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To solve this problem I see that the data are given in spherical coordinates, but I need to work in Cartesian coordinates.
I choose the Cartesian system of coordinates with the origin in the centre of Earth, with the xy plane – the equatorial plane, and the z axis directed toward the pole. 
The spherical system of coordinates has the origin in the same point as the Cartesian one, i.e. in the centre of Earth. Let the angle p measure the latitude (0 to Equator and π/2 to North Pole), i.e. it is the angle the plane xOy makes with the position vector of the current point P. Let the angle q measure the longitude (in respect to the axis Ox), i.e. it is the angle between the projection of the position vector of point P on the plane xOy and the x axis. So, the relations of transformation are:

x = R cosp cosq
y = R cosp sinq

z = R sin p

London has longitude 0 and latitude 51.5 North and Sydney and longitude 151 East and latitude 34 South.

The corresponding angles for London and Sydney are: pL = 51.5, qL = 0, pS = -34, qS = 151.

The distance between the two cities, measured on the line joining them and passing through the interior of Earth, is:


d2 = R2 ((xL – xS)2 + (yL – yS)2 + (zL – zS)2)
Both cities are situated on the sphere, and this means there exist a great circle of Earth passing through both of them. Let α be the angle between the two cities, and having the vertex in the centre of the Earth (defined on the great circle specified above). It could be found using the cosine theorem in the isosceles triangle defined by the position of London, the centre of Earth and the position of Sidney:


 d2 =R2 + R2 – 2R2 cos α

So, [image: image2.png]cosa
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The justification that the arc of circle corresponding to angle α is really the shortest distance on Earth between the two cities comes from another problem posted this month to Nrich, Over the Pole.

The distance between the two cities measured on the surface of the Earth, along the great circle, is Rα, where α is measured in radians. Let it be L1.
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The other distance is calculated adding 6 km to the radius of the Earth, and it will be L2.
The numerical results are: α = 2.66 rad, and on the surface of Earth the distance is: 
L1 = 17003 km
At the altitude of 6 km:

L2 = 17020 km
The results are in reasonable agreement with the real distance: 16972 km in Google Earth and 16997 km on http://portcanal.co.uk/cgi-bin/diser.pl?a=London&b=Sydney.
