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ABSTRACT 

At the IAF Congress in Stockholm in 1960, J. Kowalevsky 
urged that osculating elements of satellite orbits be determined 
for individual station passages. This implied determinations from 
short arcs.  The present investigation shows that, with the ex
ception of the semi-major axis, the elements of the orbit of Echo I 
can indeed be determined from a rcs  with a half-arc length of lh.4 
to 4h to the same accuracy as from conventional 1-day arcs.  
Several such determinations over an interval as short as 30 hours 
reveal deviations from gravitational behavior. Using 1-day arcs, 
such deviations can be readily found only from determinations 
spanning a longer interval. 
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THE USE OF SHORT ARCS IN ORBIT DETERMINATION 

by 
Hans G .  Hertz 

Goddard Space Flight Center 

INTRODUCTION 

Most determinations of satellite orbits involve differential corrections based on observations 
over a period of a day or more. Such differential corrections then lead to the values of osculating 
elements, integration constants, o r  other appropriate quantities to be associated with an epoch 
which is usually near the middle of the period covered by the observations. It is customary to say 
that the observations of such a period form an arc. 

If it were not for the presence of forces not considered in a theory the values of the integration 
constants of the theory obtained from determinations for different periods or a r c s  would have to 
be consistent among themselves and the values of the osculating elements from such determinations 
would have to be compatible with those indicated by the theory. Any significant deviations would 
then be ascribed to the effect of forces not included in the theory. 

At the International Astronautical Federation Congress in Stockholm in 1960, J. Kowalevsky 
urged that determinations of osculating elements be made from observations of a single station 
pass. This means that for one determination the observations over only a short period-say, a few 
minutes-would be used, and the osculating elements would be determined from short arcs  
rather than from arcs  of one or more days'  length. 

If this is feasible it would be equally feasible to determine the integration constants from such 
short arcs .  This report deals with some results of determinations of integration constants from 
short a r c s  without insisting that the observations be all from one station passage. 

The observations used were Baker-Nunn observations. 

OBSERVATIONS 

The Baker-Nunn observations used were 475 observations of Echo I during the period 1960 
August 12 through 1960 August 31. Without using any rigorous procedure this period was divided 
into elementary intervals which appeared to be separated by gaps in the observations, a process 
subject to some arbitrariness. There is always an observation at the beginning and end of such 
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an interval. The elementary intervals a r e  given in Table 1. The quantities given a r e  the serial 
numbers and times of the first and last observation of the interval, the number of observations 
contained in the interval and the number of duplicate observations; and the length of the interval. 

Arcs were then formed by taking one or several consecutive intervals. All possible a r c s  
were formed such that at least 16 observations were included in the arc and that the a r c  length 
did not exceed 24. hours. The resulting 563 a r c s  a r e  listed in Table 2. 

The first two columns give the epoch of the middle of the arc, the first column giving the 
Julian date of the midnight of the day of the middle of the a r c  and the second column giving the 
number of seconds from this midnight to the epoch. Column 3 gives the half-arc length in seconds. 
In columns 4 and 5 the serial  numbers of the first and last observations in the a r c  are shown. 
The numbers of the observations and of the duplicates are listed in columns 6 and 7. Finally, 
column 8 contains the ser ia l  number of the arc.  The same a r c  was listed under numbers 99 and 
100 erroneously. An a r c  of nearly 12h half-arc length, with serial number 466 was accidentally 
excluded from further discussion. 

DIFFERENTIAL CORRECTIONS 

There a r e  95 a rc s  with a half-arc length less  than 4 hours (14,400 seconds). For each of 
these 95 a rc s  a differential correction was made, based on the observations contained in the arc. 

The a r c  middles are all in the interval August 12-17. This indicates adec rease  in the fre
quency of the observations after August 17 since the observations cover the period from August 
12-31. Right ascensions and declinations were given weights consistent with the sums of the 
squares of the residuals. The unknowns solved for were the constant terms s l ,  sz, s,, s,, s,, 
and S ,  of the Brouwer expressions (Reference 1)for the osculating elements a ,  e ,  I, R ,  W ,  and M , 
with t = 0 corresponding to the middle of the arc.  Alternately, the Si may be considered to be 
the values of the secular portions, using Brouwer's theory, of a ,  e, I, R ,w , and M at the time of 
the middle of the arc.  In the absence of forces not considered by Brouwer, the quantities s, , s,, and 

S, should be constant; and S4, S, , and S, should be linear functions of the time, except for the 
effects of observational errors .  

No quadratic t e rms  in the mean anomalies were introduced. The earth parameters used in 
these solutions are shown in Table 3. The parameters a r e  the equatorial radius R of the earth 
and the constants k, kz, A,, ,k4, A,, . The last four constants occur in the expression 

used by Brouwer. The constant k is given by 

g k2  
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Observations with residuals C O S  6 O a  and A8 larger than O y l O  were not used in the solutions. 

The values obtained for the Si  are shown in Table 4a. The serial numbers appearing in 
Table 2 appear in column 15 of Table 4a. Each a r c  has been assigned an orbit number (shown in 
column 2). The epoch t is given in column 1, expressed in hours from the arbitrarily chosen point 

1960 August 17, Oh atomic time (Al)  = J.D. 2437163.5. 

The half-arc lengths are given in column 3 and the values of SI to S, in columns 4 to 9. 

Information concerning the accuracy of the representation of the observations of the 95 a rc s  
is also given in Table 4a. The tenth column lists the number of observations used in the solutions. 
The resulting weights pa and pg in a and 8 and the probable e r r o r s  E ,  and e g  of a residual 
C O S  bAa and A8 respectively are shown in columns 11 to 14. The weights P, and pS have been 
determined such that their sum is equal to 2.00. 

The data in Table 4a show that the rejection limit of 0:lO was too high. A lowering of the 
limit will probably, i f  anything, further the case of short arcs.  A still better procedure would 
have been to base the rejection limits on the probable e r r o r s  of representation. 

Table 5a shows, in an arrangement similar to that of Table 4a, the probable e r r o r s  of the 
values of the si. Those for S, and S, (the constant terms of (1) and M ) ,  a r e  rather high due to 
the small eccentricity of the orbit of Echo I. 

In order to compare the results obtained for the short a r c s  with those obtained from longer 
arcs, five a rc s  with half-arc lengths of 12 hours each have been differentially corrected. In view 
of the greater lengths of these arcs,  Brouwer’s theory has been modified to include a term SI ,  r2, 

7 = 0 .01  t, in the mean anomaly. The values of S i ( i  = 1, 2 ,  3 ,  4 ,  5, 6 ,  18) are given in Table 4b 
which, in addition, contains the values of t for the epochs and the orbit numbers 182 to 186 as
signed to these arcs.  Also given is information on the accuracy of representation of the obser
vations in the five arcs.  Table 4b is arranged similarly to Table 4a except that no half-arc lengths 
and no serial numbers of the arcs a r e  given. Finally, Table 5b contains the probable e r r o r s  of the 
elements of Table 4b, the arrangement being similar to that of Table 5a with the half-arc lengths 
and a r c  serial  numbers being omitted. 

The probable e r r o r s  of Table 5a have been plotted in Figures la-f. The plots show the ex
pected increase of the probable e r r o r s  with decreasing half-arc lengths. Another increase would 
be expected with increasing half-arc length if the quadratic terms continue to be omitted. This 
increase, if it materializes, would take place for half-arc lengths in excess of four hours. The 
graphs imply that it would be reasonable to res t r ic t  oneself to a rc s  with half-arc lengths above 
6000” = lh.4. 

While it is not intended to present a detailed analysis of the orbital behavior of Echo I during 
the 20-day period under discussion some discussion would be appropriate. Qf the 95 a r c s  of 
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Table 4a whose half-arc lengths are all less than 4 hours, 68 have half-arc lengths of more than 
lh.4. For these 68 arcs some of the material of Table 4a is repeated in Table 6a. In addition to 
the values of the S i ,  the values of the quantities m, &, and A M ,  defined by 

= S, - (242042552 - 0012859169 t) (3) 

Ow = S, - ( 18022185 + O"2340887 t )  (4) 

AM = S, - ( 87318963 + 182?59437816 t )  (5) 

a r e  listed. It will be more convenient to analyze these quantities rather than s4, s5, and s, . 
The six quantities sl, s,, S 3 ,  OR, Ow, and OM are plotted versus t in Figures 2a-f. For 

each of them representations of the form 

yo + y l t  + y272, 7 = 0 . 0 1  t (6) 

were found using all but the f i rs t  four and last four orbits of Table 6a and by putting y, = 0 .  The 
results are given in Table 7 under solution I. The residuals 6a, 6 e  , 61, 6R, 6 ~ ,and 6~ are listed 
in Table 8a and are plotted in Figures 3a-f. The 68 orbits a r e  indicated in Tables 4a, 5a by 
asterisks. Orbits not used in the solution are indicated in Tables 4a, 5a by underlining the aster
isks and in Tables 6a and 8a by the symbol 0 .  The 68 orbits would, however, hardly constitute a 
proper selection for an orbital study since there a r e  many overlaps and since there is a multiple 
coverage. The analysis was made because the solutions were available. 

The interval covered by the epochs of the 68 a r c s  is the interval from t = -47h56 to 
t = -16h15. A simple coverage of this interval may be obtained from the eight orbits found in 
Table 6b for which data correspond to that of Table 6a. These a r c s  form an acceptable set  for 
studying the orbital behavior of Echo I during the interval referred to above. 

The six quantities %, S, , S 3 ,  AQ, b,and AM a r e  plotted versus t in Figures 4a-f. Again, 
representations of the form, 

yo + y l t  + y 2 r 2 ,  7 = 0.01 t , (7) 

with 7, = 0 ,  were made for these six quantities. The solution which is based on the first seven 
orbits of Table 6b appears in Table 7 under solution 11. The residuals &a, 6e,  61, 6R, 6 ~ ,and 6~ 
a r e  listed in Table 8b and a r e  plotted in Figures 5a-f. The eight orbits of Table 6b a r e  indicated 
in Tables 4a, 5a by the symbol +; the orbit not being used is indicated by additional underlining. 
In Tables 6b and 8b this orbit is indicated by the symbol 0. 

Although according to Table 1the observations cover the period from August 12-31, their 
frequencies show such a decrease that no acceptable arc could be formed whose middle occurs 
after August 17, a few days after launch. In order to gain an idea of the orbital behavior after 
that date the minimum requirement of 16 observations in an a r c  has been dropped. A set  of 21 
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a r c s  could then be found whose epochs cover a period of about 6 days. Of these, 11 did not appear 
in Tables 4a, 5a. They a r e  listed in corresponding Tables 4c, 5c. The material for the 21 a r c s  
is summarized in Table 6c which corresponds to Table 6a. 

The six quantities s l ,  s z ,  sJ,an ,h , and AM are plotted versus t in Figures 6a-f. For each 
of these six quantities a representation of the form 

yo t y l t  t y 2 T 2 ,  T = 0.01 t (8) 

was determined with 7 ,  = o in the case of S,, S,, S, and An. All orbits of Table 6c except 9 orbits 

marked by the symbol o were used in the solution which appears under Solution UI in Table 7. 

The residuals ba,  Se, SI, 8 0 ,  8~ , and bM are listed in Table 8c and are plotted in Figures 7a-f. 

In Figures 8a-f the same residuals a r e  shown, only for the orbits used in the solution, thus appear


ing on a more advantageous scale. The 2 1  orbits of Table 6c a r e  indicated in Tables 4a, 4c, 5a, 

5c by the symbol A ; the nine orbits not being used are indicated by additional underlining. In 

Tables 6c and 8c the nine orbits a r e  indicated by the symbol 0. 


COMPARISON OF RESULTS OBTAINED F R O M  S H O R T  A N D  LONG ARCS 

In Tables 9a and 9b comparison data for the results from the short and long a rc s  a r e  given. 
The data listed in Table 9a a r e  the mean values of the probable e r r o r s  of the six S, ( i  = 1, . . ., 6 ) ,  

the minimum and maximum values, the range, and the mean of the minimum and maximum values. 
In Table 9b similar data a r e  given for the probable e r r o r s  of an observation in right ascension 
and declination respectively. The short a r c  data a r e  those for the 68 a rc s  of Table 6a whereas 
the long a rc  data refer to the five a rc s  of Table 4b. A larger sample for the long a r c s  is not 
available presently due to lack of time and personnel. 

The data indicate that in all cases except for S, (the semi-major axis), the largest and 
smallest probable e r r o r s  occur in the case of the short arcs.  The mean of the minimum and 
maximum values differ considerably from the arithmetic means of the probable e r r o r s  in the 
case of the short arcs,  but only slightly in case of the long arcs.  The mean of the minimum and 
maximum values a r e  larger in case of the short arcs  than in case of the long arcs, but for the 
arithmetic means the situation is reversed, except for S, . These facts indicate an asymmetric 
distribution, a preponderance of the smaller probable e r r o r s  among the short arcs.  TO establish 
this point more firmly a larger number of long a r c s  should be analyzed. 

The fact that these results apply to the probable e r r o r s  of representation in right ascension 
and declination is plausible, since shorter a r c s  can usually be better fitted. The important fact 

is that they also apply to the probable e r r o r s  of the si, except for s,. This means that all ele
ments, except for s, , can be determined from short a r c s  with the same degree of accuracy as 
from the longer arcs .  The reason may be that the mathematical model used here (Brouwer's 
theory), becomes less  adequate for longer arcs of Echo I due to the existence of non-gravitational 
influences. The smaller accuracy of the determination of s, in shorter arcs, on the other hand, 
is plausible, since the semi-major axis is practically determined from the mean motion, which in 
turn is obtained more accurately from longer arcs .  
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The deviation from gravitational behavior can be recognized from an analysis of the elements 
of short arcs .  The data in Table 7 show that the analyses of the 68 orbits of Table 6a, the 8 orbits 
of Table 6b, and the 21 orbits of Table 6c, all indicate significant values of rates of changes for 
the semi-major axis and the eccentricity, which are consistent among each other. The epochs 
cover a range of 28, 30, and 95 hours respectively. Setting aside the analysis of the 68 orbits 
which, as was pointed out, is based on an unrealistic sample; we find that it is possible to obtain 
an indication of deviation from gravitational behavior from short a r c s  over a period as short as 
30 hours. It is not clear that the same could be possible with an analysis of one-day a r c s  over 
such a short period. R. Bryant of GSFC has obtained the following values for the rates  of change 

da 
-dt = -0,000009megameters per hour , 

de_ dt - ~0.000024per hour 

from an analysis of elements covering a range of 42 days. These a r e  i n  acceptable agreement 
with the data in Table 7 resulting in additional confidence in the method of short arcs.  

The fact that according to Table 7 there a r e  significant values for  the values of the linear 
terms in ACl, h, and AM does not necessarily have a physical significance. It primarily means 
that the linear expressions subtracted from S, , S 5 ,  and S, in the formation of LQ,A,:,and OM 

have not been completely adjusted such as to generate values of ACl , Ar,,, and AM free from linear 
terms in t. We shall not investigate here whether the linear ra tes  of change in S, , s5 ,  and s ,  
resulting from the analyses of ACl, Ow, and AM a r e  consistent with the gravitational values. 

The residuals C O S  bAa and AS versus the mean anomalies for the observations of all 2 1  
orbits of Table 6c a r e  shown in Figures 9a-u and loa-u. For comparison purposes the 
residuals for the observations used in deriving the elements of the long a r c s  of 
Table 4b, Le., for orbits 182 to 186, a r e  shown in,Figures l l a - e  and 12a-e. The minimum and 
maximum values and the range for M for the observations considered but not necessarily used 
for each orbit a r e  shown in Table 10a for above 21 orbits and in Table 10b for the five long a rc s  
of Table 4b. The range in M for the long arcs, is, on the average, greater than that for the 21 
orbits, which are short arcs.  However, the maximum value among the ranges of the short a r c s  
falls only 5" short of the maximum for the long arcs.  It seems possible to achieve approximately 
the same spread around the orbit for short a r c s  and long a rc s  alike. 

The nine orbits not used in solution 111a r e  indicated in Table 10a by asterisks. They were 
omitted because they showed large residuals. The data in Table 10a indicate that the ranges in 
M a r e  not small for these orbits compared with those for  the orbits retained. The smallest range 
in Table 10a belongs to an orbit retained whereas the second largest range belongs to an orbit 
excluded. Further investigations will be necessary to determine whether the rejections a r e  
actually justified o r  not. On the other hand, i f  for instance, orbit 131 were retained, then there 
would be a jump of 0.0020 in S, between t = -48h.48 and -46h.79 and one of 0.0019 between 
t = -46h.79 and -44h.49. This jump is according to Table 5a about 15 times the probable e r ro r  
of s, for this orbit. R. Bryant has pointed out that there is no physical model which would explain 
such a jump. 
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CONCLUSIONS 

The results seem to indicate that determinations of elements from short arcs of about lh.4 
to 4h half-arc length need not be less  accurate than those from longer arcs and that the deter
minations from the short arcs, in addition, offer the advantage of finer resolution. The success 
of the use of short arcs, however, is dependent on the availability of a sufficient number of 
observations. 
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Table 1 

Distribution of Observations in  Elementary Intervals.  


Date Date 
Ser .  1960 Int. Ser .  1960 
No. Aug. Time Range N Dupl. Min No. Aug.-

Int. 
T imeRange  N Dupl. Min.- 

09h45 m- 09h58m 3 13 

10 22 - 10 27 6 5 

12 29 - 12 40 9 11 

14 02 - 14 08 8 6 

14 39 - 14 48 3 9 

16 03 - 16 12 7 9 

22 06 - 22 35 6 29 

00 12 - 00 15 3 3 

0 1  57 - 02 02 6 5 

02 19 - 02 19 3 1 

10h55m - 10h58m
1 - 3 12 

4 - 4 12 16 54 - 16 54 

5 - 7 12 21  04 - 21  5 

8 - 13 12 22 39 - 23 12 

1 4  - 16 13 00 44 - 00 53 

17 - 1 9  13 0 1  18  - 0 1  19 

20 - 21 13 07 12 - 07 22 

22 - 25 13 09 19 - 09 29 

26 - 28 13 20 46 - 20 46 

29 - 31 14 02 4 1  - 02 45 

32 - 34 14 03 03 - 03 03 

35 - 39 14 04 49 - 04 53 

40 - 42 14 08 36 - 08 39 

43 - 45 14 09 08 - 09 12 

46 - 48 14 10 07 - 10 19 

49 - 51 14 14 24 - 14 25 

52 - 64 14 22 28 - 22 29 

65 - 81 15 00 00 - 00 19 

82 - 86 15 00 34 - 00 35 

87 - 96 15 02 14 - 02 25 

97 - 100 15 04 33 - 04 47 

101 - 1 0 5  15 06 05 - 06 17 

106 - 111 15 06 28 - 06 34 

112 - 121  15 08 13 - 08 21  

122 - 1 3 2  15 08 40 - 08 51  

3 3 133-135 15 

1 1 136-141 15 

3 1 142-150 15 

6 33 151-158 15 

3 9 159-161 15 

3 1 162-168 15 

2 10 169-174 15 

4 10 175-177 16 

3 1 178-183 16 

3 4 184-186 16 

3 1 187-188 16 

3 2 4 189-194 16 

3 3 195-204 16 

3 4 205-216 16 

3 12 217-221 16 

3 1 222-228 16 

5 8 1 229-247 16 

17 19 248-250 16 

5 1 251-253 16 

10 11 254-257 17 

4 14 258-260 17 

5 12 261-266 17 

6 6 267-269 17 

10 8 270-272 17 

11 11 273-274 17 

04 05 - 04 06 2 1 

04 24 - 04 26 6 2 

05 47 - 05 57 10 10 

06 04 - 06 15 12 11 

07 56 - 08 02 5 6 

08 12 - 08 20 7 8 

09 22 - 09 38 19 16 

21 44 - 21 45 3 1 

23 49 - 23 51  3 2 

0 1  31 - 01 42 4 11 

05 47 - 05 55 3 8 

07 29 - 08 01 6 32 

09 12 - 09 12 3 1 

09 57 - 09 57 3 1 

10 13 - 10 15 2 2 

142 0122 10 
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Table 1(continued) 

275-276 17 11 48 - 11 53 

277-279 17 13 56 - 14 03 3 7 348-348 20 20 17 - 20 17 1 1 

280-282 17 21 22 - 21 24 3 2 349-351 21  00 28 - 00 30 3 2 

283-289 18 0 1  16 - 0 1  23 2 5 7 352-354 21  02 35 - 02 36 3 1 

290-290 18 03 20 - 03 20 1 1 355-357 21  02 59 - 03 05 3 6 

291-295 18 05 24 - 05 24 1 4 1 358-360 21  04 39 - 04 42 3 3 

296-297 18 05 28 - 05 34 2 6 361-363 21 08 44 - 08 44 3 1 

298-302 18 07 15 - 07 45 5 30 364-366 21  14 36 - 14 40 3 4 

303-303 18 09 18 - 09 18 1 1 367-367 22 01  47 - 0 1  47 1 1 

304-306 18 09 58 - 09 59 3 1 368-370 22 04 17 - 04 20 3 3 

307-309 18 11 26 - 11 33 3 7 371-373 22 06 09 - 06 15 3 6 

310-312 18 15 02 - 15 06 3 4 374-374 22 08 06 - 08 06 1 1 

313-313 18 15 34 - 15 34 1 1 375-376 22 08 17 - 08 23 2 6 

314-316 18 21 00 - 21 01  3 1 377-379 22 14 05 - 14 18 3 13 

317-319 18 23 06 - 23 08 3 2 380-382 22 21  38 - 21 40 3 2 

320-322 19 00 48 - 00 58 3 10 383-385 22 23 44 - 23 49 3 5 

323-325 19 02 51  - 03 06 3 15 386-386 23 01  52 - 01 52 1 1 

326-328 19 05 01 - 05 09 3 8 387-389 23 02 14 - 02 20 3 6 

329-331 19 06 53 - 06 57 3 4 390-392 23 03 56 - 03 57 3 1 

332-334 19 07 09 - 07 23 3 14 393-395 23 07 48 - 07 53 3 5 

335-337 19 14 42 - 14 43 3 1 396-398 23 11 40 - 11 52 3 12 

338-338 19 20 38 - 20 38 1 1 399-401 23 13 44 - 13 58 3 14 

339-341 20 00 30 - 00 38 3 8 402-403 23 21  17 - 21 17 2 1 

342-344 20 04 45 - 04 48 3 3 404-406 23 23 22 - 23 24 3 2 

Date Date 
Ser .  1960 Int . Ser .  1960 Tnt. 
No. Aug. Time Range~-

I Dupl. Min. - No. Aug. T i m e  Range N Dupl. Min. 
h m  h mh m  h m  2 5 345-347 20 06 49 - 06 54 3 5 

-
6 1  9 62 0 
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Table 1(continued) 

Date 
Ser . 1960 Int. 
No.- Aug . Time Range N - Dupl. Min.-

407-409 24 
h h m0 1  28 - 0 1  35 3 7 

410-4 12 24 03 30 - 03 35 3 5 

413-415 24 09 33 - 09 38 3 5 

416-4 18 24 13 29 - 13 37 3 8 

419 -421 24 19 4 1  - 19 48 3 7 

422-423 24 20 55 - 20 55 2 1 

424-426 24 23 0 1  - 23 02 3 1 

427-427 25 01  06 - 0 1  06 1 1 

428-430 25 20 32 - 20 37 3 5 

431-433 25 22 38 - 22 40 3 2 

4 34-4 35 26 03 09 - 03 11 2 2 

436-438 26 04 40 - 04 40 3 1 

439 -44 1 26 14 49 - 14 52 3 3 

442-442 26 20 11 - 20 11 1 1 

443-443 27 02 14 - 02 14 1 1 

444-446 27 21  54 - 21  55 3 1 

447-449 27 23 59 - 23 59 3 1 

450-452 28 01  44 - 01 5 1  3 7 

453-454 28 23 35 - 23 38 2 3 

455-457 29 01  18  - 0 1  24 3 6 

45 8-46 0 29 19 50 - 20 05 3 15 

461-463 29 21  09 - 21  14  3 5 

464-464 29 23 16 - 23 16 1 1 

465-467 30 00 59 - 0 1  03 3 4 

468-469 30 0 1  47 - 0 1  51  2 4 

470-472 30 22 54 - 22 55 3 1 

473-475 3 1  20 26 - 20 27 3 1 

69 0 
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Table 2 

Arcs with Half-arc Lengths of less than lZh .  

Seconds 
past oh 

for Half- Ser. no. No. ofmiddle arc of obs. 
J D  of arc length Beg. End Obs. Dupl.-

2 4 3 7 1 5 8 6 5 0  
2437158 .50  

64440' 
6 5 2 2 0  

25140' 
2 5 9 2 0  

1 
1 

16 
1 9  

1 6  
1 9  

0 
0 

2 4 3 7 1 5 8 6 5 0  7 5 9 9 0  1 5 1 5 0  4 1 9  1 6  0 
2 4 3 7 1 5 8 4 5 ' )  7 6 1 1 0  3 6 8 1 0  1 2 1  2 1  0 
2 4 3 7 1 5 8 6 5 0  7 9 9 2 0  4 0 6 2 0  1 25  2 5  0 
2437159651)  
2 4 3 7 1 5 9 . 5 0  

4 8 0  
4 2 9 0  

2 6 0 4 0  
2 9 8 5 0  

4 
4 

21 
25 

17 
22  

0 
0 

2 4 3 7 1 5 9 6 5 0  7 5 8 0  1 8 5 4 0  5 2 1  17 0 
2 4 3 7 1 5 9 6 5 0  .11790 2 2 3 5 0  5 25  2 1  0 
2 4 3 7 1 5 9 6 4 0  1 4 6 4 0  1 9 5 0 0  8 25 1 8  0 
2 4 3 7 1 5 9 6 5 0  3 2 1 0 0  4 2 6 6 0  5 2 8  2 4  0 
2437159 .50  3 4 9 5 0  3 9 8 1 0  8 2 8  2 1  0 
2 4 3  715 9  5 0 6 4 9 5  0 3 9 0 3 0  2 0  3 9  1 8  2 
2437159 .50  6 8 7 6 0  3 5 2 2 0  22 3 9  1 6  2 
2437159 .50  7 5 5 4 0  4 2 0 0 0  22 4 2  1 9  2 
2437159 .50  7 6 5 3 0  4 2 9 9 0  22  45  2 2  2 
2 4 3 7 1 6 0 . 5 ~  1 0 7 4 0  2 2 3 8 0  2 6  45 1 8  2 
2437160 .50  1 2 7 5 0  2 4 3 9 0  2 6  4 8  2 1  2 
2437160 .50  2 3 4 0 0  1 3 7 4 0  2 9  4 8  1 8  2 
2 4 3 7 1 6 0 6 5 0  3 0 7 8 0  2 1 1 2 0  2 9  5 1  2 1  2 
2437160 .50  3 1 L  4 0  2 0 4 6 0  32 5 1  1 8  2 
2437160 .50  4 5 5 0 0  3 5 6 4 0  2 9  6 4  2 6  1 0  
2437160 .50  4 5 5 6 0  3 4 9 8 0  32  6 4  2 3  10 
2437160 .50  4 8 6 0 0  3 8 9 4 0  2 9  8 1  4 3  1 0  
2 4 3 7 1 6 0 6 5 0  49C80  3 9 4 2 0  2 9  86  4 8  1 0  
2437160 .50  4 9 1 4 0  3 1 8 0 0  35 6 4  2 0  1 0  
2437160 .50  4 9 2 6 0  3 8 2 8 0  32 8 1  4 0  1 0  
2437160 .50  4 9 7 4 0  3 8 7 6 0  32 86  4 5  1 0  
2 4 3 7 1 6 0 6 5 3  5 2 3 8 0  4 2 7 2 0  2 9  9 6  5 8  10 
2 4 3 7 1 6 0 6 5 3  5 2 4 4 0  3 5 1 0 0  35  8 1  37  1 0  
2 4 3 7 1 6 0 6 5 3  5 2 9 2 0  3 5 5 8 0  35  8 6  4 2  10 
2 4 3 7 1 6 0 6 5 3  5 3 0 4 0  4 2 0 6 0  32  96  55  1 0  
2 4 3 7 1 6 0 6 5 3  5 5 9 5 0  2 4 9 9 0  4 0  6 4  17 0 
2 4 3 7 1 6 0 6 5 3  5 6 2 2 0  3 8 8 8 0  35  9 6  5 2  10 
2437160 .53  5 9 2 5 0  2 8 2 9 0  4 0  8 1  3 4  8 
2 4 3 7 1 6 0 6 5 0  5 9 7 3 0  2 8 7 7 0  4 0  86  3 9  8 
2 4 3 7 1 6 0 6 5 0  6 0 2 1 0  2 7 3 3 0  4 3  8 1  3 1  8 
2437160 .50  6 0 4 8 0  4 3 1 4 0  3 5  100 5 6  10 
2 4 3 7 1 6 0 6 5 0  6 0 6 9 0  2 7 8 1 0  4 3  86 '  3 6  8 
2 4 3 7 1 6 0 6 5 0  6 1 9 8 0  2 5 5 6 0  4 6  8 1  2 8  8 

Ser . 
No. 

64 
1 0 5  

6 5  
182 
2 6 4  
1 0 6  
1 8 3  

66  
1 0 7  

6 7  
1 8 4  
1 0 8  
1 0 9  

68  
110 

1 8 5  
111 
1 8 6  
1 1 2  
1 8 7  
1 1 3  
2 6 5  
1 8 8  
3 3 3  
39  0 
114 
2 6 6  
3 3 4  
4 3  8 
1 8 9  
2 6 7  
3 9 1  

6 9  
335 
115 
1 9 0  

7 0  
3 9 2  
1 1 6  

35 
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J D-

2437160 .50  
2437160.56' 
2 4 3 7 1 6 0 . 5 Q  
2437160 .50  
2 4 3  7 16 0 0  5 0 
2437160 .50  
2 4 3 7 1 6 0 0 5 0  
2437160 .50  
2437160 .50  
2 4 3 7 1 6 0 . 5 0  
2437160 .50  
2 4 3  7 1 6 0  5 0 
2437160 .56  
2 4 3 7 1 6 0 . 5 0  
2 4 3 7 1 6 0  5? 
2437160 .50  
2 437i  6 0  .5 3 
2 4 3 7 1 6 0  5 3  
2 4 3 7 1 6 0 0 5 3  
2 4 3 7 1 6 0 .  5 3  
2 4 3  7 160 a 5 'I 
2437160 .52  
2 4 3 7 1  6 0  5 3 
2 4 3  7 16 0  5 3 
2437160 .50  
2437160 .50  
2 4 3 7 1 6 0 . 5 0  
2437160 .50  
2437160 .50  
2 4 3 7 1 6 1  0 5 0  
2 4 3 7 1 6  1 5'7 
2 4 3 7 1 6 1  5 0  
2 4 3 7 1 6 1 . 5 0  
2 4 3 7 1 6 1  50  
2437161 .50  
2 4 3 7 1 6 1 .  30  
2 4 3 7 1 6 1  30 
2437161 .50  
2 4 3 7 1 6 1  50  
2437161 .50  
2 4 3 7 1 6  1 .5 0  
2 4 3  7 16 1 5 0 

Table 2 (continued) 

Seconds 
past  oh 

f o r  Half - Ser .  no. No. ofmiddle a r c  of obs.  Ser  . 
--

62460' 26040' 46  86 3 5  8 7 1  
6 3 0 3 0  3 2 0 7 0  4 0  96 4 9  8 2 6 8  
6 3 9 9 0  3 1 1 1 0  4 3  96 4 6  8 1 9 1  
6 5 7 6 0  2 9 3 4 0  46  96 4 3  8 1 1 7  
6 7 2 9 0  3 6 3 3 0  4 0  100 5 3  8 3 3 6  
6 8 ;  5 0  3 5 3 7 0  4 3  100 5 0  8 2 6 9  
6 9 6 9 0  178  50  4 9  8 1  2 5  8 13 
6 9 9 9 0  3 9 0 3 0  4 0  1 0 5  5 8  8 3 9 3  
7 0 0 2 0  3 3 6 0 0  46  1 0 0  47 8 1 9 2  
7 0 1 7 0  1 8 3 3 0  4 9  86 30  8 36  
7 0 5 0 0  3 9 5 4 0  4 0  111 6 4  8 4 3  9 
7 0 9 5 0  3 8 0 7 0  4 3  1 0 5  5 5  8 3 3 7  
7 1 4 6 0  3 8 5 8 0  4 3  11 1 6 1  8 3 9 4  
7 2 7 2 0  3 6 3 0 0  46  1 0 5  5 2  8 2 7 0  
7 3 2 3 0  3 6 8  1 0  46 11 1 58 8 3 3 8  
7 3 4 7 0  2 1 6 3 0  4 9  9 6  4 0  8 7 2  
7 3 7 1 0  4 2 7 5 0  4 0  12 1 74 8 47 7 
7 4 6 7 0  4 1 7 9 0  4 3  1 2 1  7 1  8 4 4 0  
7 5  5 7 0  4 2 6 9 0  4 3  132 8 2  8 47 8 
7 6 4 4 0  4 0 0 2 0  4 6  1 2 1  6 8  8 395  
7 7 3 4 0  4 0 9 2 0  4 6  132 7 9  8 4 4 1  
7 7 7 3  0 2 5 8 9 0  4 9  100 44 8 1 1 8  
7 9 3 5 0  4 2 9 3 0  4 6  135  8 2  8 47 9 
8 0 4 3 0  2 8 5 9 0  4 9  1 0 5  4 9  8 1 9 3  
8 0 9 4 0  2 9 1 0 0  4 9  111 55  8 2 7 1  
8 4 1 5 0  3 2 3 1 0  4 9  121 6 5  8 3 3 9  
8 h 2 1 0  3 3 3 0  52  8 1  22  8 3 
8 4 6 9 0  3 8 1 0  52  86 27  8 1 4  
8 5 0 5 0  3 3 2 1 0  4 9  1 3 2  7 6  8 396  

5 7 0  5 7 0  6 5  8 1  17 0 1 
6 6  0 3 5 2 2 0  4 9  1 3 5  7 9  8 44 2 

1 0 5 0  1 0 5 0  6 5  86 2 2  0 4 
1 5 3 0  3 6 0 9 0  4 9  1 4 1  85  8 4 8  0 
1 5 9 0  7 1 1 0  52  96 37  8 37 
4 3 5 0  4 3 5 0  6 5  96 32  0 15  
5 5 2 0  4 0 0 8 0  4 9  1 5 0  9 4  8 5 0 7  
5 8 5 0  1 1  3 7 0  52  100 4 1  ' 8  7 3  
8 160 4 2 7 2 0  4 9  1 5 8  102  8 52 5 
8 5 5 0  1 4 0 7 0  52 105  46  8 1 1 9  
8 6 1 0  8 6 1 0  6 5  1 0 0  36 0 38  
9 0 6 0  1 4 5 8 0  52 1 1  1 5 2  8 1 9 4  

of a r c  length Beg. End Obs . -~Dupl . No. 

0 6 3 0  7 5 9 0  8 2  100 19  0 16 
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Table 2 (continued) 

J D  

2437161 .50  

2 4 3 7 1 6 1 0 5 0  

2437161 .50  

2 4 3 7 1 6 1 0 5 0  

2 4 3  716 1 5 0  
2 4 3 7 1 6 1 r 5 0  

2 4 3  7161 50 

2 4 3 7 1 6 1 0 5 0  

2 4 3 7 1 6 1 r 5 0  

2 4 3 7 1 6 1 0 5 0  

2 4 3 7 1 6 1 0 5 0  

2 4 3 7 1  61 5 0 

2 4 3 7 1 6 1 0 5 0  

2437161 .50  

2 4 3  7161o 5 3 

2 4 3 7 1 6 1 r 5 0  

2 4 3 7 1 6 1 0 5 3  

2 4 3 7 1 6 1  5 3 

2 4 3 7 1 6 1 0 5 9  

2 4 3 7 1 6 1 r 5 3  

2 4 3 7 1 6 1  5 0 

2 4 3 7 1 6 1  5 0  

2 4 3 7 1 6 1  5 0  

2 4 3 7 1 6 1 r 5 0  

2 4 3 7 1 6 1  5 0  

2 4 3 7 1 6 1  e 5 0  

2437161 .50  

2 4 3  7 1 6 1  r 5 0  

2 4 3 7 1 6  1 5 0 

2 4 3 7 1 6 1 . 5 ~  
2437161 .50  
2437161 .50  
2 4 3 7 1 6 1 r 5 0  
2437161 .50  
2 4 3 7 1 6 1 r 5 0  
2 4 3 7 1 6 1 0 5 0  

2 4 3 7 1 6 1 r 5 0  

2437161 .50  

2 4 3 7 1 6 1 0 5 0  

2 4 3 7 1 6 1  r 5 0  

2 4 3 7 1  6 1 5 0 

2 4 3 7 1 6 1 . 5 3  


Seconds 
past oh 

for Half-
middle arc 
of arc length 

11310' 11310' 
1 1 8 2 0  1 1 8 2 0  

1 2 2 7 0  1 7 7 9 0  

1 2 3 3 0  1 0 2 9 0  

1 2 8 4 0  1 0 8 0 0  

1 3 1  7 0  1 8 6 9 0  

1 5 C 3 0  1 5 0 3 0  

1 5 1 8 0  2 0 7 0 0  

1 5 3 3 0  7 2 9 0  

1 5 8 4 0  7 8 0 0  

1 5 9 3 0  1 5 9 3 0  

1 6 0 5 0  1 4 0 1 0  

1 6 0 5 0  2 1 5 7 0  

1 6 9 5 0  1 4 9 1 0  

1 7 9 4 0  1 7 9 4 0  

1 8 8 1 0  1 8 8 1 0  

1 8 9 6 0  1 6 9 2 0  

1 9 0 5 0  1 1 0 1 0  

1 9 8 3 0  1 7 7 9 0  

1 9 9 5 0  1 1 9 1 0  

2 0 0 4 0  2 5 5 6 0  

2 1 9 6 0  1 3 9 2 0  

2 2 6 8 0  2 8 2 0 0  

2 2 8 0 0  2 2 8 0 0  

2 2 8 3 0  1 4 7 9 0  

2 3 2 2 0  6 8 4 0  

2 3 8 2 0  2 1 7 8 0  

2 3 8 8 0  2 9 4 0 0  

2 4 1 2 0  7740 

2 5 4 4 0  2 5 4 4 0  

2 5 9 8 0  4 0 8 0  

2 6 1 3 0  9 7 5 0  

264  00  3 1 9 2 0  

26r .  6 0  2 4 4 2 0  

266 4 0  2 6 6 4 0  

2 6 6 7 0  3 3 9 0  

2 6 8 2 0  1 8 7 8 0  

2 6 8 8 0  4 9 8 0  

2 7 0 0 0  1 0 6 2 0  

2 7 5 7 0  4 2 9 0  

2 7 6 6 0  2 5 6 2 0  

2 8 8 9 0  6 9 9 0  


Ser. no. 
of obs. 

Beg. End 
6 5  1 0 5  

6 5  111 

5 2  1 2 1  

82  1 0 5  

82  111 

52 1 3 2  

6 5  1 2 1  

52 1 3 5  

8 7  1 0 5  

8 7  111 

6 5  1 3 2  

82  1 2  1 

52 141 

82  1 3 2  

6 5  1 3 5  

6 5  141 

82  1 3 5  

8 7  1 2 1  

82 141 

87 1 3 2  

52 1 5 0  

87 1 3 5  

52 1 5 8  

6 5  1 5 0  

87 141 

9 7  1 2 1  

82  1 5 0  

52 161. 

97 1 3 2  

6 5  1 5 8  


1 0 1  1 2 1  

9 7  1 3 5  

52 1 6  8 

82 1 5 8  

6 5  1 6 1  


1 0 6  1 2 1  

8 7  1 5 0  


1 0 1  1 3 2  

9 7  141 


1 0 6  1 3 2  

82  161 


1 0 1  1 3 5  


No. of Ser . 
Obs. Dupl. No. 

41 0 7 4  
47 0 1 2  0 
6 2  8 2 7 2  
2 4  0 3 9  
3 0  0 7 5  
7 3  8 3 4 0  
5 7  0 1 9 5  
7 6  8 397  
1 9  0 17 
2 5  0 4 0  
6 8  0 2 7 3  
4 0  0 1 2 1  
82  8 4 4 3  
41 0 1 9 6  
71  0 3 4 1  
77 0 398  
5 4  0 2 7 4  
35  0 7 6  
6 0  0 3 4 2  
4 6  0 1 2 2  
9 1  8 4 8 1 
4 9  0 1 9 7  
9 9  8 5 08  
8 6  0 444 
55  0 2 7 5  
25  0 41 
6 9  0 3 9 9  

1 0 2  8 5 2 6  
3 6  0 77 
9 4  0 48  2 
2 1  0 1 8  
3 9  0 1 2 3  

1 0 9  8 5 3 9  
77 0 4 4 5  
97 0 5 0 9  
1 6  0 5 
6 4  0 3 4 3  
3 2  0 4 2  
4 5  0 1 9 8  
27  0 1 9  
7 0  0 48  3 
3 5  0 7 8  
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Table 2 (continued) 

J D  -
2437161.53 

243 7161 5 3 

243 7161 5 3 

2437161.53 

2 43716 1  5 9 

243716 1 5 0 

243 7161 53 

2437161.50 

2437161r50 

2437161050 

2437161.50 

2437 161 5 0 

2437161r50 

2437161 0 5 3 

2437161.50 

2437161.50 

2437161r50 

2437161.50 

2437161.50 

2437161050 

2437161.50 

2437161.50 

2437161.50 

243 7161 50 

243716 1 5 0 

2437161 50 

243716 1  5 u  

2437161.50 

2437161 5 0  

2437161 5 0  

2437161.50 

2437161.50 

2437161 I 5 0 

2 43716 1  5 0 

2437161 50 

2437161 50 

2437161r50 

2437161.50 

243716 1  5 3 

2437161 5 3 

2437161 (I 5 3 

2437161.51 

243716105U 


Seconds 
past oh 

for Half-
middle arc 
of arc length 

29160' 29160' 

29460 21420 

29580 6300 

29760 7860 

30180 28140 

30450 7170 

30660 22620 

30720 1140 

30990 14610 

32730 3150 

33180 25140 

33600 4020 

33630 17250 

33750 11850 

344 10 3210 

34440 11160 

34E 30 18450 

36390 14490 

37080 13800 

37350 20970 

37590 8010 

37590 15690 

38280 15000 

38400 7 200 

40110 18210 

40230 10650 

40350 5250 

40050 40650 

40800 17520 

4 1 L40 9840 

41430 11850 

41C 7 0  39630 

42i40 11040 

42990 7890 

43950 14370 

44100 6780 

44190 9090 

44670 36630 

44670 42630 

44760 13560 

45300 7980 

46710 11610 

47670 39630 


Ser. no. 
of obs. 

Beg. End 

65 168 

87 158 


106 135 

101 141 

82 168 


106 141 

87 161 


112 132 

97 150 


112 135 

87 168 


112 141 

97 158 


101 150 

122 141 

106 150 

97 16 1 


101 158 

106 158 

97 168 


112 150 

101 161 

106 161 

122 150 

101 168 

112 158 

133 150 

65 174 


106 168 

122 158 

112 161 

82 174 


122 161 

133 158 

112 168 

136 158 

133 161 

87 174 

82 177 


122 168 

136 161 

133 168 

87 177 


No. of Ser . 
Obs . Dupl . No. 

~ 

104 0 527 
72 0 400 
30 0 43 
4 1  0 124 
87 0 510 
36 0 7 9  
75 0 4 46 
21 0 6 
54 0 276 
24 0 20 
82 0 484 
30 0 44 
62  0 944 
50 0 199 
20 0 21 
45 0 125 
65 0 401 
58 0 277 
53 0 2 00 
7 2  0 447 
39 0 80 
6 1  0 345 
56 0 278 
29 0 45 
6 8  0 402 
47 0 126 
18 0 22 

110 0 540 
6 3  0 346 
37 0 81 
50 0 201 
93 0 52 8 
4 0  0 127 
26 0 46 
57 0 279 
23 0 23 
29 0 82 
88 0 511 
96 0 541 
47 0 202 
26 0 47 
36 0 128 
91 0 52 9 
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Table 2 (continued) 

Seconds 
past oh 

for Half -
middle arc 

J D  of arc length-
243 716 1 59 47t32OS 10500' 

2437161.50 47910 2970 

2437161.50 48F40 32460 

2437161050 49110 4170 

2437161050 50880 42840 


51600 29700 

51630 6690 


2437161.50 51840 35460 

2437161050 52290 29010 


243716 1 5 0  
2 43716 1 50 

243 716 1 50 '4420 3900 

2437161.50 54600 32700 

2437161 5U 55050 38670 

2437161.50 55290 32010 

2437161 50  55440 25860 

2437161.50 55560 39180 

2437161 50 56250 25050 

2437161a 50 57f10  35910 

2437161.50 58ZOO 23100 

2437161.50 58320 36420 

243716 1  50 58440 28860 

2437161.50 58500 35220 

2437161050 58770 42390 

2 43 716 10 50 59010 35730 

2 437161 5 'J 59250 28050 

2437161.53 59310 21990 

2 43716 1  0 5 3 59370 42990 

2 437161 5 3 61200 26100 

243 716 1 5 3 61530 39630 

2437161853 61650 32070 

2437161 59 62130 40230 

2437161 50 62160 32580 

2 437161 5 0 62220 38940 

243716 1 50 62310 24990 

2437161 50 62460 31260 

2437161.50 62 820 39540 

2437161.50 62970 31770 


63120 18180 

2437161.50 64410 29310 

2437161050 64860 42960 

2437161.50 64S20 29820 

2437161 50 65: 70 35790 

2437161 5 0  65520 28200 

2437161.50 65550 42270 


243 716 1 5 0  

Ser. no. 
of obs. 

Beg. -End 
~ 
136 168 

142 158 


97 174 

142 161 


87 183  

101  174 

142 168 


97 177 

106 174 

151 168 

101 177 


97 183  

106 177 

112 174 


97 186 

122 174 

101 183 

133 174 

101 186 

112 177 

106 183 


97 188 

106 186 

122 177 

136 174 


97 194 

133 177 

101 188 

1 1 2  183 

101 194 

112 186 

106 188 

136 177 

122 183 

106 194 

122 186 

142 i74 

133 183 

101 204 

133 186 

1 1 2  188 

136 183 

106 204 


No. of Ser . 
Obs . Dupl. No. 

~ ~ - 
33 0 83  
17  0 7 
78 0 48 5 
20 0 24 
97  0 542 
74 0 448 
27 0 48 
81 0 512 
69 0 403 
18 0 25 
77 0 48 6 
87 0 530 
72 0 449 
63 0 347 
90 0 543 
53 0 280 
83  0 513 
42 0 203 
86 0 531 
66 0 404 
78 0 48 7 
92 0 551 
81  0 514 
56 0 348 
39 0 129 
98 0 558 
45 0 281 
88 0 544 
72 0 450 
94 0 552 
75 0 488 
83 0 532 
42 0 2 04 
62 0 405 
89 0 545 
65 0 451 
33 0 84 
51 0 349 

104 0 559 
54 0 406 
77 0 515 
48 0 282 
99 0 553 
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Table 2 (continued) 

JD 

24371618 5 0  

2437161 5 0 

2437161650 

2437161.50 

2437161.50 

2437161.50 

2437161.50 

2437161.5G 
2437161.50 
2437161 e SO 
2437161.53 
2437161653 

2437161.53 

2437161.53 

2437161 4 50 

2437161.50 

2437161 50 

2437161.50 

2437161 5 0 

2437161.50 

2437161 .50 

2437161r50 

243716 1 e 5 3 

2437161 50 

243716 1 50 

2437161650 

2437161.50 

2437161 50 

2437161 50 

2437161.50 

2437161.50 

2437161.50 

2437161.50 

243 716 1.50 

2437161 e 5 0 
2437161.5d 
2437161.50 
2437161*50 
2437161.50 

2437161.50 

2437161.50 

2437161.50 


Seconds 
past oh 

for Half -
middle arc 
of a rc  length 
65910' 15390' 

65970 36390 

66030 28710 

66090 42810 

66120 21180 

66180 34980 

66780 35580 

67020 14280 

68130 33030 

68700 39120 

68730 33630 

68910 18390 

69240 31920 

69240 39660 

69330 24390 

69510 38310 

69840 24900 

69840 32520 

70020 17280 

70050 38850 

71460 36360 

7 2000 36900 

72120 21600 

72150 14370 

72450 42870 

72540 14760 

72570 35250 

72630 22110 

73050 28110 

73110 35790 

73230 20490 

73260 42060 

73650 28710 

73740 21000 

73800 42600 

75210 40110 

75750 17970 

75750 40650 

75C40 25320 

76i60 18480 

76Z 20 39000 

76380 31440 


Ser. no. 
of obs. 

Beg. -~ 

End 
151 174 

112 194 

136 186 

106 216 

142 177 

122 188 

122 194 

159 174 

133 188 

112 204 

133 194 

151 177 

136 188 

112 216 

142 183 

122 2 0 4  

142 186 

136 194 

159 177 

122 216 

133 204 

133 216 

151 183 

162 22 1 

112 22 1 

162 177 

136 204 

151 186 

142 188 

136 216 

159 183 

122 221 

142 194 

159 186 

122 228 

133 22 1 

162 183 

133 228 

151 188 

162 186 

136 22 1 

142 2 04 


No. of Ser. 
Obs. Dupl. No.-~ - 
24 0 49 
83 0 533 
51 0 350 

111 0 560 
36 0 130 
67 0 489 
7 3  0 516 
16 0 26 
56 0 452 
93 0 546 
62 0 490 
27 0 85 
53 0 407 

105 0 5 54 
42 0 205 
83 0 r 34 
45 0 283 
59 0 453 
19 0 50 
95 0 547 
72 0 517 
8 4  0 535 
33 0 131 
60 0 411 

110 0 561 
16 0 27 
69 0 491 
36 0 2 06 
47 0 351 
81 0 518 
25 0 86 

100 0 5 5 5  
53 0 408 
28 0 132 

107 0 562 
89 0 548 
22 0 51 
96 0 556 
38 0 284 
2 5  0 87 
86 0 536 
63 0 454 
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Table 2 (continued) 

Seconds 
past oh 

for HaIf
middle arc 

J D  of arc length-
2 4 3 7 1 6 1 0 5 0  76440' 25920' 

2 4 3 7 1 6 1 0 5 0  7 6 8 6 0  3 9 5 4 0  

2437161 .50  7 6 9 2 0  3 1 9 8 0  

2 4 3 7 1  61 a 5 0  7 6 9 5 0  2 4 2 1 0  

2 4 3  716 10 5 0 7 7 5 5 0  2 4 8 1 0  

2 4 3 7 1 6 1 0 5 0  7 8 0 9 0  4 2 9 9 0  

2 4 3 7 1 6 1  5 3  7 9 1 7 0  2 8 6 5 0  

2 4 3 7 1 6 1  53  7 9 2 0 0  4 1 8 8 0  

2 4 3 7 1 6  1e 5 3 7 9 4 7 0  2 1 6 9 0  

2 4 3 7 1 6 1  .5 3 7 9 7 1 0  2 9 1 9 0  

2 4 3 7 1 6 1  L 5 3 8 0 0 7 0  2 2 2 9 0  

2 4 3 7 1  6 1 5 3 8 0 1 3 0  3 5 1 9 0  

2 4 3 7 1 6 1 . 5 3  8 0 2 8 0  2 7 5 4 0  

2 4 3 7 1 6 1  0 5 3 8 0 6 7 0  3 5 7 3 0  

2 4 3  7 1 6 1  5 0 8 0 8 2 0  2 8 0 8 0  

2 4 3 7 1 6 1 0 5 0  8 2 8 0 0  2 5 0 2 0  

2 4 3 7 1 6 1 0 5 0  8 2 9 2 0  3 2 4 0 0  

2 4 3 7 1  6 10 5 0 8 3 0 1 0  3 8 0 7 0  

2 4 3 7 1 6 1  0 5 0  8 3 3 4 0  2 5 5 6 0  

2 4 3 7 1  61 5 9  8 3 4 6 0  3 2 9 4 0  

2 4 3 7 1 6 1 0 5 0  8 4 0 3 0  3 1 2 9 0  

2 4 3 7 1 6 1 0 5 9  8 4 5 7 0  3 1 8 3 0  

2 4 3 7 1 6 1 0 5 0  8 5 E 0 0  3 5 2 8 0  

2 4 3 7 1 6 2 . 4 0  ! I  10 3 4 1 7 0  

2437162 .50  t 9 0  2 9 3 1 0  

2437162 .50  7 5 0  7 5 9 0  

2 4 3 7 1  6 2  .5 0 3C30 3 1 6 5 0  


2 4 3 7 1 6 2 0 5 0  3 5 6 0  1 0 8 0 0  

2437162 .50  4 5 6 0  1 1 4 0 0  

2437162 .50  7 2 9 0  1 4 1 3 0  

2 4 3 7 1  6 2  5 0 7 8 3 0  1 4 6 7 0  

2 4 3 7 1 6 2 0 5 0  8 3 4 0  7 6 2  0 

2 4 3 7 1  62.50 1 1 0 4 0  1 7 8 8 0  

2437162 .59  1 1 0 7 0  1 0 3 5 0  

2 4 3 7 1 6 2 0 5 3  1 1 4 9 0  4 4 7 0  

2437162 .5  3 1 1 5 8 0  1 8 4 2 0  

2 4 3 7 1 6 2 . 5 )  1 1 6 1 0  1 0 8 9 0  

2 43  7 1 6 2  .5 3 1 3 9 2 0  2 0 7 6 0  

2 4 3 7 1 6 2 0  5 3 1 4 2 2 0  7 2 0 0  

2 4 3 7 1 6 2 . 5 3  1 4 7 6 0  7 7 4 0  

2 4 3 7 1 6 2 0 5 3  1 4 8 2 0  1410 0  

2 4 3 7 1 6 2  0 5 0  1 4 8 8 0  6 5 4 0  


2 43  716 2  5 0 1 5 3 6 0  1 4 6 4 0  


Ser. no. 
of obs. No. Ser.of 

Bee. End Obs . Dupl. No.- -
1 5 1  1 9 4  44 0 3 5 2  
1 3 6  228  9 3  0 5 49 
1 4 2  216  7 5  0 4 9 2  
1 5 9  1 8 8  30  0 2 0 7  
1 5 9  1 9 4  3 6  0 2 8 5  
1 3 3  247  1 1 5  0 5 6 3  
1 5 1  2 0 4  5 4  0 4 0 9  
1 3 6  2 4 7  1 1 2  0 557 
1 6 2  1 8 8  2 7  0 1 3 3  
1 5 1  2 1 6  6 6  0 4 5 5  
1 6 2  1 9 4  33  0 208  
1 4 2  22 1 8 0  0 5 1 9  
159 2 0 4  4 6  0 353  
1 4 2  22 8 87 0 537  
1 5 9  216  5 8  0 4 1 0  
1 6 2  2 0 4  4 3  0 2 8 6  
1 5 1  22  1 71 0 4 9 3  
1 4 2  2 4 7  1 0 6  0 5 5 0  
1 6 2  2 1 6  55  0 3 5 4  
1 5 1  228  7 8  0 52 0 
1 5 9  22 1 6 3  0 4 5 6  
1 5 9  22 a 7 0  0 4 9 4  
1 5 1  2 4 7  9 7  0 538  
1 5 9  247  89  0 52  1 
1 6 2  2 2 8  6 7  0 4 5 7  
1 6 9  1 8 6  1 8  0 52 
1 6 2  2 4 7  86  0 495  
1 6 9  1 8 8  2 0  0 88  
1 6 9  1 9 4  26  0 1 3 4  
1 6 9  2 0 4  36  0 2 0 9  
1 6 9  216  4 5  0 287  
1 7 5  1 9 4  2 0  0 89  
1 6 9  2 2 1  53  0 355 
1 7 5  2 0 4  3 0  0 1 3 5  
1 7 8  1 9 4  17  0 5 3  
1 6 9  2 2 8  6 0  0 4 1 2  
1 7 5  2 1 6  4 2  0 2 1 0  
1 6 9  2 4 7  7 9  0 458  
1 7 8  2 0 4  27  0 9 0  
1 7 8  2 1 6  3 9  0 1 3 6  
1 7 5  2 2 1  4 7  0 2 8 8  
1 8 4  2 0 4  2 1  0 5 4  
1 7 5  2 2 8  5 4  0 3 5 6  
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Table 2 (continued) 

JD-
2437162.50 

2437162.50 

2437162050 

2437162.50 

2437162059 

2437162.50 

2437162050 

2437162 50 
24371620 50 
2437162. 50 
2437162040 
2437162.50 

2437162.50 

2437162050 

2437162.50 

2437162.50 

2437162050 
243716205i) 
2437162.50 
2437162.50 
2437162 50 
2437 162 50 
2437162 50 
2437162.50 
2437162.50 
2437162.50 
2437162.50 
2437162 50 
2437162.50 
2437162 50 
2437162 5 3 
2437162 53 
2437162053 

243716205.] 

7437162059 

2437162050 

2437 162 5 0  
2437162050 

2437162.50 

2437162 50 

2437162.50 

2437162 50 
2437162.50 

Seconds 
past 0 

for Half-
middle arc 
of arc length 

15420' 7080' 
17700 16980 
17970 10950 
18060 3360 
18510 11490 
18600 3900 
18630 2790 
18�30 10290 
193 70 3330 
19170 10830 
20850 13830 
21510 13170 
21660 840 
21810 7110 
22350 7650 
22380 6540 
22920 7080 
24490 9990 
241370 4050 
25260 9420 
25380 3540 
25410 4590 
25520 4080 
27750 6930 
28260 6420 
31620 3060 
32100 2580 
34200 480 
35730 42570 
39510 38790 
f+2660 35640 
43290 42570 
43320 34980 

46500 31800 

47070 31230 

47100 38760 

49560 28740 

49-770 42750 

50@70 28230 

50280 35580 
53 430 42090 
50850 35010 
53340 32520 

Ser. no. 
of obs. 

Beg. End 
-

184 216 

175 247 

178 221 

187 204 

178 228 

187 216 

189 2b,4

184 221 

189 2: 6 

184 22 8 

178 247 

184 24.7 

195 216 

187 22 1 

187 228 

189 221 

189 228 

187 247 

195 221 
189 247 
205 221 
195 228 
205 228 
195 247 
205 247 
217 247 
222 247 
229 247 

169 250 

175 250 

178 250 

175 253 

184 250 

187 250 

189 2 5 0  
184 253 
195 2 5 0  
178 257 
205 250 
187 553  
184 257 
189 253 
195 2 5 3  

No. of Ser. 
Obs. Dupl. No. 

33 0 91 
73 0 413 
44 0 211 
18 0 28 
51 0 289 
30 0 55 
16 0 8 
38 0 137 
28 0 29 
45 0 212 
70 0 357 
64 0 290 
22 0 9 
35 0 92 
42 0 138 
33 0 56 
40 0 93 
61 0 213 
27 0 30 
59 0 139 
17 0 10 
34 0 57 
24 0 31 
53 0 94 
43 0 58 
31 0 32 
26 0 11 
19 0 2 
82 0 496 
76 0 459 
73 0 414 
79 0 497 
67 0 358 
64 0 291 
62 0 214 
70 0 415 
56 0 140 
80 0 498 
46 0 95 
67 0 359 
74 0 461 
65 0 292 
59 0 215 
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Table 2 (continued) 

Seconds 
past  oh 

for  Half -
middle a r c  

JD of a r c  length __ 
2437162.50 53430' 24870' 

2437162.50 53610 38910. 

2437162.5~ 53850 32010 

2437162.50 53910 24390 

2437162.50 54180 38340 

2437162 50 56010 22290 
2437162.50 56670 35850 
2437162.50 57180 35340 
2437162050 57i10 28650 
2437162.50 57690 28170 
2437162.50 59790 26070 
2437162050 60540 31980 
2437162.50 61020 31500 
2437162050 63120 29400 
2437162 53 64770 42930 
2437162a 5 3 58130 39570 
2437162.53 68010 39090 
2437162 0 5 3 70710 36990 
2437162 6 5 3 72390 42870 
2437162053 74490 40770 
2437162053 76620 42900 
2437163053 3240 82620 
2437163.53 10350 18510 
2437163.50 10350 18510 
2437163.50 12480 20640 
2437163.50 13830 21990 
2437163 50 14100 14760 
2437163.5U 14370 22530 
2437163.51 16230 16890 
2437163.50 17310 25470 
2437163.50 17580 18240 
2437163.50 18120 18780 
2437163059 19290 13830 
2437163.50 20640 15180 
2437163050 21060 21720 
2437163.50 21180 15720 
2437163.50 21210 29370 
2437163050 24120 18660 
2437163.50 24960 25620 
2437163 50 7 * @ 2 O  22560 

Ser .  no. 
of obs.  

Beg. End 
~~ ~

217 250 

187 257 

205 253 

222 250 

189 257 

229 250 

195 257 

205 257 

217 253 

222 253 

229 253 

217 257 

222 257 

229 257 

205 260 

217 260 

222 260 

229 260 

222 266 

229 266 

229 269 

178 253 

248 266 

248 266 

248 269 

248 272 

251 266 

248 274 

251 269 

248 276 

251 272 

251 274 

254 269 

254 272 

251 276 

254 274 

248 279 

254 276 

251 279 

254 279 


No. of Ser  . 
Obs. Dupl. No. 

~~ _____ 
3 4  0 59 
71 0 416 
49 0 141 
29 0 33 
69 0 360 
22 0 12 
63 0 293 
53 0 216 
37 0 96 
32 0 . 60 
25 0 34 
41 0 142 
36 0 97 
29 0 61 
56 0 294 
44 0 217 
39 0 143 
32 0 98 
4 5  0 218 
38 0 144 
41 0 219 
76 0 4 60 
19 0 99 
19 0 100 
22 0 145 
25 0 220 
16 0 62 
27 0 295 
19 0 101 
29 0 361 
22 0 146 
2 4  0 221 
16 0 63 
19 0 102 
26 0 296 
21 0 147 
32 0 417 
23 0 222 
29 0 362 
26 0 297 
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Table 2 (continued) 

J D  
2 4 3 7 1 6 3 0  50 
2437163 .50  
2 4 3 7 1 6 3  0 5 0 
2 4 3 7 1 6 3 0  5 0  
2437163 .50  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3 0 5 0  
2437163 .53  
2 4 3 7 1 6 3 0 5 0  
2 4 3  716 3  0 5 0 
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3  5 0 
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3  5 0  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3  5 ' )  
2 4 3  7 1 6 3  5 0 
2 4 3 7 1 6 3 . 5 0  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3 0 5 0  
2437163 .50  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3  5 0  
2 4 3 7 1 6 3  0 5 0  
2 43 7 1 6 3  5 0  
2 4 3 7 1 6 3  e50 
2 43 7 1 6 3  50 
2 4 3 7 1 6 3 0 5 0  
2437163 .50  
2437163 .50  
2437163 .50  
2437163 .50  
2 4 3 7 1 6 3 . 5 0  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3 0 5 0  
2 4 3 7 1 6 3 0 5 0  
2 43  7 16 3  5 0 
2 4 3 7 1 6 3 0 5 0  

Seconds 
past oh 

for Half-
middle arc 
of arc length 
28860'  8 0 4 0  
3 1 8 0 0  1 0 9 8 0  
3 4 4 4 0  4 2 6 0 0  
3 4 8 6 0  7 9 2 0  
3 5 7 0 0  1 4 8 8 0  
381 9 0  3 8 8 5 0  
3 8 7 6 0  1 1 8 2 0  
4 1 2 5 0  3 5 7 9 0  
4 8 4 2 0  4 2 9 6 0  
4 9 5 3 0  2 8 7 1 0  
5 1 9 9 0  2 5 0 5 0  
5 5 0 8 0  2 1 9 6 0  
5 6 1 0 0  3 5 2 8 0  
5 9 1 6 0  3 2 2 2 0  
5 9 6 1 0  3 8 7 9 0  
6 2 2 5 0  2 9 1 3 0  
6 2 6 7 0  3 5 7 3 0  
6 3 3 3 0  4 2 5 1 0  
6 3 6 3 0  4 2 8 1 0  
6 5 7 6 0  3 2 6 4 0  
6 6 3 9 0  3 9 4 5 0  
6 6 6 9 0  3 9 7 5 0  
6 7 1 1 0  3 1 2 9 0  
6 9 4 8 0  3 6 3 6 0  
6 9 7 8 0  3 6 6 6 0  
7 0 8 3 0  3 5 0 1 0  
7 1 1 3 0  3 5 3 1 0  
7 1 6 1 0  3 4 8 3 0  
7 3 7 1 0  4 0 5 9 0  
7 5 0 6 0  3 9 2 4 0  
7 5 5 4 0  3 8 7 6 0  
7 8 3 3 0  4 1 5 5 0  
7 8 3 9 0  3 5 9 1 0  
7 9 5 6 0  4 2 7 8 0  
8 1 1  8 0  3 8 7 0 0  
8 2 2 3 0  3 2 0 7 0  
8 2 4 1 0  3 9 9 3 0  
85C20  3 4 8 6 0  
8 5 2 3 0  4 2 7 5 0  
8 6 2 5 0  3 6 0 9 0  

Ser. no. No. of Ser.of obs. 
Beg. -End Obs. Dud. No. 

~ ~ ~ 

258  2 7 4  17 0 1 0 3  
258 276  1 9  0 1 4 8  
2 4 8  2 8 2  35  0 4 6 2  
2 6 1  2 7 6  1 6  0 1 0 4  
258  2 7 9  22  0 22 3 
2 5 1  2 8 2  32 0 4 1 8  
2 6 1  2 7 9  1 9  0 1 4 9  
2 5 4  282  2 9  0 3 6 3  
2 5 4  2 8 9  3 1  5 419 
2 5 8  2 8 2  25 0 298  
2 6 1  2 8 2  22 0 2 2 4  
267  2 8 2  1 6  0 1 5 0  
258  2 8 9  27  5 3 6 4  
2 6 1  2 8 9  2 4  5 2 9 9  
258 290  28  5 42 0 
267  2 8 9  1 8  5 2 2 5  
2 6 1  2 9 0  25  5 365  
258  295 2 9  9 4 6 3  
2 5 8  2 9 7  3 1  0 4 9 9  
2 6 7  2 9 0  1 9  5 3 00 
2 6 1  295 26  9 42  1 
2 6 1  297  28  9 4 6 4  
2 7 0  290  1 6  5 2 2 6  
267  295 20  9 3 6 6  
267 2 9 7  22  9 42  2 
2 7 0  2 9 5  17 9 3 0 1  
2 7 0  2 9 7  1 9  9 367  
2 7 3  297  1 6  9 3 02  
267  3 0 2  27  9 46  5 
270  3 0 2  2 4  9 42  3 
2 7 3  3 0 2  2 1  9 3 6 8  
2 7 3  303  22 9 42 4 
275  3 0 2  1 9  9 303  
2 7 3  3 0 6  25 9 4 6 7  
275  3 0 3  20  9 3 6 9  
277 3 0 2  17 9 2 2 7  
2 75  3 0 6  2 3  9 42  5 
277  3 0 3  1 8  9 3 0 4  
275  3 0 9  26 9 4 6  8 
277  3 06  2 1  9 3 7 0  
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Table 2 (continued) 

Seconds 
past  oh 

f o r  Half-
middle a r c  
of a r c  lengthJD .. ~ ~

2437164 .50  2670' 38910' 
2 4 3 7 1  64.5 0 1 3 2 3 0  2 2 7 1 0  
2 4 3 7 1 6 4 . 5 3  1 6 0 5 0  2 5 5 3 0  
2437164 .50  2 2 4 4 0  3 1 9 2 0  
2437164 .53  2 3 0 7 0  1 8 5 1 0  
2 4 3 7 1 6 4 4 5 3  2 3 2 8 0  3 2 7 6 0  
2 4 3 7 1 6 4 . 5 3  2 6 7 9 0  1 4 7 9 0  
2 4 3 7 1 6 4 6 5 3  2 9 4 6 0  2 4 9 0 0  
2437164 .53  3 0 3 0 0  2 5 7 4 0  
2 4 3 7 1 6 4 . 5 3  3 3 0 9 0  4 2 5 7 0  
2 4 3 7 1 6 4 . 5 0  3 3 1 8 0  2 1 1 8 0  
2 43  7 1  6 4  6 50 3 4 0 2 0  2 2 0 2 0  
2 4 3 7 1 6 4 . 5 0  3 6 9 0 0  1 7 4 6 0  
2 437164 .50  3 7 0 2 0  1 7 3 4 0  
2 4 3 7 1 6 4 . 5 6  ' 7 7 4 0  1 8 3 0 0  
2 4 3 7 1 6 4 . 5 0  37860  1 8 1 8 0  
2 4 3 7 1 6 4 . 5 0  L19110 3 5 5 5 0  
2 43  7 16 4  5 0 41C70  1 4 9 7 0  
2 4 3  7164.50  43 8 3 0  3 1 8 3 0  
2437164 .50  L13920 3 9 3 6 0  
2 4 3 7 1 6 4 6 5 0  4 7 2 2 0  4 2 6 6 0  
2437164 .50  b 7 5 5 0  2 8 1 1 0  
2437164 .50  476 4 0  3 5 6 4 0  
2 4 3 7 1 6 4 . 5 3  4 7 t  7 0  2 7 9 9 0  
2 4 3 7 1 6 4 . 5 0  5 0 E 8 0  2 4 7 8 0  
2437164 .50  5 0 9 4 0  3 8 9 4 0  
2437164 .50  5 1 3 6 0  3 1 9 2 0  
2 4 3 7 1 6 4 . 5 0  5 1 4 8 0  3 1 8 0 0  
2 43  7 16 4  5 0 5 4 6 6 0  3 5 2 2 0  
2 4 3 7 1 6 4 . 5 3  5 4 6 9 0  2 8 5 9 0  
2 4 3 7 1  6 4 .  5 3 5 4 7 8 0  3 5 1 0 0  
2437164 .53  5 4 7 8 0  4 2 7 8 0  
2 4 3 7 1 6 4 6 5 3  5 7 9 9 0  3 1 8 0 0  
2 4 3 7 1 6 4 . 5 3  5 8 3 8 0  2 4 9 0 0  
2 4 3 7 1 6 4 . 5 3  5 8 5 0 0  3 9 0 6 0  
2 4 3 7 1 6 4 . 5 9  5 5 6 2 0  3 8 9 4 0  
2437164 .53  5 9 5 8 0  2 3 7 0 0  
2 4 3 7 1  6 4 .  53  6 1 6 8 0  2 8 2 0 0  
2 4 3 7 1 6 4 6 5 ( - )  6 1 8 3 0  3 5 7 3 0  
2 4 3 7 1 6 4 . 5 0  5 2 1 9 0  4 2 7 5 0  

of obs.  
Beg. End 

.. __ Obs. Dupl.
.. - No. 

2 77 309  2 4  9 42 6 
2 8 0  3 0 6  1 8  9 305  
2 8 0  3 0 9  2 1  9 3 7 1  
2 8 0  312  2 4  9 42 7 
283  3 0 9  1 8  9 3 0 6  
2 8 0  313  25  9 46  9 
2 9 0  3 0 9  1 6  4 7 2 8  
2 8 3  3 1 2  2 1  9 1 7 2  
2 8 3  3 1 3  22 9 1 . 2 8  
2 8 0  316 2 8  9 5 00  
290  312 1 9  4 3 07  
2 9 0  313  2 0  4 37 3 
2 9 1  312  1 8  4 2 2 9  
296 312 1 7  0 1 5 1  
2 9 1  313 1 9  4 308 
296 313 1 8  0 2 3 0  
283  316 25 9 4 7 0  
298 3 1 3  1 6  0 1 5 2  
2 9 0  316 2 3  4 42 9 
2 8 3  3 1 9  28  9 5 0 1  
2 8 3  322  3 1  9 522  
7 9 1  316 22  4 3 7 4  
2 9 0  3 1 9  2 6  4 47 1 
2 96  316 2 1  0 3 0 9  
298 316 1 9  0 2 3 1  
2 9 0  322 2 9  4 5 02  
2 9 1  319  25  4 4 3 0  
296  3 1 9  2 4  0 375 
2 9 1  322 28  4 472  
298 3 1 9  22  0 3 1 0  
2 9 6  32 2 27 0 43  1 
290  325 32  4 5 2 3 
298 32 2 25  0 376  
3 03  3 1 9  17 0 232  
29  I. 32 5 3 1  4 5 03  
296 325 30  0 47 3 
3 0 4  3 1 9  1 6  0 1 5 3  
3 03  32 2 20  0 3 1 1  
298 325 28  0 43 7 
29  1 3 2  8 3 4  4 5 2 4  

Ser .  no. No. of Ser. 
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J D~
2437164 .50  
2 4 3 7 1 6 4 . 5 0  
2 4 3 7 1 6 4 0 5 6  
2 4 3 7 1  6 4 0  5 9 
2437164 .50  
2 4 3 7 1 6 4 0 5 0  
2 4 3 7 1 6 4 0 5 0  
2437164 .50  
2 4 3 7 1 6 4 .  '50 
2437164 .50  
2437164 .50  
2 4 3  7164.5  0 
2 4 3  7 1 6 4 05 0 
2437164 .50  
2437164 .50  
2 4 3 7 1  6 4  5 C 
2 4 3 7 1 6 4 0 5 u  
2 4 3 7 1 6 4 0 5 0  
2437164 .30  
2 4 3 7 1 6 4 0 5 0  
2437164 .50  
2437164 .50  
2437164 .50  
2437164 .50  
2437165 .50  
2437165 .50  
2 4 3  7 16 5  5 0  
2 4 3 7 1 6 5 0  5 0  
2437165 .50  
2 4 3  7 1 6 5  5 3 
2 4 3 7 1 6 5  0 5 3  
2 4 3  7 16 5  5 3 
2437165 .53  
2 4 3 7 1 6 5  5 3 
2 4 3 7 1  6 5  5 3 
2 4 3 7 1  6 5  5 3  
2437165 .50  
2 4 3  7 1 6 5 .5 0 
2437165 .50  

2 4 3 7 1 6 5  .5 0  
2 4 3 7 1 6 5  5 0  

Table 2 (continued) 
Seconds 
past 0' 

for  Half- Ser. no. 
middle arc of obs. No. of Ser . 
of arc length Beg. End Obs. Dupl. ____ ~ _ _  No. 
62310 '  42630' 296  3 2 8  3 3  0 5 0 4  
6 2 8 8 0  2 7 0 0 0  3 0 4  3 2 2  1 9  0 2 3 3  
6 5 5 2 0  2 4 3 6 0  3 0 7  3 2 2  16  0 1 5 4  
6 5 5 2 0  3 2 0 4 0  3 0 3  325  2 3  0 377  
6 5 5 2 0  3 9 4 2 0  298  32  8 3 1  0 474 
6 6 7 2 0  3 0 8 4 0  3 0 4  325  2 2  0 3 1 2  
6 8 7 6 0  4 2 6 6 0  298 3 3  1 3 4  0 5 05  
6 9 2 1 0  3 5 7 3 0  3 0 3  32  8 26  0 4 3  3 
69'760 2 8 2 0 0  307  3 2 5  1 9  0 2 3 4  
7 0 4 1 0  3 4 5 3 0  3 0 4  3 2 8  2 5  0 3 7 8  
7 2 4 5 0  3 8 9 7 0  3 0 3  3 3 1  2 9  0 47 5 
7 3 0 5 0  3 1 8 9 0  307  3 2 8  2 2  0 3 1 3  
7 3 2 3 0  3 9 7 5 0  3 0 3  . 3 3 4  3 2  0 5 06 
7 3 6 5 0  3 7 7 7 0  3 0 4  3 3 1  2 8  0 4 3 4  
744 3  0 3 8 5 5 0  3 0 4  3 3 4  3 1  0 4 7 6  
7 5  8 4 0  2 1 7 2 0  3 1 0  32 5 16 0 155  
7 6 2 9 0  3 5 1 3 0  307  3 3 1  25  0 3 7 9  
7 7 0 7 0  3 5 9 1 0  3 0 7  3 3 4  28  0 4 3  5 
7 9 5 3 0  2 5 4 1 0  3 1 0  32  8 19  0 2 3 5  
5 0 4 9 0  2 4 4 5 0  3 1 3  32  8 16 0 1. 56 
8 2 7 7 0  2 8 6 5 0  3 1 0  3 3 1  2 2  0 3 1 4  
835  5 0  2 9 4 3 0  3 1 0  3 3 4  2 5  0 3 8 0  
8 3 7 3 0  2 7 6 9 0  3 1 3  3 3  1 1 9  0 236  
8 4 5 1 0  2 8 4 7 0  3 1 3  3 3 4  2 2  0 315  

7 1 1 0  1 7 9 1 0  3 1 4  3 3 1  i a  0 157 
7 8 9 0  1 8 6 9 0  3 1 4  3 3 4  2 1  0 237  

1 0 3 5 0  4 2 6 3 0  3 1 0  3 3 7  28  0 4 3  6 
1 1 3 1 0  4 1 6 7 0  3 1 3  3 3 7  2 5  0 3 8 1  
1 1 6 7 0  1 4 9 1 0  317  335  1 8  0 158 
2 1 0 9 0  3 1 8 9 0  3 1 4  33  7 2 4  0 316 
2 4 8 7 0  2 8 1 1 0  317  3 3 7  2 1  0 238  
2 7 9 3 0  2 5 0 5 0  3 2 0  337  18  0 1 5 9  
3 1 7 4 0  4 2  5 4 0  3 1 4  3 3 8  25  0 3 8 2  
3 5 5 2 0  3 8 7 6 0  317  3 3 8  2 2  0 317  
3 8 5 8 0  3 5 7 0 0  32  0 3 3 8  19 0 239  
4 2 2 7 0  3 2 0 1 0  3 2 3  3 3 8  16 0 1 6 0  
4 5 7 8 0  4 2  9 00 3 2 0  3 4 1  2 2  0 318  
4 9 4 7 0  3 9 2 1 0  3 2 3  3 4 1  1 9  0 2 4 0  
5 3 3 7 0  3 5 3 1 0  326  3 4 2  16 0 1 6 1  
6 0 8 7 0  4 2 8 1 0  3 2 6  3 4 4  19  0 2 4 1  
6 4 2 3 0  3 9 4 5 0  329  3 4 4  16 0 1 6 2  
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Table 2 (continued) 

Seconds 

2 43  7 16 6  .5d 

past oh 
f o r  Half- Ser .  no. 

middle a r c  of obs.  
J D- of arc length Ben. End 

2 4 3 7 1  65.50 5 8 4 9 0  42750 ’  332 347 
2437166 .50  5 7 3 0 0  4 0 2 0 0  342  357 
2 4 3 7 1 6 6  5 3 6 0 2 1 0  4 3 1 1 0  342  360  

0 3 9 3 0  3 9 3 9 0  345  360 
2437167 .50  9 0 3 0  2 2 4 1 0  348 363  
2437167 .50  1 9 7 1 0  3 3 0 9 0  348 366 
2 4 3 7 1 6 7 . 5 0  2 7 2 4 0  2 5 5 6 0  3 4 9  366 
2 4 3 7 1 6 7 . 5 0  5 1 0 6 0  4 1 7 6 0  352 367 
2437167 .50  7 4 0 1 0  4 2 5 7 0  361  376 
2 4 3 7 1 6 8 . 5 0  8 E 2 0  42  66  0 3 6 4  379  
2 4 3 7 1 6 8 . 5 0  42.210 3 5 7 9 0  367 382 
2437168 .50  4 6 0 8 0  3 9 6 6 0  367 335 
2 4 3 7 1 6 8 . 5 0  
2 4 3 7 1  6 8  .50 

5 0 5 8 0  
5 4 2 7 0  

3 5 1 6 0  
3 8 8 5 0  

368 385 
368 386 

2 4 3 7 1  6 8  5 0  5 5 1 1 0  3 9 6 9 0  368  3 8 9  
2 4 3 7 1 6 8 . 5 3  5 7 6 3 0  3 5 4 9 0  3 7 1  386 
2 4 3 7 1 6 8  5 3 5 8 0 2 0  4 2 6 0 0  368 392  
2 43 7 1 6 8  5 3 5 8 4 7 0  3 6 3 3 0  3 7 1  3 8 9  
2437168 .5  3 6 1 3 8 0  3 9 2 4 0  3 7 1  392  
2 4 3 7 1 6 8  5 3 6 1 9 5 0  3 2 8 2 0  3 7 4  3 89  
2437168.5  3 6 4 8 9 0  3 5 7 3 0  3 7 4  392 
2437168 .53  6 5 2 2 0  3 5 4 0 0  375 392  
2 43  7 1 6 8  a 5 3 
2 43  7 1  68  .5 3 

7 1  9 7 0  
7 2 3 0 0  

4 2 8 1 0  
4 2 4 8 0  

3 7 4  395 
375 395 

2437168 .50  7 5 6 6 0  2 4 9 6 0  377 392  
2437168 .50  82 7 4 0  3 2 0 4 0  377  395 
2 4 3 7 1 6 9 . 5 0  3 5 1 0  3 9 2 1 0  3 7 7  398  
2437169 .50  7 2 ? 0  4 2 9 9 0  3 7 7  40 1 
2 4 3 7 1  6 9  5 C  9 9 3 0  1 8 4 5 0  3 8 0  395 
2 4 3 7 1 6 9 .  5q  1 7 1 0 0  2 5 6 2 0  3 8 0  398  
2437169 .50  20840 2 1 8 4 0  383  39  8 
2 4 3 7 1 6 9 . 5 0  2 9 F 5 0  2 9 4 0 0  3 8 0  4 0  1 
2 4 3 7 1 6 9 . 5 0  2 4 6 6 0  2 5 6 2 0  353  4 0  1 
2 4 3 7 1 6 9 . 5 0  2 8 5 0 0  2 1 7 8 0  3 8 6  40  1 
2 4 3 7 1 6 9 . 5 0  3 4 0 5 0  4 2 5 7 0  380  40  3 
2 4 3 7 1 6 9 6 5 0  3 7 8 3 0  3 8 7 9 0  383  4 0 3  
2 4 3 7 1 6 9 .  50  4 1 6 4 0  4 2 6 0 0  383  4 0 6  
2 4 3  7 16 9  5 0  4 1 6 7 0  3 4 9 5 0  3 8 6  4 0 3  
2437169 .50  4 2 3 3 0  3 4 2 9 0  387  403 
2 4 3 7  1 6 9  50  4 5 4 9 0  3 8 7 6 0  3 8 6  4 0 6  

No. of Ser . 
Obs. -
1 6  0 1 6 3  
1 6  0 1 6 4  
1 9  0 242  
1 6  0 1 6 5  
16  0 166  
1 9  0 2 4 3  
1 8  0 167  
1 6  0 1 6 8  
1 6  0 2 4 4  
1 6  0 245 
1 6  0 246 
1 9  0 3 1 9  
1 8  0 2 47  
19 0 320  
22 0 38 3 
1 6  0 2 46 
25  0 437  
1 9  0 32 1 
2 2  0 3 8 4  
1 6  0 2 4 9  
1 9  0 322 
1 8  0 7 5 c  
22 0 58 5 
2 1  0 323  
1 6  0 1 6 9  
1 9  0 2 5 1  
22  0 32 4 
25 0 386  
1 6  0 1 7 0  
1 9  0 252 
1 6  0 1 7 1  
22 0 32 5 
1 9  0 2 5 3  
1 6  0 1 7 2  
2 4  0 387 
2 1  0 326  
2 4  0 388 
1 8  0 2 5 4  
1 7  0 1 7 3  
2 1  0 327  

Dupl. No. 
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Ill1I 

J D  
2437169 .50  
2437169 .50  
2437169 .56  
2 4 3 7 1 6 9 0 5 0  
2437169 .50  
2 4 3 7 1 6 9 0 5 0  
2 4 3 7 1 6 9 0 5 0  
2437169 .50  
2437169 .50  
2437169 .50  
2 43,7 1 6 9  .5 0 
2437170 .50  
2437170 .50  
2 4 3  7 1  7 0  e 5 0  
2 4 3 7 1 7 0 0 5 0  
2437170 .50  
2 4 3 7 1 7 0 0 5 0  
2437170 .5q  
2437170 .50  
2437170 .50  
2437170 .50  
2 4 3 7 1  7 0  50 
2437170 .50  

Table 2 (continued) 

Seconds 
past oh 

for  
middle 

Half- Ser. no. 
arc of obs. No. of Ser . 

of arc length Beg. End Obs. Dupl. No.-~ 

46140’ 38100‘ 387  4 0 6  20  0 2 5 5  
4 9 2 0 0  3 5 0 4 0  3 9 0  406  17 0 1 7 4  
4 9 4 1 0  4 2 6 9 0  386  4 0 9  2 4  0 3 8 9  
5 0 0 7 0  4 2 0 3 0  387  4 0 9  2 3  0 32  8 
5 3 1 3 0  3 8 9 7 0  3 9 0  4 0 9  2 0  0 256  
5 6 7 3 0  42  570  3 9 0  41 2 2 3  0 3 2 9  
6 0 0 9 0  3 2 0 1 0  3 9 3  4 0 9  17 0 17 5 
6 3 6 9 0  3 5 6 1 0  3 9 3  4 1 2  2 0  0 2 57 
7 0 6  50  2 8 6 5 0  396 41 2 17 0 176  
8 1 5 4 0  3 9 5 4 0  396  4 1  5 2 0  0 2 5 8  
8 5 2 4 0  3 5 8 2 0  3 9 9  4 1  5 17 0 1 7 7  

6 0 3 0  4 2 9 9 0  3 9 9  4 1  8 2 0  0 2 5 9  
1 9 6 2 0  2 9 4 0 0  4 0 2  4 1  8 17  0 178  
3 0 7 5 0  4 0 5 3 0  4 0 2  42  1 2 0  0 2 6 0  
3 2 7 6 0  4 2 5 4 0  4 0 2  4 2  3 22 0 3 3 0  
3 4 5 0 0  3 6 7 8 0  4 0 4  4 2  1 1 8  0 1 7 9  
3 6 5 1 0  3 8 7 9 0  4 0 4  4 2  3 20  0 2 6 1  
4 0 2 9 0  3 5 0 1 0  4 07  4 2 3  17  0 1 8 0  
4 0 3 2 0  4 2 6 0 0  4 0 4  4 2  6 2 3  0 33 1 
4 4 1  0 0  3 8 8 2 0  4 0 7  426  2 0  0 2 6 2  
4 7 7 6 0  3 5 1 6 0  4 1 0  426 17 0 1 8 1  
4 7 8 2 0  4 2 5 4 0  4 0 7  4 2  7 2 1  0 3 3 2  
5 1 f i 8 0  3 8 8 8 0  4 1 0  4 2 7  1 8  0 2 6 3  

Table 3 

Earth Parameters. 

I Constant I Value 1 units 

6.378165 
4118.0870 

0.02201451 
0 .O 00 59678 
0.00111709 
0.00000000 

megameters 
degrees m e g ~ m e t e r s ~ ’ ~hour-’ 
megameters 
megameters3 
megameters4 
megameters5 
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- -  

0.00395 

0.00391 

Table 4a 

Elements of 95 Arcs and Accuracy of Representation of the Observations. 

Half-arc 
t Orbit length 2 4 -s3 -s4 N pa- - -

Megameters 

-47 .84  1 2 8  5 1 0  7 . Q 8 4 0 8 0 4  5 . 0 1 0 ? 0 7 0 5  4 7 .2  4 5 13 7 2 4 8 , 5 8 0 6 2  1 3 . 9 0 0 6 7  3 5 0 1 0 9 1 2 9  16 0.94 
-47 .71  1 2 9  l U 5 0  7 , 9 8 5 6 4 5 9  0 . 0 1 1 0 8 3 2 3  4 7 . 2 4 2 1 3 6  2 4 8 . 5 6 2 4 6  1 3 . 8 1 8 4 1  1 4 . 5 2 8 3 6  21 0.75 

5 - 4 7 . 5 6  1 3 0  7 1 1 0  1 . 9 8 5 6 2 5 7  0 . 0 1 1 0 8 1 6 3  4 7 . 2 4 1 9 3 2  2 4 8 . 5 4 3 1 6  1 3 . 8 5 3 8 8  4 1 . 8 9 0 3 1  22 0.74 
4-46.79 1 3 1  4 3 5 0  7 .C856308 0.0?1037?1 4 7 . 2 4 2 0 0 1  2 4 8 . 4 4 4 6 7  1 3 0 9 4 8 6 1  181.82435 22 0.74 

i -46.38 1 3 2  1 3 7 0  7 . 9 8 5 6 2 2 7  0 . 0 1 1 0 8 1 2 8  4 7 . 2 4 1 9 3 7  2 4 8 . 3 9 1 1 5  1 3 . 9 9 9 6 3  1 5 7 . 8 7 6 4 2  22 0.74 
5 -45 .62  1 3 3  4 0 7 0  7 . 1 8 5 6 3 0 2  0 , 0 1 1 0 @ 2 l 1  4 7 , 2 4 2 0 0 2  2 4 8  I2 9 4 8 0  1 4 o O F 2 2 9  3 4 , 7 6 8 1 8  22 0.74 
1 -45 .61  1 3 4  8 6 1 0  1 .9826312 0 . 0 1 1 0 8 2 ? 2  4 7 . 2 4 2 0 3 2  2 4 8  0 2 9 2  6 6 1 4 . 0 9 4 5 4  3 7 . 8 0 9 9 7  22 0.74 

+b-48?48 25  3810' 1 . 9 8 5 6 3 3 9  0 .01063,>1 4 7 t ~ 3 6 3 d 4  2 4 8 : 6 6 1 2 3  I j ~ J 2 3 1 8  1 3 4 : 4 4 8 3 6  34 1.67 

* -45.32 3 3  7 5 9 5  7 . 9 8 3 7 3 2 6  0 . 0 1 0 8 4 8 6 0  47  2 3 6 4 0 0  2 4 8 , 2 5 6 3 6  1 4 . 3 2 7 4 0  89 .48325 17 1.76
* -44.Rh 1 4  1 3 1 3  7 . 9 9 1 7 1  :? 0 . 0 1 0 ~ b 0 1 ~  47 .27R)Oh ?4R.1460? 14.ZOH31 1 7 4 0 8 1 3 0 0  11 1.33* 
* -44.58* - 4 4 . 4 3  

3 6  
3 7  

0 2 9 d  
0 8 0 0  

7 . 9 8 3 6 8 9 8  
7 . 9 8 3 6 8 0 4  

0 . 0 1 0 8 Q 8 6 6  
0 . 0 1 0 9 1 3 0 1  

4 7 . 2 3 7 1 4 0  
4 7 , 2 3 7 2 3 6  

2 4 8 . 1 5 8 8 6  
2 4 8  I1 4 0 5 4  

1 4 , 1 3 6 5 0  
1 4 . 1 1 1 7 5  

2 2 6 . 7 0 8 9 0  
252.61696 

24 
30 

1.28 
1.15 

+ -43.74 3 8  7 2 3 0  7 . 9 8 3 6 7 0 1  0 . 0 1 0 8 9 2 5 6  4 7 . 2 3 1 6 1 7  1 4 8 . 0 5 1 0 2  1 4 . 2 2 2 4 5  1 8 . 8 8 3 7 3  18 1.29 
-43 .60  39 7 8 3 0  7 . 9 8 3 6 6 0 8  0 . 0 1 3 9 0 3 4 6  4 7 . 2 3 7 7 4 1  2 4 e . 0 3 3 5 1  1 4 . 2 0 5 9 5  4 4 0 7 8 4 0 4  24 1.12 
- 4 3 . 5 4  1 1 5  1 4 0 1 0  1 . 9 8 3 6 5 4 1  O a 0 1 0 9 4 0 5 2  4 7 . 2 3 7 2 8 4  2 4 8 . 0 2 5 3 3  1 4 . 0 7 6 0 3  5 5 . 5 7 0 4 4  39 0.75 
-42 .71  4 1  1 1 0 1 0  7.9836385 0 . 0 1 0 9 2 0 1 9  4 1 . 2 3 7 9 4 9  2 4 7 . 9 1 8 2 4  1 4 . 2 2 7 2 5  L O 7 8 6 8 2 3 5  33 0.74 
-42 .46  42  1 1 9 1 0  7 .9836462 0 . 0 1 0 9 3 0 5 8  4 1 . 2 3 8 4 3 1  2 4 1  8E 6 4 5  14 .2036E 2 5 ? . 3 8 5 4 5  44 1.09 
-41.90 4 3  1 3 9 2 0  7 . 9 8 3 6 5 0 7  0 . 0 1 0 9 5 1 7 4  4 7 . 2 3 8 5 1 9  2 4 7 . 8 1  51  1 14.2  l i b ;  7 3 5 5 3 5 3 3  8 48 1.19 
-41.55 4 4  6 8 4 0  7 . 9 8 3 6 0 6 4  0 . 0 1 0 9 1 2 5 4  4 7 . 2 3 4 0 6 5  7 4 7 . 7 6 7 6 1  14.41'?75 5 9 1 0 5 7 8 4  24 1.06 
-41 .30  4 5  7740  7 . 9 8 1 6 4 7 8  0 . 0 1 0 9 3 8 3 8  4 7 . 2 3 Y 5 6 7  2 4 7 . 7 3 5 7 1  1 4 . 3 4 3  11 104.8  9 1 2  5 35 1.40 
-40.78* 46 4 0 8 0  7 , 9 8 3 5 9 8 4  0 .01092012 47 .23811"  2 4 7 e 6 6 8 2 e  1 4 . 4 6 0 5 9  1'39.17579 20 1.58 
-40 .74  47 9 7 s ' l  7 . 9 8 3 6 5 4 0  0 . 0 1 0 7 6 1 2 4  47 .23O450 Z47.66486 14 .37812 2 0 6 8 8 6 5 9 5  39 1.46 

b - 4 0 . 5 3  4 9  4981; 7 . 9 0 3 5 9 9 9  0.010°3'?611 4 7 . 2 4 0 3 5 ?  2 4 7 . 6 3 7 5 8  1 4 , 3 1 3 3 3  2 4 4 . 7 9 2 0 9  31 1.53 
-40.50 50 1 0 6 ? 0  7 . 9 8 3 6 4 5 5  0 ~ 0 1 0 ? 6 7 C ?  4 7 , 2 3 9 5 8 9  2 4 7 0 6 3 3 8 2  1 4 . 3 9 1 9 7  1 5 1 . 0 0 7 8 7  44 1.39 

+ -40.34 51  4 2  IO 7 r 9 8 3 6 1 6 3  0 . 0 1 0 9 4 9 1 1  4 7 . 2 4 0 3 4 6  2 4 7 . 6 1 4 1 9  1 4 . 3 L 6 4 5  2 8 0 0 0 0 3 3 2  25 1.64 
-39 .98  5 2  6 9 9 0  7 . 9 8 3 6 3 1 4  0 . 0 1 0 9 6 7 6 1  4 7 , 2 4 0 2 2 3  2 4 7 ~ 5 t b C 8  14.30316 346.92842 35 1.40 
-39.70 53 6 3 3 0  7 . 9 8 3 6 3 2 6  0 . 0 1 0 9 8 5 6 4  4 7 . 1 3 9 6 1 9  2 4 1 . 5 4 5 0 0  14.3O693 21.94372 29 1.68 
-39 .73  5 4  7860 7 . 9 8 3 6 2 ? 1  3 . 0 1 0 9 7 1 0 4  4 7 . 2 4 0 3 6 3  247.57 .593 14.406 3 7  3 1 0 7 3  14  40 1.39 
-39 .54  5 5  7170 1 . 9 8 3 6 2 2 8  0 .010989°5  4 7 ,  ? 3 9 8 ? 0  2 4 7  - 5 1 3 %  34 1.58 
-39.47 1 3 6  1 1 4 0  7 . 9 8 4 1 9 9 1  0 . 0 1 0 9 7 3 8 0  4 7 . 2 4 1 6 1 5  2 4 7 . 5 3 1 7 6  19 1.44 
-30 .91  57 3 1 5 0  7 . 9 8 3 7 9 3 0  0 . 0 1 0 9 5 8 8 6  4 7 . 2 4 0 1 8 6  2 4 7 . 4 3 C l R  14.59755 1 8 1 . 6 2 0 4 2  23 1.63 

b- 3 8.67 5 8  4 0 2 0  7 , 9 8 3 6 4 7 2  0 . 0 1 0 9 9 4 0 Q  47.24013P 2 4 7 . 4 0 1 5 6  1 4 . 5 1 9 2 4  2 2 5 8 8 5 2 9 8  28 1.41 
-30.62 5 9  1 1 8 5 0  7 . 9 8 3 6 1 4 0  0 . 0 1 0 9 7 5 3 2  4 7 . 2 4 0 3 3 6  2 4 7 , 3 9 1 3 7  1 4 . 5 1 3 5 2  1 3 3 0 4 1 5 5 i  5 0  1.38 
-3R.44* 1 3 7  7 2 1 3  7 , 9 8 3 6 0 3 5  O l O 1 0 9 9 2 2 9  47 .239691 2 4 7 . 3 7 0 6 3  1 4 . 6 4 6 6 1  2 6 6 e R 3 7 9 7  19 1.77 

-44.72 35  1 8 2 3  7 . 9 8 3 7 3 4 0  0.01085021 47.23e312 2 4 6 . 1 7 7 6 9  1 4 . 1 1 5 8 1  ~ 0 0 . 7 5 0 3 0  47 1.33 

-30 .43  61 1 1 1 6 1  7 . 9 8 3 6 1 4 7  O a 0 1 0 9 9 4 8 1  47.23G730 i4 7 - 3 7  i 4 2  14 .5 . !111 &bE.48499 44 1.49 
-37.70* 6 2  1 3 0 0 1  7 . 1 8 3 6 0 4 6  0 , 0 1 0 9 8 2 4 8  4 7 . 2 4 1 1 8 9  2 4 7 . 2 7 3 3 9  1 4 . 5 7 3 0 2  4 2 . 4 2 3 4 9  51 1.07 
-37.56* 6 3  8 0 1 1  ? .?e36221 0 . 0 1 1 0 0 0 2 2  4 7 . 2 3 9 1 7 6  ? 4 7 r 2 5 ? 0 7  1 4 . 6 3 0 . 1  6 8 . 2 5 1 3 1  38 1.37 
-37 .33  1 3 8  7 2 0 ;  7 . 9 0 3 6 2 0 0  0 . 0 1 1 0 0 6 5 3  4 1 . 2 1 9 3 8 5  2 4 7 , 2 3 0 4 5  1 4 . 6 8 4 9 7  1 0 9 , 3 0 6 7 8  29 1.33 
-36.82 6 5  1 0 6 5 1  1.9836045 0 . 0 1 0 9 8 4 2 6  4 7 . 2 4 1 1 6 2  2 4 7 . 1 6 0 7 7  1 4 . 6 8 5 5 0  2G2.19234 45 1.07 

+ -36 .79* 1 3 9  5 2 5 1  7 . 9 8 3 6 0 0 0  0 . 0 1 1 0 0 1 ? 5  47 .  i3 ' )7 0  5 i 4 7 . 1 5 b " i l  1 4 , 6 7 6 6 - cOL.28715 18 1.49 
* -36.60 67 9 8 4 1  7 . 9 8 3 6 0 4 3  0.0 11003 7 2 4 7 . 2 4 3 6 1 1  ? 4 7 m 1 2 0 2 0  1 4 . 6 5 4 6 ?  2 4 3 . 3 0 4 6 9  36 1.08 

-36 .49* -36 .27* 
6 0  
b? 

1 1 8 5 1  
1 1 0 4 1  

7.RR36128 
7 . 9 C 3 6 2 1 0  

0.0 1O S P  7 4 F. 
0 . 0 1 1 0 1 5 7 1  

4 7 . 2 4 1 7 1 5  
4 7 . 2 4 5 0 : l  

1 4 7 . 1 1 6 e 9  
24 1  s 3 s  5 51  

1 4 . 6 5 5 7 6  
1 4 . 5 7 7 7 0  

- 6 3 0 1 2 6 8 0  
3 0 4 . 3 1 5 2 9  

48 
39 

0.94 
0.78 

-36 .06* 70 1 8 9 3  7 . Q 8 3 5 8 3 1  0 . 0 1 1 0 1 8 l h  47.143PLF 1 4 7 . 0 5 Q h Q  ? 4 . 6 1 1 2 6  ' 4 ? 0 3 4 4 0 3  25 0.75 
-35 .79* -35 .75* 

7 1  
7 2  

1 4 3 7 )  
6783  

7 . q 8 3 6 1 4 3  
7 . 9 8 3 5 1 9 2  

0 . 0 1 1 0 0 1 6 2  
0 . 0 1 1 0 7 1 6 1  

4 7.2 4 37 65 
& 1. ?&I 4 b ? 

2 4 1 . 0 2 5 0 1  
747.01 li )'I 

1 4 . 6 9 2 3 9  
14.4J756' 

1 0 . 9 9 0 8 1  
3ii .80676 

55 
21 

0.95 
0.36 

-35 .72* 1 3  9 0 9 3  7 . 9 8 3 5 9 5 7  0 .0110?44*5  4 7 , 2 4 5 1 1 1  2 4 7 . 0 1 5 6 5  14 .53E67 43.35141 28 0.64 
-35.57* 7 4  1 3 5 6 3  7 . 9 3 3 6 2 3 6  0 . 0 1 1 0 2 6 9 4  4 1  - 2 4 6 2 1 1  2 4 6 e P 1 5 1 9  1 4 . 6 0 5 4 4  7 z . 1 8 7 4 8  46 0.88 
-35.42* 7 5  7 9 0 ;  l.@C35@70 0 . 0 1 1 0 7 0 5 9  4 7 . 2 4 5 4 - 4  2411.@7351 1 4 0 4 L O 4 7  99.75531 24 0.51 
-15 .02* 7 6  1 1 6 1 d  7 . 9 8 5 6 1 1 1  0 , 0 1 1 0 4 0 4 8  4 1 . 2 4 6 1 6 2  , r b .  1 , 3 3 4  1 4 . 5 1 ~ 7 0  1 7 1 . 1 8 4 9 3  35 0.73 
-34 .72  7 7  1 0 5 0 0  7 . 9 8 3 6 1 7 9  0 . 0 1 1 0 5 7 2 8  4 7 . 2 4 5 1 1 2  2 4 6 .  a a 4 7 1 4 . 5 5 2 7 1  2 2 7 0 5 4 4 5 6  31 0.59 
-34 .69  7 0  2 7 7 0  1 0 9 8 3 5 4 2 8  0.0?108506 LI 7.2 41,323 7 4 6 e P 7 7 3 1  14 .65445 232.01312 16 0.51 

A-34.36* 7 9  4 1 1 0  7 . 0 8 3 6 2 3 4  0 . 0 1 1 0 7 5 6 2  4 7 L 4 0  3 3 + c4 i r .33736 1 4 , 5 5 4 4 6  2 9 3 , 0 1 5 6 9  19 0.40 
-33 .66  8 0  6630  7+9836381  0 . 0 1 1 0 6 5 ' 6  4 7 . 2 4 6 1 9 0  7 4 6 , 7 4 8 1 0  1 4 . 6 3 7 ? 3  6 0 . 8 3 2 9 3  26 0.52 

* 

Ser. no. 
of arc- 'apc - ( I  -

0.33 0:00218 0:00488 14 
1.06 0.00273 0.00263 1 
1.25 0.00290 0.00226 4 
t.26 0.00291 0.00224 3 7  
1.26 0.00291 0.00224 15  
1.26 0.00291 0.00224 7 3  
1.26 0.00291 0.00224 1 1 9  
1.26 0.00291 0.00224 3 8  
0.24 0.00 142 0.00389 1 6  
0.67 0.00434 0.006 15 7 4  
0.67 0.00462 0.00648 120 
0.72 0.00391 0.00520 3 9  
0.85 0.00399 0.00464 75 
0.71 0.00348 0.00468 1 7  
0.88 0.00346 0.00429 40 
1.25 
1.26 

0.00553 
0.00442 0.00340 

1 2 1  
76 

0.91 
0.81 

0.00370 
0.00392 

0.00406 
0.00474 

1 2 2  
197 

0.94 0.00175 0.00186 4 1  
0.60 0.00218 0.00334 77 
0.42 0.00082 0.00158 1 8  
0.54 0.00252 0.00412 1 2 3  
0.47 0.00119 0.00214 4 2  
0.61 0.00267 0.00403 1 9 8  
0.36 0.00090 0.00193 1 9  
0.60 0.00247 0.00377 7 8  
0.32 0.00 158 0.00363 43 
0.61 0.00237 0.00357 1 2 4  
0.42 0.00164 0.00317 7 9  
0.56 0.00080 0.00129 6 
0.37 0.00081 0.00170 20 
0.59 0.00173 0.00267 4 4  
0.62 0.00244 0.00364 1 9 9  
0.23 0.00109 0.002 82 2 1  
0.51 0.00189 0.00324 1 2 5  

0.93 0.00414 0.00444 2 0 0  
0.63 0.00206 0.00302 80 
0.67 0.00202 0.00283 45 
0.93 0.00435 0.00468 126  
0.51 0.00250 0 .oo 101 22 
0.92 0.00419 0.00453 8 1  
1.06 0.00553 0.00521 2 0 1  
1.22 0.00558 0.00446 1 2 7  
1.25 0.00495 0.00384 4 6  
1.05 0.0061 1 0.00582 2 7 9  
1.64 0.00377 0.001 76 23 
1.36 0.00566 0.00388 82 
1.12 0.00527 0.00467 2 0 2  
1.49 0.00406 0.00238 47 
1.27 0.00531 0.00403 1 2 8  
1.41 0.00427 0.00276 8 3  

1.49 0.00333 0.00195 7 
1.60 0.00410 0.00205 2 4  

1.48 0.00234 4 8  



.i 

0.00564 

0.00591 

0.02512 

-

* 

Table 4a (coritinued) 

Half-arc Ser. no. 
t Orbit  length-~ s1 '6- - -pa -pe -(.a -( I  of arc 

Megameters 

+ - 3 7 h 8 3
* - , 'o .?a
* +A-23.7? 

3 1  17)0s 
? L O  1 ~ 2 3 0  

5 4  7 5 7 3  

7 , 9 3 3 6 5 4 4  
7.0 3 7 h 149  
7.9935519 

0.C1107438 
O.C111?L6d 
0 ;0 !1 2 5 S 6 h  

4 7 : 2 4 6 7 3 6  
47.237575 
47.L347E9 

2 4 6 z 6 5 0 0 2  1 4 ~ 7 0 1 3 7  2 0 2 i 2 7 1 6 4  
246.1?15? 14 .70775 1 2 1 e 6 6 0 6  
245.48470 15.260G3 62 .19053 

16 
16 
16 

0.50 
0.12 
0.42 

1.50 
1.88 
1.58 

00.00410 
0.01769 
Oe00653 

0:00237 
0.00600 
0.00337 

2 5  
26  
52 

-22.92 a 5  1 3 9 3 5  7 .9335541 0.011?5770 245.37013 15  3 3 0 2 5  225,79453 18 0.39 1.61 0.00650 0.00320 a8 
* -22.73 8 6  1 1 4 1 3  7.9335572 O.Oli;7;6? 2 4 5 , 3 5 1  12 15 .  ? S O 6 4  256.24406 25 0.48 1.52 0.00631 0 00354 1 3 4
* -21.93 '37 14133 7 .9835508 0.0' l2 7 0 "  1 2 4 5 . i 5 1 3 3  15 .45703 34.73011 35 0.83 1.17 0.00605 0.00509 209
* -21.63 8 8  7 6 2 3  7 , 9 8 3 5 8 9 9  0.0 L 1'. ~ Z 7L 3 2 4 2  2 1 6 5 4  15. U (t4 1 9  87 .83694 18 0.30 1.70 0.00336 0.00141 8 9
* -2 j .92  39 1 3 3 5 3  7.9835534 0.0:i-66':3 2 4 5  11650 1 5 , 6 2 3 5 ~  i26.40;Zl 28 1.25 0.75 0.00394 0.00509 1 3 5  

A-22.8 1 1 4 1  447 I 7.98358a7 0.21 12 5 1 4 4  2 4 5 0 1 0 4 1 0  15.77459 247,58393 16 0.48 1.52 0.00137 0.OO 191 5;
* -25.73 3 1  1'2391 7 .9835493 c ,0 11 2  7 :  31. 2 4 5 , 0 9 6 9 1  15.6'14 1 9  2 5 3 0 8 0 4 6 F  39 1.26 0.74 0.00338 0.00443 210
* -2?.i75 9 7  7 2 3  1 7.9935486 3.31 1 2 6 7 4 5  245.30382 i 5 . 7 4 3 a z  2 6 , 1 7 5 8 1  26 1.17 0.83 0.0041O 0.00487 03
* -19.93 11 7 7 4 1  7.9335454 0.011773:7 7 44.9 84115 15.7/t066 53.57723 37 1.17 0.83 0.00349 0-00412 136
* -19.89 74 1410 1 7.7835335 o . o l l < ' ~ ' < : >  2 4 4 ,  ';a2 1e 15.68059 56,6897;  44 0.91 1.09 0.00672 0-00613 2 e e
* -19.87 95 6 5 4 )  7.0'a35410 0.01170670 7 4 L a Q l R 4 0  15.70005 59.71654 19 1.05 0.95 0.00344 0.00361 5 4
* - 1 3 . 7 7  q h  7 0 8 3  1 .9335472 0 . 0 ' 1 : ~ ? ? 3  244.95023 15.71252 87 .11200 30 1.03 0.97 0.00279 0,00289 9 1
* -19.91 9 7  1 0 9 5 1  7.9935259 0 .01127455 244.66975 1E.79393 2 1 6 , 4 5 5 1 3  42 0.83 1.17 0.00689 0.00580 7 1 1  

-1Q.qR - $  9163 7.q834957 0.01 1?"?7', 744.86470 15 .88320 220.93493 18 0.79 1.21 0.00 364 0.00295 2 8
* -18.86 9 1 1 4 7 3  7 9 8 3  5 2 2 8 0,c 1i~-1d 34 2 4 l i  85056 15.80896 243.84764 5 0  0.89 1.11 0.00629 0.00562 :,I? 

+ A-1 ?. .P? 1 3 0  3 7 0 3  7 .9835346 010117"741 2 4 4 0 9 4 5 7 5  15.65097 248.374a3  29 0.95 1.05 0.00283 0.00269 5 5
* -18.82 1 0 2  1 0 2 3 3  7 .a335055 0.01 1?001 ' J  2L4.:.4474 15 .54855 247.89902 35 0.97 1.03 0.00628 0.00608 137 

-,_-1e.63 1 3 3  3 3 3 3  7 .9335781 0.3 1 13 1177 244.22427 1 5 . 7 3 d 2 i  277.40139 26 0.81 1.19 0.00257 0.00212 L 3

* -lR:.ht? 1311 1 0 8 3 3  7.93?. ' ,104 C.0:1304:,' 2 4 4 . ? 1 5 > 5  15.9 4'4 0 i 2 7 7 , 3 1 2 2 6  43 1.00 1.00 0.00568 0.00567 21;
* -18.21 i o 5  1 3 8 3 3  7 .9835550 C ,0 I 1 4  7': t i 244.76L37 1 ; . j1675 2166626 581 1.30 0.70 0.01303 0.01777 357
* 	 -13.02 1 5 6  1317"  7 .9835974 0 I c 1 14? 0.' -, 2'54.71 ?6?  1i,L3l.Z /+ 36141879 51 1.26 0.74 0.01 323 0.01736 290 

-17.Oq 1 0 7  0 4 0  7.9!?35123 3.01 1?P,"'.'. 2 114.71 c. 1r: 1 5 .  ' 5 2 0 3  4 3 , 6 7 3 4 0  20 0.70 1.30 0.00230 0.00168 9
* -17.94 1:s 7 1 1 0  7 .98:4322  2.31 I-:' .I i 1 4 1 . c . ; ? : > 2  L & 4 I7 3 1 4 16.01730 21.12597 34 0.89 1.11 0.00630 0-005 37 9 2
* -17.7', 109 7 6 5 0  7 o O P S 5 0 3 1  0 .3 :  I:"','? L - * 2  j ; - , , j c  2 I:4 a 7 1i0 2 15.  ?735i. 78.57O54 42 0.93 1.07 0.00577 1 3 5* -17.73 11c. 6 5 4 0  7.93:4755 c.31:,5312 4 7 ,  i j . l , h ;  L44 71 03 1 16.;>740 8 3 , 0 2 1 4 6  31 0.92 1.08 0.00641 0.00554 5 6
* -17.6? 111 7330 7.oa35029 3 0 2 1 1 3 0 0 3 h  L-7.239525 244.69 1 4 3  15.?3150 1 0 7 , 5 0 6 6 6  39 0.95 1.05 0.00583 9 3  
1 -17.14 112  9 9  90 7 . 9 8 X 0 1 1  C.01 14771,  4 7 . ~ 4 1 5 4 9  244.62e39 15.5'230 197 . iC733 5 0  1.24 0.76 0.01340 0.01711 213-17.0'2 1 1 3  4 3 5 0  7.93j4229 C . O I l 2 7 6 7 L  47 .239178 244.62142 ;. .a J i l ,6 iib.49~43 25 0.78 1.22 0.00675 0.00540 30 
f. -16.9e 1 1 4  9 4 2 0  7 .9a36181 0 .01146075 4 7,241924 2 44 60 8 2  5 15 .39765 L26.63537 47 1.19 0.81 0.01 369 0.01659 1 3 9  

-16.95 1 1 5  3540 7 .9834501 0.01157072 47 .240359 24416 2 6 1  1 i5 .47zI -3  L j 2 e E 2 6 5 0  16 0.72 1.28 0.00793 0.00595 10 
A-16.94 1 1 6  4 5 9 3  7.98344'73 O.OSl i92?8  47 .:40455 2 44 a 6 0 3  1 5  i5.67624 2 3 3 , 4 9 1 3 6  3 3  0.86 1.14 0.00586 0.00599 5 7  

- 1 6 . 2 - ,  1 1 7  40"" 7.0834644 0.011416?7 47.2 398'16 244.595 3 4  15.7?9?C 26o.ooza9  24 0.77 1.23 0.00663 0.00525 3 1  
1 -16.)) 118 6 9 3 ,  7 . 9 ~ 3 8 ~ 2 80 ~ 0 1 1 4 8 9 7 0  47.236506 244.517'25 i6.>L205 352.03158 45 1.15 0.85 0.02160 0.02610 9 4  
1 - 1 A . l ' .  I42 54!J 7 , 9 5 4 1 5 5 8  0 .01130751 47.1935ti6 244.46 1 7 4  i l .73 .387  12 .81815 29 1.80 0.20 0.00864 58  

+ & ?  5 . ? 7  1 4 2  3 2  ,(J 7 ~ ' , ' ~ 5 7 ~ h 70 , 0 ! ' 0 7 ? ~ L - 117,24472 i 7L4.71"PO i n . ? o P ? e  lP6 .57384 31 1.72 0.28 0.00864 0.02 154 32 
-15.3:. 1 4 4  2 5 3 3  7 .7857324 0 .01114215 47 .224835 244.30FC2 19.Y9655 209.43828 24 1.99 0.01 0.00129 0.01878 11 
-14.c; 14'  413 .00: c 43 7 0.0!28470~ 47.214Q35 24L.70107 10 .4401 7 325 ,51067 19 0.51 1.49 0.00 165 0.00097 2 



- -  
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Table 4b 

Elements of Five One-Day Arcs and Accuracy ofRepresentation of the Observations. 

t Orbit S1 -S2 
Megameters 

-6ObO 
-36.00 

182 
183 

7.9837288 
7.9836192 

0,01058634 
0.01092532 

470.235828 
47.237197 

2500.14102 
247.05455 

130.84211 
14.79021 

2880.68957 
352.83910 

+2:4274 
+1.0906 

36 
1 1 0  

1.84 
0.70 

0.16 
1 - 3 0  

0:00316 
0.01301 

0:01067 
0.00960 

-12.90 184 7.9834862 0.01143574 47.238439 LS3.97053 16.38444 56.4b552 +1.2165 6 5  1.33 0.67 0.00931 0.01306 
+lZ.uO 185 7.9833360 0.01170873 47.258748 240.68847 18.30955 119.78557 +1.3944 29 0.94 1.06 0.00639 0.00605 
+36.00 186 7.9831923 0.01217194 b7.2385Jb 237.79791 20.64156 182.86631 i1 .7216 37 0.49 1.51 0.01059 0.00604 

Half-arc 
t Orbit length- __

4-96?81 169 7650' 
4-68.22 170 395u 
A-62.54 171 3070 
4 - 4 4 - 4 9  172 4590 
A-42.44 173  3630 
A-36.48 174  4140
4- 0.28 180 7140 
4+11 .62  181 8730 
D+31.72 177 8133  
A+33.40 178 7743  
A+46.98 179 7143  

Table 4c 

Elements of Additional Arcs and Accuracy of Representation of the Observations. 

s2 s3- - s4 
-

s5- s6 
-

N pa '6 
Megziiiieters
7.9@38185 3.ClCI22204 47z236167 2511:a7745 11:27904 L.6: 1 9 5e 0 1 4  0.45 1.55 
7.9837841 0.0?034476 L7.239570 251018713 13.11044 223,1301? 11 1.96 0.04 
7.9339057 0.01062879 47.242220 250.47079 13.18903 184 I9 h97 6 8 1.80 0.20 
7.9837471 0.01084391, 47.237608 24e.14996 14.46106 241.61411 11 1.72 0.28 
7.98?6822 0.31053498 47.239135 2 47 6 8  194 14.2567e 256 0 3761 1 1 5  1.84 0.16 
7.9835622 0.01105415 47.242007 247.12181 14.41388 264,87906 1 4  1.59 0.41 
7 $9834 343 0.0114R391 47,229719 24 i .45aoh  17.85655 35.81515 1 0  2.00 0.00 
7.9833953 0.01170166 41.237516 240.94113 13.31681 5 1L L 443'1 11 0.44 1.56 
7.9831977 0.01211227 47.2 39399 238.35053 19.96509 122.38351 9 1.84 0.16 
7.9831897 a. o 1i 1L 76 9 47.235657 2 i d ,  13554 20.13689 5 3 0 L ? ? b 5  11 1.83 0.17 
7,9831393 0 , O i c j ~ j r G  4 7 . ; 3 5 ~ 6 1  k 3 L . 3 i 5 ; e  L1.,0d64 2 ? . 1 7 c J 7  8 1.16 0.84 

Ser. no. 
f a  c b  of arc- 

00.00655 OzO0353 564 
0.00 138  0.01019 565  
0.00068 0.00202 566 
0.00157 0.00389 567 
0.00059 0.00200 568 
0.00094 0.00184 569 
0.00034 0.00803 570 
0.00450 0.00244 571 
0.00062 0.00211 5 7 2  
0.00062 0.00207 573 
0.00130 0.00153 574 
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Tables 5a - 5c 

t 
~ 

h+ A -48 45 
-47 a 84 
-47.71 

it: -47.56 
-A -96.79 
-* 	 -46#?P 

-45*h2 
-!16361

* 
2 * 

-450712
* -44.66
* -44.72 
* -44.58
* -44*43 

+ * - L . 1 . 7 &  

* -41 ;nhL :
* -43s54
* -42.71.
* -4ZS44
* -41nCO
* -4Ie55
* -41n3; 

-49 78
* -40.74 

A -40.53* -40.53 
+ -40.34

* -39.98
* -39.78 
* -39.73
* -39.54 

-38 .91 -3 9 47 

A -38 67
* -38.62 

-38.44
* -38.43
* -37*7;!
* -37,56
* -37.33
* -36*82 

+ --36,7Q
* - ? h , 6 : :
* -?,6rLQ
* -?he27
* -36r::F.
* -35.79
* 35.75
* -35.72
* -35.57
* -35.42 
* -35.0?
* -34.72 

-34.6? 


Table 5a 

Probable Errors of the Elements of 95 Arcs of Table 4a. 

Probable Error of 

Orbit 
Half-mc 

length SI.'lo 7 s2. 108 s3.106 s4.105 s5. 105 S6' 105 Ser. no. 
of arc 

25 
128 

3818' 
570 

38 
676 1 

241 
7643 

335 41 
1179 46 

2872 
13015 

2822 
12846 

14 
1 

129 1050 1523 184C 501 31 3323 3252 4 
132 7110 1472 1775 485 31 3197 3130 37 
131 4 350 1472 1777 487 3 1  3198 3155 15 
112 11370 1459 1761 485 31 3201 3193 73 
i33 14070 1449 1751 439 3 1  3204 3281 119 
I. 74 8610 145 1 1755 491 31 3205 3280 38 
3 3  759d 31 585 368 56 2763 2678 16 
3 4  11310 3 1  393 4 5 4  44 2629 2581 74 
75 1182C 3 1  415 455 46 2757 2706 120 
36 
37 

13290 
13800 

40 
33 

814 
704 

422 
364 

56 
51 

3311 
2970 

3232 
2900 

39 
7 5  

7 3  7240 49 805 448 53 3092 3022 17 
33 7800 34 666 358 46 2624 2565 40 

135 14010 25 703 36 1 5 4  2975 2906 1 2 1  
4 1  11010 25 626 343 45 2524 2467 76 
42 11913 22 536 236 39 1344 1797 122 
4 3  13920 24 484 317 42 1905 1863 197 
44 63LD 4 i  390 195 25 2040 2002 4 1  
45 7740 29 440 240 35 1427 1392 77 
46 
47 

4080 
9750 

28 
33 

27 9  
392 

254 
235 

29 
39 

2226 
1515 

2227 
1485 

18 
123 

49 49.30 3 4  276 178 24 1205 1175 42 
50 16620 29 377 2 8 1  39 1500 1473 198 
51 4290 45 463 165 38 1263 1210 19 
52 6990 57 39 1 326 42 2002 1963 7 8  
53 6300 74 407 285 42 1783 1746 43 
54 7860 4 1  343 299 59 170 1 1669 124 
55 7173 43 320 25C 40 1471 1443 7 9  

136 1143 639 444 202 31 3574 3564 6 
57 3153 95 260 169 26 1037 1020 20 
58 402 3 44 321 268 41 1337 1315 44 
59 1185) 25 340 284 39 1627 1599 199 

137 3 2 :  1 114 268 449 58 2623 2607 21 
6 1  11161 27 330 255 43 1492 1465 125 
42 
6 3  

1335)
e o 1  1 

27 
3 Lt. 

511 
373 

4 13 
279 

60 
46 

2081 
1474 

2036 
145 0 

203 
80 

138 
65 

7 2 3 1  
1C65 1 

43 
33 

386 
561 

500 
471 

90 
6 4  

220G-. ., ,.LLC3 
2187
2 2 3 3  45 

126 
11-3 
$7 
68 

E 2 5 3  
9843 

11852 

14c) 
57 
3 3  

583 
627 
663 

869 
635 
53i 

1L.3 
76 
7 -

I L  

boo?  
3590 
2453 

5582 
3540 
2395' 

2 1  
81 

201 
6 9  11043 42 7 23 651 82 2382 2734 127 
70 
7 1  

7893 
14373 

7 1  
27 

753 
679 

856 
515 

107 
67 

L 3 2 3  
2524 

$237
7465 
L 

46 
279 

7 2  
7 3  
74 

673; 
5'09" 

13563 

G O  
52 
34 

785 
775 
609 

535 
730 
4S2 

c 5  
97  
61 

2 3 2 3  
3474 
2642 

2751 
3402 
2643 

2 2  
82 

;:02 
7 5  
76 

7930 
11613 

56 
42 

3 50 
621 

540 
573 

7 3  
74 

2981 
2323 

2903 
2765 

47 
128 

77 125 )O 37 584 44e 60 2226 2176 a 3  
7 2  2970 200 E E 4  703 37 4025 3943 7 


28 
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Table 5a (continued) 

Probable Error of 
Half-uc Ser. no. 

-t Orbit length S5' 105 S6.105 of arc 
~ 

h 
4 - 3 4 .  36 7 9  4 1 7 0  8 4  8 2 5  5 7 8  7 2  2 8 1 9  2 7 5 5  2 4  

*--33.66 a o  6 6  30 4 6  5 3 1  4 2  0 5 5  2 1 3 8  2 0 9 2  4 a  
+ - 3 2  88  R i  3 9 0 0  77 6 9 9  5 8 7  7 2  2 6 3 1  2 5 7 4  2 5  

* -29.38 1 4 0  1 4 2 8 0  56 2 2 3 5  9 3 9  1 9 2  6 5 8 2  6 4 2 7  26  
*+A - 2  3 79 8 4  7 5 9 3  5 3  1 5 6 8  4 0 9  7 7  4 0 9 2  3 9 5 2  5 2  
* -22.90 8 5  1 0 8 0 3  4 4  1 4 5 6  3 7 5  7 2  3 8 6 0  3 7 2 4  a 0  
* -22.73 86  1 1 4 0 0  3 2  1 3 3 8  2 7 1  5 0  2 8 7 0  2 7 7 8  1 3 4  
* -21.98 8 7  1 4 1 3 0  2 8  9 3 7  3 2 2  5 0  2 9 2 2  2 8 4 4  2 0 9  
* -21.68 8 8  7 6 2 0  3 5  7 6 0  1 5 0  2 7  2 0 3 0  1 9 6 8  8 9  

* -20.92 8 9  1 0 3 5 0  4 3  9 1 4  3 3 6  4 8  2 8 3 9  2 7 6 0  1 3 5  
c -20.81 1 4 1  4 4 7 0  6 6  8 9 2  1 7 5  3 1  2 6 6 3  2 6 0 1  5 3  

* -20.78 9 1  1 0 8 9 0  3 1  6 7 6  2 6 9  4 0  2 2 2 6  2 1 6 7  2 1 0  
* -20 .05  9 2  7 2 0 0  4 8  9 2 2  3 4 3  47 2 8 7  1 2 7 9 6  9 0  
* -13 .90  9 3  7 7 4 0  3 4  6 6 3  2 6 7  3 9  2 1 9 5  2 1 3 8  1 3 6  
* -19.88 9 4  1 4 1 0 0  4 5  1 0 1 0  4 0 2  6 2  3 5 2 1  3 4 3 6  2 8 8  
* -19.87 9 5  6 5 4 0  9 9  8 4 8  3 3 2  4 5  2 9 7 5  2 9 3 1  5 4  
* -19.72 96 7 0 0 0  5 9  5 5 4  2 3 6  3 4  2 1 7 2  2 1 3 0  9 1  
* -19.01 9 7  1 ,2950  4 9  9 9 2  4 0 2  6 1  3 4 9  1 3 4 0 8  2 1 1  

-18 .93  9 8  3 3 6 0  1 6 5  2 0 2  3 0 9  4 2  3 4 0 8  3 3 5 9  2 8  
* -18.86 9 9  1 1 4 9 3  3 8  8 7 8  3 5 8  56 3 0'6 5 2 9 9 0  2 8 9  
+A-18L 8 3  130  3 9 3 )  82  5 6 8  2 3 5  3 3  2 4 4 0  2 4 0 5  5 5  
* 	 -18 .82  1.22 1329 2 9 4  1 1 2 7  4 7 2  6 0  4 5 1 5  4 4 2  5 137  

-?8.6E 1 0 3  3 3 3 0  1 0 4  6 0 8  2 1 6  29  2 9 0 0  2 8 4 8  29 
* -1P.68 1 3 4  1 0 8 3 0  6 0  9 5 7  4 0 7  6 2  3 5 3 3  3 4 5 6  2 1 2  
* -18.21 1 0 5  1 3 8 3 0  9 0  1 2 3 6  97 1 1 4 4  5 7 1 4  5 6 2 5  3 5 7  
* -18 .02  1 @6 1 3 1 7 0  1 3 5  1 2 8 8  1 0 8 7  1 6 1  6 1 2 8  6 0 5 5  2 3 0  

- 1 7 a 9 R  1 0 7  8 4 0  1 3 4 9  1 1 7 6  5 1 9  6 0  5 2 0 2  5 1 7 5  9 
* -17.94 1 0 8  7 1 1 0  1 1 4  1 1 5 5  4 6 2  6 7  4 8 0 2  4 6 9 0  9 2  
* -17.70 1 0 9  7 6 5 0  6 7  9 7 2  4 0 3  6 0  3 5 7 6  3 4 9  1 1 3 3  
* -17.70 1 1 0  6 5 % 0  1 5 0  1 4 0 5  5 1 9  7 2  6 0 3 9  5 6 9 0  56 
* -17 .63  1 1 1  7 0 3 0  7 8  1 0 8 2  4 4 1  6 4  3 9 6 6  3 8 6 6  9 ;  
5 	 -17.14 1 1 2  9 9 9 0  1 4 5  1 2 9 9  1 1 0 4  1 6 1  6 1 4 2  GO64 213 

-17 .09  1 1 3  4 3 5 0  1 8 9  1 6 3 5  1 1 1 6  1 3 3  3 5 7 2  8 3 4 8  3 0  
5 	 -16.9:: 1 1 4  0 4 2 0  1 5 2  1 3 1 1  1 1 5 4  1 6 2  6 2 6 4  6 1 8 0  1 3 9  

-16.95 1 1 5  3 5 4 ;  2 5 9  1 0 8 9 4  166 1 8 1 5  2 3 5 8 4  2 1 9 1 4  10 
A - 1 6 . 9 4  1 I6 4 5 9 3  1 2 4  1 1 3 9  6 9 7  8 9  5 3 9 3  5 7 5 2  5 7  
- I. 6 .8 0 1 1 7  4 d E Z  1 4 4  5 1 1 9  3 4 8  3 7 1  9 7 3 6  8 7 1 5  3 1  

5 -16 .29  1 1  6 3 3 3  3 9 3  2 1 5 6  2 6 7 0  3 1 6  1 9 7 1 7  1 9 3 7 5  3 4  
5 -16.15 1 4 2  6 4 7 0  4 2 9  1 8 2 3  2 9 7 4  3 56 1 5 7 5 4  15638 5s 

- +A- 1 5  2 2 1 4 3  3 0 6 0  9 8 3  2 0 8 3  2 9 3 2  2 9 6  1 4 9 3 2  1 4 9 0 0  3 2  
-15 .38  1 4 4  2 5 9 0  5 1 9  7 6 2  1 2 2 1  2 0 5  6 6 0 7  6 6 6 8  11 
-14.56 1 4 5  4 8 0  i o 5 7 3  1 0 1 4 2  1 1 6 6  110 2 7 6 2 9  2 7 7 4 7  2 

29 
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Table 5b 

Probable Er ro r s  of Elements of 5 Arcs of Table 4b. 

Probable Er ro r  of 

t Orbit S1. lo7  S2. lo8 'S3- l o 6  S4. l o 5  S5. l o 5  S6-l o 5  Sl8. 10
4 

h 
- 60.00 182 8 761 639 106 3943 3834 886 

- 36.00 183 16 735 535 69 3239 3178 704 

- 12.00 184 17 950 623 102 4124 4057 1162 

+ 12.00 185 17 988 613 95 4128 4069 1252 

+ 36.00 186 16 1383 820 140 3803 3742 1055 

Table 5c 

Probable E r r o r s  of Elements of Additional Arcs  of Table 4c. 

Probable Er ro r  of 
Half-zc 5 Ser. no. 

t Orbit length S1. lo7  S2-10 s3.106 s4.105 ~ ~ - 1 0S6' 105 of arc 
- - - - ~ ~ _ _ _ 

h 
B -68.22 1 7 0  3 9 6 0  2 6 2  3 1 6 4  0 3 7  2 8 2  8 6 5 9  8 1 6 0  5 6 5  

- 6 2  5 4  1 7 1  3 0 3 0  2 3 9  5 9 7  4 4 8  5 4  2 2 3 6  2 1 9 9  5 5 6  
-44.49 1 7 2  4 5 9 0  3 6 0  1 0 2 8  531  6 8  1 3 2 1 5  1 3 0 5 4  5 6 7  
-42.44 1 7 3  3 6 3 0  5 7  2 8 2  1 8 5  2 5  1 7 8 5  1 7 6 5  5 6 8  

A -36 4 8  1 7 4  4 1 4 0  7 8  3 3 0 6  0 7 5  2 7 2  4 3 7 4  4 1  4 8  5 6 9  
A - 0.28 1 8 0  7 1 4 0  7 7 3 2  1 8 2  1 0 6  2 2 6 9  2 2 0 3  5 7 3  
3 + l l r 6 2  1 8 1  8 7 3 0  7 9  1 1 2 6  1 1 7 0  l e 6  1 5 0 5  3 4 4 6  5 7 1  
&+31 .72  1 7 7  8 1 3 3  7 9  9 6 0  4 7 8  7 3  2 3 1 4  2 3 6 1  5 7 2  

+33 .40  1 7 8  7 7 4 3  3 8  6 2 2  3 9 7  5 4  2 2 3 4  2 2 7 3  5 7 3  
A +46.98 1 7 9  7 1 4 1  4 0  1 0 9 1  3 Y 9  5 6  8 5 5 2  8 3 1 8  5 7 4  

A - 9 6 . 8 1  1 6 9  7660'  101 7 2 3  6 1 4  9 8  8 5 4 6  8 3 7 6  5 6 4  

30 



-- 
13.99963 

249,89902 

1.29580 

0.99403 

+ 0.02549 

Table 68 

Elements of 68 Orbits. 

Half - arc Ser. no. 
t Orbit length S -s2 -s3 -4 - A l l  b w  AM of a r cSS- - - - -MegzXeters 

0-47?56 130 7 1 1 0 s  1.9856251 0.01118163 47.241992 248:54316 130.85388 4 1'. 8 9031 + 0".0203 + l".Oll5 - f .41502 37 
0-46.38 132 11370  7 .9856221  0.01138128 47.241987 248.39115 251.81642 + 0.00219 + 1.50087 - 1.49892 7 3  
0-45.62 133 14010  1.9856302 0.011J8211 41.242002 248.29480 14.09229 34.16818 + 0.00228 + 1.50097 - 1.55294 119 
0-45.61 134 8610  1.9856312 0.01108222 47 ,242002 248.29266 14.09454 3 7 i 8 0 9 9 1  + 0.00229 + 1.50116 - 1 0 5 5 4 4 0  38 

-+5.32 33  1590  1.9837326 0.01054860 47.236400 248.25636 14.32140 89.48825 + 0.00242 + 1.69906 - 1.61119 16 
-44.86 34 11310  1.9831123 0.01084816 47 ,238206  248.19602 14.20833 114.87300 + 0.00209 + 1.52240 - 1.43715 74 
-44.12 35 11820 1.9831040 0.01085021 47.238312 248.11769 14.21581 200.15030 + 0.00198 + 1.51239 - 1.42738 120 
-44.58 36 10290  1.9836898 0.0108q866 248.15886 l 4 a 1 3 6 5 0  226.10890 + 0.00137 + 1.41560 - 1.33632 39 
-44.43 3 1  10800 1.9836804 0.01021301 248.140% 14 ,11175  252.61696 + 0.00126 t 1.37337 -- 1.32347 7 5  
-43.74 38 1290  1 0 9 8 3 6 7 0 1  0 ~ 0 1 0 ' 3 9 2 5 6  248.05112 14.22245 18.88313 + 0.00149 t 1.39871 17 
-43.60 39 1800 7,9836608 0.010 203.16 248.03351 14.20595 44.18404 + 0.00139 + 1.36473 - 1.29070 40 
-43.54 135  14010  1.9836541 0.01034052 248.02533 14a01603  55.51044 + 0.00071 + 1.22761 - 1.15563 121  
-42.71 41 11010  1.9836385 0.010 32019 247.91824 14122725  201.68235 + 0.00078 + 1.27599 - 1.20570 16  
-42.46 4 2  11910 7.9836462 0.01033058 247.88645 14.20088 2 53.38 545 + 0.00114 + 1.21816 - 1.15119 1 2 2  
-41.90 43 13920  1.9836507 0 .010J5114  247.8 1 5  11 14.24627 355.35338 + 0.00160 + 1.19525 - 1.13180 197  
-41.55 44 6840 7.9836064 0.01011284 241.16761 14.49813 59.05184 - 0.00089 + 1.40452 - 1.33538 41 
-41.30 45 1740  7.9836418 0.0109383e 241.13511 14.340011 104.89125 - 0.00065 + 1.21505 - 1.15056 77 
-40.14 4 1  9150  1.9836540 0.010>6124 247.66486 14.31812 206 ,86595  + 0.00030 + 1,18415 - 1.12438 1 2 3  
-40.50 50 10620  1.9836455 0.01036789 247.633e2 l 4 r 3 9 1 9 1  251.00181 + 0.00034 + 1.16818 - 1.10944 198 
-39.98 52 6990  1.9836314 0.01096161 241.56688 14,39516 346.92842 + 0.00091 + 1.10658 - 1.05094 78 
-39.78 53 6300  1.9836326 0.01098564 241.54500 14.39693 21.94372 t 0.00361 + 1.08470 - 1.03289 43 
-39.73 54 7 8 6 0  1.9836231 0.01097104 247.53593 14.40631 31.01314 + 0.00103 + 1.08791 - 1.03320 1 2 4  
-39.54 55 1170  1.9836228 0.01998995 241.51304 14.40850 66.08804 + 0.00369 + 1.06653 - 1.01555 7 9  
-38.62 59 11850  7.9836149 0.01391532 241 .39331  14.51352 233.41552 + 0.00100 + 1.05834 - 1nOO625 199 
-38 .43  6 1  11160  1.9836147 0.01199481 4 1 2 3 9 1  50 241.31142 14.52111 268 m 48499  + 0.00369 + 1.04227 -- 0.95808 125  
-31.70 6 2  13800 1.9836046 0.01598248 41.241189 241.21339 14.51802 42.42349 - 0.00004 + 1.00868 200  
-37.56 6 3  8010 1.9836221 0.01100022 41.239116 241.25907 14.63021 68.25131 + 0.00386 + 1.04345 - 0.99779 80  
-37.33 138 1200  7.9836200 01011"*657 47.239385 241.23045 14.68491 109.30678 + 0.00417 + 1.07038 - 1.02605 45 
-36.82 65 10650  1.9836045 0.0109n476 47.241362 247.16077 14,68550 202 ,19234  - 0.00014 + 1.00821 - 0.95931 126  
-36.60 6 1  9840 1.9836043 0.01100322 41.243613 241.12920 14.68463 243.30469 - 0.00278 + 0 ,97954  - 0.93070 8 1  
-36.49 68  11850  1.9836128 0.01098148 41.241115 2 a i . 1 1 6 e 9  14.65576 263.12680 - 0.00116 + 0.93731 - 0.88964 201 
-36.27 69  11040  1.9836270 0.01101571 41 .245031  241.08551 14.51770 304.31529 - 0.00360 + 0.83148 - 0.78487 127  
-36.06 7 0  7 8 9 0  1.9835832 0.01101e16 41.243826 241.05859 1 4 ~ 6 1 3 2 6  342134403  - 0.00373 + 0.84133 - 0179663  46 
-35.79 1 1  14310  1.9836143 0.01100152 41.243185 241.02501 14.69239 30.99081 - 0 ,00296  + 0.88155 - 0.84169 279  
-35.75 7 2  6780  1.9835192 0.01101261 4 1.24 3463 241.01425 14148562  38.80616 - 0.00842 + 0.67564 - 0.63385 23  
-35.72 73 9090  1.9835951 0.01133445 41.245113 241.01565 14.50861 43 ,35141  - 0.00381 + 0.69560 - 0.65406 82  
-35.57 74 13560  7.9836286 0.011'32684 4 7 . 2 4 6 2 l l  246.99519 14.60544 12.18748 - 0.00391 + 0.77283 - 0.72816 2 0 2  
-35.42 7 5  7 9 8 0  1.9835910 0.01191C59 41.245464 246.97351 14~44047 99.75531 - 0.00624 + 0.58935 - 0.55009 4 1  
-35.02 16 11610  1.9836111 0.01134C98 41.246162 246.92534 14.51510 171.18 493 - 0.00410 + 0.67625 - 0.63659 128 
-34.72 77  10500  1.9836119 0.0117572P 47.245112 246.88447 14.55211 221.54456 - 0.00532 + 0.61520 - 0.57690 83 
-33.66 80  6 6 9 0  1.9836383 0.01196650 47.246190 246.14810 14.63133 60.83293 - 0 ,00500  + 0.56922 - 0.53424 48 
-29.38 140 14280  1.9836149 0 ,01113468  47.237570 246.19113 14.90175 121.66806 - 0.01214 + 0.31206 - 0.29008 26 
-23.19 8 4  1590  1.9835519 0.01125864 47.236789 245.48470 15.26080 62 ,99053  - 0 ,00023  - 0.02495 + 0.01616 52  
-22.90 85 10800 7.9835541 0.01125170 4 i .234890  245.31013 15.38025 225.19453 - 0.00014 - 0.01554 88 
-22.13 86 11400 1.9835512 0.01127263 Z i .236201  245.3511:  15.38064 256.24406 + 0.00228 - 0.03572 + 0.03329 134 
-21.98 8 1  14130 7.9835508 0.0112108P 4;,236196 245.251Z3 15.45109 34.13011 + 0.00001 - 0.05285 + 0.05194 209  
-21.68 8 8  7 6 2 0  7.9835899 0.01125615 47.236999 245.21654 15.64419 81.83694 + 0.00272 + 0.09826 - 0.09793 89 
-20.92 8 9  10350  1.9835534 0.0112669R 47.231921 245111630  15.63952 226.40221 0.00000 0.00000 0.00000 1 3 5  
-20.78 91  10890  7.9835499 0.01121384 47.238098 245.09691 15.6441Q 253.80468 - 0.00010 - 0.01384 + 0.01326 2 10 
-20.05 92  7 2 0 0  1.9835486 0.01126145 47.238121 245 ,00382  15.14382 26.11581 + 0.00004 - 0,00368 + 0.00346 90 
-19.90 93  7 1 4 0  1.9835454 0 ~ 0 1 1 2 1 3 L 0  47.238216 244 ,98446  15.74966 53151723  - 0.00003 - 0.01635 + 0.01573 136 
-19.88 94  14100 7.9835335 On01119815 47 .238011  244.98218 15.68039 56.68979 - 0.00017 - 0.08768 + 0.08506 288  
-19.87 95 6 5 4 0  7.9835410 0.01119530 47.239611 244.91840 15.10005 59.11654 - 0.00181 - 0.07008 + 0.06856 5 4  
-19.72 96 7 0 8 0  1.9835412 0 1 0 1 1 1 9 2 3 3  47.239546 244.95923 15.11252 81.11200 - 0.00169 - 0.07612 + 0.07487 91 
-19.01 97 10950  7.9835259 0.011 !9459  41.238142 244.86915 15.19393 216.45513 - 0.00008 - 0.08212 + 0.08032 2 1 1  

-18.86 9 9  11490  0.01129884 244.85056 15.80896 243.84764 + 0,00002 - 0.08560 + 0.-08365 289  
-18.82 102 10290  0.01130015 244 ,84474  15.84885 277.31226 - 0.00152 - 0.04983 + 0.04856 137 
-18.68 104 10830 0 . 0 1 1 3 0 4 j l  244.82545 15.84302 . . . ~ ~- 0.00152 - 0.07417 + 0.07264 2 12 
-18.21 105 13830 0.011419d9 244.16831 15.53678 2.86626 + 0.00141 - Oi43800  + 0.41595 3 5 1  
-18.02 106 13170 1.9835894 0.01148022 41.241385 244.14262 15.48434 36.41819 - 0.00077 - 0.51307 t 0.49283 2 9 0  
-17.94 108 7 1 1 0  7.9834802 0.01128371 41.239138 244.13144 16.02190 51.12391 - 0.00123 + 0.02021 - 0.01819 92  
-17.79 109 1650  1.9835001 0.01129418 41.239368 244.11202 15.91856 18.57954 - 0.00136 - 0.04764 + 0.04823 138 

.-11.78 110 6 5 4 0  7 i 9 8 3 4 1 5 5  0 ; 0 1 1 2 8 3 1 2  41.239285 244.71091 16.05140 80.02546 - 0.00140 + 0.03017 - 0.02747 56 
-17.63 111 7 0 8 0  7.9835029 0 ,01130036  41.239525 244.69148 15.98160 101.50666 - 0.00154 - 0.06414 + 0.06458 93  

0-17.14 112 9990  1.9836011 O.O11'tl792 47.241549 244 ,62880  15.59530 191.10759 - 0.00091 - 0.51112 + 0.48993 2 1 3  
0-16.98 114 9420  189836181  0.01118C15 47.241924 244.60825 15.59168 226;63537  - 0.00119 - 0.52828 + 0.50692 139 
0-16.29 118 6 9 3 0  1.9838828 0.01148S10 47.236506 244.51195 16.58205 352.03158 - 0 ,00254  + 0.37014 - 0.39130 9 4  
0-16.15 142  6 4 2 0  1.9841558 0 ~ 0 1 1 1 0 7 5 1  47.193586 244.46114 21.13981 12.81815 - 0.04054 + 5.51107 - 5.47227 58 



Table  6b 

Elements  of 8 Orbi t s .  

Hal-arc  S S Ser .  no. 
t Orbi t  length 2 3 s4 sG A n Am AM of a r c  
- -~ 

Megameters  
-48248 25 3810' 7 ,9836359  0.01083331 470.236384 2480.66123 130.82318 2 340.44836 00.00223 + 10.58357 - 10.47877 14 
-43.74 38 7 2 9 0  7.9836701 0.01059256 4.1 2 3 7 6 17 248.05182 14.22245 18.88373 0.00149 + 1.39871 - 1.32347 17 
-40.34 51  4290  7.9836163 0.010 94911 47.240346 247.61419 14.32640 280.00332 0 ,00107 + 1.08307 - 1 02476 19 
-36.79 139  5250 7.9836000 0 ~ 0 1 1 0 0 1 1 5  47.239965 247.15899 14.67662 208.28715 0 ,00237 + 0.99519 - 0.95098 22  
-32.88 8 1  3900 7.9836544 0.01107488 47.246786 246.65002 14.70137 202.37164 0.00402 + 0.53762 - 0.50617 25 
-23.79 8 4  7 5 9 0  7 98355 19 0 .01125864 47.234789 245.40470 15.26080 62.99053 0 ,00023  - 0.02495 t 0.02549 52 
- l$ .83  100  3900 7 .9835346 0.01128741 4 7 239644 244.84575 15.85097 248.37483 0.00158 - 0.04668 + 0.04600 55 

0 -15 6 22 143 3060 7.9867262 0 ,01103334  L 7.244185 244.31880 18.50838 186.57384 0.06346 + 2.16440 - 2.13800 3 2  

Table 6c 

Elements  of 2 1  Orbi t s .  

Half-arc Ser.  no. 
t Orbi t  length s2 s3 s4 s5 sG .IR .2 0 AM of arc 
-	 __- - - - - - - -

Megameters  
0 - 9 6 2 8 1  1 6 9  7650' 7.9838185 0.01022004 4 7 i 2 3 6 1 6 7  254:87745 11 27904  46:10580  0". 00 3 18 + 5 l 0 0 4 2 0  - 4 z 4 2 6 3 9  5 6 4  
0-68.22 170  3960 7 ,9837841  0.01034436 47.238570 251.18713 13.11 0 4 4  228.19013 0 .01049  + 3.30713 - 3.01966 5 6 5  
0-62.54 1 7 1  3090 7.9839057 0.01052879 47 ,242220  250.47079 13.18903 184.94976 0.00293 + 2.68538 - 2.48313 566 

-48.48 25 3810 7.9836359 0.01033331 41 .236384 248.66123 13 ,82318 234  e 4 4 8  36 0.00223 t 1.58357 - 1.47877 14  
0-46.79 131  4350 7.9856308 0 .01138221 47.242001 248.44467 13.94867 181.82435 0 I0 0 2  1 3  + 1.50133 - 1146999  15 
0-44.49 172 4590 7.9837471 0.01034? 93  47.237608 248.14996 14.46 106 241.61413 0.00318 + 1,72988 - 1.64729 567 

-42.44 1 7 3  3630 1.9836822 0.010134 3 8  41.2 39  13 5 747.88194 14.25678 256,37611 0800123  + 1.27261 - 1.20378 568 
-40.53 49  4980 7.9835999 0.01013959 47.240352 247.63758 14.31833 244.99209 0.00019 t 1.09865 - 1.03873 4 2  
-38.67 58 4020 7.9836472 0 e 0  1079409 47.240138 247.40136 1 4  51924  225.85298 0 ,00363  + 1.06920 - 1.02069 4 4  
-36.48 1 7 4  4140 7.9835622 Oe01105415 47.242007 2 4 7 .  12181 14.41388 264.87906 0 ,00484  t 0.69440 - 0.65901 569 

0-34.36 7 9  4170 7.9836234 0 .01107563 47.2 46  0 54  246 .  83736 14 ,55446 293 0 1  560 0.00636 + 0.57273 - 0.53544 24 
-23.79 8 4  7 5 9 0  7.9835519 0 .01125864 47.2347R9 245.48470 1.5 I26 0 8 0  62.99053 0.00023 - 0.02495 + 0.02549 52 
-20.81 141  4470 7.9835887 0 .01125144 47.237052 245.10410 15 77459  247,58398 0.00280 + 0.12067 - 0.12097 53  
-18.83 100 3900 7.9835346 0.01128741 47.239644 244.84575 15.85097 249.37483 0.00158 - 0.04668 + 0.04600 55 
-16.94 116 4590 7.9834493 0.01129238 4 7  8 24048 5 244.60315 15.87624 233.99136 0.00093 - 0,25486 + 0.25483 57 

0 -15.22 143  3060 7.9867262 0 .01133334 41 .244785 244.31880 18.50838 186.57384 0 I 06346  t 2.16440 - 2.13800 32 
0 - 0.28 180  7 1 4 0  7 .9834343 0.0 11488 11 47 ,229719  242,45806 17.85655 35.81815 0 00389  - 0.33033 + 0.36362 5 7 0  
0+11.62 181  8730 7.9833953 0.01 178 166 47.237516 240.94113 18.31681 5 1 e24439 0.01049 - 1.33967 t 1.39511 571 

+31.72 177 8130 7.9831977 0.01211227 47.239399 238.35053 !9.96009 122.38361 Oe00458 - 2117691  + 2.38733 572 
+33.40 178 7 7 4 0  7.9831897 0.01212569 4 ;  .238651 230.13554 20 . ia688  68.22865 0.00498 - 2.15683 + 2.38619 5 7 3  
+46.98 179  7 1 4 0  7 .9831393 0.012 38526 47 .235261 736.3a526 2 1  30864  ?Y.17887 0.00141 - 2171137 + 3.09675 5 7 4  



Table 7 

Representations yo + ylt + y272 

Set I I Set II I Set 111 

Values of the coefficients y i  and probable 

s1 7.9834126 2 73 7.9834713 5 297 

- 0.000005752 5 217 - 0.000003930 -+ 818 

0.000000000 0.000000000 

s2 0.01163307 L 1048 0.01161502 -+ 1792 

t 0.0000167881 5 3123 + 0.0000163694 -+ 4930 

0.0000000000 0.0000000000 

s3 470 238230 -+ 838 470 240293 -+ 3959 

- 0.00005044 -+ 2497 + 0.00002663 -+ 10893 

0.00000000 0.00000000 

AR - 0000221 -+ 88 - 0400442 -+ 191 

- 0.0000518 -+ 262 - 0.0001317 -+ 524 

0.0000000 0.0000000 

A& - 1027705 5 3634 - 1032270 -+ 11214 

- 0.0598267 -+ 10830 - 0.0603858 -+ 30856 

0.0000000 0.0000000 

AM 	 1 1':21241 -+ 3497 + 1024405 -+ 10897 

10.0567332 -+ 10422 + 0.0568553 -+ 29985 

rors 


7.9833973 86 

- 0.000005759 246 

0.000000000 

0.01160586 530 

+ 0.0000160177 1519 

0.0000000000 

470 238333 485 

- 0.00001885 1392 

0.00000000 

+ 0".0206 53 

+ 0.0000250 151 

0.0000000 

- 0?99520 4386 

- 0.0437881 6667 

+ 1.8867470 -+ 3097030 

+ lq01414 -+ 4365 

+ 0.0468360 -+ 6634 

- 0.8939171 5 3082003 
~~ 

0.0000270 

0.00001667 

00 001528 

00 00166 

0: 07308 

0". 07272 

0.0000000 

s1 0.0000165 

s2 0.00002377 

s3 00 001901 

A 0  00 00199 

Ald 00 08243 

AM 00 07932 

0.0000000 

Probable errors  of representation 

0.0000213 

0.00001287 

0;  002844 

0: 00137 

0; 08055 

0: 07827 

Range in epochs and no. of orbits used in solution 
h27.69 60 1 29h65 7 1 95h46 12 

~~ 

33 
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T a b l e  8a 

Res idua l s  of Solution? for O r b i t s  of T a b l e  6a. 

H a l - a r c  Ser .  no. 
t Orbit length S I  106 sfi .105 sw -105 SM - 105 of arc- _ _ ~ 

0 - 4 7 p 5 6  1 3 0  7110 '  1 9 3 9 5  + 2 4 7 0 0  1 3 6 3  + 1 7 8  6 7 1 6  7 0 8 0  3 7  
0 -46.38 1 3 2  1 1 3 7 0  1 9 4 3 3  + 2 2 6 8 4  1 4 1 8  + 2 0 0  3 1 6  8 0 0 4  7 3  
0 -45.62 1 3 3  1 4 0 7 0  1 9 5 5 2  + 2 1 4 9 1  1 4 7 1  + 2 1 3  4 8 7 3  1 7 7 1 8  1 1 9  
0 - 4 5 . 6 1  1 3 4  8 6 1 0  1 9 5 6 3  + 2 1 4 8 6  1 4 7 1  + 2 1 4  4 9 5 1  1 7 9 2 1  3 8  

-45  a 3 2  3 3  7 5 9 0  5 5 3  - 2 3 6 3  4 1 1 6  + 2 2 9  2 6 4 7 6  2 5 2 4 5  16 

-440 7 2  35 1 1 8 2 0  31:2 - 3 2 0 9  2 1 7 3  + 1 8 8  1 1 3 9 8  1 0 2 6 8  1 2 0  
-44.58 3 6  1 0 2 9 0  2 b 8  + 1 4 0 0  3 3 3 8  + 1 2 7  2 5 5 7  1 9 5 6  3 9  
-44.43 
-43 .74  
-43.60 

3 7  
3 8  
3 9  

1 0 8 0 0  
7 2 9 0  
7 8 0 0  

1 2 2  
5 9  
26  

+ 2 5 8 3  - 6 2 0  
+ 2 3 5  

3 2 3 5  
2 8 1 9  
2 6 8 8  

+ 
+ 
+ 

1 1 7  
1 4 4  
1 3 5  

7 6 9  
5 8 9 3  
3 3 3 3  

1 2 4 5  
5 4 3 7  
2 9 5 4  

7 5  
17  
4 0  

-43 .54  1 3 5  1 4 0 1 0  8 9  + 3 8 4 0  3 1 4 2  + 6 7  1 0 0 2 0  1 0 2 1 3  1 2 1  
- 4 2  7 1  4 1  1 1 0 1 0  1 9 8  + 4 1 4  2 4 3 5  + 7 8  2 1 6  4 9  7 7 6  
- 4 2  a 4 6  4 2  1 1 9 1 0  1 0 7  + 1 0 3 3  1 9 4 0  + 1 1 5  4 4 4 4  4 5 2 9  1 2 2  
-41.90 
-41 .55  
-41 .30  

4 3  
44 
4 5  

1 3 9 2 0  
6 8 4 0  
7 7 4 0  

29  
' 5 2  

2 4  

+ 2 2 0 8- 2 2 6 8  
- 1 3 4  

1 8 1 4  
1 2 4 1  

7 4 6  

+ --
1 6 4  

8 3  
5 8  

3 4 4 4  
1 9 5 7 6  

2 1 2 5  

3 2 9 1  
1 9 0 5 2  

1 9 8 9  

1 9 7  
41 
7 7  

-40.74 4 7  9 7 5 0  7 0  + 1 2 1 1  8 3 4  + 4 0  2 3 8 5  2 5 4 8  1 2 3  
-40.50 5 0  1 0 6 2 0  1 + 1 4 7 4  6 8 4  + 4 6  2 2 2 4  2 4 1 5  1 9 8  
-39.98 5 2  6 9 9 0  1 1 2  + 5 7 2  2 3  + 1 0 5  8 2 5  4 8  5 7 8  
-39.78 5 3  6 3 0 0  88 + 2 0 4 0  6 1 7  + 3 8 2  1 8 1 6  1 1 5 5  43 
-39 .73  
-39 .54  

5 4  
5 5  

7 3 6 0  
7 1 7 0  

1 8 0  
1 7 2  

+ 4 9 5  
+ 2 0 6 8  

1 2 9  
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Table 8b 

Residuals of Solution 11for Orbits of Table 6b. 

Half -arc Ser. no. 
-t Orbit length 6e . lo8 6 1  * 106 60.105 sw. 105 of arc 

h-48 b 48 2 5  3810' - 260 + 1188 - 2617 + 26 - 2123 + 3352 14 
-43 b 74 38 7290 + 268 - 645 - 1511 + 15 + 8014 - 8067 17 
-40 6 34 51 4290 - 136 - 556 + 1128 + 17 - 3019 + 2473 19 
-36.79 139 5250 - 160 - 1163 + 652 194 + 9630 - 10332 22
-32.88 81 3900 + 538 - 191 7369 - 393 - 12516 + 11918 25 
-23 79 84 7590 130 + 3305 - 4870 + 105 - 13882 + 13403 52 
-18.83 100 3900 - 108 - 1936 - 147 + 36 + 13896 - 12747 55 

0-15.22 143 3060 + 31951 - 33254 + 4897 - 6104 + 256803 - 251671 32 

Table 8c 

Residuals of Solution 111for Orbits of Table 6c. 

Half-iWC Ser. no. 
t Orbit length & a .107 se - 108 6 1  * 106 60 -105  so. 105 ZM.105 of arc 

h0-96r81 169 7650' .. - 1363 16485 3991 354 -+ 802 - 6854 564
0 -684 22 170 3960 61 16817 1049 1084 43702 - 42262 565 
0 -62 54 171 3090 + 14 82 2468 2708 24? + 20412 - 21851 566--48 48 25 3810 407 399 2862 139 + 1248 - 1220 14 
0 -46 79 131 4350 4. 19640 22582 2786 124 + 3462 - 9697 15 
0-446 49 172 4590 t 936 4940 1564 223 + 40349 - 40076 567 
-42 6 44 173 3630 + 404 891 + L 222 + 6961 - 6919 568 
-40.53 49 4980 - 309 1697 + 1255 123 + 919 - 776 42 
038.67 58 4020 + 271 763 + 1076 254 + 8898 - 9001 44 
-36 48 174 4140 - 452 3261 + 2986 370 - 15887 + 15439 569 

0 -34. 36 79 4170 + 282 2014 + 7073 756 - 15938 + 16524 24 
023.79 84 7590 + 175 3384 - 3992 169 - 17825 + 17617 5 2  
-20.81 141 4470 + 715 2109 - 1673 126 + 12293 - 12174 53 
-18.83 100 3900 + 2E8 1683 + 956 317 + 5709 - 5452 55 
-16.94 116 4590 4! 6 4213 + 1833 256 - 5557 + 5975 57 

0-15122 143 3060 + 32412 32873 + 6165 6514 + 244944 - 241859 32-0 - 0128 180 7140 + 354 11247 8620 594 + 65259 - 63740 570-0 	+llr62 181 8730 + 649 1033 598 814 + 13887 - 15119 571 
+31,72 177 8130 - 170 167 + 1664 173 + 1741 - 2250 572 
+33r40 178 7740 - 153 1515 + 954 209 + 9042 - 9195 573 
+46 98 179 7140 + 125 2689 2186 182 - 7543 + 7955 574 

W cn 




Table 9a 

Comparison of Probable E r r o r s  of the Elements for the Arcs of Tables 6a and 4b 
(Short and Long Arcs  Respectively). 

sl.lo S2.l0 8 s3.106 I s4.105 I s5.105 
7 1  

Short arcs 

Mean 3466 3402 

Min. 150 1427 1392 

Max. 2974 356 19717 19375 

Range 2824 331 18290 17983 

Mean of Min, Max. 1562 190 10572 10384 

~ 

Mean 15 963 646 102 3847 3776 

Min. 8 735 535 69 3239 3178 

Max. 17 1383 820 140 4128 4069 

Range 9 648 285 71 889 891 

Mean of Min, Max. 12 1059 678 104 3684 3624 
-

Table 9b 

Comparison of Probable E r r o r s  of Representation for the 

Arcs of Tables 6a and 4b 


(Short and Long Arcs  Respectively). 


-.. 

Mean 0': 00521 0: 00551 

Min. 0.00142 0.00141 

Max. 0.02160 0.02610 

Range 0.02018 0.02469 

Mean of Min, Max. 0.01151 0.01376 

Long ircs 

Mean 0: 00849 04 00908 

Min. 0.00316 0.00604 

Max. 0.01301 0.01306 

Range 0.00985 0.00702 

Mean of Min, Max. 0.00808 0.00955 
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Table 10a 

Range in Mean Anomalies of Observations Considered in Deriving 
Elements for  the 2 1  Arcs of Table 6c. 

t Orbit Min. M Max. M Range 

-96h8l  169 * 305O 7Oo 125' 

-68.22 170 * 25 90 65 

-62.54 1 7 1  * 305 130 185 

-48.48 25 320 65 105 

-46.79 1 3 1  * 320 65 105 

-44.49 172 * 10 110 100 

-42.44 173 350 110 120 

-40.53 49 350 130 140 

-38.67 58 300 135 195 

-36.48 174 55 110 55 

-34.36 79 * 0 120 120 

-23.79 84 20 120 100 

-20.81 141 15 110 95 

-18.83 100 355 110 115 

-16.94 116 0 105 105 

-15.22 143 * 290 100 170 

- 0.28 180 * 0 60 60 

+11.62 1 8 1  * 330 155 185 

+31.72 177 35 170 135 

+33.40 178 35 175 140 

+46.98 179 0 55 55 

'Omitted in  Solut ion 111. 

Table 10b 

Range in Mean Anomalies of Observations Considered in Deriving 
Elements for  the Long Arcs  of Table 4b. 

. ..  

Orbit Min. M Max. M 
-

-601200 182 305' 130° 

-36.00 183 300 140 

-12.00 184 295 110 

+12.00 185 325 155 190 

+36.00 186 10 175 165 

~ ... 

37 





Figure 1 (a through f)-Probable errors of the S i  versus half-arc length. 
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Figure 2(a through f)-S,, S2,S3,nn, nu, &M versus t (68 orbits corresponding to Table 6a). 
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Figure 3 (a through f)-&a, Se, 61, 60, s a ,  S Mversus t (68 orbits corresponding to Table 60). 
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Figure 4 (a through f)-S,, S2, S3, 30, A'L, AM versus t (8 orbits corresponding to  Table 6b). 
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Figure 5 (a through f)-sa, 8 e, b I, 6fi , z ' i , ~M versus t (8 orbits corresponding to Table 6b). 
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Figure 5c.Valuer of 6r (degrees) 

6H 

*,:o 
I 

I 

I 

I 

I 


r0.5 	 + 

I 

I 

I 

I 

I 


0.0 . 
I 

I 

I 

I 

I 


-0.5 

I 

I 

I 

I 

1 


-1.0 	 + 

I 

I 

I 

I 

I 


-1.5 
I 

I 

I 

I 


-2.0 	 .I 


I 

I 

I 

I 

I 


-2.5 	 + 

I 

I 

I 

I 

I


-3 0 


-5o:oo -kO:OO -3O:OO -20.00 -1oloo 0:oo 
t 

Figure 5f. VOlUCl  of 6LI (degreet) 

58 




Figure  6 (a through f)-S,, S2, S 3 ,  AR,Aw, A M  versus t (21 orbits corresponding to Table 6c) .  
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Figure 7 (a through f)--ha, 8e, S I ,  6 0 ,  6 ~ ,6M versus t (21 orbits corresponding to Table 6c). 
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Figure 8 (a through f)- Sa, Se, S I ,  SG, s ~ ,SM versus t (21 orbits corresponding to  Table 6c). 
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Figure 8e. Values of & (degrees) 
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Figure 9 (a through u)-Residuals cos 8 Aa in  degrees versus mean anomaly i n  degrees for the 21 orbits of Table 6c. 
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Figure9b. Obit  170 (t = -6Eh.22) 
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Figure 9d. Orbit 25 (t = -4Sh.48) 73 




I 
1 I .  I 
I I .  I 
1 I. I 
1 .. .. 
I .I  * 
1 I . I  
1 
I 

l l 

1 1 
l l 

PLOT OF cos b A a  I N  DEGREE' VERSUS WEAN ANOUALY I N  DEGREES 

I I I I I I 

1 I I I 1 

I I I I 1 

1 I I 1 1 

I I 1 1 I 

I I I I I 

I I I I I 

I I I I I I 

1 I I I I
.*--. -*----. .*--. I 

I I I I I I 

I I I I I I 

I I I 1 I 1 


1 1 1 1 1 


I I I I I I I I 1 1 I l l 

I 1 I I I 1 I I 1 I .  I 

I 1 I I I I 1 I I .  I 

I I I .  I I I I 1 

I... I I. I I I I 1 ..I. ..I 


I I I .  I I I 1 I .I  * 

I I I 1 I I I 1 I . I  

1 I I I I I I I 1 1 1 

I I 1 I 1 I I I 


-0.0200 *---- -*-- -*- -+----. .*--. -+.---- .+-. -*- _-
I l l 

I I I I I I 1 I 

1 I I 1 I I I I 

I 1 I I I I I 

1 1 I I I I I I 

I I I I I 1 I I I l l 


1 I 1 1 1 1 

I I 1 

I I 1 

I I 1 


---t 

74 360 




PLOT C F  (01 6 A a  I h  C r C F f C l  k L R S U 5  * C A N  A N O L L L I  I h  C F C P E C S  

I l l l l l l l l I I I I 
1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 r ~~1 , 1 1 1 1 
l I I 1 I I I I l l I 1 1 
I I I I I I l l I l I I 1 

I '  a 1 1  .....I I I I I I I I I .'I 
I I I I I I I I I I I I I 
I I I I I I I I I I I I I 
I l l l I I I I l l 1 1 l 
1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 

PLCT OF cos S A =  I h  C E C L E E S  V E R S U S  *FAN bNCNALY I V  C E G P E E S  

75 




... ..._... . 

PLOT OF cos b A m  I N  DEGREE% VERSUS CEAN ANOMALV I N  OEGRCES 

10.1000 

i C . 3 b C L  

,o.c2cc 

-L  .1’2 c \’ 

1 I l l 

1 

1 

1 

1 

1 

1 

1 1 1 1 

1 1 1 1 


-+-- _--+  ___..__-_., 

270 300 330 360 


P L O T  C F  cos 6Aa I h  CCCQEES V C C S L E  V E # h  L h C C A L Y  I N  DECREE5 

r I . I  I *  I I I 


, 1 1 1 1 


76 



+" ,,,,"* 


1 1 1 1 1 1 1 1 1 1 1 1 1 

I I I I I I I I l I I 1 1 

L I I I I I I I I I I I I 

I l I I I 1 I I I I 1 I 1 

I. I I I I I I I I I I I I 

I I I l I I I I I I l I I 

I I I I I I l l I l I I 1 

L I I l l l l l I I l l l 
I I I I I I I I I I I I I 

I I I I I I I I I I l 1 l 
1 I I I I I I I I I I I I 

l I I l I I I l I I I I I 

I l I I I I I I I I I I I 

I I I I I I I I I I I I I 

I 1 1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 1 1 1 1 


. . I  I I I I : I I 1 I I I 


. I I I I I I I I I I I I 

I l I I I I I 1 I I I I 1 

I I I I I 1 I I I 1 I I l 

1 l I I I I I I I I I I I 

: I l I l I I l I I I I I 

I I I I I I I I I I I L I 

I I I I I L I I I I I I I 

1 1 l I l I I I I l I I I 

I I I I I I I I I I I L I 

I l l i l l l l l l l l l 

, I I I I l l I l I I I I 


0 30 60 90 120 150 180 210 240 270 100 330 160 


Figure 9k. Orbit 79 (t = -34h.36) 
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Figure 10 (a through u)-Residual 8 in degrees versus mean anomaly in degrees for the 21 orbits of Table 6c. 
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Figure 10e.Orbit 131 (t = - 4 6 h  79) 
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Figure 1 1  (a through e)-Residuals cos 8 nu in degrees versus 
mean anomaly in degrees (orbits 182 to 186). 
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Figure 12 (a through e)-Residual A6 in degrees versus mean 

anomaly in degrees (orbits 182 to 186). 
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