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displacements in the optics.
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I have computed the drop in antenna gain, distortions in beam patterns, aperture phase
distributions, and shifts in antenna pointing, due to displacements and tilts in the feed and
sub-reflector. Geometric optics approximation was used. The purpose of the exercise
was to work towards understanding the beam distortions and aperture phase errors we
may expect due to optics misalignments, derive tolerances for the alignment of the optics
components and examine the possibility of compensating for optics misalignments. An
evaluation of the effects of gravity induced deformations in the main reflector will be the

topic of the next report.

ATCA antenna performance with aligned optics:

The ATCA antennas have shaped Cassegrain optics, the main reflector (MR) and sub-
reflector (SR) are shaped surfaces whose profiles deviate, respectively, from parabolic
and hyperbolic forms. Theideal optics aignment is shown in Fig. 1.
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Figure 1: Ideal optics aignment. All dimensionsin mm.

The feed phase center is located 1509 mm above the vertex of the MR, and the vertex of
the SR islocated 6430 mm above the MR vertex. For this optics arrangement, radiation
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from the feed will produce a flat phase across the aperture plane. Conversely, the antenna
will be phase matched to any plane wave-front that is incident along the optical axis.

The MR extends out 11000 mm in the radial direction and the edge of this reflecting
surface is at a height of 4727 mm above the vertex. The feed cone occupies the center of
the MR and has aradius of 1790 mm.

The SR extends 1370 mm in the radial direction and the edge has been machined to have
avertical flat of 3 mm. Including this 3 mm, the SR has an axial dimension of 594 mm

between its vertex and the flat upper surface. The dmensions of the SR are in Fig. 2.

Figure 2: SR dimensions (in mm)

For the optimum optics aignment, the path taken by rays from the feed phase center, that
are equi-spaced in angle, is shown in Fig. 3.
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Figure 3: Traces of rays from the aperture plane to the feed phase center.

As viewed from the optimum feed phase center position, the edge of the SR makes an
angle of 13.95 degrees with the optical axis (the angle would be 14 degrees if the SR
edge had not been machined to have a 3 mm vertical edge). Rays from the feed that are



reflected at the edge of the SR go on to be reflected at the MR 9 cm short of the edge of
the MR. The centra blockage due to the feed cone exceeds the blockage due to the SR.

In the geometric optics approximation, this central blockage implies that the rays from
the feed that are incident on the central part of the SR, with radius 7 cm, are scattered by
the feed housing at the MR vertex.

The feed radiation pattern varies somewhat with frequency and the location of the feed
phase centre also travels aong the axis of the feed with frequency. | have assumed a feed
radiation pattern with a half-power (- 3dB power) point 7 degrees off axisand - 16 db
power 14 degrees off axis; thisis a 6.th order polynomial fit (keeping only even order
terms for symmetry) to the observed radiation pattern of the W band feed. The feed is
assumed to generate spherical waves from a phase centre point along its axis.

The radial aperture illumination (the E field distribution) as derived from the ray tracing

is shown in Fig. 4. Note that the ‘noise’ in the plot is due to the discreteness in the
computation and is not real.
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Figure 4: Theradia voltage illumination.



The shaped reflector design causes the crowding of the rays at the edge of the aperture
(see Fig. 3): this compensates for the decrease in edge illumination due to the feed
radiation pattern, results in a flattening of the aperture illumination and, therefore, an
increase in effective collecting area.

The farfield radiation pattern has been computed as the Hankel transform of the axially
symmetric aperture field. For the adopted feed pattern, the antenna power pattern is
shown in Fig.5.
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Figure5: The computed antenna power pattern at 90 GHz.

ATCA antenna performance with displaced optics:

| adopt aright handed Cartesian coordinate system with z-axis along the optical axis (the
symmetry axis of the MR) and the x, y plane parallel to the plane containing the rim of
the MR. The y-axisis taken to be paralld to the antenna elevation axis. ‘North' is aong
negative x axis, ‘south’ isaong positive x axis. Positive rotations along any axis are
clockwise looking down thet axis.

The 3D ray tracing computation was done with displacements and tilts given to the
optics. The alowed displacements were



axial z-axis displacement of the SR

X, y displacements of the SR in a plane perpendicular to the optical axis.
atilt of the SR about the y-axis.

axial z-axis offset to the feed phase center position

X, y displacements of this feed phase center in the perpendicular plane.
atilt of the feed axis w.r.t. the optical axis and about the 'y axis

an additional rotation of the tilted feed about the z-axis.
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These displacements and rotations make it possible to assess the consequence of most
misalignments. I’ ve looked at the relative antenna gain, pointing offsets (for off axis
displacements and tilts), aperture phase errors and beam patterns for several cases.

Antenna gain:

The fal in antenna power gain with axial offset in feed phase center, a 90 GHz, is
shown in Fig. 6. An axial offset of 24 mm will result in a 10% loss of gain; keeping the

offset within £8 mm will keep the gain loss within 1%.
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Figure 6. Antenna power gain versus axia offset in feed phase center.

The feed phase center in the wide band compact corrugated horn travels along the feed
axis with frequency; at higher frequencies the phase center is closer to the throat and at
lower frequenciesit is nearer the feed face. Based on the EM analysis of the K-band feed
horn, we have predictions for the phase centre position at spot frequencies in K band
(at18-25horn.01 file produced by G. James 1995/04/13). I've plotted these in the
following graph (Fig. 7) and fitted a polynomial to the four points. The curve for the
AT horns appears to be somewhat steeper than the curve marked 15 deg. in the feed



design paper by G. James (IEEE Trans. A& P 32, 1134). The best fit parameterization of
the location of the feed phase centre is

3 2
g=(29725" ) —(118.16 " )+ (164.63 " f) - 72.603

where g is the distance from the feed face normalized to the mode converter design
wavelength and f is the frequency normalized to the mode converter design frequency
(thisis 81.4 GHz for the AT W-band horn). | would not use this 'formula at values of f
less than 0.95 or above 1.6.
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Figure 7. Thetravel in the feed phase centre with frequency

Over the 3mm bard from 80-115 GHz, the phase centre travels over a distance of 17 mm

or 5.5 wavelengths. If the axia locations of the feed and SR were kept fixed, the loss of
antenna gain would be about 1% at the band edges due to the travel in the phase centre.

The loss in antenna gain with axial displacements in the SR locationis shown in Fig. 8.
A displacement of 0.85 mm resultsin a 10 % loss in gain; as long as the displacement in
within £0.25 mm, the gain loss will be less than 1%.

The loss in gain due to any axial displacement of the feed phase center may be partially
compensated by an axial repositioning of the SR. With the SR repositioned to maximize
the antenna gain, the loss in gain is shown in Fig. 9 versus the axia offset in feed. Re-
focusing of the SR can keep the loss in gain to within 10% for up to 60 mm error in the
axial feed positioning. Provided the feed iswithin £20 mm of the correct location, axid
adjustment of the SR may recover the gain to within 1% of maximum.
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Figure 8: Antenna power gain versus axial offset in SR position.
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Figure 9: Loss in antenna gain versus offset in feed phase center. The SR has been offset
to maximize the gain for each offset position of the feed.



The relationship between the axial offset of the feed and the axial offset required to be
made to the SR for optimum focus (maximum gain) is linear: for an offset dz of the feed,
the required SR displacement is (dz/30.6).

The drop in antenna gain, at 90 GHz, dueto a lateral offset in the feed is shown in Fig.10.
The lossis closely proportional to the square of the displacement. A 10 mm feed
positioning error results in a 5% loss of antenna gain; if the positioning error is kept
within 5 mm, the loss in gain will be within 1%.

The analysisin this report has assumed that the wave-front from the horn is spherical, at
least within +14 degrees of the optical axis. Antenna range measurements of the 90 GHz
feed radiation pattern show that the phase is flatto within +5 degrees over angles +12
degrees of the optical axis, there is a deviation of about 15 degrees phase over angles
offset 12-14 degrees from the optical axis. The measurements justify the assumption of a
fixed phase center for the horn (at a fixed frequency in the W band).
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Figure 10: The loss of antenna gain due to lateral displacements in the feed position.

Because the feed radiates spherical waves, a tilt in the feed axis does not result in phase
gradients across the aperture of the main reflector. A tilt in the feed causes a changein
gain due to the asymmetry in the amplitude distribution across the aperture. Another
curious, athough insignificant, point is that when the feed is tilted off axis, the peak
moves off the central blockage. Therefore, when compared to the antenna gain when the
optics are perfectly aligned, the antenna gain is greater by about 2% for a 1 degree tilt in
the feed axis. For larger tilts of the feed axis there isa gain loss. the loss is about 2% for
a 3 degreettilt and about 10% for a 5 degree tilt.




The gain loss resulting from a latera displacement in the SR isshown in Fig. 11. The
loss is closely proportional to the square of the displacement. 0.75 mm offset is expected

to result in 1% gain loss; 2.25 mm offset results in 10% gain loss.

The loss in antenna gain is the same for a latera offset in the feed and a latera offset in
the SR that is of magnitude 6 times smaller.

0.9 ~]

0.8 -\\

Antenna power gain

0.5
0 0.5 1 15 2 2.5 3 3.5 4 4.5

SR lateral offset (mm)

Figure11: Gain loss due to a lateral offset in the SR position.

I have examined the consequence of a tilt in the SR. In the computation, the pivot point
is assumed to be at the center of the top flat surface of the SR, 594 mm above its vertex.
Since very small tilt angles are considered here (at most 0.065 degrees), the resulting gain
loss due to the latera shiftsin the SR are within 1%. The antenna gain, relative to that
for an antenna with aligned and focused optics, is shown in Fig. 12 versus the tilt in the
SR. Thelossin gainisvery nearly proportiona to the square of the tilt angle. A tilt of
0.02 degrees, which corresponds to an axia displacement of 0.5 mm at the edge of the
SR, resultsin a 1% gain loss. A tilt of 0.065 degrees, corresponding to axial
displacements of 1.6 mm at each of two opposite edges of the SR, is expected to result in
a10% gain loss.
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Figure 12: Gain loss due to atilt in the SR

Antenna pointing:

Axial displacements of the feed and SR maintain the axial symmetry and do not result in
any pointing offsets.

A lateral displacement of the feedtoward positive x direction results in a shift of the peak
of the beam toward negative x direction. The pointing shift is alinear function of the
feed displacement: the beam shift is—3.56 arcsec per mm displacement of the feed. The
implication is that if the turret positions the mm and cm feeds within 1 mm, the relative
pointing differences would be within 3.56 arcsec.

A tilt in the feed (without any lateral offset of the feed phase center from the optical axis)
is not expected to result in any change in pointing. However, because the phase centre
travels along the feed axis with frequency, atilt in feed axis will result in a off-axis shift
of the phase centre with frequency and this will cause a frequency dependent pointing
offset. Within the W band, the phase centre is expected to travel atota distance of 17
mm: per degree of feed-axistilt, thiswill result in a £0.15 mm lateral shift of phase
centre which correspondsto +0.5 arcsec pointing shift across the frequency band.

Lateral offsets in the SRtoward positive x direction result in a pointing shift toward

negative x direction. The angular shift in the beam peak is a linear function of the lateral
displacement and the beam shift is 18 arcsec per mm displacement of the SR.

A tilt in the SR results is a pointing offset that linearly increases with the tilt angle. If the
SR istilted about an axis parallel to the y-axis (the elevation axis) in positive sense, i.e.,
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the lower edge of the SR at positive x is displaced closer to the MR and the upper edge of
the SR at negative x is displaced away from the MR, the peak of the beam shifts to higher

elevation. The pointing offset is—6.18 arcmin per degree tilt; in more useful units, the
pointing offset is—15.4 arcsec for +1 mm axia offsets at opposite edges of the SR.

Apertureillumination & Far-field beam pattern:

Displacements in the antenna optics result in changes in the amplitude and phase of the
apertureillumination. For small displacements, the change in aperture amplitude
distribution will be small. A reason for thisis that the relative displacements in the feed
and reflector components are tiny in comparison with the dimensions of the reflecting
surfaces. The dominant cause for loss in antenna gain, as well as distortions to the
antennafar-field beam pattern, is the deviation in the aperture phase distribution from
constant phase.

When large aperture antennas, like the 22-m ATCA antennas, are used for interferometer
imaging at mm wavelengths, mosaicing techniques become important because of the
small field of view of the large antennas. If misalignments in the antenna optics result in
aperture phase errors, this introduces an additional calibration requirement which, if
neglected, could limit the dynamic range via phase errors. Thisistrue even if al
antennas have identical optics deformations (due to gravity induced deformations, for
example). Calibration may require a mosaic-mode observation of the calibrator, or a
model for the aperture phase distortions. Quantifying the aperture phase error is
necessary to evaluate the dynamic range limitations.

Phase gradients across the aperture give a shift of the beam pattern and is smply a
pointing shift. This may be taken out in the pointing model. There might be residua
second order errors if, for example, the pointing model does not accurately represent the
functional form of the elevation dependent pointing error that is caused by gravity
deformetions of the optics.

It is the deviations in the aperture phase from a linear gradient that result in a loss of
antenna gain. Axia displacements in the optics, that result in radial phase functions that
have rotational symmetry, show up as a lack of depth in the nulls of the beam pattern and
in the side-lobe pattern. Off-axis displacements, that result in more complex phase
functions, usually result in an imbalance in the side-lobes: the side-lobe on one side may
be enhanced and thisis usually referred to as a ‘coma lobe'.

| have computed the aperture field distribution, and the far field radiation pattern, for
different optics displacements. For axia displacements of the feed and/or the SR, the
aperture field and radiation patterns have rotational symmetry and may be represented by
radia profile plots. In Fig. 13, | show the phase of the aperture field as a function of
radial distance from the optical axis, for axial offsets in the feed phase centre. For the AT
W-band feed, where the phase centre travel may be over £10 mm across the band, the
aperture phase error may be £10 degrees at the band edges.
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Figure 13: Radia phase of the aperture field due to an axia feed offset (mm)

The corresponding beam patterns are shown in Fig. 14. The beam patterns are the same
for equal positive and negative offsets. It may be seen that the antenna gain aong the
bore-sight is reduced, and the nulls are filled in, when the antenna is defocused. The first

dde-lobes are not significantly enhanced.
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Figure 14: Changes in the antenna radiation pattern due to an axial feed offset (mm)
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The radia aperture phase patterns, in the case where the SR is axially displaced, is shown
inFig. 15. The functional form is not the same as that for axial feed offsets. The
corresponding beam patterns for different axial SR displacementsisin Fig. 16. The
patterns are the same for positive and negative offsets.
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Figure 15: Radia phase of the aperture field due to an axial SR offset (mm)

1400

1200

[
o
o
o

®
i=3
o

0

0.4
0.8
12

[22]
o
o

Beam pattern (far field amplitude

400

200

Offset (arcmin)



14

Figure 16: Changes in the antenna radiation pattern due to an axial SR offset (mm)

In practice, any offset in feed phase centre may be compensated by an axial SR

displacement. Usually, the SR is moved to maximize the gain (focusing). | show the

aperture phase distribution, for a set of cases in which the SR has been displaced to
maximally compensate for the gain loss due to an axia feed offset, in Fig. 17. The
resdua phase structure seen here is the reason why focusing with the SR cannot

completely recover the gain loss (as shown in Fig. 9). For the AT W-band feed, for a +10
mm travel in phase centre, compensation with SR repositioning may reduce the radial

phase from +10 degrees variation to +5 degree variation at the band edges.
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Figure17: Radia phase patterns when an axia offset in the feed is compensated for with
an axial displacement of the SR. The legend gives the offsets (mm) for the feed/SR.

The beam patterns corresponding to these compensated axia displacement pairs are
shown in Fig. 18. They are amost identical and have deep nulls.

Lateral offsets in the feed phase centre, off the optical axis, result in asymmetric beam
patterns and in an asymmetric phase distribution across the antenna aperture. The phase
distribution across the aperture, for a 10 mm lateral displacement of the feed, is shown in
Fig. 19. What is shown here is the residua after the removal of alinear phase gradient

corresponding to a pointing offset.




1400

1200

[N
@ o
(=3 o
o ]

@
(=3
o

Beam pattern (far field amplitude

400

200

0

-1.5

0/0
10/0.33
20/0.65
-10/-0.33
-20/-0.65

V.

-1

\/A

1

1.5

15
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Figure 19: The aperture phase distribution when the feed phase centre is offset 10 mm
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off the optical axis. A linear phase gradient has been subtracted before making this plot.
The contours are in 5 degree intervals and the wedge is marked in degrees of phase.
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Plots of dices across the 2D aperture phase distribution, for feed offsets of 0, 5, 10 & 20
mm off the optical axis, are shown in Fig. 20. In may be noted that a 5 mm offset results
in £10 degree phase errors peak-to-peak. The phase errors scale roughly linearly with
the magnitude of the offset.
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Figure 20: Aperture phase for different offsets (in mm) in feed off axis. These patterns
are slices along the direction of the offset in the feed.

Thefar field radiation pattern, for a 10 mm lateral offset in the feed, is shown in Fig. 21.
The sidel obes are asymmetric and significantly larger on one side; the large first sidelobe
iswhat is referred to asa‘coma lobe. The feed has been offset toward positive x. To
clarify: when the feed is offset to the south, the pesk of the beam moves to north and the
coma lobe appears to the north of the beam peak. The main lobe is dso dightly
asymmetric.

Slices across the 2D beam patterns, for different lateral displacements of the feed, are
shown in Fig. 22. The dices have been made in the plane containing the optical axis and
the displaced feed. It may be noted that with increasing offsets in the feed location, the
sidel obes become more skewed and the coma lobe increases in amplitude relative to the
beam maximum.
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Figure 21: Beam pattern (far field amplitude) when the feed is offset 10 mm off axis.
Contours are at 4% of the beam maximum.
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Figure 22: Antennaradiation patterns for differert lateral offsets (in mm) of the feed
position. The plots for successive offsets are displaced vertically by 2 units for clarity.

These patterns are dlices along the direction of the offset in the feed.
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Tilts in the feedresult in the beam becoming eliptic; additionally, the nulls arefilled in.
This is because feed tilts cause amplitude errors in the aperture illumination.

Displacements in the SR are considered next. Lateral displacements in the SR, off the
axis of symmetry of the MR, result again in 2D aperture phase errors and, consequently,
asymmetric beam patterns. In Fig. 23, | show the aperture phase distribution for a1 mm
displacement in the SR along positive x direction. Slices across the 2D aperture phase
distribution are shown in Fig. 24, where the dices have been made along the x axisand in
the plane containing the displacement vector. A 1 mm SR displacement results in £30
degree peak-to-peak phase errors across the aperture. The phase error increases almost
linearly with the magnitude of the displacement.
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Figure23: The aperture phase distribution due to a 1 mm lateral displacement of the SR.
A linear phase wedge, corresponding to the pointing shift, has been subtracted before
making this plot. The contours are in 5 degree intervals and the wedge is marked in
degrees of phase.

The beam pattern for a 1 mm off axis displacement in the SR is shown in Fig. 25. The
first sdelobe is strongly asymmetric, the main lobe is a'so asymmetric and elongated in
the plane containing the displacement. For an SR displacement to the south, the peak of
the beam shifts to the north and the asymmetry in the first sidelobe results in a coma lobe
to the south of the main lobe. Slices across the 2D beam patterns, for a set of SR
displacements, is shown in Fig. 26. These dices have been made in the plane containing
the displacement.
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Figure 24. Slices across the aperture phase distributions for different SR displacements
off axis (in mm). These patterns are along the direction of the displacement.

Figure 25: The beam pattern (far field amplitude) for the case when the SR is displaced 1
mm perpendicular to the optical axis. Contours are at 4% of the beam peak.
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Figure 26: Antenna radiation patterns for different lateral offsets (in mm) of the SR
position. The plots for successive offsets are displaced vertically by 2 units for clarity.
These patterns are dlices along the direction of the offset in the feed.

The case of tilts in the SR are considered next. Such a displacement once again produces
asymmetric aperture phase distributions and asymmetric beam patterns. The aperture
phase due to a 0.04 degree tilt in the SR is shown in Fig. 27. The SR has a radius of

1370 mm and aftilt of 0.04 degrees implies that the diametrically opposite ends of the SR
are displaced about 1 mm in opposite directions. The SR tilts have been made along an
axis paralel to the y axis and dices across the aperture phase, made along x axis, are
shown in Fig. 28 for severd tilt angles. Asin earlier plots of the aperture phase, these
phases are residuals after the removal of any phase gradient corresponding to a pointing
shift. The peak-to-peak phase variation across the antenna aperture is about 30 degrees
for 0.04 degree SR tilt. This phase error increases fairly linearly with the tilt angle.

The far field beam pattern due to a 0.04 degree tilt in the SR isshown in Fig. 29. For a
tilt which causes the southern tip of the SR to move closer to the MR, and the northern tip
of the SR to move away from the MR, the beam peak shifts to the north and the
asymmetry in the first side lobe results in a coma lobe to the north. Slices across the
beam, made aong the plane orthogonal to the tilt axis, are shown in Fig. 30.
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Figure 27: The aperture phase distribution due to a 0.04 degree tilt in the SR. A linear
phase wedge, corresponding to the pointing shift, has been subtracted before making this
plot. The contours are in 5 degree intervas and the wedge is marked in degrees of phase.
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Figure 28: Slices across the aperture phase distributions for different SR tilts (in

degrees). These patterns are orthogonal to the tilt axis.
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Figure 29: The beam pattern (far field amplitude) for the case when the SR is tilted by

0.04 degrees. Contours are at 4% of the beam pesak.
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Figure 30: Antenna radiation patterns for different tilt angles (in degrees) of the SR.

—0.02
0.04
—0.06

The plots for successive tilts are displaced vertically by 2 units for clarity. These patterns

are dices orthogonal to the tilt axis.




23

Compensating displacementsin the optics:

The asymmetries produced by tilts and off axis displacements in the SR, as well as off
axis displacements in the feed, are similar in form. The nature of the aperture phase
errors, to first order, are similar. This raises the possibility that movements in one of
these may be used to compensate for asymmetries created by displacements in the other
two.

Asafirstillustration, | have considered the SR to be offset laterally 2 mm off axis and
compensated this with a 0.065 degree tilt in the SR. The sense is such that if the
displacement is to the south, the tilt moves the southern end of the SR closer to the MR. |
show dlices across the 2D aperture illumination and the beam pattern in Figs. 31 & 32.
The beam pattern and phase dlice as computed for the aligned optics case are also shown
for comparison. The loss of gain is negligible; the compensating displacements recover
the antenna gain. The peak-to-peak aperture phase variations are very much reduced:
130 degrees phase variations are expected for any one of the displacements and the
compensating displacements reduce the phase to within £10 degrees. The rms of the
aperture phase is about 5 degrees with these compensating displacements. The resulting
beam pattern is symmetric, there is no coma lobe and the sidelobes are at the level
expected for aligned optics. Thereis, however, a shift in the beam peak. The 36 arcsec
pointing offset corresponding to the 2 mm displacement adds with the 24 arcsec beam
shift corresponding to the 0.065 degree tilt to give a net pointing offset of 1 arcmin.
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Figure 31: Slices across the aperture phase distributions for the case wherea2 mm SR
displacement is compensated by a 0.065 degree SR tilt. The computation for an aligned
optics case is aso shown for reference.
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Figure 32: Slices across the beam pattern for the case where a2 mm SR displacement is
compensated by a 0.065 degree SR tilt. The computation for an aligned optics case is
also shown for reference.

The second case | shown here is where the SR is displaced 2 mm and the feed is
displaced 13 mm to compensate, both the displacements are off axis. Both the
displacements are perpendicular to the optical axis and the feed displacement is parallel
to and in the same direction as the SR displacement. A dlice across the aperture phase for
this case is shown in Fig. 33. The lowest ader phase error has been compensated and the
residual aperture phase variations are of higher order. The phase variations across the
aperture have reduced from the +30 degreesto +10 degrees; the rms of the phase
variation in the dice is 5 degrees. The beam pattern for this dual displacement case is
shown in Fig. 34 where the beam pattern computed for the aligned case is again shown
for comparison. There is no significant gain loss, the beam pattern is fairly symmetric
and there is no coma lobe. Thereis aresultant pointing shift of 82 arcsec which is what
is expected from the summation of the pointing shifts for the 2 mm SR shift (36 arcsec)
and 13 mm feed displacement (46 arcsec).
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Figure 33: Slices across the aperture phase distributions for the case where a2 mm SR
displacement off axis is compensated by a 13 mm feed displacement. The computation
for an aligned optics case is also shown for reference.
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Figure 34: Slices across the beam pattern for the case where a2 mm SR displacement is
compensated by al3 mm feed offset, both offsets are off axis The computation for an
aligned optics case is aso shown for reference.
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The third case to be considered is a feed offset compensating for an SR tilt. A tilt of the
SR by 0.065 degreesis again considered and the feed is displaced - 13 mm to
compensate. An SR rotation along positive y axis is compensated by a feed displacement
toward negative X, i.e., if the SR tilt causes the northern end of the SR to move away
from the MR, the feed is shifted north. The aperture phase distribution for this case is
shown in Fig. 35. Theresidual phase errorsin this case are very much reduced: the peak
to-peak phase variations across the aperture are within £1 degree. The resulting antenna
beam pattern is also shown in Fig. 36 where it is seen that the beam is symmetric in spite
of the misaligned optics. There is no significant loss in antenna gain.  The resultant beam
shift is 22 arcsec as expected from the summation of the shifts for the individual
displacements.

A point to be noted is that displacements in one component of the antenna optics may be
compensated for by appropriate displacements in another component and the gain loss
may be recovered; however,aresidual pointing error remains. Viewing the antenna as a
radiator, the pointing shift is because the wavefront leaving the MR has atilt w.r.t. the
axis of symmetry of the MR. The pointing error, when compensating displacements are
made, is not frequency dependent The aperture phase errors that cause the gain loss are
frequency dependent; therefore, the gain loss due to displacements in the optics increase
with frequency and the aperture phase errors, after the removal of a wedge corresponding
to a pointing shift, also increase with frequency.

5
4
3
A
o 2
()]
(]
T
ay
£ LA
Q <,
o R Caad
2 5
g 2
<
-3
4
-5
-12 -8 -4 0 4 8

Offset (m)

| ® 0 offset ® Offset Feed + SR tilt|

Figure 35: Slices across the aperture phase distributions for the case where a 0.065
degree SR tilt is compensated by a -13 mm feed displacement. The computation for an
aligned optics case is also shown for reference.
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Figure 36: Slices across the beam pattern for the case where a 0.065 degree SR tilt is
compensated by a -13 mm feed offset. The computation for an aligned optics caseis aso

shown for reference.

A minor point to note is that in these computations, where I’ ve made a pair of small
compensating offsets, the antenna gain has been slightly (1-2%) higher in the cases where
compensating offsets have been made as compared to the aligned optics case. | attribute
this to the fact that in the aligned case, the peak of the feed radiation pattern falls on the
centre of the SR and is reflected back to the part of the MR that is occupied by the feed
cone room. Therefore, the central parts of the feed beam pattern are scattered/absorbed
and lost. However, when the optics are misaligned, this part is redirected to the
unblocked part of the antenna aperture plane. The consequent increase in antenna gain
offsets the loss due to residua phase errors across the aperture.

Summary:

O With the SR in the correct position, the gain loss will be less than 1% if the feed is
positioned axially to within £8 mm of its correct location.

Q If the axial locations of the feed and SR were kept fixed, the loss of antenna gain
would be about 1% at the edges of the W band due to the travel in the phase
centre within the feed.

O The axid displacement of the SR has to be within 0.25 mm for the gain loss to be
within 1%.
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Provided the feed is within £20 mm of the correct location, axial adjustment of
the SR may recover the gain to within 1% of maximum. For an offset dz of the
feed, the required SR displacement is (dz/30.6).

The feed needs to be located within 5 mm of the optical axis to keep the gain loss
within 1%.

I would keep the feed axis aligned to within about 2 degrees of the optical axisto
maintain beam symmetry.

A displacement of the SR by 0.75 mm off the optica axis is expected to result in
1% gain loss.

A tilt in the SR by 0.02 degrees, which corresponds to axial displacements of 0.5
mm at opposite edges of the SR, results in a 1% gain loss.

If the turret positions the mm and cm feeds within 1 mm, the relative pointing
differences would be within 3.56 arcsec.

The beam shift is 18 arcsec per mm off-axis displacement of the SR.

The pointing offset is 6.18 arcmin per degree of tilt in the SR; in more useful
units, the pointing offset is 15.4 arcsec for +1 mm axia offsets at opposite edges
of the SR.

If misalignments in the antenna optics result in aperture phase errars, this
introduces an additional calibration requirement which, if neglected, could limit
the dynamic range in mosaic imaging. The aperture phase errors are probably of
greater concern than the antenna gain loss.

A 5 mm offset in the feed, off the optical axis, resultsin +10 degree phase errors
across the antenna aperture.

A 1 mm SR displacement off the optical axis results in 30 degree peak-to-peak
phase errors across the aperture. The phase error increases aimost linearly with
the magnitude of the displacement.

The peak-to-peak phase variation across the antenna aperture is about 30 degrees
for a0.04 degree SR tilt. This phase error increases fairly linearly with the tilt
angle.

To first order, the aperture phase errors due to (i) off axis displacements in the
feed, (i) off axis displacementsin the SR and (iii) tilts in the SR may be
compensated by a mechanism for 2-axis adjustment of just one of these three
movements. The lossin gain is amost fully recovered and the symmetry in the
beam patterns may be restored. For example, SR trandation could compensate
for SR tilts; an off axis repositioning of the feed could compensate for SR
displacements as well as SR tilts. The penalty is a pointing offset; however, the
offset will be independent of frequency. It may be worthwhile building in a
capability for trandating the W-band feed perpendicular to the optical axis instead
of building machinery for off axis movement of the SR or for tilting the SR.
Small (=3 mm) misalignments and/or tilts in the SR may be compensated by a
feed repositioning. Dynamic tranglation of the feed perpendicular to the elevation
axis may be a simpler method of correcting for gravity induced structural
deformations as compared to SR repositioning.



