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Question §

The figure sbove shows the graph of /", the derivative ofa
iwice-differentiable function . on the interval [3, 4] The
raph of " has horizontal tangents a x = ~1, x = 1, and
x = 3. The areas of the regions bounded by the x-axis and
the graph of f* on the ntervals [-2, 1] and [1, 4] are 9 and
12, respecively.
(@) Find all x-coordinates at which / has a elaive
maximum Give a reason for your answer.

(b) On what open intervals contained in 3 < x < 4 is the
‘eraph of / both concave down and decreasing? Give s
Feason for your answer

Gaph ot 1

(©) Find the x-coordinates of al points of inflection for the graph of /1 Give a reason for your answer.

(@ Giventhat /(1) = 3, write an expression for /() thatinvolves an integral. Find f(4) and f(-2),

@ S()=0atx=2,x=]andx=4 {1 identifies x = -2
£(x) changes from positive to negative at x = 1 answer with reason
Therefore, / has a relative maximum at x = 2.

(b) The graph of / is concave down and decreasing on the infervals | [ 1 intervals
“2<x<-land 1 <x <3 because /' is decreasing and 2501 reason
negaive on these intervals.
(©) The graph of f has a point of inflectionat x = ~1 and x=3 | (1 identifies x =~1,1,nd 3
because " changes from decreasing (o increasing a these 2401 - reason
poins.
The graph of / has a point of inflection at x = 1 because /'
changes from increasing o decreasing af this point
@ @ =34 [ r0n 1 integrand
3:4 1 exprassion for f(x)
12 f(4) and f(-2)

f@ =3+ = 3s (-

F =3+ [P rea=3-' rwa
S3-(9)=12
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Question 3

‘The function i defined on the closed interval [, 4]. The graph
of f consists of three line segments and is shown inthe figure above.

Let g bethe function defined by g(x) = [ /(1) di. <
@ Find g03),
(b) On whatopen intervals contained in ~5 < x < 4 is the graph ort
of g both increasing and concave down? Give a reason for your
©) The function s defined by () = £C1.Find 413)
(@ The function p is defined by p(x) = /(x* - x). Find the slope Graphot
of thelinetangent 1o the graph of  a the point where x = -1
@ 80 =] Sy d=6ra-1=9 1 answer
® £ =f() L1 answer
21 reason
“The graph of g is increasing and concave down on the
intervals -5 < x < -3 and 0 < x < 2because g = /
positive and decreasing on these intervals.
() S ’
(©) KH(x)= 5 2: H(x)
o 3+ e
()= DO
@ )= L - x)x-1) 3 {z Pl
1 answer
PN = Q) = (2(3)=6
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Question 4

Train A runs back and o o ancast-west ecion of

o rck. Tin s velociy, measred i metrsper | (mimas) | 0|25 |8 |12

i, i genty adfkseniabctcion (0 whee [ L

time i meanred in minuis, Slectedluesfor ) | 41) (P | 0 J100] 40 1201450

e givenin the able above.

(@) Find he average acelention of rain A over the interval 2 % 15 &

(b) Do the dta inthe table support the conclusion thattrain A's selacity is ~100 meters per mime t some time 1
with § <1 <87 Give  reason for your answer,

(€0 Attime 1= 2, train A’ position s 300 meers astofthe Origin Staton, and the rin s moving 10 the cast.
Wit an expression involving aniniegral tht gives the positon of tain A, i meters rom the Origin Station, at
time 1 - 12, Use atrapezoidal sum with thrs subintvals indicated by the tabe o approsimate the pasiton of
e trainatime 1 - 12

(d) A sccond train, train B, travels mort from the Origin Sttion, At ime 1 th velocty of train 8 is iven by
Uy = -5+ 600+ 25, and at tme 1 = 2 the train s 400 metcs north ofth staion.Find the rat,in meters
per minute,atwhich the disance between train A and rin 4 ischanging a i 1~ 2.

averngeaced = (8122 (2) 2102100 L 110 pyi? average asceleation

@ avemgeaced = 481 z ’ 1 savaage acel

O v, isdiffrentiable = v, iscontimous 2l <
Vy(8) = 120 < 100 < 40 = v,(5) 1 conclusion, wing VT

Therefore, by the Intermediae Value Theorem,thre s a time 1
St K suchihat v (1) = ~100.

© 512

1 mpcroidal sm

0 Pt =00 [y { 1 postion cpresion
s
1 poonat e 1 - 12

o W00,y 0120 4 120150

vty e 3100290 45 405120 4 2102150
0

54012+ 300~ 450 - 150

The posiion of Tran A at time ¢~ 12 minuies is approximately 150
mters westof Orgin Station.

(@) Letx be rain s psiton, y train 8 position, and
betwean tin {and trin B,

ERE e
=300,y
Vy(2)= 204120425
300)(100) + (400)(125)

d: 0000
o0

distnce rebtionship
1ianswer

e disanee { 2 implic diffeentaton of
3

160 meters pr minute
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Quastions
! o234 s |6

e I

0o e o [ s

Hot wate is dipping through a coffeemaker, filing aLarge cup with coffee. The amount of coffee inthe cup at
tme 1, 0% 1< 6, is given by a differentible funtion C, where 1 is measured in minutes, Selected values of
(1), measuredin ounces, are given i the tble above

(@) Usethe data i the table 10 approximate €°(3.5). Show the computations tha lead o your ansver, nd
indicatcunis of measue,

B0 b atime £ 2515, which €11y - 27 iy souramonr
€1 Use it s s bl of s ngth nctd by et he bl o st
i |
e vt L[ €1y d. Using coret i, el the i of L0 i comstof o
e

(@) The amount of coffc n the cup,in ounces,is madeled by B(r) = 16 - 16¢"%, Using this modkl, find the
te at which the amount of coffc n the cup s changing when

@ sy LY=CO BELUD g uncee/min approximtion
. units
) C s diffaremishle = C iscomimns (o he chosed imrval) |, | 11 SU=CEL
aN-c2)  126-88_, 1: conclusion, using MVT

a1 2
Theretor, by the Medn Value Theorem, thereis at least
anctime 1, 2 < 1 < 4, forwhich ¢'(1) - 2.

L .
©@ e baea 2 ez 1 midpeint sum
34 1: apprimton
losaerneang 1 et
(606) =101 cnces
L{10)dt tthe mngeamet of et the e
ounces, verthe el 0 <. €6 mines
@) B = -16(-04)e Y < 64 Y 2 {l B
L)
B(S5) = 644 = 84 gunces/imin
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Question 1
Fmintes) o [ 4 [ o[ [
W(r) egres Fabrenheit) | 5507 | 570 | 61x | 619 | 700

The emperature of vaterina (o at e  is modeled by a sty increasing, twie-difereniable functon Y,

where (1) is messured n degrses Fabnenheitand 1 is measured in minutes. At time 1

thetemperature o

the water is $5°F. The wateris heted for 30 mintes, beginning at time 1 = 0. Values of /(1) at slected

times 1 for the firs 20 minutes ar given in the table above.

(@) Usethe datainthe table 10 estimate J°(12) Show the computations that lead o your answer. Using comect

it nterpret the meaning of your answer in the contet of this problem.

(6 Usc e nthetabito et (). Ui conck i, et s mesingot [

inthe context o his problen.

L se a left Riemann sum
© For 051 5 20, e avnae mperatin ofthe wac nthe s -5 (). s s e R

it o il dctsd by i s s o it 0. e i

approximation overesimate or underestimate the average emperature of he water over hese 20 minutes?

Explain yourreasoning

(@) For 20% 15 25, the function ¥’ that modelsthe water temperaturs has it dervatve given by

Wi

Py - IS IO)  679- 618
@ wi) - 2= 0

<101 ot
oAb —
T

[0 w0 105010

The water bas warmed by 16°F over the inervl flom
0 mintes

0t

L [0y dt (4. H(0) 4 5.9(4) 5 6.18) 0.5
@ B[O s w05 W 60 5015
= 2545504 55714 6.61845.679)

L 9
= disseg0m

This approximation s an underestimate, because  ef Riemarn
sum s uscd and the function Y i stictly increasin.

@ WS =0 [ b
70 20mis

non

447 cos (006 ). Based on the model, what s the termerature ofthe water at time

{1
1 inerpreaion with wnits

{1
1 inerpreaion with wnits

1 approximtion
1 underestimate with eason

{ e Ricmann sum

[
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Question 2

(minutes)
i
(degrees Celsis)

of2s 9|

6 (60| 52444

Asi potofteacools,the temperatre o the eais modeld by a difereniable functon 1 for 0 < 1 <10, where
time 1 is measurd in minutes and temperature /(1) is measured in degrees Celsus Values of (1) at selected
values aftime 1 are shown in the tble ahove,
(@) Usethedata i the table to approimate th rate  which the temperature ofthe ta s changing at time

35. Show the computatons tha ead 0 your answer.

) Using comect nits, expln the meaning of -1 {1(1) i in the contet ofthis problam. Use. trapezidal

sum withthe foursubintevals indicaed by th tble to stimate 1 (111

(€ Bt [“110) . Usng o i e o e aessionin e oo i
bl

(@) Attime £ =0, biscuits with temperture 100°C were removed from an aven. The temperature of he
biscuisattme 1 is modeld by a diffrentiable functon 8 for which it is known that

B(0) = ~13.846 ™, Using the given models, attime £ = 10, how much caole are the biscus than
thetaa?
w s HE-HE 1 mwer

2666 0r ~2.667 degrees Celsius per mimte

JO P — N w——— mecningofxprson

over e 10 ines 35] 1 peztataum
1
o Ly e,y @en Siu | s
L a0y @20 2w e
25208
@ [0 000y 8023 TR —

2
The temperatur ofthe te drops 23 dagrees Celsiusfom time 1= 0 10 11 meaningof expression

time 1= 10 mintes

@ B0

The bisuits are §.§17 degrees Celsiuscoolerthan th ta.

100+ B0 b = 3418275, H110) - B10) = 8817 1 intgrand
314 e B(0) - 100
v
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Question 6

(@) f(x) = ~2sin(2x) + cos x e

S(%) = 2sin(27) + cos 7 &7

®) K(x) = K(f(x)-f(x)
K(x) = K(f(7)-f(7) = K(2)-(-1)
(oot

(€) m'(x) = -2g'(-2x)-h(x) + g(-2x)- K'(x)
m(2) = 2/ (-4)-h(2) + 2(-4)-H(2)

st

(@) g is differentiable. = g is continuous on the interval [5, ~3].
£(
R 2

4

Therefore, by the Mean Value Theorem, there is at least one value ¢,

-5 < ¢ <3, such that g(c)=—4.

< f(x)

K(x)
K(x)

i(x)
n(2)

justification,
using Mean Value Theorem
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Question 3
@ 1) = 2+ [ r ) de =7 [ D de=7-423
O S [ 12043 21020
(b) £(x) > 0 on the intervals [~6, ~2) and (2, 5). 2
Therefore, / is increasing on the intervals 6, ~2] and [2, 5].
(€) The absolute minimum will occur at a crical point where /() =0 |
or at an endpoint.
f(x)=0= x=-2,x=2
x
-6
2
2
5
The absolute minimum value is f(2) = 7 -2x.
o 2-0
@ 1) -2 -
£7(3) does not exist because
i L=S6) | )= S6)
o BT

3:

1 : uses initial condition

II:/(S)

- answer with justification

1 considers x = 2
“ 11 - answer with justification

“(-5)
(3) does not exist,
with explanation
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Question 1

(@) Volume = L"’A(nm

2-0)- 4(0) + (5 -2)- 4(2) + (10 - 5)- A(5)
503+3.144+5-65
= 176.3 cubic feet

(b) The appraximation in part (a) is an overestimate because a left Ricmann
sumis used and 4 is decreasing.

o
© [ () dn = 101325338

The volume is 101.325 cubic feet.

(d) Using the model, ¥(h) = ]’:/(v).ﬁ

o) [
dt

dh”dt ),

<[22
- /(5)-026 = 1694419

When /i = 5, the volume of water is changing at a ate of
1694 cubic feet per minute.

units in parts (a), c), and (d)

M
h

eft Riemann sum
approximation

overestimate with reason

integral

v

answer
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cuniont
Fen [0 [ ]o e o]
R o o [ [0 | |

Wateris pumped nto & tank . e modeled by (1) = 2000 ltrsper bour for 0.< 1< &, where 1 i
measured in hours. Wate is removed from the tank ot rte modeled by R(1) s pr hour, where R i
diferertiableand decrcasing on 0 < 1 < &, Selcted values of R(1) are shown n the tabl above, At time

1= 0, thercare S0000 ler ofwater i the tank.

(@) Estimate R(2). Show the work thatleads 1o your answer. Indicate nits of measure

(b) Use I Ricmarmn sum withthe four subintcrvals indicated by the table o cstimte the total amovnt of
water removed fom th tank during the § bours. I hisan overestimale oran underesimat ofthe folal
amount of wate removed? Give  reason for your anewer

Use your answer from part (b 10 find an estimate of the otal amount of water inth tank, 10 the nearest e,
attheend of § hours,

&

(@) For 0.2 1§, isthee atim ¢ when the at at which wate s purnd into the tak is the same as the rate
@ which wateris removed from thetank? Explain why or why ot

@ #ay» B 9010 g o
(61 The ol amount ofwatrmemovd s ivenby [*A(0) . 1 ke Rlemamm sum
y 34 1 estimate
RO+ 1K) 2 B3R 42 ) { i s—
(1340) + 2(1190) + 3(950) + 2(740)
00 s
Thls s veestione e R e decrnag oo,
© ot = 50000+ [0y~ 50 [
= 50000 + 7836,195325 ~ K050 = 49786 liters 1 sontimle
@0 00~ KO > 0, (8)~K) <0, and 1) R {1 scomiders W) - RG)
oo 1 e wih eicton
Thenfie, s nemedile Vel Thor e et ne
i 1.0 1<K, frich 1) A() - 0, 0 () - A0
For s vl o  h e whichvaer s pmped ik
e e et a8 ek
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Question 3

The igure ahove shows the graph of the
piccewisclincar functon /. For 4 < x < 12,
the function g i defncd by

N

(@) Docs g havea relaive minimum, arelative
masimum, orneither at 1 - 107 iy
your mewer,

(8 Docs the graphof g havea point of
inficcionat = 47 Justify youramswar, 49

(@ Find e ot minimumvale and e —
‘absolute maximum value of g on the el s

imerval 4 %1 £ 12. fustify your ansvers

(@) For 4.5 1 < 12, find all inervals for which g(x) <0,

L) = () in ), (b)), or @)

@) The fmcion ¢ hasnether arclate minimumnors | 1 answer wihusifcation
elatve maimum at - 10 since () - /(x) and
)2 0forss 212

) The graphof g hasapint o nflection a x ~ 4 since | 1 answerwit ustifction
()= /(1) isincrasing for 2 = 1 = 4 and dereasing
forazxz

© #(5)= 1(x) changessgn onlyn 1 consders x = -2 and x

ascandidtes

4andx
2 answers with justifcation

1 consders

Onthe interval ~4 = x < 12, the absolutc minimum
2)= 8 andthe bsolute maximum value

salucis g
s 4(6) = &

@ glx) <0for 45x<2and 105 x5 12 2 intevals
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Question 6
1) | 1) | gl | g'(x)
| 6 3 2 8
2 2 2 3 0
3 8 7 6 2
6 4 5 3 1

‘The functions / and g have continuous second derivatives. The table above gives values of the functions and
their derivatives a selected values of x.

(@) Let k(x) = (g(x)). Write an equation forthe line tangent to the graph of k at x = 3

©) Let(x) = S5, Find 1),

© Exaste J[(22) i

@ kO)= 1N = f(6) = 4 | {1 slope at x =3
KG)= 1(20) £0) = [1(6)2= 5.2 = 1+ cquation for tangen line

Anequation for the tangentline s y = 10(x ~3) + 4

) Ky = LW -g) SO 2 expression for K(1)
O 3
L6823 s s
Ty I
© ] (2% dx -%[r(zx;] 'irm—r‘(z;] 5 ﬁ :x‘l‘::wmwe

{s-(-2)]=




