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ABSTRACT

The second GEODSS telescope has an improved drive system consisting of
a single DC drive motor on each axis. This arrangement should provide a
stable and reliable drive system for the telescope, which is driven by
incremental encoders. Measurements on the response of the telescope to
computer commanded rates were therefore taken. These measurements were
made via two computer programé; one sends rate commands to the telescope,
and the other monitors the resulting positions of the telescope. The results
of these measurements show that this telescope responds very accurately to
rate commands over the range of most interest to us: + 400 arc seconds per
second. Data is also presented on the performance of the telescope with the
Real-Time System. Specifically, the step and settle time of the telescope
over a 3.7 degree field is examined. That field corresponds to the overlapped
full field on the 14 inch telescope. A very satisfactory step and settle
time of approximately 2 seconds has been achieved by the telescope for that

case.
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INTRODUCTION

The reliable performance of the GEODSS telescope in response to computer
generated rate commands is important. That is, the mount should travel at or
near to the commanded rate and should not deviate significantly from it.
Measurements of these responses were therefore made. The discussion of the
method of measurement and of the data, which appears in Tables I and II,
comprises the Sections I and II.

A further performance measure of the telescope mount is its ability
to make a smooth transition between the rapid or 'slew' rate and the slower
(0 - 200 arc seconds per second) rates of telescope travel. Such a test is
readily available in the GEODSS Real-Time System software. The performance
of the mount in this case is therefore discussed in Sections III and IV, and
data on the Real-Time System performance of the telescope is presented in

Table III.




I. THE METHOD OF TELESCOPE RATE MEASUREMENT

These measurements were taken at rates of 0 to 400 arc seconds per
second by two concurrently running computer programs. One program sends out
rates to the telescope, and the other monitors the position of the telescope
20 times a second. All data was taken with the programs running on a stand-
alone basis in the MODCOMP IV computer so as to avoid the possibility of errors
in the timing of the measurements. The data was taken in September 1977.

The binary command code for the null or stopped rate of the telescope and -
the rate maxima on both axes were dynamically determined by the program to
insure the precision of the rate calculations. The rates are linearly spaced
between the null rate and the rate maxima. The null rate code and the maximum
rates can vary due to temperature, telescope balance and the current number of
cameras and auxiliary telescopes that must be driven by the mount. Dynamic
determination of these quantities controls for these factors. In any case,
the null rate code and the rate maxima are reasonably stable for this
telescope.

The telescope was then commanded to travel at rates from 0 to 400 arc
seconds per second in steps of 25 arc seconds per second, beginning with 25
arc seconds per second. The telescope was commanded to remain at each rate
for 10 seconds.

Initially, the telescope was positioned at the zenith. It next
traveled in the north and east directions because the positive rates were
tested first. When the signs of the rates were reversed, the telescope re-
turned roughly to the zenith. Both axes were driven simultaneously during

the entire experiment.



These measurements were therefore principally taken in the north and in
the east. They cover elevations ranging from 20 to 90 degrees. As data on
both directions on each axis shows the same behavior, the elevation angle
is clearly not a significant factor in the mount performance of this
telescope.

. The telescope positions were then differenced at intervals of one
second. The first second of data was discarded so as to exclude the effect
of acceleration. Because the telescope accelerates at a rate in the
vicinity of .5 degree per secondz, discarding one second of data should
completely eliminate the effect of a rate increase of 25 arc seconds per
second.

The remaining nine rates were then averaged so as to determine the
effective telescope rate over the interval. The standard deviation of the
rates was also computed to provide a measure of the typical error in the

rates. This deviation is of interest because the computer must maintain

as nearly constant a rate of the telescope as possible.




II. EXPLANATION OF THE TABLES OF RATE MEASUREMENTS

The rate measurement data is presented in two tables. The first table
shows a summary of the results obtained. The 'mean rate' is the average of the
9 rates obtained at each commanded rate; the nine rates were in turn computed
by the differencing of 9 seconds of data. The 'error' is the difference between
the mean telescope rate and the commanded rate.

Table II provides greater detail. The nine rates are tabulated, and
the standard deviation, the mean rate and the rate deviation are also
printed. The 'rate deviation' is the difference between the mean telescope

rate and the commanded rate.



III. TELESCOPE STEP AND SETTLE TIMES

One important measure of the effectiveness of the telescope drive
system for this application is the step and settle time of the telescope.
The minimizing of that time allows for significantly improved scan coverage
rates. Because the GEODSS project has as a major task the autonomous
search for satellites, minimizing telescope travel times between fields of
view of the telescope during such searches is important.

Equatorial scans are used to locate synchronous or near synchronous
satellites. 1In order to effectively cover the entire equatorial belt,
a wide field of view of the telescope coupled with minimum step and settle
times of the mount is needed. Therefore, for equatorial searches, some
sensitivity may be sacrificed for speed. That is, the 14 inch camera may be
used in place of the 31 inch one. The 14 inch camera has a 7 degree diagonal
field of view.

From the standpoint of the computer, use of the 14 inch telescope means

that the telescope mount must be driven 3 to 4 degrees between fields of view

instead of one degree as with the 31 inch telescope. The amount of overlap and

the rectangular shape of the field of view are the reason that the range

of 3 to 4 degrees is specified.

The use of a single DC motor to drive each axis of the mount allows for a

snooth transition between rapid telescope travel - that is, rates of 4 degrees

per second - and the slower rates. This smooth transition permits the use of
rzpid telescope travel between scan fields of view when the distance to be

traveled exceeds one degree.




The 4 degree per second rate is consequently used to cover the majority
of the distance between successive fields of view for the 14 inch telescope
scans. Once the telescope is reasonably close to the target location, the
slower rates are used so that the telescope will not overshoot. With this
arrangement, a step and settle time of approximately 2 seconds is achieved
by the telescope when traveling over a 3.7 degree distance; a 5-6 second
travel time is obtained over a 15 degree distance. The 15 degree distance
is the total distance in declination that the telescope must travel to cover
the equatorial belt. There is no overshoot of the telescope in either case.

Table III contains data on the telescope performance of an equatorial
scan pattern requiring the travel of the telescope over 3.7 and 15 degree

fields.



IV. EXPLANATION OF SCAN PATTERN DATA

Table III contains the time and telescope position in right ascension and
daclination for two scan lines in an equatorial scan. Travel along the line
consists of maintaining a fixed position in right ascension and stepping 3.7
dagrees in declination between successive fields of view. The stare time is
approximately 11-12 seconds for this case. In the table, redundant telescope
positions are not entered separately when the telescope is stopped for the
11-12 seconds of stare time in which the operator and the MTI devices search
for satellites.

The line length of the scan was specified as 15 degrees in declination.
The program controlling the scan currently returns to the beginning of the line
when one has finished. Thus, when the telescope moves to the next line, the
step/settle time increases due to the greater distance the mount must travel.

It should be noted that the right ascension position changes slightly
between steps along the declination axis. This motion is partly caused by the
tolerance set for the purpose of minimizing telescope travel time; the
telescope will attempt to complete its travel if it did not do so on the
last cycle. Also, this scan was specified about a fixed azimuth and elevation
rather than a right ascension and declination. Thus, as time progresses, the
right ascension will change slowly. This change in right ascension is, however,
not sufficient to interfere with the overlapping of successive fields of view.

One final phenomenon should be noted. In order to allow the same
software to run on both telescopes, rapid travel on one axis disallows slow
movement on the other axis. This arrangement reflects the multiple motors

in the first telescope drive system. The effect of this restriction may be




seen in the initially stationary right ascension position when the declination

axis begins moving very rapidly. The right ascension axis then moves slowly
once the declination axis reduces its speed. If this restriction were not
in force, the right ascension axis would have begun moving at the same time

as the declination one.



V. CONCLUSIONS

The telescope rate measurement data shows that the error in the mean rate
seldom exceeds two arc seconds per second and frequently is zero. A very
good response to rate commands is therefore produced by this telescope,
especially considering that there is a 1.5 arc second per second granularity
in the rates that the computer may send out to the telescope.

The standard deviation of the rates obtained varies between 0 and 7 arc
seconds per second. These deviations indicate the need for the software to
monitor the telescope frequently so as to reduce their size. This is, how-
ever, an expected phenomenon, and the variations are within a reasonable range.

The measurements on the second telescope rates therefore indicate that
the mount is responding accurately to rate commands in the region of prime
interest to us: + 400 arc seconds per second.

Further, the achievement of a two second telescope step and settle time
over a 3.7 degree field of view indicates that the single motor drive system
provides effective performance of the mount at a combination of fast and

slow rates.



TABLE I
TELESCOPE RESPONSE TO RIGHT ASCENSION RATE COMMANDS
COMMANDED VS ACTUAL RATES

UNITS ARE ARC SECONDS/SECOND

RATE DATA tE RRUR
400U =390.,9 )
375  =373.5 1.7
=350 -~348498 1.7
=325 =325.0 1.7
=300 -298e¢ 9 1.7
-275 =273¢5 l.7
-250  ~24b.5 1.7
=225 22304 let
=200 -198e¢% 1.7
=175 =173%.3 le7
~184Q -15u.0 0.0
=125 ~123eU -~0el
-1C0 -1lul.V Ue0
=79 =790 -0.,0
~&0 =5HUe U 0.0
-?5 =290 -Je0
a5 2040 V.U
50 SU.0 0.0
15 766 l.6
lou 1ol.7 1.7
125 12v.0 0,0
150 150.0 -0.,0
175 179.0 Ul.U
U 2LUel Ul
225 2250 -0e0
250 248 .3 -1.7
275 279.0 UeU
300 300.,0 -Ue0
35 32993 1.7
3H0 $50,0 De0
575 37309 «le.7
4“0 “OUQU -U.U
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TABLE I (Continued)

RATLE

=400
-375
'550
=325
=300
=279
=2%U
=225
=200
=TS
-150
-125
-1C0
=75
=50
=25
2%
0
75
100
12215
150
175
200
22¢
250
275
30u
325
35U
375
400U

DATK

=391
'572-0
=348.0
=32%.%
—2Y8.7
=277
=241l
=22% U
-198.7
=17%¢9
=140
-122-7
=YY 40
=74V
“48e7
=253
24 .7
4Fed
The?
1GU.0
1209
1507
17beU
1999
22045
250.U
27944
30Ue7
3zb.U
35U.7
374 .7
40uU.0
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TABLE II
. TELESCOPE RESPONSE TO RATE COMMANDS
COMMANGED RATES =400 ARC SECONDS/SELOND

RTIGHT ASCENSINN UATA OECLINATION DATA
MEAN KWATE=-398,.3 MEAN RATE=-397,9
RATE JEVIATIUNE 17 RATE LEVIATION= 2,7
sty DEvy= TS STO VEv= 3.8
R{GRT aSCENSTIrN RATIES UECLINATIQON RATES
44,4 -396.0
-489,.,9 ~4U02,0
-390,0 -390,0
~403,0 ~-402,0
'4U5-5 '396Q“
-389,7 -402,0
“4dY b -296,0
-39y, I} -396.,0
«-404,9 -396.0
COMMARNDNED RATE=S «3/2 AKC SECONDS/SECOND
RYGHT ASCENSTICIY AT VECLINATIGON DATA
MEARN RATF=<373,3 HEAN RAYE=-372,0
RATE DEVIPTIONZS  1e7 RATE DEVIATION= 3.0
1L LEV= o7 STu UEY= 4,0
KTGEHT aSCEMSTORN RATeS OECLANATION RATES
-5719,1 -366,0
~370,. 0 «~372,.,0
-374,9 -372,0
=375 1 -378,0
-374,9 «372,.0
-300,2 -366,0
«-374,.,9 «378,.,0
-373,1 «372,0
-374 .9 ~372,0

COMMANDEDLD KATE= <350 AKC SECONDS/SECOND

CRTILGRT ASCLENSION Dat1A OECLINATION DATA
MEDN RATE=-548,58 MmEAN RATE==-348,0
RATE EVIATIUN= 17 RATE DEVIATION= 2,0
ST DEv= 6.2 L STD DEv= 2.6
RTIGHT ASCENSIGW RATED OECLINATION RATES
-345,1 -342,0
-360,1 -354,0
-444 7 -248,0
-34hH ¢ 548, 0
-345,1 «-348,1
-345,1 ~-347 .0
-399,9 ' -348.0
-344,9 : «-348,0
-344,9 -348.0
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TABLE II (Continued)

COr'MANDED KATE=
RIFHYT pSCENSION UATA
ME RN RATE==323,3
RATE OEVIATION=
STL JEV: 7.5
KIGHT ASCENSION RATES
-350,0
-4814,9
-340,1
-315,0
-229,8
-330,0
=219, L
-330,1
-%15,0

1.7

CaMmpmhAnED FATE=
R1IGhT ¢ SCENST O UATH
JEAN PATE=Z=298,3
RATE NEVIATIUN=
S1uL UEV: 457
RIGHT FSCLENSIGN RATES
=299 ,9
-2499,9
-')ciq.‘j
-500,0
-299,.,9
=3u0,1
=300,.0
~2u) .2
-299,8

1.7

cnMmmannED RATE=
RIGHT rSCENSION UATA
MEANM RATE==273,3
RATE LEVIATION=
ST DEVE bed
RIGHT ASCEHSIQN RATES
-285,0
-27u,.1
-Z269,.,9
-269.9
-23%5,2
'26959
-269,9
-2/0,1
-270,1

1e7

=325 ARC St CONDS/SECOND
DECLINATION DATA
MEAN RATE=-323,95
RATE DEVIATION=
STu ODEvV= 3.4
DECLINATION KATES
-350,1
-324,0
'517.9
=324 ,u
'32400
-324,1
-4524,0
-323,9
'-516.0

=5UU ARC SECORDS/SECUNU
DECLINATION DATA
MmEAN RATE==-298,7
RATE UEVIATION=

ST UEJ= 2¢5
UECLINATION RATES

-4U0,0

-300,0

-294 .06

-340,0

-500,0

-300,0

=294 ,0

-300,0

-3U0,0

=272 ARC SELCOMNUS/SECOND
UECLINATION UDATA
MEAN RATE==272,7
RATE VLDEVIATION=
STU bkEv= 3.0
UECLINATION RATES
=276.0
-270,0
-270,0
-276,0
-270,0
-270,0
-276,0
-27000
-276.1

13
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TABLE II (Continued)

COMMANIIED KATE= =25U ARC SECONDS/SECONU

RTIHT /A3CENSION UATA OECLINATION DATA
MEAN RATE=-248.3 YMEAWN RATE=-247,.,3
RATE NEVIATION= 17 RATE OEVIATIUN= 2.7
ST DEV= TeH STO LEv= 2.5
RIGHT ASCENSICN RATES OECLINATION RATES
=295, -246,0
=240, =292,0
=294 ,9 -246,1
=240,2 -246,0
=-255,U0 =246, 0
-2359,9 =246,0
-295,2 -2592,0
-S4 ,9 -246,0
-239.9 =246,0

COMERANDED FATES =229 ARC St CONNS/SECOND

RIGHYT ASCENSIQON UATA LVECLINATIUN DATA
ME A RATE==225.4% MEAN RATE==224,0
FATE DEVIATIONS  1leb RATE UEVIATION= 1.0
STl DEVS W7 STD DEvV= 2.8
RIGHT ASCENSIUN KATES UECLINATION RATES
-2?9.2 =222,0
=225,0 -228,0
=225,.0 =222.0
=-210,2 =-222,U
=225,0 =-227.9
224 .9 -222,1
=229,0 =222,0
-229.1 -228,0
=229.0 -222,0

COrMMANDEL RPATE= =200 ARC SpCONDS/SECOND

RIGHT ASCENSION DATA UDECLINATION DATA
MEAN RATE==198,3 MEAN RATE=-198,7
RATE DEVIATIUNS= l1e7 RATE DEVIATION= 1.3
ST0 VeV be.d SfD LVEv= 1,9
REGHY ASCERSION KATED VECLINATION RATES
-19%,1 -198,1
-194,7 -197,9
-210,2 -198,0
-194,8 -1398,0
=1.9%:1 -198,0
=2U9,8 -2U4,0
=-195,1 -1986,.,0
=195,1 -198,0
-194,8 -198,0

14



TABLE II (Continued)

CulmanDRl KATE= =175 AKC SECOWDS/SECOND

KIGHT AsSCENSION OATa UECLINATION DATA
MERN RATE==173,3 MEAN RATE==173.35
KATE DEVIATIUN= 1.7 RATE DEVIATION= 1,7
STD JEv= 7.4 STD DEv= 1.9
R1GHT ASCENSTuiN RATES UCECLINATION KATES
=ibb.0 -173,9
=1&3,0 -174,0
-leb,1 =174,0
'1/9.9 '17“00
=1/9,.,% -168,0
=lebdee -1/4,0
-180,0 174,090
) “184,9 =174 .9
-150,2 -1/4,1

COUMANPDED FATE=Z =120 AKC SECONDS/SELOND

RIEGHT wSCERSION UDAIA VECLINATION DATA
ME AN RATE==1bU.U MEAN RATE=-148,0
KATE DEVIATIUAT Ul RATE DEVIATION= 2,0
STy VUFVY= U.1l S>STD UEV: 2-8
RIFCHT ASCENSION RATES DECLINATION RATES
=130,0 -150.0
=12U,0 -144,0
-150,.,0 -150,0
-149,8 -150,0
-19042 -150,0
=-150.0 =144 ,0
-150,.0G =1950,0
=-190,0 -190,0
-150,.0 =144 .0

CoMmhnpED PATES =129 AKC SECONUS/SELONU

RIGHT ASCENSLON TIATA DECLINATION DATA
MEAL KRATE==125.0 MEAN RATE=-122,7
RATE DevIATIUNS =060 RaTE DEVIATION= 2.3
5 STl UEv= 7.0 STL DEv= 3.0

RIGHT pSCENMSTION RATED UECLLINATION RATES
-149,2 -120,0
-113.,9 -126,0
-120,1 =120,0
-134,8 -126,0
=120.2 -120,0
“11Y,.H -126,0
=-120,¢ -120,0
-134,8 -120,0
-120,2 -126,0

15
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TABLE II (Continued)

COMMANDED RaTk= =100 ARC SECONDS/SELONU
RIGHT ASCERSTION DATA CECLINATION UATA
MEAOAR RATE=Z=100,0 MEAN RATE= =99,3

RKATE OEVIATIUNZ 0.0 RATE DEVIATION=
STL evy= 7.1 STL DEvV=
RIGHT £SCERSION KATES VECLINATION RATES

1022 -102,1
=104 .8 -Y6,0
=90,1 -102.0
-10H,0 -96,.0
-100,.,0 -102,0
-HYe7 -102.0
“1059,7 -Yb,0
=1d0.,0 -1b2,u
'VU.U -96.0

CUMMANDEU FATE= =79 AKC SECONDS/SELOND
RTiHT £SCENSION DATA BECLINATINN DATA
MEAT, RATE= =75.0 MEAN RATE= -74,0
RATE CEVIATIONS =060 RATE DEVIATION= 1,0

STL DEv= U,1l ST UEvVv= 2.8
RTIGHT ASCENSION RATES PECLINATION RATES
-/4.,9 -76,0
=75.1 -72.0
=751 ={le9
=75,0 -78,0
-7%,0 -72,0
-75,0 -72.0
-75).[' '78.0
-YUQU '72.0
=75.0 =12.0

CuAMANDED KATE=
RIGHT ASCLEMSIGIN UOATA
MEAN RATE= =HU0.0
RATE GEVIATION= 060

=5U ARC SECONDS/SECONU
DECLINATION DATA
MEAN RATE= -48.7
RATE DEVIATION= 1.3

STL Lkv= 7.0 STD ULv= 1,9
KTGHT ASCYrMSION RATLES VECLINATION RATES
=44 ,9 -448,0
-39 .Y9 44,0
-45,2 '4600
44,9 -48,0
=45,1 -48,0
=61 =54 ,uU
=44, -48,0
45,2 -“709
-§3.9 -“800

16



TABLE II (Continued)

COMMANMDED HATES=
Rl1ghY LSCENSION DATA
MFEAM RATE= =25,.,0
RATE NEVIATIONZS =040
S10 ukvs 7.2
RIGHT ASCENMSLICN RATEDS
-1({.8
3042
=30,2
=14,.9
-29.0
=30,2
-1"*.9
300
=-5040

CoMpPaM ED RATE=
FSCERSTION LATA
KATE= 25,0

RATr CEVIATIUNS
STU uUkvs 7.1
RICHT LSCeENSLION KETED

14,9

S0.2

3U.l

29 .t

1n.1

3J el

29,9

L5

30,2

RIGRT
[
Jel

Cuonb Aok} FATES
FSCENSTON DATA
HATE= 50,40

HATE UBEVIATIONS=
ST Lt vs 7.0
RTIGHT ASCENSINN RPTES

45,1

LS

99.8

4Here

o). 0

44 o8

Yi5ieia

60,0

44,9

RIGHT
ME A
De0

=22 ARC SECONDS/SECOND
ULCLINATION DATA
MEAN RATEz =23,%
RATE DEVIATIONS=
STU DEv= 1,9
UECLINATION RATES
-24,0
-2509
=24 ,0
-24.0
-2400
=24 ,0
=l8,0
-24,0
4,0

1.7

<2 ARC SECONUS/SELONU
DECLINATION DATA
MEAN RATE= 24,7
RATE UEVIATION= «0,3
STD DEv= 1.9
UDECLINATION RATES
24,0
24, U
24,0
24,0
30.0
24,
24 4 0
24,0
24,0

D0 AKC SECONDS/SELOND
DECLINATION DATA
MEAN RATE= 49,3

KATE DEVIATION= -0,7
oTU UEv= 245
DECLINATION RATES
48,0
47.9
o4,.1
47.9
48,0
48,0
o4,0
48,0
48,0

17




TABLE II (Continued)

cushphDey RATES /9 ARC SECONWDS/SECORD
R1GHT ASCENSION DaTa DECLINATION UATA
PEAR HATEZ 76,6 MEAN RATE= 74,7
RATE HEVIATION= le6 RATE DEVIATION= =0,3
S10 UEv= 4.8 STD VEv= 3.0
RIGHT ASCENSION RATES DECLINATION RATES
15 o 72,0
90,63 78,0
TSl 12,0
/9,0 18,0
7'4.& 72.0
79561 78,0
154,00 2.0
Hell 78,0
74,8 72.0

CoMMANLED kATE= 10U ARC SECONDS/SECOND

RIGHT £ SCENSLIOGN DATA DECLINATION UATA
MEAM kATE= 101,7 MEAN RATE= 100,0
ATt BEVIATTIOUNS 1.7 RATE DEVIATION= =0,U
S1C UVkv= 6.3 STU Ukv= 2.8
R1GHYT s£SCENSTON RATEDS OECLINATION RATES
LOn. 0 96,0
104 ,8 12,0
Yu.l 102,1
1U5,0 102,0
1u5.2 99,9
10561 102,1
9,7 102,0
105.2 96,0
165.0 102,0

ComMANTED RATE=  1¢5 ARC SECONDS/SECOND

RIGHT nSCENSICN UATA LECLINATION DATA
MEAN RATE= 12540 MEAN RATE= 129,3
KATE DEVIATIUNS Q.U RATE UEVIATION= 0.3
S1L utv=s 7.1 STD VEv= 3,4
RIGHT ASCENSICN RaTLS UECLINATION RATES
b 2 | 126,0
119.9 126,0
135,2 126.0
119.9 126,C
120,10 125,9
134 .9 126,0
120.1 120,0
119,9 132.0
135,1 120,0

18



TABLE II (Continued)

CoMManNNED RATE= 195U ARC SECONDS/SELOND

RIGHY ASCENSION UATA DECLINATION DATA
“"LAN KATE= 19U.U MEAN RATE= 150.7
HATEL CEVIATIUNZ =0.0 RATE DEVIATION= 0,7
STy JEV= Uel STLU Utys 1.9
R1GHT aSCULNSICN RATeS ULECLINATION RATES

149,.9 150,0
190,0 ' 150,0
150.0 150,0
150,0 1%0,0
149,949 150,0
. 150.2 150,0
' 149,.¢ 150.0
150,0 10,0
150,0 1%6,0

CorMpiMEL PATEZ 175 ARC SECONUS/ZSECOND

RICHT £SCENSLI(N Op1A UVECLINATION DATA
ML Al KATE= 175960 MEAN RATE= 176,0
ATk DEVIATION= (.0 KeTE VEVIATION= 1,0
STL EN= /.1 STD Utvy= 2,8
RICHT /SCENSICN H#pjes VECLEINATION KATES
1,651 1/4,0
1R0,0 180,.0
1db.0 174 ,u
164,9 17/4,0
180,40 180,0
1o0e2 174,0
lod ¢ 174,1
180,1 173.9
160.7 180,40

COsrfi by Tz 200 ARC SECONUS/ZSECOND

KIGHT LSCENSION UATA UVECLINATION DATA
. ME RN RATE= 200,0 MEAN RATE= 199,3
KATE CeVvIPTIONS (o0 RATE UEVIATION=S =0,7
STU LEv= 7.1 STLU UEy= 2.5

: KItHY £SCERSTIOR RATES DECLINATION RATES
lys.1 198,0
195,00 198.0
21,2 204 ,0
194 .7 198,.0
TR 198,0
209,86 198.0
195,10 204,90
210,0 196.0

194 .9 198.0




TABLE II (Continued)

COUuMANLEY FATE= 2295 ARC SECONDS/SECOND

RIGAHT # SLENSTGIy DATA OECLLINATION DATA
VIEND KATE= 22540 MEAN RATE= 22%.3
HATE DEVIETTIOUNS =060 RATE UDEVIATION= 0.3
S1t nEvs 0,1 STO UEv= 3.0
RIGHT ESCENMSINN RATES UECLLINATIQON RATES
PV ‘ 222,0
22%,2 228,0
225, 228,0
ccy .9 222 ,U
274 ,9 222 .U
25,2 228 ,0
225.0 222,0
224 ,9 228,0
24,9 228,0

COMMANDED FaTe= 22U ARC SECONDS/SECOND

RIHT ssCenSlutv CATA UECLINATION OATA
ME AN RATE= 248.3 MEAN RATE= 250,.0
RATE GEVIATIUNS =1e7 RATEL DEVIATIUN= =0.0
STU LEv= 74D STO LEv=s 2.8
RIGRT ASCELSINN KiTtd UECLIMATION RATES
2ul, 292.0
25516l 246 ,0
240,41 292,00
259, 252,1
204 ,.% 292,0
290,1 245,9
2095.0 22,0
259.0 246 ,0
23959 292 .0

COmMMANOED PATE= 270 ARC SETONUS/SECOND

RIGHT FSCENSIGN UATA UECLINATION DATA
MEBT RATE= 2756.U MEAN RATE= 275.3
RATE DEVIATIONS (o0 RATE DEVIATION= 0.3
S10 evs 760 STO DEv= 1.9
RIGHT ASCEMSICN RpTES UELLINATION RATES
211} 276,0
ce9,8 cl6,0
285,1 276.0
270.1 270 ,u
284 R 275,9
271,1 276.1
270,12 276,0
284, ¢ 275,.9
2fU4¢ 276,1
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TABLE II (Continued)

curMapobtl KATES
RIGRT ALCEMSION UJrTha
MLAN KRATE= SU0L O
MATE DEVIATIONS <00
STL 1Ey= 1U.1
RILHT ASCLI'SION RETES
29949
300 .2
A1na1
204 .6
315,2¢
2HU Y
299.,%
A0} 4 2
2I99,.%

CouvmAnGhy FATL=
HFSCeNSTION Ul A
RATE=Z 82543
DEVLIATIUNS =167
l.JLV: 7.4
ASCEMSTION RATES
Sl G|

L8]

5239

2Dl

23 Gt

ol o T O}

230,06

$3U.A

AN

RLI-ET
Mt sl
RATE
ST
RICHTY

Lo MpRNER FATRE=S
RIGHT ASCENSICN UATA
AL AN PATE= 5bU,LU
RATE DEvIATIUNE=
ST 'EVE o ek
RIGHT ASCENSIGN RATES
23162
A48 ,1
44 9
Ralio i P
2445 ,¢
44,9
2ot} .7
LR L
549,.1

el

3ul ARC SECONDS/SECOND

DECLINATION DATA

MEAN RATE=

300.,7

KATE DEVIATION=

STU UVEy=

Set

0.7

VECLINATION RATES

300,0
300,0
306,1
294 ,0
306,u
300,0
A00,0
300,0
300,0

beD ARC SECONDS/ZSECOND

CECLINATION DATA

MEAN HRATE=

326,0

RATE DEVIATION=

STL LEv=

2.8

1.0

VECLINATION KATES

524,10
324 ,0
524 ,0
330,0
324 ,0
324 ,0
350,1
324 ,0
330,40

50U ARC SECOMDS/SELCOND

DECLINATION DATA

MEAN RATE=

350.7

KATE ULEVIATION=Z

STLU LEvV=

3.0

U7

DECLINATION RATES

348,0
46,0
354,0
394,0
348,0
35"‘00
348,0
354,0
348.0

21




TABLE II (Continued)

CorManpEy FATRE= 375 ARC SECONOS/ZSECOND

RIGHT +SCEASTICN LATA UECLINATION DATA
MEAR ATE=S 373.3 MEAN RATE= 374.7
KATL DEVIATIONS =147 KATE UDEVIATIONS =0,3
STL VDEV=E 467 STu UEv= 3.0
RIGHY LSCEMNSION RoTEDS UELLINATION RATES
450, 9 372.u
$715.0 378,
3790 312,0
375.1 37z2.0
57,9 38,0
579, 376,0
1.0 312,00
STE5 A 372.0
dTh .0 s878.1

CovMMANMDED PATE= UV ARC SECOnDS/SECORD

RIGRT #SCehMSION URTA EECLINATION UATA
ME LN pATE= B0ULD “EAN RATE= 400,0
RATE CEVIATIONT =00 RATE DEVLATION= =0,0
STI LEvE  TeU ST UEV= 2.8
RIGHT #SCENSTION r/TES UDECLINATION RATES
4uyY,9 4uz2,0
4uy .9 4u2.9
349U ,.1 "‘UZOO
4UY4,9 396,u
s TN 4U2,0
404 ,9 59b00
B0y ,9 guz2,u
G, 396 ,0
4uh, U 402,0
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TABLE III

TELESCOPE SCAN PATTERN PERFORMANCE

OBSERVATION TIME RIGHT ASCENSION DECLINATION
259:03:07:01-14 22:18:22.99 -04:26.40
259:03:07:15 22:18:39.01 -02:14.10
259:03:07:16 22:18:40.99 -01:22.50
259:03:07:17-28 22:19:42.99 -01:20.40
259:03:07:29 22:19:42.99 01:00.30
259:03:07:30 22:20:09.98 02:21.30
259:03:07:31-42 22:20:11.02 02:23.60
259:03:07:43 22:20:11.02 04:45.60
259:03:07:44 22:20:29.01 06:05.99
259:03:07:45-56 22:20:29.01 06:08.10
259:03:07:57 22:20:29.01 08:29.10
259:03:07:58 22:20:45.00 09:50.70
259:03:07:59-08:10 22:20:45.00 09:52.90
(proceeding to new scan line)
259:03:08:11 22:14:09.99 07:32.10
259:03:08:12 22:08:52.99 03:34.10
259:03:08:13 22:08:52.99 -00:23.60
259:03:08:14 22:07:46.97 -03:39.10
259:03:08:15 22:04:39.02 -04:21.40
259:03:08:16-28 22:04:06.00 -04:26.90
259:03:08:29 22:03:55.00 -02:14.20
259:03:08:30 22:03:04.02 -01:23.20
259:03:08:31-42 22:03:02.99 -01:20.90
259:03:08:43 22:03:02.99 01:00.30
259:03:08:44 22:02:54.99 02:21.00
259:03:08:45-56 22:02:54.02 02:23.40
259:03:08:57 22:02:54.02 04:46.20
259:03:08:58 22:02:59.98 06:05.90
259:03:08:59-09:10 22:03:01.03 06:08.00
259:03:09:11 22:03:01.03 08:30.49
259:03:09:12 22:03:11.02 09:50.70
259:03:09:13-24 22:03:12.00 09:52.80
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