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Problem 1 (30 points) Suppose γ : [a, b] → M is a geodesic for a metric
tensor gij . Show that

gij
dγi

dλ

dγj

dλ
is constant with respect to λ.

Problem 2 (10 points) Suppose (y, x, y, z) is an inertial frame A, and let
(t̃, x̃, ỹ, z̃) be the intertial frame B defined by

t̃ = γ(t− xv/c2), (1)
x̃ = γ(x− vt), (2)
ỹ = y, (3)
z̃ = z, (4)

where γ = 1/
√

1− (v/c)2 for some v ∈ (−c, c). Show that

t = γ(t̃ + x̃v/c2),
x = γ(x̃ + vt̃),
y = ỹ,

z = z̃.

Problem 3 (30 points) Suppose (y, x, y, z) is an inertial frame A, and let
(t̃, x̃, ỹ, z̃) be the intertial frame B such that equations (1)–(4) holds for some
v ∈ (−c, c). If γ(t) = (x(t), y(t), z(t)) is a curve with zero acceleration in A,
show that γ̃(t̃) = (x̃(t̃), ỹ(t̃), z̃(t̃)) also has zero acceleration in B.

Problem 4 (30 points) In the lectures we showed that if γ = (X1(λ), . . . , Xn(λ))
is a curve γ : [a, b]→M , then its tangent transforms as

dX̃j

dλ
=

∂X̃j

∂Xr

dXr

dλ
. (5)

(a) Show that the second derivative of γ transforms as

d2X̃j

dλ2
=

∂2X̃j

∂Xr ∂Xs

∂Xr

dλ

dXs

dλ
+

∂X̃j

∂Xr

d2Xr

dλ2
.

Conclude that on a manifold, a curve can have zero acceleration in one
coordinate system, but be accelerated in another.

(b) Use the geodesic equation, equation (5) and Problem 4.4 to show that the
geodesic equation has the same form in overlapping coordinates. That is,
if a curve is a geodesic in one coordinate system, then it is a geodesic in
all overlapping coordinate systems.


