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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.

center ring

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

the results of the June 7 & 8 runs, we have adjusted the unknown "zero-

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

L from the corresponding sensor voltages:-

sin A = (.0071 - V) x 5.01036 x 10
-2

0000. (1)

L = 0.508 (V - 3.3127) • • • • • • • • • • • • • • • (2)

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 inns) 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 % 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.

2/D = 
X

73152 
- Y ................ (3)

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 RNS 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



Zero-point
an le

16.9782°

16.9727°

16.9770°

16.9722°

16.9646°

16.9727°

16.9813°

16.9757°

16.9806°

16.9905°

16.9843°

16.9893°

June 7

June 8.1

June 8.2

June 7

June 8.1

June 8.2

June 7
June 8.1
June 8.2

June 7
June 8.1
June 8.2

0.973 mm

0.912 mm

0.885 min

1. 036 mm

1. 099 no.

1.118 mm
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of half a millimeter. 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. They show the measured RNS

values for the angles. We have plotted all three runs on a given radius on

the same graph. (The value of zero at maximum X is a plotting error),.

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

meters. There was a fair amount of machinery running during the
measurements, and this amy be the source of the vibration. 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 

The values of the zero-point angle do not tell much, since they include
the unknown tilt of the telescope. The values for June 8 .1 are all lower;



this may well be due to the DITM 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.

. 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.

(c) 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 1st 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.

May3 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

0.076
0.07

0.01t.
0.17183.
0.053'

u/
—0.10 1
'0.048

0. •
.70 072

-7- 0 048
C. 080
0.036
0 .03

0 030
12: A4.3
-F1 044
0 020

Points 25 to 48

J. Prn

Table 2 



RADIUS #1

E RAW DAT9 TILT VOLTS AND LENGTH VOLT ARF GIVEN BELOW

JUNE 7 JUNE 8.1 ANE 8.2

-4.84875
-4.47785
-4.15974
-3.77054
-3.45072
-3.14335
-2.75979
-2.32337
-2.12295

..73983
-1.44174
-1.11453

-0.50906
-0.13835

0.44155
0.74635
1.05592
1.3.5180
1.63099
1 0.,-.47Cf:

2.20916„

2.73520
3.00501
3.22216
3.52890
1,74839
3.98483
4.19823
4,45314

3.4957
4.0267
3.7708
3.2662
3.4170
3.5174
:3.4274
3.6676

-
3.5472
3.4452
3.4116
:"..,„ 2947

3.3984
3.3135
3,4539
3.5928
3.7638
3.4838
2.6195
3.0496

3.6090
3.3201
3.2521
3.50,31
3.1956

:3 982
3.4398
3.5101

-4.838E0
-4.4E870
-4.15240
-3.76290
-3.44300
3.13710

-2.75310
2.37700

-2.11660
-1.73260
-1.43880
-1.10840
.,-0.76680
-0.50390
-0.13330
0.16210
0.44030
0.74440
1.06520
1.35300
1.63170
1.90600
2.20750
2.46510
2.73060
3.00:3u
3.21740
3.52560
3.74170
3.97980
4.19270
4.44980

3.4118
3.4220
3.3824
,
3.4394
3.5920
3.4946
3.3484
3.2744
3.4472
3.6116
3.4560
3.3592
3.3376
3.3602
**".

3.2382
.3.4942
2.8302
3.2190
3.3080
2.9720
3.1792
3.2782
3.3078
3.2890
3.2790
3.4280

3.0550
3.1190
3.22e0

-4.84426
-4.47551
-4.15865
-3.76931
-3.45099
-3.14444
-2.75926
-2.38123
-2.12113
-1.73702
-1.44171
-1.10516

6935
-0.50520
-0.13688
0.15199
0.43912
0.74467
1.06574
1.35323
1.63259
1.90580

2.73390
3.00375
3.21849
3.52830
3.74522
3.98251
4.1972
4.45447

3.4093
3.4149
3.4818
3.3538
3.4588
3.4986
3.4973
2.9967
3.1588
3.4609
3.5256
3.5685
3.5696
3.5794
3.5922
3.6166
3.6967
3.7487
3.7938
3.7995
3.8172
2.7079
3.4505
3.5296
3.2612
3.4643
3.5117
3.5579
3.5471
3.5952
3.7325
3.4070

Note: The rightmost

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.
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the data of Table 3 converted to angles in
degrees and lengths in millimeters.
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The data of Table 3 converted to angles in
degrees and lengths in millimeters.
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3 0
3 I
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The measured step lengths in millimeters. 

Radius # 1 

Step # June  7 June 8.1 June 8.2 RMS

111-11E N 1•1 ":" !:•::.; 1,1 1'1 11 .1.

Table 5 



The measured step lengths in millimeters.
Radius # 2 

Step # June 7 June 8.1 June 8.2 . RMS

, 650.081 650.068 650,136.
2 649.957. .650.054 650„6513 650.0a6 650.113 650.675

650.068 650.675
649.771 649.887 .650.582,

6 650.133 650.030 . 650'8572•:::' 650.017 650.036 ' 650.578.8 650,096... • II
9 , 6513,042. • . . 1 '.....; 5a.015 .. .650.705: .

...4. 0• • 49 .8 .93 . 6• . 65Q8.0.60 .. 650.7.01
: I . : I..... 649.77;3 • 649 . . 808: ... 650...,066..1,...,, . 650.041 ' 650,012 .... 650...,093.,,,...,

.13 650.096 •- 650.046 • :•••• 6!.:::,:j 0....109.
'. 4. • _650..27.8... .. 649.932 . 	. .. .650.08a.
15 •: 6!:50,:.029 -.. 649'.993 •650.126
16 649.963 -•.649.991,.' ' 650.142
17 .

	649..,64. • ..649.96$. 650.129
1 8 649.84. . 1 :. :.:: :: ', 1. 9.905 • ... 65014519 . 	. 649.767 • 649,5Q5 - • • 650,184

.20 . . .649.991 ..649.9aa: ••.. 6.'..:51::::1 .186.21 . 	650..205 . 649.91.9 .
	.....60...41.7622 650.036 649...976... 650,16823 649.932 649.976 •6501,84

650.008 650.054 650..214
25 550.041 650..009. ... ...:650.8202
26 649.277 649.266 . .....651!.. 1027 650.040 • 64 . 9.88T . .650...204
28 649.879 . -649.900. . ' 649..$84
29 649.842 • 649.824 . 	•649,325
317,.....! 650.169• 64'.9.:3.72
31 649.154 649.242 • • 64.9.994.
32 649.805 649.764 • -. 650....019

MEAN VALUE OF THE RMS IN MMS . IS 0.1,73693 34

0,030
0.307
0.285

0.35S
0.235
0.260
0.311
0.319
0.335
0.129
erp33
0.027
0.142
0.056
0.078
0.077
0.118
0.279
0.109
0.128
0.080
0.134
0.088
0.084
0.443
0.130
0.009
0.044
0.125
0.377
0.112

Table 5 



The measured lengths in millimeters.
Radius # 3 

Step # June 7 June 8.1 June 8.2 RMS
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The measured step lengths in millimeters 
Radius # 4 

Step 	# June-7 June 8.1 June 8.2 RMS

64.9.387 649..407 650.080 0.322
'": •649-.66. 649.939 I
,...., 649.802 649.911' 650.275 0.202 .,
4 649.507 .649.621 650.'297 0.349
5 .649.905 649..901 650.320 0.197
6 648,402 648.480 648.618 0.089

649.999 649.968 650.050 0.034_,
8 649.831 649.'886 649.577 0.135.:
9. 649.680 • •649,778 649...906 0.092'

10 . . 649.958. ..649.959.. 650,083 0.059
•1..... 1 .• .1549....286' 49..375 .650..061 . 0.346-..2 . .'..649.910 •649.,'9... 650.093 0.085
12 . 	.649.784 .'.. .649,754• 650.'134 0.173
14 649.868 -649;963 ..650,044 0.084
15 649932 649.929 •. 650....082. 0.072
15 649.603 649.961 .650.207 0.2481....... 650.189 649.723 650.225 0.229
18 650.462 650.247.. •0::::::, 0.270 .0.088
19 .649.744 650,'098 0:0.374 0.28
20 649,967 . 65e. It 650..364 0.164
21 650.33 649.779 650.403• 0.279
22 649.500 649.849 650.448 0.391
23 649.499 ..1:::: 49.844 .65Q.J07 0.249
24 649.211 • 648.504 -649„.0.82. 0.308
25 649.928 650.003 .650.192. 0.111
26 651.479 649.938 650,151 ,-,-.....,-,
27 549.952 650.011 650.165 0.090
28 , 648.885 649.678 .64.9,705.. 0.380
29 I.........t........ ........i. .I.. 649.887 •.650.052- 0.073
30 649.903 549.987 '650.062 0.065
31 -649.869 549.955 6'.:50.055 0.076
32 .	• 649.803 649 866 • 650.047 • O. 03

THE MEA1 VALUE OF THE RMS IN rin IS 0.19198703

Table 5 
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TME

Estimating the Measuring Error 

nc LUE OF D AND ITS RMS ALONG RADIUS # 2

June 8.2 
0.000
0.475
0.784
0.653
0.592

-0.105

1.273
2.024

-1.053

-u.696
-0.703
-0.981
-1.533

0.289
0.221

-0.118
1.422
3.33%

-0.195
1.332
1.034
1.866
0.934
0.871
1.716

1.046
0.436
0.472

....... 100

June 8.1 
0.000
0.434
0.724
0.581
0.526

-0.213
1.117
1.855

-1.083
-L.731
-0.782
-1.062
-1.574
-1.243
0.123
0.358
0.040
1.647
2.517
0.033
1.786
1.500
2.515
1.626
1.582
2.438
1.889
1.617
0.971
0.920
2.537

1.710

Mean RMS

0.000 0.000
0.469 0.027
0.776 U.U4U
0.635 0.038
0.577 0.037

-0.165 0.044
1.153 0.078
1.399 0.090

-1.079 0.,020
0.020

-0.739 0.033
-0.997 0.048
-1.552 0.017
-1.198 0.077
0.148 0.106
0.287 0.056

-0.073 0.081
1.475 0.124
3.328 0.156

-0.159 0.144
0.189

1.405 0.263
0.304

1.393 0.325
1.339 0.331
2.184 0.331
1.572 0.288
1.411 0.259
0.765 0.235
0.720 0.186
2.443 0.169
2.296 0.082
1.710 0.000

June 7 
0.000
0.499

3 0.821
0.670
u.612

-0.176
1.098
1.818

-1.102
-0.743

11
12 -0.949

-1.548
-1.261
0.033

Ais 0.283
17 -0.140

1.357
19 3.134
20 -0.314
21 1.475

1.583
2.509
1.620i
2.397
1.852
1.570
0.888
0.766
2. 85
2.372

1, 1 :1.

Table 6 



Estimating _the  Measuring Error 

THE MEAN VALUE OF D ANL ITS RMS ALONG RADIUS # 3

June 7 June 8.1 June 8,2 Mean 
i 0.000 0.000 0.000 0.000
2 -0.010 -0.077 -0.058 -0.048....:: 0.300 0.199 0.228 0.242
4 0.632 0.541 0.594 0.589
5 0.860 0.778 0.862 0.834
6 1.331 1.........1::........... 1.380 .i
7 1.590 1.561 1.709 1.620
8 2.275 2.262 2.411 2.316
9 1.753 1.697 '1.828 1.759

10 2.050 1.979 2.158 2.062.1.1 3.484 3.427 3.524 3.512
12 3.355 3.228 . :....;..............:.",:`',...ii 3.354
13 2.559 2.374 50 2.528
1 .1. 	2.373 2.151 2.551 2.358

1.8•3 1.621 2.060 1.858
11:. 2.915 I ".7.' 829
17 it 2.109 2.530 2.349
18 2.074 1.833 2.219 2.042
19 2.766 2.605 2.971 2.780
20 0.735 0.533 0.842 0.704
21 1.261 0.946 1.::::.e::::: 1.161
22 0.947 0.605 0.902 0.818
23 1.654 1.309 1.592 :..522•2:: ...1 . 0.569 0.230 0.499 0.433
25 0.589 0.299 0.516 0.468
26 0.982 0.722

0
0.876

27 -0.184 -.399 -0.283
28 95 -0.901 -0

•
.776 -0.657

29 -0.504 -0.98 -0.936 -0.809
30 .-0686 -1.080

-2:?.41:.:::::::

-0.978 -0.915
31 -1.052 -1.356 -1.338 -1.249
32 99 -0.528 -0.553 -0.493
33 -0.709 -0.710 -0.710 -0.710

IHE MEAN VALUE OF THE RMS IN MMS IS 0.114930267

RMS

0.000
0.023
0.043
0.037
0.031
0.046
0.064
0.067
0.054
0.074
0.083
ii

0.164
0.181
0.189
0.176
0.159
0.150
0.128
0.152
0.152
0.153
0.146
0.123
0.111

089
0.261
0. 17
0.1-67
0.140
0.067
0.000

r
Table o
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NATIONAL RADIO ASTRONOMY OBSERVATORY
Charlottesville, Virginia

June 28, 1978

MEMORANDUM

To: Those Receiving Engineering Memo No. 124

From: John W. Findlay

Sub': Additional Anal sis

I. 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:

'---- -- le=11&11111SONSS It '-' ---- AULT- NSOISSU SIONSESIMISISSO_
VAISMWSSINS IMA ak mmirmummitimimmars-aummi .
Xii5talliONMS NEW II III przezzlin Amu, immorArvmmili1-7,--1

1

 ISSAIMMNSIIISMOISSIS ammammignmumm SIMMS! MISMIIIIIIMEMINIM
1102M716011111111111S•S•• SSMSMIIIMINESESSOIMIORMSINEMSSIIIMEMSSMIIM1

il V,NUItilligLISMOMMINI MR SESSISIONSSIWNINSSMOSSIONMEMEMSE -.
Fr- 1111111111ASSMERSISSIMINI •IIISMIIIMMSMISSIESSISIMEISSSMINSIIIIIISEMMINIMIS IA

 SINISMINSME111.1110 IS
MISSIESIIMMimm

	

	
SMOMMEMIIIMISSEMEMIrlISMISIMMIMESISSUIS SWIM
MMIlmallallholanp.1" .-', NIIINSESMEMIIIMRSIIIMSMS -

IIMMEmT111111SOS WI: OS. M11111111111111SSEMMI All SESSIMIIIMMOIMMIIIWASMIIIM.
reSPANSSISKI, ' SISMS61111111SSUM11110811111111111 111SNIIIMSOMSMIIIPSMS111104W11111111t
IIISSMIIIMSSM IllIWISM SUMNIENAMSSMISSIMMON P

i . MRAIIIMMESMINgIFSWAS•WM,
mummonsimminp marmignmemmomm Lo rmummismir

NA

	.. MUMM1111111

.72rtniii14111.1111WASSUISISSSIIIM 111111111fflit MS AlIS ME RIIIINON INWRESSIllNESSINISIIIMS16„0, SSINS MIN lumumni SMENMS IIISGAIIIINSIMIIICIIIMME-111

' 11150111WISIEMIMMEMOSMNISMISISSOMmIll ISM simmommum m Immommumm
i 11111111 IIIIUIIIIIIIIIRIIIIU IUUIRUUUMINIIRIIINIU111MESSIMIMISMIN

_ MMIIIMMSRMASMIMMEMIIMISSIBISSIIISSMEMEM * IIIRSEMMISIESISSIIIMMIIISMIMIIISMEM
- MINEMSFSIIISEm INIIIIRSISSISSIIIIMNIMMESMIIINAMMEMMInmISSMSEMIIMMISSSMSRME
- 1092E1.211WEEM 111.401110.111111111111111011SOM MINVISMSIME

N
, 11100011111SOmmummumgroWea-

LLMUUMMRSNyemPeMPUNDOmp
A
SSMS1511111011111,11 SiSMOSSMMIROWSNESIES R

' 111111101SMMOMMEASP911111MOSUIIM-AMSSIMELINICSEM SVAMMISSMESIllulOrillmaROWISFmomminsimmalimmommarisimmonsmigemmumgamommummosibmwomm
• mommiummumminum
SIOMMIIISSWISMOMMMIIISMIS milIMIM=2M4OLLIZASSISMZSIIISMSAIIIII 11111nagammr&ownigoloommommommingsmirmsumml

; MEEMESSISMISMESSMISS ESSOMMESSE MISMSMOSSIIINSONSMISEXIII MERMISIII
MOSSIIM .

---mmommilmumm mummumo mummoun mannummommoymm irorm simmom
plimmmi nommonsimmaimannsommomminnommum

ms MI maammimmum
mmummi insmons mom EMUS ESSEMSSIMMS si 4 MN IIIIMMESSMEMMES , MR,

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.

2. The best-fit curves to the points are:

June 7

June 8.1

June 8.2

A = 16.98053+9.285x10
-3

A = 16.97432+9.975x10
-3

A = 16.97989+8.520x10
-3

(sin L+ 1000)

• nff • -90)(sin ± 9

(sin + 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
o
 = 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.

JWF/pj


