
−
¿
Øb N
� 2nC

�′
oo

−
¿ −
Øb N
� ��J

=
j � J
? �j

dual standard basis

�I L�J
=

∗
�I ◦η �J

= det �i L�j
= det

i
ηj =

I
ηJ =

I

◦ηJ

K I�=�I

I
ηI

�I
= (K I�)

I
ηI

<�I
=�NþI I > NþI◦

I
ηI

′� = ′� �′

′�
Y [

M� �N
= det

(
µ��

ν )
= det µδ

ν
=

M
δ

N

′� = ′� �′

′�
Y [

∗
�I �J

= det
∗
�i �j

= det
i
δ

j
=

I
δ

J
= I� �J

∗
�I

= I�

−
¿
Øb N
�

¾�
W

��

2nC

¾
′�
′

′W
′

��

�′
oo

¾�′

W′

wwoooooooooooooooooooooooooooooooooooooooooo

−
¿
Øb N
�

¾ ◦�
W

OO

2nC

¾ ◦
′�
′

′W
′

OO

�′

oo

¾ ◦�′

W′

ggOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

∗
�I

¾
L �J

=

{ ∗
�I ¾g�J

=
¾gIJ

∗
�Ie¾�

J
= I�e¾�

J
= det�i

¾
L�j

= det Ie
J

¾ = Ie
J

¾

z
K J�=

∑
|I| = |J |

�I z

Ie
J

�J
=

∑
|I| = |J |

(
z
K I�

)
Ie

J

z

M�
∑

I

�I

I

z

eJ
=

∑
I

M
δ

I

I

z

eJ
= M

z

eJ
= M�

z
K J�



M� �J
=

M
δ

J
= det

M

(
ez

ze
)J

=
∑

|I| = |J |
M ze

I z

Ie
J

=
∑

I

( M� K I�)
z

Ie
J

z
K IW = WI

I
ηI

KWI
= ( IW)

I
ηI

−
¿ −
Øb N
� �

{¾�J
=

¾� 9�
WJ

=
j � J
? Wj

= W�J dual ONBasis

{¾� =
¾�I

I�
W = WI

I�
¾�I

¾
L¾�J

=
¾ ∗�I ¾g¾�J

=
¾ ∗�I ¾−∗�◦η

¾ ◦�
Y [

¾�J
=

∗
¾�I ¾ ◦�
Y [

◦η
¾�J ¾ ◦�
Y [

=
∗

¾��I

Y [

¾−∗�◦η
¾ ◦�

Y [

¾��J

Y [
= I�

¾ ∗�¾−∗�◦η
¾ ◦�¾�

Y [
�J

WI

¾
LWJ

= det
∗
Wi

(
∗
WηW

)
Wj

= det
∗(

WWi
)
η

(
WWj

)
= det i

∗
�η�j

=
∗
WIe¾W

J
=

∗
WI ∗
W◦ηW
Y [

WJ
=

∗
WWI

Y [

◦ηWWJ

Y [
=

∗
W�I

Y [

∗
W◦ηW
Y [

W�J

Y [
= I�

∗
W

∗
W◦ηWW

Y [
�J

= I

∗
� ◦η �J

= ηIJ

z< WI
= WNþI I > NþI◦

I
ηI

z< �J
=

∑
|I| = |J |

�NþI I > NþI◦ Ie
J

z

(
N
ηN/ Ne

N

z

)1/2

WN
= c �N

N
ηN = WN

zK WN
= c2 �N

zK �N
= c2

Ne
N

z � LHS =
∑

I

I� û WN

Y [
Ie

J

z =
∑

I

I�û�
N

(
N
ηN/ Ne

N

z

)1/2

Ie
J

z = RHS

′� =

{¾ ◦
′�
¾�′

′�
Y [

′WW
′

′�
Y [

I
δ

J
=

{¾ ◦
I
�¾�J

IWW
J

′� =

{¾
′�
¾ ◦�′

′�
Y [

′WW
′

′�
Y [

M
δ

N
=

{¾
M
�¾ ◦�N

MWW
N

�′

′� =

{¾ ◦� ¾�′

′�
Y [

=
¾ ◦�′ ¾

′�
′

′�
Y [

WW′

′�
Y [

= W′

′W
′

′�
Y [



�J
=

{¾ ◦�¾�J
=

¾ ◦�L ¾
L
�J

WWJ
= WL

LW
J

�′

′� =

{¾� ¾ ◦�′

′�
Y [

=
¾�′ ¾ ◦

′�
′

′�
Y [

WW′

′�
Y [

= W′

′W
′

′�
Y [

�N
=

{¾�¾ ◦�N
=

¾�K ¾ ◦
K
�N

WWN
= WK

KW
N

{¾�′

′� = �′ ¾
′�
′

′�
Y [

=
¾��′

′�
Y [

W′

′� = �′

′W
′

′�
Y [

= W�′

′�
Y [{¾�J

= �L ¾
L
�J

=
¾��J

WJ
= �L

LW
J

= W�J{¾ ◦�′

′� = �′ ¾ ◦
′�
′

′�
Y [

=
¾ ◦��′

′�
Y [

W′

′� = �′

′W
′

′�
Y [

= W�′

′�
Y [{¾ ◦�N

= �K ¾ ◦
K
�N

=
¾ ◦��N

WN
= ��

K
gN = W�N

{¾
′�
′

′� = ′�
¾�′

′�
Y [

=
¾

′��
′

′�
Y [

′W
′

′� = ′�W
′

′�
Y [

= ′W�
′

′�
Y [{¾

M
�J

= M�
¾�J

=
¾

M
��J

MW
J

= M�W
J

= MW�
J{¾ ◦

′�
′

′� = ′�
¾ ◦�′

′�
Y [

=
¾ ◦

′��
′

′�
Y [

′W
′

′� = ′�W
′

′�
Y [

= ′W�
′

′�
Y [{¾ ◦

I
�N

= I�
¾ ◦�N

=
¾ ◦

I
��N

IW
N

= I�W
N

= IW�
N



2nC

¾o′

¾
−
�′

=
¾
−
��′ ′−
6� ′

{{wwwwwwwwwwwwwwwwwwwwwwwwwwwww

¾
′f� ′

′−
6� ′

��

¾:−
¿
Øb N
�

2nC

¾
′f�′

′−
6�′

OO

¾
−
��′ =

¾
−
�′

′−
6�′
¾o�′

ccGGGGGGGGGGGGGGGGGGGGGGGGGGGGG

¾: −
¿
Øb N
� � ¾

−
�J

holonomic basis

′� = ′−
�¾

¾
−
�′

′�
Y [

M
δ

N
= M−

�¾
¾
−
�N



2nC

¾
′�� ′

′�
� ′

��

¾
′�
′

′W
′

||yyyyyyyyyyyyyyyyyyyyyyyyyyy¾!′
=

¾
−
�′ ¾

′�
′

¾�′
=

¾o′ ¾
′�
′
=

¾��′ ¾ ′�� ′





2nC

¾ ◦
′�
′

′W
′

<<yyyyyyyyyyyyyyyyyyyyyyyyyyy

¾
′f� ′

′−
6� ′

��

¾
−
�′

¾o′

{{wwwwwwwwwwwwwwwwwwwwwwwwwwwww

¾:−
¿
Øb N
�

2nC

¾ ◦
′�� �′

′W
��′

""EEEEEEEEEEEEEEEEEEEEEEEEEEE

¾
′f�′

′−
6�′

OO

¾o�′
¾
−
��′

ccGGGGGGGGGGGGGGGGGGGGGGGGGGGGG

2nC

¾
′�� �′

′W
��′

bbEEEEEEEEEEEEEEEEEEEEEEEEEEE

¾
′��′

′��′

OO

¾��′ =
¾o�′ ¾ ′�� �′ =

¾�′ ¾
′��′

¾"′
=

¾
−
��′ ¾ ′�� �′

QQ

¾: −
¿ −
Øb N
� �

{¾�J ∗
¾!J

=
j � J
? ¾!j dual ONbasis

¾!I

¾
L ¾!J

=
I
ηJ

K I!¾ =
¾!I

I
ηI

¾!I
=

(
K I!¾

)
I
ηI



< ¾!I
=

¾!NþI I > NþI◦
I
ηI

′� =


¾

′�
¾�′

′�
Y [

′!¾
¾!′

′�
Y [

I
δ

J
=

{¾
I
�¾�J

I!¾
¾!J

¾�′

′� =
¾
−
�′ ¾

′�
′

′�
Y [¾!′

′� =
¾
−
�′

′W
′

′�
Y [{¾�J

=
−
�L

¾
¾

L
�J

¾!J
=

¾
−
�L

LW
J

¾
−
�′

′� =

{¾�′ ¾ ◦
′�
′

′�
Y [

¾!′

′W
′

′�
Y [

¾
−
�N

=

{¾�K ¾ ◦
K
�N

¾!K

KW
N

¾
′�
′

′� = ′−
�¾

¾�′

′�
Y [

′W
′

′� = ′−
�¾

¾!′

′�
Y [{¾

M
�J

= M−
�¾

¾�J

MW
J

= M−
�¾

¾!J
¾ ◦

′�
′

′� =
¾

′�
¾
−
�′

′�
Y [

′W
′

′� = ′!¾
¾
−
�′

′�
Y [{¾ ◦

I
�N

=
¾

I
�¾

−
�N

IW
N

= I!¾
¾
−
�N



2nC

¾
′�� ′

′�
� ′

��

¾£′

¾Ü′
=

¾Ü� ′¾
′�� ′

{{wwwwwwwwwwwwwwwwwwwwwwwwwwwww

¾:−
¿
Øb N
�

2nC

¾
′��′

′��′

OO

¾Ü� ′
=

¾Ü′¾
′��′
¾¸′

ccGGGGGGGGGGGGGGGGGGGGGGGGGGGGG


