Math F251 Final Exam Fall 2021

Name: Section: O FO1 (Faudree)
0O FO2 (Gossell)
O UX1 (Gossell)

Rules:
You have 2 hours to complete the exam.
Partial credit will be awarded, but you must show your work.

No other aids are permitted.

Place a box around your ’ FINAL ANSWER \ to each question where appropriate.

Turn off anything that might go beep during the exam.

Problem | Possible | Score
1 10
2 8
3 8
4 8
5 10
6 10
7 6
8 6
9 5
10 5
11 12
12 12
Extra Credit 5
Total 100
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1. (8 points)
Evaluate the following limits. If you use L’Hopital’s Rule, please indicate the form of the limit (0/0 or
00/00). X Note: We intended +4is 4o be
L -7 O lim _J‘j:_:_Z_
Xa }cl—rﬂx—lxﬂzj,/@ =z =0 74 %216
4.9-9=25 + 4
R N T 1 G ) B
=32 =Tx k12T e Q(%)()(_LD
1-21412=0 - -
Lorm % S -H'\e,llm S Az >3, X Fx +12—0"
infinite. Need to £ ‘gure and 42 3y 52570, So

Olﬁ-{ '\’/— S'lsh.
2. (8 points)

Find the derivative of each of the following functions. You do not need to simplify your answer.

the q/ua-}ien'f iS ?os#/'w,.

a. f(x)=(sinx)(In(x’ + 1))

70 = (Co5%) In( 34 —P(Sm)()( y )
X
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b. gk = e V¥ 4+ 3x° + cos (;_r)
|
= | =% X

G 5
F18x° 4D == +18x
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3. (10 points)

Evaluate the following indefinite integrals.

[ N s -23)d T3 x3+3 X He

b. fsechdx = ln/—l—an&){ + C

tan x

led n=tanx
duz Sec,zxob(

4. (8 points)

The temperature in a cabin is given by
15¢
0+ —
+1

where T is measured in degrees Fahrenheit and 7 > 0 is measured in minutes after starting the wood stove.

T@) =

a. At what rate is the temperature changing at time # = 0? Include units in your answer.

Eind TCO) . %o TYo)= 15 °Flpin

T’z 0+ (BDU3)= - 150D

@;—}D
_ 15
(t+Dz -

b. Compute lim,,. 7(f) and explain what this number means in language the general public might
understand.

@‘O«L ’5* _50+15=6L5°F

or)j 7”([/’)’) 'qu/

16N - : 0LS
Wrer?chF”*)f oni AS gime g5 o) ches 65°F.

+ emWw\'uVE/ ih the cabin afp?roa

3
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5. (10 points) 1/

A drone is launched off a 2-foot platform. Its upward velocity i 1n feet per second at ¢ seconds is measured

by the function v(1) = 2. 41— — 5 ( | {/g’j

a. Find A(¢), the height of the drone at # seconds.

retan N+ =C
hE) = gvc&}t Zﬂh@échjo i
g = 4= Sarctan(E)+c h ()= 5arctan (E)+ L

Find A(1), the height after 1 second. Include units. Hint: tan(r/4) = 1.

h (D) = Sarckan(D) 2 ;M

c. Find a(¢), the acceleration function at ¢ seconds.
- ) 22 (> /0T
o (D= VY= 5! )(I’l"t) ( > [0 +‘f,2)2_

d. Find a(1), the acceleration after 1 second. Include units.

_ - _ =1 -5
&(3 (232 ‘j 196/5/

e. Find v(1), the upward velocity after 1 second. Include units.

vy 5= |5 5]

f.  Use your answers from parts (d) and (e) above to determine whether the drone speeding up or
slowing down when ¢ = 1.

Slowing down
(’B@musz/ aéL} ond \/(_D ha ve At Huhe_ht

S(%nSB
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6. (10 points)

A manufacturer discovers that the revenue gained by producing and selling x products is R(x) = /Zo0x and
the cost is C(x) = 3x% + 5000.

a. Write the profit function, P(x). (Hint: Remember that profit is revenue minus cost: P(x) =
R(x) - C(x).)

2
PCx) = [ 200 x-(sz—fSéocb =1200 x -3x —~5000

b. What is the domain of the profit function?

[O)PO> or (O, OO)

c. How many products should the manufacturer produce to maximize the profit? Be sure to justify
that your answer is correct. That is, use Calculus to show that your answer 1ndeed does represe

maximum or minimum. Bu +he £‘rﬁ 6{1””/“ ia
(P/(%v — [200 — é)( =0 P 4 ma)(\ml%{,c& Wwhen "H’IZ/
Se )(: 200 man w@ac’\’lﬂ’e"/ ?’Wl"‘c’e’s alm(
rA+#FE O - kSig/r/ H.S Zod WAMCB, 4
C ] 7 > P No‘lf- Using 2" Avwa‘hve-lsb observe ? =—(p £0.
/ 700 {000 Q5 P hat a max at x=200-

OR, You could observe that Pis a downward
[ rabola.
7. (6 points) opentng Pparabo

The volume of a spherical balloon is given by V = §7rr If the balloon is being inflated at a rate of 32z
cubic inches per minute, how fast is the balloon’s radius changing when the radius is 2 inches? Give units

with your answer.
;P[MO ih =t Solve -
307 =471 %\DC

e % ?/j ] ’."/m':n
[l
1# V= 471>, Fhen -

5\\/ == 327 /h/mm
'Fir\c\ i/; wheh Y’/Zem

av _ > dr
at ~ 9T Y df 5
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(6 points)

8.

The function G(x) is continuous on its domain (—oo, Q) U (0, 00).

e
A I
mc
J - O
£ 3
3
A
~Q
\J D
5%

0) U (0, c0).

y
VA: XD

b

e G’'(x) is positive for all x in the domain (—oo

e G”(x) is positive in the interval (—oo,0) U (2,

e G”(x) is negative in the interval (0, 2)

=-1
(o¢]

HA - Yy

-1.

e lim G(x)

(x) = —co and liI(I)l_ G(x)

x—0*

e lim G

Sketch the graph of G(x).
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(5 points)

9.

Consider the function Q(x) graphed below.

Find lirél_ o)

a.

Find lim O(x)

b.

Find lim Q(x)

C.

For what values of x, if any, does Q(x) fail to be continuous?

d.

Z

X=

At what values of x, if any, does Q’(x) not exist?

e.

><§ 0)'—2/
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10. (5 points)
Consider the function f(x) graphed below.

T\
8O\
BE

a. What is the value of f(6)? 0

b. What is the value of f"(6)? Z

The following questions concern H(x) = fox f(s) ds.

c. Whatis the value of H(7)?
7_
H(@3)= g L) dx =7
o

d. What is the value of H'(2)?

H /[7/3:‘?(25 = /

e. At what values of x does H(x) have a local minimum?

X=(
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11. (12 points)
-1 2(3x - 1 120x + 1
The following questions concern f(x) = (ji__s)z Note f/(x) = — ((xi 3)3) and £”(x) = (x()i -;)4)‘

a. Find any critical points of f(x).

g!—'t 'Fl:O. Z[%X—D:O_ S°X=,/3_

£7is wndufined when ¥=3 |
Pk X=3 isnt in +he dornain O'F'F&),

b. Identify the locations of any local minimums or local maximums. Justify your conclusions. If no

Answer 2 X=J
ns 3

local minimum or local maximum exists, state this explicitly.
(usin 4 I$* levivative. Fes€) . ((usina 2 gerivative Fest?)
i~ Sigh o'f \/

;o= 0 W Y ’ 2(l3) _+ S
—1 f £ (%)= —"‘1';=+7D ]

Al 1
;513 G’

3
'ty = —*= So £6) has amin &t X=3-
iy = === - . f has
[ - Theve iS no Jocal max since
£ (= :—’;t =+ ho other crificsl P”'ft'

£t (Nste £7(3) = undif isat helpful aboe)
+

Answer ¢ £ has a lical
m’— Yo and no
Jocal max.

c. Does f(x) have any inflection points? Justify your conclusions.
’P /) _ _ } 4/‘_ Notl:
=0 lheh X=— =
~ O ptx &Sign of £
S
47’ [ ( i
O -
++

T
g

-

Tt
e
£ has ahn ir\‘F(ac-%/'or\ fPo'm’f' at X="| hecause

£ changes Sigps hese.

(Note L does not have ah infleckion Poi

'+ in +he domain ard °
.l]i,l 3",;,, of 1 does net chanje, Signs 4~£><¢3.)

ot at ¥=3 because x=3
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12. (12 points)

Water flows into a tank at a rate of r(f) = 10 + 4x — x? liters per minute from ¢ = O to = 5 minutes.

2
a. Compute f r(t) dt.
0

2 2 z
S (D) ‘%:g (oxte - ) &t =Iot +Zt?'—3' 73;7 Q0+ —58)-(0)
0 o o

= Bl 8_ %

— —-—
- —

> 3 3

b. Interpret your answer from part (a) in the context of the problem. Make sure to include units.

The net Change of the Vlume sf water in +he dank between
Yhe slavt (£20) and Zminudes |wkr (£22) is 26 s
3

c. Attime t = 0, the tank contained 40 liters of water. How much water is in the tank at time ¢t = 2?

L/O+ ﬂp I Hek = ’l:gé' Jides
3

13. (Extra Credit: 5 points)

Evaluate lim tan xInx. You must show your work.

x—0"

2
_L —Sth ¥
i D X li il

lim Hmx In) = lim lnG) Q}'”‘/“ = M X

= 2
X=> o* X ot CtE) X7y —eseX X0
@)
form 00 oo ¢ —Form-% Z—G)Y'V”‘é
Bl 2smxest _ 2Ol g
*X0t l
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