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The secondary reflector was adjusted and surveyed in June 1999.
Most of the targets on the secondary were adjusted except for the
perimeter panels. The adjustnents were based on two data sets.
The first data set was a survey done in May, 1999 whi ch neasured
one target per collection plate. Sone of the collection plates
around the perinmeter were not neasured during this survey. This
data gave the global shape of the reflector. The second data set
was the videogrammetry done to check to shape of the reflector

I medi ately after its assenbly on the ground. This data was
processed to give the differentials between the target neasured
in the May survey and the other targets on a given collection
plate. This conbination provided adjustnent tables for nost of
the secondary. After the adjustnents were conplete every target
on the entire reflector (except five) was surveyed on four
successive nights, a total of 1624 points. This report provides
the anal ysis of this data.

The targets surveyed are shown in three views in Figures 1,2, 3.
The different colors indicate the targets surveyed on different
nights. The survey proceeded fromthe center of the reflector to
the perineter. The yellowtargets are the first nights work, the
bl ue targets the second night, the green targets the third night
and the purple targets are the fourth night. Figure 3 shows five
red targets which were not surveyed. These targets are not
measurabl e fromany of the existing theodolite stands because of
ei ther obscuration, oblique angles, or very short range. For
future surveys a new theodolite stand to neasure these targets
woul d be a useful addition.

The survey data is initially in the coordi nate system provi ded by
the theodolite software. This coordinate systemis defined by
surveying a set of targets on the secondary and back fitting to
the nom nal val ues of these targets. The nom nal val ues were
obtai ned from ol der surveys of the secondary. The secondary has
been adjusted significantly since these nom nal val ues were
obtained. It is not surprising that the coordinate systemthey
define is not the optimal system Figure 4 shows a scatter plot
of the normal errors in the secondary surface. The order of the
points is the order in which they were neasured. Two things are
noticeable, the first being the large outliers. These will be
seen to be nostly the panels around the perinmeter which were not
adj usted. The second significant feature is the relatively |arge
mean in the data set. Figure 5 is a histogramof the sane data
set. The large outliers are obvious and so is the offset of the
center of the distribution. Figure 6 is a paranetric
representation of the target locations in ray direction
paraneters. Figure 7 shows the normal errors plotted in the
paranetric representation. The vertical scale clips the |argest
of the errors. The viewpoint in Figure 7 is on the symetry



pl ane of the reflector. There is a clear trend in the data when
novi ng across the reflector perpendicular to the symetry pl ane.
The next step is to refit the data to reduce the errors.

The new best fit was performed using the points inside the 75%

I ntegral power circle, equally weighted. This set has 688 points
out of the total of 1624 points. Qher weighting schenes are
possi bl e but this one works very well so nore el aborate

techni ques were not utilized. The fitting technique optim zed
only normal errors, tangential errors were ignored.

Figure 8 shows the scatter plot of the new error set on the sane
scale as Figure 4. The nmean has been al nost elimnated and the
scatter has been significantly reduced. There are still large
outliers present. Figure 9 shows the histogramof the data on
the sane scale as Figure 5. The inprovenent is obvious, the plot
is narrower and centered on zero.

Havi ng found the optimal coordinate systemto represent the
measured data, the key question is what is the effective RVS of
the secondary. To calculate the RV5, the reflector was divided

I nto bands of integral power and the neasured targets divided

i nto correspondi ng groups. The RVS of each group was cal cul at ed
usi ng equal weighting and the then the groups were conbi ned using
t he power weighting of the groups. Figure 10 shows the
subdi vi sion of the targets on the paranetric disk. The gray
circles are disks at .2, .4, .6, .8, .9, .975, and 1.0 integral
power. The targets are colored coded for each group. Figure 11
shows the sane target groups on the reflector shape itself.
Table 1 gives the statistics for each group and the conbi ned RVS
which is .0458 inches or 1.2 mMmm RMS. This nunber is heavily

i nfl uenced by the few very large errors around the perineter,
even though these points are very lightly weighted. |If the
perinmeter was adjusted to the same accuracy as the rest of the
reflector, the RV5 would be about .032 inches or .8 mm There
are a few outliers in each power band which could be adjusted to
reduce the RMS. An RMS of .6 to .7 mm RMS is not an

unr easonabl e goal

The next step is to adjust the worst errors and resurvey the
secondary (at least partially). Figure 12 shows the worst errors
on the secondary plotted on the paranetric disk. The 170 wor st
errors are greater than 2 mm and are shown in red. Al nost al

of these are the targets around the perineter which were never
adjusted. The 95 blue targets are between 1.5 and 2.0 mm These
are nore uniformy scattered with sone enphasis around the rim
The next category of 1.0 to 1.5 mm is not shown on this plot.
There are 242 points in this group and they are distributed
fairly evenly over the reflector surface. Certainly the red and
bl ue targets shown need adjusting and perhaps sone of the targets



under 1.5 mm should be adjusted as well. Wth these adjustnents
performed and verified, the secondary RM5S will be well bel ow the
original target of 1 nm RMS.

There are reassuring conclusions to be drawmn fromthis and the
previous survey. Adjustnments to the reflector produce the

i ntended results w thout conplicating interactions. Corner
fairing on a single collection plate is very stable. The data
used for the corner fairing in this adjustnent was obtained nore
than two years ago on the ground. |In the interimthe done was
hoi st ed, hurricane George occurred and the done was realigned on
the elevation rails. Despite all this the data produced very
good fairing even though the gl obal shape of the reflector had
shifted significantly.
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Target Locations On The
Ray Parametric Disk
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Normal Errors Plotted Over The Parametric Disk
Initial Coordinate System
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Histogram Of Normal Errors
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Targets Grouped By Bands Of Integral
Power On The Parametric Disk
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Targets Grouped By Bands Of Integral
Power On The Reflector Surface
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Table 1

Bands O Integral Power

Mean RVS
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Largest Remaining Errors

On Secondary

RED:

BLUE: 1.5 mm.

Error > 2 mm.

Figure 12

[ s° e oo
¢ o ° ° o
LY o R e
° ° | N L4 o
0.5 °
L : . %

. e ° ¢ ¢ : H
XS K

. & L4 ° %. “

. -0.5 0.5 22 ;1

H ° oo ° ..: .

e s
: _ ‘v . .
% . e .
’ -0.5 .
° 0 °®
. o
o o %
. . Y °®
. ¢ o®

(170 points)
< Error < 2 mm.

(95 points)



