
1. (a) Give the derivation property of Tangent
spaces

Xa(f . g) = Xa(f ) . g(a) + f (a) . Xa (g )

(b) Show that D(1) = 2D(1).

2. (a) Show that Xx = (Txu)–1 . Txu . Xx
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(b) Let  : G  H be a smooth
homomorphism of Lie groups. Then show
that ' = Te : g = TeG  h = TeH is a
Lie algebra homomorphism.

3. (a) Prove that XT = kM TX for vector bundle
homomorphism.

(b) Show that for exterior derivative d 2 =
d  d = 0 where d : k(M)   k+1(M).

4. (a) Show that the tangent bundle of the
associated bundle P [ s, l ]  is given by

T(P [ s, l ] ) = TP [ Ts, Tl ]

(b) For the pullback of a vector bundle along
f : N  M, then show that
p (f * E) = f * p (E).

5. Let (M, g) be a Riemann manifold with
sectional curvature k  k0 > 0, then show
that for any geodesic c in M the distance
between two conjugate points along c is 

0k
 

6. Let p : N  M be a surjective submersion
(a fibered manifold) which is proper, so that
p–1(k) is compact in N for each compact
k M  and let M be connected. Then show
that (N, p, M) is a fibre bundle.
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7. Show that the circle S C   is a Lie group
under complex multiplication and the map

2

cos sin 0
sin cos 0
0 0
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is a Lie group homomorphism into SO(n).

8. (a) Show that the range of the zero section
of a vector bundle E  M is a
submanifold of E.

(b) For any ( )X M and any
º ( )f M , then show that

X xL df dL f

9. (a) Show that the tangent bundle is a vector
bundle.

(b) Show that the tangent bundle of a Lie
group is trivial TG G g  .

10. (a) Show that for each positive integer n the
space Rn

 is a differential manifold.

(b) Show that S' embedded as S' × { 1 } in
the torus S' × S' is a closed subgroup.
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