
 

 

Answer on Question #51712 - Math - Vector Calculus 

𝛻(𝑥/𝑟3) =? ,           𝛻(𝑟/𝑟3) =? 

where 

𝑟 =  𝑥𝑖 + 𝑦𝑗 + 𝑧𝑘⃗⃗ 

Solution: 

𝛻(𝑥/𝑟3): 

𝛻 (
𝑥

𝑟3
) = [

𝜕

𝜕𝑥
(

𝑥

𝑟3
)] 𝑖 + [

𝜕

𝜕𝑦
(

𝑥

𝑟3
)] 𝑗 + [

𝜕

𝜕𝑧
(

𝑥

𝑟3
)] 𝑘⃗⃗ 

Since  𝑟 = √𝑥2 + 𝑦2 + 𝑧2, we obtain 

𝜕

𝜕𝑥
(

𝑥

𝑟3
) =

𝜕
𝜕𝑥

(𝑥)

𝑟3
+ 𝑥

𝜕

𝜕𝑥
(

1

𝑟3
) = 

=
1

𝑟3
+ 𝑥

𝜕

𝜕𝑥
(

1

(√𝑥2 + 𝑦2 + 𝑧2)
3) = 

=
1

𝑟3
− 𝑥

3

2

𝜕
𝜕𝑥

(𝑥2 + 𝑦2 + 𝑧2)

(√𝑥2 + 𝑦2 + 𝑧2)
5 =

1

𝑟3
−

3𝑥2

(√𝑥2 + 𝑦2 + 𝑧2)
5 =

1

𝑟3
−

3𝑥2

𝑟5
 

Similarly 

𝜕

𝜕𝑦
(

𝑥

𝑟3
) = 𝑥

𝜕

𝜕𝑦
(

1

𝑟3
) = −

3𝑦𝑥

𝑟5
 

𝜕

𝜕𝑧
(

𝑥

𝑟3
) = 𝑥

𝜕

𝜕𝑧
(

1

𝑟3
) = −

3𝑧𝑥

𝑟5
 

Substituting these into the first equation we obtain 

𝛻 (
𝑥

𝑟3
) = [

𝜕

𝜕𝑥
(

𝑥

𝑟3
)] 𝑖 + [

𝜕

𝜕𝑦
(

𝑥

𝑟3
)] 𝑗 + [

𝜕

𝜕𝑧
(

𝑥

𝑟3
)] 𝑘⃗⃗ = (

1

𝑟3
−

3𝑥2

𝑟5
) 𝑖 −

3𝑦𝑥

𝑟5
𝑗 −

3𝑧𝑥

𝑟5
𝑘⃗⃗ = 

=
𝑖

𝑟3
− 3𝑥

𝑟

𝑟5
 

𝛻(𝑟/𝑟3): 

𝛻 (
𝑟

𝑟3
) = [𝛻 (

𝑥

𝑟3
)] 𝑖 + [𝛻 (

𝑦

𝑟3
)] 𝑗 + [𝛻 (

𝑧

𝑟3
)] 𝑘⃗⃗ 

Since 



 

 

𝛻 (
𝑥

𝑟3
) =

𝑖

𝑟3
− 3𝑥

𝑟

𝑟5
 

𝛻 (
𝑦

𝑟3
) =

𝑗

𝑟3
− 3𝑦

𝑟

𝑟5
 

𝛻 (
𝑧

𝑟3
) =

𝑘⃗⃗

𝑟3
− 3𝑧

𝑟

𝑟5
 

Therefore 

𝛻 (
𝑟

𝑟3
) = [𝛻 (

𝑥

𝑟3
)] 𝑖 + [𝛻 (

𝑦

𝑟3
)] 𝑗 + [𝛻 (

𝑧

𝑟3
)] 𝑘⃗⃗ = 

= [
𝑖

𝑟3
− 3𝑥

𝑟

𝑟5
] 𝑖 + [

𝑗

𝑟3
− 3𝑦

𝑟

𝑟5
] 𝑗 + [

𝑘⃗⃗

𝑟3
− 3𝑧

𝑟

𝑟5
] 𝑘⃗⃗ = 

=
1

𝑟3
− 3𝑥

𝑥

𝑟5
+

1

𝑟3
− 3𝑦

𝑦

𝑟5
+

1

𝑟3
− 3𝑧

𝑧

𝑟5
=

3

𝑟3
− 3

𝑥2 + 𝑦2 + 𝑧2

𝑟5
= 

=
3

𝑟3
− 3

𝑟2

𝑟5
=

3

𝑟3
−

3

𝑟3
= 0 

Answer: 𝛻 (
𝑥

𝑟3) =
𝑖

𝑟3 − 3𝑥
𝑟

𝑟5 ,   𝛻 (
𝑟

𝑟3) = 0. 
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