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June 24, 1978

ENGINEERING MEMO #124

Stepping Bar Results for the 140-foot Telescope

John W, Findlay

1. Introduction

This note is intended to give the results of the measurements made
on June 7 and June 8 and to draw conclusions from them. The way the
measures were made is covered in J. Ralston's Memo. #123. The details
of the lengthy data reduction will not be given; the methods were

straightforward.

2. Edge and center ring measures

On May 3 and again on June 1 the elevations of the outer ring of
targets were measured using the Wild level on top of the Cassegrain house.
The results are given in Table 1. To remove the unknown tilt of the
telescope, a best-fit plane surface was passed through the measured points;
the numbers in Table 1 are the elevations with respect to this plane.

The agreement between the two sets of measurements is good. We propose to
use such measurements, taken again when the dish is finally measured, to
fix the end-point values for each of the stepping runs. In presenting

"zero-

the results of the June 7 & 8 runs, we have adjusted the unknown
point angle" of the bar and inclinometer to give the end-point values
for the four radii the same as those found from Table 1.

Table 2 gives a similar set of measures (see Memo #123) for the
center ring of targets. We have not troubled to adjust the present
results to include these elevations; this must, of course be done in the

final measurements.

3. The raw data and its reduction to angles and lengths.

Table 3 shows the raw data in volts from the tilt and length sensors.
Each tilt value is the mean of 10, and each length the mean of 5 readings.

The RMS of the tilt voltage was also read and stored.



The following relations were used to get the tilt angle A and the step length

L from the corresponding sensor voltages:-
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Table 4 gives all the angle and length data which result from these conversions.

4., The computed profiles for the four radii.

The profiles were computed from the data of Table 4 in the following
way. A single value (X= 1575.77 mms, Y = 33.94 mms) was used for the
start points for each radius. The first runs on all radii on June 8 (called
June 8.1 throughout) were inadvertently taken with the DVM set on the
100-volt scale instead of the 10-volt scale. The error due to digitising
is 1 millivolt ( 10.8 arc seconds) and this is not serious. However,
inspection of the results shows that the meter calibration differs by
about 0.16 7Z on the two ranges. This was allowed for in reducing the
data. Each run over a radius was forced to give the end value found
from the optical level measures.

The 9825A print-out gives the X and Y values for each of the 33
points along a radius. To show the departures from the parabolic
shape, the quantity D was computed for each point.
Xy
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where X and Y are the measured co-ordinates of the point in mms. Table 6
gives the values for D for each of the three runs along the four radii.
The mean D is also given, and the final column is the RMS value of the
departures of D from this mean. The D values are also plotted in

Figures 1.1 through 1.4.

5. Discussion of the results

In studying the data, it became apparent that the step-length measures
were not as consistent as they should be. This can be seen by looking

at the numbers in Table 5, where, for example, Step # 19 shows a range of L



of half a millimeter.
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We believe this can easily be improved, and so

to minimise the effects of the L differences from run to run we have used

the mean L values in deriving the D values.

Figures 2.1 through 2.4 are interesting.
values for the angles.

the same graph.

They show the measured RMS

We have plotted all three runs on a given radius on

(The value of zero at maximum X is a plotting error),

High values of the RMS seem to cluster at 8-10 meters and at about 20

meters.

measurements, and this amy be the source of the vibration.

There was a fair amount of machinery running during the

Nevertheless,

the noisy values of angle on Radius # 1 at 8 - 10 meters do not seem

to cause errors in the profile - in fact the agreement in D is best for

Radius # 1.

Finally, in the following Table 7, we summarize the results.

Table 7 The Results for the 4 radii .
Radius # Date measured Zero-point RMS of D Edge value
: angle - f Y
June 7 16.9782° 0.973 mm
June 8.1 16.9727° 0.912 mm -.53 mm
1 June 8.2 16.9770° 0.885 mm
June 7 16.9722° 1.476 mm ,
2 June 8.1 16.9646° 1.528 mm +1.71 mm
June 8.2 16.9727° 1.297 mm
June 7 16.9813° 1.709 mm
3 June 8.1 16.9757° 1.608 mm -.71 mm
June 8.2 16.9806° 1.804 mm
June 7 16.9905° 1.036 mm
4 June 8.1 16.9843° 1.099 mm +.92 mm
June 8.2 16.9893° 1.118 mm

The values of the zero-point angle do not tell much, since

the unknown tilt of the telescope.

The values for June 8.1 are

they include

all lower;
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this may well be due to the DVM having a slightly different zero on its 10
and 100 volt scales, as well as the calibration slope difference already
noted.

If we accept as a rough measure of the accuracy of the stepping

method the average of all the RMS values of D in Table 6, we arrive at:-

Mean RMS = 112 microns

However, this does not include errors due to our reliance on the optical
level edge measures, but it does seem safe to go ahead with the whole
dish measurement, with a good chance of getting a measuring accuracy of

about 200 microns. This would be quite good enough.

6. Some practical points

(a) Why are the L measures not more consistent ?

(b) We should now calibrate the inclinometer. I favor doing this
by mounting it on the 140-foot and tilting it with the
elevation drive. A calibration to a few arc seconds is fine, and
the inductosyns will do this.

(¢) If we do (b), we should check for long-term calibration changes.

(d) We might train two two-person crews to do the bar setting. I
would prefer to have JR and SS supervising - and I hope one

could do the optical edge measures while the stepping is being done.

(e) I would try to do 24 radii a night (6 hours, 24x33 = 792 points)
and then interleaf the other 24 radii the following night. The
excellent June 7 to June 8 agreement makes this look good.

(f) Can the targets be fixed ahead of time? Ask Rick Fisher' opinion.

If not, it can be done just before the measurements.



Table 1

The elevations of the outer ring of telescope targets
measured on May 3rd. and June 1lst 1978 by Wild level.

The elevations are in millimeters above or below the
plane which best fits the results. Positive values
mean that the point lies below the best-fit plane.

May 3 June 1 May 3 - June 1




The elevations in millimeters of the
starting circle of targets. The plane

of reference is the best—fit to the points

Points 1 to 24 Points 25 to 48
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Table 2
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.40093
.4149
.4818
.3538
.4588
.4986
.4973
.9967
.1588
.4609
.5256
.5685
.5696
.5794
.5922
.6166
.6967
.7487
.7938
.7995
.8172
.7079
.4505
.5296
.2612
.4643
.5117
.5579
.5471
.5952
L7325
.4070
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Note: The rightmost
Table 3 column was reproduced for
the scanning process. The
original data were obscured
by a piece of scotch tape
and unscanable.




Table 3
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Table 4

The data of Table 3 converted to angles in
degrees and lengths in millimeters.
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Table 4

The data of Table 3 converted to angles in
degrees and lengths in millimeters.



Table 4

the data of Table 3 converted to angles in
degrees and lengths in millimeters.



Table 4

The data of Table 3 converted to angles in
degrees and lengths in millimeters.



The measured step lengths in millimeters.

Radius # 1

Table 5



The measured step lengths in millimeters.

Radius # 2

June 8.1 June 8.2 RMS

Table 5



The measured lengths in millimeters.

Radius # 3

June 8.2 RMS

Table 5



The measured step lengths in millimeters
Radius # 4

June 8.1

Table 5



Estimating the Measuring Error

Mean

2

June 8

June 7

-

Table 6



Estimating the Measuring Error

I ORMD

Table 6



Estimating the Measuring Error




Estimating the Measuring Error

L G

June 8,2

Table 6
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NATIONAL RADIO ASTRONOMY OBSERVATORY
Charlottesville, Virginia

June 28, 1978

MEMORANDTUM

To: Those Receiving Engineering Memo No. 124

From: John W. Findlay

Subj: Additional Analysis

1. I left the discussion of the results given in Table 7 of Memo No. 124

with a less-than-complete look at the zero-point angles (see the end of page

3). However, if one plots these angles against the radii for the three runs,
one gets:
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2.

These results clearly support the suggestion that the dish was set each
day at the same tilt. The way of stowing the dish now does this.

The best-fit curves to the points are:

June 7

June 8

June 8

A = 16.98053+9.285x10 > (sin 2% + 100°)
.1 A= 16.9743249.975x10 > (sin %§-+ 99°)
.2 A= 16.97989+8.520x10 > (sin 2T + 102°)

2



The agreement of amplitude and phase of the tilt is excellent, and says
that the mean dish surface was 33 + 2 arc seconds away from the local gravity
horizontal.

If we leave out June 8.1 (DVM zero errors is possible), we find the
mean A for the measuring bar was:

A =16.9802° + 1 arc second.

If all this is true, it seems as if our measuring system does have excel-
lent day-to-day stability.

JWE/pj



