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• The curl of a vector field 𝐅(𝑥, 𝑦, 𝑧) = 𝑃𝐢 + 𝑄𝐣 + 𝑅𝐤 

o curl	𝐅 = 𝛁 × 𝐅 = 9
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Theorem (statement and proof):  
• If 𝐅 is conservative, then curl	𝐅 = 𝟎 (so if curl	𝐅 ≠ 𝟎, then 𝐅 is not conservative) 

Theorem (statement): 
• The converse of the above theorem is true if 𝐅 is defined on all of ℝ% 

 
16.5b 

• The divergence of a vector field 𝐅(𝑥, 𝑦, 𝑧) = 𝑃𝐢 + 𝑄𝐣 + 𝑅𝐤 
o div	𝐅 = 𝛁 ∙ 𝐅 = 〈 !
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Exercise: 
• Find (a) the curl and (b) the divergence of the vector field. 

𝐅(𝑥, 𝑦, 𝑧) = 𝑥%𝑦𝑧*	𝐣 + 𝑦+𝑧%	𝐤 
 

• Zero results 
o If curl	𝐅 = 𝟎 at 𝑃, then 𝐅 is said to be irrotational at P. 
o If div	𝐅 = 0, then 𝐅 is said to be incompressible. 

Theorem (statement and proof): 
• If 𝐅 = 𝑃𝐢 + 𝑄𝐣 + 𝑅𝐤 and 𝑃, 𝑄, and 𝑅 have continuous second-order partial derivatives, 

then div	curl	𝐅 = 𝟎. 
 
16.5c 

• Vector forms of Green’s Theorem 
o ∮ 𝐅 ∙ 𝑑𝐫 = ∬ (curl	𝐅) ∙ 𝐤	𝑑𝐴	

-
	
.  

o ∮ 𝐅 ∙ 𝐧	𝑑𝑠	
. = ∬ div	𝐅(𝑥, 𝑦)	𝑑𝐴	

-  
 


