MA 114 Exam 3 Fall 2023

Fxam 3

Name: Section:

Do not remove this answer page — you will return the whole exam. You will be allowed
two hours to complete this test. You are allowed to use notes on a single piece of 8.5" x 11”7
paper, front and back, including formulas and theorems. You are required to turn this
page in with your exam. You may use a graphing calculator during the exam, but NO
calculator with a Computer Algebra System (CAS). Absolutely no communication device
use during the exam is allowed.

The exam consists of 10 multiple choice questions and 5 free response questions. Record
your answers to the multiple choice questions on this page by filling in the circle corresponding
to the correct answer.

Show all work to receive full credit on the free response problems. It will also help you
check your answers to show work on multiple choice problems.
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MA 114 Exam 3 Fall 2023

1. (5 points) Find the average value of f(x) = €** on the interval [0, 5].

A el?

B. 2(e!*—1)
C. (e —1)
D. 1(e’—1)
E. 5(e'® —1)

2. (5 points) The region R bounded by y = 52 — 2% and y = z is shown below.

0 1 2 3 4 5

Consider the solid obtained by rotating R about the vertical line x = 6. Which integral
computes the volume of this solid using the shell method?

A. /4 27 (x + 6) (2 — 4x)dw 4
0 D. / 21 ((5z — 2°)* — 2?) dx

4

B. / 21(6 — ) (4w — 2%)dx 4
0 E. / 21 ((5z — 2> — 6)* — (z — 6)*) dz
0

4
C. / 27 (50 — 2° — x — 6)dx
0
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3. (5 points) The region R bounded by the curves y = 2 and y = /7 is shown below.

2

1.5

Consider the solid obtained by rotating R about the y—axis. Which integral computes
the volume of this solid using the disk/washer method?

A. / (Y3)? — ())dy 1
o D. / 2my(y — y°)dy
B. / () — (Vi) °

1 ol / w((1— 95)% — (1 —4*))dy
c. / r(? — (Y5)2)dy 0

4. (5 points) Three masses are located in the plane: 2 grams at (7,4), 3 grams at (—2,6),
and 5 grams at (1,8). Find the center of mass of this system.

A. (0.6,1.8)

B
C.
D
B
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5. (5 points) Which integral computes the length of the curve y = f(z) where f(z) = x°
and 0 < x <27

2
A. / V1+ bzide
0

2
B. / m(2')dx
0

1 [? .
C.§/O:Ed:1:

2
D. / V14 210z
0
2
E. / V1 + 25x8dx
0

6. (5 points) The line y = 3z + 1 for 1 < x <5 is rotated about the x-axis. What is the
surface area of the resulting surface?

A. 24710
36mv/10
40710
72V 10
807/ 10

g0 aw
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7. (5 points) The curve y = 1 + 4z from z = 0 to x = 2 is rotated about the y—axis.
Which integral computes the surface area of the resulting surface?

2
A. / V1 + 6422dx
0
2
B.l/ﬁ7d1—%64x%2dx
0
2
C. / 2nz(1 + 42%)dx
0
2
D. / 2nxV1 + 6422dx
0
2
E. / 27 (1 + 42*)V1 + 64z2dx
0

8. (5 points) Which of the following is a parametrization of a curve defined by the equation:

2 2
S WL
a b2

x(t) = acos(t), y(t) = bsin(t)
x(t) = asin(t), y(t) = bcos(t)
x(t) = acos(2t), y(t) = bsin(2t)
all of the above

m O awe

none of the above
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9. (5 points) Eliminate the parameter ¢ to find a Cartesian equation satisfied by the curve
parametrized by x(t) = 3t + 7, y(t) = 2t — 1.

A 20 +3y=6
B. y = 62 + 13
2 17
C.y=Zp——
Yy=3%773
D. y=5z+6
2 1

E y= 20—
y=3%77

10. (5 points) The graph below shows the plot of a parametric curve. Which parametrization
is correct?

d

4 L

3 [

2 [

1 [

%1 2 3 4 5
A z(t) =+t yt) =t
B. z(t)=1/t, y(t)=1/t, t>0
C. z(t) = cos(t), y(t) = sin(t)
D. z(t) =In(t), y() =+t t>1
E. z(t)=¢', y(t)=e€""

Page 6 of 11



MA 114

Exam 3

Free Response Questions
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11. The base of a solid is the region enclosed by y = 22 and y = 5. Cross-sections perpen-
dicular to the y-axis are squares. Set up an integral which computes the volume of this
solid, and then find the volume.

3

Solution:
6 \ T T /
4 - |
< 2vYy
2 - |
| | | |
0—3 -2 -1 0 1 2
The base of each square is 2,/y, hence the area of each square is 4y. Thus, the
volume is calculated as follows
5 5 5
vz/ A(y) dy:/ 4y dy = 2y*| =2(25) —0 =50
0 0 0
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12. The region between y = 2% + 2 and y = z + 2 is shown below. Let V be obtained by
rotating this region about the horizontal line y = —1.

4

(a) (4 points) Set up but do not evaluate the integral that computes the volume of V'
using the disk/washer method.

Solution:

V—/lﬂ((x+2—|—1)2—($2+2+1)2)d:c—/17r((£—|—3)2—(x2+3)2)dm

(b) (6 points) Set up but do not evaluate the integral that computes the volume of V/
using the shell method.

Solution:

v= [l (Vi 2-w-2)
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13. Let S be the region in the first quadrant under y = 8 — z
density p = 1.

3

(a) (8 points) Find the total mass M and the moments M, and M,
steps clearly. Clearly label each answer.

Fall 2023

. Assume S has uniform

y for S. Show all

Solution:

2 .IA 2
M:(dem'ty)(area)zl-/ (8—x3)dx:8x—z) =16 —
0 0
b 2 2
My:p/ a:f(x)dle-/ x(8—x3)d:v:/ 8 — z*
a 0 0
:4x2—$—5‘2: _gzﬁ
5 lo ) 5

/ flx / (8 — 2%)%dx

2
64z — 4 ‘
(x x+7)0

128

1 288
—(128 — 64 + —
2< * 7 )

7

T2

1 2
—/ 64 — 162> + 2% dx
2 Jo

16

=12
4

dzx

(b) (2 points) Find the center of mass of S.

. _ M 48/5

Solution: z = =% = % 4
_ _9288/7
y oy —_—

12

5

M
__ 24

7

Mz

Ulhu
~[R

The center of mass is (Z,7) = (
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14. Let C be the curve defined by the graph of f(z) = €3 for 1 <z < 7.

(a) (5 points) Set up but do not evaluate an integral which computes the length of C.

Solution:

L:/ab\/mdx:/j\/mdx:/jmdx

(b) (5 points) Set up but do not evaluate an integral which computes the surface area
when C' is rotated about the z-axis.

Solution:

b 7
SA = / drrl — / 2m(e%) /T + (365 2da
a 1
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15. (a) (5 points) Find the average value of f(z) = 2+ 3sin(z) on [r/2, 7]. Show all steps

clearly.
Solution:
| 2 asine) do = 220~ 3cosa)) |
in = —(2z — 3co
— sin(z) dz = —(2z cos(x s
2
= ;((27r — 3cos(m)) — (m — 3cos(m/2)))
2
=—-2r+3—-71+0)
T
2

(b) (5 points) Find a Cartesian equation satisfied by the curve C' parametrized by
z(t) =t + 1, y(t) = t?, ¢t > 0; and sketch the graph of C.

Solution: Since z =t +1thent =z — 1, s0 y = (z — 1) Since ¢t > 0 then
x > 1. Then the graph of the curve is the parabola y = (z — 1)? for = > 1.

10
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