
Math 251 Calculus I Final Exam Spring 2018

Your Name Your Signature

Instructor Name

Problem Total Points Score

1 16

2 12

3 6

4 6

5 8

6 10

7 12

8 6

9 10

10 8

11 6

Total 100

• 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.

Solutions



Math 251 Calculus I Final Exam Spring 2018

1. (16 points) Find the derivative for each of the following functions. (For parts (a)-(c), you
do not need to simplify your answers. )

(a) h(x) =
arctan(x)

1 + x

(b) f(x) = sec
�p

1� x2
�

(c) y =
3

x
+ 3 ln(x)� tan(3⇡)

(d) 2x2 � 5xy + 4y2 = 2 (Solve for dy/dx. )

n'

cxi-QEIPpftaraeI.atxyfIxYaarfxgta@z-secCe-xzj9ftx7-secCci-xY9tanCci.x

9
"
2) ( I ( 1 .

EF) ( Ix )
=

.ae#tanCFf@= 3×-1+3 In ( x) - Ian ( 3 ⇒y'=-3I2+o#
( Implicit differentiation . )

4x - 5. y
- 5xd¥ + 8ydIf=0

@y -5D(
'¥ ) = 5g - 4x

adf.es?yI5#
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2. (12 points) Evaluate the following integrals.

(a) g(x) =

Z ✓
2

x
+ 2x1/3 � e2

◆
dx

(b) h(x) =

Z
4 cos3(x) sin(x)dx

(c) f(x) =

Z �
x
p
2x� 1

�
dx

=2ln( 1×7+2 . },x% -

e2×+c

=2ln(W)+3zx%-e2×+#)

= - 4fu3du= - u4+c

HE.93×n×d× =

.com#=zfCE)uEdu=atfa+Dut2du1etu=2xt=yffE+I9du=taGu52+2zu3Y+cdu=2dxtzdu=dx=,to(zx.iFttaGx-D3t@

X=U±
2
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3. (6 points) Let f(x) = 1
x .

(a) Find the average rate of change of f from x = 1 to x = 3. Simplify your answer if
possible.

(b) Find f 0(x) using the definition of the derivative.

4. (6 points) Let f(x) = x2/3.

(a) Find the linearization L(x) of f(x) at x = 8.

(b) Use your answer in part a to estimate (8.1)2/3. Write your answer as a common fraction.

ra.IE =

ftp.t#=tzfst)=tf2)=tfftx'=nhjmoEEfe=tnimotnEn

- ⇒ Tnhsmotn (×e¥n¥I)
hire 's k¥×a)=hi→moi¥×=

#f ( × ) = ×%
,

f (8) = 843=4

F
'

a) = } XB = 32¥ ; f
'
( 8¥I÷⇒b=¥ = f- = m

y - 4=3( x - 8) or

LCxk4ttzCx-8@C8.lY3-fl8.DaLC8.D

= 4 + I (8.1-8)=4 ttz (⇒

= 4 + to = €
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5. (8 points) The height, h, of water in a ditch is given by

h(t) =
2 + sin(⇡t)

1 + t
,

where h is measured in feet and t is measured in days.

(a) Find and interpret h(3) in the context of the problem. (Your expression for h(3)
should be simplified.)

(b) Find h0(t). (You do not need to simplify your answer.)

(c) Interpret h0(3) ⇡ �0.91 in the context of the problem.

(d) Find and interpret lim
t!1

h(t). (Hint: �1  sin(x)  1.)

h (3) =
2 + Sinton )

=3
= ¥ =L feet

After 3 days have passed ,
there is lz foot of water in the ditch .

h
'

Ct) = attache sina.it#
(1 + t ) 2

After 3 days ,
the height of water in the ditch is decreasing

at a rate of 0.91ft per day .

ati@EFTqm.toosimetat2iIIat3tanatyn.ia.o
> This limit tells us that , eventually ,

the ditch has no water
.
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6. (10 points) A landscape architect wishes to enclose a rectangular garden on one side by a
brick wall costing $30 per foot and on the other three sides with a metal fence costing $10
per foot. The area of the garden is to be 800ft2. What are the dimensions of the garden
that minimize the cost of the fencing? (For full credit, you must justify your answer.)

metal

metal

metalbrick �⇥⇥ ⇤⌅

3-X -

area =A=xy= 800

or

$3 # t
+ | Y y=

800×-1

- $1 Yft

goal : minimize cost

cost  =C= 30 ytloy + 2.CN#=40ytZ0x .

So C 4) = 40 (800×-1)+2 @× =
32000×-1+2011 .

Now C
'

4) = - 32000×-2+20×-0
Ekstrom

2o×= 320¥ or
X3= 3220¥ = 1600

dimensions : x= 40ft

y=
20ft

.

~
So X= 40 . +  +  +

Firstar : finds scign
10,000

C 4) has a local min at ×= 40 .

lsxtlaglbamn ?

option : Yes
.

Because
×= 40 is the

only crit . point in the domain

In which Ccx ) is continuous

-
: Yes .

Because C
" ( x ) =

64000×-3+20
option 2 in the

which is always positive on

domain . So C Cx ) is c ( up .
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7. (12 points) Let g(x) =
ex

1 + x
. Note first and second derivatives are

g0(x) =
xex

(1 + x)2
and g00(x) =

ex(x2 + 1)

(1 + x)3
.

(a) Evaluate the following limits.

i. lim
x!1

g(x)

ii. lim
x!�1

g(x)

iii. lim
x!�1�

g(x)

(b) Sketch the graph of g(x). Label any asymptotes, x- and y-intercepts, local minimums
and local maximums, and inflection points, if appropriate.

←
always

+

Into ¥
'

# Is ¥ a

HIT .
,¥=ti→gx÷⇒=o since e×a⇒→a .

=fi→m
,
.f÷= - x since

e×→E and

1- ×  → 5
.

Note C i ) and ( iii ) imply y=o is a horizontal asymptote and ×= -1 is a vertical

asymptote .

gtxl = 0 when to

teeing
'

pY
^

*
g".±g€#

sign g
" %←

local min

a.

,
,

an , y.gg#g
I

±
- l

'

-
: -

( edowht ← ccup -
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8. (6 points) The graph of the derivative of f(x), f 0(x), is shown below. Questions (a)
through (d) concern the function f(x).

y

x

f ′(x)

−� −⇥ ⇥ �

−�

−⇥

⇥

�

(a) For what intervals(s) is f(x) increasing?

(b) For what intervals(s) is f(x) concave up?

(c) What value(s) of x give f(x) a relative maximum?

(d) What value(s) of x give f(x) inflection points?

where f
'

> 0 .

Ans:t3,-Du(y2=

where f
'

is increasing

Ahs_i.tn#x=t,x=2C
where f

'

changes from + to -

where f
'

changes from increasing
to

decreasing .

×@
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9. (10 points) The function f(x) has been graphed below. The curve for 0 < x < 2 is an upper
half circle. Define a new function g(x), as

g(x) =

Z x

0

f(s) ds.

x

f(x)

�2 �1 0 1 2 3
�2

�1

0

1

2

Use the graph above to answer the questions below.
Note: Pay attention to whether question concerns the function f , f 0, g or g0.

(a) What is the value of f(0)?

(b) What is the value of g(3)?

(c) What is the value of g(�2)?

(d) What is the value of f 0(2)?

(e) What is the value of g0(1)?

÷07=0

signed area under curve Ahs : II ( i } - tza ) ( i )

from ×=u to ×= 3

9⇒=f¥ods= .

.fi#s=r.aqnaram.=t2T'E=ECT.D

DNE
.

A corner at X=2 .

So f
'
G) is undefined

.

g 'lx7=fQ) by FTC part I
.

Aris : g4D=fCD= 1
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10. (8 points) Snow is accumulating on my deck. The total amount of snow on my deck is m(t)
kilograms, where t > 0 is measured in hours. The instantaneous rate of accumulation is

m0(t) = 4te�t2

kilograms per hour.

t

m′(t)

(a) At what time is the rate of snow accumulation at its peak?

(b) In the diagram above, label the time, t, obtained in part (a).

(c) Assume that at time t = 0 there are 10kg of snow on the deck. How much snow is on
the deck at time t = 2 hours?

. - - . - .  -

:

I

t time of fastest rate of snowfall

want : m "Ct)=o .

m "ch=4[ t.eett.GE#T=4et2f-2tY=o
E- tz only positive t makes sense .

t=±fk answer : t=Y hr .

l in red )

total amount
snow

Snow

of =

present
+ accumulated

Show

= lot fo24tet2dt=lo+f2iE]o2

= lot [ 2i4 - t2e9]=10t2fe÷] kg
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11. (6 points) Consider the function f(x) = xe2x � 2 graphed below.

� ⇥�⇤ ⇥

−⇥

�

⇥

⇤

(a) Approximate the solution of f(x) = 0 using JUST ONE iteration of Newton’s method
starting from an initial guess of x0 = 1/2 to compute a new estimate: x1. It is OK to
leave your answer unsimplified, but your answer should be an expression you could
compute if you had a calculator.

(b) In the figure above, indicate the point x1 you computed in part (b) and demonstrate
in the diagram how x1 was obtained from x0.

Xo fun
at

jg
-

tangent
line

to

| tetz

f
'

47=1 . e
"

+ x. e2× .z Ahstze'
. 2

Xo= 'z X. = 'z -

-x. =×o -
EH

e 't Ee .2

fkxis = I - tz÷= I -
fate)

lured


