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Abstract

Aberrations measured using the OOF holography technique are correlated with the observed point-
ing shifts during daytime to investigate the hypothesis that major day-time aberrations are due to sub-
reflector miscollimation induced by thermal effects in the feed arm. The results presented suggest that
this indeed is the case for the azimuth direction (sub reflector Z direction) but the situation for the
elevation direction (sub reflector Y direction) is more complex.
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1. Introduction

The aperture efficiency and beam shape of the GBT is often seen to degrade dramatically after sunrise
on clear days, presumably due to thermal effects on the telescope structure. E.g., the top row of Figure 3
shows observed beams on a clear morning in January 2006.

Typically, our OOF holography measurements were carried out during night time precisely to avoid the
thermal effects. Some anecdotal observations made during daytime did, however, suggest that the GBT
beam became pronouncedly astigmatic in the morning. Because of the off-axis geometry of the GBT,
any displacement of the sub-reflector from the optimal position gives rise to aberrations which are to
first order astigmatic. The reason for this illustrated in Figure 1. It shows the wavefront error that a
sub-reflector movement would induce over the aperture of the parent paraboloid of the GBT’s primary
surface. This pattern is of course the classical coma aberration. If only GBT-sized sections of the parent
paraboloid are considered, however, it can be seen the induced aberrations are indeed to first order
astigmatism-like rather than coma-like (cf. the pure astigmatic wavefront errors shown in Figure 2).

We proceeded to test the hypothesis that the observed pointing shifts may be interpreted entirely due to
sub-reflector shift. This gave decidedly mixed results and so, in order to investigate further, we have
undertaken a full-day OOF holography observing session to map the changes to the wavefront errors as
the day progressed.

2. Method

The observations were carried out 12th January 2006 under project “TPTCSOOF 060112”. They con-
sisted of repeated blocks of pointing, focus and OOF holography observations. The conditions were
clear and sunny.

Fig. 1.— Left: Illustration of the wavefront phase due to sub-reflector movement for the parent
paraboloid of the GBT. Middle and right: wavefront errors in paraboloid sections roughly corresponding
to the GBT aperture.
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2.1. Pointing

The dynamic pointing correction was obtained from data recorded in the "AntennaCharacterization-
-AntennaCharacterization-DynamicCorrections’’ engineering files. They were simply calcu-
lated as the mean of the values recorded during the scan corresponding to the first OOF map. Azimuth
correction was the combination of “az1” and “az2” values.

The local pointing corrections (LPCs) were obtained from the LPC EL and LPC AZ2 keys in the
‘‘Antenna’’ engineering file.

2.2. OOF Holography

OOF Holography data were obtained as described by Nikolic et al. (2006). It is a known effect in the
OOF processing that some of the power in lower-order Zernike polynomial coefficients spills into the
higher order coefficients. This is because of non-orthogonality of Zernike polynomials with respect to
measurements obtained using the OOF holography. In order to avoid this problem, only the second
order Zernike polynomials were used for fitting the observed data, i.e., the only free parameters were
the two astigmatism types and the classical focus. This processing provided an estimate of magnitudes
the two types of astigmatism for each OOF set.

A typical fit to the observed beams is shown in 3; the case when only order-2 Zernike polynomials are
used is shown in the middle row and, for comparison, we shown in the bottom row the best fitting model
beams when the first five orders of Zernike polynomials are used.

It should be noted that although the sub-reflector movements give rise to aberrations which are to first
order astigmatic, they are certainly more complex. A more accurate analysis than this should use the
actual aberrations due to sub-reflector movement rather than the approximate astigmatic forms.

OOF map sets beginning with scans 79, 88, 97 were not processed because an unidentified glitch in the
recorded data causes the baseline removal software to fail. The data should be easily salvageable with a
bit of effort.

Fig. 2.— Left: Wavefront error due to pure +-type astigmatism. Right: wavefront error due to pure
X-type astigmatism.
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Fig. 3.— Top row: Observed beams for scan 115. Middle row: Best fitting beams using only the
2nd order Zernike polynomials. Bottom row: best fitting beams using the first five orders of Zernike
polynomials.
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3. Results

The derived Zernike polynomial corresponding to a pure X-type astigmatism (z3) are correlated with
azimuth pointing errors while the Zernike polynomial corresponding to a pure +-type astigmatism (z5)
is correlated with elevation pointing errors. The dynamic pointing errors and the LPC’s are treated
separately and together. Figures 4–9 summarize these correlation results. The wavefront maps with the
usual resolution (up to 5th order Zernikes) are shown in Figure 10.

4. Discussion and conclusions

From the results presented above it is quite clear that there is a significant difference between the results
for the X- and +-type astigmatism.

In the case of X- type astigmatism, we observe a good correlation between the measured astigmatism
and the LPC azimuth correction. There is perhaps slight evidence that later on in the day (high scan
numbers), there is a slight deviation in the sense that the observed astigmatism is smaller than would
be predicted for the pointing shift. It is also clear the correlation with the dynamic azimuth pointing
correction is very poor.

In the case of +-type astigmatism the results are less clear and if anything reversed. There is no observed
correlation between the local pointing correction in the elevation direction and the +-type astigmatism.
There appears a slight grouping in the case of dynamic correction in the elevation direction in the sense
that measured astigmatism is small when the dynamic elevation direction correction is small.

From a purely experimental standpoint then, it appears that the during daytime azimuth LPC may be a
useful indication of sub-reflector displacement and can be used for the sub reflector position correction.
Why this provides a better correlation than LPC+Dyn is not clear. The results for the +-type astigmatism
do suggest a link between thermal effects, but it appears that this astigmatism is caused by a combination
of factors rather than simple mis-positioning of the sub-reflector.

Finally, disregarding the sub-reflector issues, Figure 10 by itself is of interest. It shows that clearly
during much of the morning there are very strong aberrations present, but also that these aberrations
vary quite slowly on the whole. This would suggest that with an efficient multi-pixel receiver it could
be possible to remove these large scale errors quite efficiently.

In conclusion, the above suggests that in the short-term, the azimuth LPC may be useful tool for correct-
ing thermally induced mis-collimation in the cross elevation direction. The data suggest a link between
errors in sub-reflector position and thermal effects. Real time measurement of sub reflector position
relative to primary surface may be a useful goal for any real-time metrology system to be developed for
the GBT.
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Fig. 4.— The observed correlation between the azimuth local pointing correction and the X-type astig-
matism as measured using OOF holography. (The numbers indicate the scan number of the first OOF
map.)
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Fig. 5.— The observed correlation between the azimuth dynamic pointing correction and the X-type
astigmatism as measured using OOF holography.
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Fig. 6.— The observed correlation between total pointing correction in azimuth direction and the X-type
astigmatism as measured using OOF holography.
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Fig. 7.— The observed correlation between the dynamic elevation correction and +-type astigmatism.

Scan Number Scan time

22 2006-01-12T13:58:42
52 2006-01-12T15:21:36
61 2006-01-12T15:45:58
70 2006-01-12T16:10:11
106 2006-01-12T17:49:06
115 2006-01-12T18:13:54
124 2006-01-12T18:38:12
133 2006-01-12T19:03:17
142 2006-01-12T19:27:54
151 2006-01-12T19:52:46
160 2006-01-12T20:17:54
169 2006-01-12T20:42:10
178 2006-01-12T21:06:36
200 2006-01-12T22:00:57
209 2006-01-12T22:25:50

Table 1: Universal times when each set of OOF maps was started.
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Fig. 8.— The observed correlation between the elevation local pointing correction and the +-type astig-
matism as measured using OOF holography.
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Fig. 9.— The observed correlation between total pointing correction in elevation direction and the
+-type astigmatism as measured using OOF holography.
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Fig. 10.— Observed wavefront errors (using up to 5th order Zernike polynomials) in chronological
order (left to right, top to bottom). Top row: scans 22, 52, 61, 70; 2nd row: scans 106, 115, 124 , 133;
3rd row: scans 142, 151, 160, 169; 4th row scans 178, 200, 209.
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