Math 115 Caleulus Final
15 December 1997

Department of Mathematies
University of Michigan

Name: Tnstructor

Signature: Section: -

General instructions: Flease read the instrections on sach individual problem carefully, and indicate
answers as directed, Use uniis wherever appropriate.

This exam consists of 12 guestions on 16 papes {including this cover sheet and a blank final page),
totalling 100 pointz. When the exam begins, please connt all of the pages of the exam, make sure none of
them are missing, and write your name on each page.
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NO PARTIAL CREDIT SECTION. {Problems 1-6.) No explanation nccessary: no need o show
worl.

1. Suppose that the graph below is a graph of g'{x}. In other words, this graph is not a graph of g; it is
a graph of the derivative of g.

y=g'(x)

(2] [3 points) List all of the lubetled values of 7 at which g has a local rnaxim}:m. ) .
TA kx > 0
s x<xs,  a/l) <o
J *
(b} {3 points} List all of the Iabelled values of x at which g has an inflection pDult. K7 xé}- *

x?p} ?‘\q "LK]':—G e?

fc} (3 points) Last all of the labelled smlues of = at which the graph of § 15 concave up Lﬂ?w
; ‘ a1 x,l >

i .4 X

! A 4 X 2 3 X 394 !

2. (4 points) Let &{z) be the function graphed below, and suppose chat the shaded epion has area 1 Find
the average value of A{z) over the interml -2 < r < 3.

$y=hix)

) -1

The average value Is: I 2 [ B

\

" 5

\ 1

51 R x F
=@ +=6

'R"\Lﬁ\ dx —
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3. Let f and g be functions described by the following table of data.

z | flz) [ glz) | fliz) | g'lz)
—3 1 3 | —a.m | =216
-1 3 D] —157 [ 135

1 0] -1]-151] 106
3] -1 1] -1.33 [ 2.02

(2} {4 pomts} Let Alz) = flg{z)). Compute A1), rounding your finat answer to 2 decimal places, if
NeCESSATY.

Lo = £lalo) gy =
ey = FLa) 2y = FEY ¢l

= 149N & V.06 — —~ 2 . @832

Answer: | w— ), o q

{b) (4 points) Let miz) = giz)eos(Zz). Compute m'{—3}, rounding vour final answer to 2 decimal places,
if necegsary.

milx) = g,'(x:gm'zx “+ ‘}L’*) é_ﬁ ot 2 X

= 9 (x) e 2x 4 Fix) E——i $in 2 X\

W) = Ba) ) + 3T ]
= 2.) (Fa¢e2) 4+ 3 (~=2) (-21 q &)
‘ - —R, M40

Answer: — ‘3 . rTE
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4. {6 points) Let f, g, and k be functions described by the table below. Suppose that one of the funclions
is linear, ane of the funciions is cxponential, and the remaining funcrion is neither linear nor exponential.
Iilentify the linear function and the expenential moction.

| Jlz) ' glz) | Blx)
¢ 20713 | hE202 | 17141
i B.2852 | 14000 | 3.7854
156417 | 16124  5.83567
33.1408 | 26000 ! 79280
DLTE25 | 4.1924 | 9.9993

; 2.M3x 4 — 114l = 2,03
12'\ -[is-t-helinearfunction. =, &85 LM — ‘3.'18551—.""_ 2. oIz

/. 6202 =— L1.&V2 &
Lbrtag/a = . bV %

5. (4 poincs) At the beginning of an experiment, 100 grams of the exponentially decaying radicactive
substance Dilithium-182 are placed n a container, and 36 hours later, 25 prams of Dilithiom-187 remain in
the container. How many hours afier the beginning of the cxperiment were there 50 grams of Dilithium- 182
in the cootainer? (Round your answer to the nesrsst hour, if necessary.)

Pe) = owmenk of%ﬂﬁr v L
P Lk) \ oo C ) S
SAnag. {)KP) = Vo ¢ lz6)= }i‘i-zr

). Co= \¢v &JT,&:) Y =
» |
’}5,“:@2) B = Y= x5 E=~

T | L R | Ny

2’ is the exponential function.

1

aever| 1S Hrews
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6. {4 points) Ace, Gene, Paul, and Peter own the coffee mugs pictared below. (The handles are solid and
hold no coffee.)

One of them fills his coffee oup at a constant rate {i.e., constant volume per imit time), and the graph of
the deprh of the coffee against time looks like:

depth
of
coffes

ame

Who filled his coffee cup: Ace, Gene, Paul, or Poter?

G" E. N E iﬁ]led his coffer cup.

Bﬁam w LA Y. vl LN

e . Ade Crena . .
P I ST R A
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SHORT ANSWER SECTION. (Problems 7-11) Limitced partial credit may be possible, and a few
seneences of explanacion may be required.

7. For bath parts of this question, vou do not ueed to explain your answer. bt show all of vour work.

Consider the curve given by
oy — 27 = 12e¥ 4

a} {7 poiots) Fmd the equation of the tangent line to the curve at (2, 4},

M
L oGeyo = & Gae* s
g L
tx"i% —2 X = 22 A
Ix Te

f e X=2, Y4 = t -
, da . dy

fﬁr—i» U Bk v g =300

Answer: \%1 ~— "".3'5_"_ x + L

(b} [3 poimts) Using the tangent line to the curve at {2, 4), approximate the valee of y at £ = 1.9.

w= 2 LN +y = 2885

Answer: 3 - 8 'E;-
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8. (0 puints} Suppose that g is differentiable everywhere, and furthermore, that:
s g has precigely two critical points, at o= 1 and ¢ = 3,
* gf) = -1
v g1 = -2

At x = 1, does g have a global minimnm. » global maximun, or oeither? EXPLAIN your answer briefly
in complcte sentences. A graph may be uscinl.

&y 3 x) >o A x <A v g4l<e
=2 vg}(}k)‘po {,.r x<l ek X dow b a

Yuhe 3,, Con _ Cl\aruaﬁ tgn oo W= 1, T,

g i) <o = ) <o H x7 2.

T x) <o M w<x< 3 saen. Bt )<
ovwk % cﬁw\%p, Emeam N = 1}*3‘
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9. (8 poings) For flzh =2 — .0002z”. and -3 <z < 1:

{a} Find the value(s) of x for which fiz) has a glebal maxmium, and EXPLAIN briefly how you know
Fliz} reaches its global maxminm at this point/these points.

{h) Find the value{s) of o for which f{z) has a global minimum, and EXPLAIN briefly how you know
Fiz) reaches itz global minimum at this point/chese points,

9\0,4_:@. dum
-&ZL)Q: E‘;{L_. -ua&{&j&l — (_nﬂ“m‘.l;)l .
Voo gl oo whan Ve ceea]
fa e = —R A~ e *M“&f\'"‘j-
Tz, .

Atrcs o Ao (@) 4 X= —3 ‘1
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10. This question has parts {a}, (b), and {c}, on two pages.

Pepa is parachuting from an ajrplane. Lef t be the mumber of seconds after she first jumps, and let vif)
be her downwards velocity {in meters per second) at time {3 seconds after she jumps (jc. att =3
seconds), she opens her parachute, and for 3.7 < ¢ < 4.1, she revords the following data.

t {in seconds} 3.0 38 0 39 740 ] 41
r(t) {in meters per cecond) | 11.22 | 10,67 , 1002 : 9,29 | 8.56

ASSUNME that for 3.7 < ¢ < 4.1, her velocity is always decreasing.
{a) (4 points} Estimate Pepa’s aeceleration at 1 = 4.0 seconds, as accurately as possible from the given

data. You do not need to explain your answer, but show all your worlk, and state your final answer in
the form of a complete sentence, using the eorrect units.

accformdien A k= 4 = V9,

~ (-8 ~— ~e{4)
3’4

AT =5 Vvily) ~ v v () B-S6- T2

.\ g
—_— - m?) . L\—]q_n‘- Aﬂ-(nx_ﬁ_rﬂk\o{u A r-] . ‘3. f—ﬂr
S erchk et G o= iy socs,
{) (4 points) As accurately as possible given only the information above, give upper and lower estimates
of the total distance Pepa falls berween § = 3.7 seconds and # = 4.1 seconds. Yon do not need o

explain vour answer, but show all vour work, and state your final answer i the form of a complete
sentence, using the correct units.

a:E.M' AR Lo \.rq,!ﬂ',% aQ,. o Ao
has < M “a <112z + 1o L% le.ez L.29F
= -\l Z‘L, 1.2 —= A2 ' 4

Vi) =

Xowir  Rwnd 24

.\t_ W, M 3 to. o2 48,29 % ?,5'61

J—-’——m\y‘?‘g’gfs-(?b: 'g.gs#_% LaA N
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3 points) Briefly EXPLAIN in complete seotenees why the actual toral distance Pepa falls between

t = 3.7 seconds and ¢ = 4.1 seconds is between your twe answess in (b)),

1\ 2. ard 100 . Mo X MLz2

aﬂﬂ\ﬁm %a‘@% \%'\:ﬂ-\fﬁ-&.

Totard e o rronnen A%—\‘b b1

Mo aed ok A

MM “LWMW%

f‘ﬁ?f\fa f—Qﬂ-rA 1,’1u . S‘-I-a‘..evucl “na
J@ﬁ& &% S | ¢‘i1— VLI w
/\J?rwx % & \e.pN ==\ & 4N v,
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11. This nquestion has parts {a), {b), and {¢). ou three pages.

The everything-hut-music-videss television channel MTTY has been keeping track of how its regnlar view-
ership is changing. At the beginning of 18995 (¢ = () months), 5.6 million people were watching MTTV
regularly. Let #(¢) be the rate of change of MTTY s regular viewership, in millions of viewers per month,
¢ months after the begimming of 1995, and suppuse the graph of #(3) i as shown bolow,

i

I
— I
= I I I
Z 04 - e e b —— A —
£ I I I
= I I I
g_&_‘ ___r__1_
I I i
&= I I I
g I | |
A + r r
-2 | ! I
faa I I I
= I __L__a_
o
5 T
= I | I2|
= | T —
= : t {in months}
= A S
;:; | 1 1
r ! I
{ R I
I
L

{a) {4 points) At what time(s) in 1985 was MTTV's viewership decreasing at the fastest rare? JUS-
TIFY your answer wsing no more than TWO0O SENTENCES.

T T /s it m—.b@u.t g w‘g{ A
e, %—dﬂk—% N A oo
C = e e M gt o

mmw
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(b) {7 points) At what time(s] in 1995 were the fewest people watching MTTV regularly, and how many
people were watching MTTV regularly then? Briefly JUSTIFY your answer,

Mo
e

wi\ﬁ.‘ﬂw_ﬁ-&u&

P

k_’_::-’_?; cl/ug\ ’\u&l w‘h s.zm{
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(c) {4 points} At what time(s) m 1995 were there € million people watching MTTY regularly? You do
wot need 1o explain your answer, but show all your wark, and state your final answer in the form of
a complete sentence, using the correct units,

O

gog + ‘i":;- ‘Slq-f—l'

e

't: e fd\iam_ N

0 + 2 = 5.9

= 10’ N,  are

YHanee
e

£ V= 4

\Ch?/ \DV?‘ W—@r\ﬁtﬂq.
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ESSAY QUESTION
EXPLATN your answers using complete sentences. Use graphs, tables, and for farmulas in your explana-
tions, if poseible. If vou use a graph in wour answer, it st be drawn neatly and carefully, and labelled
properiy.

12. This question has parts {a), (b}, and (c), on two pages.
Farmer Fiona wants to hire workers to pick 900 bushels of apples. Each worker can pick 5 bushels per
hour and is paid 32.00 per busbel. Fiona must alsa pav a supervisor $20.00 per hoor while the picking is

in progress, and she also bas overhead costs of §16.0H) per worker hired,

(2} (2 points) If Fiona hires w workers, how many hours will it take them to pick all 900 bushels of appies?
No explanation necessary, but show all vour work.,

A go 129

(b} {3 points) Find a formula for Fiona's total costs € as a function of the number of workers w she hires,
No explanation necessary, but show all vour work,

Clw) = 2 & Q¢ * 2o Ll%)
- 1o W

TAnen 249m = cals oA ~ oA
Vg’l. MM‘
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(c} {8 pomts) How many workers should Fiona hire in order to minimize her rotal costs?

Make sure that yor EXPLAIN in complete semtences how you know that the pumber of workers in
vour final answer minimizes Fiona's costs.

CHw)= _22€130 4 4y

f

Q'Lw) — o —=7 wr o *o £ 180

O <KW < is == C'w) < o
L RV = C'{w) >o.

HM L o= s s o> W




