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Introduction : Observations with the AT compact array can
sémetimes invoive antenna elemer  that are partially shadowed by
other antenna eiements. Shadowing arises when the array cenfiguration
contains Closely spaced antennas and the observing declination is low
and the nheur-a2ngle large. The special problems that can arise during
the operation of the array with closely spaced elements are :

(1) Reduction in the effective collecting area of the shadowed antenna.
(2) Correlated response to ground radiation pickup from over-lapping
spill-over radiation patterns on the ground.

(3} Correlated response to atmospheric emission from overlapping
radiation patterns in the near field of the atmosphere.

(4) Distortion of the radiation pattern of the antenna that has the
structure of a2nother antenna in front. Equivalently; this effect can be
considered to be diffraction of radiation from the source past the edge
of the antenna in front.

(5) Effects due to porosity of the antenna surfaces - radiation incident
on the antenna in front leaks through to the antenna behind it.

(6) Effects due to the scattering of radiation off the sub-reflector/feed
{russ structures and onto the surface of z nearby antenna,

(7) Shift in the effective baseline to the antenna whose aperture is
partially blocked.

(8) Changes in the system temperature of the antenna that is shadowed
because of the antenna structure in its beam.

Apart “rom these special effects, the offects of cross-talk
(radiation from the electronics at one antenna picked up by a nearby
antenna) and external interference are of greater consequencs for
closeiy spaced antenna pairs because the fringe rate is reduced. Since
the eivects of bandwidth and time-averaging smearing are small for
short baselines, strong sources (eg. the Sun) far from the region of
interest can produce significant responses. This preblem can be
overcome to a certain extent by zdopting larger bandwidth and time-
averaging intervals on the short baseline,

Correction for some of the effects of shadowing will vary across
the primary beam. Viewed in the sky plane, the primary beam is time-
varying due to a varying effective aperture 1llumination for the
shazdowed antenna. Equivalently, viewed in the (u,v)-plane, the






measured visibilities are an average over a regicn of the plane with a
weighting (convolving) function that is time-varying. Hence it may be
possible to partially correct for these effects only for sources that are
small in angular extend as compared to the primary beam size. The
corrections could involve (a) increasing the flux on all baselines
involving the shadowed antenna by a factor that is inverseiy dependent
on the square root of the effective coliecting area, and (b) recomputing
the (u,v) coordinates of the visibilities for baselines involving the
shadowed antenna.

The hour-angle/declination range cver which geometric shadowing
cccurs is shown in Fig. 1 & 2 for antenna spacings of 30.612 & 61.224
metres respectively. The region to the upper right of the solid curve is
not observable due to the elevation limit of 12 degrees for the AT
antennas. The region to the lower left is observable; the areas within
the central semi-circular regions are observable with shadowing. The
centours indicate the degree of shadowing as a ratio of the apparent
spacing between the centres of the antennas {asseen from the SKYy
position) to the diameter of each antenna (22 metres). For example, a
contour of 0.8 indicates an overiap of (1.0-0.8)x22=4.4 metres between
the two antenna zpertures as viewed from the Sy positicn (hour-angie
& declination) corresponding to the contour point,

Aperture Blockage : The primary effect of shacowing is a reduction
'n the effective collecting area of the shadowed element. Geometric
snadowing wilt result in a correlated flux density that reduces with the
square root of the effective collecting area of the shadowed antanna
element. Assuming that the circular aperture of the dish antennas are
univormiy illuminated, the normaiized correlated flux density in any
baseline 'nvolving one shadowed antenna is

)
A = fbo- = Cos_1w~ 2 2N - Loy o=
- + = C’—Y-) J ’

r 1S the ratio of the apparent antenna spacing d (as viewed from the
source) to the antenna aperture diameter D. The function is plotted in
Fig. 3. 3ince the ratio (d/D) does not fall below ~0.3 at the AT (Fig. 1),
the maximum amplitude decrease expected due to shadowing at the AT
is T40% if cnly one antenna in the baseline is shadowed and ~65% if
ooth the antennas are shadowed. These expectations assume that (2)
the source flux density does not cominate the sysiem temperature, (b)
appropriate correcticns are made for changes in the system
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temperaturs due to variations in elevation angie andg due to aperture
olockage, (c) the illumination across the aperture is uniform, (d) the
source is at the antenna pointing centre and geometric optics is a valid
approximation and (e) corrections are made for variations in
atmospneric attenuation with varying elevation angles.

Observational results : Unrescived sources located close to 0
degrees declination were observed with three antennas of the AT in 2
configuration where one baseline was 30.612 m and the other two were
several hundred metres. The sources were tracked over an hour angle
range where the shadowing parameter r for the 30m baseline decreases
progressively from a value above unity to a value below 0.5, The
gastern of the two antennas forming the 30m spacing was increasingly
shadowed by the antenna to its west as the source sat in the west.
Plots of the visibility amplitudes in the pair of baselines between the
30m spaced antennas with the third antenna 1ocat_ed several hundred
metres away were obtained as a function of the projected spacing (or
equivalentiy the shadowing parameter r for the 30m spacing). The
amplitudes zre an average over the central 50% of the band. The
baseline with the western of the 30m spaced antennas forms a
reference for the baseline with the ezstern antenna which is exected 10
show the effects of shadowing. Figs.4 to 7 show the amplitude plots
for frequencies in the four operational bands of the AT,

The reference baseline does not have 2 constznt amplitude
although the ¢on-line system temperature corrections had Leen zpplied.
The variations are worse in the L/S bands where the rise in amplitude
s as much as “25%. This is indicative of non-iinearity in the system
temperature measuring machinery. The variations in system
temperature are expected to be different in the two antennas forming
the 3Cm baseline and hence it is not clear that tna reference baseline
amplitude can be used to calibrate the baseline that shows the effects
of shadewing.

The baselines with the shadowed antenna show an amplitude
reduction in all the four bands. In Table | we give the amplituce counts
on the reference and shadowed baselines at r=! & 0.5 (r is computed for
the 30m spacing) and compute the fractional reductien In the shadowed
baseline at r=0.5. The result of correcting this fractionzl reduction
With the observed reduction in the reference bazeline is zlso shown,
The expectec reduction is 0.78 and Clearly, the observed amplitude falls
off more sharply. This could be due to a non-uniform illumination.
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Table 1

Freg (MHz) Cbservead amplitudes Amplitude ratio
Ref, bsin, Shad. bsln. Shac. beln, |Calibrated

r=1 r=0.5 r=1 r=05
8640 3.7 4.0 6.0 4,2 0.70 0.65
4810 0.83 0.78 0.87 0.51 0.59 0.62
2368 7.7 9.1 7.5 6.7 0.89 0.75
1472 3.4 4.0 3.2 2.7 0.85 0.71

Amplitudes on the 30m baseline : We now consider the visibilities
on the 30m baseline, where problems arising from proximity in the
antenna elements can occur.

(i) L-band : The amplitudes in XX & YY polarizations show neither a
decrease (as seen in longer baselines involving a shadowed antenna) nor
an increase (as seen in longer baselines that do not involve any
shadowed antenna). This suggests that as shadowing sets in there is an
increasing amount of spurious correlation (about 1 Jy ar r=0.5) in this
baseline. With r decreasing below unity, ths amplitudes of the XY & YX
cross-polarizations also rise to a value of about 0.6 Jy atr=0.5,

(i1) S-band : The XX & YY cross polarizaeticns show & rise in amplitude
with decreasing r and suggest spurious correlation at the few Jy level
at r=0.5. The XY & VYX crocss-polarizaticns &lso show spurious
coerrelation following the onset of shadowing that risss to a value of
about 1 Jy &t r=0.5.

These experiments in the L/S bands were performed on a YLA
calibrator (2134+004) that is considered to be a good emplitude
calibrator (<5® sextension at 20 & 6 c¢cm in all four VLA array
configuraticns). |
(111) C/X-bends : The YLA calibrator 1555+001 (<i0% extended at 2cm
in all the YLA configs., <S% exiended at 6cm in 211 the VLA configs.)
was iracked cown to the wesiern elevation limit with a 30m basaline
of the AT. The observing frequency was alternaiely switched between
the C &X bands. The observed correlated amplituces in XX, YY, XY & YX
cress-polerizations are shown in Fig. 8 as a function of time. The
shadowing parameter r=12at 1315 UT and r=0.5 at 1500 UT.

Spurious cerrelated signal is seen in both C & X bands for r<l. At
r=0.5, this signal is at the level of 0.5 Jy in C & X bands. The spurious
signal has a high percentage linear polarization (the % polerization is
greatsr in X-band). In all the cross-products, the spuricus signal is
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broad band and its uncalibrated visibility phase is not always the same
as that of the phase of the source signal.,

Although the switched demodulator cutputs did not significantly
change with decreasing elevation engle, the tota! power increased as
the antennas were tipped to the horizon. The inferred rise in the
system temperature was about SO% in the shadowed antenna and 408 in
the other antenna as the antennas reached the elevaticn of 15 degrees.

The XY auto-correlations in the antennas showed S0-1003%
systematic changes on pointing towards the horizon elevation limit
indicating that a significant (>5%) fraction of the increased noise
entering the feeds (from the atmosphere/ground) was linearly
polarized.

The observations were verified on a different. source clese to 0
degrees declination and using different centre frequencies in the bands.

Experiments on blank fields : in order to determine the origin of
the spurious correlation in shadowed antennas, observations were made
on blank fields (at 0 deg. declination) with a pair of 30m spacad
antennas over hour angles where the shadowing parameter r reduced
from a value above unity down to about 0.5.

L-band : The observed visibility amplitudes in the XX, YY, XY & YX cross-
correiations ere displayed in Fig. 9 as 2 function of the shadcwing
parameter r. Spurious correlated flux gensity is seen in all four cross-
products for r<1. The lavel of the signal is 1-2 Jy in XX & YY and about
0.SJy in XY & YX at r=0.5.

S-band : The observed amplitudes on all four Cross-products are shown
as & function of the shadowing perameter r in Fig. 10. With the
sensitivity in the 10s averaged visibilily, spurious corrslation is
obviousiy present even for »=0.S and becomes as much as 2-5 Jy in XX &
YY and 0.5-1 Jy in XY & YX products 2t r=0.5.

C/X-bands : Fig. 11 shows the amplitudes on all the four cross-
products resulting from observing a blank field alternately with C & X
band frequencies. The amplitudes are plotted ageinst time and r=1 at
1250 UT anc r=0.5 at 1425 UT. These observations are not correcteg for
system temperaiure variaticns and the amplitudes should be scaled up
by about a factor S to obtain a scale in Jy. In both the bands, spurious
correlation with a high percentage linear polarization appears for r<1.0,
The spuricus signal is broad band.



- Discussion : On observing a source, spurious corrslation is seen to

appear in the bezselines where one antenna shadows the other. The
spuricus correslation appears esven on a blank field suggesiing that it
dees not erise due to a scattering of the source radiation (the effect is
additive, not multiplicative). An experiment where the delay tracking
centre was well removed from the antenna peinting centre caused the
spurious signal to appear in a channel in the lag domain corresponding
10 a source in the direction that the antennas were pointed. When the
pointing of either of the two antennas forming the 30m spacing was
offset in azimuth or elevation, the amplitude of the spurious signal
dropped. The rate of amplitude fall-off with the offset angle indicated
that the effective beam size was 2~3 times the far-field primary beam
size. The XY & YX cross-products had a smaller effective beam size as
compared to the XX & YY products. Observations in which the calibrator
noise sources were turned off in both the aniennas forming the 30m
spacing were not free of the surious signal.

The experiments suggest that the highly-polarized spurious-
signal-comes from the near field and from the direction in which the
antennas are pointed. This indicates that the signal criginates in
aimospheric emission. In none of the bands is the signal seen for r>1,
This indicales thet overlap is important and that the correlation arises
due to porosity of the anienna surfaces. it may be noied here that such
& correlated response to atmospheric emission can arise sven if the
emission is uniform and without any patchiness because porosity
results in zero baselines. A porocus antenna is like a partially silvered
mirrer. If the porosity were in the form of slits, this could also explain
the strong polarization in the correlated signal. The system
temperature in an antenna was seen to rise by acut 20 deg. when tipped
to the horizon elevaticn limit. In order to produce a cross-correlation
at the level of 1 Jy, lezkags of -45 dB of this power is sufficient.

Conclusions :

(a) The short 30/60 m baselines are not usable in the hour
angle/declination ranges where the shadowing parameter r<l, but there
appears 1o be no oroblem with their use outside this range. The effects
of solar interference has not been examined.

(2) Longer baselines containing shadowed antennas could be useful
with appropriate corrections. Quantitatively useful corrections can be
experimentally determined once the system temperature correction
machinery works well,




