
-R123 252 R GLOBAL CALIBRATION TECHNIQUE IN USE AT THE ETSU) i/
MASSACHUSETTS INST OF TECH LEXINGTON LINCOLN LAB
R C RMSEY ET AL. 98 NOV 82 ETS-66 ESD-TR-82-895

UNCLASSIFIED F1962-8e-C-0882 F/G 3/1 N



11.

ME0

1 .211111.

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS-1963-A



1'



t

4 ~
.A~'&. ,,, .,~ .~ ~'j 4  

'~ ~3'r
4~#~ if -~ ~ ~ " 'a

k ~'- 
I' ~4..

~ ~ 
.. ~

* 44

.1 -
a

-
4

'4 a,

** 
~ 

-* .. ~

* .~t.' .. . -,- .4

41,

I *

N p.

4 a.

t 4.,
.1.4

-
4, 444.4 

*4

iepsnhasbumus4 ewdaniisa '~" ~ -
S

#~
- 48

S -w

~' 14 ~

~ .4

4...

4 a *4,. - * * 

7'

4.~.

WI
~1

,x. -. 4.

~ ~,, a .-. * 'a;-

.~

p



MASSACHUSETTS INSTITUTE OF TECHNOLOGY

LINCOLN LABORATORY

A GLOBAL CALIBRATION TECHNIQUE
IN USE AT THE ETS

B.C. RAMSEY
A.4. MA 7HL4SEN

J.. DIAL

Group N

REOR E34DTIC

Approved kw public reaa distribution unlimited.Iw

.wi

LEXINGTON MASSACHUSETTS



ABSTRACT

This report describes the installation and results of a

global calibration program introduced for both telescopes at

the Lincoln Laboratory Experimental Test Site. The

uncorrected positional pointing errors, due primarily to tube

flexure, sag and astronomical refraction, were found to be

as high as ten arc minutes at low (twenty degrees) elevation

angles. The calibration is performed by a software program

which contains look-up tables, for each telescope, that

represent ten-degree increments of azimuth and elevation.

Residual errors are now less than one arc minute except for

a narrow zone across the northern sky. This is a region where

there was a high gradient in the uncorrected errors and the

residuals here, after correction, are a maximum of three arc

minutes. This technique has remained stable over the past year.
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I. INTRODUCTION

The 31-inch telescopes at the Lincoln Laboratory

Experimental Test Site (ETS) exhibit pointing errors due

to sag and flexure and astronomical refraction. Pointing

errors of up to 10 arc minutes have been observed when the

telescopes are directed at low elevations after initial

zero point calibration at the zenith. This has never presented

a particular problem to operations at ETS, primarily because

the field of view, even in the zoom mode, is much larger than

the size of these pointing errors. Also these errors do not

enter into the positional data obtained on the positions of

objects since nearby stars only a degree or so away from the

object are used in this measurement. Global calibration has

1been discussed previously and possible solutions suggested

but never seriously undertaken.

Recently some tests have begun on the use of the ETS

system to prove the feasibility of daylight tracking of

satellites. These pointing errors now present a major problem

to this type of tracking. The experimental vidicon cameras

used have a much smaller format, namely one quarter of the

80 mm format of the Ebiscon camera tube used at ETS.



During the past year an attempt has been made to

determine the magnitude and stability of the pointing

errors and to prove the practicality of the use of a "Real

Time" correction program to eliminate or at least greatly

reduce them.
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II. INITIAL ERROR DETERMINATION I

A. Procedure

Each telescope was separately investigated. The procedure

used was to calibrate at the zenith and then to move to a

particular azimuth and elevation, call up a nearby calibration

star, and measure the distance from boresight to this star.

2Fortunately, the real time operating system (RTS) already
IW

includes the software to do this. The single star calibration

procedure calls up a calibration star and after the star is

manually moved to boresight and positional data are obtained,

the distance between the boresight location and the star's

location is printed out in terms of declination (6) and right

ascension multiplied by the cosine of declination [ccos(6)J.

The latter dimension is actually horizontal on the monitor

with the vertical dimension corresponding to the declination.

At first it was thought necessary to move to the various

locations around the sky in a near-random fashion, since the

pointing error might be influenced by the method by which the

telescope got to a particular location.

1
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The pointing errors in telescope B were obtained first

over a period of several months during the summer of 1981.

Data corresponding to over a hundred azimuth and elevation

settings of the telescope were obtained over a period of one

or two nights. These data were repeated five times with a

week or two between measurements.

It was found unnecessary to move in a random fashion

around the sky. Essentially, the overall error patterns

obtained for telescope B for a particular point in the sky

remained the same regardless of the previous position of the

telescope. In addition, it was found that the greatest

positional errors were around the pole and more data points

were obtained in this region and less in others as the

measurements continued.

Data for telescope A were obtained in a much shorter time

than that for B as this final procedure was followed.
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B. Results

Figures l and 2 are composites of the errors measured for

telescope A in the acos(6) and 6 dimensions. Contour lines are

drawn for every fifty arc seconds of pointing error. A total

swing of 650 arc seconds error (100 to -550) exists in the

horizontal dimension. The vertical dimension (declination)

exhibits a swing of 350 arc seconds. Figures 3 and 4 show the

same curves for telescope A.
40

(1) The region in the sky from about 310 in azimuth

and 200 in elevation following a line through the pole

(350) and back to a point about 50 in azimuth and 200

in elevation is the region of greatest change (highest

gradient) in pointing error. It was noted that as the

telescope is commanded to move from a point south of

this line to a point north of the line it actually

rotates about its mount and goes from an "overslung" to

an "underslung" position. Thus, the telescope presents

a completely different physical configuration on one

side of this line from the other.

(2) The plots for telescope A are different from those

for B and show less error. The six-inch photometer is

mounted on B only; this is the only basic difference in

the two telescope configurations.

5
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III. MATHEMATICS AND PROGRAM DESIGN

The original design of the telescope operating system

included a correction task whose function was to modify each

pointing command by a quantity computed during a global

calibration run. These corrections in right ascension (or

hour angle) and declination were to include all errors from

whatsoever source. A series of tests showed that there was

not enough stability in the telescopes to support precision

measurements in this manner, so the idea was shelved, and a

local calibration was substituted. As pointed out earlier, the

advent of cameras with smaller fields of view made it desirable

to include an error correction which would put an object within

the field of view if the object were at its nominal position.

A global calibration plan was revived. Experiments with a

100 x 10~ grid and linear interpolation showed we could correct

to better than a desired 41, indeed in most cases to less than

The error correction for the telescope takes the form of

2 two-dimensional tables whose coordinates are azimuth and

elevation and whose entries are right ascension or declination

correction.

10



To make the programming simple, the azimuth and elevation

units are 100. We convert the telescope azimuth, A, and
A A

elevation, E, in radians to azimuth, A, and elevation, E,

in units of 100 as follows
A 18A= iTA

A A8

E E

so we have a quick index into the table. Thus, if we look up

the values of the error, e (in either right ascension or

declination) at the four corners defined by CAI, [A+l, [E]J,
[E]+l(where [x] is the largest integer<x), then

Error (A, E)=(LEJ+l-E) (EAJ+l-A)eoo+(A-ANeo

+(E-[E]).((AJ+l-A)eo+(A-[AJl)eli)

where
A A

eoo is the measured error at (IAI,IEI)

eol at (JAI, [E+l)

elo at ([A]+l,[E]J)

ell at ([A]+l,EE]+l)

The computed right ascension (a) and declination (6) are

corrected by these values (if the "error correction" button

is on). To avoid discontinuities in this process, the tables
A A A A

are indexed from A = 0 to A = 36 and from E = 0 to E = 9.

11
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The data used by the corrections task are generated by

an offline task running in nonreal time. The data for that

task are a source file produced by the source editor. The file

consists of a matrix of the observed telescope errors in

arc seconds in ccos(6), and one in 6. The values are taken

by inspection of the contour plots. These data are converted

to a form usable by the corrections task and then written to

a dedicated disk partition in binary form (see Appendix A).

Two such binary files are resident on the partition, one for

each telescope.

The data tables for the selected telescope (either "A"

or "B") are read from disk into a private shared region* by

an asynchronous task (GCTASK), which is activated by the

corrections initialization overlay to RTS. This task is

given a high priority to enable it to complete the disk

accesses before the data are needed. It sets up the data,

writes the header information to the line printer, then

waits for some other task to insert the region before exiting

the system.

*In the Max IV Operating System a private shared region is an area of actual
memory which can appear in the virtual memory of many tasks simultaneously.
Creation is the act of initially informing the operating system of the
particulars of a specific private shared region, while insertion is a
request by name to use a previously created region.

12



The corrections task (T4) does the insertion during the

first frame of the main pointing sequence. A handshake protocol

is implemented using flags in the shared region. Once the

region is inserted by the corrections task, it remains in the

system until this task is deestablished by RTS during the

shutdown sequence.

Whether or not a pointing command is modified depends on

whether or not a button, labeled ERROR CORR is pushed. When the

backlight is on, error corrections are being made, otherwise no.

These global error corrections are independent of any other

corrections, for example, joystick-controlled manual offsets.

13
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IV. RESIDUAL ERROR

Figures 5 through 8 show the residual errors after the

correction programs were put into both A and B telescopes.

These data values were obtained by again using the single star

calibration program. These residual errors were printed out

after use of the select and add offset buttons to reposition

the calibration star on boresight.

(1) Relatively large (up to 200 arc seconds) residual

errors remain in that band across the northern sky, as

discussed before, where the original high gradient

errors exist. This was to be expected since ten-

degree increments are used for the look-up table.

Perhaps, if the table were increased an order of

magnitude, to one-degree increments, these residuals

would be smaller. At this time, it is felt that the

additional complexity involved does not warrant pur-

suing this effort.

(2) Beside this band of large errors, the remaining

residual errors are generally much less than a

minute of arc. It should be noted that every time

these residual errors are investigated, or for

example, from one week to the next, a different bias

can be found in these errors. This is generally on

the order of about half an arc minute.

14
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The general pattern of error remains the same.

This has been noted in examining the residual errors

for telescope B over a period of the last five months.

Telescope A correction has seemed to hold for the last

month since it was just recently entered into the

system.

(3) How well these corrections will hold up over a

long period is not yet known, Certainly, if a major

change in the physical configuration of one of the

telescopes is made, it might be expected to

materially affect the present pointing error patterns.

15
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V. SUMMARY

A global calibration procedure has been successfully

carried out for the two telescopes at ETS. Discrete

mathematical models were entered into software. Residual

errors are less than one arc minute - up to three arc minutes

in a narrow zone of the northern sky. The correction has

remained stable after almost a year's operation.
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APPENDIX A

Description and Use of Error File Generator

The binary data files read in from disk by GCTASK are

generated by an off-line task called BLDCOR (for BuiLD

CORrection files). The function of BLDCOR is to read an

unformatted ASCII file of data from a User Source Library and

properly format it for use by RTS (GCTASK and T4). In order

to reduce real time overhead, all setup calculations are done

in this task. A conversion from arc seconds to radians and

sign change is all that is needed for declination errors.

To obtain the right ascension error, the azimuth and elevation

are converted to a and 6 and the cos(6) term is divided out.

A conversion from arc seconds to radians and sign change

completes the calculation. The above is repeated for each

point in the 100 mesh azimuth and elevation grid. BLDCOR is

a stand alone task which runs at the computer CRT terminal. To

invoke the program, type /BLDCOR/E,,TM on the console teletype

after a Console Interrupt. The program should respond with

"ENTER FILE NAME ON USL ($$ TO ESCAPE)" at this point. It

wants the name of the USL file containing the data to be

processed. Entry of $$ will cause a correction value of 0.0

arc seconds to be used. After receiving the name, a new line

is sent signaling the completion of uncompression into a

scratch file, SCL (AD1).

21
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The line printer will start on a 9-page summary of the data

for diagnostic purposes. When that is finished, the program

will display "ACTION UNLOCK DISK PROTECT SWITCH." This is

necessary because it writes on a "protected" cylinder of the

drive. The disk switch must be in the down or unprotected

position before a response of /R is entered. After processing

the error data, the program will display "ACTION LOCK DISK

PROTECT SWITCH." Now the disk switch can be moved back to the

center position. The correction data have been written to disk

partition BDN. Another /R response will allow the program

to finish and display "STOP DONE/BLDCOR /BLDCOR" on the CRT

terminal. At this point, new data are on the disk in that

Vsystem. The data will filter over to "B" computer (if done on

"A" computer) with the next copy of the system from "A" to "B".

If any errors are discovered by the program, one of the

following error messages will be output to the CRT terminal

screen. However, something will be written to the disk in any

case. To prevent invalid data from filtering into the system,

*use /A to the "UNLOCK" message and that will abort the task.

The following is a partial list of the possible error messages

generated by BLDCOR and a clue as to what may have caused it:

*+ "***FILE NOT FOUND -filename-***"; the named file is not on USL.

22
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"EARLY EOF ON 9. I -NNNNN"; Less data than expected were

on the file. "CUTOFF -- DC= R.FFFD-EE I=NNNN"; COS(dec) is

less than some epsilon. Any other system error message may

be generated on the I/O done by the program, but the Reference

Manuals cover those messages in detail. One system message is

very possible: "ABORT (LOK E023)" will happen if /R is entered

with the disk switch not down after the "UNLOCK" message.

The USL input file consists of one header line and 72

data lines. The header line consists of "A" or "B" followed

by a 70 character title. The title allows for dating and

identifying the file. Each data line consists of nine free

format integers corresponding to the error inputs for some

arc from 100 elevation to 900 elevation. The data are in the

form of two sets of 36 lines each, ordered from 100 azimuth to

3600 azimuth. The first data set covers 6 errors, the second

set covers ccos(6) errors. All input values are in arc

seconds.

The data are recorded onto the disk partition in the form

of two binary files separated by file marks. The first file has

error data for telescope A, the second file has data for B.

The data in one file include the 70 character header, the

date and time that the file was written, the telescope ID and

two Real*6 arrays, each 37 x 10, containing the error correction

values in radians for right ascension and declination.

23
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A description of the Common Block used to read in

corrections follows:

INTEGER*2 HEADER(35), WYR, WDAY, WHR, WMIN, WSEC,

#I CTELTYP, PAD(42), IDCOR

REAL*6 ERRRA, (37)ERRDEC(37,lO)

COMON /DSKBIN/ IDCOR, HEADER, WYR, WDAY, WHR, WMIN,

# WSEC, CTELTYP, ERRRA, ERRDEC, PAD

where

IDCOR - Handshake flag

HEADER - A 70 character title

WYR,WDAY,WHR,WMIN,WSEC -Time and date of last write to

file

CTELTYP -The telescope ID (1="A", 2="B")

ERRRA - Errors in right ascension

ERRDEC - Errors in declination

PAD= Spare room to fill out to page boundary

24
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APPENDIX B

Errors

The following is a printout of the current observed and

computed error correction values for the telescopes at the ETS.

I25
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DISK HEADER INFORMATION:
TELrSCOPE COPRETIONS FOR *AN 01/13/82
DAY = 160/1982, TIME = 16:22:24, TELESCOPE ID I =) A

AZINUTH ELEVATION RA*COS(DEC) INPUT RA ERROR DEC ERROR
DEGREES DEGREES ARCSECONDS ARCSECONDS ARCSECONDS

10 10 200 -464.16 200.00
20 10 250 -499.08 275.00
30 10 280 -472.19 300.00
40 10 300 -434.52 300.00
50 10 310 -396.13 275.00
60 10 200 -231.83 100.00
70 10 0 0.00 50.00
80 10 60 -61.79 30.00
90 10 90 -90.42 100.00
100 10 100 -100010 150.00
110 10 110 -111.89 175900
120 10 140 -147.38 150.00
130 10 120 -132.87 150.00
140 10 100 -117.94 175.00
150 10 CO -113.79 200.00
160 10 50 -67.53 200.00
170 10 0 0000 200.00
180 10 -100 144043 175.900
190 10 -120 170019 150.00
200 10 -150 202.60 125.00
210 10 -16c 202.30 90.00
220 10 -16P 188.70 60000
230 10 -160 177.15 30.00
240 10 -160 168.43 0.00
250 10 -160 162e75 -75.00
290 10 -150 150.16 -80000
270 10 -160. 160e75 -95.00
280 10 -165 169.91 -110.00
290 10 -150 161.91 -130.00
306 10 -140 162.28 0.00
310 10 120 -153.34 130.00
320 10 120 -173.81 130000
330 10 130 -219e23 130.00
340 10 120 -239.56 140.00
350 10 120 -278.49 150.00
360 10 150 -371945 170.00

25
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TELESCOPE CORRECTIONS FOR "A" 01/13/82
AZIMUTH ELEVATION. PA*COS(DEC) INPUT RA ERROR DEC ERROR
DEGREES DEGREES APCSECONBS ARCSECONOS ARCSECONDS

10 20 150 -530.54 190.00
20 20c 170 -444.51 200.00
30 20 190 -380.58 210.00
40 20 215 -349.51 215.00
50 20 230 -318.68 215.00
60 20 -5 6.14 10.00
70 20 -2 2.25 15.00
80 20 40 -42.31 25.00
90 20 75 -76.40 70.00

100 20 95 -°5*14 100.00
110 20 105 -105.31 100.00
120 20 120 -122.47 90.00
130 20 100 -105.24 125.00
140 20 75 -82.14 125.00
150 20 60 -68.64 150.00
160 20 20 -23.82 160.00
170 20 -10 12.26 150900
180 20 .- 55 68.14 1.45.00
190 20 -80 98.08 100.00
200 20 -125 148.89 95.00
210 20 -130 148.73 50.00
220 20 -110 142.37 30.00
230 20 -135 142.07 0.00
240 20 -140 142.89 -35.00
250 20 -135 135.40 -50.00
260 20 -130 130.20 -70.00
270 20 -140 142*61 -95.00
280 20 -145 153.37 -100.00
290 20 -135 151.81 -120.00
300 20 -125 153,54 -110.00
310 20 95 -131.63 110.00
320 20 105 -170.69 115.00
330 20 110 -220.34 110.00
340 20 105 -274e55 120.00
350 20 105 -571.38 130.00
360 20 120 -502.44 160.00 "-

27



TELESCOPE CORRECTIONS FOR "A" 01/13/82
AZIMUTH ELEVATION. RA*COS(DEC) INPUT RA ERROR DEC ERROR
DEGREES DEGREES ARCSFCONDS ARCSECONDS ARCSECONDS

10 3p 95 -58773 180.00
20 30 100 -334.94 195.00
30 30 130 -300.22 175.00
40 30 -107 191.56 -60.00
50 30 -95 126.53 -45.00
60 10 -55 71.43 -35.00
7C 30 -35 41.10 -33.00
80 30 15 -16.39 -25.00
90 30 25 -26.03 -10.00
100 30 30 -30.36 20.00
110 30 30 -30.02 15.00
1?0 30 40 -40.13 35.00
130 30 35 -35.61 40.00
140 30 35 -36.38 50.00
150 30 25 -26.63 60.00
160 d0 10 -10.90 60.00
170 30 -5 5.54 60.00
180 30 -30 33.43 50.00
190 30 -50 55.39 45.00
200 30 -70 76.30 40.00
210 30 -80 85.23 10.00
220 30 -75 77.96 0.00
230 30 -70 71.22 -25.00
240 30 -65 65.22 -38.00
250 30 -65 65.03 -65.00
260 30 -65 65.78 -75.00

270 30 -60 62.47 -95.00
280 30 -80 87.42 -90.00
290 30 -65 76031 -110.00
300 30 -70. 90.91 -125.00
310 30 -70 104.20 -140.00
320 30 -75 134.27 -150.00
330 30 150 -346.41 110.00
340 30 130 -435.42 115.00
350 30 125 -773.33 100.00
360 30 45 -675.85 110.00
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TFLFSCOPE COPRECTIONS FOR NAN 01/13/82
AZIMUTH ELEVATION. PAeCOS(D.C) INPUT RA ERROR DEC ERROR
rESREE' DEGREES ARCSECONDS ARCSECONDS ARCSECONDS

10 40 -95 541.93 -70.00
20 40 -105 357.13 -55.00
30 40 -100 239.82 -53.00
40 40 -88 164.70 -44.00
50 40 -90 140.22 -42.00
so 40 -55 74.63 -30.00
70 40 -40 48.91 -25.00
80 40 -15 16.98 -20.00
90 40 5 -5.35 -7.00

100 40 20 -20.64 -5.00
110 40 i5 -25.P5 10.00
120 40 30 -30.02 10.00
130 40 30 -30.04 25.00
140 40 30 -30.26 25.00
150 40 25 -25.48 30.00
160 40 10 -10.30 30.00
170 40 5 -5.19 30.00
180 40 0 0.00 30.00
190 40 -20 20.77 20.00
200 40 -30 30.91 20.00
210' 40 -40 40.77 3.00

220 40 -40 40.34 -15.00
230 40 -40 40.05 -30.00
240 40 -30 30.02 -42.00250 40 -40 40.40 -55.00

260 40 -20 2064 -70.000>
270 40 -30 32.13 -85.00
280 40 -30 33.95 -80.00
290 40 -30 36.68 -95.00
300 40 -30. 40.71 -110.00 1
310 40 -30 46.74 -130.00
320 40 -40 74.86 -130.00
330' 40 -30 71.95 -140*00
340 40 -35 119.04 -135.00
350 40 -30 171.14 -135.00
360 40 -40 371.43 -70.00

29
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TELESCOPE CORRECTIONS FOR A." 01/13/82
AZIMUTH ELEVATION RA*COS3(EC) INPUT RA ERROR DEC ERROR
DEGREES DEGREES ARCSECONOS ARCSECONDS ARCSECONDS

10 50 -55 180.17 -45.00

20 50 -65 174.66 -45.00
30 50 -65 141.85 -40.00
40 50 -60 109.17 -30.00
50 50 -60 93.97 -20.00
60 50 -45 62.45 -20*00
70 50 -30 37982 -20.00
80 50 -20 23.40 -15.00
90 50 3 -3.32 -5.00
100 50 10 -10.61 -3.00
110 50 20 -20.62 5.00
120 50 20 -20.26 2.00
130 50 20 -20.07 15.00
140 50 20 -20.00 15.00
150 50 20 -20.01 20.00
160 50 40 -40.11 15.00
170 50 2.n -20.10 15.00
180 50 20 -20.12 15.00
190 50 2 -2.01 10.00
200 50 -5 5.01 5.00
210 50 -10 10.01 -10.00
220 50 -10 10.00 -25.00
23O 50 -10 10.03 -30.00
240 50 -1.0 10*13 -40.00
250 50 -15 15.47 -50o00
260 50 -10 10.61 -60.00
270 50 -10 11.06 -60.00
280 50 -5 5.85 -75.00
290 50 0 0.00 -75o0e1
300 50 0.00 -80.00
31p 50 -5 7.83 -9000

320 50 -15 27.29 -95o00
330 50 -10 21.82 -90.00
340 50 -10 26.87 -90.00
350 50 -15 49.14 -70.00
360 50 -45 161.47 -50.00

30

r.-. _ i . ... _..... . .. .. . . .... T o : -... . . .. . .. . .... . . . ..



Fr
TrLESCOPE CORRCCTICNS FOR "A" P1/13/82
AZIKUTH ELEVATIOJ. RA'COS(DEC) TNPUT RA ERROR DEC ERROR
DEGQEES DEGkFES ARCSECONDS ARCSECONDS ARCSECONOS

10 60 -40 88.14 -40.00
20 60 -35 71.59 -40.00
30 60 -35 64.83 -30.00
4( 60 -33 58.36 -20.00
530 60 -30 45.28 -10.00
60 60 -30 41.43 -10.00
70 60 -20 25.60 -15.00
80 S0 -15 18.02 -12.00
90 60 3 -3.42 -5.00

i,6 -5 .48 -3.00
110 60 1. -15.95 2.00
120 60 1 -15.60 2.00
130 s0 15 -15.36 10.00
140 60 15. -15.21 10.00
150 60 30 -30.23 10.00
160 60 30 -30.13 10.00

170 60 45 -45.12 10.00
10 46 40 -4G.09 10.00
190 60 30 -30.08 5.00
200 60 10 -10.04 -5.00
210 A0 10 -10.08 -15.00
220 10 -10.14 -30.00
230 60 -10.24 -30.00
2bC bO 10 -10.40 -30.00
250) 60 1 -15.95 -45.00
260 60 15 -16.44 -50.00
270 60 15 -17.12 -55.00
280 60 15 -18.02 -60.00
2Q0 60 1 .  -19.20 -c5a00
300 60 1C -20.72 -60.00
310 60 15 -22.64 -70.0
320 60 10 -16.67 -75.00
330 60 5 -9.26 -70.00
340 60 2 -4.09 -6r.00
350 60 0 0.00 -60.00
360 60 -20 45.33 -45.00
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TELFSCOPE CORPECTIONS FOR "A" 01/13/82
AZI'UTH ELEVATION. RA*COS(DEC) INPUT RA ERROR DEC ERROR
DECRrS DEGREES ARCSECONDS ARCSECONDS ARCSECONDS

10 70 -20 5.Z2 -30.00
20 70 -20 32*62 -30.00
30 70 -20 32.29 -20.00
40 70 -20 29.77 -15.00

50 70 -15 21.17 -5.00
60 70 -15 20.09 -5*00
70 70 -10 12.75 -10.00
fQ0 70 -10 12019 -10,000

90 70 3 -3.52 -5.00
100 70 5 -5.68 -2.00
110 70 10 -11.05 1.00
170 70 10 -10.82 2.00
130 70 10 -10.63 5.00
140 70 10. -10.50 5*00
150 70 30 -31.22 5.00
160 70O 20 -? 0*69 Seca

176 70 20 -20.62 5.00
lee18 70 ?c -20o60 5e00
19O 70 20 -20*,62 5,000,
200 70 15 -15o52 -5e00

210 70 5 -5.20 -1000
230 70 5 -5.25 -15.00
230 70 5 -5.3 -20.00
240 70 S-'0.41. -20*00

250 70 25 -27.63 -40.00
260 70 20 -22.71 -40.00
270 70 10 -11.73 -40.0
280 70 ic -12.1q -45.00
29L 70 10 -12.75 -50.00
300 70 10 -13.39 -50.00
510 70 10 -14.1l -50.00
320 70 5 -7.44 -50.00
330 70 5 -7.82 -45.00
340 70 2 -3.26 -40.00
350 70 0 0.00 -30900
360 70 -1n 16.94 -40.00
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TELESCOPE CORRECTIONS FOR wA- 01113/82
AZIPUTH ELEVATION RA*COS(DEC) INPUT RA ERROR DEC ERROR
DEGRCES fEGPFS ARCSECONDS ARCSECONDS ARCSECONDS

10 80 -15 20r73 -2000

20 80 -10 13.70 -20.0030 80 -10 13.52 -10.00
40 80 -10 13.29 -10.00
50 80 -5 f.51 -3.00
60 .8 -0 6.37 -3.00
70 80 -5 6.24 -5.00
80 80 -5 6.10 -5.00
90 80 2 -2.39 -3.00
100 80 2 -P.35 0.00
110 80 5 -5.77 1.00
120 80 5 -5o69 1.00
130 80 5 -5.62 2.00
140 80 5 -5.56 2.00
150 80 15 -16.56 2.00
160 80 10 -100,8 2.00
170 80 10 -1C.94 2.00
10 80 10 -10.93 2.00
190 sO 10 -10o94 3.00
200 80 5 -5.49 -2.00
21C 80 2 -2921 -5.00
220 80 2 -2.22 -10,00I
230 80 ? -2.25 -10.00
240 P 0 2 -2.27 -10.00
250 80 10 -11.54 -20.00
2f0 80 10 -11.73 -20.00270 80 5 -5.98 -20.00
280 t0 5 -6.10 -20.00
29(l 80 5 -62 4 -25.00
300 80 5. -6.37 -25,00310 80 5 -S*51 -25.00
320 80 3 -3.99 -25.00
330' 80 0 0.00 -20.00
340 80 0 0.00 -20.00
350 10 0 0.00 -15.00
360 80 -5 6.93 -25.00
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TELESCIPF CORRECTIONS FOR "A" 61/13/82
AZIMUTH ELEVATION PA*COS(DEC) INPUT RA ERROR DEC ERROR
DEGRTES DEGREES, ARCSECONDS ARCSFCONDS ARCSECONDS

10 90 0 0,00 0.00
20 90 0 0.00 0.00
30 90 0 0.00 0.00
40 90 0 0.00 0.00
50 90 0 0.0 Doef
60 90 0 0.00 0.00
70 90 0 0.00 0o0
80 90 0 0.00 0.00
90 90 0 0.00 0.00

100 90 0 0o00 0.00
110 90 0 0.00 0.00
120 90 0 0.00 0.00
130 90 0 0.00 0.00
140 90 0o00 0.00
150 90 0 0.00 0O00
16C 9G 0 0.00 0o00
170 Q0 0 0.00 0.00
180 90 0 0.00 0.00
190 90 0 0.00 0.00
200 90 0 0.00 0.00
210 90 0 0.00 0.00
220 an 0 0.00 0.00
230 90 0 0.00 0.00
24a 90 0 oc0 0.00
250 90 0 0.00 0.00
260 90 0 0.00 0.00
270 90 0 0.00 0.00
280 90 0 0.00 0.00
290 qO n 0.00 0.00
300 n 000 0.00
31a 90 0 0.00 0.00
320 90 v 0.00 0.00
330 90 0 0.00 0.00
340 90 0 0.00 0.00
350 90 0 000 0.00
360 90 0 0.00 0.00

63

gI



I-I

DISK HEADER INFORMATION:
COPRECTIONI FROM "B" 9/28/81
DAY = 160/1982, TIME = 16:22:54, TELESCOPE ID 2 => B

AZIMUTH ELEVATION RA&COS(DEC) INPUT RA ERROR DEC ERROR
DEGREES DEGREES ARCSECONDS ARCSECONDS ARCSECONDS

10 10 -V'0 6q6923 190.00
20 10 -350 698.1 200.00
30 10 -400 674.56 210.00
40 10 -450 651.78 220.00
010 -500 638.9? 230*00

60 10 -200 231.83 10.00
7n in -30 32.38 -50.00
80 10 -25 2574 -70.00
90 10 0 0.00 -50.00100 10 18 -18.02 -10.00

110 10 66. -67.14 30,00
120 10 105 -110,53 80.00
130 10 130 -143.94 110.0
140 10 1 fl -188.70 130.00
150 1c 170 -214.94 160.00
160 10 180 -243.12 200.00
170 10 160 -226992 220.00
10 10 130 -187.76 230w00
190 1n 80 -113.46 250.00
200 10 50 -67.53 270900
210 10 -5c 63.22 220.00
220 10 -125 147.42 190.00
23C 10 -150 166.08 160.00
240 10 -2D0 210.54 140.00
250 10 -220 223.79 100.00

10 -240 240,25 60900
27C 1c -220 221o03 37.00
280 10 -200 205,95 16.00
290. 10 -175 188.90 0.00
300 10 -150 173.8b 100.00
310 10 -600 766.71 280.00
32C 10 -50C 724.20 280.00
330 10 -45P 758.88 270.00
340 10 -410 798.52 260o00
350 10 -400 928.31 240.00
360 10 -300 742.88 210.00

35 -t



CORRECTIONS FROM "E" 9/28/81
AZIMUTH ELEVATION. RA*COS(DEC) INPUT RA ERROR DEC EkROR
DEGREES 9EGRFES ARCSECONDS ARCSECONDS ARCSECONDS

10 20 -2,86 1011.5 6 158.00
p-0 20 -336 878.55 151.00
30 20 -389 779.19 158.00
40 20 -430 699.01 167.00
50 20 -48L 665.07 175.00
60 20 -30 36.r5 -q0.o0
70 20 -P5 28.11 -77.00
80 20 -19 20.10 -65.00
90 20 0 0.00 -39.00

1C0 2 c 23 -?3.j3 -11.00
110 20 54 -54.16 27.00
120 20 85 -86975 65.00
130 20 1.10 -115.76 105.00
140 20 135. -147.85 120.00
150 20 113 -129.28 14P,00
160 20 154 -1b3.43 177.00
-110 20 126 -154.47 191.00
180 ?0 98 -121.42 205.00
190 20 50 -61.30 227*00
200 20 3 -3.57 250.00
210 20 -48 54.91 208.00
220 20 -100 109.52 166.00
230 '0 -134 141.01 143.00
240 20 -169 172.48 120.00
250 20 -180 180.53 86.00
260 20 -192 1.92.29 53.00
270 20 -1.78 181.32 34.00
280 2C -165 174.53 14.00
290 20 -138 155.18 -1.00
300 20 -112 137.57 -16.00
310 20 -547 757.91 261.00
.*320 20 -477 775.42 250.00
330 20 -4nl5 811.24 231.00
340 20 -341 891.63 227.00

r 39G C -300 1061.08 206.000
360 20 -254 1063.49 178.00
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CORRECTIONS FROM "B" 9/28/81
AZIMUTH ELEVATION. RA*COS(nEC) INPUT RA ERROR DEC ERROR
E03EPEES DFGREES ARCSFCONOS ARCSECONDS ARCSECONDS

10 30 -250 1546o65 115o00
20 30 -304 1018.20 115e00
30 30 -10 23s09 -13000
40 30 26 -4655 -13000
50 30 -9 1340 -130.00
30 30 -11 1429 -108000
T70 30 -13 1527 185.00
10 30 60 -6309 -6100
90 30 12 -1249 -3700

170 30 25 -2530 -12.00
110 30 39 -3902 1400
120 30 61 -6120 5700
130 30 -2 -83.93 100000
140 30 93 -9667 11500
150 30 60 -63.92 13900
162 30 104 -11336 15500
170 30 -25 -10524 .72*00
250 30 58 -6463 17700
190 30 21 -326 181.00
200 30 -10 10.55 70,00
210 30 -40 4261 15500

329 50 -73 7588 -61000
230 30 -106 10785 12700
210 30 -122 12241 9800 0"
250 30 -138 13807 7200
260 30 -136 13763 5200
270 30 -135 140.55 33000
250 30 -12 133o32 1200:.290 30-110 129,18 -6,00
310 30 -8 .114*28 -21*00

31030-17 25,31 -37,00 -
320. 30 31 -55,50 -52,00
330 30 -371 856,78 218.00
340 30 -3n4 1018920 205900

5030 -200 2237932 160600 i
360 30 -225 3379.09 130.00
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CORrrCTIOKS FROM "R" 9/28181
6ZI.'tUTH ELEVATION RAeCOS(DEC) INPUT RA ERROR DEC ERROR
EGREES DEGREES ARCSECONDS ARCSECONDS ARCSECONDS

10 40 100 -570.46 -140.00
70 40 76 -258.50 -155.00

30 40 39 -93.53 -139000
40 40 17 -31.82 -121.00
50 40 -15 23.37 -114.00
0 40 -27 36°64 -108.00

70 40 -28 34.24 -90.00
80 40 -29 32.8P -73.00
so 40 -14 14.99 -51.00

100 40 0 0.00 -2f. 00
110 4C 13 -13.13 0.00
120 40 %7 -27,02 28.00
130 40 3 Q -39.05 56.00
140 40 5? -52.44 86.00
150 40 32 -32.62 104.00
160 40 69 -71.08 123.00
170 40 48 -49.84 135.00
180 40 .6 -27.07 145900
190 40 2 -2.08 142.00

200 40 -14 14.42 138.00
210 40 -35 35,67 128.00
213 40 -. 56.48 119.00
23 0 40 -73 73.10 100.00
240 40 - 1 91.07 81.00
250 40 -92 92.92 61.00
260 40 -92 94.95 41.00
270 40 -P2 P7.81 28.00
2.P0 40 -72 81.49 16.00
290 40 -5? 63.58 2.00
300 40 -32 ̂ 43.42 -12.00
310 40 2 -3.12 -26&00
320 40 35 -655.50 -41.00
336l 40 75 -179.87 -58.00
34G 40 117 -397.95 -66.00
350 40 150 -R55°70 -88.00
3F 0 40 100 -928.61 -100.00
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CORRECTIONS FROM "S" o/2RJA1
AZIMUTH ELEV T N. RA*COS(DEC) INPUT RA FRPOR DEC ERROR
DEGREES 3EGREES ARCSECONDS ARCSECONDS ARCSECONDS

10 50 86 -281.72 -109.00
20 5 0 47 -126.29 -110.0040 0 A -17.46 -112.00
4o 50 2 -3064 -101.00SC 50 -0 31.32 -90.00

50 -40 55.51 -91.00
70 50 -45 56.73 -74.00
80 50 -50 58.50 -62.0090 50 -35 38.69 -44.00

10n 50 -20 21.22 -27.00
11 0 -5 5.16 -11.00
120 5c 5 -5.06 6900
130 50 16 -16.06 28.00
140 50 p6 -26.00 50.00
150 50 5 -5.00 64.00
160 5c 39 -38.11+ 78.00170 50 ?6 -26.13 91.00
leO 50 14 -14.08 100.00 w190 50 G 0.00 110.0020 50 -15 15.04 110.00
210 50 -29 29.02 110.00
220 50 -40 40.01 95.00230 50 -52 52.18 79.00
240 50 -56 56.72 65.00
250 50 -60 61.87 50.00260 50 -64 67.89 34.00
270 50 -48 53.06 23.00
280 50 -32 37.44 10.00
290 50 -16 20.17 3.00300 !0 C 0.00 -4.00310 50 30 -46.98 -12.00
320 * 0 60 -109.17 -20.00
330 50 88 -192.04 -28.00
340 50 1C9 -292.90 -55.00
350 50 1i0 -425e86 -59.00
360 5n 108 -387.53 -84.00
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CORRECTIONS FROM "P q/28/81
AZIMUTH ELFVATION ° RA.COs(nFC) INPUT RA ERROR DEC ERROR

E . EREES DEGREES ARCSECONDS ARCSECOWOS ARCSECONDS

10 60 54 -118099 -7800

20 60 43 -87.95 -85.00

30 60 21 -38.90 -85.00

40 60 0 0000 -85.00

50 60 -4 6904 -85000

60 60 -12 16.57 -74.00

70 60 -24 30.72 -62.00

80 60 -30 36.04 -50000

90 60 -?5 28.53 -38000

100 60 -20 21.93 -25000

110 60 -15 15095 -12.00

120 60 -10 10.40 0000

130 60 -6 5.12 9.00

140 60 0 0000 19000

150 60 -2 202 28.00

160 60 . -8603 38000

170 60 11 -11.03 47.00

140 F0 2 -2.00 48900

190 60 -7 7.02 50.00

200 60 -15 15.06 52.00

210 60 -23 23.17 54.00

220 60 -20 ?9040 56,00

23 0 60 -4C 40.96 58.00

240 60 -41 42.64 50.00

250 60 -42 44.66 40.00

260 60 -40 43.85 30000

270 60 -26 2q.6 7 20.00
280 60 -14 16.P2 8.00

20 60 -2 2e56 4o00

' 30q 60 12 -16.57 -9o00

310 60 25 -37.73 -21.00

320 60 40 -66.70 -33900

" 330 60 52 -96.32 -45.00
340 1,0 f.4 -130.91 -55.00

' 350 60 76 -167.e6 -64.00

360 60 65 -147.32 -71.00
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CORRECTIONS FROM "B" 9/28/81
AZIMUTH ELEVATION. RA*COS(DEC) INPUT RA ERROR DEC ERROR
F3$REES DESpE$s ARCSECONDS ARCSECONDS ARCSECONDS

10 70 38 -63.74 -56.00
20 70 35 -57.09 -59.00
30 .70 25 -39.11 -58.00
4c 70 17 -25.30 -58.00
50 7C 8 -11.29 -58.00
60 70 0 0.00 -54.00
70 70 -4 so 10 -50.00
80 70 -8 9.76 -35.00
90 70 -12 14.08 -26o00

100 70 -11 12.49 -17.00
110 70 "9 9.95 -9.00
120 70 -7 7.57 0000 0
130 70 -5 5.32 6.00
140 70 -4 4.20 12.00
150 70 -7 7.28 17.00
160 70 0 0.00 23.00
170 70 -3 3.0 26.00
180 70 -6 6.18 28.00
190 70 -8 8.25 31.00
200 70 -12 12.41 34.00
210 70 -16 16.65 35.00
220 70 -19 19.95 36,00
230 70 -23. 24.46 35.00
24( 70 -26 28.12 34.00
250 70 -26 28.74 25.00
260 70 -25 28.39 15.00
270 70 -1B 21912 10.00
280 7p -11 1341. 4.00_
290 70 -5 6.37 0.00
300 70 0. 0*00 -800
310 70 10 -14.11 -15.00
320 70 20 -29.77 -23w00
330 70 28 -43.81 -31.00
340 70 -58.72 -39.00
350 70 44 -73.80 -50.00
360 70 41 -69.45 -53.00
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CORRECTIONS FROM HBO 9/28/81
AZIMUTH ELEVATION. RA*COS(DEC) INPUT RA ERROR DEC ERRORnESREES OEGREES ARCSECONDS ARCSECONOS ARCSECONDS

10 80 14 -19*35 -31.00
20 80 17 -23.29 -34.0030 80 14 -18o93 -37.0040 80 12 -15.95 -34.005 0 80 10 -13.03 -31.00
60 80 8 -10.20 -28.0070 RD 6 -7.48 -25.00
80 80 2 -2.44 -20.0090 80 0 000 -15.00

100 80 -1 1.17 -10.00110 80 -3 3.46 -5.00
120 80 -5 5.69 0.00130 80 -6 6.74 2.00
140 80 -7 7*78 4*00150 80 0 0.00 6.00160 80 -7 7.68 8.00170 80 -9 8.75 10.00
180 80 -9 9.84 12.00190 80 -9 9.85 14.00
200 80 -10 10.98 17.00210 80 -10 11.04 18.00220 80 -11 12923 19.00
230 80 -11 12.36 18.00240 A0 -11 12.51 17.00250 80 -12 13.84 12.00
260 80 -12 14.08 8.00270 80 -10 11.96 4.002P0 80 -8 9.76 0.00290 80 -6 7.48 -3.00
300 80 -3 3.82 -7,00310 80 0 0.00 -10.00
320 80 2 -2.66 -13.00
330 80 6 -8.11 -17.00340 80 8 -10.96 -21.00350 80 9 -12.44 -25.00360 80 in -13.86 -28.00
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CORRECTIONS FROM, "" 9/2R/81
PAZJUTH ELFVATION RA*CCS(')FC) INPUT RA fRROR DEC ERROR
DEGREES nEGREES ARCCFCONDS ARCSECONDS ARCSECONDS

10 90 0 000 0.00
20, 90 0 0.00 0.00
30 90 0 0.00 0.00
40 90 0 0.00 0.00
50 90 0 0.00 .O0
60 90 0 000 0O00
70 90 0 0.00 0.00
80 90 0 0.00 OCO
90 90 0 0.00 0.00
100 90 0 000 0.00
110 qO 0 0.00 0.00
120 90 0 0.00 0.00
130 90 0 0.00 0.00
140 90 0 0.00 0.00
150 90 0 0.00 0.00
10 90 0 0.00 Co0o
17C 9C 0 0.00 0o0
180 90 0 0.00 0.00
190 90 0 0.00 0-0.0
200 90 0 000 0.00
210 90 0 0.00 0.00
220 90 0 0.00 0.00
130 90 0 000 0.00
240 90 c 0.00 0.00
250 90 0 0.00 0.00
260 90 0 0.00 0.00
270 90 0 000 0.00
280 90 0 0.00 0.00"
2qO 90 0 000 0.10
300 90 0.00 0.00
310 90 0 0.00 0.00
320 90 0 0.00 .O0
330 90 0 00 000
340 90 0 ODO0 000
350 90 0 0.00 0.00
360 90 0 coc .o0
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