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Manifold
I M : a differentiable n-manifold
I (U, x1, . . . , xn): a local coordinate system (chart)
I F(M): the algebra of differentiable functions on M

Advanced Topics in Geometry F 2022/06/14 2 / 7



Tangent space TpM

I Differential operators on F(M) at p.
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I the set of velosity vectors of curves.
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Cotangent space T ∗
pM

I the dual of TpM

I Span{(dx1)p, . . . , (dxn)p}; dual basis

(dyk)p =

n∑
j=1

∂yk

∂xj
(p)(dxj)p. (1)
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Tangent bundle TM

I M :=
⋃

p∈M TpM

I π : TM → M : the canonical projection
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Vector fields
I X : M → TM , π ◦X = idM .
I X(M) = Γ(TM): the set of vector fields.
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Other vector bundles
I T ∗M : the cotangent bundle
I T ∗M ⊗ T ∗M

I S(T ∗M ⊗ T ∗M)
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