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Cotangent bundle T* M on a smooth manifold M

< Definition. Cotangent bundle T*M on a smooth manifold M ]

“

With local coordinates z : U € M — R¥™M e have induced local coordinates
(z,8) : U x n '(U) » R*M

(Qa Z Eﬂix;) = (m(Q)’ 51’ ) é.n)

tautological 1-form

s N

<« Definition. Tautological 1-form on T* M

We have the projection smooth map
m:T*"M —- M
then its derivative is the pushforward
me : TT*M — TM
whose dual is the pullback
™ T"M — T*T*M

which means it is a 1-form on T* M called the tautological 1-form.

. J

B The 2-form

is a symplectic form on T*M

e On
|
we have
(”*)(p,Ziﬁidm) = Z &idx;
and

w=Y dz; Ad&

& (Reproducing property) Let
w:M—T*M

be a smooth 1-form on M, which in particular is a smooth map. Then the pullback of
the tautological 1-form is

pi (") = p

Conversely if a € QY(T*M) such that p*a = u for all u € Q1(M) then « is the
tautological 1-form.

prrt = (mopu)* ()

Vec(M) — C*(T*M)
X — (p— p(X))
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« Tangent frames on smooth manifolds

« Tangent vector fields on a smooth manifold
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