
MA2001   Problem Set 4   Vector Differential Calculus 

 

1. If ( ) ( )( ) cos sinr t r t i r t j = +  is the position vector of a point at time t, ( )tv


 is the velocity vector of 

 ( )tr


 and ( )ta


 is the acceleration vector of ( )tr


, show that 

 (a) 0r v = ,      (b) constantr v = vector, 

 (c) 2a r= . 

 

2. (a) Compute the divergence and curl of the vector functions: 

  (i) kyzjxyiyev x
 32cos ++=  

(ii) kzjzxiyzv


++= 3  

(b) (i) Find ( )fgraddiv , for ( ) 222 241,, zyxzyxf +−−=  

(ii) Find ( )v

 , for ( ) kejeiezyxv zyx


++=,,  

(c) Verify the formula ( ) fgradvvdivfvfdiv +=


 for xyzef =  and kzjyixv


++= . 

(d) Prove that for any vector fields v


 and w


 on R3, 

(i) ( ) wcurlvcurlwvcurl


+=+  

(ii) ( ) 0=vcurldiv


 

 

3. It is given that r xi y j zk= + + and p ai b j ck= + +  is a constant vector and ( )u = p r r . 

(a) Evaluate ( )u = p r r . 

(b) Show that 

  (i) 4u p r =  ,   (ii) u p r =  ,   (iii) ( ) 2p r p  = . 

 

4. Let  ( ) ( ) ( ) ( )kzcyxjzybxiazyxzyxF


2432,, +++−−+++=  be a vector field on R3, where a, b and c 

are real constants. 

 (a) Find the values of a, b and c such that F


is irrotational. 

 (b) With the values of a, b and c obtained in (a), determine a potential function   on R3 for which 

 F


= . 

 

5. Let ( ) kyxjxiyzzyxG


cos3,, 2 ++=  be a vector field on R3. 

 (a) Show that G


is solenoidal. 

 (b) Find a vector field ( ) ( ) ( ) jzyxfizyxfzyxF


,,,,,, 21 +=  on R3 such that GF


= . 

 

6. (a) A vector field F  is said to be solenoidal if 0F = .  Let ( ) ( ) ( )F y z i x z j x y k= + + + + + .  

Show that F  is solenoidal. 

(b) As a consequence of F being solenoidal, there exists a vector field H  such that F H= . 

Find a vector field ( ) ( ) ( )1 2 3, , , , , ,H h x y z i h x y z j h x y z k= + +  with ( )2 , , 0h x y z  such that 

F H= . 

(c) Observe that if    is a scalar field and ,H F  are vector fields such that F H= , then we have  

( ) (I)H H H F  + = + = = . 

Using (b) and observation (I), find a vector field ( ) ( ) ( )1 2 3, , , , , ,G g x y z i g x y z j g x y z k= + +  such 

that F G=  and ( )2 , , 2g x y z y= . 

 

-End- 


