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Question 1                                                                                                         (5+5 points) 

a. Let  𝐫(𝑡) = 𝑡2𝐢 + 𝑡𝐣 + 𝐤.  Find  
𝑑

𝑑𝑡
[𝐫(𝑡) × 𝐫′(𝑡)]. 

b. Find the length of the curve traced by 

𝐫(𝑡) = 𝑡𝐢 + 𝑡 cos 𝑡 𝐣 + 𝑡 sin 𝑡 𝐤;          0 ≤ 𝑡 ≤ 𝜋. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



points) 8+7(                                                                                                          Question 2 

a) Suppose ∇𝑓(𝑎, 𝑏) = 4𝐢 + 3𝐣. Find a unit vector 𝐮 so that 𝐷𝐮𝑓(𝑎, 𝑏) is maximum. 

b) Find an equation of the tangent plane to the graph of 𝑥𝑧 = 6 at the point 

(2,0,3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



points) 5+10(                                                                                                        Question 3 

a) For any constant vector a and 𝐫(𝑡) = 𝑥𝐢 + 𝑦𝐣 + 𝑧𝐤, show that   ∇ ∙ (𝐚 × 𝐫) = 0. 

b) Evaluate ∫ 𝑥𝑦2
𝐶

𝑑𝑦, where C is the quarter-circle define by 

𝑥 = 4 cos 𝑡,   𝑦 = 4 sin 𝑡,   0 ≤ 𝑡 ≤
𝜋

2
 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

points) 5+5+5(                                                                                                    Question 4 

Let  𝐅(𝑥, 𝑦, 𝑧) = (𝑦 + 𝑦𝑧)𝐢 + (𝑥 + 3𝑧3 + 𝑥𝑧)𝐣 + (9𝑦𝑧2 + 𝑥𝑦 − 1)𝐤 be a field. 

a) Show that 𝐅 is conservative. 

b) Show that 𝜙(𝑥, 𝑦, 𝑧) = 𝑥𝑦 + 𝑥𝑦𝑧 + 3𝑦𝑧3 is a potential of 𝐅. 

c) Evaluate  ∫ 𝐅 ∙ 𝑑𝐫.
(4,1,2)

(1,0,1)
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



points) 51(                                                                                                            Question 5 

 Use Green’s theorem to evaluate ∳
𝐶

2𝑦𝑑𝑥 + 5𝑥𝑑𝑦 , where C is the circle  

(𝑥 − 1)2 + (𝑦 + 1)2 = 25. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



points) 5(1                                                                                                            Question 6 

Use Stock’s theorem to evaluate   ∳
𝐶

𝑥2𝑦𝑑𝑥 + (𝑥 + 𝑦2)𝑑𝑦 + 𝑥𝑦2𝑧𝑑𝑧 , where C is 

the boundary of the surface shown in the adjacent figure.

                                                                                                        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



points) 5(1                                                                                                            Question 7 

Use the divergence theorem to evaluate the outward flux  ∬ (𝐅 ∙ 𝐧)𝑑𝑆
𝑆

 of the 

vector field  𝐅 = 4𝑥𝐢 + 𝑦𝐣 + 4𝑧𝐤, and D is the sphere 𝑥2 + 𝑦2 + 𝑧2 = 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


