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THE EFFECTS OF TRACKING STATION POSITION
UNCERTAINTIES ON ORBIT DETERMINATION FOR

THE GEOS-I SATELLITE

J. G. Marsh
R. W. Agreen
Mission Trajectory Determination Branch
Mission & Trajectory Analysis Division

ABSTRACT

A study was made to determine the effect of tracking station location errors
on the computed position of the GEOS-I satellite and on the fits of the data to the
orbit. This was done by selecting a standard set of precision reduced optical
data from a global set of stations and determining a reference orbit and a refer-
ence prediction ephemeris of the same length as the definitive orbit (4 days).
Then "errors' of 30 and 60 meters were introduced into the positions of various
station subgroups and both the definitive orbit and prediction ephemeris were
recomputed. The R.M.S, value of satellite position differences in the definitive
period corresponding to a 30 meter station "error" im either latitude or longi-
tude ranged from 2.4 to13.6 meters. During the prediction period satellite posi-
tion differences for a 30 meter statfon error ranged from R.M.S. values of 2.3
to 20.2 meters.

Differences in the orbital positions and in the data fits are presemted in
tabular and graphical form,
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THE EFFECTS OF TRACKING STATION POSITION
UNCERTAINTIES ON ORBIT DETERMINATION FOR
THE GEOS-I SATELLITE

INTRODUC TION

"Errors" of 30 and 60 metetrs in the latitude and longitude of station positions
are introduced into a standard four-day arc of active GEOS-I precision reduced
optical data, and the effect on orbital position and on the data fits to the orbit are
determined.

The purpose of this experiment is to observe the effect that station position
errors can have on orbit determination and satellite prediction.

DISCUSSION OF THE EXPERIMENT

A four-day GEOS-I arc of NASA Station Tracking and Data Acquisition Net-
work (STADAN), Special Optical Tracking System (SPEOPT), and Smithsonian
Astrophysical Observatory (SAO) Baker-Nunn precision reduced optical data was
chosen as a standard reference arc, July 13-16, 1966.

The Multi-Arc Multi-Satellite Noname Orbit Determination and Geodetic
Parameter Estimation System was used to determine the reference orbit from
the 1107 observations of the above arc (Reference 1), The SAO-M1 gravity model
modified by the 12th order terms of Gaposchkin and Veis (Reference 2) was used
to define the earth's potential, and the stations were referenced to the SAO C-7
ellipsoid (Reference 3).

The number of observations and their RMS of fit to the reference orbit appear
in Table 1. Figure 1 shows the locations of all stations which contributed data to
the arc. The definitive reference arc was also used to establish a predictive arc
over July 17-20, 1966 which was used as a reference prediction ephemeris.

Once the reference orbit had been established, the object of the experiment
was to introduce "errors' into the positions of stations and observe what effect
these V"errors' had on the definitive orbit and on the prediction orbit. Since there
are numerous ways in which this type of experiment could be run, it was necessary
to select which and how many stations were to be given incorrect station positions,
how much of an ""error' should be introduced, and in what direction the station
should be moved.



Table 1

Data Fits to the Standard GEOS-I Arc July 13-16, 1966

RMS
Number of .
Network | Station | Number Location Observations of Fit
Used tarc
secs.)
STADAN |100MER| 1024 Woomera, Australia 7 ¥ —
e —
1JO0BUR 1031 | Johannesburg, S. Africa 27 2.2
24 3.0
1TANAN 1043 Tananarive, Madagascar 14 1.1
14 1.7
SPEOPT | 1IBERMD| 7039 Bermuda 14 2.7
14 3.1
1SUDBR 7075 | Sudbury, Ontario 14 2.2
14 1.3
SAO 10RGAN | 9001 Organ Pass, N.M. 7 1.7
77 1.8
1OLFAN 9002 Olifantsfontein, S. Africa 97 2.0
96 2.2
1SPAIN 9004 | San Fernando, Spain 35 2.4
. . 35 1.7
INATOL [ 9006 Naini Tal, India 25 2.3
- . 25 1.6
1QUIPA 9007 Arequipa, Peru 38 2.5
‘ 41 2.2
1SHRAZ 9008 Shiraz, Iran 14 1.4
14 2.4
1JUPTR 9010 Jupiter, Fla. 112 1.7
111 1.8
1VILDO | 9011 | Villa Dolores, Argentina 20 2.4
. ‘ 17 3.4
1MAUIO 9012 | Maui, Hawaii 28 2.7
28 1.2
AUSBAK 9023 Woomera, Australia 34 2.0
34 2.0
All - 1107 2.0
*Declination

**Right ascension
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Figure 1. Global Locations of GEOS-I Optical Stations Contributing Data to All Orbital Determinations



The stations were grouped geographically to make the analysis more
meaningful; it was felt that any trends could be more readily recognized if the
"errors" were confined to small portions of the globe. Also, this grouping
scheme had the advantage of varying the amounts of data to be effected by the
introduced "errors', Table 2 lists the groups that were moved and the petrcent-
age of the total number of ocbservations they represent.

Table 2
Station Groupings Into Which Errors Were Introduced

Group Stations Numb er of Percentage
Number In Grou Observations of
® In Base Arc Observations
1 1QUIPA 79 105
1VILDO 37
2 1JOBUR 51
10LFAN 193 24.6
1TANAN 28
3 100MER 14
7.4
AUSBAK 68
4 1MATUIO 56 51
5 1ORGAN 154 13.9
6 - 1JUPTR 223 20.1
7 1NATOL 50
7.0
1SHRAZ 28
ALl 981 88.6




Desiring to keep the initial experiment as basic as possible, it was decided
to leave the height of the station unchanged due to the general insignificance of
radial orbital errors when compared to cross track and particularly*along track
errors. Along similar lines of thought, the "errors" were introduced into lati-
tude only and then longitude only since combinations were considered to be
secondary and yield more complex analytical questions.

It was thus determined to move the groups of stations as they appear in
Table 2 by £30 meters in latitude and then longitude, which is a rather pessi-
mistic uncertainty for most of the stations used in this study. To make trends
more noticeable, two groups of stations were moved by +60 meters in latitude
and then longitude, These decisions made for 36 orbit determination computer
runs and 36 more predictive arc runs to enable comparisons over both definitive
and predictive periods. In all of these runs, the number of observations was held
fixed.

In order to move the stations by a certain number of meters in latitude and
longitude, the following formulas for conversion of meters into degrees of
latitude and longitude were used (Reference 3):

~

1 meter = [111183.35 ~ 559.84 cos 2¢] ' degrees latitude

~

1 meter = [111413.28 cos ¢]™! degrees longitude

where ¢ = latitude of the station.

RESULTS

The major results of the experiment appear in Table 3. All orbits determined
with incorrect station positions were compared with both the definitive and pre-
dictive reference orbits. The RMS of position differences between the standard
and test case orbits over the eight day period are tabulated. It is seen that effects
due to the movement of a station or group of stations by 30 meters is dependent,
to an extent, upon the percentage of data represented by the stations and the
distribution of the stations.

The range of RMS differences for 30 meter movements on the definitive ‘orbit
is 2.4 to 13.6 meters and on the predictive orbit is 2.3 to 20.2 meters, For
60 meter movements, the respective ranges are 9.5 to 26.7 and 10.3 to 30.8 meters.

The predict period differences are slightly larger than the definitive period
differences, in general. In some cases, the reverse occurs. In other cases, the


http:111413.28
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Table 3

Comparisons of Orbits With Errors htroduced Into Station Positions
Against the Reference Definitive and Predictive Orbits

. RMS of Satellite Position Differences (meters)
Adjust-
. ment s e
Station of Definitive Arc July 13-16 Predictive Arc July 17-20
Growp | ordi :
. . Cross. | Along . . Cross | Along
nates* | Radial Track | Track Tf)tal Radial Track | Track Total
IMAUIO | +30¢ | 11 | 2.2 | 35 | 8387 22 | w1| 2o | 43
(B5.1%of | _ 06 ‘ )
data) . -30¢ .6 0.9 3.7 3.9 0.9 0.9 12.5 | 12,6
+30A 1.0 0.9 4,2 4.4 0.9 0.8 5.8 5.9
-30A 0.5 1.2 2.8 3.0 0.8 1.0 11.0 | 11.0
IORGAN' +30¢ 1.1 2.6 3.0 4.1 0.9 2.4 3.5 4.3
(S9%0f) 304 | 13 | 25| 69 | 74| 14 | 23| 43| 51
data)
+30X 1.6 . 3.2 4.9 6.1 |- 1.6 3.0 5.4 6.4
-30A 1.9 3.3 10.2 10.9 1.8 3.1 15.3 | 15.7
1JUPTR +30¢ 1.8 3.6 3.8 5.5 1.8 3.3 5.0 6.2
(20.1% of |
data) 300 1.5 3.4 4.9 6.1 1.5 3.2 3.6 5.0
+30A 1.4 4.5 2.9 5.5 14 4.1 3.6 5.6
-30A 1.3 4.7 4.0 6.3 1.3 4.2 6.3 7.7
INATOL +30¢ 0.7 1.9 1.6 2.5 0.6 1.7 1.5 2.3
1SHRAZ y
(7.0% of -30¢ 0.8 1.7 3.6 4.1 1.0 1.6 3.8 4.3
data) +30\ 0.5 1.9 1.3 2.4 0.5 1.8 3.8 4.2
~30A 0.9 2.1 4.5 5.0 1.0 1.8 3.9 4.5

*30¢ = latitude adjustment of 30 meters

30\ = longitude adjustment of 30 meters




Table 3 (Continued)

: RMS of Satellite Position Differences (meters)
Adjust- -
. ment S N
Station of Definitive Arc July 13-16 Predictive Arc July 17-20
Group Coordi-
. Cross | Along " Cross | Along | ;

nates | Radial Track | Track Total ‘Radlal Track | Track Total

1QUIPA +30¢ 1.5 2.5 4.8 5.7 1.5 2.8 5.8 6.2

1IVILDO

(10.5% of -30¢ 1.8 2.8 3.6 4.9 19 3.1 6.0 7.0

data) +30A 1.7 4,1 5.0 6.7 1.6 4.6 9.1 | 10.3
-30X 1.3 4.4 3.4 5.7 1.5 4.9 5.0 7.2

1JOBUR +309 3.3 6.6 9.6 12.1 3.7 7.4 18.5 {-20.2

10LFAN - .

1TANAN -30¢ 3.6 7.0 7.1 10.6 3.6 7.8 8.7.1 12.2

(24.6% of | +30X\ 2.5° 9.8 6.7 12.2 2.6 111 5.8 | 12.8

data) -30A | 25 | 101 | 86 | 186] 27 | 114 | 83 |144
+60¢ 6.7 13.4 16.0 21.9 6.9 15.0 25.1 | 30.1
~60 7.0 13.8 14.6 21.3 7.0 15.4 18.2 | 24.8
+60A 5.0 19.8 4.4 |.25.0 5.6 22.3 19.6 | 30.2
-60A 5.0 20.1 16.8 26.7 5.8 22.7 20.1 | 30.8

100MER | +30¢ 1.5 3.2 6.2 7.2 1.5 3.6 3.8 5.4

AUSBAK

(7.4% of -30¢ 1.3 3.5 3.3 5.0 1.2 3.9 ) 5.3 6.7

data) +30A 1.3 - 4.0 3.5 5.5 1.2 4.5 7.3 8.6
-30A 0.7 4.3 1.8 4.7 0.6 - 4.8 6.4 8.0
+60¢ 2.9 6.6 10.7 12.9 2.9 7.3 6.7 | 10.3
-60¢ 2.7 6.9 8.5 11.2 2.6 7.6 6.7 | 10.5
+60A 2.3 8.1 5.7 10.2 2.4 9.1 7.4 | 12.0
-60A 1.8 8.4 4.0 9.5 1.6 9.4 9.1 | 13.2

preédictive perioc{ indicated a rapid separation of the orbits along track and the
total RMS of position difference increased substantially over the definitive period.

The importance of Table 3, though, lies in the fact that the results are con-
sistent enough to give the reader a good indication of how accurate the station
position must be to determine an orbit of desired quality. This would be relevant
to a decision of whether or not to use a station’s data in some orbit determination
work based on only an idea of how well its position is determined and what amounts

of data it can contribute.




The results shown in Table 4 indicate that it is very difficult to see station
position errors in the total RMS of fit of dafa fo an orbit. However, examination
_of the RMS of fit by station yields some indication that station position errors
exist. This can be seen in Appendix B which shows how the data from each
particular station in the orbit was affected by the various- movements of other
stations and possibly itself. .

Table 4

Total RMS of Fit of the Data to the Various GEOS-I Orbital Solutions:
(1107 Observations)

RMS of Fit (arc secs)
Stations Moved Meters Moved
In the Arc and Direction* ngh? Declination Total
Ascension

- None (base arc) - 2.0 2.0 2.0
1QUIPA +30¢, North 2.0 2.3 2.1
1VILDO -30¢, South 2.1 2.2 2.1
(10.5% of data) +30A, East 2.5 2.1 2.3
-30A, West 1.8 1.9 1.9
1JOBUR 43090 N 2.1 . 2.5 2.3
10LFAN -30¢p S 2.0 2.1 2.1
1TANAN +30h E 1.9 2.0 2.0
"(24.6% of data) 300 W 2.6 2.1 2.3
+60¢p N 2.2 3.2 2.8
-60¢ S 2.0 2.7 2.4
+60n E 2.2 2.1 2.2
-60A W 3.4 2.3 2.9
100MER +3090 N 2.0 2.0 2.0
AUSBAK -30¢ S 2.0 2.3 2.2
(7.4% of data) +30n  E 2.1 - 2.0 2.1
-30n W 2.2 2.1 2.1
+60¢ N 2.1 2.3 2.2
-60¢ S 2.1 2.8 2.5
+60N E 2.5 2.0 2.3
-60N W 2.6 2.2 2.4

*@ = latitude, A\ = longitude



Table 4 (Continued)

RMS of Fit (arc secs)
Stations Moved Meters Moved
In the Arc . and Direction’ ngh{: Declination Total
Ascension

1MAUIO +30¢ N 2.0 2.2 2.1
(5.1% of data) -30¢ S 2.0 2.0 2.0
+30A E 2.0 .20 2.1
-30A W 2.0 2.0 2.0
10RGAN +80¢ N 2.0 2.0 2.0
(13.9% of data) -30¢ S 2.0 2.2 2.1
+30N  E 2.1 2.0 2.1
-30N W 2.0 o2l 2.1
1JUPTR 4304 N 2.1 C a2 2.2
(20.1% of data) -30¢ S .19 - 2.1 2.1
+30N E 2.1 2.0~ 2.1
30N W 2.1 2.1 2.1
1INATOL T 4306 N 2.0 o211 2.0
1SHRAZ -30¢ S 2.0% 2.1 2:1
(7.0% of data) +30N E . 2.0 2.0 2.0
. -30N W 2.1 2.1 2.1

*¢.= latitude, A = longitude

The value of the data in Appendix B, again, is to provide a 'feeling" for
how well the data and the orbit adjusts to errors in station positions. In order
to approximate the jumps in RMS of fit by meters, it is easily shown that at
GEOS-I heights of about 1,500 km, 2 arc seconds is equ1va1ent to approximately
15 meters in satellite position.

There exist a number of interesting trends in the data in Appendix B. First
of all, the orbital computation tends to reduce the effect of errors in station po-
sition. As an example, although 1JUPTR represented 1/5 of all the data insthe
orbit, movements of the station's position by 30 meters in the four different
directions effected a maximum change in RMS of fit of the 1IJUPTR data to the

_orbits of only 0.6 arc seconds (refer to Table 3), roughly 5 meters. This means
that the orbits based on the "wrong' station posmons fit-the data quite a bit better
than one might expect.’



Secondly, there seems to be a hemispheric effect — errors introduced into
northern hemisphere stations have a greater effect on the data fits of other
northern stations than on southern stations and vice versa. This is very obvious
for the southern hemisphere stations and not quite as obvious for northern hemi-
sphere stations, possibly because the movement of the south African stations
represents a direct effect on 25% of all orbital data.

The third effect is that, in general, errors in latitude show up largely in the
declination measurements and errors in longitude effect the right ascension
measurements. This is true because topocentric right ascension is measured
in a plane that lies parallel to the equator and topocentric declination is measured
in a plane formed by the North celestial pole axis and the satellite (see Figure 2).

There are exceptions to the latter-two trends, but in general, they are phe-
nomena explainable by the geometry involved.

One aspect of geometry which may have caused the effects of the "errors
to be enhanced is that all optical stations which tracked GEOS-I during this

NORTH CELESTIAL POLE

CELESTIAL SPHERE

SPACECRAFT POSITION
PROJECTED ONTO
CELESTIAL SPHERE

CELESTIAL EQUATOR

T (VERNAL EQUINOX)

Figure 2. Topocentric Right Ascension (a) and Declination (8) Angles
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period always tracked as the satellite passed from southwest to northeast over
the station, This is due to the slow movement of the right ascension of the as-
cending node, which was in the Earth's shadow, and the requirement of tracking
the optical flashes at night. The effect this had on the "errors' was to prevent’
cancellation of effects. Such cancellation would have occurred if the satellite
observational data used in this study had been recorded by an electronic system,
which provided both daytime and nighttime tracking and thus ground track
geometry on all sides of the station.

CONCLUSIONS

It has been shown that errors in one station position on the ordér of
30 meters cause a 4-day orbit based upon data from a number of other sta-
tions also to be perturbed by anywhere from 3.0 to 10.9 meters in root mean
square position, depending on the amount of data contributed to the orbit by the’
particular station and on the direction of the error introduced. When a group of
two or three geographically close stations was moved by 30 meters, satellite .
position differences ranged from 2.4 to 13.6 meters RMS. The orbit differences
when two groups of stations were moved by 60 meters ranged from 9.5 to 26.7
meters RMS. The corresponding differences for a predictive four day arc were,
in genelal slightly larger.

The important result of this study is that although errors in station position
do have an effect on moving the plane of the orbit and the position of the satellite
in the orbit, this effect is not obvious in the overall fit of the data to the orbit.

In order to see any possible error in station position, the RMS of fit of the data
from a particular station to the orbit must be examined and it will not necéssarily
be conclusive in itself for errors on the order of 30 meters. This is obvious be-
cause errors in any one station can and usually do increase the RMS fit of data

of other stations to the orbit. Thus it seems fair to say that errors on the order
of 30 meters in station position can not be detected by examining the data fits of
any one orbital solution.
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APPENDIX A

EPHEMERIS PLOTS SHOWING MOVEMENT OF
THE ORBIT DUE TO VARIOUS ERRORS IN STATION POSITION

Figures 1 through 6 present a number of representative plots of definitive
and predictive ephemeris position differences. In each case, the ephemeris
generated with false station positions is compared against the reference epheme-
ris; three 12 hour periods at the beginning, middle, and end of the 4 day arc are
covered in each case. The orbit based on false station positions was compared
every ten minutes with the reference definitive and predictive orbit. To present
all 72 possible comparisons was thought to be too voluminous, so only a
number of representative plots appear.



-V

10.0
A‘ :‘ A A A A
° ° AA 00 A 0o AA oo AA o
A A LX) A o A o o A o0 A o o [
o o o A o o A o ) A o A A
6.7 — A A A [} o [e]
° o o A [e) A A A A
. 0 .. A o . A o .oe A © .o A o e o]
o oA A .. e o ce o .o o e} .
- PR . 0 A o Ao o A, a * 3 a
3.3 |- . o s . ) . [} . o . Ao .
. . A . « A . i A . . A . . .. . o
. Ao . A, « 0 . *0 . e © . . )
) . « 0 . . A o . A . A o . .
. [ . . o o o o . Ao . . A, . A . A
. A . . A . . a . . . . e © . 0o e
00—~ & . A . o . . o . . o . . . .
L o . . o . . A . . A e . A . . .
E . OA . . R . . c)A . - A . A . A .
. . . . fe) . o .
T L S T 1o,
-33} o o) . Ao . . A . . A . . . .
. . . . e o A o A A o A
o0 ob 0 A LY} 0 e 000 o . .
A0 con A . A ) veo o .o o X
o o A o A A A
° A A A A A
-6.7 -~ o A o A ) R o . R A
o [
A A o A o A o A ° °
o A A A A A
A Q AA o AA o A o A o A o A
~100 - o A o AA o MA o oy
o [
<] o o [ oo o o
o [ o o
oo o oo oo oo oo
-3 i 1 ! ! 1 L 1 1 L ! L
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
JULY 13, 0 HRS A CROSS TRACK DIFFERENCES ¢ RADIAL DIFFERENCES o ALONG TRACK DIFFERENCES

Figure A-1. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
1JOBUR, 10LFAN, and 1TTANAN by ~30 Meters in Latitude (Page 1of 3)



-V

10.0 " oo N 00 N o & o -

o A o
AL o AA o 0 A A fo) AL oo Aa o O A o
o A o 0 A A A
A A A o A A o A o o0 A fe} A Ie)
0
671 a ° a ° & o A o a ° a
A o A o A o A A ) A
Q wee .o e . ase oo
. . o ° o o . . o o .s » A o o
o A ¢ A A e A A o 0 A, A0 oo o0 o O e
330 o A vo . M . . o . A, o Ao
. * . . . - . . . . LR .
. . [e] 3 . [o] . (] (e} . . . . e O .
. Ao . . A A . O Ao r'y . o . [} e« O . I Ye) .
s« O A . o . . A . A ° A
=-0.0 |- . . . . . . . . - . .
. O e « 0 . .o . . . .
o A . . A . . A « OA o o) s O o o ob . o . .
w Ie) . Ao fo) . A o o . . A . . A . ° A .e .
5 . . . . . . . . o . . .
= . 3 » L] . . L] * L] . L[] Ld
-33|— 4 e 0 o r'S « O ae I esp A o e O A, o . A, o
° . A o e A o o o . A e o A
e o LX) LA R e e
.
A o A o A A o A a A ° A o
6.7 [— o o [} o o} A o A
A A A A A A A A A A
o o [} o o * a o A o o
A ° C A ° A ° A A A A
° N ° A A IS A °
10,0 [-aa ) AA 1) AMA o o vy Ye) AA o AbA ° A
00 oo oo o0 [ee] o]
-13.3 ] 1 | | ] | | | ] | i
36.0 37.0 38.0 39.0 40.0 41.0 42.0 43.0 44.0 45.0 46.0 47.0 48.0

HOURS FROM EPOCH

JULY 14, 12HRS

Figure A-1. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
1JOBUR, 10LFAN, and 1TANAN by —30 Mefers in Latitude (Page 2 of 3)



10.0 A A A " A

Yy A A AA AA AA
A A A A AA 'y A
[} o A A A
(<] A a oo A 000 A 00 A 00 o
6.7 [~ ) A [°) A ) A [ A oo - A
[} o o [} o o o o a
[o] A o A A
O ve & L O seoh o O ese o O eee o O s
e . . o . o . . o)
. . o o . . . . . . . A
33— 0 . A .. . Ao %e) . A o .. . Ao e .
. A, A . . . . . . . 3 o
. . o . A . . A oo . A, .
. . . . fe} . . . . s 0 . s OA
°* O . ¢« 0O . « o . A e o . Ao . . Ao . . A
-0.0 e A A . . A . . . . . . . . [}
. e 0 . A, . A A . . . . .
. . . [o] . . o] . . . oh . . o] .
o . . o . . o . o « O ¢« OA . . A
» « A . LX} A, o A . . o
4 A . . . . . . . . . . .
E-33 e O e0 « . A P A PO A R
w (o] . . [o] . . e QO . 0 e o . .
= Iy seech ° coch cech ° cooh °© ate
A 'y a A
[¢] [S) A A A
=6.7 = o] [¢] o [¢] [e] o o A o) A
A A A A A ° °
'y a 'y A
[o] o] A A »
A o A o A o o A o o A o o o
' A A A °
-10.0 |- & o A A o A A A A A
A o As o L o © As o 0 Add o o Ad [}
o0 (e} o
o %) oo o oo o
o [¢) [
=133
-16.7 1 L L t ! ! | l I ! !
84.0 85.0 86.0 87.0 88.0 89.0 90.0 91.0 92.0 93.0 94.0 95.0 96.0

HOURS FROM EPOCH
JULY 16, 12 HRS

Figure A-1. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
1JOBUR, 10LFAN, and 1TANAN by ~30 Meters in Latitude (Page 3 of 3)



20.0

15.0 {—
10.0 —
A AA As AA AA A
'y a & A A A A A
A A a A A A A A A A
) o’ 4
o A A o0 A a 000 r' A 000 A foe} A oo
o o [ [ A oo 4 o o A
50—0 eso 0 *eo eo00e O O ocee O Oeve A o0 O ee 4 o
L o a . A o . A © °« o a « . e o
i .0 . © e . . O A o . 4 o [ ) o
E ° . o . ° o . . . .o . . . . a
H . A o « A, A ™ . 7.%e) ° . Ao . . A .. Py
o O P A « o . o O A oe OA o « o A& 0o e 04 o
0.0 — . o . . o . 0 ° . . - . .
. . . . ° o e ° O e . o . « A,
oA « A o, ob . A . oA . . o . oo o . . o « O o
« O . « 0 e ° . ° .o A . A ° .
. ° P ° ¢« O e e 0 o s A « 4,
g s A Ao s & 40 o A [ « 4 o *0 . o T © eae
-5.0 |~ ose e [XL] A . 4 Yy a .0
o o o
4o A 4o A o 4 Ao A [¢] [e] o o
° A a
a A a4 6 o A a a Al
<] o A o & o [} A o [+] 4 o o
-10.0}—a ° A A A A A A a 4
44 o aA o a o Aa o o A A o AL g
A o A F-v-y I3 AL o Ad o
<] o 0 [o o] [e o] o O [e]
[} o] © o] o0 00
[o]
-15.0 ] ] J ] | | ] | i J |
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

JULY 17, 0HRS 4 CROSS TRACK DIFFERENCES RADIAL DIFFERENCES o ALONG TRACK

Figure A-2. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of
1JOBUR, 10LFAN, and TTANAN by ~30 Meters in Latitude (Page 1 of 3)

DIFFERENCES



9-V

15.0

10.0 - Ad AL A Aa AA
Y A A A A A A A
A A A
A 'y A A A
A A
A A A
5.0 . . A vee A A . ook A .e
00 & e A 000 « ¢ A oo s+ e 0 . . oo e ¢ .
o« A cee A o o» . 0 0. . o o . 00 »
. o o ° . A, o . Ay, A 4, o A, -
. . A o . . A . . A . - . o .
« o . .0 . o c o . o eo0 . o .0 . .0
0.0 A ., . A . A . . A . A O e
LI 1 . °© « o . 4 . o 4 + o . A ., . A . A
. . A . . . o o . O . o
A . . A . . . . .
@ o « 0 e o . o . ob e o ok Ay, oA A, °
w . A, . . A, « 0 . « O
= A . e . . . . T o 0
¥-50 o . 4 40 . Ay ™ cea °
A A o A o A o
A
o o a o Ao A A A Ao
o A o A ] A o o
A A A A A o
=10.0 - o IS ° A o A o A A A
AA o A & o Aa ° A4 ° A o AL
AA AA Aa AL AA ° A
o o o o o o o o
o o
oo o o oo o o
-15.0 - 0o oo oo 000 oo
°
-20.0 1 1 | 1 | | | I | |
36.0 37.0 38.0 39.0 40.0 41.0 42.0 43.0 44.0 45.0 46.0 47.0

HOURS FROM EPOCH

JULY 18, 12 HRS

Figure A-2. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of
1JOBUR, 10LFAN, and 1TANAN by ~30 Meters in Latitude (Page 2 of 3)



-V

15.0

4 A A A A 'y
10,0 - AA Ah AA AA AL AA
Y A A A A A A
A A a A A
A A
A A A A A A A & -
A
— *w L4 .. . gt
50 Sl RN - A A Ca o a . oA & S .
. . a . . A . . » . . . o A
- * - . - (34 - . - ‘ - . ‘
foesl) Ao 000 & oox . . 00 .., OO . 00 .
O o A Qe i A O er A & g A A o A o A .
»n 00]e. . . . . . . . O . .
o Qs © . O ¢ 0O ., ODe O * O . . O e ) . Qs 0O
{E - A . A . . . . . . A . A
i . o . Aee o . A o e B0 . o A Qe o » . oA P
= . . . [y ° . . » - . O -
A o O . . .. . o . - [e} - . . A
[} ¢ . oA o ok o . A A " oA A PRNY « 0
5,0 - e A .o .o o . LS aee
A ° 20 o o & A oA ° A ©
o [+
- A A A & o
o o [}
A Ao o r'y A& O o r Y AO fe] A o A A A »
- - e} O
001 s A A & A A A o A A 5 AAa o
AA o o Aar. o o F 'V S o Ad o A
FY A » L+] F VY o
[} o [} [}
o o o o [} . o o
=18.0 |~ . . o ’ .9 o
(<] o o o o o 0 [}
00 o © [s] S} (]
o oo oo [ <)
~20.0 { i i [ L N I i | L ot
84.0 85.0 86.0 87.0 88.0 8.0 90.0 91.0 920 ‘930 94,0 95.0 96.0

HOURS FROM EPCCH
JULY 20, 12 HRS

-Figure A-2. Reference Predictive Orbit. (July 17-20, 1966) versus the Orbit Determined After the Movement of
1JOBUR, IOLFAN, and 1TANAN by —30 Meters in Latitude {Page 3 of 3}



8-V

8.0

A
A A AA AAA AA Ad Ab
'y A A A A A a
60 - & A A A A
A A A
A A A A 'y
r'y A A A A
A A
4.0 |- A A
A A A A A A
A A A
A
A
20 | A A A A
Acess Aseos A v A ves A ceoe “ee
O . OO es . O . . . . . .o A . .o
@ O o . O  ee . Ose . felelel] . oo . OO0 .
] o . .o . . O ee . O e . O ook . s e0A .
= 0.0 0 « 4 o s o0 . A 0 s 0 . A . A . . . o .
g O se A . « & . . . Ce o s A 0. 0 .« A Oe O - 4
. o . oe o . <30 . . . . . . .
° e . e . fe) e .s .o e o] .e ..
..?o Aseses . A cees A 2404 ° 0600 A -..? 2
~20 - [*] 40 . Ao . [} A . o [} A
o A <] o
o o [ o
o 4 0 o A o a o <] <] ]
o A ° A A A A A
~4.0 |- A0 o Ao ° o) [} [+ o [
o o
o 4 o A0 4 o A A o A o A
o) A o AQ [ Ap A
A oA o o o o o o o %
-6.0 |- 000 00 o oo o A Ag A A o
AA . “a° ' AA a° ‘Mooo a8° mooo
A A A
-8.0 | | | | I 1 | | | J I
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 1.0 12.0
JULY 13, 0 HRS 4o CROSS TRACK DIFFERENCES RADIAL DIFFERENCES o ALONG TRACK DIFFERENCES

Figure A-3. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
1JUPTR by —30 Meters in Longitude (Page 1 of 3)



6-V

8.0
‘
7S Ah AA A AL AA
601~ 4Aa AA A a A A A A
’ A
A A A a A A A
A A A A
| A A A A A A A
4.0 Iy A A A A
A “A
A a A A I'S IS
20 A a A A
* XX ] LXTR) XY Sese LX) (XY
A . A . . . . e . v » .e o
v . . . A . . A . . A . . co A .
i 00s . Ose . Oe ek . 00e A . Ceoh « A g e .
= 00— seh - se A . 0 . .s . . . . .
w A O . A o e . o © . o 0 o Oes O . e © .
= Oe o . O O . A 0 . . A e S o . . o .
o . oy . . . o . .« © oA . o
se Oe o X » o PR fe) se  Os A s ee e .
~2.0 [~osee a A ceee .ve oo o ) oo o
o . o A o A o A
) o ] o o} o A o 4
A Ao Ao °
%) A o Ao A o o o v ©°
4.0 |- ° A A A o 4
1o o ° o o o ° ° o 4
o A Ao A A A
o A Ao A o o A o o 4 o o A
o . A
6.0 }— A A o A A o A QA O Ao A O Ao A o o
: o o o o v © Ag o Aok
A5 0 L8500, Ay O A00 Q 0 AoOo
00 o o o
-8.0 ! Ll 1 l l 1 1 l 1 l 1
36.0 37.0 38.0 39.0 40.0 4.0 42.0 43.0 44.0 45.0 46.0 47.0 48.0

JULY 14, 12 HRS

HOURS FROM EPOCH

Figure A-3. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of

1JUPTR by —30 Meters in Longitude (Page 2 of 3)



01-v

8.0

6.0 |— As Al A Aa AA Aa
A A A A A A A A A
A A A A
A A A A
& A A A A
40 4 A A A
. A A
A A A a
A A A A A
A A A
2.0 — ' ’ A
A esoe sso A 40 A oo oses
O0re . A ) A o A « » .« ® . .
o . o ° i O e [oee) . A Q00 . 4 OOee .
e . O ev . [o] . O . . O se . 02 .
0.0 2 o . ¢ A ) . o . . A .o A A A . Ag . .
e ° O . . e © . A . . A O e O e A oe o ® o 80
o O . O ee . . . . . . . A .
e .o . o . . Lo} . Qe . Qe [} . O e [e] . . [o]
% a A, . . . . . . A o« e A
~2.0f eeeco ssce A A soq, Agase A ey n Aeseso
A0 [ o o . o o
) <] [S)
N A A 4 o A o
4 (] o [e] L) Ao A o A o
-4.0— A o o
o o 4 o 4 o [ O o
o A A o A A AA A A 4
o 40 o Ao o o . )
A A o A o -0 A0 b0 A A A
-6.0 o 40 o A0 o A A0 o [
o 400 o Adp o 4 O s44 o AL o ey
oo 0 o0 [eles) @ o [}
[} [o!
-8.0
~10.0 ] | | [ | ] | bo- | ] |
84.0 85.0 86.0 87.0 88.0 89.0 90.0 91.0 92.0 93.0 94.0 95.0 96.0

HOURS FROM EPOCH
JULY 16, 12 HRS

Figure A-3. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
' 1JUPTR by ~30 Meters in Longitude (Page 3 of 3}



1T-v

10.0
67 - A A A A A A
A A AA A FYS Aa AA AA
a A A A A 4 A A
A A A A A A
A A A A A
- A A A A A A
33 a a
A A A A A a A A A
esceon coons seeee cesss cens A ceeno
A [eler . A Oe .. A ool . Os .o OOoA .. oo
O e .e 00e A > O «O . A 0 .0 « A 000 . A o *0O .
m_oo_ O e O . [} . Oe O . 0°* 0 . o o . O e O .
o o s o - os © ok oe o «sh O+ o oA oe O .e °
oi ¢ Os A se Ose A se Qv » O .o . he o
E A sees o A e o A ses o TS o «Oe o * 400 o
= o . . A A o A 7 S A A A
33 o [} o [ [}
3.3 4o A ° A ° A o A A o 2 A o A 4
] Ay A o o o N Ao ] ] o o [o]
o o o o 4 o A0 A A ‘2 A o Ao 4
° A o A7 A A o A o A ° A
o o Aok 00 40 o Aobh o oA o oA
-6.7 - 0000 00000 0000 oo oo
og
-10.0 |-
-13.3 ] L ! L 1 N ] | ! L 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 1.0 12.0
JULY 17, 0 HRS 4 CROSS TRACK DIFFERENCES « RADIAL DIFFERENCES o ALONG TRACK DIFFERENCES

Figure A-4. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of
- 1JUPTR by —30 Meters in Longitude (Page 1 of 3) .



g1~V

10.0
6.7 -
A A A A A A
A A A A AA A A Ab A AL
A A A A A A A 4 A A A
A A A A A A A A
A A
3.3 A A A A A A A
A - A A A A
A sese A se s A se o ve ve, see
. .o A L. A . A Ay o0 A A oo A Ae o0
A4 . . . - . . . .. - ee . LX)
-0.01- 4 . . A . o A . s A . . A . . A .« A
v A Cep A . o0 A . e A . 00 A . w0 A . 0
B‘J . o A 0 o oA 0 O A o O . o o T3 Oee O
j coses ctesns cosee o esesee O A Acsesse oA Acsees o A i
w A ok A o oA o ok ) o o ° [
= o ° A o A A A °
3.3 ok o od o oA ) oA o ok
o o A o o A o ° A ° o o A
o A 4 ° A A A A A o A o ok
o o o oA o oA o oA A [} °
° Adda ° Fyvy ° Adb ° AdA Aa Ada
=67+ © o o o] o ] o ] o] [}
) o o o ° ° o o o o =} o
[ o o ° o o o o o o
o oo 0000 0000 000 00 00 oo
. °
=10.0 -
-13.3 | ] l | | 1 | | | | I
36.0 37.0 38.0 39.0 40.0 41.0 42.0 43.0 44.0 45.0 46.0 47.0 48.0

HOURS FROM EPOCH

JULY 18, 12HRS

Figure A-4. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of
TJUPTR by —30 Meters in Longitude (Page 2 of 3)



§I-V

10.0
6.7 L
v
Add AA AdA AdA Ada AAa
A A A A & A A A A A
A A A A
A A A 'y A A A
3.3 A A A A
A A A A
A A o A A ver .e ses .
- we .o se e A s e A . A A o0
A . A .e A « A e A . .« A .
=0.0 - . . . o« 4 . « A .
. . e . Y . A . . A A
A .. A oA . A A .o A ..
seece cone csse sene A
A A A A A A
©-331-a A a A A A a a
w oo A 000 ooc ¢}
I A 0 0 A 4 o o A a o o A oo A A
= A 3 O A A ° O A A o o A A °o o o A
[} AA o) As AA o AA o ° [YS o A
-6.7 |- o [ o o v o o o o o
° o o [ o o o
o o o o o o °
° o <] o [ o o
[ o <] o ° o o
o ° -] o o [ o o
=-10.0 - ° o o [ [ o )
o o o o <] <] ° ° ° o
oo oo © o <] o oo ) o <] o
00 [elele] ©000 [e]eT0) 0 Qo o © O
oo 000
-13.3
~16.7 1 { | ! L | | L 1 | |
84.0 85.0 86.0 87.0 88.0 89.0 90.0 91.0 92.0 93.0 94.0 95.0 96.0

HOURS FROM EPOCH

JULY 20, 12 HRS

Figure A-4. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the.Movement of

1JUPTR by —30 Meters in Longitude (Page 3 of 3)



¥i-v

8.0

6.0 |-
AAA AA A A
A A A
40 N A
A oo A ooo A
o o o o
A a o
Ao ) A o o Ao
20 . .o
o As0 ee ° Aso e
A . . A . . A o
- o s+ o «0 e
14 . . o . . o
Lo00f- & e A o o A . A .
M « 0 e « o ° . A
= . . . s O
« 0 o Ao v 0 . A 5 .
Aes o Aeo o0 Age o
=20 O s» o Oee o .
[ A o
4o A As o A
[¢] o © o]
00 00 A 0000
~4.0 & A A
A A A A
A A a
AL AA
~6.0
~8.0 I I l | | 1 | | ] 1 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 .0 120
JULY 13, 0 HRS A CROSS TRACK DIFFERENCES s RADIAL DIFFERENCES o ALONG TRACK DIFFERENCES
Figure A-5. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of

* TOOMER and AUSBAK by +30 Meters in L.ongitude (Page 1 of 3)



SI-v

METERS

JULY 14, 12HRS

HOURS FROM EPOCH

Figure A-5. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
TOOMER and AUSBAK by +30 Meters in Longitude (Page 2 of 3)

8.0 |-
6.0 |-
A A
yv.v-y AA AAA AsA AA A A
. A A A
40 A A A A A Iy A
A
a4 A Iy A A
A A a
A
20 A & A A A a
. vee .o A e A ees A .e
00 s ae 000 &+ . 00se  ae o es as ve e o e
o . . . o A . co.A . co.bh . oo &
. . A . A o A& . S . o . A . .
0.0 [~ o + o0 . o s+ o . o . ° . 0 es0 . A os.0
. . ‘e . . ° . . ° . o . . s &
«A o oes o .o A . ° . ° . ' ° . . ° . o . o
. . A . o A o . A o A . A .
. . o . . o s » o e e o . o s Oe °
~20 A . .o .o s A see A .o A
° A Ay A A, A o ° ° o °
'y A o
° o ° o A
s 'y A ao Iy ° A Ao ° &, o o
-4.0 - ° ° LS &
° o ° o ° o ° ] Ao
Ao A o Ho Ao A & A A &
Ao o ° ° o 4o
o o A ok 4o & o AoaA o A oh Ao A
-6.0 [0 Aoooo 4boooo Ao Ao o Ads o0 A
- o 00 oo
-8.0 | { ! | { 1 | | 1 1 |
36.0 37.0 38.0 39.0 40.0 41.0 420 43.0 44.0 45.0 46.0 47.0 48.0



91~V

6.0 -
. 'y A Aa vy LYY FYy
A A -
'y A A A A A A A A
<40+ , A A
A I’y A A
A 'y A A A A
'y
A L A
2.0 . A A A A A A
Acess AL, A sse sese ves oo
'S PN o . .« . . . e R
. cooe .e A oo . A o . A 000 . oe . o <A
. o e . o 0 o+ A oA . A o A . A o .
0.0 - o+ ok . ook . .o . .0 . o so . o ©
. A . . o . ° . . o . . o . .
. o ° . A . o . A . ° o, ° . A ¢ o . o °
3 . . .o o . A . o . A& . ae A . . A Y .
Bl Al ot PO A T L IR
= o ° o ° ° A o ° o °
o A A - A
A o ° °
° A ° 'y ° 'y o A o o ° °
-4,0 |- ° ° a ° A A A A A
SRS 8 ° ° ° ° ° ° o o
° Ao A & A A
. Ao . Ao ° A, ° Ao ° Ao °
R A o Ao A A
-6,0 foh o o A a, ° Ao ° ° o Ao A o 4
’ ° A oo AcA o Ao o A o Aok o
o oo 0 Qo 000 000 00
-8.0
-10.0 L 1 ! ] ) 1 ) 1 L 1 1
84.0 85.0 86.0 87.0 88.0 89.0 90.0 91.0 92.0 93.0 94.0 95.0 96.0
HOURS FROM EPOCH
JULY 16, 12HRS

Figure A-5. Reference Definitive Orbit (July 13-16, 1966) versus the Orbit Determined After the Movement of
100MER and AUSBAK by +30 Meters in Longitude (Page 3 of 3)



11-v

100MER and AUSBAK by +30 Meters in Longitude (Page 1 of 3)

10.0
671
A & A A A . AL
aA AA FYVS A AA A b
& a A A L a .
A A A A A A A A A
© 3.3 A A A A
5 a A A A A s A
A A a
viees ceoes A cesese A vreene A Aveens 'y Acess
. & W& . o A . A . oA . .o “ ’ .o
. A o0 .. A 0 0 e A Oup « A 00 e Iy 004 .o o
-0.0 - « o 0+ A . os OA . 0 .0 & . A gio A
v P S A A 0. oA . Oee © . . o K 0. O . T o
& e O ° P o A ., o A . ° A oo o A 0o °
s .o ° . ° . o L eee A . A “ar
w A o A A o A o ) A ) o
= 331 o o ° ° ° ) ° A b °
a A A o A o A o o
o o ° o o o o A o A o °
A o o A o A o ‘A o A 5 o A 5 )
A A A o o A o A A o - Ac A o & A
ok oo oA o A4 o AcA oh © AAL o
-6.7 6o 0000 000 000 0000 o .00
o
-10.0
133 = - L I | L L ol L I P
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 n.o 12.0
JULY 17, 0 HRS A CRG2 iraun urrrexencES « RADIAL DIFFERENCES o ALONG TRACK DIFFERENCES
Figure 6. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of



81-V

HOURS FROM EPOCH

JULY 18, 12 HRS

Figure 6. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of
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Figure 6. Reference Predictive Orbit (July 17-20, 1966) versus the Orbit Determined After the Movement of
TOOMER and AUSBAK by +30 Meters in Longitude (Page 3 of 3)



APPENDIX B

TABLES OF DATA FITS-TO ALL ORBITS FOR EACH STATION

The tables of this appendix illustrate the effects that all of the position
errors introduced into station groupings or individual stations had on the data
fits of each station to the orbit. By looking at each table, one can observe how
the data fits of one station to the orbit were effected by the 36 different orbits
created from station position movements.

A table does not appear for the STADAN station I00OMER due to the relatively
few observations from that station.
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Effect of Exrors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Maui Data®

Station or Station

Groups Into Which | Mea- Change in RMS of fit {seconds of arc) due fo station position shifts of
Errors Were sure-
Introduced to ment
Determine Type | +30 m -30m +30 m -30 m +60 m ~60 m +60 m -60 m

New Orbits ¢ b At A b ¢ A s
Maut st | +1.8 -8 w5 | 0
. * +.2 +.3 +1.1 +.8
Organ 5 -2 +.2 0 +.3
Pass a +,1 0 0 +.1
Jupiter 8 -3 +.4 -1 Q

a +1 0 +.1 +.1

Naini Tal, 5 -1 +.1 0 0
Shiraz a 0 0 0 +.4
Arequipa, 8 +.2 -2 +.1 T 12
Villa Dolores @ 0 0 0 +.1
Johannesburg, . .
Olifantsfontein, 3 +.8 -4 0 0 +1.3 -7 -1 +.1
Tananarive a +.1 0 +.2 +,2 +1 +.1 +.5 +.5
Woomera (STADAN)| § 0 +.1 0 =1 0 -1 0 -1
‘Woomera (SAO) a 0 0 0 0 0 0 +.1 +.1

°Maui data RMS of fit to reference arc - 2.7 arcsecs 8, 1.2 arcsecs @

*Declination
*¥*Right ascension

1 Lautude movement of station position
iLongitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Organ Pass Data‘

Station or Station
Groups Into Which | Mea~ Change in RMS of fil (seconds of arc) due to station position shifts of
Errors Were sure-
Introduced to ment
Determine Type | +30m ~30 m +30 m -30 m +60 m -60 m +60 m -60 m
New Orbits 2 @ A A ¢ @ A A
Maui §* (] -1 -1 -1
| 41 -1 -1 0
Organ 8 +.2 +.8 +.1 +.3
Pass a +.1 +.2 +.8 -1
Jupiter ) +.2 -1 0 0
a +.1 -1 -2 +.3
Naini Tal, 8 0 -.1 0 -1
Shiraz a 0 0 -1 +.1
Arequipa, § -1 0 -1 -.1
Villa Dolores a 0 0 -1 0
Ao N IR IS N S B IO RN BT
. i a +.1 -1 0 0 +.2 -1 0 0
Tananarive
Woomera (STADAN),| @& -1 0 0 0 0 0 0 0
'Woomera (SAO) a 0 -1 0 0 +.1 -1 0 0

°Organ Pass data RMS of fit to reference arc - 1.7 arcsecs 8, 1.8 arcsecs @

¥Peclination
* *Right ascension

T Latitude movement of station position
#Longitude movement of station position
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Effect of Errors Infroduced Into the Station Positions of Various Stations or Station Groupings
on the RMS of Fit of Jupiter Data®

Station or Station
Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shifts of
Errors Were sure-
Introduced to ment
Determine Type | +30 m ~30 m +30 m ~-30 m +60 m ~-60 m +60 m ~60 m
New Orbits ot ) A A & & A A
Maui s 0 -1 0 -1
ot 0 0 0 0
Organ 8 0 0 +.1 ~.1
Pass a -1 +.1 -1 +.1
Jupiter 8 +.6 +.5 -1 +.5
a +.4 ~-.3 +.6 +.2
Naini Tal, 8 0 0 0 -1
Shiraz a -1 0 -1 0
Arequipa, 8 0 0 -1 0
Villa Dolores a -1 0 0 0
Johannesburg,

- > 8 0 0 0 0 +.3 +.2 0 0
Ohfantsf.ontem, @ -1 1 0 0 - .9 0 1
‘Tananarive
Woomera (STADAN),| § 0 -1 -1 0 0 0 -1 +.1
Woomera (SAO) a -1 0 -1 0 -1 0 -1 0

°Jupiter data RMS of fit to reference arc - 1.7 arcsecs 8, 1.8 arcsecs

*Declination
* *Right ascensijon

1 Latitude movement of station position
iLcmgitude movement of station position
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Effect of Errors Iiroduced Into the Station Positions of Various Stations or Station Groupings
on the RMS of Fit of Sudbury Data’

Station or Station )
Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shifts of
Errors Were sure-
Introduced to ment
.Determine Type | +30 m ~30 m +30 m -30m +60 m -60 m +60 m -60 m
New Orbits @t & b X ¢ ¢ DY by
Maui 5* +.1 -.2 -1 .o=a
a™ 0 -.2 -1 -2
Organ 8 +1 -3 -.2 0
Pass a +,1 -.3 +.3 ~4
Jupiter 8 +.3 4 -2 +.1
a +.1 -.3 +.3 -4
Naini Tal, 8 +.1 -.2 -1 0
Shiraz a., 0 -.2 +,1 -3
Arequipa, & -2 0 0 -2
Villa Dolores a -1 -.1 -.2 -1
Johannesburg, 5 5 4 +.9 3
Olifantsfontein, -3 +.1 +‘i —62 _(') '2 . '1 _6
Tananarive @ -1 -2 o o ‘
Woomera (STADAN),| & 0 - 0 -1 0 -1 +.1 -3
Woomera (SAO) a -1 -1 -1 0 -1 -.1 -.2 "0

°Sudbury data RMS of fit to reference arc - 2.2 arcsecs 8, 1.3 arcsecs
*Declination

* *Right ascension

 Laticude movement of station position

iLongitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

.on the RMS. of Fit of Bermuda Data®

Station or Station

Groups Into Which | Mea-

Change in RMS of fit (seconds of arc) due to station position shifts of

Errors Were sure-
Introduced to “ment -
Determine Type | +30 m ~-30 m +30m ~-30 m +60 m -60 m +60 m ~60 m
New Orbits %) ¢ A A ) ) A X
Maui 8" +,1 -.3 -2 0
o 0 -.2 -1 -.2
Organ 8 +.3 -5 -3 +.1
Pass a +,2 -4 +.3 -5
Jupiter 8 +.5 -.6 -4 +.3
a +.2 -4 +.2 -.3
Naini Tal, ) +.2 -.3 -2 +.1
Shiraz a 0 -3 +.1 -.3
Arequipa, ) -1 -1 0 -.1
Villa Dolores a -1 -2 -2 -1
Johannesburg,

X i © 8 -1 -1 +.1 -1 -1 -1 +.1 -.3
Olifantsfontein, a 0 -3 -1 -1 +.1 -4 -1 -1
Tananarive
Woomera (STADAN)) & 0 -.2 +.1 -.2 +.1 -2 +.2 -3
Woomera (SAO) a -1 -2 -1 0 0. -1 -.2 0

°Bermuda data RMS of fit to reference arc - 2.7 arcsecs 3, 3.1 arcsecs a

*Declination
* *Right ascension

T Latitude movement of station position
 Longitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of San Fernando Data®

Station or Station

Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shilts of
Errors Were sure~
Introduced to ment
Determine Type | +30 m -30 m +30 m -30 m +60 m -60 m +60 m ~60 m
New Orbits : Bt @ A A & @ A by
Maui 8t 0 +,2 +.2 0
ot 0 -1 -1 4]
Organ 3 -3 +.5 -0 +.2
Pagss o 0 -2 +,1 4
Jupiter 8 -4 +.6 +.1 +.1
a +.1 -.2 +.1 0
Naini Tal, 8 -.2 -4 0 +.1
Shiraz a 0 -1 0 -1
Arequipa, E} +,1 +,1 +,1 +.1
Villa Dolores a -1 -1 -1 -1 -
Johannesburg, B +.1 +.1 +1 +.1 0 +.2 0 +1
Olifantsfontein,
R -3 3} -2 0 -.1 +.2 -1 0 -1
Tananarive X
Woomera (STADAN),| & 0 +.1 0 s+ +.1 1 -1 +.,2
'Woomera (SAQ) a -1 -1 N -1 0 -1 -1 s =1

°San Femando data RMS of fit to reference arc - 2.4 arcsecs 8, 1.7 arcsecs o

*Declination
*k Right ascension

1 Latitude movement of station posttion
# Longitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Naini Tal Data®

Station or Station

Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shifts of
Errors Were sure-
Introduced to ment
Determine Type | +30 m -30 m +30 m ~30 m +80 m ~-60 m +60 m -60 m
New Orbits ¢t ¢ A A ¢ @ A A
Maui st 0 -.2 -1 -2
a*t 0 +1 - +.1 0
Organ 3 +.1 -4 +.1 -4
Pass a 0 +.2 +.1 0
Jupiter 8§ +.2 -.5 +.1 :
a 0 +,2 +.2 0
Naini Tal, b -9 +1.0 -9 +1.,1
Shiraz a +.5 0 0 +.2
Arequipa, 5 : -2 -1 -.1 -2
[Villa Dolores a 0 +.1 +,1 0
Johannesburg,
Olifantsfontegin 8 -3 0 0 -1 -4 +.2 0 -2
- ’ a 0 +.2 +.1 +.1 -1 +.3 +.1 +.1
Tananarive
Woomera (STADAN), § -1 -1 -1 -1 -1 0 -1 -.2
Woomera (SAO) a 0 +.1 +.1 +.1 0 +.1 0 +,1

°Naini Tal data RMS of fit to reference arc - 2.3 arcsécs 8, 1.6 arcsecs a

* Declination
**Right ascension

T Latitude movement of station position
¥ Longitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Shiraz Data®

Station or Station

Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shifts of

Errors Were sure-

Introduced to ment

Determine Type | +30 m -30 m +30 m ~-30 m +60 m ~-60 m +60 m -60m

New Orbits ¢t @ AF A @ ¢ A A
Maui &* -1 +.2 +.2 -1

a** -1 0 0 -1
Organ s -3 +.5 +.2 -1
Pass a 4] -1 +.3 -2
Jupiter 8 -4 +.8 +,3 -2
a 0 -1 +.4 -2

Naini Tal, 5 +2.8 +.8 -.6 +1.,0
Shiraz a -1 +,3 +.4 +1.7
Arequipa, | 5 +1 -1 0 +.1
Villa Dolores a 0 0 0 -1
Johannesburg, 5
Olifantsfontein, +.2 -1 +,1 0 +.5 -2 +.1 0
Tananative o 0 4] [1] -1 0 -1 +,1 -2
Woomera (STADAN),! & +1 0 -1 +.2 +1 0 -2 +.3
'Woomera (SAO) a -1 0 0 -1 -1 0 0 -1

°Shiraz data RMS of fit to reference arc - 1.4 arcsecs 8, 2.4 arcsecs a

*Declination
**Right ascension

T Latitude movement of station position
{ Longitude movement of station position
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Effect of Errors Itroduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Arequipa Data®

Station or Station -
Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shifts of
Errors Were sure-
Introduced to ment
Determine Type | +30m ~30 m +30m -30 m +60 m ~-80 m +60 m ~60 m
" New Orbits ot @ AE by ¢ ¢ A A
Maui §* +1 —+.2 +.1 +.1
a** +.1 +.1 0 +.2
Organ . 8 0 +.1 +.1 +.2
Pass -4 +.1 +.1 0 +.2
Jupiter 3 0 +.2 [N 0
. a 0 +.1 -2 +.3
Naini Tal, s 0 +1 | +,1 +.1
Shiraz a 0 +.1 0 +,1
Arequipa s +2 +1.6 +8 | -5
Villa Dolores a +,2 0o 1 +2.2 -1.0
Johannesburg, 5 - s .9
Olifantsfontein, .1 TR e :'4 23 e -'7‘ 456
Tananarive |l @ -1 +.3 -9 1.3 '~.2 . +.6 - .
Woomera (STADAN),| & +.3 -1 -1 +,1 +.6 -2 -2 +.3
Woomera (SAQ) - - a -1 +.3 -4 +.5 -3 . +.5 -7 +1.0

. °Arequipa data RMS of fit to reference arc - 2.7 arcsees §, 1.2 arcsecs &

*Declination
**Right ascension

 Latitade movement of station posttion
¥ Longitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Villa Dolores Data®

Station or Station

Groups Into Which | Mea- Cbange in RMS of fit (seconds of arc) due to station position shifts of
Errors Were sure-
Introduced to ment
Determine Type | +30 m -30m +30 m -30 m +60 m ~60 m +60 m -60 m

New Orbits ¢t ¢ A N ) ) A A

Maui 8* 0 -.2 -1 -1
o' +.2 +.1 +.1 +.2
Organ 5 -1 -1 0 -.3
Pass a +.1 +,2 +,1 +.2
Jupiter § +.1 -.3 0 0
a +,1 +.2 +,1 0

Naini Tal, 8 -1 0 0 -1
Shiraz o +,1 +,1 +.1 +.1
Arequipa, 3 +2.9 -2 +.4 -.5
Villa Dolores a -5 +.7 +3.1 -2.2 .
Johannesburg,
e A L Al IR N e e s [
Tananarive & : T T : : o : :
'Woomera (STADAN), & -7 +.5 -2 +.2 -1.2 +1.4 -5 +.4
Woomera (SAO) o +.2 +.1 -.6 +.7 +.2 -1 -1.2 +1.4

°yilla Dolores data RMS of fit to reference arc - 2.4 arcsecs 8, 3.4 arcsecs @

*Declination
**Right ascension

T Latitude movement of station position
#1ongitude movement of station position
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Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Johannesburg Data®

Station or Station

Change in RMS of fit (seconds of are) due to station position shifts of

Groups Into Which | Mea~-
Errors Were sure-
Introduced to ment
Determine Type | +30 m ~30 m +30 m -30 m +60 m. -60 m +60 m -60 m
New Orbits ot @ A A & @ by by
Maui 8% 0 +.2 0 +.1
't -2 0 -1 -1
Organ 8 0 0 0 +,1
Pass a -1 -1 -1 -1
Jupiter 3 0 +.1 0 0
a -1 -1 -1 -1
Naini Tal, s 0 0 0 0
Shiraz a -1 -.1 -1 -1
Arequipa, 8 +.2 +.1 1 +.1
Villa Dolores a -2 0 +.2 -3
J
O?'h:ifiﬁ:?:;:tl;gi;l 8 +4 +.6 +.3 ] +1.5 +1.6 +.6 +.2
Tananarive a 0 -2 -7 +.8 +,2 -1 -.9 +1.8
Woomera (STADAN), 8 +.1 +.1 0 0 +.2 +.3 +.1 +1
Woomera (SAO) a -1 -1 +.2 -.3 -1 0 +.5 -5

°]ohannesburg data RMS of fit to reference arc - 2.2 arcsecs 8, 3.0 arcsecs a

*Declination
o Right ascension

T Latitude movement of station position
iLongitude movement of station position
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Effect of Erroxs Introduced Into the Station Positions of Various Stations or Station Groupings

on the RMS of Fit of Olifantsfontein Data®

Station or Station
Groups Into Which | Mea~ Change in RMS of fit (seconds of arc) due to station position shifts of

Errors Were sure-

Introduced to ment -
Determine Type | +30 m -30 m +30 m ~-30 m +60 m -60 m +60 m -60 m
New Orbits ot @ At A @ é S A

Maui 8* 0 0 0 0
A 0 0 -1
Organ b 0 -1 0 0
Pass a 0 -.1 0 -1
Jupiter 8 +.1 -1 0 0
a 0 -1 0 0
Naini Tal, 8 0 -1 0 0
Shiraz a 0 0 0 -1
Arequipa, 8 -1 +.3 +.1 0
Villa Dolores a -1 +.1 +.5 -4
Joh:
O?ifzﬁzfg?tzgiﬂ 8 +.9 +.1 0 +.2 +2.4 +1.2 +.3 +.7
: ? a +.1 -.2 -.5 +1.4 +.5 -.3 +,1 +2.5
Tananarive
Woomera (STADAN),| § -1 +.2 0 0 0 +.5 +.1 -1
Woomera (SAO) a 0 0 +.4 -8 +.1 +.1 +.8 -.5

°Olifantsfontein data RMS of fit to referenge arc - 2.0 arcsecs §, 2.2 arcsecs @

*Declination
*k Right ascension

1 Latitude movement of station position
iLongitude movement of station position




yI-9

N

Effect of Errors Introduced Into the Station Positions of Various Stations or Station Groupings

Station or Station

on the RMS of Fit of Tananarive Data®

Groups Into Which | Mea- Change in RMS of fit (seconds of arc) due to station position shifts of
Errors Were sure- .
Introduced to ment
Determine Type | +30 m -30 m +30'm |- -30 m +60 m -60 m +60m | -60 m

New Orbits ot @ A A @ ¢ . A A

Maui 5* 0 0 0 0
a** +.1 +.2 +.1 +.2
Organ 3 +.1 -1 0 0
Pass a +,1 +.1 +.1 +.2
Jupiter 5 +.2 -1 +.1 0
a +.1 +.1 +.1 0

Naini Tal, 3 +,1 0 0 0
Shiraz a +.1 +,1 +.1 +,1
Arequipa, 8 -3 +.5 0 +.1
Villa Dolores a +.3 -1 -.3 +.7
Johannesbur,
lifantotonters s | 411 | -1 | +3 +.2 +2.4 +.9 +.8 +.7
Tananarvive a +.1 +.3 +1.0 -5 +1 0 +4 +2.0 -3
(Woomera (STADAN),| & -.2 +.4 0 +.1 -2 +.9 0 +.2 -
‘Woomera (SAO) a +.1 +.1 -.3 +.,4 +.1 0 -5 +.9

°Tananarive data RMS of fit to reference arc - 1.1 arcsecs 8, 1.7 arcsecs a

*Declination
*%*Right ascension

T Latitude movement of station position
¥Longitude movement of station position
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Effect of Brrors Introdused Into the Station Positions of Various Stations or Station Groupings
on the RMS of Fit of Woomera (SAQ) Data®

Station or Station

Groups Into Which | Mea= Change in RMS of fit (seconds of are) due to station position ghifts of
Errors Were sures
Introdueed to | ment e - — =
Determine Type | +30 m -30 m +30 m =30 m +60 m -60 m +60 m -60 m
New Orbits @t ¢ At by @ @ by by
Maui 8* +,1 +.1 +,1' +1 o R
a™ 0 -1 0 -1
Organ s +.1 0 0 +.2
Pass a =1 =1 =1 =1
Jupiter 8 0 +.1 0 +.1
3 0 =1 0 =1
Naini Tal, § 0 0 0 +.1
Shiraz -3 =1 0 0 =1
Arequipa, 8 +.8 =4 +3 =9
Villa Dolores 2 +1 =4 +2 -1
J@ﬁ@;‘;‘g?g&ﬁ;g 5 | 415 -6 +5 -8 | 480 +3 | 1.0 -4
Tananarive “ 8 =1 +9 +4 s +.2 +2.8 +1,9
Woomera (STADAN), & =3 +2.4 =3 +.8 +2,0 +4.7 0 +1.8
Woomera (8A0) a il +.2 +1.0 +1,8 +.6 7 +8.4

+4,3

—T'V'i;opmera (SAE)) déta_liAZS;T;f_fEcaﬂe reference arc - 2.0 arcaecs 8 2.0 arcsecs O

*Declination
**Right ascension

T Latitade movement of station pasition
f Longitude movement of station pesition




