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Question 3

! o |||
(minutes)
vie)

meters pe minute)

o | a0 |20 |20 | 150

Johana jogs lon  stright path. For 0°< 1< 40, Joharma's velosty is given by a diffreniable function v
Sclcted values of 1), where 1 is measured n minutes and v(7) is measured in meters per minute,ar given in
the tabe above

(@) Use thedat inthe tablet ctmate the vl of v(16).

(b) Using corect unit,explain the meaning o the defiite ntgral ()]t in the comextof the problem
Approsimatethe value of [[u(1)] b singa right Ricmann sum with the four subinervals indicatd in e
bl

€0 Bob i ding i iyl slamg th same pth.For 0 < <10, Bobs selaciy is modeld by
B(t) = 1~ 6 4300, where £ is measured in minutes and B(r) is measured in meters per minute.

s

8 Bascd o the model 8 from pat ¢, find Bob'saverage eloity during th ntrval 0 <1 10,

Find Bob's cceleraion ot ime

@ i) < 2H0-200 1 aproximaton
1 [0 dt isthe ool distance Johanma jogs, inmeters,overthe 1 explanation
meinterval 0% 2 40 minutes 324 1 ight Riemann sum
1 apprimaton
SOl <12 020+ 8 200 4281 16 s0)]
12200452404 4220416150
2400+ 1920 880 + 2400
7600 mters
© Bl accclemtion s B(0) <3 - 12, 2=
B(5) = 3(25)-12(8) = 1S metarsimin’ 1 amwer
INCPR
@ Avevel = (7 ot 00)an 1 integnl
T o 314 1 amidarivative
M- o] e
11000
o]0 2000+ 200 - 350 metasmin
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Question 1

On acertain workday,th rate, in tons per hour,at which unprocessed gravel aives at a gravel processing plant

e 1) 90 5 B | e st s 0118 A ek

workday (1 =0), the lant has 50D tons of unprocessed gravel During the bours o aperation, 0 <1 <8, the
plant pocesses gravel st a constant rate o 100 tons per hour,

(@) Find G(5). Using corret unis, ntepretyour answer i the context ofthe problem

(61 Find the ttal amount of nprocesed gravel that arives at the plant during the hurs ofoperation on his
workday

(€ T the amount of unprocessed gravel at the plant ncresing ordecreasin at time 1 = § hours? Show the
work that leadsto your answr.

@

What s the maximum amontof nprossssed gravel atthe plant during the hours ofoperation an this
workday? Jusify your answer,

(@) G(5) = 245 (or ~24587) 11608

1 intepretaton with uits

The rate atwhich gravel i aiving is dereasing by 24586
(o7 245K7) ons per hour perhour at time 1 = $ haurs.

o [0 d =525 s 2}
@ G- <10 Lo
2 mton
P A ———r——
P ———
i o Y
S
TR ———— I—
o 1 justification

200 = 6100 23480

0 k)
aous | e3sar6n
3 25351080

The maximum amount ofunprocesscd gravel a the plant during
his workdhy s 635,376 ons
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Question 2

A particle moves along astraight line. For 0 < < 5, the velocity of the particle is given by

=2+ (e 3"

‘and the position of the partcle s given by s(r). It known that 5(0) = 10.

(8) Find all values of ¢ inthe interval 2 < 1 < 4 for which the speed of the particleis 2.

(b) Write an expression involving an integral that gives the position s(r). Use this expression to find the

position of the partcle attime 1 = 5.

(&) Findalltimes 1 in the interval 0 < £ < 5 at which the particle changes direction. Jusify your answer

(@) 1s the speed of the partcle increasing or decreasing at time 1 = 4 2 Give areason for your answer,

(@ Solve [o)| =2 on 25 1< 4
1= 3028 (or 3.127) and 1 = 3473

© s(1) =10+ [[v(x) de

(=104 Priay = 9207

(© () = 0 when £ = 0536033, 3317756
1) changes sign from negative 1o positive a time 1 = 0.536033,
(1) changes sign from positive 1o negative at time ¢ = 3317756,

Therefore, the partcle changes direction at time £ = 0,536 and
time £ = 3318 (or3.317)

@ 4)= -11475758 < 0, af4) = v(4)

The speed is increasing at time 1 = 4 because velocity and
acceleration have the same sign.

{ 1 - considers o)
1 answer

=10

1 considers v(1)
2 answers with justification

conclusion with reason
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Question 6

For 0 <t <12, a particle moves along the x-axis. The velocity of the particle at time ¢ is given by

w(t) = cos(lt). The particle is at position x = —2 at time ¢ = 0.

6

(a) For 0 <t <12, when is the particle moving to the left?

(b) Write, but do not evaluate, an integral expression that gives the total distance traveled by the particle from

time ¢ = 0 to time ¢ = 6.

(c) Find the acceleration of the particle at time ¢. Is the speed of the particle increasing, decreasing, or neither at

time ¢ = 4 ? Explain your reasoning.

(d) Find the position of the particle at time ¢ = 4.

(@ v(t)= cos(%t) =0 = t=3,9

The particle is moving to the left when v(¢) < 0.
This occurs when 3 < ¢ < 9.

®) [Io)d

© a(r)= —%sin(%t)

_ _m. (2z)\_ _Bm
a(4) = 6sm(3) T2 <0

—cos[2F) - _L
v(4)—cos(3)— 2<0

The speed is increasing at time ¢ = 4, because velocity and
acceleration have the same sign.

(@ x(4)=-2 +j cos(%t) dt

e[Sl
ol

—2s 6.8 SJ'
T 2

2. 1 : considers v(¢) = 0
| 1:interval

1 : answer

2 : conclusion with reason

3:{1:11(1‘)

1 : antiderivative
3: 4 1 :uses initial condition
1 : answer
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Water is pumnped into an wndergronind task at a conatant rate of § gallows per winate, Water Jeaks ot
of the tak at the rate of JTTT gallons per e, for 0 < £ 120 wbutes. At e £ =0, the tank
contains 30 gallons of water,

0t

(@) How wany gallos of wates leak ant of the task fram time T

(5) How wny sllons of water ave in the tauk i ime = 3 winntes?

(€) Waite an xpression for A(1), the total nunnber of gallons of water i the tauk at. tue

(@) At what tine

for 0/ 1 £ 120, i the ount o water i the tank  waxima? Justiy your

(@ Mettod 1 [T Method 1
21 deiite integrl
1w
31 1 integeand
Methee 2: (1) = galos el s st s 1 muwer

| 1 antiderivative with €

-4 o1 AR EI S <o
W w0 [
© Vet o

0= 0+ [ (3T e

[N T

=W s [T T

Methol 2 Method 2
1 antiderivative with ¢
2| 1 amwer
A
A
@ VTTT = 0 when 1= 63 1 sets ) =0
A1) i pesitive for 0 < < 63 and negative for 11 solves for ¢

63 < 1< 120, The
=6,

fore there i & i 1 justifcation
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T runers, A4 ad B, v on a sraight rcetrack for

0.0 10 seconds. The sraph above, which consists of two line

sesnents, shows the wlacity, in meters per second, of Runer

A, The velsity, in e

1 o second, of Ruuuer Bis given by
n
543

the function vdefined by (1)

(@) Find the veloity of Ruuer A and the veloity of Runner

B ot time = 2 sconds, Tndicate wnits of mensue,

(6) Find the acceeration of Ruunes A and the accelerstion of Runner

Tudicate s of messur,

(€) Pind the tokal distance ru by Runner 4 and the total distance run by

interval 0 < 1 < 10 seconds, Indicate wits of messue,

Bt time

v Ruer Bover the tine

0,
) R 4;velcity = 302 =

605 or 6667 wmeters s

Ruer B 12) = 5 = 6857 meters/sec

I

(b) Ruaer 4. 398 woters fsee®

Runter B

(o) R s = 160001 +700) = 85 etrs
o
Runner B: distance f‘ gt = $88% metem

(nnite) meters s part (1), e

et part (b), and

et i part (6), o cquivalnt.

1 unis

velacity for Runsier 4

velaciy for Runner

acceeration for Rues A

accderation for Ruuner B

distance for Ruuer A
15 method
1 awer
distance for Runner B
-

10 swer
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Question 3

Mighty Cable Compuny manufactures cble that sll for $120 por meter. Fora cabl of fixed length, the
cast af producing pertion f the cable vares with s distance from the b innin of the cable. Mighty
reparts tha the cos o produce  porton of o cable thatis x meers from the bginning of te cabe i
6 dollrs per meter. (Note: Profit i deined o he the diffrence hetween the amauntof moncy.
el by the company fr sclin the cable e the cormpany s cost o prodoxing th cable)

() Find ighty's prfion e s of 3 25-meter cable
(5) Using crrect uits, explainthe meaning of [ 64 d inthe contextof this roblem.

(©) Witean expresion,involving an itegral,that rpescrts Mighty's profitn the sl ofu cable that
is & meters long.

(@) Find the maximum profit that Mighy could cam on the sl of ane cable. Jusity your ansver.

@ Profit =120 25 [ *64F d = 2500 dolrs 23 et

(00 [ /6T i he ditferencein cost, in dollars, of producing | 1 anser with wnis

cable of length 30 meters and a cable of ength 25 mters,

@ profi = 120k - 645 e dollrs 2.} e
o expresion
(@) Lt P(A) be theprfitfr cable of et & 1P =0
PR) = 120 00F =0 when & = 400 M
This i the oy crticlpoint o P. and ¥ chunges from 1 anwer
posive a egtive a1 & = 400 1 usication

Therefor, the maximurm profit s P(400) = 16.000 dollrs,
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Question 2

The rateat which people nteran asditerium for ek concert s modeled by the function R given by
R() = 13807~ 6757 for 0. 12 hours; R(r) is measured in people perhour. No one s inthe
auditorum at e 1= 0. when the doors apen. The doors lose and the concert begin a time 1 = 2
(8) o mny peaple are in the aditorium when the concer begins?

(6 Find the time swhentherae at which peaple cner the aditoium i a masimu,. Justify your answer.

(€0 The ttal wat tme ol the pecple i the aditorium is fund by ading the ime cach persan was,
tarting  the time th person entrs the suchtorium and ending when the concer b, The frction
10 sl the totl waittme fo al the peaple wharnter the audtriom befor time 1 The dervatve
of s iven by (1) = (2 = 1)R(r). Find 1(2) = w{1). th totalwait time or those who ener the
aditorium s time 1= 1

@

On average, baw long docs a perscn wait i the suditrium o the cancertto begin? Consider al people
whe nterthe aditrium ate the dhors open, and use the model fo otal wait e from pat (0.

P e
) F(0=0 vin 120 mt 168 S
woyao
Ronsisn
Raremo

The maimm rate occurs when 1= 1.362 or 1363,

© W)=ty = [ wteyde = [F@ =Ry d = 3875 ) l. imegral
The total wait time far those who enter the auditorium after Fianswer
e 1= 11 3875 bors,
! L - itegra
@ o) = sl 2R = 077551 | e

On average. apersan waits 0.775 ar 0776 havr.
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Question 5

@ 40

P Foaen

21050 forall

(=0 121
A1) <0 B0 <<

Therefors, the paicle s moving 1o the et for 021 < 1

B (1) = (1= $)(0-3)

Wl =0 = 123,
0 . W

——

0o 5

Both paricles move n the same dirstion for 1 <1 < 3 and
S <15 K since vp(1) = (1) and 1p(1) have the same sign

ontheseinterals,

(©) aglt) =)= 2%

agl2)=2.2-8=4

ag(2) < 0 and vy(2)

>0

Attime 1 = 2, the specd of the partiele is decreasing because
Velocity and aceclraion have opposit igns,

(@ Paricle © first changes directonattime 1 =3,

5(3) = 1l0)+ [ vl =5 + [ (1 -804 15)

L 5]

:s.[;,,

1)
1 inteval

1 imerals
1 analysis using (1) and vo()

Note 1/2 ifony e nervalwith
analysis

Note: 0/2 ifno andlyss

1 ag(2)
1 specd decressing with reason

—
: { e i cnin

1 amswer
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Question 2
@ I:/(r)dr ~20051175 5. |1 imegal
11 - answer
20051 pounds of baranas are removed from the display table during
the first 2 hours the store is open.
(®) /1(7)= 8120 (or 8.119) 5. (1l
11 : meaning
After the store has been open 7 hours, the rate at which bananas are
being removed from the display table is decreasing by 8.120 (or 8.119)
pounds per hour per hour.
(© 2(5)- £(5) = -2263103 <0 5[+ considers £(5) and g(5)
1 - answer with rason
Because 2(5)~ /(5) < 0. the number of pounds of bananas on the
display table is decreasing at time 1 = 5
. .
@ sn;]’,gu)d.fL/u)d':zsnma N

23347 pounds of bananas are on the display table at time 1 = 8.
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Question 2

For 12 0, a particle moves along the x-axis. The velocity of the particle at time  is given by

W) =1+ Zsln( %J The particle is at position x = 2 at time £ = 4.

(a) Attime ¢ = 4, is the particle speeding up or slowing down?
(b) Findaall times 1 inthe interval 0 < £ < 3 when the particle changes dircction. Justify your answer.
(€) Find the position of the particle at time 1 = 0.

(d) Find the total distance the particle travels from time £ = 0 to time £ = 3.

978716 > 0 2: conclusion with reason
1164000 < 0

@ v

The particle is slowing down since the velocity and
aceeleration have different signs.

(®) ¥(1)=0 = 1= 2707468 L rei=2707
11 : justification

(1) changes from positive to negative at ¢ = 2.707.

Thercfore, the partcle changes dircction at this time

© (0

@[ a 1 cintegral
+ (-5.815027) = ~3815 3:4 1 - uses initial condition

integral

@ Distance = []|v(0)| e = 5301 2: { : [
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Quastion 2

Atk contains 125 gallors ofbesting ol at thae = 0. During the te ntrval 0 < 1 < 12 bour,
i il s pumped It he Lok at. the rae
w0

MO =2 Ry

During the st interval, eating ol b vovil fom the tauk at the rate

no

@) How sy gallons of heatiug of e puped it th task during the thne uterval O < 1 < 12 louns?

0) 15t lvelof e ol i the tank risig o Falling at. i ¢

hones? Give & eason for Yo

€) How many gallons of heating ofl are b ho tank . tine

2 bouns?
@) At whiat thne ¢, for 0% ¢ 12, I the volue of heing ol i the tank the least? Show the s

tat ks to your condusion

. [T,
W [oa o

0570 0r 0,571
1 auswer

) HE) - RO =

0 the lovel of enting ol is g at ¢

i, ¢ muswer with reason

i 1 limits

@5

- moya

30| 1 iutegeand

1 auswer

) The absolute wininm occurs at a criticl point L sets HE) - RO = 0
ar an endpoint 1 vlume i lenst at

(O~ RO) =0 when ¢ = 4790 and £ =118, | 50|

s

1 mualysis for absolute.
The voluune increases wtl ¢ = 4700, then

dectenses il £ = TLI18, then ncreases, 0 the.

absolute winisu will be at £ = 0 or ot

-,

s [0 - oy - s

Since the valume is 125 at ¢ = 0, the volume s
lenst ot ¢

La1s,
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Quastion 2

@) i the asceleation of the paticle at thue ¢ = 2 T the spesd f the patich Incrssing at

0=+ Dy

At ¢ = 0, the patil bt postion = = 1

Why or vl not?
0) i all s ¢l the open tervl 0 < <3 when ths stk changs dinstion, Jsify your

€) i the total dstance traveld by the partice froms tine ¢ = 0wl e ¢
) During et fterval 0.2 1 < 3 what s the greatst disane between the partile and the

orin? Show s work tha Jeads o your s

) )
20| 1t specd dacransing
0w 12) <0 with reason

1 1= VTR aily

o when B
I ——
7 o 2508 on 2507
Since (1) < 0 for 0 < < VB and () > 0 for
7 <1< 3, the paricle changendivstions ot
VI
(© Distance = [0l = 1383 or 1331 1 limits

30| 1 imegmand

1 auswer

o e particle travels
W [ = s ST
N 2 while velacity s negative)

-
(=0 + [T

1 auswer
Since the total distance from =0 ta ¢ = 3 is
LM, the particle s till Lo the e of the rigin

£ = 3. Honwe the greast distance from the

origin s 2265,
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Question 1

The rate at which rainwater flows into  drainpipe is modeled by the function R, where R(r) = 1uun( ;'—s) cuble
fot perbour, 1 is measred n hours,and 0 %1 % 8. The pipeis parially blocked,allowing wate to drin out the
other end of the pipe at a rate modeled by D(r) = ~0.04r" + 0.4 +0.96¢ cubic feet per hour, for 0 < 1 < 8,
Thersarc 30 cubic fetof water i the pie  tm 1 = 0,

(6 How many cubi e of rmwatr flw no the ipe during the -hour time nterval 0% 1 < 82

(5) 1 the amount o waterinthe pipe inreasing o decrcasing atim ¢ = 3 hours? Give  reason for your

(© Avwhattime 1,01 %5, i the amoun of watr i he ipe st a inimun? Justy your answer

@ The pipe can hod 50 cubi e of watr beforeaverflowing. For ¢ > 5, wtercontinuss o low nto nd out

ofthe pipe at the given rates until the pipe begins 1o overflow. Wrie, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overflow.

@ [Roa =650 2o} e
) RG)-D(3) = -0313632<0 L[ 1 :considers R(3) and D(3)
S 1< 20 emmatsarinegeis | 21wt

decreasing at time £ = 3 hours

©  The amount of vater n the pipe e 1,0 <1 58, 1 consdes K()- D(1) =0
. 324 1 mer
0+ 183 - Do)
L‘[ ()= D) 1: justification

R()=D(0) =0 = 120, 3271658

Amount of water in the pi

[ 30
3271658 27964561
8 48543686

The amount of water in the pipe is  minimum at ime
1= 3272 (or 3271) hours,

@ 30+ [k - D)= 50 :‘ gl

1 cquation





