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Part I: Multiple choice questions

1. What is the x-intercept of the line tangent to the curve x(t) = 3+cos(πt), y(t) = t2+t+1
when t = 1?

(A) 3 (B) 2 (C) does not exist

(D) 1 (E)
2

3
(F)

5

4

2. Evaluate ∫ 1

0

∫ 1

√
x

3ey3

dydx

(A) e (B) e − 1 (C) e + 1

(D) 3e (E) 3e − 2 (F) none of the above

3. Which of these differential equations is exact as written?

(I) (x + y2) dx + (2xy + y3) dy = 0

(II)

(
x +

1

y

)
dx +

(
y +

1

x

)
dy = 0

(III)
(
1 − y

x2

)
dx +

(
y +

1

x

)
dy = 0

(A) (I) only (B) (II) only (C) (III) only

(D) (I) and (II) (E) (I) and (III) (F) (II) and (III)



4. Which of the sets described by the spherical coordinate inequalities are bounded?

(I) ρ = 1, ϕ <
π

2

(II) ρ + θ2 < 1

(III) θ + ϕ2 < π

(A) (I) only (B) (II) only (C) (III) only

(D) (I) and (II) (E) (I) and (III) (F) (II) and (III)

5. The function y(x) satisfies y′′ − 2y′ + y = 0. The graph of y(x) passes through the
origin and satisfies y′(0) = 1. What is y′′(1)?

(A) e (B) 2e (C) 3e (D) 4e (E) 5e (F) 6e

6. Find the cosine of the angle between the vectors 2̂ı + 2̂ + k̂ and 2̂ı + ̂− 2k̂.

(A)
2

9
(B)

1

3
(C)

4

9
(D)

5

9
(E)

2

3
(F)

4

3

7. Find the area inside the curve r =
2

3
cos(θ), −π

2
≤ θ ≤ π

2
.

(A)
4

3
(B)

2π

3
(C)

1

3
√

3
(D)

2

9
(E)

1√
3

(F)
π

9



8. Compute the product (1 +
√

3i)6(1 + i)8.

(A) 26 (B) 27 (C) 28 (D) 29 (E) 210 (F) 211

9. Find the arclength of the parameterized path

x(t) =
t2

2

y(t) =
t3

3
for 1 ≤ t ≤ 3

(A)
√

10 (B)

√
10

3
(C)

√
10 +

√
2

(D)

√
10 −

√
2

3
(E)

10
√

10 − 2
√

2

3
(F) none of the above

10. Use polar coordinates to evaluate the integral
∫ ∫

D

√
2 − x2 − y2 dxdy,

where D = {(x, y)|x2 + y2 ≤ 1, y ≥ x}.

(A) 0 (B) −1 (C) π(1 − 2
√

2)

(D)
π√
2

(E)
π

6
(8 − 2

√
2) (F)

π

3
(2
√

2 − 1)

11. Use the linear approximation of the function ex cos y at (0, 0) to estimate e(0.1)·cos(−0.2).

(A) −0.1 (B) −0 (C) 0.1 (D) 0.3 (E) 1 (F) 1.1



12. The function f(x, y) = x3 + 6xy − y3 has

(A) two saddle points
(B) one saddle point and one local maximum
(C) one saddle point and one local minimum
(D) one local maximum and one local minimum
(E) two local maxima
(F) none of the above

13. Find the point of intersection of the line x = 1 + 2t, y = 3t, z = t − 1 and the plane
tangent to x2 + 2y = z2 at (2, 0,−2).

(A) (3, 3, 0) (B)
(
0,−3

2
,−3

2

)
(C) (1, 0,−1)

(D) (−1,−3,−2) (E)
(

1
2
, 1

6
,−1

2

)
(F) (7, 9, 2)

14. Which of the following unit vectors is in the direction of fastest decrease of f(x, y, z) =
xeyz at the point (1, 0, 1)?

(A)
2√
5
ı̂ +

1√
5
̂ (B)

1√
2
ı̂ +

1√
2
̂ (C)

1√
2
ı̂ − 1√

2
̂

(D)
1√
5
ı̂ +

2√
5
̂ (E)

1√
5
ı̂ − 2√

5
̂ (F) none of the above

Part II begins on the next page



Part II: Open answer questions

15. True or false. Explain your reasoning.

(a) The surface given in cylindrical coordinates by the equation r = πz csc(θ) is a plane.
(b) The spherical equations φ = π/3, θ = π/4 describe a single ray.

16. Find the maximum of the function f(x, y) = x2 − 2y2 on the set x2 + 2y2 ≤ 4.

17. Find the volume of the wedge shaped solid that lies above the xy-plane, below the
plane z = x and within the cylinder x2 + y2 = 4.

18. Match the polar coordinate equations to their graphs, for 0 ≤ θ ≤ 2π, −∞ < r < ∞.
(Hint: it is easier to use the polar equations directly than to convert to Cartesian equations.)
Enter your answers in the table below. Give a reason for each choice.

Equations:

(i) r = 4 cos(2θ)
(ii) r = 2 + sin(θ)
(iii) r2 = sin(θ)
(iv) 2r = 1 + 2 sin(θ)

Graphs:

(a) 0

0.2

0.4

0.6

0.8

1

1.2

1.4

–0.8 –0.6 –0.4 –0.2 0.2 0.4 0.6 0.8 (b) –1

1

2

3

–2 –1 1 2

(c) –4

–2

2

4

–4 –2 2 4

(d) –1

–0.5

0.5

1

–0.6 –0.4 –0.2 0.2 0.4 0.6

Answers:

Graphs (a) (b) (c) (d)
Equations



19. Let A, B and C be the vertices of a triangle in the plane and let a, b and c be,
respectively, the midpoints of the opposite sides.Show that

−→
Aa +

−→
Bb +

−→
Cc =

−→
0 .

20. Evaluate the limit

lim
(x,y)→(0,0)

x3y3 − x2 − y2

x2 + y2

if it exists.


