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The mounts fof antennas in GMRT are alt-azimuth. For tracking a source, the coordinates(azimuth and
elevation) (henceforth, coordinate means either the azimuth or the elevation), rate of change of coordinates
and the time interval, during which the antenna moves uniformly at the specified rate are to be specified.
Since the coordinate as a function of time is not linear, this linear approximation is not precise. The problem
is to find out, for a given accuracy(i.e. maximum allowable error), the time interval in which the coordinate
as a function of time can be represented by a straight line, This has implications on how frequently the

antenna tracking software should update the coordinates.

The accuracy required is calculated as follows. The position of the antenna is represented by a 17-
bit encoder. Therefore the coordinate of the antenna can be changed in steps of 360.0 x 3600/2!7 ~ 10

arcseconds. So, the accuracy was chosen to be 5 arcseconds.

PROCEDURE

For a given source, coordinate is a function of hour angle and hour angle itself is a linear function
of Universal time (see calculations for the relation between hour angle and time). Hence we consider the
coordinate as a function of hour angle and find out the hour angle interval At in which the coordinate can
be represented by a straight line. To get AT in terms of Universal time interval, we have to divide the hour

angle interval by %2 — 09972695663,

The coordinate as a function of hour angle is expanded in Taylor series. If we approximate the function

by a straight line, then the magnitude of the error is of the order of the second term. If n is the accuracy

(L.e. maximum allowable error) required, then the hour angle interval At in which, the path is a straight

line is given by [F(??W]Il 2. At is calculated for different hour angles.

CALCULATIONS
given:
¢ = latitude of the place
) = declination of the source



sin(el) = sin(6) x sin(¢) + cos(8) x cos($) x cos(h)

where

el = elevation of the source
h = hour angle

sin(el) = a+ b x cos(h)

where

s=sin(6) x sin(¢) and b = cos(8) x cos(¢) are constants for a given source

dlel) _ —bxain(h
dh - cos(el)

d’!cn _ ain(cl)x(fﬁu)?—bxcoa(h)
dh3 - cos(el)

_ IxN 1/2
Atc - {ﬂba(d"?ef)/dhg)] !
where

N. = accuracy required( maximum allowable error) = §”
At. = hour angle interval in which the elevation can be approximated by a straight line
h = Ist —a=gst+long—a
=gst0 + 0.9972695663 x ¢ + long — o
where
h = hour angle
Ist = local sidereal time
a = right ascension of the source
gst = Greenwich sidereal time
long = Longitude of the place

£5t0 = Greenwich sidereal time at Oh UT on the date of observation

dlely _ del) _ d(h
o = Ll dn
where
dh) = 0.9972695663
d?( sl d*(el) d(h
.E_;_l = o X ("%1)2
Therefore,
- __2xN. - _ 4t
AT, = [aba(ct?)((el)/dt’)llﬂ - (a'(h;/df)
where

AT, = Universal time interval in which the elevation can be approximated by a straight line

cos{az) = (cx sec(el)) - (d x tan(el))



where
az = azimuth of the source

o= %’(%% © and  d = tan(¢) are constants for a given source

dlaz) _ _ [exsec(el)xtan(el)—dxsec®(eD]x d{el}fdh
dh T sin(az) .

d;(’,:’:) = _ “.n%u) x [cos(az) x {d(az)/dh)? + [¢ x sec(el)(2 x tan?(el) + 1) = 2d x sec*(el) x tan(el)){d(el)/dR)*+
le x see(el) x tan(el) — d x sec?(el)] x d?(el)/dh?]

Ae = (Grgdtaan)?

where

Ng = accuracy required{ maximum allowable error) = 5”

At, = hour angle interval in which azimuth can be approximated by a straight line

2 A
AT, = {aba(dzg?ajj)/dtg)]llg = {a’{h)'t?_dt)

where

AT, = Universal time interval in which the azimuth can be approximated by a straight line

RESULTS

v
Let us consider the elevation case. Figs(1)-(8) gives the plot of el, 5&%)-, ig%l as a function of hour
-angle for few declinations.At is calculated for elevation > 15%, since the antenna does not track the source

below this limit.

For a given source, elevation increases, with hour angle till hour angle = 0. Then it starts de-
creasing ( see fig.1 and fig.2). We expect that the linear approximation to be poorer at hour angle = 0.
Tor declination>latitude, the curvature at the hour angle=0 decreases as declination increases( fig.2). For
declination < latitude, the curvature decreases as declination decreases at hour angle = 0 ( fig.1). So, linear
approximation is poorest for declination = latitude of the place and hour angle =0 (fig.9,10,11).

let us consider the azimuth case. Figs(12)-(22) gives the plot of az,i;hil,f%%’l as a function of hour
angle for few declinations.

dlaz)
dh

For a given source, azimuth is a monotonic function of hour angle. decreases(or increases) as

hour angle increases upto hour angle = 0, then it starts increasing(or decreasing). Therefore we expect a

2 2
turn-over at two points in d—d%‘fl, one for hour angle < 0.0 and another for hour angle > 0.0, at which dT(,f';-l

reaches minimum(or maximum). (fig.18 to fig.22). So, we expect the linear approximation to be poorest at

this hour angle (fig.(23)-(26)). Hour angle = 0 is a point of inflection. Therefore we expect approximation

3



to be exact (upto second order) at hour angle = 0 (fig.(23)-(26)).

If we choose At = 10 seconds, we can approximate the elevation by a straight line except for the range
18% < dee < 20° and —0.1h < hourangle < 0.1h. For the same time interval, azimuth can be represented
by straight line except for the range 15° < dec < 24° and —0.2h < hourangle < +0.2h. For the time inte
tval = 5 seconds, the azimuth can be represented by a straight line except for the range 18° < dec < 21°

and —0.1h < hourangle < 0.1h.
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hour angle—azimuth diagram
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