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The volume factor 1s

JdEtgij(I) =1- éZRiCkg .kaf + O(IIP)
k.t

So along a geodesic y(t) = exp,(1V) with |V| = 1 we have

\/det gii(y() = 1 — Ric(;/’ 2, o).

If a,, denotes the volume of the unit ball in R™, then the
volume of a geodesic ball of radius r 1s given by

S(p) (<)

_ - P

vol(B,.(p)) = amr"'(l 6(m + 2)rz + O(r3)).
Similarly, for the (m — 1)-dimensional area of the sphere,

43

S
area(S ,(p)) = ma,,,f"—‘(l 6(£)r2 + 0(r3)).

In particular for a surface M? wehave a, = rand S = 2K,
so the circumference of a geodesic circle of radius r 1s

2r — gx(p)r?' + O,

giving another intrinsic interpretation of the Gauss curva-
ture K(p).

By s (#) T ¢cx)  Azts A A AlSCrrrin bregf

T v 7[11"/1«;&-/& a][ W,G/;/d M/j/%or-c .
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