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• The total time allowed for this exam is two hours.

• This test is closed notes and closed book.

• You may not use a calculator.

• In order to receive full credit, you must show your work. Be wary of doing computations in your
head. Instead, write out your computations on the exam paper.

• PLACE A BOX AROUND YOUR FINAL ANSWER to each question where appropriate.

• If you need more room, use the backs of the pages and indicate to the reader that you have done
so.

• Raise your hand if you have a question.
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1 (6 points) The graph of the function f(x) given below has domain [�6, 8]. Use it to answer the
questions below.

If you are asked to determine a limit, find the limit or one-sided limit as directed. Use 1 and
�1 where appropriate. If the limit does not exist and cannot be described using 1 or �1, write
“DNE”.
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(a) lim
x!�3�

f(x) =

(b) lim
x!1

f(x) =

(c) lim
x!�3

f(x) =

(d) lim
x!4�

f(x) =

(e) At what x-values in its domain is f(x) NOT continuous? If f is continuous everywhere on its
domain, write “none”.

(f) At what x-values in its domain is f(x) NOT differentiable? If f is differentiable everywhere on its
domain, write “none”.

(g) What are the x-values corresponding to local maxima of f(x)? If there aren’t any, write “none”.

(h) What are the x-values corresponding to absolute maxima of f(x)? If there aren’t any, write “none”.

�2� €DN€�2�@ ✓

�1� atx=-3,t,4@ ✓

0 atX=-351,1,4€ ✓

�1� atx=-4,t,1,8-optiona# ✓

�1� @as fcx ) → a as ×→ 4-
r
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2 (15 points) Evaluate the following limits. Show all work and explain your reasoning alge-
braically or in words, when applicable.

(a) lim
x!�1

p
9x6 + 1

x3 + 5
(b) lim

x!0

arcsin(4x)

x

(c) lim
x!9�

p
x

(x� 9)3
(d) lim

x!0+
(1� 2x)1/x

= time
÷µm

"±ti:o(¥* )
× → a tx )3 +5 d-

oadress - a

=xtimad¥±)#
= signore

�2� correct selection) t×3+5) 11×3

algebra 44×3 = , ;m Fg
= 4

- ri
�1� AMS

.

X→a -1 + 51×3

= rg
=
�4� ✓

I 0 identify L' H

= @ ✓ �2� apply L' H correctly
�1� answer

= @
y= ( , - 2×5 "

✓
as × → a-

,
rx → 3 my = mu -2×5^1

-

as ×→ qs x -9 → small my = k¥1 ) �1�

log
×

negative and lx -913 is

also a small negative . lximso my =
lxnjmo mkx2×I

�1� numerator → z
← �1� correct

=l×i→mo ( It ) its
�1� denom → o

-

e-

�1� ans = - a = -2

-
�1� ans

Since hxjmo my = -2
,

then

Hans
hjngoy

=E2=Y€✓
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3 (6 points)

(a) Complete the definition of the derivative of a function f(x) below:

f 0(x) =

(b) Find the derivative of f(x) = 5x2 � x using the definition of the derivative. You must show your
work to receive credit.

�2� him thanks ✓

fzx ) = him 51×+52-(1/+4)=5×2+1 ) @
h→o h input

51×2+2×4 + h2) - × - h - 5×2+11
= lim

-

h→o h

=nhjmo5×2t1O×ht5h2#5x2xh +10 algebra

= lim 10Xh+5h2=
in middle

h→o h

=

Lingo ( IOX + 5h - 1) +0 full simplify

= € ✓ dans
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4 (7 points) The volume of a circular cylinder is increasing at a rate of 20⇡ m3/sec while the
radius is increasing at a rate of 2 m/sec. How must the height of the cylinder be changing when
the volume is 90⇡ m3 and the radius is 3 m? Include units with your answer. (V = ⇡r2h)

known : ad¥= zoaniysec

]
0 idwnmhetdtginput

If = 2 nysec .

Want : dh# when V= 90T
,

r= 3
,

note 90T = T . 32. h ⇒ 90T = 9Th

⇒ h= 10 �1� find h

V = Tith

¥.IE?xIIIIFs.#o
;±¥±D

20 I = 120 T + 9T dhdt

-100 I = 9 a dhdt

dtf=→fm1@ ✓
Ooaunnsits

the height is decreasing at a rate off 10019

meters per second .
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5 (12 points) Calculate the derivatives of the given functions. Do not simplify your answers, but
use parentheses appropriately.

(a) y = (x2 + 1)cosx

(b) g(z) =
sec(8z)

1 + z2

(c) h(x) =

Z 5

arctanx

p
3 + 2t3 dt

my = In ( ×2+150
* +10 for log

my = cos × . lnhitl )

f- Y
'

= - sinx . In ( ×2+| ) + cos × .z×_
+02for deriv

×2t1

y
'

= ( 2××9+9×- - sinx Inuit D) ( ×2+Dos× ✓

+10ans

gyz , =

(1+2-2) . 8. Sec ( 8z ) tan ( 82 ) - ZZ seclgz )

¥gtt ) = 2SeC(8Z ) ( 4 (2-2+1) tanlgz ) - z )
+0 QR

-
+10 deriv of Sec

p
( It E) 2 +0 chain wlsec

+0 answer

if they do take out GCF
mmmm '

arctanx

= - f ✓ Idt
5

arctanx

N C x ) = Eff ✓ -3+2+3 at ) @ney

5 @input

+10chain rule
=

- Cardani . ( ¥ ) ✓

3M¥31-1×2
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6 (6 points) Let f(x) = e4x cosx.

(a) (4 points) Find the linearization of the function f(x) at the point a = 0.

(b) (2 points) Use your linear approximation from part (a) to estimate f(0.1).

7 (6 points) Find the absolute maximum and absolute minimum of f(x) = x3 � 3x + 5 on the
interval [0, 3].

fkx )=4e4×cos× - e4×sin× @

Point A=O , fco )=e0cosO= I +0

Slope m= PCO ) =4e0cos0 - eosin 0=4 +10

equation :

y
-

y ,=mlX - XD

y - 1=41×-0 )

y= 4×+1 ✓ +0

FCO . 1) = 410.1 ) t I

= # ✓

tcx)=×3 - 3×+5 f 6) = 5 +10

FCX) = 3×2-3 +@ fl 1) = 1-3+5=3 +0

0=31×2-1 ) f (3) =

27-9+5=23+10

0=3 ( X - 1) ( XH)
abg min f 4) =3

' "
×E÷

.

¥III.⇒
domain

+01for CN [ gx=
-D ans @
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8 (16 points) Answer the following questions using the given function and its derivatives. Note

that this problem continues onto the next page.

f(x) =
3x2 � 1

x3
, f 0(x) =

�3(x2 � 1)

x4
, f 00(x) =

6(x2 � 2)

x5

(a) Find the vertical asymptotes, if any.

(b) Find the horizontal asymptotes, if any.

(c) Find the intervals of increase or decrease.

(d) Find and classify the local maximum and minimum values, if any.

(e) Find the intervals of concavity and the x-values only of the inflection points.

�1� x=o ✓

0 y=O ✓

f 'CX)=O/un defined at X=±1
, 0

0 +0 @ @ sign f '

<@ 1
, @ f @ | �2�

>

�1� find CN

tncon H ,O)u( 0,1 ) �1� sign analysis
dec on too ,

- 1) u( 1. A) ✓
�1� answer

ftp.3#=-2isa1oca1min- �2� for y 's

�1� for

fl D= 34=2 is a local MAX
✓ classifying

f
' 'C×)=O/undef @ 11=0 and ±✓2

02 for cars and

-0 +0 @ +0 sign analysis
1 1 1 →(

@ - rz @ 0 �1�
fz �2�

CU on tr ,o)u( E. a) ✓
IPatx-r.TT

@ for 1ps ✓

CD on to ,
- F) ul 0,52 ) �1� for intervals
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(f) Use the information from parts (a) - (e) to sketch the graph. for 1.41

÷f.'isI 2

.
- ✓
I

.

Zed + 4 right
+ 3 ve'm close

+2 a few correct elements

+ 1

something right
to whaa ? ?
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9 (16 points) Evaluate the following integrals.

(a)
Z

1 + x2

x5/3
dx

(b)
Z

x sin(x2)

8
dx

(c)
Z e4

e

4 dx

x(lnx)3

(d)
Z

2x
p
x+ 5 dx

Amiss2ormore-T-flx-5B.xtBjdx@algebra-tZx-43-3yx43-c03ororoefta.o

Pegged
= - 3 3-413

2×4-3
+

¥
 + C

✓

= / Xsgjtu . ffx +10 for sub

2 =

,t fsinu du @ for Kb

h¥×a×|=÷•su+c ¥Farisu9YnYme

=  Tzcoslxytc -

f. 4¥ du = 1518 ✓

fee,h¥±x
,fI¥a7i'

#doeaiiibnounas
= -2 ( Koy )

@ antideviv
X=e4

, u=4 @ ans .

=  → [' 5116)

= 2) ( u - 5) if du +10sub

\ @ clever subbing= 2/4312-5n' ' 2)dudx"[¥u¥5g|=2(}u%. 5 }u"2) +c @ antideriv

= ¥ (11+5)%-529×+55'2+c +0baokwb
✓
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10 (5 points) The graph of f(x) is given below.

1 2 3 4 5 6 7

-3

-2

-1

1

2

3

(a) Evaluate
Z 1

0
f(x) dx.

(b) Evaluate
Z 3

0
f(x) dx.

(c) Where does g(x) =
R x
0 f(t) dt achieve a local maximum on the interval (0, 7)? Justify your answer.

(d) Are there any values of x such that g(x) =
R x
0 f(t) dt = 0 on [0, 7]?

I. 1.2

= �1� ✓ @

=£( 1) (2) - I (1) (2) - 24 )

= @ ✓ @

When g 'C×)=fc×)=O and changes from +0 to @

true for 11=1 and ×= 6. z

_@
@ justify

atx@ - +0



MATH F251X FINAL EXAM FALL 2017

11 (5 points) Water flows into a reservoir at a rate of 1000� 20t liters per hour.

(a) What does the quantity
Z 5

1
(1000� 20t) dt represent?

(b) Assume the reservoir initially contained 50,000 liters, how much water is in the reservoir after 2
hours?

12 (6 points) [Extra Credit] An offshore oil well is 2 kilometers off the coast. The refinery is 4
kilometers down the coast. Laying pipe in the ocean is twice as expensive as on land. What path
should the pipe follow in order to minimize the cost?

�2�
The amount of water that flowed into the reservoir

between t=1 hours and t= 5 hours .

✓

f Tiooo -20T ) At  
= ( boot - toe )b2

= 2000 - 40

= 1960 liters added @
for a total of 50000+1960 = 51,960 liters @

✓

•

( F× ' ×µ#4 as 1/2+4=4×2

@ -•\•l2 4=3×2

-41 413 = x2

C = ( 4- x ) + 2. Fit @ × = ±

2/-3+10
C '= - 1+2 . 'z(x445" 2. Zx

T.IT#go).ITEEs.no

.

¥+4
° 4ps 4

By the first derivative test we have
V # = ax [amin at x=2/r3 . +0 ]


