On my honor, as a student,
I have neither given nor received
unauthorized aid on this acadernic work. Initials:

Your Initials Only:

Do not write in this area

Math 116 — Final Exam — December 14, 2018

Your U-M ID # (not uniqname):

Instructor Name: _ QO NOFEIC ( AL SolLOTIONS Section #:

1. Do not open this exam until you are told to do so.

2. Do not write your name anywhere on this exam.

3. This exam has 12 pages including this cover. Do not separate the pages.

If pages do become separated, write your UMID on every page and point this out to your
instructor when you hand in the exam.

4. There are 11 problems. Note that the problems are not of equal difficulty, so you may want
to skip over and return to a problem on which you are stuck.

5. Note that the back of every page of the exam is blank, and, if needed, you may use this
space for scratchwork. Clearly identify any of this work that you would like to have graded.

6. Please read the instructions for each individual problem carefully. One of the skills being
tested on this exam is your ability to interpret mathematical questions, so instructors will
not answer questions about exam problems during the exam.

7. Show an appropriate amount of work (including appropriate explanation) for each problem,
so that graders can see not only your answer but how you obtained it.

8. The use of any networked device while working on this exam is not permitted.

9. You may use any one calculator that does not have an internet or data connection except a
TI-92 (or other calculator with a “qwerty” keypad). However, you must show work for any
calculation which we have learned how to do in this course.

You are also allowed two sides of a single 3" x 5" notecard.

10. For any graph or table that you use to find an answer, be sure to sketch the graph or write
out the entries of the table. In either case, include an explanation of how you used the graph
or table to find the answer.

11. Include units in your answer where that is appropriate.

12. Problems may ask for answers in exact form. Recall that = v/2 is a solution in exact form
to the equation 22 = 2, but z = 1.41421356237 is not.

13. Turn off all cell phones, smartphones, and other electronic devices, and remove all
headphones, earbuds, and smartwatches. Put all of these items away.

14. You must use the methods learned in this course to solve all problems.

Problem Points Score Problem Points Score
1 15 7 6
2 9 8 8
3 10 9 12
4 9 10 6
5 10 11 9
6 6 Total 100




Muth 116 / Final (December 14, 2018 ) DO NOT WRITE YOUR NAME ON THIS EXAM puge 2

1. [15 points] The table below gives scveral values of a twice differentiable function f along
with its derivative f* and continuous second derivative f”

i 0 1 2 3 4 5 6
fz) | 1] 24 [ 25 | 22 [26[43] 6.7
fizy| 2 | o7 [-03[—-01[11]22] 22
ffz)y [ -1 -14]-05] 08 |14 |07 -0.7|

Unless otherwise stated, you do not have to show work, but work shown might be considered
for partial credit. ) T ol ?u@
a. [3 points] Find the value of/] af'(x)dx. i 2| v=8'6d |
f ! 5 -C6D1C.
_ - ) - JE6dx =xE6)-CK
S‘K‘:n(’aax :Suv‘éx = N - Sm\(éx X F' &) S| . ):l [ i ]
: vy = [4e'ed) - @] -[FD-F] = |4l0-2e
So quF'&N"» = XF&) Qm]. I: - J-1

- Lon-z.«1
I Answer: /4 zf’(x)dz = ?) 5
1

2241
b. [3 points| Let H(z) = / f'(3t) dt. Compute H'(1).
xz

K+
HOO = 380 | = 5 F(3) - 360

% H'K) = jF'(3K‘+3)(ax) I E 4 &
¢ el _clay Answer: H'(1) = 2
L He)(e)-5 ) Answers Hl)

1
S0 H Q)= .
c. [3 points] Use TRAP(3) to approximate / f(z) dz. Write out cach term in your sum.
0

T&AP(3) = Ax [%_'39 tY+Yya? 31‘33] (z)l: Fy+ C(2)+ §C4) + 3 FC@)]

= |
9 [ s(N+ Ls+2.6 + %_Cc,.?)—]
B 17.9
Answer: flz)de =
0
d. [3 points] Find the 2nd degree Taylor polynomial Py(x) for f(z) centered at z = 3.

PL) = £+ E D (x-3) + 35 (3)(x-3)*

z
= 2.2+ (~0)(x-3) + 1 (08)x-3) N
2.2 - 0. (x-3) + 0.4 (x-3)

Answer: Py(x) =

6
e. |3 points] Use your answer to part (d) to approximate Fla)de:

S E(x)b)‘ < i El(!() A T j‘ (2?— O‘()C ‘5)404(x 3) )é)( QQI w \(3
= .30 é — - <+ -——u} —(.)-')W’-3
= S Q_Z-O.lu) + Du‘f(})) W 2.2w u: oS‘uo I :: -3

20

6
Answer: /0 f(z)dz
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2. [9 points] A particle travels along the path given by the parametric equations z = h(t) and

y = p(t) for 0 < ¢ < 4. Graphs of the functions h(t) and p(t) are shown below.
y dee | Tas de<= . Ihe

| e ™ Pac max de<

2 3 - PRE— hn
. Paallin\ " 5]
1 2 3 4
: \/ \ |
-2 - — t
2 3 4
-3 =1 \/ \/

| Graph of z = h(t) | [ Graph of y = p(t) |

Far
1

Note: The local minima and maxima of the functions h and p are as they appear in the
graphs. In particular, they occur at integer or half-integer values of t.
a. [2 points| In what interval(s) is the particle moving to the left and upwards?
Circle ALL intervals below during which the particle is always moving to the left and
Lebt: h dec upwards. (Circle NONE OF THESE if appropriate. )

(0;“’1):(2-5}“) 0<t<05 Oidantal 1<t 1.5 o<t 2 2=t 28
U\f TP nC 25<t<3 ‘3 <t< 3‘5’ NONE OF THESE
(1,2) ,(34) |

b. [2 points] Find the equations of all horizontal tangent lines to the path of this particle
for 0 < t < 4. Write NONE if there are no horizontal tangent lines.

. o o4 S e _ P o pley) =0,
hori%o 4—0«\ SENY) = —-__“Jx/Jt ey = P

So hop;tonhs.l \Mtods ay» €=, 2 3

lae Y= "‘} 3 ~4

Answer: LA = ) 'a =3

OJ o

c. [5 points] On the axes below, sketch a graph of the path along which the particle moves
between time t = 0 and t = 4.

On your sketch, label the points de-
scribed below with the corresponding
value(s) of ¢.

e The particle’s position at times
t =0, 05,1, 1.5, 2, 2.5, 3, 3.5,
and 4.

e The points at which the particle
is highest, lowest, farthest right,
and farthest left.
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3. [10 points]
a. [4 points] December is a busy time for cookie bakers and cookie eaters. Suppose that
there is so much baking going on that cookies are added to the cookie supply of Ann
Arbor at a rate of 10 pounds per minute. At the same time, 2% of the cookies are eaten
every minute. Write a differential equation for the number of pounds C' of cookies in
Ann Arbor at time £, in minutes.

éﬁi = /O".E)Zc'
Answer: dt

Let P be the number of pounds of cookies in East Lansing at time ¢. P satisfies the
dP
differential equation o5 = =P — 200)2.

b. [4 points] Suppose I’(0) = 0. Use separation of variables to find a formula for P(t).
Show your work carefully.

S______,Y- ':"-&A_'E Lot w= §-100
(p-220 Simce P (0)
5 = Sét \

———l—':" - —
e = LoVv T 5 4+¢C
\
=N L=t +C = C= Zo0
W
\ \
= W = Trre So P(+): 200- T3
\ o
|
o 2007 Tor = ___--—]
- P = ¢00 t+e = loo[\ o0t + |
- youoot
2,00"\‘-""
{
. .
Zoo - &/*é&

Answer: P(t) =

dP
(2 points] Find all equilibrium solutions to the differential equation = (P —200)2.

o

Then determine whether or not each equilibrium solution is stable, and write each
equilibrium solution on the appropriate answer blank below. Write “NONE” in the
answer blank if appropriate. 4 a

I
P 1 i
P LA \ r

Answer: Equilibrium Solution(s)  Stable: NONE Not Stable: 200
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4. [9 points] The polar curve r = sin(46) cos(f) for 0 < § < 7 is shown below.
Y
T

Note that there are two “large loops” and two “small loops”.
L = 4 cos(f) cos(46) — sin(0) sin(46)

For reference, note that for this curve, %
a. [3 points] For what values of 6 does the polar curve r = sin(46) cos(f) trace once around

the “small loop” in the third quadrant? (This portion of the curve is indicated by the

dotted line.) Give your answer as an interval of 6 values between 0 and .
nwad 4 oc ?o\\\ e

Loole at Srgws of X aud 4 ‘o determone
o = SmYecos® l X=rcosS j lb-.-rSmQ S
™ 4 % + QI
11/2 i - - O«(
>, - * i o2
- 1+
3 + ToeT
Answer: Ll 2=

b. [3 points] Write, but do not evaluate, an expression involving one or more integrals that

gives the total arc length of the two small loops.

/2
Arc len =7-S mﬁ\s

Wl
X
Arc Length = ¢ ( J (S""*e‘"se) +(4 Cos"(BCosa—ques.nej'Ae

Answer: .|
/Yy

but do not evaluate, an expression involving one or more integrals that

losed by the polar curve 7 = 2 but is outside the

c. [3 points| Write,
gives the area of the region that is enc

curve r = sin(46) cos(6).
\Ww\ = | a8l -\eos 8\ £1.1¢2, So Hee bu&o—i—\é \S contrnined
In He crcle of radiuws T. =

ngrlég - %So SIn*48 Cos*OdO

[fﬂ' - %grsmwe cos'® Ae]
2]

Ar{m msde bw“(rgb =

Answer: Area =
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5. [10 points]
a. [b points|] Using an appropriate Taylor series for e”, determine whether the integral
1
1
Jo eVt —1

dx  converges.

Circle one: CONVERGES DIVERGES

Justification:

» $ , > \ Exd
B e me HOR R+ B IRX AR oexel,

N4 "

l& _ S ..L.. 3 Con.v-irgj,s L(j Ye P-'l‘QS'F‘ (P—"/L)
J

|

So 5 éﬁl—réx Comw\a,as J comfa.m'soﬂ.
5 =

o0
b. [5 points] Using a Taylor series for a function f(z), compute the exact value of Z %

n=}
1
1=z’

00
\ 3 3 I )(“

I e b T Ot T G S

| =X h=0

AWEVECI S ol b Yo Siles -

(Hint.: Consider the function

|

a\r&

hxn—l Tl W=0 Lerm is O So Can

o4

-2, _ 7
(=) (D . iqrore. #*

>

{
G )" h

Thad con VgL loa e ratio
\

. LAN=L
N ( —) - 42
Zrzl = g \
Answer: This is a value of a Taylor series for the function f(z) = (-x)*

=

-—

feck Whan Ix12] . Se ik X 53

The radius of convergence of this Taylor series is (No justification needed)

oo

q _
Finally, Y - = /4 =225

3n—1'

n=1
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6. [6 points] Consider the curve y = V1 — 2. Suppose a paperweight is formed by rotating this
curve around the z-axis. This paperweight has a density given by p(z) = 2 + cos(z) g/cm?.
The units on both axes are centimeters (cm).

a. [3 points] Write an expression that gives the approximate mass, in grams, of a slice of
the paperweight taken perpendicular to the z-axis at coordinate z with thickness Az.
(Assume that Az is small but positive.) Your expression should not involve any integrals.

rodivs of slice = { (—x= ™ :

AR E :‘/ ) Ax Volume of slice = rr-ax = TCI-)(")A”( e
) 1-)

| (24cosx) T(1=%") 4%

X

;} Answer: Mass of slice =

b. [3 points] Write, but do not evaluate, an expression involving one or more integrals that
gives the mass, in grams, of the paperweight.

g‘ (1+co5X) (1-x*) Lx

Answer: Mass =

7. [6 points] Determine whether the following series converges absolutely, converges
conditionally, or diverges, and give a complete argument justifying your answer. In
particular, be sure to show all work and include any convergence tests used.

=N T
=R

™~

=)

aFtwme ofF €

Circle one: CONVERGES ABSOLUTELY \CONVERGES CONDI'I‘IONALliJ DIVERGES

Justification:

~ derms cQlernate m qu
- ]krm—s[ decreasks

- (g

And ZTL Sivergss by He
P-tes 4 (G).—.O Se

Bur Lal) o L evenbuall,

- |d+eems| — O

e
S0 C,onutlrfbe,& ‘93 7
N -
aﬂkrnal"“a Se e iCS Les#, Z = Lma&g \nw&

C.OM&)O(‘:SD"‘!
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8. [8 points] Suppose Xena the cat is running around the backyard while wearing a tracking
device on her collar. The device measures her z- and y-coordinates in meters, with the origin
set as the center of the yard. Suppose ¢ is measured in minutes after Xena went outside.
Xena’s z- and y- coordinates satisfy the following differential equations for ¢ > 0:

%; = cos(z)/t2 + cos?(z) and % = —sin(y)y/t? + sin(y)

Portions of the slope ficlds for these differential equations are shown below.

NNV LR y-.ﬁm.x\\\\\\\\\\\\\\\\\\\

QAer s s 2 000 ) S

Vv ir bbb b b bbb Ty D VYNNI,

e NN R NN ey NN RN

Bt S L AP e A S A S B A A B A A A | » SEES A0 g0 ity A S N 0 o b A Y A (O (O [

B e e 3rf2 s s o @r st p LT

o A RN NN VAR Y Yoo e bbb

D TV T Y W T R i T TR O Y O T A W O O P v A A S B S AV A Y Y N SN S A A A |

~\\\\\\\\\\\\\\unuu R P P DN

EL N T U S T N L T O O L O O I e e

NN S U L S O R O S SO W SR RSRRETA STONIUNIA N ¥ A

fossas S S S VO T TR PR TR T T N U O O R AL UL AR W TR T

B AN RNNNAN VAN O N T T Y T T W T T O T T W G U S U |

A /2 FNNN 000N L

L USSR W L W N U U O S T T O O W T AN S S

L AR EAFESLL T BAAAD LT ELLD Y N O O T W L W A S O W

PP SR PR N NN N NN U WS AL NE RN

g ko ppp b4+ ¢ | | | b } —+ 1

1 2 3 4 3] 6 1 2 3 4 5} 6

Note the following: lOne minute after she goes outside, Xena is at the point (m,37/2). ‘
a. [3 points] How fast is Xena traveling one minute after she goes outside? 5o x= T, «- ?-E-_r
e — -lL

J , = :

K|, = cosm) | mecosm 2|, -smCR)Fr 820D Tons Fovy
t=| A o B

N « G R SR TN

Z-

Answer: Speed = meters per minute

b. [3 points] Find the equation (in zy-coordinates) of the line tangent to Xena’s path one
minute after she goes outside.

dy A= o o
,A_ﬁ.ﬂ é.i—/-fl—?-—)Soo.’r‘(::lﬁ':—ﬁ !

Ax ) Aj/é'ﬁ -
Answer: y= (—() ()(-TT‘).q..a_E: - .--Z...x

c. [2 points] If Xena keeps running around the yard for a long time, what point (in
zy-coordinates) in the yard will she approach?

Answer:
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9. [12 points] For each of the questions on this page:
You must circle at least one choice to receive any credit,
No credit will be awarded for unclear markings. No justification is necessary.

For parts a-c below, circle all of the available correct answers, and circle “NONE OF THESE”
if none of the available options are correct.

a. [4 points] Suppose a, and by, are nonzero sequences. Functions P and @ satisfy the
oo oo

following: P(z) = Zan(m — )" for -1 <z <3 and Q(z) = Z bpz™ for -1 <z < 1.
n=0 n=0
Which of the following must be true?

i. The radius of convergence of the Taylor series for P(z) around z = 1 is at lcast 1.

ST

b p [579) oo Sinea P(Z} = Zﬁ"
ﬂ\ o bn n .
11. Z g C(JTlverge% 111. Z (I.n2 dlvergeS- v, Z — le{‘rg@S] Cand 5/ A, =30

n=1 n=0 n=>0 n

\
A 20
fpa —

"

v. The Taylor series for P(x) around z =0 is Zana:“. vi. NONE OF THESE
n=0

b. [4 points] Suppose f(x) is a positive, decreasing, and concave up function. Suppose
T
further that all derivatives of f(z) exist at z = 0. Define F(z) = j f(t) dt.
. . 0
Which of the following must be true? 02 pos, tl“_t ¥ B ¢, Conc Doion

r- ALC Conc we M Fl V\-e,ﬁ} 1nC
False ~—3 i. TRAP(n) is an overestimate of | F(z)dz for all positive 1ntegers n.

Smee F Cone Dn U v F= Z Z na,Xx . o |
R&*w est Zﬁnx fw\h; £‘M 1 “H\Ix] 4
- iy -« . L .
F, ¢\ bot ii. F(z)+ F"(z) is an increasing function. k el L \f""m"“)m <l
w e : : ™, bud
iii. The Taylor series for F'(z) and for f(z) centered around x = 0 both have the | Wuse
same radius.of convergence. ; [TV o
(<) e Yue
’Q‘*’;a il S BR 4« § amt

* F’CK} f{ ) ot
s F6O G0 V. dz converges. V. Z f(n) converges.  vi. NONE OF THESE
Qa- E6) = dw= ?‘C:Oé% o F(z) 1
+ W -
£\ Sia
i f.’::; 'SF?_oA @ c. [4 points] Consider the differential equation y' = (cos(x) — sin(y))?, and suppose
y = g(z) is the solution to this differential equation that passes through the point (0, 0).

5 SF(Q Aw Which of the following must be true?
wl

X
Cowntanexample: Fx)= 1+€

7

Wiach Live o) \ i. This differential equation has no equilibrium solutions. ‘I ‘11 g"(0) = —2)

ba ?.-PS+ (e=)

iii. ¥ = arcsin(cos(z)) is an equilibrium solution. iv. g(z) <4z for allz > 0

bLio e Lg" £y

[v. g(z) is increasing) vi. NONE OF THESE

Mcau&e_ '-ar 20
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10. [6 points] The Taylor serics centered at = 0 for a function F'(z) converges to F(x) for

—e <z <e ! and is given below.

F(:I:) _ i (?’1+ 1)Tr,$n

n!
n=>0

1
for ——<z<-—.
e

£

[2 points] What is F(2918)(0)? Make sure your answer is exact. You do not need to

simplify.
FEEZIEI;)?) ¢ & = (zo1g+ '8
& 2 i R ey T
. < N coe§Sicrent o (2018)
201%.
201%
F(2018} (0) == '?'O \q

Answer:

[4 points] Use appropriate Taylor series for F' (z) and cos(z) to compute the following

limit:

o (F() = 1)(cos(z) — 1)

m—s-U 3:3

Show your work carefully.

(om o, (140
X 4
Fx) = T % 5
= | 4+ X+ %KL"‘-“
(N
So F(X) -\ 2x + 2AT+-
K&,
cosx = =37+ 4~
okt W
%) Cos R =) = ;"'\'}{q
S S
,Qn ('2;(-\—3'%* §( 2 _?._‘1_______.}.

Answer: lim (F(z) — 1)(cos(z) — 1) =

L

X0

'

...x'3 i (Pwmoc—x
3?&- Yz 3

3)

% 2

z—+0 2:3
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11. [9 points| Provide an example for each of the following. Your example must clearly satisfy
the given properties. If no example exists then write DoOEs NoT EXIST and briefly explain
why no such example exists.

a. [3 points] A differential equation that has at least one equilibrium solution that is stable
and at least one equilibrium solution that is not stable. (A complete answer consists of
the differential equation and both of these equilibrium solutions.)

é“" —— +. ——

ax

ﬁa = ﬂ(\-—ﬂ) L&ﬂe—x——\—a—-»—l—-c—-&—

f—g 4 - -

L
_fa

Answer: Differential Equation: _ ddﬁx = % (l-%)
I O

Equilibrium Selutions: Stable: Not Stable:

2
b. [3 points] A continuous function f(z) such that LEFT(2) < RIGHT(2) < / f(x)dx

0
where LEFT(2) and RIGHT(2) are, respectively, the left- and right- hand Riemann sum
estimates for foz f(z) dx with two equal subintervals.

You may describe your function f by giving a formula or by drawing a clear and
well-labeled graph. Then briefly explain why your function is indeed such an example.

LK) = - Cos (1TX)
z LEFT(R) = () [fG1+&0) = ©
RIGHT(R) = () [EOO+HD] = ©
3 | 5 = [2-0)-[o-0) =2
But Sg&)éx = e ;E-rSm(zTrx A
2]

Answer: f(x)= |- oS L?-WX)

%fsxpéarzlinﬁim IY\CJ\P_G-SIV\f) hor decreas ) i+'s possible
Coc both LEFT cnd RIGHT [} lpﬁ ouln Oc e esdy \uzce ‘s
Tn this R, the sample pomts lhoppen o b, Tt RpieRT Y Luncdion ,
c. [3 points| Give an example of a power serics whose radius of convergence is 0. (You must
use sigma notation for f%l credit.) G ) 0O
How about: ZY\EXV‘ , B:)'LL"M'&‘-D \ast . f"m \—E: ;’g'_’:m\h‘x""
ne = Piis (h‘!"\ﬂ\(l Wit Xim%ﬂs win le sy

h =2ed
n-=>00 X=0.

Sl "

YO

Answer: Power Series:
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“Known” Taylor series (all around z = 0):

o0 "
s (_1)nm2n+l B 3:3 (_1)n$‘2n+1 ’ ]
sin(z) = RZ=0 Gt T =3 + o4 2n+ 1) + for all values of z
B (_l)n x?ﬂ _,L..Z (___1)11:32?1 _
cos(:n)—nZ_;} n)! —1-——2—!+~-+W+--- for all values of
DO pn 2 2n
e —nz:%-—?_1+£+2!+ +n!+ for all values of z
o0
(_l)n+1$n 3‘2 I3 (_1)114-]:1..71
1 1 = — _— —_— — s -_— R — <=
n(l+z) T; = o 2-I—3 + 7 =5 for —1<z<1

p(p—1)$z+p(p—l)(p—2) 3

(1+z)P=1+pzx+ 51 T x4 for —1l<z<1

1

l—=

o0
*—-Za:”'z1+I-|—3:2+3:3+---+3:n+--- for —1l<z<1

n=0

Normal Distributions

The density function of a normal distribution with mean g and standard deviation o > 0 is

p(m) — 1 e_(a‘l_lu’)2{(262)_
oV 2m

The standard normal distribution is the normal distribution with ¢ =0 and o = 1.



