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1. Let  = ( ) = 2

2+2
.

(a) Sketch the level curves of ( )

(b) Find the tangent plane and normal line to the surface  = ( ) at ( ) = (−1 2).
(c) Find an approximate value for (−08 21).

2. Suppose the function  =  (  ) = 3 +  − 2 + 2 −  describes the temperature at

a point (  ) in space, with  (3 2 1) = 3.

(a) Find the directional derivative of  at (3 2 1), in the direction of the vector j + 2k

= h0 1 2i
(b) At the point (3 2 1), in what direction does the temperature decrease most rapidly?

(c) Moving along the curve given by  = 3,  = 2 cos ,  =
√
1 + , find 


, the rate of

change of temperature with respect to , at  = 0.

(d) Suppose i+5j+k is a vector that is tangent to the temperature level surface  (  ) =

3 at (3 2 1). What is ?

3. Find 

and 


at (1 1 2 4) if (  ) are related by

( −  )2 ln( −  ) = ln 2

4 (a) For the function

 = ( ) = 3 + 3 + 32 − 6− 3 − 6

Classify [as local maxima, minima, or saddle points] all critical points of ( )

(b) Find the point  = (  ) (with   and   0) on the surface 32 = 6
√
3 that is

closest to the origin.

5. (a)  is the region bounded by the parabola 2 =  and the line  = − 2.
Sketch  and evaluate  where

 =

ZZ


3 

(b) Sketch the region of integration and then evaluate the integral  :

 =

Z 4

0

Z 1

1
2

√



3

 

6. Let  be the region bounded above by the sphere 2 + 2 + 2 = 2 and below by the

paraboloid  = 2 + 2 Find the centroid of 
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7. Let  denote the tetrahedron bounded by the coordinate planes  = 0  = 0  = 0 and

the plane +  +  = 1.

Compute

 =

Z Z Z


1

(1 + +  + )4


8. Evaluate  =
RRR


  where  is an eighth of the sphere 2 + 2 + 2 ≤ 9 with

   ≥ 0
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