
cotangent bundle ¿:
−
¿
ØC =

⋃
¾ � ¿

¾:
−
¿
ØC

¾:
−
¿
ØC = −

¿:¾
ØK =

{
−
¿:¾ ú = ß = ¯−−−−−−−−−→

lin
K

}

n|nC

¾
·f� ·

·−
6� ·

��

−
¿
ØC

¾f�
−
6�

��

·�
oo

·−
6� ·

·� = ·−
6� = ·² −

6�

����
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�

¾:
−
¿
ØC

l¾

−
�¾

ffMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

−
�� ¾

l� ¾

xxqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

·l¾

·−
�¾ = ·� −

�¾ = ·−
6�

−
�� ¾

xx

·−
�� ¾ = ·² −

�� ¾ = ·−
6�

−
�¾

·l� ¾

ffn|nC

¾
·f�·

·−
6�·

OO

−
¿
ØC

·−
6�· ·² = ·−

6� = ·� −
6�

]]:::::::::::::::::::::::::::::::::::::::::::::::::::::

¾f�
−
6�

OO

·²oo

·−
�¾

¾ú = ·� −
�¾

¾ú
Y [



−
¿
ØC

¾f�
−
6�

��

n|nC

−
6� �·

=
−
6� ·

= ²·
·−
6� ·

����
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��·
oo

¾
·f� ·

·−
6� ·

��

¾:
−
¿
ØC

·l¾

·−
�¾

ffMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

·−
�� ¾

·l� ¾

xxqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

l¾

−
�¾ = �·

·−
�¾ =

−
6�· ·−�� ¾

xx

−
�� ¾ = ²·

·−
�� ¾ =

−
6� ·

·−
�¾

l� ¾

ff−
¿
ØC

¾f�
−
6�

OO

n|nC

−
6�²·

=
−
6�· = �·

·−
6�·

]]:::::::::::::::::::::::::::::::::::::::::::::::::::::
²·

oo

¾
·f�·

·−
6�·

OO

−
�¾

¾ú =�·
·−
�¾

¾ú
Y [



n|nC
¾
·�
·

·W
·

  A
AA

AA
AA

AA
AA

AA
AA

AA
AA

AA
AA

¾
·�� ·

·�
� ·

��

−
¿
ØC

¾�
W

!!C
CC

CC
CC

CC
CC

CC
CC

CC
CC

CC
C·�

oo

¾
·�

·W

}}||
||

||
||

||
||

||
||

||
||

||
|

¾��
��

��

n|nC

¾
·f� ·

·−
6� ·

��

¾ ◦

·�
·

·W
·

``AAAAAAAAAAAAAAAAAAAAAAA

−
¿
ØC

¾f�
−
6�

��

·�oo

¾ ◦

·�
·W

jjUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

¾ ◦
�
W

aaCCCCCCCCCCCCCCCCCCCCCC

¾:
−
¿
ØC

−
�·

¾

bbEEEEEEEEEEEEEEEEEEEEEEE

−
�� ·

¾

||yyyyyyyyyyyyyyyyyyyyyyy

·−
�¾

jjVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

·−
�� ¾

tthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

!¾

¾�

vv

¾��
"¾

hh

·!¾

¾
·� = ·�

¾�

xx

¾
·�� = ·²

¾��
·"¾

ff

n|nC

¾
·f�·

·−
6�·

OO

¾ ◦

·�� �·
·W
��·

~~}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
} −

¿
ØC

¾�� �
W��

}}{{
{{

{{
{{

{{
{{

{{
{{

{{
{{

{{

¾f�
−
6�

OO

·²
oo

¾ ◦

·�� �

ttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

n|nC

¾
·�� �·

·W
��·

>>}}}}}}}}}}}}}}}}}}}}}}}

¾
·��·

·��·

OO

−
¿
ØC

¾
·�� �

aaBBBBBBBBBBBBBBBBBBBBBBB

¾�� �
W��

=={{{{{{{{{{{{{{{{{{{{{{
·²oo

¾��
��

OO




¾
·�
¾ú = ·�

¾� ¾ú
Y [

=
¾ ◦

·� −
�¾

¾ú
Y [

·!¾
¾ú = ·�!¾

¾ú
Y [

= ·W −
�¾

¾ú
Y [

·−
�¾

¾ú =

{¾
·�
¾� ¾ú
Y [

·W!¾
¾ú

Y [



−
¿
ØC

¾�
W

!!C
CC

CC
CC

CC
CC

CC
CC

CC
CC

CC
C

¾��
��

��

n|nC
¾
·�
·

·W
·

  A
AA

AA
AA

AA
AA

AA
AA

AA
AA

AA
AA

¾
·�� ·

·�
� ·

��

¾�·

W·

}}||
||

||
||

||
||

||
||

||
||

||
|�·

oo

−
¿
ØC

¾f�
−
6�

��

¾ ◦
�
W

aaCCCCCCCCCCCCCCCCCCCCCC

n|nC

¾
·f� ·

·−
6� ·

��

�·

oo

¾ ◦
�·

W·

jjUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

¾ ◦

·�
·

·W
·

``AAAAAAAAAAAAAAAAAAAAAAA

¾:
−
¿
ØC

−
�¾

jjUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

−
�� ¾

ttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

·−
�¾

aaDDDDDDDDDDDDDDDDDDDDDDDD

·−
�� ¾

}}zz
zz

zz
zz

zz
zz

zz
zz

zz
zz

zz
zz

·!¾

¾
·�

vv

¾
·��

·"¾

hh

!¾

¾� = �· ¾
·�

xx

¾�� = ²· ¾
·��

"¾

ff

−
¿
ØC

¾f�
−
6�

OO

¾ ◦
�� �
W��

}}{{
{{

{{
{{

{{
{{

{{
{{

{{
{{

{{
n|nC

¾
·f�·

·−
6�·

OO

¾ ◦
�� �·

ttiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

²·
oo

¾ ◦

·�� �·
·W
��·

~~}}
}}

}}
}}

}}
}}

}}
}}

}}
}}

}}
}

−
¿
ØC

¾�� �
W��

=={{{{{{{{{{{{{{{{{{{{{{

¾��
��

OO

n|nC

¾�� �·

aaBBBBBBBBBBBBBBBBBBBBBBB

¾
·�� �·

·W
��·

>>}}}}}}}}}}}}}}}}}}}}}}}²·

oo

¾
·��·

·��·

OO

¾úK ¾ ′

ú = !¾
¾ú

Y [

K!¾
¾ ′

ú
Y [

=

∗

!¾
¾ú

X Z
◦η !¾

¾ ′

ú
Y [

=

∗

W
−
�¾

¾ú
X Z

◦η W
−
�¾

¾ ′

ú
Y [

=

∗

−
�¾

¾ú
X Z ∗

W◦ηW
Y [

−
�¾

¾ ′

ú
Y [

=

∗

−
�¾

¾ú
X Z

e
−
�¾

¾ ′

ú
Y [

=
−
�¾

¾ú
Y [

K
−
�¾

¾ ′

ú
Y [




¾� ¾ú = �· ¾

·�
¾ú

Y [

=
¾ ◦
�·

·−
�¾

¾ú
Y [

!¾
¾ú = �·

·!¾
¾ú

Y [

= W·
·−
�¾

¾ú
Y [

−
�¾

¾ú =


¾�· ¾

·�
¾ú

Y [

W·
·!¾

¾ú
Y [

n|nC

¾
·�� ·

��

−
¿
ØC

¾
·�� · ·� =

¾
·�� = ·²

¾��

����
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�

¾��

��

·�
oo

¾:
−
¿
ØC

£¾

è¾

ffMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

è� ¾
¸¾

xxqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

·£¾

·è¾ = ·�è¾ =
¾

·��è� ¾

xx

·è� ¾ = ·²è� ¾ =
¾

·�� è¾

·̧ ¾

ffn|nC

¾
·��·

OO

−
¿
ØC

¾��

OO

·²oo

¾
·��· ·² =

¾
·�� = ·�

¾��

]]:::::::::::::::::::::::::::::::::::::::::::::::::::::



−
¿
ØC

¾��

��

n|nC

¾�� �·
=

¾�� · = ²· ¾
·�� ·

����
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

��
��

�

¾
·�� ·

��

�·
oo

¾:
−
¿
ØC

·£¾

·è¾

ffMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

·è� ¾
·̧ ¾

xxqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

£¾

è¾ = �·

·è¾ =
¾��· ·è� ¾

xx

è� ¾ = ²·

·è� ¾ =
¾�� · ·è¾

¸¾

ff−
¿
ØC

¾��

OO

n|nC

¾
·��·

OO

¾��²·
=

¾��· = �· ¾
·��·

]]:::::::::::::::::::::::::::::::::::::::::::::::::::::
²·

oo


