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COMPUTATION OF GEODESICS BY INTEGRAL METHODfT
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Ahstract

Many solutions have been submitted for the {first and second problem of geodesy, Among them are the
solutions by Legendre, Schreiber, Gauss and Helmert. Almost all of them employ the method of series
expansion of Taylor or Mclaurin.

In this report, another methed is employed for solution of the problem of geodesy. It is the method of
numerical integral by formula of Gauss. The formulae of numerical integral are directly reduced from
the Euler's equation of the calculus of variations, Characteristic features of these two methods can be
summarized as follows:

Features of the method of series expansion: Higher terms of the expansion must be omitted. The
omission will cause an error in the computation of azimuth, distance and position coordinates, especiéEly
in the case of long distance. Much effort is needed for expanding the formula which is satisfactorily
accﬁrate for long distance. On the other hand, repeated computation is not necessary. In the days of
manual calculation, this last item should have been a very good merit for practical surveyors,

Features of the method of numerical integral: There is no omission of computation as in the case of
series expansion. Constants of the computation of the Gaussian numerical integrai can be easily obtained
to any accuracy. Repeated computation is terminated by comparing with a given small positive number,
This number can be given to the program without any limit, so there is no cause of error in the
termination of repeated computation.

Formulae of the computation are presented in egs. (9),00,(3 and {4 for longitude and distance. Results
are presented in Table 5 and 6. The resulis are compared with the results of series expansion in Table

1, which is taken from the report of Dr. Shinzi.
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b Y

Figure 1. Single Route
When points P, and P, lie on the same side of the meridian, on which les the top point P,
of the geodesics, the route of the integral is called “Single Route”.
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Figure 2, Return Route

When points P, and P, lie on the both sides of the meridian, the route of the integral is called
“Return Route”.
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Table 1, Standard Examples of JEK
Constants . Bessel, 1841
a=6377397.15500m e?=0.006674372231315
These values are taken from the report of Dr. Shinzi, “Calculation Accuracy of 200-mile
geodesics”, which appears in the REPORT OF HYDROGRAPHIC RESEARCHES No. 13

Mar, 1978,
P, P, ‘ @, S

A & =49 300 0" ¢, =50" 30" 0" =32 25 21".5109

A=0 0 0 =1 ¢ ¢ § = 132315.375m
B by =527 300 167.7 ¢ =54" 42 507.6 a=5% 33 07.6892

L=0 0 0 A= T 607 $ = 529979.578m
c =45 0 0 $.=55° 0 0" =29 03 15".4598

M= 0 O 0 A,=100 00 0”7 5§ =1320284.366m

Table 2. Approximate azimuth
The approximate azimuth & is computed as the angle between the meridian plane and the
—
plane decided by the normal vector n, and point P,. The azimuath #” is computed as the angle

—_—
between the meridian plane and the plane decided by the normal vector n, and point P,.

' ”

& 44 [+4]
A 32 25' 21".5297 32 26 217.4737 320 25 21".5017
B 59" 33 0".9325 59" 33" (".2436 59" 3% 0".5880

C 29° 03 17".4381 29" 03 117.9138 29° 03 14".6760
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Figure 3. Rotation angle & and i
Points P;, P, and the erigin O make a plane, which is obtained from x-y plane by rotating
the system around the z-axis by {1 and around the x"-axis by 1.

Table 3. Approximate distances
Approximate distances in the left column are computed as the length of the arc by string and
radius at mean latitude. Those in the right column are computed by the method of inclined
ellipse in the plane decided by points P,, P. and the origin Q.
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]
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I —
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B

Figure 4, Appmoximate point P,

-
Approximate point Py is obtained by unit vector # and length £ of the string. Declining
angle y is calculated from the radius p and distance s.

Table 4. Approximate coordinates

Approximate latitude ¢, and longitude A, are computed by the method of declining angle y,
—
unit vector # and length ! of the string,

Po (s, Ao

Bo=50" 30" 00”0002
A | P00 59 59”9995
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B | 1="7 "5 59" 0884

4 =55" 00’ 00”3445
C | X="¢ 59 59”5739
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Table 5. Results of the First Problem
Results of the first problem are computed by the integral method from the data of Table 1.
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Table 6, Results of the Second Problem
Results of the second problem are computed by the integral method from the data of Table

1,
@ 5
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