through Oscar il your
transmittar puls cut encugh powat;
or you are not aiming 1o achieve a
Dx record. A limited performance
is always a possibility with limited
resources and enough to make
a starn.

A four element cubical quad
giving 16 dB gsin in 2 meter band
is a good chalca. The beam can
be constiucted on a boom of 48",
The antenna consis!s of foursguare
loops, made from medium thick-
ness coppar wire, held in position
by wooden spreaders. The driven
glement is 20 inches on all sides,
cut in the centre of the lower lag,
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whera an insulating pisce and co
axial sockot is fitted. A reflector
of 21 inches on all sides closed
circuit (i 0. a continuous langth ol
wire) is spaced 18 inches behind
the drlven element- Tho first dir-
ector, 19 inchas on all sides is
placed 18 inches in front of the
driven aloment and the seacond dir-
ector is 18, inches on all sides,
againspaced 16inches. The over-
all length is thus 48 inches. Co-
axial cabla of 50 ohms impadance
is 10 ba used. The author has
constructed this type of beam with
bamboo under Rs. 10/ .

In reading through tha literatura
on Oscar, you will constantly
come across references to circular
polarisation and azimuth e'evation
rotators, Thaesa ara desiroble but
not absolutely essontial,  Without
circular polarization on twa matars
with Oscar 6, the signal will en-
counter fading due to Faraday
rotation: the Qscar 7 raceiving
antennae are designed to makethis
unnacessary. Circular polarisation
at tan maoters is for most amaturs
aasicr said than done, hecause of
ground reflaction effects. It you
can pul up a cross yagi or halical
array, by all msans try it, but
don't think you really necd one,
With linearly polarizod antannas.
the signal will fade up and down
as tho polarisation is rotated in the
ionosphere. You may use either
vertical or harizantal polarization ;
it makes no difforence. 1f you
use a beam antenna and do not
have azimuth-elevation rotators,
it is recommended that you mou-
ntstha beam to point upward
spproximately 20 to 30 degroes
from the horizon and leave it there,

rotating in the horizontal plane
when needed, 20 to 30 dogroos
fixed elevation has bean found by
many usars ta ba an excellent
compromise, making further atten-
tion to elevation unnecessary.

CONCLUSION

With my experience on Satellite
tracking. | have attempted to con-
vay the problems and solutions
that an individual is likely to come
across, in this article, The subject
is vory vast and every point can-
not ba covered in a single article,
The aim will be achieved il it 1akes
vou one step closer to satellite

tracking.
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TABLE 2

Operating Frequencies of OSCAR 6 and OSCAR 7

Input Qutput | Beacon
{Up link) (Down link} | (Telamatry)
MHz _MHz 1 MHz
e . i
Oscar G 145.900-145.000 29.450-29.650 | 29.400
' { | 435.100 (Sileny)
Oscar 7 145.860-145.950  29.400-29.500 29.500
145.980
432.125-432,175 145.975-145 925 435.100
| (inverted) 2304.100

Courtesy: Radio (Feb-March 1977)
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