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Now, the equation of a geodesic is: 
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Substituting the above expressions for ix& and ix&& into the equation for a geodesic: 

 0
2

=
′∂

∂′
′∂

∂
Γ+′′

′∂′∂
∂

+′
′∂

∂ t
t

k
r

r

j

jk
itr

rt

i
r

r

i

x
x
x

x
x
x

xx
xx

x
x

x
x &&&&&&&  

Rearranging: 

 0
2

=′′







′∂

∂
′∂

∂
Γ+

′∂′∂
∂

+′
′∂

∂ tr
t

k

r

j

jk
i

rt

i
r

r

i

xx
x
x

x
x

xx
x

x
x
x

&&&&  

Multiply both sides by
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But, the equation of the geodesic in the “dashed” frame is: 
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Hence: 
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Note in the above expression, the presence of the 2nd term prevents the Γ ’s 
transforming as tensors. 

Now, multiply (1) by
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Now, the transformation of “primes” on “unprimed”, sends xx ′→ , and say 
that xx =′′ , so that when you put primes on a function, unprimed become singularly 
primed, and singularly primed become unprimed. 
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Contravariant Differentiation: 
 
Consider: 
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Giving: 
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Then: 
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Hence k

iB does not transform as a tensor. 
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(which is the same as (3), but with symbols changed) 
Substituting (5) into (4) gives: 
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This is called the covariant differentiation of the contravariant vector iA . 
Repeating for the covariant vector iA : 
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So, the contravariant differentiation of the covariant vector iA  is: 
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Proof that ijg transforms as a covariant tensor: 
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Hence, the coefficients are equal: 
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Hence a tensor. 
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Hence, the covariant differentiation of 0, =kijg  
Similarly: 
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