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1. Consider the function f (x, y) = e−x
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(a) Draw a “contour map” of f , showing all types of level curves that occur.
(b) Find the equation of the tangent plane to the graph z = f (x, y) at the point
where (x, y) = (2, 1).
(c) Find the tangent plane approximation to the value of f (1.99, 1.01) using the
tangent plane from part (b).
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2. Suppose z = f (x, y) has continuous second order partial derivatives, and x = r cos t,
y = r sin t. Express the following partial derivatives in terms r, t, and partial derivatives
of f .
∂z
(a) ∂t

(b)

∂ 2z
∂t2
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3. A bee is flying along the curve of intersection of the surfaces 3z + x2 + y 2 = 2 and
z = x2 − y 2 in the direction for which z is increasing. At time t = 2, the bee passes
through the point (1, 1, 0) at speed 6.
(a) Find the velocity (vector) of the bee at time t = 2.

(b) The temperature T at position (x, y, z) at time t is given by T = xy −3x+2yt+z.
Find the rate of change of temperature experienced by the bee at time t = 2.
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4. Find the radius of the largest sphere centred at the origin that can be inscribed inside
(that is, enclosed inside) the ellipsoid
2(x + 1)2 + y 2 + 2(z − 1)2 = 8.
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5. (a) Consider the iterated integral
Z

0

−4

Z

2

√

i. Draw the region of integration
ii Evaluate the integral

cos(x3 ) dx dy
−y
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(b) Evaluate the double integral
ZZ
y

p
x2 + y 2 dA

D
2

over the region D = { (x, y) | x + y 2 ≤ 2 and 0 ≤ y ≤ x }.
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6. Let R be the triangle with vertices (0, 2), (1, 0), and (2, 0). Let R have density ρ(x, y) = y 2 .
Find ȳ, the y-coordinate of the center of mass of R. You do not need to find x̄.
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RRR

x dV , where E is the region in the first octant bounded

7. Evaluate the triple integral

E

by the parabolic cylinder y = x2 and the planes y + z = 1, x = 0, and z = 0.
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8. The body of a snowman is formed by the snowballs x2 + y 2 + z 2 = 12 (this is its body)
and x2 + y 2 + (z − 4)2 = 4 (this is its head).
(a) Find the volume of the snowman by subtracting the intersection of the two snow
balls from the sum of the volumes of the snow balls. [Recall that the volume of a
sphere of radius r is 4π
r3 ].
3
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(b) We can also calculate the volume of the snowman as a sum of the following triple integrals:
1.

2π
3

Z

2π

Z

0

0

2π

√

Z

0

π

0

π
6

Z
0

2π

3

Z

4− √r

3

√

3.
Z

ρ2 sin(φ) dρ dθ dφ;

0

2.
Z

2

Z

Z

r dz dr dθ;

3r

√
2 3

ρ2 sin(φ) dρ dθ dφ.

0

Circle the right answer from the underlined choices and fill in the blanks in the following
descriptions of the region of integration for each integral. [Note: We have translated the
axes in order to write down some of the integrals above. The equations you specify should
be those before the translation is performed.]

i. The region of integration in (1) is a part of the snowman’s body / head / body and head.
It is the solid enclosed by the sphere / cone defined by the equation
and the sphere / cone defined by the equation

.

ii. The region of integration in (2) is a part of the snowman’s body / head / body and head.
It is the solid enclosed by the sphere / cone defined by the equation
and the sphere / cone defined by the equation

.

iii. The region of integration in (3) is a part of the snowman’s body / head / body and head.
It is the solid enclosed by the sphere / cone defined by the equation
and the sphere / cone defined by the equation

.

