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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 programs; 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 
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vicinity of .5 degree  per second , 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.  In 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 

f:leld 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 

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

per second - and the slower rates.  This smooth transition permits the use of 

rapid 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 

declination 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 

degrees 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 

1L-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 

seep/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 

HATE    OATM      E.RHUH 

-HUO -5^0.5 1.7 
-47b -575.5 1.7 
-350 -3H&.6 1.7 
-42b -424.0 1.7 
-5C0 -296.5 1.7 
-27b -275.5 1.7 
-<J50 -2<+6.5 1.7 
-225 -226,H l.fa 
-200 -196.5 1.7 
-17b -175.5 1. 1 
-If 0 -150.0 0.0 
-125 -123.0 -0.0 
-1CU -1UO.0 0.0 
-7b -7b. 0 -0.0 
-50 -bO.O 0.0 
-25 -2b.0 -0.0 
2b 2o,0 0.0 
bO 50.0 0.0 
7b 76.fa l.fa 

10U 101.7 1,7 
125 12O.0 0.0 
lbO 150.0 -0.0 
175 17b. 0 0.0 
ki'O 20U.0 -O.G 
22b 223.0 -0,0 
250 246.5 -1.7 
27b 27b.0 0.0 
5P0 5 0 0.0 -0. 0 
3k 5 52-5.5 -1.7 
5 b 0 5b0.0 0.0 
57b 575.5 -1.7 
400 4()u . 0 -0.0 
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TABLE  I   (Continued) 

KAIL UAlfc t.rfKUK 

2.7 
3.0 
2.0 
1.7 
1.3 
2.3 
2.7 
1.0 
1.3 
1.7 
2.0 
2,5 
0.7 
1.0 
1.3 
1.7 

-0.3 
-J.7 
-0.3 
-0.0 

0.3 
0.7 
1.0 

-0.7 
0.3 

-0.0 
0.3 
0.7 
1.0 
0.7 

-0.3 
-u.o 

-40 U -3y7.3 

-375 -372.0 
-350 -34d.O 

-325 -323.3 

-300 -2y»3. 7 
-27b -27*!. / 
-2^0 -2'W.O 
-22b -224.0 
-2 0 0 -190,7 
-17b -17o.3 
-150 -mo. o 
-125 -122.7 
-100 -yy. J 
-75 -74.0 
-50 -40.7 
-25 -2^.3 
25 24.7 
5 0 4'J.5 
75 74.7 

lno 1LU.U 
12b 125.3 
15 0 150.7 
175 1 7b.U 
200 iyy.3 
225 225.3 
250 250.0 
275 275.3 
300 300,7 
325 32&.0 
350 350. 1 
375 374. 7 
400 40U.0 
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TABLE  II 

.TELESCOPE RESPONSE TO RATE COMMANDS 

COiV'iANtiEO   RATt=   -400 
RIGHT   ASCENSION   OAT A 

nfcAN   hATE=-596.3 
RATE   DEVIATIONS      1.7 

bit'   DEV =      7 . b 
HfGhT   "SCH-JSIrN   rtfTCS 

-404.9 
-589.9 
-390.0 
-405.0 
-4U5.3 
-369.7 
- 4 J 5 . I • 
-39U.il 
-404.9 

ARC SECONDS/SECOND 
DECLINATION DATA 
MEAN RATE=-397.3 

RAfE DEVIATIONS  2.7 
STL) OEV= 3.8 

DECLINATION RATES 
-396.0 
-402.0 
-390.0 
-402.0 
-396.0 
-402.0 
-3*6.0 
-396.0 
-396.0 

C0rtl".*>fW)E0 PATt= -5/D ARC St CONOS/SECONf) 
RTwHl ASCENSION DA\n 

iu<EAN KATK = -3?3.3 

RATfc DEVIATIONS  1.7 
S1L LiEV=  4.7 

KTGHT nSCENSIoN R/\TtS 
-3/5.1 
-37D.fi 
-374.9 
-375.1 
-374.9 
-360.2 
-374.9 
-375.1 
-374.9 

C.OMISANOEC i   1- <ATt = 
KIbhT ASLKWS10W DATA 

MEAN ,*ATF=-348, ,3 
KATl . DEVIATION i *"• 1.7 

STf DEV=  b. 2 
RIGHT ASCENSION RAILS 

-345.1 
-36 0.1 
-444.7 
-345.2 
-345,1 
-345.1 
-359.9 
-344.9 
-344.9 

-3t3U ARC 

DECLINATION DATA 
rtEAN RATE=-372.0 

MATE DEVIATIONS  3.0 
STb UEV=  4.0 

OECHivATION RATES 
-3b6.J 
-372.0 
-372.0 
-378.0 
-572.0 
-366.0 
-378.0 
-372,0 
-372.0 

SECONDS/SECOND 
DECLINATION DATA 
itEAN HATE = -348.0 

RATL DEVIATIONS  2.0 
STD DEV= 

DECLINATION 
-342.0 
-354.0 
-348.0 
-348.0 
-346.1 
-347.9 
-348.0 
-346.0 
-346.0 

2.6 
RATES 
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COHMANOtD 
KI»:HT   /-'SCENSION   DATA 

fim    RATE=-323.3 
RATh    DEVIATIONS      1. 

STL   OEV=      7.S 
RIGHT   ASCENSION   RATES 

-330,n 

TABLE  II   (Continued) 
RATE =   -32S   ARC   SECONDS/SECOND 

DECLINATION 

-,U4, 9 
-3 60 1 
-31b . 0 
-329 ,e 
-330 ,n 
-<15 .0 
-330 .1 
-31b . U 

DATA 
r,EAN RATF = -323.3 

RATE DEVIATIONS  1.7 
STU OEV = 3.4 

DECLINATION KATES 
-340.1 
-32H.0 
-317.9 
-32i*.o 
-3«J«*,0 
-32<+.l 
-321+.0 
-323.9 
-316.0 

CMhi'iANntO P/»rt= -_*>00 ARC SECONDS/SECOND 
Rlhhl /SCEMSIO* UATA 

/EAh RATh=-29ti.3 
KATt OcVIATION=  1.7 

STU DEV=  *»«7 
KTGMT ASCENSION RATES 

-299.9 
-^49.9 
-?d9.9 
- •3 0 0 . D 
-299.9 
-300.1 
- 3 0 0 . 0 
- 3 U 0 . 2 
-299.fi 

DECLINATION DATA 
hEAN RATE=-298.7 

RATE UEVIATlON=  1 
STU UEw — 2.5 

DECLINATION RATES 
-300. 0 
-300. 0 
-29*. Q 
-300. 0 
-300. 0 
-300. 0 
-29H. 0 
-300. u 
-300. 0 

COMMANDED PATE = 
RIGHT ASCENSION UATA 

f.EAN KAfE=-2/3.3 
RATE DEVIATIONS  1.7 

STU DEV=  t>»3 
RIGHT ASCENSION RATES 

-285.0 
-270.1 
-2b9.9 
-269.9 
-2*5,2 
-269.9 
-264.9 
-2/(1.1 
-270.1 

•2^3 ARC StCONUS/SECOND 
DECLINATION UATA 
"1EAN RATE = -272.7 

RATE UEVIATION=  2.3 
STD UEV = 3.0 

DECLINATION RATES 
-2 76. 0 
-270. 0 
-270. 0 
-2/6. 0 
-2/0. 0 
-2/0. 0 
-2/6. 0 
-270, 0 
-276. 1 
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TABLE  II   (Continued) 

COflflANDtO   f<ATE =   -^bU   AKC   SECONDS/SECOND 
KIbHT    ASCENSION   OAT/* 

MEAN   KATt=-246.3 
KATE   nEWlAHONs      i.7 

STL1   UEV =      7.4 
RIGHT    ASCENSION   RATES 

-255.C 
-24 0.1 
-2b4.9 
-240.2 
-2bb.O 
-239.9 
-255.2 
-*54.S 
-^39.9 

DECLINATION   UATA 
-iEAi\l   RATE=-247.3 

RATE   DEVIATIONS      2.7 
sru UEV= 2.5 

DECLINATION RATES 
-24b.0 
-252.0 
-24b.l 
-246.0 
-24b.0 
-24b.(j 
-2b2.0 
-24fa,u 
-24b.U 

COW.smitC   RATt-=   -22D   ARC   SLCONHS/SECONU 
RK-.H1    ASCENSION   U/ilA 

rtFAH   KATt=-22A.4 
MATE   nEVIAT I0l\j=      l.b 

STL    OEV=      4.7 
KJbHT   ASCENSION   RATtS 

-<;x5.2 
-225.0 
-22t>.[> 
-210.2 
-225.0 
-2^4.9 
-22b.U 
-225.1 
-225.0 

DECLINATION DATA 
MEAN RAT£=-224.0 

RATE DEVIATIONS  1.0 
STD DEV=  2.8 

DECLINATION RATES 
-222,0 
-226.0 
-222.0 
-222.0 
-227.9 
-222.1 
-222.0 
-226.0 
-222.0 

COflMANljEU   HATt.=   -200   AKC   SECONDS/SECOND 
KI(iHT    ASCENSION   DAI A 

MEAN   RATt=-lStt,3 
HATF    DEVIATIONS 

STf.    IJLV=      b.3 
HIGHT    ASCENSION   KA 

-.L95.1 
-194.7 
-210.2 
-194.P 
-195.1 
-209.6 
-195.1 
-195.1 
-194.H 

1.7 

Tfc S 

DECLINATION DATA 
MEAN KATE=-198,7 

RATE DEVIATIONS  1.3 
sro DEVS 1.9 

DECLINATION RATES 
-196,1 
-197,9 
-198.0 
-196.0 
-196.0 
-204.0 
-196.0 
-196.0 
-198.0 
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TABLE II   (Continued) 

CONPittNGtU   RATLs   -its   ARC   SECONDS/SECOND 
KTChT ASCtNSION DATw 

PEAN RATt=-173.3 
HATL DEVIATIONS  1.7 

STD UEVs  7.1 
RIGHT ASCENSION RATES 

-1 b b • 0 
-160.0 
-lbb.l 
-179.9 
-1fl.h 
-165.2 
-leo.o 
-lbl.9 
-1 T n. ? 

DECLINATION DATA 
MEAN RATE=-173.3 

KATE DEVIATIONS  1.7 
STD OEVs  1.9 

DECLINATION RATES 
-173.9 
-171.0 
-171.0 
-174.0 
-188.0 
-1/1.0 
-171.0 
-171.0 
-1/1.1 

CG^ANotO \  ATt= 
HIl-,H7 ASCENSION DATA 

ME AH KATE=-lbU.O 
NATE.  )EVlATIUi\,=  0.0 

S T I • i)FV=  U.l 
R1PHT ASCENSION RMtS 

-1 o 0 . 0 
- 1 O U . 0 
-lbO.O 
-119.A 

•  -ISO.2 
-lbO.O 
-lbo.O 
-I b 0 . 0 
-1 5 r,. o 

150 AKC StCONDS/SECOMJ 
DECLINATION DATA 
MEAN RATE=-118.0 

RATE DEVIATIONS  2.0 
STD DEV =  2.8 

DECLINATION RATES 
-lbO.O 
-111.0 
-lbO.O 
-lbO.O 
-150.0 
-1H1.0 
-lbO.H 
-lbO.O 
-111.0 

CUi"l»;Al\Ji)LD FATL = 
RIGHT ASCENSION DATA 

P.EAIv t<ATl=-12b.O 
KATt UtVlATION= -0.0 

ST I UtIV=  7.0 
RIGHT ASCENSION RATES 

-14b.2 
-119.9 
-120.1 
-131.6 
-1^0.2 
-119.A 
-1X0.2 
-131.8 
-1*0.2 

•l*b ARC SECONuS/SECOND 
DECLINATION DATA 
rtEAN KATE=-122.7 

RATE DEVIATIONS  2 
STD DEV =  3.0 

DECLINATION RATES 
-120.0 
-1*8.0 
-1*0.0 
-1*6.0 
-1*0.0 
-1*6.0 
-1*0.0 
-120.0 
-1*8.0 

15 



TABLE  II   (Continued) 

COMMANDED   RA1L =   -1UU   AHC   SECONOS/SECONU 

K1HHT   ASCENSION   DATA 
iv,TAfv    RATE=-100.0 

RATE   .Jtv/IAl 10N=      0.0 
STL    OEV =      7.1 

KIbhl    ASCENSION   KATES 
- ti)b.2 
-104 .6 

-4U.1 
-10b.0 
«10 5 . G 
-89,7 

-10 5.?? 
- 10 n . 0 

-40.(1 

DECLINATION   DATA 
MEAN   RATL=   -99.3 

RATE   L)EWIATI0N=      0.7 
STL)   DEV=      3.0 

DECLINATION   RATES 
-102.1 
-9b.o 

-102.0 
-9b.0 

-102.0 
-102.0 
-yb.o 

-102.U 
-96.0 

COMMANDED hAl«- = 
RTGHT ASCENSION DATA 

MEAT; KATE= -7b.(I 
RATt LJEV1ATIOIM= -0.0 

STL D£V=  0.1 
RIGHT ASCENSION RATLS 

-/4.9 
-7b.1 
-7b. 1 
-75,0 
-75.0 
-75.0 
-75.1 
-75.0 
-7s. 0 

f3   ARC SECONDS/StCOND 
DECLINATION DATA 
WEAN RATE= -74.0 

RATE DEVIATIONS  1.0 
STD DEV =  2.8 

DECLINATION RATES 
-7b. 0 
-72.0 
-71.9 
-76.0 
-72.0 
-72.0 
-78.0 
-72.0 
W2.0 

COMMANDED RATL= 
RIGHT ASCENSION DATA 

iu!LAIV RATES -bO.C 
RATE DEVIATIONS  0.0 
ML DE\/ =  f.O 

RICH1 ASCCNSICiN RAILS 
-44.9 
-ay.9 
-45.2 
-'+4 .9 
-45.1 
-t.i>.n 
- A H . t 

-45.2 
-oi.9 

•50 ARC SECONDS/SECOND 
DECLINATION DATA 
MEAN RATE= -48.7 

RATE DEVIATIONS  1.3 
STD DEV=  1.9 

DECLINATION RATES 
-48.0 
-4b. u 
-4b.0 
-4d.O 
-48.0 
-54.0 
-48.0 
-47.9 
-48.0 
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TABLE II   (Continued) 

CO "IMAIMhE-U   FATt=      -2b   AKC   SECONDS/SECOND 
Rlbhl    ASCENSION   DATA 

luF/U    RWTE=   -2b.0 
KATE    nEvIATION=   -0.0 

SI l»   ULV=      7.2 
RIGHT    ASC£WSif;N   RATEis 

-1H . 6 
-ill.? 
-30.2 
-m.9 
-29.fl 
-50.? 
-1H.9 
-30.n 
-30.ti 

DECLINATION DATA 
MEAN KATE= -25,6 

RATE DEVIATIONS  1.7 
STU OEV = 1.9 

DECLINATION RATES 
-2H.0 
-23.9 
-24.0 
-24.0 
-24.0 
-24.0 
-16.0 
-24.0 
-<:'+.0 

COrtMAMED   [ATE= 
RIGHT    / SCEI'SIniM   DAI A 

f*E.M   '<ATt=      25.0 
RATE   DEVIATIONS      0.0 

STl     Of.V =      7.1 
RIHH1    ASCENSION   KATEb 

14.9 
30.2 
5u . 0 
29.6 
lb.l 
3 0.0 

1 b. 0 
3 0.2 

^S AKC SECONUS/SECOND 
DECLINATION DATA 
MEAN RATE=  24.7 

RATE DEVIATION2 -0.3 
STD OEVr  1.9 

DECLINATION RATES 
2*,0 
24.0 
24.0 
24.0 
30.0 
24. 0 
24.0 
24.0 
24.0 

COMMANDED   HAlt= 
Rlbhl    / SCENSION   U/.TA 

MfcAI\    KATE=      50.0 
KATE   DEVIATIONS      0.0 

STf-   DE \/=      7.0 
KTGHT    ASCENSION   KMtS 

4h.l 
4b.1 
59.6 
Hb.2 
60 . (1 
44.H 
4b.? 
bO.O 
44.9 

•JO AKC SECONDS/SECOND 
DECLINATION DATA 
tviEAN RATE=  19.3 

KATE DEVIATION2 -0 
iTD UEV=  2.5 

DECLINATION RATES 
46.o 
47.9 
51.1 
47.9 
46.0 
48.0 
&4.0 
••8.0 
48.0 
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TABLE II (Continued) 

MIGHT ASCENSION DATA 
f.tAh! riA"rt=  7b. b 

KATF" DEVIATIONS  1.6 
SID DEV=  <+.6 

RIGHT ASCENSION RATtS 

40.1 
7b,(i 
/b.O 
7<+.b 
7b.1 
75.0 
7b.(i 

fb ARC SECONDS/SECOND 
DECLINATION DATA 
WEAN HATE=  7«+.7 

KATE DEVIATIONS -0.3 
STD UEV=  3.0 

DECLINATION RATES 
72.0 
78.0 
72.0 
76.0 
72.0 
76.0 
72.0 
78.0 
72.0 

CO.'JMANL.ED   RATt=      lOU   ARC   StCOMJS/SECOND 
RIGhT   fSCEN&lON   DATA 

Wfc Aiv   ;<ATt =   101.7 
*ATt   DEVIATIONS      1.7 

STD   UEVs      6.4 
RIGHT   nSCFNSION   KATES 

10 b . 0 
ion.8 
9u.l 

105.0 
105.2 
10b.1 
by.7 

10b.2 
105.0 

DECLINATION UATA 
MEAN RATE= 100.0 

RATL DEVIATIONS -0 
STD UEVs 2.8 

DECLINATION RATES 
96.o 

102.0 
102.1 
102.0 
9b.9 

102.1 
102.0 
96.0 

102.0 

COhMANLED f<ATE =  i23 ARC SECONDS/SECOND 
RIGHT ASCENSION DATA 

rtAT RATE = 12b. U 
HATE DEVIATION*  0.1 

STL UEVs  7.1 
RIoHT ASCENSION KATES 

120.1 
119.9 
13b.? 
119.9 
120.11 
1A4.9 
120.1 
119.9 
14b.3 

DECLINATION DATA 
rtEAN RATEs 125.3 

RATE DEVIATIONS  0.3 
STD DEVs  3.4 

DECLINATION RATES 
126.0 
126.0 
12fa.0 
126.C 
12b.9 
126.0 
120.0 
142.0 
120.0 
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TABLE XI. (Continued) 

CCWKAfYPUJ   "ATt- =      lbu   AKC   Sfc.CONOS/StCONO 
HIGH!    ASCENSION   DMA 

"lEAh    KATt =   lbU.U 
HATt    DEVIATIUN=   -(1.0 

S1U   jf:\/=     U.l 
HlbHT    MSCCNSK.N   KATtS 

149.9 
lbO.O 
1 b 0 . (1 
lbn.n 
149.9 
lbO.? 
149.% 
lbd.C 
1 bll.O 

INCLINATION   DATA 
MLAIM   KATE=   lb0.7 

HATE   DEVIATIONS      0.7 
STU   ULV= 1.9 

DECLINATION RATES 
ISO.O 
lbO.O 
lbO.O 
lbO.O 
lbO.O 
lbO.O 
lbO.O 
lbO.O 
lbfa.u 

COMHANr-tD   KAlts      1(5   AKC   SLCONIJS/SECOIMD 

HI< •HT    i sSCENSI< N Of 1 A 
•M Mf KAT L =   175. U 

r. ;M!L !.!tVlATIUiM = u. 
STL DEV=      '< ,1 

r»u ;ni   ; SCfc NSION 
165.1 
i« o. n 
1 d 0 , (J 

1^4.9 
1 8 IJ . 0 
1 a 0 .2 
lo4.t 
l y o, l 
lt>C.i? 

KA its 

DECLINATION DATA 
WE AIM   KAJL=   176.0 

KATE UtVlATlON=  1 
STD   ULv= 2.8 

UECL1NATION HATES 
1 '4.0 
i a o. o 
174.0 
1/4.0 
ItiU.O 
1 74.o 
174.1 
173.V 
lttO.U 

COflMAfcDtO   l'». R:      2UU    AHC    SKCOIMDS/SLCONU 

HJOHT    ASCENSION   DATA 
KtAf*    RATES   200.0 

KAIL   DLv/i/'TU>i\l=   -0.0 
STL   LEv/=      7.1 

Kl(,hT    fSCENSlON   KAltb 
l^b.l 
I9b.0 
d 1 0 . 2 
19M .7 

209.a 
J95.0 
210.0 
194.9 

DECLINATION DATA 
MEAN HATE= 199.3 

KHTE UEVIATI0N= -0.7 
sru ULV= 2.5 

DLCLINATION KATES 
i9a.o 
19a.o 
204.0 
198.0 
198.0 
198.0 
204.0 
198.0 
198.0 
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TABLE II   (Continued) 

COrtMANOtU   FATt=     22b   ARC   SECONDS/SECOND 
HH;>H1    / SLLKiSH'f".   DATA 

t'ltht-    RATF =    <^2b.O 
KAlf.   DtVIATlOu=   -0.0 

Sll    fJtV=      0.1 
lUCHl    /.SLKi/SinlM   K/TES 

^'+.9 
2?b.2 
225.0 
224.9 
224,9 
22b.2 
22o.P 
224.9 
P24.9 

DELLINAIICN   DATA 
IMEAIM   RATE =   225.3 

RATE   UEVIATION=      0.3 
STO OEV = 

DECLINATION 
222.0 
228.0 
228.0 
222.0 
222.0 
228.0 
222.0 
228.0 
228.0 

3.0 
RATES 

CUMrAKitU   FATts      2b0   AKL   SECONDS/SECOND 
KUiHT    / SLEhSU-H   UA1 A 

IS EAT    KATF=   248.3 
RATE   DEV1ATIONS   -1.7 

src ut-.\/=    /.b 
RlbHT    ASCENSION   KAlLSs 

2<Hl.(! 
2ob.l 
240.li 
25S.0 
2 54.9 
^-rO.l 
20b.0 
2^b.0 
259.9 

DECLINATION DATA 
MEAN RATE= 250.0 

RATE DEVIATI0N= -0.0 
STD DEV= 2.8 

DECLINATION RATES 
252.0 
246.0 
252.0 
252.1 
252.0 
245.9 
252.0 
246.0 
252.0 

COhhAfViOEU   HATt-r      2/=>   ARC    SECONDS/SECOND 
RlfcHl    /SCEf'SlOlM   DATA 

MEAN   RATES   275.0 
KATE   DEVIATIONS      0*0 

Sll'   VL\I-       /.0 
RIGHT   ASCEMSIf'N   K^TES 

2 7 U . 1 
2b9,e 
285.1 
270.3 
284.A 

270.3 
2 7 0.1 
2tf4.f 
270.2 

DECLINATION DATA 
MEAN RATE= 275.3 

RATt. DEVIATIONS  0,3 
STD DEV= 1.9 

UELLINATION KATES 
2/6.0 
*lb,0 
276.0 
270,u 
275.9 
276.1 
276.0 
275.9 
276.1 
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TABLE II   (Continued) 

CUf'MAKOtU   t,ATC =      300   ARC   SECONDS/SECOND 
RH.hT    AbCfcHSION   U/'TA 

,,L«h   K(Ht=   300.0 
<<ATt    0»:V/IATlO|\j=   -U.0 

STl     OEV =    1U.1 
HI ,HT    ASCtf'SION   KM Lb 

600.2 
313.1 
204.8 
31 b . 2 
?H4 ,9 
299.9 
<nn.? 
299.9 

DECLINATION DATA 
.IE AN KAf£= 300.7 

RATE DEVIATIONS  0, 
STO OEV=  3«4 

INCLINATION RATES 
300.0 
300.0 
30fa.l 
294.0 
306. u 
300.0 
300.0 
300.0 
300.0 

COi'lhANOtO   hAlts 
RlM'T    /.SCcNSlfiM   0/»1M 

MEM.   RATES   323.3 
RATE    DEVIATIONS   -1.7 

STl    iJEVs     7.4 
RK-HT   ASCEHSloN   KMES 

3i-:0 AKC SECONDS/SECOND 
DECLINATION DATA 
WtAN KATE= 326.0 

RATE DEVIATIONS  1.0 

31 *3, 
330, 
329, 
31b 
33C 
31b 
*30 
330 
314 

STG DE\/ = 2.8 
UECLINATION KATES 

324,0 
324.0 
324.0 
330.0 
324.0 
324.0 
330.1 
324.0 
330.0 

COrlANPED PATEs sou   ARC SECONDS/SECOND 
KltHT ASCENSION DATA 

ritAf M0Tt= dbU.U 
RATE DEVIATIONS  CO 

STD lL\/=  f'l 
RIGHT ASCENSION HATE'S 

3 o 0 . 2 
64b. 1 
344." 
3bH,4 
?4h,2 
344.9 
3b0.? 
344.7 
54b. 1 

DECLINATION DATA 
i-i£AN RATE= 3b0.7 

RATE DEVIATIONS  0, 
ciTD DEV=  3.0 

DECLIIMATIUN RHTES 
348.0 
34b.0 
3b4.0 
3b4.0 
348.0 
3b4.0 
348.0 
3b4.0 
348.0 
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TABLE II (Continued) 

CWlMANOfcU   PATts      3/0   AFC   SECOMJS/SECONU 
KK-.HT    rSCh.\iSl(>   IJMM 

i"iLAT.   il/Ut:   376.3 
kATL   DEVIATIONS   -1.7 

bU    t)EV=      4.7 
RJGhl    t.SCEWSlOW   N*.Te;b 

'ib <.'.<> 

3/b.n 
37t>.U 
3 7b.] 
5/4.^ 

«7tJ.C< 
.v/h.o 
5/5.1 
3 / b . 0 

ULCLIIMATlcr-i   DATA 
,viE.A|\|   KAT£=   374.7 

KATE   DEVIATIONS   -0.3 
STL)   DEV =      3.0 

DECLINATION   RATES 
3/2. U 
370. (; 
3/2.0 
3/2.0 
3/a.U 
376.0 
3/2,0 
3/2.0 
3/8.1 

COMMANDED  f->ATt- = 
HH.hT    /.SCcr-iSIOlNi   UP1A 

r E M i   K'»7 K =   4 0 u . 0 
RAlf    DEVIATIONS   -0.1) 

STI    l/F.V=      7.0 
HIGH!    ASCENSION   K* Its 

t)U 4 . 9 
4 0 4 • 9 
3^0.1 
L+OH.9 

39U.1 
404 ,9 
4 OH , 9 
59U.2 

4 u b . 0 

HOO   AKC   SLCOKOS/SECO^D 

DECLINATION   DATA 
ftE'AN   RATE=   100.0 

HATL   DEVIATIONS   -0.0 
6TU UEV= 2.8 

DECLINATION KATLS 
402.0 
40^.0 
402. 0 
396.u 
402.0 
396.0 
402.0 
396.0 
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 
259:03:07:15 22:18:39.01 
259:03:07:16 22:18:40.99 
259:03:07:17-28 22:19:42.99 
259:03:07:29 22:19:42.99 
259:03:07:30 22:20:09.98 
259:03:07:31-42 22:20:11.02 
259:03:07:43 22:20:11.02 
259:03:07:44 22:20:29.01 
259:03:07:45-56 22:20:29.01 
259:03:07:57 22:20:29.01 
259:03:07:58 22:20:45.00 
259:03:07:59-08:10 22:20:45.00 
(proceeding to new scan line) 
259:03:08:11 22:14:09.99 
259:03:08:12 22:08:52.99 
259:03:08:13 22:08:52.99 
259:03:08:14 22:07:46.97 
259:03:08:15 22:04:39.02 
259:03:08:16-28 22:04:06.00 
259:03:08:29 22:03:55.00 
259:03:08:30 22:03:04.02 
259:03:08:31-42 22:03:02.99 
259:03:08:43 22:03:02.99 
259:03:08:44 22:02:54.99 
259:03:08:45-56 22:02:54.02 
259:03:08:57 22:02:54.02 
259:03:08:58 22:02:59.98 
259:03:08:59-09:10 22:03:01.03 
259:03:09:11 22:03:01.03 
259:03:09:12 22:03:11.02 
259:03:09:13-24 22:03:12.00 

-04:26.40 
-02:14.10 
-01:22.50 
-01:20.40 
01:00.30 
02:21.30 
02:23.60 
04:45.60 
06:05.99 
06:08.10 
08:29.10 
09:50.70 
09:52.90 

07:32.10 
03:34.10 
-00:23.60 
-03:39.10 
-04:21.40 
-04:26.90 
-02:14.20 
-01:23.20 
-01:20.90 
01:00.30 
02:21.00 
02:23.40 
04:46.20 
06:05.90 
06:08.00 
08:30.49 
09:50.70 
09:52.80 
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