The Entire Theory in the Case of the Sphere

Consider the sphere with spherical coordinates (8, ¢) — (sin ¢ cos 8, sin ¢ sin 8, cos ¢). Spher-
ical coordinates differ trom standard longitude and latitude conventions in one small way:
increasing ¢ moves down toward the equator rather than up toward the north pole.

Standard Formulas

e1 = (1,0) = % > % = (—sin ¢ sin 8, sin ¢ cos 8, 0)

es = (0,1) = % — gg = (cos ¢ cos B, cos ¢ sin b, — sin ¢)
n = (sin ¢ cos #, sin ¢ sin 6, cos ¢)

gi1 = sin® ¢ N
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Derivatives of Basis Vector Fields
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e1(e1) = -%— (—sin¢sinf,sinpcosh,0) = (—singcosf, —sin¢sin b, 0)
— cos ¢ sin @, cos ¢ cos 8, 0)

—cos¢sin b, cos ¢ cosf, 0)
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—sin ¢ cos 8, — sin ¢ sin 6, — cos ¢)

Decomposition: Now we decompose these derivatives into normal and tangential compo-
nents. Notice that the basic equation below implies that b(X,Y) = X(Y) - n.

X(Y)=b(X,Y)n+ VxY.
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