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Northwestern University

Math 220 Final Exam
Fall Quarter 2018
December 12, 2018

SooTions

Last name: . Email address:
First name: _ NetlD:
Instructions

e Mark your instructor’s name.

__ Catiez
_ Chu
— Frankel
_ Porod
— Richter

—— Wyman

e This examination consists of 15 pages, not including this cover page. Verify that your copy of this exam-
ination contains all 15 pages. If your examination is missing any pages, then obtain a new copy of the
examination immediately.

e This examination consists of 10 questions for a total of 200 points.
e You have two hours to complete this examination.

e Do not use books, notes, calculators, computers, tablets, or phones.
e Write legibly and only inside of the boxed region on each page.

e Cross out any work that you do not wish to have scored.

e Show all of your work. Unsupported answers may not earn credit.
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1. (20 points) Suppose f(z) is a function satisfying f'(z) = 2e* + 5 _522

Z

/1t 30 +c=5
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{55) e D&+ S acank) =27+ c

K{(O) = Do+ 3-ardeulc) = O + <

gf/f() = 2€X+ S arclew, (x) — 34x
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t |

—z'/® and f(0) = 3. Find f(z).
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2. (This problem has three parts.) Determine the value of each of the following limits.
3

. . sinz—=z
(a) (5 points) il_r)ré T e

, 2
/é_:nq, SiaX =X
' [+ e*

X%

(b) (5 points) iﬂ%
Xhx=t X~ Z/)(x+3)
/ZUVL | X /&mc /&M gy
X2 Xx—2 S
(c) (5 points) lim 1- ;Osaz
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3. (This problem has six parts.) Let f(z) = 22_ T

(a) (2 points) Find the z- and y-intercepts of the graph of f.

X~L'f—JJ2ﬁCeij 3 Sed 3-’:0 O - X

X

—  X=O0 i JLe o».ﬂ] X~£L[che/'4'

g~ Zwlelce/vj! g_&f x =0

o .
3‘ PEY ©

Y=o s e gﬂ‘“[wf/"b

(b) (5 points) Find all horizontal and vertical asymptotes of f, if any.

%&):)%’:I (s lowliwuous Jor ol x ia ﬁ T lepe ’<,
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Recall that f(z) = %5
(c) (5 points) On which intervals is f increasing? Decreasing?

4&):/% . X2 "‘1 =D > yi/=0
(x ) (x*t1) x =t
- o

E—f—t— > olenl ol
[ o i

{ Y-2) 40\ f’[o)>0 P4 {z) <o
4 tS L'*zéf‘ﬂafc'aaa On ["/, /) |
4 ts oéeCf,wchU Oa [~ co, *I) od o //, Oc’) :

(d) (5 points) Locate the local maxima and minima of f.

TZ»Q L/‘clcaz,a ol XxX=1 s a /&&ej ﬂe/\?é‘ﬁfcm /gJ
A | dlercvakive toy i‘*%ﬁ%’i‘ff%

T(Q &/‘c[‘—c@é ind x=-1 ¢ 8 /&96@/@ MLt /é;z
J/Qe / ‘Lo&fc't/ekvue 4’68'[ oved vLeQ fesw@/(/nw

/pﬁf\/ ) .
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(e) (5 points) Find all inflection points and determine the intervals where the graph of f is concave upward
or concave downward. It might help to know that the second derivative of f is f"(z) = 2z° 6w

2 T (14?3
Sel flla= 2Lr=0 = 2 l*3)-0
( XQ’ X:o , X = t/g—-’

— (

i |
t

- (
!

i
{

(
|
- ;3 i O ! r(l? R
f’/{_z) 40‘ f”["l)?a { fii([) 49 / f Z) 20

—> { s Loucsve Lefﬁ/%ra/ on @ﬁj O) Qud On ({3’7/00.)9
%f) e Loucave dowmeyard on [-co/-ﬁ") o] Ou [0/ p’;)‘

IM@"»/’/O&’JJ{ O/ W, "V; =

(f) (3 points) Sketch the graph of f(z). Be sure to label any local maxima, minima, intercepts, asymptotes,
and inflection points.

2,‘.‘

= Do cak maX.
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4. (20 points) Find the absolute maximum and minimum values of the function
f(z) = =3z* + 42° + 122% + 1

over the interval [—2,1], and the points at which they occur.

ﬂ@_{d cdervel mebod

&f"(xk —f2x% l2x"+29x = O
- 12x (x"—X‘Z)"\O
~[2x (x-2)(x+1) 7O

X =0
. /&e OC&’/S 912 Leﬁ
T T e

£(-2)= -3 l6- 48+ 124 ] =~ 31

m
ff(! = *—zolr4°lr12~/+/ = 114

0)= ~3.0¢ 40ti2o+1 =I

6{(4).: g el b (2ol ] = 6
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5. (20 points) Suppose f is a differentiable function satisfying f(0) = 0 and

i £ O hi)z —fO) _,

h—0 a

Set
9(z) = zf(ze”) + f(sin(f(z)).
Find ¢'(0).

We Aypocs f’(O)-“Z p (f[@)-‘o

s 'll= Effxex) + x wa e |+ f (s [f&) @} /f;)

g 1= gt 0(/ ) + o) s(o)-{ )

O+ 0+ 2:1-2 = @

H
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6. (20 points) A balloon is rising at a constant speed of 4 ft/sec. A child is watching the rising balloon from a
spot on the ground that is 80 feet away from the launch pad of the balloon. How fast is the distance between
the child and balloon increasing when the balloon is at a height of 60 feet?

o=\ K th]*+ €4e0”
2ol ') _ 276D 4 _ 240”7 _

= '\/[)([19]2—%4907 / " @00 + 6400

d'%) =

Ausver: Tle oliclonc belocon Ll Jild
ocd Mo foolloon is c'%cnafsm'ma el o [eate i

%f‘lsec hee, e liohd ?7/&2%@% “
O [eey.
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7. Let f(z) = (z + 1)%.
(a) (10 points) Find lim f(z).

Lo Ao AV

/&/"L (’”‘ = fimm e = p O

X= oo X =) oo /
qu: ’s OM. beconse Jlwe @?4 fa(
Hoxacld (S Coulivwots
/&. Ko, (1) KLH e xi,
N X = A _
X o /&Lm ] O

o A= ao
=
. L (®)
Aqfu.ewl /&Vh (x+1) =€ :! | )

X ap
(b) (10 points) Find f'(z).
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8. Let f(z
(a) (5 pomts Explam how you know f

— e=271 with domain (—1

) is a strictly decreasing function.

—

x+r)
[’[X ( '

‘"h-—-/

E O[,gojﬂ/rcg//ao

(x+/)3
Sace &%T% >0
_2 4 ©
X+l >0 aud é«+:)3>o

(b) (5 points) Determine the range of f(z).

fon S0 x . (oo ).

) & sl &iqﬂ-

[Hint: To answer this question, }fou ﬁrst need to compute two cj
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(c) (10 points) Find (=) (e).
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9. (20 points) Explain why there is exactly one number satisfying the equation
e® =2 — 30z.

Be sure to name any theorems you use, and to explain why they are applicable.

[ed {l1= o~ 0+ 30x
47,[’():-6)(‘1‘30 > O %ﬂqﬂ x & R.
— {(X\ if Q Sj/'L(OL% C:“C/'MJ('VV %’”Jé%/ M/'“e/oyke

@hé*io —OHL .
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10. (20 points) A boat leaves a dock at 2:00 PM and travels due south at a speed of 20 km/h. Another boat has
been heading due east at 10 km/h and reaches the same dock at 3:00 PM. At what time are the two boats

~lot )

closest together?
(io

‘é N 2,9&/'3

dock

20-t

J(1)= \ [ omiot)™ + (20¢)° —> e 'cﬁ‘J/o%s
wdien @ prescpiar

So, T ca [o1] <
(losed clorvel meltool : f
Sy o Aot 1 L2t o s

]/GO ~jof %+ C?@H”'
/ ~Joo+ loot + 4oot = O

Spot =/v0
t= /s )
C/ltzc‘@oé/o&wl » [f‘).
d(0)=10 tm Jﬂ
d(1)=z 20 Am

R e
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YOU MUST SUBMIT THIS PAGE.

If you would like work on this page scored, then clearly indicate to which question the work belongs and
indicate on the page containing the original question that there is work on this page to score.




