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General mstructions: This test consists of 10 questions on 10 pages (including this cover sheet),
totalling 100 points. When the exam beping, please count all of the pages of the exam, make sure nene of
them are missing, and write your name on each page.

Flease read the instructions on each individual problem carefully, and indicate answers as directed.
Show all your work! Omn questions 6-10 you can only be given credit for wour answers if you show how
¥ou got them. If you found an answer using your calculator, briefly indicare what vou did. W you are
baging your reasoning on a graph from your caleulator, sketch the graph. 'Write legibly. Use units wherever
Appropriate.

| Problem | Points Score

1 G
2 g
3 12
4 10
) 12
] 10
T 10
B 10
9 12
10 12

Tatal 100




Name: 2

NO PARTIAL CREDIT SECTION. {Problems 1-5.) No explanation necessary; ne need to show
work.

1. (6 points) Find the equation of the tangent line to the graph of f{z) = z* + 3x at the point {1,4).

Floon=2x v yeemxth
P'(_I} 7_1.\1—‘:"5 =M

v -4 5(x-1)

V= §g-'§++
Y= 5r-l

Eguation of the tangent line:
y=5 |x + [~

2. (6 poimts) The table below contains some values of the function f{z) and its dertvative, f'{z).

x | iz} | flz) |
ol 2 | 5 |
1 4 | 3
3] 2 | 3
3 2 | 2

Let h(z) be the function h(z} = [f(z)]?. Find the value of #'(2).
h’(_x‘) = 2Py €%y
W()=1 Foo - E)
=2 (-2 3
= -y
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3. {12 points} Below is the graph of a function y = f{z).

!
!

A;ﬁi

N7

Y

List the point A, B, C, D, E, F, G, at which

F has & global maximem: F:

f* has a local masdmum:

+\-\L S‘b\)f.. D? +\‘\-L +ﬂ\“3lh+ hn:..
1S e 3?:&1’-15*“ at &

B
Frai: C)’ *F . c‘ntcrcasin} ok (o
E

f is not continuous:
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4, {10 points) A differentiable function F takes the values given in the table below.

X

1.5 | 16 | 1.7 [ 1.8 | 1.9 | 20 | 2.1

22

2.3

24

]

fix)

IB3 [ 1.84 | 187 [ 186 [ 184 [ 1LBD [ 1.75

1.68

1.61

1.52

1.43

{a) {5 points) Find from the table the BEST approximation to the siope of the tangent ling to the graph
cfy=Ffiz) at = =2.

Slope of the tangent line at r =2

slepe = €72 = FOLD - 2AN

2.0 - 149

-0.45

135S - 194

0.%
-0 .48

(b]) (5 points) The SMALLEST interval in which the equaticn f(z) = 0 is GUARANTEED to have

solution is one of the following:

A)1.6 <z < 1.7,

Em17<x<L&

C) 16 <z <19,

(D) 1.5 <z < 1.8,
(B} 1.5 <z < 2.5,
(F) 1.6 < z < 1.8,
(G) 1.5 <& < L7,
(HY17<z<18.

Write in the box below the letier corresponding to the smallest interval,
1.1y

L9
VY4

Smallest interval corresponds to the letter:
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5. (12 points) The graph below is the graph y = f7{z) of the SECOND DERIVATIVE
of the function f.

Y 4

{’f-(-r
[
Lad

\ i

{a} {4 pointa) Find the range of values of & for which the grapk y = f(z) of the function f (NOT the

graph of "} 1s concave up. )
whenis FTYCYYe

Answer:| — L < %< |

(b) {4 prims) Find the value of £ at which the derivative §* of the function f has a local minimum.

f'(z) has a local minimum at z = - {

ic] (4 peints) Find the maeimym pessible nomber of salutions to the equation f(x} =D,
A&suminj Fhat +he am'h., Perod of T ore ot -6 £ Y
and dhat T s tvl.u-u.‘\"i.ﬂlq...-.n'g.J wi have fha 'F f."nnnsl.'a
Watnuity *uite,

The equation f(z) = 0 has at most | 4- solutions

- .m-—-—
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SHORT ANSWER. SECTION, (Froblems 6-10.) Limited partial eredit may be possible, and a few
sentences of explanation may be required. In addition, you may be asked to state vour final answer in the
form of a complete sentence. Remember to show your work!

6. (10 primts) An exponential model for the population P(t} of Ann Arbor, ¢ years from today, is given by
Pit) = 125, 000e™0228:

{a) (5 points) Find, according to the model, how many years it will take for the populatiom to reach
150,000, Give your answer cotrect to the nearest year, SHOW ALL WORK and state your
answer in a compleie sentence, o1 1L¥ &

|50 000 = |15 ooe &
& - o r2A¥E

< - C
1“&) : In L.o‘.-.ﬂ’e . . 012PE
= \h@') ~ &
ozly

I""r ‘\_p.}.l.u +¢\k"— &?i‘nf‘ow:mk‘t;l\.( ? e R Fbr" +'h.¢_
[hc?....lw.‘i'iba 4o Demctn 150,000, mc[au\ia} bo the medel |

(b} (5 pmnts) Find, according 1o the model, how fast the population will be increasing exactly 4 years
from today. Give your answer correct to THREE significant digits, SHOW ALL WORK and
state your answer in a complete sentence.

oza¥t

Pty = Ql‘iﬁuoj (.022D¢
1
P'(4) = 322 = 3. rie

Th:_ ?o,::u\n‘l'iuﬂ w';il ’hg_ ].-\r.rgar,{nf] at a Tate

0? YRR ng?l; peT Nens in 6‘5\;«&\\1 Souwe N enrs

?mm "]l‘Ol!m-,\f ]
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7. (10 points) The diameter of a football depends wpon the amount of air pumped into the hall. If ¥
denotes the amount of air (in liters) pumped into the football, then the diameter B {in cm) of the foothall
can be determined as a function of V¥ acrording to the formula D = f{V).

{a) (6 points) A football coach finds cut that f{8) = 30 and f(8} = 1.1. Estimate haw much air he has
to pump into a football 2o that the diameter of the football is approsdmately 32 cm? SHOW ALL
WORK and state your answer in a complete sentence.

L9 2 Tt WTE@  For soatlh,

AU T Yo o+ W VD)
hWe 2= =1 9\¢

Y+h= A, 917

m%;ﬂa ineae ﬂrf:‘o':r'hn‘l‘fnf\, we  estimate  that A, VIY Likess

of ar nteds b be lﬂuhlbtal o the Toothall +o make

“+he c‘-:aﬁue"(el" oF +he Focaell 32 e,

(b) (4 points) Suppose you know in addition that 7 s negative for all values of ¥, Given this information,
is your answer to part {a) an overestimate, an underestimate, or can’t you tell? EXPLATN your

ANEWEI.

L Lintar appre.

|
1

|

7 ARy

— .,

?
|

cAY)
Bl Velupe wheye DLV‘=51

ackiual Wrlvee 7 CS#'.MquL .

Our estimate ia put &) 13 an ande r o3bi mate |
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B, (10 points) Ed is working for Ann Arbor’s newest radio station and has to make a survey of the lisrening
habits of U of M's caleulus students.

The survey shows that the number of caleulus students tuned in to the station ¢ hours after 5:00 PM is
Fit) = —6#% + 51¢% — 324¢ 4+ 730,

(2} (2 points) Find, using wur caleulator, the time between 3:00 PM and midnight when the MOST
calculus students are listening te the station. Find alao the NUMBER. of students listening at this

Hme. t=0 . At 5‘-0(‘.}?”\ I{"’Mrr. we T30 shudents l?sﬁnina_
Pz o

{b} {2 pmnts) Find, using your calewlator, the time between 5:00 PM and midnight when the LEAST
number of caleulus students are listening to the station. Find also the NUMBER of students sten-

ing at this time.
£=3 A+ ¥:00pm | “+ hefe o nn"u.r 3.8
f3)= 326 Shindenks Lintea ;’ﬂa .

(¢} (6 points) EXPLAIN, using calculus, why the answers vou obtained in parts (a) and {b) are correct.
Your explanation must include a discussion of the CRITIC AT points of the function f.

We "?'ﬁs“r Fim.\ 1he eritical {ab?wl-s

-3 (€ - Wn)
L N A TA LD

-F’(.E)r.u: = {,:3 art=6

1)

T"‘t (_'l'l""{r,o«.l ‘Pu'.n'*& PPN i‘f-
To Fiad the leﬂ'ﬂﬁi farirue € algl.ml minimam u.:}r_. Com pafy
Fhe Nolues et § Fakes ot dhe cribial peidde € cnd poiats.

PGy =328 fLor= 30
QLo 4ot (3> WRIT,

chtg ‘Hﬂ& jkc\:d Mia GLwiS ot €% L?iﬁof-n\
p..\,ul 'H"'L ljl.u"u[ MAX GLCWIY T LS.HPFH')
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9. (12 points) A famnily of curves is defined for each POSITEVE value of the constam. a by the equation,

' — 2t oy —day+3a+1=10

(2) {4 points} Using implicit differentiation, show that

dy _ 1-z

dr  aly —2)
".;"_{11'1" +'W|1' -4ﬂ\’r +’Sn'1‘l~}= %&(0]
at

2¥-2 +rayy  -4ay’ =0
'1.&{\1'-1)\.!‘ t'}_[l"!}

y'® 1 Ll=x)
e CN-2D

d = -
_tl:-"t‘ ;T’_;_—ﬂ

th} {4 points] For what value of y does the curve have a vertical tangent line? EXPLAIN in no more
than two senterces how you found your answer. ix
£ -0 'Fa""

-rlnt. $lop: cﬁ o-\l':e'l‘t‘:.nl Line ' 5 undg%.‘h.;.gl ‘l:m."r ?‘_‘1 |
.Lu;r\'itp.'c Wae . Hente Fhe Larve hoes & Wrrtied +M\:.d: Vian

‘_-!- \l,-_'.'l i:rg\.ligl.-t:L &l wWe L-‘npq,k'. 4t (.'l.!:l % net ﬁn.'.'l'\l.
— - (&
corve’ l=Ld ¥~ ¥a +3a wlze = aro & tentradictisa
Sinte a0 . | hus Cia) is rot on tea et
{£) {4 points) For which value of the constant @ does the graph have a vertical tangent line at « = —27
No explanation necessary, but show all your work.

X=-%, y=i

(-2)" -2 (-D) Fal' - 4ald) *3a H=0
A ~a=0

"= A
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10. (12 points) Liguid is pumped through a cooling system at a rate of 3 gallons per minute. Since the
system has some loaks the operator adds a small amount of chemical agent to the liquid in order to reduce
the leakage. To test if the chemical agent is having an effect, the operator meamres the amount of leakage
25 minutes after the agent bas been added. He finds that the total amomnt of leakape after 23 minutes io
0.1 of a gallon and that the rate of leakage at this time js 0.002 gallons per minute.

{a) {Z poimis) Let fit) be the cotal amount of leakage in gallons during the ¢ minutes after the agent was
added. Find the values of f(25) and f'(25}.

‘PC?-‘Q = ¢.l
_F‘ (25)= 0.002

{b) (3 points} Let g{t) be the quotient of the tota] amount of leakage {in gallons) during the ¢ minutes
after the agent was added, to the the total amount of iguid (in gallons) which was pumped through
the system during the same time interval Find an expression for the function g in terms of the

faoction f.
&)= _'.?_.".'t)—
) 7€

{r) (4 points) Find, correet to THREE significant digits, the value of g'(23). You must SHOW how
wou obtained your answer using the rules of caleulus.

‘te) - Fied
B'Ll:)r- -!5— ( t“i%_"t_) .
2 (. 0ed= (VY = o pF X0
‘JIU'S):—%L T o5%
2

{d] (3 points)The operator decides that the agent works if the fraction of leakage to the total amount of
liquid pumped through the system, decreases with time. Did the operator decide the chemical agemn:
vworked? EXPLATIN, showing all your calculations.

Since -3'(15)‘(0 : the Prackion of Lt--ISuJL -\,—n'i"aa_"('b"?ﬂ\

e l]rll_.\;gl. EL..,M(JE-L 'H‘\rnujh Hooa i\i‘.‘{'th R

akmau.,n“'
S [ l.-‘h"‘k! "

c!t.c.i“‘eus{ng Loidthh Lime Tor Cimes Near 15,
+he otu.r..,+¢r taley +he Measinie mments he o~ she

c‘Er..'lclcs Hat e ‘“3”‘{' werky



