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MATH 180 Final Exam
December 9, 2019

Directions. Fill in each of the lines below. Then read the directions that follow before beginning the exam.
YOU MAY NOT OPEN THE EXAM UNTIL TOLD TO DO SO BY YOUR EXAM PROCTOR. This
exam contains 14 pages (including this cover page) and 16 problems. After starting the exam, check to see
if any pages are missing. Enter all requested information on this page. You are expected to abide by the
University’s rules concerning Academic Honesty. Please put your initials on each page.

Pans \ress

Your Name:

Your UIN:

UIC Email:

TA Naine:

Circle your instructor.

e Martina Bode o Matthew Lee
e Shavila Devi

e ViDiep e John Steenbergen

The following rules apply:

e You may not use your books, notes, calculators, or any electronic device including cell phones. Only
pencils/pens allowed.

e You must show all of your work. An answer, right or wrong, without the proper justification will
receive little to no credit.

e You must complete your work in the space provided. We will be scanning your answers into our
~ grading system, so any work you do that is out of place, too close to the page border, or on the

wrong page will not be graded!
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1. (15 points) MULTIPLE CHOICE

Circle the correct answer.

(a) (3 points) — 2% < f(z) < —22 + 3 for all 2, then by the Squeeze Theorem evaluate 11111 f(z).
x—1
(7_*%“—) =l LN 2] | D (mLed) =
=1
0 @ 2 None of these answers

(b) (3 points) A function f is defined by

f(x):{Qc :1f:v<0

decosz ifx>0

f is continuous on (—oo, oo) for ¢ =7

\iuss 2 = 2c | *'Q':Lf = =2
T X6
0 1 @ None of these answers

.3

(c) (3 points) Evaluate d(i( /0 (sin® ¢) dt).

sin®(23) cos®(3z?) sin®(32?) 322 cos® () 32” sin®(z%)

(d) (3 poinﬁs} Given that f(2) = 4, and f/(z) < -2 for all , can f(3) = 5?
2( Q) £ 2 .")\1 HMvT
Yes

9
(e) (3 points) Suppose f is a continuous function. If / f(z) =7 then by the Mean Value Theorem
2

for Integrals there is a ¢ in (2,9) with f(c) =7

20y = ave vl = '—‘1':‘“ =t

(?) T 14 None of these answers
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2. (20 points) Compute the following limits, use L'Hépital’s Rule if needed. If a limit is +o00 or —oo state
which one, and if the limit does not exist, explain why.

(a) (6 points) Il_l}ll_lg%? % HV@L % L Mne (LM&\-S,&J-\
= e @xEE -2) Waa v
“1-3 e (1G5 +L)

g \
=\ Ve __)_(ﬁ:jf—— = = -L}

£A-3  (yer) (Nxad +2) To+e

o L Haad® ‘ l
= iy, Elxe¥ I ZH \
YA -3 \

. 41 Z
(b) (6 points) Tl—l:)l?_ g 06 1—1,4& 0%

T
el = Y-\ 20 _,___=>

+ ,
. . T -
(¢) (8 points) xE%1+(1+2m)3/ o-Q \an. | y Mmag y\;_J-\__:pQ fo&,

¥se
L=V \w2e)

A0+
b L= Ll '2)2 , Qaf L8 2 nd*i-]r-e &% -0, L\m’)—tcoc,rqua\
L0+
(PN ED) O
bnl= b —( of Hpe o
Ky 9.
Qo= 6 6
- {1 42 % - = - Q '::D L=€
t A \
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3. (10 points) Use the limit definition of derivatives to find f/(z) for the function f(z) = 422 — 5.
No credit will be given for using any other method.

P b Jg(mz\ ~ )
WA
- (goean=5) - (05S)
h-0 by

= liw LFCKL+L,¢L\+—Q‘)7(;L€XL_*/‘C’/

W L
" bt By 4T - lewd

s h

i

= iy (%x +-'-(-\4)

\d—lo

= &x
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4. (20 points) Differentiate the following functions, using logarithmic differentiation if needed. Do not
simplify your answers.

(a) (6 points) f(z) = 22 arctan(4z) f)/rw N,Qo\

— v= erctan ()

\ \ X \ Lf
,G Cy:\: Z-DK MOFJ."\(‘CM—) & ——2% ¥ = KL*"\
TV O
X &4\
(b) (6 points) g(z) = xiil %\a\b\{n—\A‘ rwj-‘L
2 = vy |
%\& \c@,e’v"-} (xi‘%-ﬂ —&-GX Ux u‘—_-,Z,QUX Ve X
(x=H)

(c) (8 points) h(x) = (2 + sin z)** Qﬂé’(}‘/}e\_u\g‘c__ CJ/\'S@

Jon W) = 22 O (2A-Sw)
Cop %

2_4-Sik %

AR = 3 L (Lsia) + X
h(x) X
%
Gy
W Y= Q&ﬂ,..\(?_+§i\«x)-\-3‘k_—-2—;—:ﬂ4—¥=) (24 S Mx)
~N—

W)
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5. (10 points) Find an equation of the tangent line to the graph of the function
flz)=z++ratzr=1.

( - e
Co=1r 7%
el(\\:\—\r‘\i’—"‘g

Liy= Leti=2

6. (10 points) Find the slope of the tangent line to 2y + cosy + 2% = 10 at the point (3, 0).
tmplicd diff

\-\\er-%\ +t$?\w) % F 2% =0
/'\f_____—
p(ytow‘f\—QL

@ x:’}. gz\-t-.:o

d -
04-3&?( + 0 +22=0

d

dy . =
Bd& &
f‘_“,—_~z
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7. (12 points) Consider a function f(z) whose first and second derivatives are:

N et " 20z
fla) = a7 and fila) = (2% + 1)

Make sure to justify your answers with a sign diagram or some other work.

(a) (4 points) State the intervals where f(z) is decreasing and those where f(z) is increasing.
\ - ' + -
fleo %223 e dfd = e
A v 3 AN
=9 uA
«Q—“"W\‘S C-ﬂo‘,-iﬂ Od (3 00)

{ Qe,«—ew% ( =2.2)

(b) (2 points) Find the z-values of the critical points of f(z) and classify each as a local minimum,
local maximum, or neither.

@ X
@ w=+%% loca\ v\

-——3 \OCQ-\ e LV

1)

(c) (4 points) State the intervals where f(x) is concave up and those where f(x) is concave down.

A -

X< gn oy MY ~w—
AJ

£ = ()
=¢
Concenrt down (-4, 0)

d) (2 points) Find the z-values of inflection points, if any.
Y

@ ¥=0 poi\ky—ﬁé ™ o
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8. (12 points) Consider f(z) = 2® — 122 + 4. Find the absolute minimum and maximum value of f on
the interval [—3, 1]. Show all your worlk.

Cle—QA_tV\..kNLQ CDMPL&_ \f&.\.la-ﬂg

Pl )= 22 Medtiod ,L«_,e'@‘)
f'=0 x4 _2 |23 4368 =2
X=y = ;gi ol S| =8 42444 =
. s, il I L \ -2 =-F
J=9 nia tj’zm e
L0 = naax value

9. (12 points) A kite 40 ft above the ground moves horizontally at a speed of 10 ft/s. At what rate is
the string being released when 50 ft of the string is out? Show all your worlk.
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10. (14 points) Find the point(s) on the parabola y = %3:2 that are closest to the point (4, 1).

(a) (1 point) In words, what quantity (objective) needs to be optimized?

M&SH%LL Oj/'\ YJO\\J\' C)(NU\) o \1—:/.-2&’)(,&— % (Lf'\.) ;

(b) (2 points) Draw a picture/modeling this situation.

2
(c) (4 points) Find a function for the quantity that is being optimized, and find its domain.
Distoume ={f(*'*3l + (1= ‘LL“;P
ov N d wadndwam @"W"‘C’L)l :

6N\ 4 (- 43" Deomein =R

(d) (3 points) Find the derivative of your function, and find the critical point(s).

£1es A (4= + 20 (=4 [ =x)
= @ a2x +(~2x) p x3

= )(%——8 =0 =) gXT—‘-L!

(e) (4 points) Simplify and justify your answer. The final answer is:

-
3/\‘({/\{5,&‘ g '\L A ;AN :)\{:,\i-(&')z-:&
5&0’1:&%

~ A=, J 4 Ll A - S
T b e A o () S e po (2 2) -
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3 0 2
11. (6 points) Given / 2f(z)dzr =4 and / f(z)dz = 3, evaluate ] f(z)dz.
2 3 0

N 3
}_va-\di= SQ&»\dx ~ S.Q(vchdxg
0 o 2
() - @

- )

1
12. (8 points) Consider the function f(z) = -~ fromi 2 =1t6 =5,

(a) (4 points) Sketch the graph indicating the left hand Riemann Sum L, for n = 2 and f (z) on the
interval [1,5). Compute its sum. Write your final answer as reduced fraction.

"_\,Llrl\—s W2 Ax=7
'le Vs .

25
. e v 5) e =18

T '—{:-'\\_ilg
1I15

(b) (4 points) Find the actual area on [1,5]. You can leave the answer in the exact form.

S

5
5%: Qandstd = 5 - Wy :‘—iLSI

\
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13. (12 points) Find the following definite integrals, no need to simplify your answers.
Y X!

1
(a) (6 points) f (222 — 5z + €%) dz
0

':._1_7(_3- —%—KL*-?K
3 0
- E-é-&@)-(O—O-“\
3 2
mll 3=
s te-l = C -7
w/4
(b) (6 points) /_ /4(cosm—4sin(2x)) dx = —@% = _.E

(WSX ~) Len WW <l

Y o (L) ™ od d %‘*‘“%h =1 _g(‘lS»\x[Zsu\d,\L =9
<,
A ly

&. g CoS w (LK
0

T ly
A+ Sy \
D

(-t%:()):"“ﬁ
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xZ
14. (14 points) Use the graph of f(z), provided below, to define the area function A(z) = / f(z)dz.
=

(Assume that the graph of f consists of a line segment and a semi-circle)

R S ,;,,, et ,,,6 Jr e ,_;.___
! ¢ ! | | !
i | i | i
i | : ! i L
i ! i i W D‘ =1
e T e T
[ ! ! — i i 4
| L, =4 fd 1 i
y _ZJS_( 43 -—wj_.u. P
2 | | =
1 LN o ;
T M g e |
M =LY
k..,.'j,, _....“:1,-,. ,,,,._;ﬁ___,ld ’4{ _.._,W._E._,.,
| /== T L
B -1 1 2 3
! ! i i !
| | i |
. J !

(a) (5 points) Evaluate /D f(z) dz, /2 f(z)dz, and /2 f(z)dz.
-3 0 ~3

- - = = 344+
-:[\‘zik{ @ -_-.F\—-h'““!rr

(b) (5 points) Evaluate A(—3), A(0), A(2) and A'(—1).

AN =0
A(o) =
AQ) = ++T0
AA) = 2 FTC A =)
(¢) (4 points) On which intervals is A increasing? decreasing?
A- dec«ﬂ/x\.a (-3,2)

nereeiay (2 2)
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15. (18 points) Given v = (—1,3) and w = (4, —2).
(a) (4 points) Find the cosine of the angle between v and w. Do not simplify!

2y oy
VW =4 -6 _ =~lo =AL5

(—OS'G- - —_— - — -~ _-L
WA W Nio Yoo Y wo \oV N

(b) (4 points) Find a unit vector pointing in the same direction of the vector v.

..-‘j-J_ \ g
A = -\ = A g =
A <m‘m7

(c¢) (4 points) Find proj, w.

—_ =
s A y . ~\o _ -
Rroy3d = '6’-’\-7"'7 = — {-\\3% =<\ =37

(d) (6 points) Sketch the vectors v, w and proj,w.

B
oy s ;
F

-

4 43 -2 41 1 2 3 4 & &6
-1+ ]

oy o\, TS

16. (7 points) A tow truck pulls a van along a road. The chain malkes an angle of 7/6 with the road and
the force of the chain is 500 N. How much work is done in towing the van 20 m?

Wolk = Forte - Disdounca
= (SOOM-coo"r/g) (2_0)%\)

= 500-20 - Y2 4.
ODQ_Q)LUM

= 500033 Soules
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THIS PAGE WAS LEFT BLANK INTENTIONALLY. YOU CAN USE IT FOR SCRATCH
PAPER, BUT NOTHING ON THIS PACE WILL BE GRADED.




