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∂x̄k
Γr

st +
∂x̄i

∂xr

∂2xr

∂x̄j∂x̄k

>FGA9 B =?C>N<
N i

j

AB7 HI=@B7 @9AE=NB@EAR\9AE K :7

N̄ i
j =
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γ(t) = xµ(t)
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+ ẏi(t)

∂

∂yi6FG ABC EFERAB=B CE 9RCE K >; K\GCA K> IN>?@9
d

dt
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HBJEH<
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∫
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(
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(
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=

=
(

Γi
jµ,ν − Γi

jν,µ + Γk
jµΓi

kν − Γk
jνΓ

i
kµ

)

yj =

= −Ri
jµνy

j

`�db Ri
jµν = Γi

νj,µ − Γi
µj,ν + Γi

µaΓ
a
νj − Γi

νaΓ
a
µj

t�h^f d _^hb{_}e ]^��b� `_�_^e_db Riemann ª
�������� ø �� � � �` _� {| �{� ùýªýü �a �{]db�t `_f � ]^��b� `_�_^ �f^e sf^�hb{�^_f]}e s�{��e �t_^{| ��^_�gt_^f ]u_� ^�` _dh �thf]` �t_^{| ��^_f{� `{bh_t_^���h�h ùý ª�ü �e t�}e

F̄ i
µν =

∂xκ

∂x̄µ

∂xλ

∂x̄ν
M i

jF
j
κλ

]u_f �db ��da d¨{^�t h^ �a d�� �ædb�t ]^f ^�` _� {| �{� ùúª�ü � ^cd¨ � { bh^� �� d�� _� �^a u���de �t_^{| ��^_�gt_^f �a dc^h©e _^hb{_f]u �e �a de � t_^{| ���^_f{�d¨e { bh_t_^���h�h _�e � u{�e� ª
�������� ø �� � � �h^f t¨]d� d h^ stf ]^ht�e `_f � {| �{� ùúªûü � �da t� h^ �a ^ct�{_� �da c}

F i
µν =

δN i
µ

δxν
−

δN i
ν

δxµ

�� ¸°²³¾¸ »®À È°Ä°¸ÁÄ°À ¯¹¸°¾È¿¯°¸ »¾¯µ½ º¹²»¹½¹¸° » º »° ¸¿² ´¹Ä �´¸Æ¾¿ ¸Æ² ¼»°²³Å¾¯°¸ »Ç² ¼¹¾¯Ç² ¯¹ ¸¿ ÂµÁ¶ ¹»° ¸¿À ·²²µ »°À ¸µ³
d-tensor

Ê
ll


