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MA104 Practice Skills for WPR 4
(Note:  Solutions can be found in the Stewart manual under Chapter 15 Review.)

1.  
a.  Define the gradient vector 
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 for a function 
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of 2 or 3 variables.

b.  Express 
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in terms of 
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c.  Explain the geometric significance of the gradient.
2.  
What do the following statements mean?
a.  
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 has a local maximum at 
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b.  
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 has an absolute maximum at 
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c.  
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 has a local minimum at 
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d.  
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 has an absolute minimum at 
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e.  
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 has a saddle point at 
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3.  
a.  If 
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 has a local maximum at 
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, what can you say about its partial derivatives at    

     the point 
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b.  What is a critical point of 
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4.  True or False:  If 
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 has a local minimum at 
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 and 
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 is differentiable at 
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5.  A metal plate is situated in the 
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-plane and occupies the rectangular region defined by 
[image: image25.wmf]10

0

£

£

x

 and 
[image: image26.wmf]8

0

£

£

y

, where 
[image: image27.wmf]x

 and 
[image: image28.wmf]y

 are measured in meters.  The temperature at the point 
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 in the plate is given by 
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 is measured in degrees Celsius.  Temperatures at equally spaced points were measured and recorded in the table.  By hand, estimate the values of the partial derivatives 
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.  What are the units?

	        y   x 
	0
	2
	4
	6
	8

	0
	30
	38
	45
	51
	55

	2
	52
	56
	60
	62
	61

	4
	78
	74
	72
	68
	66

	6
	98
	87
	80
	75
	71

	8
	96
	90
	86
	80
	75

	10
	92
	92
	91
	87
	78


6.  Find all first and second partial derivatives by hand.

a.  
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7.  Find all first partial derivatives by hand.


a.  
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8.  By hand, find the directional derivative of 
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 at the given point in the indicated direction.
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[image: image40.wmf](

)

2

2

,

y

x

y

x

f

-

=

, 
[image: image41.wmf](

)

5

,

1

, in the direction toward the point 
[image: image42.wmf](

)

1

,

4

.


b.  
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9.  By hand, find the direction in which 
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 increases most rapidly at the point   
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.  What is the maximum rate of increase?

10.  Using Mathematica, find the gradient of the function 
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11.   Using Mathematica, and using the function 
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 from the previous problem:


a.  In what direction is the directional derivative of 
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 a maximum?  What is the  

                 directional derivative?

b.  In what direction is 
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 a minimum?

12.  Using Mathematica, find the maximum rate of change of 
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 at the point 
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13.  Using Mathematica, find the local maximum and minimum values and saddle points of the following functions.  Classify each critical point using the 2nd Derivative Test.  Visually inspect the contour plot and 3-D plot of each function over a domain that includes all critical points.
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b.  
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c.  
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d.  
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14.  Use Lagrange multipliers to find the absolute maximum and minimum values of 
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 subject to the given constraint(s) for the following functions.
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b.  
[image: image61.wmf](

)

y

x

y

x

f

1

1

,

+

=

; 
[image: image62.wmf]1

1

1

2

2

=

+

y

x



c.  
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