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"The radiation reaching a telescope may be polarized because either
the emission mechanism itself was such that the radiation was polarized to be-
gin with or something caunsed the radiation to get polarised on it’s way from
the source to the telescope. Major emission processes which give rise to polar-
ized radiation are synchrotron emission and cyclotron emission. Scattering by
ISM may cause light to get polarised as it passes through it. Farday rotation
changes the chracteristics of the polarised light as it passes through magneto-
ionic medium, The study of polarization of light from various sources thus has
information to convey which is not available otherwise.

In order to study polarization of radiation incident on a telescope one
needs to specify completely the E field vector of the incoming radiation. This
may be done by using two dipoles placed perpendicular to each other in the
focal plane of the telescope, which define two axes in the focal plane.

The E field pattern at the focal plane of a perfect parabolic dish due
to a completely polarised source (polarized along the y axis) is shown schemat-
ically on page 2. From this figure it should be evident that even a perfect dish
gives rise to some cross-polarisation because the dipoles which detect the light
are extended objects. Cross polarization increases because of surface errors on
the dish and by the very presence of dipoles themselves as it causes the field
pattern in the focal plane to be modified. This contribution to cross polarization
is refered to as 'Instrumental Polarization’. Apart from this, there is another
component which adds to cross polarization which is due to the fact that im-
pedence between the cables which carry the signal for the two polarizatons is
not infinite so there is some leakage from one polarization to the other. This
contribution to cross polarization is refered to as 'Cross talk’.

The equations presented on page 2 express the signal actually de-
tected by the telescope in terms of the signal which was incident on it and cross
polarization coeff. This brings out the fact that if correct measurements of po-
larizaton are to be made the contribution of cross coupled terms needs to be
subtracted out.

EXPERIMENT : The philosophy behind the experiment was that if
one looks at an unpolarized source then the correlation which one gets between



the two polariztions may be attributed to the instrument. In order to choose the
sources to be observed a literature survey was done and a list of sources which
had significant polarization at 327 MHz was compiled and also some sources
with polarization below detectable limits were identified. The list of polarized
sources is appended.

Some details of the experimental setup like sampler configuration etc.
are listed on page 3 and 4. We first tried to construct the quantity defined in
equation 1 on page 4 as a measure of cross polarisation. There are some prob-
lems with this approach. One, the power plot on page 5 shows that the power
in correlations from different polarization different antennas is around 10 dB
lower than that in different polarization same antenna. This should not have
been the case because both the antenna are looking at the same source and
cross polarisation for the two correlations under consideration should have been
comparable. The second problem is that the quantity as it is defined is not a
very good measure of cross polarisation because while the numerator involves
only the contribution from the source and the background the denominator in-
volves the source, the background and the system temperature. It needs to be
correctly normalised by source flux before it can serve as a proper measure of
cross polarization. As a purely diagnostic move, the signal coming from the two
antennas was decorrelated to see if the power in different polarizations same
antenna and different polarization different antenna became comparable. The
result is presented on page 6. The conclusion is that is the extra power being
picked up by the correlations between the same antenna is being picked up be-
fore the delays are introduced as they get decorrelated on introduction of delays.

An alternative approach was tried in order to circumvent the prob-
lems discussed above. The idea behind it was to assume the antennas involved to
be identical and then correlate the same and different polarizations from them.
We constructed a quantity defined in equation 2 page 4, which involves cor-
relation of different polarization different antennas in the numerator and same
polarization different antennas in the denominator in a manner that the gains of
tire antennas cancel out from the numerator and the denominator. This quan-
tity 18 a much sturdier estimate of cross polarizations because of the fact that
correlation between same polarization different antenna gives you a fringe and
the fringe amplitude is proportional to source strength. The cross polarisation
must also be modulated by the same fringe frequency as it is nothing but self
polar contribution leaking from one channel to the other. This allows one to
pick out the amplitude corresponding to the fringe frequency from the correla-
tion between different polarization different antennas. This relieves one of the
problem of disentangling the noise floor from the actual signal, which is quite an
advantage. Page 7 shows a typical plot of self polar and cross polar correlations.

The methodology of the experiment, the sources used and the data



analysed are listed on page 8. The results obtained were

D(USB) = 1.95 +/- 0.65 - D{LSB) = 2.22 +/- 0.72 Page 9 presents
a comparison of the cross correlation coefficients obtained by using the two dif-
ferent expressions mentioned on page 4.

In order to get a feel for how the cross correlation coeffs. vary as the
source is sitting at different positions in the beam, the following experiment was
done. A slew with known speed was performed whlle tracking a source. The
results of the experiment are appended. The cross polarization coefRicient (as
defined in equation 2 page 4) is between 5 and 10 percent at the nulls of the
main beam.
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