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***By the Extreme Value Theorem, we need to check if the set is closed and bounded — then there MUST be a max/min.  Otherwise, there might or might not have one.�

clein
***This set is not bounded

clein
***This set is not closed

clein
f_y is not zero
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g



clein
***g is increasing
in this direction�

clein
***u is perpendicular
to the level sets, as
is the gradient�

clein
**g is decreasing at a roughly constant rate from zero to -12, so the average is approximatley -6.  The length is one, so the integral is -6.
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***This is the fundamental Theorem of Line Integrals

clein
***For this curve, the xz-projection
should start and end at the same
points (it should look like a
closed curve).�

clein


clein
**For this curve, the xz-projection
does not end at (.5,.5), as the
one above does.�







9. Check the box below the picture of the curve r(t ) = �
sin t , cos2 t

�
, 0 ≤ t ≤ 2π. (2 points)
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10. A vector field G is plotted at right.

(a) Circle the formula for G. (1 point)

xi+ yj −xi− j − i−xj yi− j

(b) G is conservative. (1 point)

True False
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11. The region D defined by {0.03 < x2 + y2 < 1.3} is shown at

right. Within this region are three curves A, B , C . Each

curve starts at (0,−1) and ends at (0,1). Suppose that

F(x, y) = P (x, y)i+Q(x, y)j is a differentiable vector field

defined on D with the properties

∂P

∂y
= ∂Q

∂x
,

�

A
F ·dr =−1, and

�

C
F ·dr = 2.

(a) The region D is simply connected. (1 point)

True False

(b) F is conservative. (1 point)

Yes No Cannot determine

A B C

(0,1)

(0,−1)

(c) Find
�

B
F ·dr. (1 point) −3 −2.5 −2 −1.5 −1 −0.5 0 0.5 1 1.5 2 2.5 3

clein
***Check at (0,1)

clein
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***The integral around the closed curve
shown (the square) is positive, since
the top and bottom cancel, and the
sides both contribute positively.�

clein
***There is a hole in the
middle so it cannot
be simply connected.�

clein
***The integral around
the closed curve A.(-C)
is -1-2 = -3, which is not 0.�

clein
***The curves B and C are
contained in a simply connected
open subset.  So on this subset
the vector field is conservative,
and the integral over B and C
are thus equal.�


