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Part I: Multiple Choice (5 points each)
There is no partial credit.
1. Compute I; xe(+1) dx

a. %(e2 —-e) correct choice

u%@—n
c. %ez
d.%@—b
e.%e

Use the substitution u=x%2+1 du = 2xdx ldu = xdx

2
_[;xe(xz’“l) dx = %jfe“du = [%e“}i = %(e2 -e)

12
2. Compute Ig xcosxdx

a r-1
b. 1-rx
Y4
c. 3
.4
d. 1+ >
e. %—1 correct choice

Use integration by parts with u=x  dv=cosxdx

du=dx v=snx

2 . . /2 : 12
_[ xcosxdx = [xsmx - Isnxdx] = [xsinx + cosx "
0 0 0

= (ﬂsinl +cosl) —-(cos0) = & -1

T
2 2 2 2

3. Find the area below the parabola, y = 3x—-x? above the x-axis.

81
a. 2
27
b. 5
C. % correct choice
1
d. >
10
e. 3

The parabola intersects the x-axis when 3x-x>=0 or x=0,3.

- [ -5 T F -0



4. Find the average value of f(x) = e¥ on the interval [0,2].

1.6
a. 6e
b. %(e6 -1) correct choice
16
C. 3e
1 (n6 _
d. 3(e 1)
e. (e-1)
_l23x_i3x2_i6_
fave = Zjoe dx—[Ge }0— 6(e 1)
5. The region shown at the right is bounded 10
. . y
above by y =sinx and below by the x-axis. 05
It is rotated about the x-axis. 0
Find the volume swept out. 0
Y4
a. 4
Y4
b. >
c. 2«
d. 272
e I correct choice

2
As an x-integral, a slice is vertical and rotates into a disk.

T T = 1 — cos(2x
V=_[07rR2dx=jO7r(smx)2dx=njo%dx:%[x_

sin(2x)
2

6. The region in Problem 5 is rotated about the the line x = -1.

Which formula gives the volume swept out?

a jo (1 + sinx)? dx

b. _[7_[1 2rxsinxadx

c. jo (X — 1) sinxdx

d. _[Z 2r(x+1)sinxdx  correct choice

e. [l (1 +snx)?-1)dx
As an x-integral, a slice is vertical and rotates into a cylinder.
V= jo 2nrhdx = jo 2r(x + 1) sinxdx

This integral can be computed using integration by parts.

]

/
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7. The region bounded by the curves x=1, y=1 and y= % is rotated about the x-axis.
Find the volume swept out.

8r

97  correct choice
127

(15 - 8In4)

7(8In4 - 15)

® 20 T

0 +—t
0 1 2 3 4 5
X
As an x-integral, a slice is vertical and rotates into a washer.

V= Ii(ﬂRz —nr?)dx = Ij[ﬂ(%)z - 71'(1)2:|dX = ﬂIi(}(—g - l) dx = ﬂl:_Tl6 —X] =9

8. A solid has a base which is a circle of radius 2
and has cross sections perpendicular to the y-axis
which are isosceles right triangles with a leg
on the base. Find the volume of the solid.

a. % correct choice

®

The width of the base is W(y) = 2,/4-y?. The heightis H =W
The area of the cross section is A(y) = %WH = %2,/4 ~y22/4-y? = 2(4-y?).

=Py = [ a5 | - a(e-5) -2(3) - %



9. A certain spring is at rest when its massis at x = 0.

10.

It requires 24 Joules of work to stretch it from x=0 to x =4 meters.
What is the force required to maintain the mass at 4 meters?

6 Newtons

12 Newtons  correct choice
18 Newtons

24 Newtons

48 Newtons

® 20 T

4
The forceis F = kx. The work is W=J‘3Fdx=_|‘3kxdx=[%kxz}o=8k=24.

So the force constantis k=3. Andtheforceis F=kx=3.4 =12,
Find the partial fraction expansion for f(x) = M.
p p (x) = 2 FXT

X—3
X2+ 4
2X+3
X% +4
xX+1
X% +4
2x+1
X% +4

33X -2
X% +4

t
+

+

correct choice

+

¢ o
X Xw x|Nd x| %N
+ +

- 5X2+x+12 _ 5x2+x+12 _ A, Bx+C
f(x) +
x3 + 4x X(x? + 4) X X+4

Clear the denominator:  5x? + x+ 12 = A(x* +4) + X(Bx + C) = (A + B)x? + Cx + 4A
Equate coefficients: A+B=5 C=1 4A=12
Solve: A=3 B=2 C=1

Substitute back: fx) = DXP+x+12 _ 3, 2x+1
ubstitu (X) G+ A teea



Part 1l: Work Out (10 points each)

Show all your work. Partial credit will be given.

11. Compute
a. (5 points) _[sin30d0

u = cosf du = -snfdd

[sin%0do = [(1 - cos?0)sin0dd = - [(1 - u?)du = —[u— Ug} +C = —cosf + L§39 +C

Check: d—de(—cos@ + L?) =snf + %300520(—sin0) = sinf(1 - cos?h) = sin

b. (5 points) _[lenxdx

. . _ u = Inx dv = x2dx
Use integration by parts with 3
du = %dx v=X
3
2 = X=X Lax = Xinx=[ X dgx = X nx- X
_[xlnxdx 3Inx _[3de 3Inx _[3dx 3Inx 9+C

Check: %(Xglnx—xﬁ;) = xX2Inx + 3%—X—2=X2Inx



12.

13.

Find the area between the cubic y = x3-x2 and the line y = 2x.

The curves intersect when x3-x2=2x or x>-x>-2x=0 or x(x*-x-2)=0
or X(x+1)(x-2)=0 or x=-1,0,2

Between -1 and O, the cubic is above the line. (Plugin x =-1/2)

Between 0 and 2, thelineis above the cubic. (Plugin x=1.)

So the area is

A=j?l(xs_xz_zx)dX+_l.z(2X_X3+X2)dX: |:X_4 _x2 —X2:|:+|:X2+X_3 _X_4:|2

4 3 3 4l
<0-(3-F (1) o= Sz - g

A water tower is made by rotating the curve y = x* about the
y-axis, where x and y are in meters. If the tower is filled with water
(of density p = 1000 kg/m?) up to height y = 25 m, how much
work is done to pump all the water out a faucet at height 30 m?
Assume the acceleration of gravity is g = 9.8 m/sec?.

You may give your answer as a multiple of pg.

The cross section at height y is a circle of radius x = y¥* an hence area A = 7x? = nyY2,
A slice of thickness dy has volume dV = Ady = zy¥?2dy and mass dm = pdV = pryY?dy.
This slice must be lifted a distance h =30-Y.

So the work to lift itis dwW = dmgh = pzg(30 - y)yY?dy.

The total work is

25 25 2\3/2 2\/5/2 25
W = [ prg(30 - y)y¥2dy = mpg [ (30y*2 - y3?)dy = mpg| 30-L— - =
0 0 3 5 o

= npg(BO 2 '353 -2 '555 ) = pg(4-5*-2.5%) = 2.5%pg = 12507 pg

= 3.8485 x 107 Joules



2

14. Compute Iomdx

Let x =4sinf. Then dx = 4cosfd) and 16-x? = 16 — 16sin%0 = 16cos?0

Change limits: x=0 @ #=0 and x=2 @ sin9=% or 9=%
2 7l6 169n9 7l6 2 — 7l6 20 _
jo—(16 o = o Acosfd = [ ten?0do = [(sec?0 - 1)df
7T/6_ 1 T
= [tanf -6 = = -%
= [tang 013" = L - %
15. Compute I X=2 gy,
+4
X=2 gy = [—X -2
X2+4dx J.x2+4dX+J.x2+4dX
Integral 1: u=x?>+4  du= 2xdx %du=xdx
X —lf(lgq=21 = 1 nx2
jx2+4dx-§judu_2|n|u|+c ZIn(e +4)+C
Integral 2: x =2u dx = 2du
-2 - 4 _ - _ X
IX2+4dx j42+4du— arctan(u) + C arctan(2>+C
X;Z :l 2 _ X
So IX2+4dx 2In(x +4) arctan(2)+C

So _[; ;‘2124 dx = (% In8 - arctan(l)) - (% In4 - arctan(O))

=l x
—2|n2 7]



