1. [10 points] Consider the function f(z,y) = = — y on the region D in R? defined by = 4+ y > 0
and z2 + 2 < 4.

a. [5 points] Sketch the region D.

b. [5 points] Calculate the integral of f over D.
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2. [12 points| Find and classify the critical points for the function h(z,y) = 4 + 3 — 6y — 222.
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3. [15 points| The graph below is a plot of some of the level curves of a function ¢ in a rectangular
region R = [.4,5.8] x [.4,5.8]. Assume that as we move between adjacent level curves the value
of g increases or decreases by exactly one. The arrows point in the direction of Vg.

a. [9 points| Identify the approximate coordinates! of the critical points of g in R. For each
critical point, indicate if it is a point where the function has a local maximum, a local
minimum, or a saddle.
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b. [4 points| Identify the approximate coordinates? of the points where the function g attains
its global maximum and global minimum over the rectangle R.
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c. [2 points] If the value of g at its global minimum on R is between 23 and 24, then the
value of the global maximum of ¢ is between and
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4. [10 points] The sides of the cube below have length six. The point « is at the midpoint of its
edge. Let P be the plane that contains the points a, b, and c.

c b

a. [8 points] Set up, but do not evaluate, an integral for the volume of that part of the cube
that lies below the plane P.

b. [2 points] Calculate the volume of that part of the cube that lies below the plane P.
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5. [12 points] Suppose a, b are positive constants.
In this problem we will consider rectangles that are inscribed in the ellipse with equation

2 42 . . . . .
o+ %7 = 1. The sides of the inscribed rectangles are parallel to the coordinate axes, as in the

figure below.
'y

a. [10 points] Using the method of Lagrange multipliers, find the rectangle of largest area

. . : . . . 2 2 . .. ‘
that can be inscribed in the ellipse with equation %y + %g‘ = 1. What is its area?
No credit given for solutions that do not use the method of Lagrange multipliers.
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6. [15 points] Suppose g: R2?2 — R is a continuous function, and consider the iterated double

integral
4 2
// 9(z,y)dx dy.
0 Jyl/2

In this integral, = is innermost and y is outermost.

a. [5 points|] Sketch the region of integration.
b. [5 points| Rewrite the integral with y innermost and x outermost.

c. [5 points] Evaluate the integral for g(z,y) = sin(z® — 1).
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7. [15 points| Indicate if each of the following is true or false by circling the correct answer. No
partial credit will be given.

a. [3 points] Suppose f: R? — R is a differentiable function and (¢, d) € R2. If f,,(c,d) Liled] <
[fzy(c,d)]? then f has a saddle point at (c,d).
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b. [3 points] Suppose h: R? — R is a differentiable function. Suppose (a,b) € R? and C is
the curve in R? described by the equation h(z,y) = h(a,b). If ¢ is the tangent line to C
at (a,b), then Vh(a,b) is perpendicular to /.
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c. [3 points] If f:[0,1] — R is continuous, then
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d. [3 points| Suppose g: R3 — R is a differentiable function and k = (0,0, 1). We have

Dyg(z,y,2) = g:(z, v, 2).
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e. [3 points]
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. [11 points] Recall from your homework that the Law of Cosines states that for a triangle with
sides of length a, b, and ¢ we have ¢? = a? + b? — 2abcos(f) where 6 is the measure (in radians)
of the angle opposite side ¢. Thus, the Law of Cosines implicitly defines # as a function of the

side lengths a, b, and c.
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a. [3 points] Compute 96/dc.
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b. [3 points] Compute 960/0a.
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c. [5 points] Suppose the lengths of the sides of the triangle (measured in meters) are
changing as a function of time (measured in seconds) according to the rules a(t) = 3 + ¢,
b(t) = 3, and ¢(t) = 3 4+ 2¢t. What is df/dt at time t = 17
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