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MC MATH-UA.0122.010 Midterm Examination November 09, 2011 MC

MC (40 points). This part consists of 20 multiple choice questions. Nothing more than the
answer is required, consequently no partial credit will be awarded. Do not indicate your
answer here as pages 1−6 will not be read. Fill your answer on the bubble sheet
on page 7.

1. The integral
∫ 1
0

dx
1+x2

is approximated by the midpoint rule and four divisions (subinter-
vals). Which of these is the approximation?

(A) 1
6

(
1 + 4 · 1

1+(1/2)2
+ 1

1+12

)
(B) 1

8

(
1 + 2 · 1

1+(1/4)2
+ 2 · 1

1+(1/2)2
+ 2 · 1

1+(3/4)2
+ 1

1+12

)
(C) 1

12

(
1 + 4 · 1

1+(1/4)2
+ 2 · 1

1+(1/2)2
+ 4 · 1

1+(3/4)2
+ 1

1+12

)
(D) 1

4

(
1

1+(1/4)2
+ 1

1+(1/2)2
+ 1

1+(3/4)2
+ 1

1+12

)
(E) 1

4

(
1

1+(1/8)2
+ 1

1+(3/8)2
+ 1

1+(5/8)2
+ 1

1+(7/8)2

)
2. The integral

∫ 3
1
dx
x is approximated by the Simpson’s rule and four divisions (subinter-

vals). Which of these is the approximation?

(A) 1
6

(
1 + 4 · 1

(3/2) + 2 · 12 + 4 · 1
5/2 + 1

3

)
(B) 1

6

(
1 + 4 · 1

(1/2) + 2 · 11 + 4 · 1
3/2 + 1

2

)
(C) 1

12

(
1 + 4 · 1

(3/2) + 2 · 12 + 4 · 1
5/2 + 1

3

)
(D) 1

6

(
1 + 2 · 1

(3/2) + 4 · 12 + 2 · 1
5/2 + 1

3

)
(E) 1

4

(
1 + 2 · 1

(3/2) + 2 · 12 + 2 · 1
5/2 + 1

3

)
3. Which of the following will give the best approximation for

∫ 2
0 e
−x2 dx?

(A) the Simpson’s Rule with 4 divisions

(B) the Trapezoidal Rule with 8 divisions

(C) the Midpoint Rule with 4 divisions

(D) the Midpoint Rule with 8 divisions

(E) the Simpson’s Rule with 8 divisions

4. Which of the following integral is improper?

(A)
∫ 2
0

dx√
1+x

(B)
∫ 3
2

dx√
x−1

(C)
∫ 1/2
0

dx√
1−x

(D)
∫ 2
0

dx√
1−x
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(E)
∫−1
0

dx√
1−x

5. Which of the following improper integrals converge?

(i)

∫ ∞
1

dx

x0.8
(ii)

∫ ∞
2

dx

x1.2
(iii)

∫ ∞
2

dx

x

(A) (i) and (ii) only.

(B) (i), (ii) and (iii).

(C) (ii) only.

(D) (ii) and (iii) only.

(E) (i) only.

6. Which of the following improper integrals converge?

(i)

∫ 1

0

dx

x8/9
(ii)

∫ 2

0

dx

x1.5
(iii)

∫ 2

0

dx

x

(A) (i) and (ii) only.

(B) (i), (ii) and (iii).

(C) (ii) only.

(D) (ii) and (iii) only.

(E) (i) only.

7. Which of the following improper integrals converge?

(i)

∫ ∞
1

dx

x
(ii)

∫ 1

0

dx

x
(iii)

∫ 2

−2

dx

x

(A) (i) only.

(B) None

(C) (ii) only.

(D) (iii) only.

(E) (i), (ii) and (iii).

8. The improper integral
∫∞
3

1
3x+2 dx

(A) converges by comparison with 1
3x

(B) diverges by comparison with 1
x2

(C) converges by comparison with 1
3x2

(D) diverges by comparison with 1
x

(E) converges by comparison with 1
x

9. The improper integral
∫∞
1

1
x3+2

dx
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(A) converges by comparison with 1
x3

(B) diverges by comparison with 1
x3

(C) converges by comparison with 1
x

(D) diverges by comparison with 1
x

(E) converges by comparison with 1
x+2

10. Let R be the region bounded by the curves y = x2, y = 2− x and the x-axis. Which of
the following represents the area of R?

(A)
∫ 2
0 x

2 dx+
∫ 2
0 (2− x) dx

(B)
∫ 1
0 x

2 dx+
∫ 2
1 (2− x) dx

(C)
∫ 1
0 (2− x− x2) dx

(D)
∫ 2
0 x

2 dx−
∫ 2
0 (2− x) dx

(E)
∫ 1
0 |(2− x)− x2| dx

11. Let R be the region of the previous problem. Which of the following represents the area
of R?

(A)
∫ 2
0 [(2− u)−√y] dy

(B)
∫ 1
0 [(2− x)−

√
x] dy

(C)
∫ 1
0 (2− y −√y) dx

(D)
∫ 2
0 [(2− y)− y2] dy

(E)
∫ 1
0 [(2− y)−√y] dy

12. The area of the region bounded by the curves x = y2 − 2y + 4 and x = y + 4 is

(A)
∫ 3
0 (y2 − 2y + 4) dy

(B)
∫ 3
0 [(y + 4)− (y2 − 2y + 4)] dy

(C)
∫ 7
4 [(1 +

√
x− 3)− (x− 4)] dx

(D) 2
∫ 7
4 [(1 +

√
x− 3)− (x− 4)] dx

(E)
∫ 7
4 (1 +

√
x− 3) dx

13. The base of a solid S is the triangle with vertices (0,0), (1/2,0) and (0,1). Cross-sections
perpendicular to the base and perpendicular to the x-axis are squares. The volume of
S is

(A)
∫ 1/2
0 (1− 2x) dx

(B)
∫ 1/2
0 4(1− 2x)2 dx

(C)
∫ 1/2
0 (1− 2x)2 dx

(D)
∫ 1/2
0 x(1− 2x)2 dx
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(E)
∫ 1/2
0 4(1− 2x) dx

14. The volume of the solid obtained by revolving the region bounded between the curves
y = x2 and y = x around the horizontal line y = 2 is

(A) π
∫ 1
0 [(2− x)2 − (2− x2)2] dx

(B) 2π
∫ 1
0 x[x− x2] dx

(C) π
∫ 1
0 [(2− x2)− (2− x)] dx

(D) 2π
∫ 1
0 x[(2− x2)2 − (2− x)2] dx

(E) π
∫ 1
0 [(2− x2)2 − (2− x)2] dx

15. The volume of the solid obtained by revolving the region bounded between the curves
x = 3y3, x = 3 and the x-axis around the x-axis is

(A) π
∫ 3
0 (3y3)2 dy

(B) π
∫ 1
0 (y3)2 dy

(C) 2π
∫ 3
0 y[3− 3y3] dy

(D) 2π
∫ 1
0 y[3− 3y3] dy

(E) 2π
∫ 3
0 y3(y3) dy

16. The length of the curve y = sinx over the interval [0, π] is

(A)
∫ π
0

√
1 + sin2 x dx

(B)
∫ π
0

√
1 + cosx dx

(C)
∫ π
0

√
1 + cos2 x dx

(D)
∫ π
0 (1 + cos2 x) dx

(E)
∫ π
0 sinx dx

17. A force of 18 N is required to stretch a spring 3 cm beyond its natural position. How
much work is needed to stretch it 3 cm more?

(A) 81 Nm

(B) 108 Nm

(C) 0.81 Nm

(D) 18 Nm

(E) 0.18 Nm

18. A vertical cylinder with circular base is filled with a liquid of density ρ. If the radius of
its base is r, its height is h and g is the acceleration due to gravity, then the pressure
at the bottom of the cylinder is

(A) πr2ρhg
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(B) ρhg

(C) ρh

(D) 1000gh

(E) 100πr2hg

19. The centroid of the region bounded between the curves y = x3, x = 1 and the x-axis is

(A) (4/5,2/7)

(B) (2/7,4/5)

(C) (1/5,1/14)

(D) (1/14,1/5)

(E) (1/2,1/2)

20. Which one of the following functions y(t) satisfies y′ + 3y = 0?

(A) y(t) = −3et

(B) y(t) = e−3t

(C) y(t) = e−t
3

(D) y(t) = e3t

(E) y(t) = t−3
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Use this page to record your answers to the Multiple Choice problems.

1. A B C D E

2. A B C D E

3. A B C D E

4. A B C D E

5. A B C D E

6. A B C D E

7. A B C D E

8. A B C D E

9. A B C D E

10. A B C D E

11. A B C D E

12. A B C D E

13. A B C D E

14. A B C D E

15. A B C D E

16. A B C D E

17. A B C D E

18. A B C D E

19. A B C D E

20. A B C D E

/40
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Problems FR1-FR5 are free response problems. Put your answers in the boxes (where
provided) and your work/explanations in the space below the problem.

• Read and follow the instructions for every problem.

• Show all of your work for purposes of partial credit. Full credit may not be
given for an answer alone.

• Justify your answers. Full sentences are not necessary but English words
help. When in doubt, do as much you think is necessary to demonstrate that
you understand the problem, keeping in mind that your grader will be necessarily
skeptical.

FR1 (10 points). Let R be the region bounded by the equations y = 0, x = 1 and y = x3 +x,
and let S be the solid generated by revolving this region around the line y = −1.

(a) Draw the region R and the solid S./3

(b) Set up an integral to find the volume of S./4

(c) Evaluate the above integral./3

/10
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FR2 (10 points). Let R be the region bounded by the equations y = 1, x = 1 and y =
x3 + x2 + 1, and let S be the solid generated by revolving this region around the line x = −1.

(a) Draw the region R and the solid S./3

(b) Set up an integral to find the volume of S./4

(c) Evaluate the above integral./3

/10

- 11 -



FR2 MATH-UA.0122.010 Midterm Examination November 09, 2011 FR2

(This page intentionally left blank.
You can use it for scratch work. Please do not remove it.)

- 12 -



FR3 MATH-UA.0122.010 Midterm Examination November 09, 2011 FR3

FR3 (10 points). A tank contains 10 kg of salt dissolved in 1000 L of water. Brine that
contains 0.05 kg salt per liter of water enters the tank at a rate of 25 lit/min. The solution is
kept thoroughly mixed and it drains at the same rate.

(a) Derive a differential equation for the amount of salt (in kg) at time t ( in min)./4

(b) Solve the differential equation taking into account the initial conditions./4

(c) Us (b) to find the amount of salt in the tank after half an hour./2

/10
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FR4 (10 points). A tank full of water has the shape of a cylinder with circular base. The
radius of the base is 2 m and the height of the tank is 3 m. The density of water is 1000kg/m3

and g = 9.8m/s2.

(a) Draw a diagram of the tank, labeling relevant information./2

(b) Using your diagram set up an integral which computes the amount of work required to/4
pump the water out of the tank.

(c) Evaluate the integral in (b)./2

(d) What will be the water level when half of the amount of work in (c) is done?/2

/10
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FR5 (10 points). Let f(t) be a function defined on the interval [0,∞). We define the Laplace
Transform of f to be the function

F (s) =

∫ ∞
0

e−stf(t) dt

the domain of F (s) is the set of all s for which this improper integral converges.

(a) If f(t) = et, find its Laplace transform along with its domain./5

(b) If g(t) = te−t, find its Laplace transform along with its domain./5

/10
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