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SUMMARY 

This Record describes a computer program for calculating 
distances between points on the Earth's surface whose latitude and 
longitude are known to 0.1 min of arc. The distances must be in the 
angular range 0° t6 160°. The method has application to seismic 
refraction studies. 
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1. INTRODUCTION 

Seismic refraction studies require a number of parameters to 
be calculated from field data, one of which is the distance from the 
earthquake or shot-point to the seismic station. The computer program 
EPICENT described in this Record is deSigned to calculate these 
distances when the pOSitions of the shot-points and seismic stations 
are known. 

2. METHOD 

The formulae used to calculate the distances are given in 
K.E. Bullen's textbook 'Introduction to the Theory of Seismology' 
(1947), and are summarized below. 

Let the co-latitude and east longitude of two points on the Earth's 
surface be (0, c) and (0', c)') respectively. Then the parameters A, B, 
C, D, E, G, H, and K are defined as follows: 

A = sin 0 cos c) B = sin Q sin cj C = cos G 

D = sin c) E = -cos c) G = cos Q cos ~ 

H = cos 0 sin c) K = -sin Q 

with corresponding (A', B '), etc., for the point (Q' c) ') 

The distance (~) between the two points, measured as an angle subtended 
at the Earth's centre is given by: 

cos A = AA' + BB' + CC' 

Various other relations are: 

2(I-cos~) = (A _ A,)2 + (B _ B,)2 + (C _ C ,)2 

2(I+cos~) = (A + A,)2 + (B + B,)2 + (C + C,)2 

2+2sinAsinZ=(A'-D)2 + (B'_E)2 + C,2 

2 + 2 sin.6cos Z = (A' - G)2 + (B _ H)2 + (C' _ K)2 

........ (1) 

........ (2) 

........ (3) 

.......• (4) 

........ (5) 

where Z is the azimuth between the two points measured from north 
through east. 
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Bullen recommends that equation (2) be used for angular 
distances between 0 0 :and 20 0 and equation (1) can be used between 
20 0 and 160 0

; these are the equations used in the computer prograrft. 

The error in equation (1) varies from 0.05 0 at 1 0 distance to 
0.007 0 at 20 0 distance. 

The error in equation (2) is less than 0.01 0 in the range 20° 
to 1600

• 

3. USAGE 

A listing of the Fortran IV program is given in Table 1 and 
the format of the input cards in Table 2. The latitudes and longitudes 
are required in degrees, minutes, and tenths of minutes. The distances 
are calculated from the first shot-point to four stations whose locations 
are punched on the first card. If further station distances are required, 
a flag is put in column 78 of the first card, and further station positions 
are indicated in the next card. 

If distances are required from second and subsequent shots, 
the data are punched as indicated in Table 2. 

On the last data card, a flag is put in column 79. 

The form of the data printout is given in Table 3. The computed 
angular distances are converted to kilometre distances by assuming the 
mean radius of the earth to be 6378.388 km. 

4. COMMENTS 

This computer program provides data accurate enough for many 
seismic refraction studies, but if higher accuracy is required at short 
distances (less than 1500 km), it is recommended that a more exact 
relation be used such as that incorporated in the Department of the Interior 
'ROBBINS' program, in which accuracies of 2 cm are quoted. Plate 1 
shows the difference between distances calculated by EPICENT and by 
the 'ROBBINS' programs. The 'ROBBINS' program description and 
computer card check are kept by BMR Regional Surveys Section. 
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