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

𝐴௣௦ =
∂𝐴௣

∂𝑒௤
− ൜

3
𝑝𝑞

∣ 𝐴௦ 

a covariant tensor of rank two. 

The covariant derivative of a tensor 𝐴௣ with respect to 𝑥ସ is denoted by 𝐴஺೛  and is defined by 

𝐴௉ =
AAி

∂𝑥ସ
+ ቄ

𝑝
𝑞8ቅ 𝐴ହ 

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, 

   
Tensor Analysis 

 



                 Education 
CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics 

H.N. 28 A/1, Jia Sarai, Near IIT-Delhi, Hauz Khas, New Delhi-110016 
Contact: +91-89207-59559, 8076563184 

Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com 
 

H.N. 28 A/1, Jia Sarai, Near IIT-Delhi, Hauz Khas, New Delhi-110016 
#: +91-89207-59559, 8076563184 

Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com  
                     2 

𝐴௥భ⋯௥೙,௤
௣భ⋯௣೘ ≡

∂𝐴௥భ⋯௥೙

௣భ⋯௣೘

∂𝑥௤

 − ቄ
𝑠

𝑟ଵ𝑞ቅ 𝐴௦௥మ⋯௥೙

௣భ⋯௣೘ − ቄ
𝑠

𝑟ଶ𝑞ቅ 𝐴௥భ௦௥య⋯௥೙

௣భ⋯௣೘ − ⋯ − ቄ
𝑠

𝑟௡𝑞ቅ 𝐴௥భ⋯௥೙షభ௦
௣భ⋯௣೘

 + ቄ
𝑝ଵ

𝑞𝑠ቅ 𝐴௥భ⋯௥೙

௦௣మ⋯௣೘ + ቄ
𝑝ଶ

𝑞𝑠ቅ 𝐴௥భ⋯௥೙

௣భ௦௣య⋯௣೘ + ⋯ + ቄ
𝑝௠

𝑞𝑠 ቅ 𝐴௥భ⋯௥೙

௣భ⋯௣೘షభ௦

 

is the covariant derivative of 𝐴𝑝ଵ𝑝௡  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 g୮, gଶట, and 𝛿ସ
௣ 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. 

 
 


