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Read This First!

• This is a closed-book examination. No books, notes, calculators, cell phones, communication
devices of any sort, or other aids are permitted.

• You need NOT simplify algebraically complicated answers. However, numerical answers such

as sin
π

6
, arctan

(√
3
)
, 43/2, eln 4, ln e7, e− ln 5, e3 ln 3, or cosh (ln 3) should be simplified.

• Please read each question carefully. Show all of your work and justify all of your answers.
(You may use the backs of pages for additional work space.)
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Points: 14 15 20 16 15 20 20 15 15 15 20 15 200

Score:
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1. [14]Find parametric equations for the line passing through the point (1,2,3) that is parallel to both
the xy-plane and the plane x+ 2y + 3z = 1.

2. [15]The ice cream in a Wavy Top ice cream cone is a frozen solid bounded on the top by z = xy+5,
on the bottom by the cone z =

√
x2 + y2, and on the vertical sides by x2 + y2 = 4. Determine

the volume of this frozen ice cream (before it melts!).

3. [20]Let f(x, y) =


2x2 + 3xy + 4y2

x2 + 2y2
if (x, y) 6= (0, 0)

2 if (x, y) = (0, 0).

(a) Compute fx(0, 0) and fy(0, 0).

(b) Show that f is not continuous at (0, 0).

4. [16]Find the absolute maximum and minimum of f(x, y) = y2 + xy − x2 on the square 0 ≤ x ≤ 2,
0 ≤ y ≤ 2.

5. [15]Consider the function f(x, y) = x2 + 4y2.

(a) Sketch several (greater than 3) level curves of f(x, y).

(b) Prove that the gradient vector∇f(x, y) is always orthogonal to the level curve of f through
the point (x, y) by showing that the dot product of the tangent vector and the gradient
vector equals zero.

6. [20]Consider the vectors u = 〈6, 3,−1〉, v = 〈4,−2, 5〉, w = 〈0, 1, 2〉, and z = 〈4, 2,−1〉.
(a) Determine whether w and z are parallel, perpendicular, or neither.

(b) Find the angle between u and v.
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(c) Find the volume of the parallepiped determined by u, v, and w.

7. [20]The velocity of a particle is given by v (t) = i+
√

2tj + t2k, 1 ≤ t ≤ 2.

(a) At t = 1, the particle is at the point

(√
2

2
,
2

3

)
. Find r (t), the position of the particle at

time t.

(b) Find the unit tangent vector at t = 2.

(c) How far did the particle travel from t = 1 to t = 2?

(d) Find a (t), the acceleration of the particle at time t.

8. [15]Consider the surface z = 4x3y2 + 2y.

(a) Find the equation of the plane tangent to the surface at the point (1,−2, 12).

(b) At the point (1,−2, 12), in what direction is the height of the surface decreasing most
rapidly?

9. [15]Let E be the solid lying inside the sphere x2 + y2 + z2 = 9, outside the sphere x2 + y2 + z2 = 1,

below the cone z =
√
x2 + y2, and in the first octant. Compute

∫∫∫
E
y dV .

10. [15]Let C be the quarter of the circle x2 + y2 = 9 in the second quadrant, i.e., the quarter-circle

arc from (0, 3) to (−3, 0). Compute

∫
C
x2y ds.

11. [20]Let ~F (x, y) = 〈2xy + 6x2, x2 − y3〉.
(a) Show that ~F is conservative.

(b) Find a potential function f(x, y) for ~F .

(c) Let C be the curve parametrized by ~r(t) = 〈t(t − 2), t2(t − 3)〉, for 1 ≤ t ≤ 3. Compute∫
C

~F · d~r.

12. [15]Let C be the boundary of the triangle with vertices (0, 0), (1, 0), and (1, 2), oriented counter-
clockwise. Let ~F (x, y) = 〈3y2, x2y + cos8(y)〉. Compute

∫
C
~F · d~r.

BONUS PROBLEMS (5 points):

1. (4 points) Use a carefully written out ε− δ proof to prove that

lim
(x,y)→(0,0)

x3 − 2xy2

x2 + y2
= 0.

2. (1 point) What team won the 2014 World Series?

Page 2 of 2


