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(a)  

(b)  

(c) By Equation 9,  .

9. 

(a)  

(b)  

(c) By Equation 14,  .

15.  ,

 , and a unit vector in the direction of  is

 , so

23.  ,  . Thus the maximum rate of
change is  in the direction 

27. (a) As in the proof of Theorem 15,  . Since the minimum value of  is 

occurring when  , the minimum value of  is  occurring when  , that is when  is

in the opposite direction of  (assuming  ).

(b)   , so  decreases fastest at the point  in

the direction  .
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32. 

(a)   ,  and

(b)   or equivalently  .

(c)   is the maximum rate of increase. At  the

maximum rate of increase is 
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