
Math F252 Final Exam Fall 2025

Name:

Rules:
You have 120 minutes to complete this midterm.

Partial credit will be awarded, but you must show your work.

Calculators are not allowed.

One hand-written sheet of notes is allowed.

Turn o↵ anything that might go beep during the exam.

Good luck!

Problem Possible Score

1 6
2 6
3 15
4 10
5 20
6 6
7 10
8 10
9 6
10 5
11 6

Extra Credit 5
Total 100

1 v1

Solutions
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1. (6 pts) The region R is bounded by y = sin
3
(x) cos

2
(x) and the x-axis between x = 0 and x = ⇡/2.

Find the area of the region R.

⇡/2

0.1

0.2

y = cos
2
(x)

x

y
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A = go sink cos } DX = fo
¥

sinxcosxsihxdx

let u = cos x

du = - Slhxdx
= joke , - cos 't )co5x SMH DX

if ×=o ,
uh

. )
if x=Iz ,

U= O a

* I used this minus

= So
"(

I -

UZ) U2 du sign to reverse the order

of  integration

= g
'

oui - u

"

du -

- tzu - Is Elo
"

= Iz - Is = I
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2. (6 pts) The shaft of a bird feather has density function ⇢ = 2

3
arctan x grams per meter on the interval

from x = 0 m to x = 1 m. Find the mass of the shaft. Include units with your answer.

3. (5 pts each) Evaluate the indefinite integrals.

(a)

Z
1

x2

p
x2 � 9

dx
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mass =

arctanxdx-ffxarctanxlo-go.EE
dx )

u = arctanx dv=dX I

due Izdx v=×
= }(arctanl D) - I. I . Inf It I

It X O

= } ) - If Ink ) - Inch ) = If - I Ink ) grams

=s::÷:t:: 'as :#
trig substitution

Let X =3 sect

do -_3seco-tanfdo-gtfcoso-do-gts.int
t c

E- 9=9 Seto -

9=9tano = at ( XII ) to

×2_qT -

- Stano

Ez -

- Seco
x

Tfa= hype
adj yo

3
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(b)

Z
1

x2 � 4
dx

(c)

Z
(3x � xex

)dx
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=

' Tf ,f¥

they
f ,¥z -

-

I
,

lnlxtzl

tf
Ink -4 to

7Ii÷onsg = I int

:#
I to

¥4 -

- ¥zt¥
I = A C x - 2) t BCXTZ )

let x=2 : I = 413
,

B = 44

let x= -2 : I = - 4 Aj A = - Yy

= f 3 xdx - fxe×dx IBCT
U=x

dv=e×dx

= 32×2 - fxexdx du=dx v -
-

ex

= 3×2 - f- ex - fexdx )

= 32×2 - xe×te× t C
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4. (10 pts) The region R is bounded by y = ex
, y = 4, and the y-axis.

(a) Sketch the region R. Label the curves and all points of intersection of the curves.

(b) Using either the disks/washers or cylindrical shells method, set up an integral to compute the

volume generated when R is rotated around the x-axis. State which method you are using.
You do not need to evaluate the integral.

(c) Using either the disks/washers or cylindrical shells method, set up an integral to compute find

the volume generated when A is rotated around the y-axis. State which method you are using.
You do not need to evaluate the integral.
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5. (5 pts each) Determine whether each series below converges or diverges. Name the test you use and

justify your conclusion. (This means show your work!)

(a)

1X

n=1

(�1)
n

p
3n + 2

Test: Converge or Diverge

(b)

1X

n=1

2n + 3

7n3/2 + 1
Test: Converge or Diverge
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alternating series ①
I

bn =

3nF Since bn is decreasing
I and approaches Zero ,

① lim-z.ee = O V

me the series converges .

I

② bent ,
=

1- L ⇐
= bn ✓

3nt5T

limit comparison ①

Compare to th s a divergent p - series C p = III )
.

÷: . ¥
.

-

- ¥ .

Since I Fri diverges and the limit is a number
,

the original series must also diverge .
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(c)

1X

n=1

2
n

n3
Test: Converge or Diverge

(d)

1X

n=1

cos

 
1

3n2 + 2

!
Test: Converge or Diverge
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ratio test ①

heirs s
.It -

- anti: 7=21--2 > '
.

Since ntimlahattI > I
,

the original series

diverges .

divergence test ①

LIE 317+2=0 .So nlimg
cos = cos o -

- Ito

Since I im an ¥0
,

the series diverges .

n→ -
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6. (6 pts) Use the Integral Test to determine whether the series

1X

n=2

1

n
p

ln(n)
converges or diverges.
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S? HI = firs ft @
x

= figs 2 an I! = fig (2 Int - 2 Inca )

=
y

So the series diverges because the integral

diverges .
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7. (5 pts each) For each power series below, determine the interval of convergence.

(a)

1X

n=1

n!(x + 3)
n

62n

(b)

1X

n=1

(x � 4)
n

n5n
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Iim Cnt) ! Crazy
htt

noo

. n7÷⇒n this 1*34 :# ⇒

So the series converges only at x= -3
.

So the interval of convergence
is E3 ,

-3J
.

htt

Ii m ¥s÷t¥⇐s⇒="¥n→x

We want 1×344<1 .

So -

52×-4<5
or

- I ex a 9
.

check endpoints Answer

⇐  - I :[ III -

- Eff , antimonic E 's 9)

x= 9 : [ 5n÷n=[ th ,
harmonic
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8. (10 pts) Recall that the Maclaurin series cos(x) =

1X

n=0

(�1)
nx2n

(2n)!
.

(a) Write p4(x), the 4th-degree Maclaurin polynomial for cos(x).

(b) Find the Maclaurin series for f (x) = x cos(2x). Simplify your answer.

(c) Find the Maclaurin series for G(x) =
R x

0
cos(
p

t) dt.
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Py G) =
I - If t

24

x as an a
"

.
. I c⇒nz?x

a * si ⇐ ) *  =

.
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9. (6 pts) Consider the curve x(t) = t2 � 3t + 1, y(t) = et.

(a) Determine the slope of the curve at the point (1, 1).

(b) Determine the points where the tangent line is horizontal or vertical, or state that none exist.

11 v1

We need the time t so that

xCt)=tZt3tt I =L and

ylt ) -
- et -

- o .

So E- O
.

Now

a :* . :¥÷=¥si so :* ! ;

horizontal : Need Iff =
et = o

.

Never
.

vertical : Need DX

It
= 2T -3=0 .

So t -
- 312

.

X (3/2)=(3/2)
2 -3 (E) t I = I

,
- It 1=-57

y (3/2) = e%

point GE ,
e

"

)
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10. (5 pts) Make a careful sketch of the polar curve r = 1 + 2 cos(✓). Label at least 4 points.

0 1 2 3

0

⇡/4

⇡/2

3⇡/4

⇡

5⇡/4 7⇡/4

3⇡/2

⇡/6

⇡/32⇡/3

5⇡/6

7⇡/6

4⇡/3 5⇡/3

11⇡/6

11. (6 pts) Compute the area enclosed by the polar curve r = 3 sin(4✓). The graph of the curve is shown

below.

x

y
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✓
" ⇒ I

:
o

It I t 2 . O =/

%,

IT - I÷¥::
a. ¥

A  = 8 fo

" "

Its sin Hot } do

^

= 36J sin ( 40 ) do

°

= is 44- cost 807do

= 18¥ - Is in (80-3)/0%4

= 18 ( ¥4- Ig Sin ( 2x ) ) - ( o - SMO ) = 18¥'
= Iz IT
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Extra Credit (5 points) Let f (x) =

1X

n=0

 
1

2

n

!
xn

3n .

(a) Determine the first 4 terms in the series.

(b) The series converges when x = 2. Determine the sum.
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(Simplify all coefficients )
-

+ EtEatIs
= I t

'

z
. Est It . If
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'
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"
I ) ( Es )

"
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.
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