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Exercice 1. Let M be a smooth manifold and pU,φq a smooth chart of M . Show that
φ : U ÝÑ φpUq is a diffeomorphism.

Exercice 2. Let M1, . . . ,Mk be smooth manifolds and let πj : M1 ˆ ¨ ¨ ¨ ˆ Mk ÝÑ Mj be the
projection onto Mj . For each point p “ pp1, . . . , pkq P M1 ˆ ¨ ¨ ¨ ˆ Mk, we define a map by

α : TppM1 ˆ ¨ ¨ ¨ ˆ Mkq ÝÑ Tp1M1 ‘ ¨ ¨ ¨ ‘ TpkMk, αpvq “
`

dπ1ppqpvq, . . . , dπkppqpvq
˘

.

Show that it is an isomorphism of vector spaces.

Exercice 3. Suppose M and N are smooth manifolds and let F : M ÝÑ N be a smooth map.
Show that DFp : TpM ÝÑ TF ppqN is the zero map for each p P M if and only if F is constant on
each connected component of M .

Exercice 4. Let F : M ÝÑ N be a smooth map between smooth manifolds, and let γ : J ÝÑ M
be a smooth curve. Show that for any t0 P J , the velocity at t “ t0 of the composite curve
F ˝ γ : J ÝÑ N is given by

pF ˝ γq1pt0q “ DFγpt0qpγ
1pt0qq.

Exercice 5. Consider S3 as the unit sphere in C2 under the usual identification C2 – R4. For each
z “ pz1, z2q P S3, define a curve γz : R ÝÑ S3 by

γzptq “ peitz1, e
itz2q.

Show that γzptq is a smooth curve whose velocity is never zero.
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