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Homework #1 

 

 

1. Using usual rules of index notation (i, j, k = 1,2,3), evaluate the following 

expressions. 

(i)   (ii)   (iii)   (iv)   (v)  

 

 

 

2. Prove the following vector identities that, among other ideas, extend the chain rule 

to vector operations. Here, a(x) and b(x) are vector functions of position x; ϕ(x) is a 

scalar function of position. 

 

(i)  

(ii)  

(iii)  

(iv)  

(v)  

(vi)  

(vii)  

(viii)  

 

 

 

3. Prove followings. 

(i) If C is a second-order tensor and a is an arbitrary vector, prove if and 

only if C = CT, i.e., C is symmetric. 

(ii) If C = -CT (C is anti-symmetric), then show . 
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aibjδij

   ∇⋅(φa) = φ∇⋅a + a ⋅∇φ

   ∇×(φa) = φ∇×a + (∇φ)×a

   ∇⋅(∇×a) = 0

  ∇×(∇φ) = 0

   ∇×(a×b) = (b⋅∇)a−b(∇⋅a)−(a ⋅∇)b+ a(∇⋅b)

   ∇⋅(a×b) = (∇×a) ⋅b−a ⋅(∇×b)

   ∇⋅(ab) = (∇⋅a)b+ a ⋅(∇b)

   ∇×(∇×a) =∇(∇⋅a)−∇2a

  a ⋅C = C ⋅a

   a ⋅C ⋅a = 0
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(iii) If B is an anti-symmetric second-order tensor, show that  is a symmetric 

second-order tensor. 

(iv) Verify  using index notation. 

 

 

4. If x is the position vector x = (x1, x2, x3) = (x, y, z), then evaluate: 

(i)    (ii)    (iii)  
 

5. State whether the following equations are correctly written or not. If the index 

notation is incorrect, briefly state why it is incorrect. 

(i)  

 
(ii) 

 
(iii) 

 
(iv) 

 
(v) 

 
(vi) 

 

  B ⋅B

   ( A⋅B)T = BT ⋅ AT

  ∇⋅x   ∇×x   ∇x


