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Irrotational and Solenoidal vector fields 

Solenoidal vector  

 A vector F⃗   is said to be solenoidal if 𝑑𝑖𝑣 F⃗ = 0  (i.e)∇. F⃗  = 0 

Irrotational vector 

 A vector is said to be irrotational if Curl F⃗  = 0 (𝑖. 𝑒)  ∇ × F⃗  = 0 

Example: Prove that the vector 𝑭⃗⃗ = 𝒛 𝒊 +  𝒙 𝒋 +  𝒚 𝒌⃗⃗  is solenoidal. 

Solution:  

           Given  𝐹 = 𝑧 𝑖 +  𝑥 𝑗 +  𝑦 𝑘⃗  

 To prove ∇ ∙  𝐹 = 0 

               ∇ ∙  𝐹 =  
𝜕

𝜕𝑥
(𝑧) + 

𝜕

𝜕𝑦
(𝑥) + 

𝜕

𝜕𝑧
(𝑦) 

   = 0 

 ∴  𝐹  is solenoidal. 

Example:  If 𝑭⃗⃗ =  (𝒙 + 𝟑𝒚)𝒊 + (𝒚 − 𝟐𝒛)𝒋 + (𝒙 +  𝝀𝒛)𝒌⃗⃗  is solenoidal, then find the value of  

𝝀. 

Solution:  

              Given 𝐹  is solenoidal. 

  (𝑖𝑒)∇ ∙  𝐹 = 0 

           ⇒
𝜕

𝜕𝑥
(𝑥 + 3𝑦) + 

𝜕

𝜕𝑦
(𝑦 − 2𝑧) + 

𝜕

𝜕𝑧
(𝑥 +  𝜆𝑧) = 0 

 ⇒ 1 + 1 + 𝜆 = 0  

 ∴  𝜆 =  −2  

Example: Find a such that (𝟑𝒙 − 𝟐𝒚 + 𝒛)𝒊 + (𝟒𝒙 + 𝒂𝒚 − 𝒛)𝒋 + (𝒙 − 𝒚 +  𝟐𝒛)𝒌⃗⃗   is 

solenoidal. 

Solution:  

               Given (3𝑥 − 2𝑦 + 𝑧)𝑖 + (4𝑥 + 𝑎𝑦 − 𝑧)𝑗 + (𝑥 − 𝑦 +  2𝑧)𝑘⃗   is solenoidal. 

    (𝑖𝑒)∇ ∙  𝐹 = 0 

           ⇒
𝜕

𝜕𝑥
(3𝑥 − 2𝑦 + 𝑧) + 

𝜕

𝜕𝑦
(4𝑥 + 𝑎𝑦 − 𝑧) + 

𝜕

𝜕𝑧
(𝑥 − 𝑦 +  2𝑧) = 0 

 ⇒ 3 + 𝑎 + 2 = 0  

 ∴  𝑎 =  −5 
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Example:  Show that the vector 𝑭⃗⃗ =  (𝟔𝒙𝒚 + 𝒛𝟑)𝒊 + (𝟑𝒙𝟐 − 𝒛)𝒋 + (𝟑𝒙𝒛𝟐 − 𝒚)𝒌⃗⃗   is 

irrotational. 

Solution:  

             Given 𝐹 =  (6𝑥𝑦 + 𝑧3)𝑖 + (3𝑥2 − 𝑧)𝑗 + (3𝑥𝑧2 − 𝑦)𝑘⃗  

To prove 𝑐𝑢𝑟𝑙 𝐹 = 0 

  (𝑖. 𝑒)𝑇𝑜 𝑝𝑟𝑜𝑣𝑒 ∇ ×  𝐹 = 0 

 ∇ × 𝐹 = |

𝑖 𝑗 𝑘⃗ 

𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

6𝑥𝑦 + 𝑧3 3𝑥2 − 3𝑧2 3𝑥𝑧2 − 𝑦

| 

 = 𝑖 (−1 + 1) − 𝑗 (3𝑧2 −  3𝑧2) + 𝑘⃗ (6𝑥 − 6𝑥) = 0⃗  

∴  𝐹  is irrotational. 

Example:  Find the constants 𝒂, 𝒃, 𝒄 so that the vectors is irrotational 

   𝑭⃗⃗ =  (𝒙 + 𝟐𝒚 + 𝒂𝒛)𝒊 + (𝒃𝒙 + 𝟑𝒚 − 𝒛)𝒋 + (𝟒𝒙 + 𝒄𝒚 +  𝟐𝒛)𝒌⃗⃗  . 

Solution:  

Given  𝑭⃗⃗ =  (𝒙 + 𝟐𝒚 + 𝒂𝒛)𝒊 + (𝒃𝒙 + 𝟑𝒚 − 𝒛)𝒋 + (𝟒𝒙 + 𝒄𝒚 +  𝟐𝒛)𝒌⃗⃗  is irrotational. 

  (𝑖𝑒)∇ × 𝐹 = 0 

      ∇ × 𝐹 = |

𝑖 𝑗 𝑘⃗ 

𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

𝑥 + 2𝑦 + 𝑎𝑧 𝑏𝑥 + 3𝑦 − 𝑧 4𝑥 + 𝑐𝑦 + 2𝑧

| =  0⃗  

 ⇒ 𝑖 (𝑐 + 1) − 𝑗 (4 −  𝑎) + 𝑘⃗ (𝑏 − 2) =  0⃗   

 ⇒ 𝑐 + 1 = 0  ;            4 − 𝑎 = 0  ;          𝑏 − 2 = 0 

 ⇒ 𝑐 = −1 ;                  4 = 𝑎 ;                   𝑏 = 2 


