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1. (10 pts)  Derive the following transformation law for first-
order covariant tensors: 
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2. (10 pts)  Let  be a vector in a Cartesian 
coordinate system Ox . Using the laws of transformation 
for first-order tensors, determine the covariant component 

3 2z x y= + −A i j k
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2A  and contravariant component 2A  of this vector in the 
cylindrical coordinate system O zρφ . 
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2.           1 cosx x ρ φ= =        2 sinx y ρ φ= =         3x z=
1 1/ 22 2( )x x yρ= = +           2 1 1tan ( )x yxφ − −= =           3x z=  
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1 A zA = =        2

2 3 cosA A ρ φ= =        3
3 2 sinA A ρ φ= = −  
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2 2sin 3coszA φ φρ= − +  
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