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12. Covariant Derivative 
The covariant derivative of a tensor 𝐴  with respect to 𝑥  is denoted by 𝐴 ⋅  and is defined by 

𝐴 =
∂𝐴

∂𝑒
−

3
𝑝𝑞

∣ 𝐴  

a covariant tensor of rank two. 

The covariant derivative of a tensor 𝐴  with respect to 𝑥  is denoted by 𝐴  and is defined by 

𝐴 =
AA

∂𝑥
+

𝑝
𝑞8 𝐴  

a mixed tensor of rank two. 

For rectangular systems, the Christoffel symbols are zero and the covariant derivatives are the 

usual partial derivatives. Covariant derivatives of tensors are also tensors. 

The above results can be extended to covariant derivatives of higher rank tensors. Thus, 
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𝐴 ⋯ ,
⋯

≡
∂𝐴 ⋯

⋯

∂𝑥

 −
𝑠

𝑟 𝑞 𝐴 ⋯
⋯

−
𝑠

𝑟 𝑞 𝐴 ⋯
⋯

− ⋯ −
𝑠

𝑟 𝑞 𝐴 ⋯
⋯

 +
𝑝
𝑞𝑠 𝐴 ⋯

⋯
+

𝑝
𝑞𝑠 𝐴 ⋯

⋯
+ ⋯ +

𝑝
𝑞𝑠 𝐴 ⋯

⋯

 

is the covariant derivative of 𝐴𝑝 𝑝  with respect to 𝑥 . 

The rules of covariant differentiation for sums and products of tensors are the same as those for 

ordinary differentiation. In performing the differentiations, the tensors g , g , and 𝛿  may be 

treated as constants since their covariant derivatives are zero. Since covariant derivatives express 

rates of change of physical quantities independent of any frames of reference, they are of great 

importance in expressing physical laws. 

 
 


