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Question1:[1.5+1.5= 3points] 

 

A. If a moving particle has velocity 𝑣⃗(𝑡) = (sin 𝑡) 𝑖 + 𝑡3 𝑗 + 𝑒𝑡  𝑘, and its initial position at 𝑡 = 0,     is 

𝑟(0) = −𝑖.  Find its position vector 𝑟(𝑡)at any moment 𝑡. 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Calculate the arc length of the curve  𝑟(𝑡) =cos3 𝑡  𝑖 + 3 𝑗 − sin3 𝑡 𝑘,    0 ≤ 𝑡 ≤
𝜋

2
.     
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Question2: [1+2=3 point] 

A. When do we say that  𝑟(𝑡) =𝑟1(𝑡)𝑖 + 𝑟2(𝑡)𝑗 + 𝑟3(𝑡)𝑘 is a smooth parametrization of the curve it 

defines?           

 

 

 

 

 

 

B. Suppose that 𝑠 ↦ 𝑟(𝑠),0 ≤ 𝑠 ≤ 𝐿, is a smooth parametrization of the curve 𝐶. Prove that 𝑟 

is the arc length parametrization of  𝐶 if and only if ‖
𝑑𝑟

𝑑𝑠
(𝑠)‖ = 1 for all 𝑠.  
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Question 3:  [1.5+1.5+2=5 points] 

Let 𝑟(𝑡) = 〈𝑡, 4 − 𝑡2〉 be a parametrization of a planar curve  

Then answer the following 

(i) Sketch the curve and indicate the orientation. 

(ii) Find the velocity vector 𝑣⃗(𝑡), acceleration 𝑎⃗(𝑡) and speed 𝑣(𝑡) of 𝑟(𝑡). 

(iii) Compute the tangential 𝑎𝑇 and normal 𝑎𝑁 components of acceleration. 
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Question4: [2.5+1.5+1=5 points] 

Let 𝑟(𝑡) = 〈3cos(𝑡) , 3sin(𝑡), 4𝑡〉 be a parametrization of a space curve.  

Then answer the following: 

(i) Calculate the curvature 𝐾(𝑡) and radius of curvature 𝜌(𝑡). 

(ii) Calculate the unit tangent vector 𝑇⃗⃗(𝑡) and the principal unit normal 𝑁⃗⃗⃗(𝑡). 

(iii) Find the center of curvature. 
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Question5: [2+2=4 points] 

A.  Given the function 𝑓(𝑥, 𝑦, 𝑧) = 𝑧2 𝑒𝑥𝑦.  Answer the following:                                          

(i) Calculate the gradient of 𝑓,  at the point 𝑃(−1, 0, 3). 

(ii) Calculate the directional derivative of 𝑓 in the direction 𝑎⃗⃗ = 〈3, 1, −5〉 at the point 𝑃(−1, 0, 3). 

 

 

 

 

 

 

 

 

 

 

 

 

B.  Find the equation of the tangent plane and the normal line to the graph of the equation      

𝑥3 + 2𝑥𝑦 + 𝑧3 + 7𝑦 + 6 = 0 

at the point 𝑃(1, 4, −3). 

 

 

 

 

 

 

 

 

 

Good Luck       


