Calculus Maximus WS 6.1: Integral as Net Change

Name K g k{'/ Date Period

Worksheet 6.1—Integral as Net Change
Show all work. Calculator Permitted, but show all integral set ups. r (gal/hr)

Multiple Choice 250 — /
_9/ 1. The graph at right shows the rate at which water is pumped from a 200 /
storage tank. Approximate the total gallons of water pumped from the 59— / .
tank in 24 hours. / mfa’.’:{km
(A)600  (B)2400 (C)3600 (D)4200  (E)4800 100 — T Approvi
2 Y ) < /
| >
o) t (hr)
ﬁ/w ,Ir cgal T 12(30°> 0 6 12 18 24

- 6@00 Sﬁnbhb

2. The data for the acceleration a (t) of'a car from 0 to 15 seconds are given in the table below. If the

velocity at £ =0 1s 5 ft/sec, which of the following gives the approximate velocity at # =15 using a

Trapezoidal sum? Z > 3 >
—\—— [ \
t (sec) | 3.6 9 12 15

0
ar) (fsec | 4 8 6 9 10 10
(A) 47 ft/sec  (B) 52 ft/sec (C) 120 ft/sec (D) 125 ft/sec (E) 141 ft/sec

Le:f’ \/[‘\g be vdoci"-ﬂ

15
V(15)= V(oD + goa(@ﬁ:

~ G+ LE[Yr2)B+ D +(2)9 + (1o +10]
=5+ 3 (20
= )15 $H/sc
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Calculus Maximus WS 6.1: Integral as Net Change

%‘ 3. The rate at which customers arrive at a counter to be served is modeled by the function F defined by

F (t) =12+ 6cos (Lj for t e [O, 60] , Where F (t) is measured in customers per minute and ¢ is
V4

measured in minutes. To the nearest whole number, how many customers arrive at the counter over the
60-minute period?

(A)720  (B)725 (C)732 (D)744  (E)756

bo
CUS”’DMQ('_S = S F(—Ej A'{:’ S*I'raisb\—{— —}’D Ca,5u|a‘|'b( Dg |'w4'€jru\1-l>:3 Lawo\>
0

= g:?,z s b cos ) dt

Lo

= )24 /\ré‘ﬁ’si‘/‘(%> .

= (12-6D + e in(5) = (&
’ = 224, b45 2 FLS customers

4. Pollution is being removed from a lake at a rate modeled by the function y = 2070 tons/yr, where ¢ is

the number of years since 1995. Estimate the amount of pollution removed from the lake between 1995
and 2005. Round your answer to the nearest ton. t=0

+=10 (A) 40 (B) 47 (C) 56 (D) 61 (E) 71
Pb”m-)—io\q: ¢D-é:o.s-tol-k
= é—l)(zc) go.ﬁél
< -4p[ &°- 1
= ,LlDE':g_—ﬂ —"DV'5
= 29,330+4ons

XUpns

1)

D 5. A developing country consumes oil at a rate given by r(t) = 20¢"? million barrels per year, where £ is

time measured in years, for 0 <7 <10. Which of the following expressions gives the amount of oil
consumed by the country during the time interval 0 <7 <10?

A) r(10)  (B) r(10)-r(0)  (©) Tr'(r)dz (D) ljor(t)dt (E) 10-7(10)

Ol Useel = &)Dr/@ Jt
0
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Calculus Maximus WS 6.1: Integral as Net Change
Free Response. Show all integral set ups and include units when appropriate.

6. The temperature outside a house during a 24-hour period is given by

%PW]' FZ—@ wr\“oj\ F(t) 280—10005(%j, 0<r<24

Where F (t) is measured in degrees Fahrenheit and ¢ is measured in hours.

(a) Find the average temperature, to the nearest degree Fahrenheit, between 1 =6 and ¢ =14.

hTem= LIFOH L1 o
1Y-6 c . 90
20

(b) An air conditioner cooled the house whenever the outside temperature was at or above 78 degrees
Fahrenheit. For what values of ¢ was the air conditioner cooling the house?

F)=78
£ =5220=A 5
£=18.369=P 30
57/ Ha air Cohﬁll.’ll’;ol’l&f was 20 \0 32

pool.‘nj Me  house 70

Hor £ ¢ [5.230) /?D.%_?]krs o &24{:

(c) The cost of cooling the house accumulates at the rate of $0.05 per hour for each degree the outside
temperature exceeds 78 degrees Fahrenheit. What was the total cost, to the nearest cent, to cool the
house for this 24-hour period? L i areA

%%fO.Oé’giiF/Jc}@A% «fi ;%
I A

et
_ﬂ ﬁ L4 ()F Py h(‘ A l?

24
Gost = 3$5. 09
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Calculus Maximus WS 6.1: Integral as Net Change

7. The rate at which people enter an amusement park on a given day is modeled by the function E defined
by put into g

E() -0 =
t° =24t +160
The rate at which people leave the same amusement park on the same day is modeled by the function L

defined by 0500 put Into yz
L)=—2%0__ 2

2 =38t+370
Both E(¢) and L(t) are measured in people per hour, and time ¢ is measured in hours after midnight.

These functions are valid for ¢ € [9, 23] , which are the hours that the park is open. At time 7 =9, there

are @0 people in the park.
(a) How many people have entered the park by 5:00 P.M. (# =17)? Round your answer to the nearest
whole number.

es
ﬁo(le " :S g/D 4+
9

= 5004,1,'—?—0
~ éDO"’ peof(Z/

(b) The price of admission to the park is $15 until 5:00 P.M.. After 5:00 P.M., the price of admission to
the park is $11. How many dollars are collected from admissions to the park on the given day?

13 2%
Revenve = 15+ | 14t + I1-{ Eeo ax
92 1¥

= JoYo4d. /&5
X3 )odoqp .6

t
(c) Let H(t)= I(E(x) —L(x))dx for  €[9,23]. The value of H(17) to the nearest whole number is
9

3725. Find the value of H'(17) and explain the meaning of H (17) and H'(17) in the context of

thepark. )y D= £ -LE A £ 21Fhes (STM)) Mo e

! - j:}) - L[l:}— H(I:D: 272S P“’(’Ié in Fhe 'Fa‘(k'
H {)?5 EZ 23\ ) A Hie —’-‘»MQ/ He number o€ ?ZDFle— in the
=20 Féofla/kr- ark {SA&,FeaSiVB {>j 220.281\ f‘€°€’€,

per hour (H'().
(d) At what time ¢, for ¢ € [9,23] , does the model predict that the number of people in the park is a

maximum? " I 3 \_nal’D Closed 'h—l’ev" val Test
andgls crihcel valeS gl e o ol
L=9,£=22 v D=0 ft

Hiy= EB-LED=0 y(y=3950.L0¢]
ﬁ;/S??"/)’lré:A— H(,Lg}-:}.Dl%ppf

go, J’ke MAY hv.mblr O‘F;Fe,o(ﬂ/e_ are ii]
Yo park ak L= 157399 hours.
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Calculus Maximus WS 6.1: Integral as Net Change

8. AP 2000-2
14
]3“
g 1 (3, 10) (10, 10)
gg 10.. -
53 97
<06 8
TR 4] lb—© 10
o 7 = ==
EE 61 U Mm= z-0 " >
S D
=2 5] — 10/, _
SE= 5")04’ 5(54 2
3..
l"
0 : =1
| 2 3 4 5 6 7 8 9 10
Time
(seconds)

Two runners, 4 and B, run on a straight racetrack for 0 <7 <10 seconds. The graph above, which consists
of two line segments, shows the velocity, in meters per second, of Runner 4. The velocity, in meters per
24

20+3
(a) Find the velocity of Runner 4 and the velocity of Runner B at time ¢ =2 seconds. Indicate units of
measure.

second, of Runner B is given by the function v defined by v() =

edocitn oL runner B
Vd(mﬁ of Rumer k at £=2 s 3(7) — /D—P l_%- <2—3> Va‘l—‘ 1_"Szo{s
= 7,0/;3 V(2,> W
= 6. bl wfiec _ve
=3
= (a.%é? Wl/so,c/

(b) Find the acceleration of Runner 4 and the acceleration of Runner B at time ¢ =2 seconds. Indicate
units of measure.
Runner A accel '\Zuy\y\¢r [ .alc{/l
ak Lt =2 is +he ak £=2 s

Slope oF Hhe given v =l 169 M/%L
gragh aF £=2. t from caleulater

—ﬂ\,s s '-?b; =3.33% »n/seo_b

(c) Find the total distance run by Runner 4 and the total distance run by Runner B over the time interval
0 <7 <10 seconds. Indicate units of measure.

/1/04’4\ Distance ot (uner A /]/D‘l’hl Disk vf ranner 15
o, L o) #—FAred v _ e
15 ’1(292:: F(io) el = gb \J(é\ldﬁ

; S m&+bf§

22.%%b melecs
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Calculus Maximus WS 6.1: Integral as Net Change

|

z

6 -4 —2 O] 2\ﬂi
2T (3. -2)

Graph of f
9. The graph of the continuous function /', consisting of three line segments and a semicircle, is shown

above. Leg g be the function given by g(x) = ]E f(t)dt.
)

(a) Find g(-6) and g(3). 3 3 s
9l-e)= gﬁajcmahé ==-10 2= gv 3O )L

(b) Find g'(0).
5’()()':'90(\
6‘[031 ’C[OS:‘ Z

(c) Find all values of x on the open interval —6 < x < 3 for which the graph of g has a horizontal
tangent. Determine whether g has a local maximum, a local minimum, or neither at each of these

Values,. Justify your answers. 4 hat 4 ne/ Yot a L\dﬁ o Jocal max at
— — . _
3 ()Q /—F&> —O Jocal max nor lecsl M}?F X=2 since 4 =F 2065 S
— - . = +H ne,j atT X= <
=2 AX=1L  atxs-z e Fom prs
x s pos on either Side
of x=-2-
(d) Find all values of x on the open interval —6 < x <3 for which the graph of g has a point of
inﬂ”ection. ]IEXplain your reasoning. 4 has indlectsn Pm'rrfs at
9 6) = $ 00 =shhoes of graghoF £ X= Y L x= =2 &x=O gince
4'50=ME Wm0 fhashees sEihe guph AT
b=t 2, T ebxm g prseney af k2 DX

and From neg +o P25 at X=7%
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Calculus Maximus WS 6.1: Integral as Net Change

10. AP 2006-2

156

3 6 9 12 15 18

At an intersection in Thomasville, Oregon, cars turn left at the rate of L (t) = 60+/¢ sin® (éj cars per hour

over the time interval 0 <¢ <18 hours. The graph of y = L (t) is shown above.

(a) To the nearest whole number, find the total number of cars turning left at the intersection over the
time interval 0 <¢ <18 hours.

2
Cars = So L

= /ég—f 82% cars
%)658 cars

(b) Traffic engineers will consider turn restrictions when L (t) =150 cars per hour. Find all values of ¢

for which L (t) =150 and compute the average value of L over this time interval. Indicate units of

measue. Leo=I=s A § “Ldat This gires Hhao
£=12.420hr '_ A(vs Valve= 2 B-A JneTade. Yo, in cors per houg
+=)6.121hes =B 99l carsfr  atwhidCars Furn [£4
S0, L(H)Z 150 ' Lrowm £=)2. 2B hears
Hiral £ é[}z.b{z‘b/ /(o-/Z-qurs + L=)6.121 hours

(c¢) Traffic engineers will install a signal if there is any two-hour time interval during which the product
of the total number of cars turning left and the total number of oncoming cars traveling straight
through the intersection is greater than 200,000. In every two-hour time interval, 500 oncoming
cars travel straight through the intersection. Does this intersection require a traffic signal? Explain
the reasoning that leads to your conclusion.

The grupht appescs o ic

have a(oMﬂx ot w217 500 5 L dE = 2159657002 cars 27 200,000

Wit symmetry, so W > I
~ cphtz5 o . HlLic sianal X

will +rj fom + [34 50/ i J‘PanM’S&f—"L‘D” DOé need a 9
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Calculus Maximus

WS 6.1: Integral as Net Change

11. AP 2008-2 \ Z I

¢t (hours) 0 ] 3 4 7 8 9

L(t) (people) | 120 | 156 | 176 | 126 | 150 | 80 0
Concert tickets went on sale at noon (¢ = 0) and were sold out within 9 hours. The number of people
waiting in line to purchase tickets at time 7 is modeled by a twice-differentiable function L for 0 <#<9.
Values of L (t) at various times ¢ are shown in the table above.

(a) Use the data in the table to estimate the rate at which the number of people waiting in line was
changing at 5:30 P.M. (¢ = 5.5). Show the computations that lead to your answer. Indicate units of

measure.
160—1206

L'(6.5>$‘d - - = bre,o(f/e,/hr

(b) Use a trapezoidal sum with three subintervals to estimate the average number of people waiting in
line during the first 4 hours that tickets were on sale.

Y
Avg peeple = &,:;jﬁ by @@B.}@zmsb+lz)()54+/?@+0)ll%+/zeﬂ P“(lo

— |55, Zg,oeoffb

(c) For 0 <t =<9, what is the fewest number of times at which L’(t) must equal 0? Give a reason for
your answer. “The averdge rates ot Q{,\qnje/b_ﬁL 30 Fom pos Yo weg
1qum C',’S—j—b[—?/’ﬂ/ Heorn heg Fo pos Fom C;,#]%C%ﬂ,—/iu—, Fom ps b ne
fron (U3 4o (381, Since Lis dibferetiable, by he MNT Hore L'@B=C
st be at least Hhree hmes on & [0,9] where

(d) The rate at which tickets were sold for 0 =7 <9 is modeled by r (t) =550te”""? tickets per hour.

Based on the model, how many tickets were sold by 3 P.M. (¢ = 3), to the nearest whole number.

=
Tickete = &‘Dr(e\ JL

= 932 .7%4 ket
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Calculus Maximus WS 6.1: Integral as Net Change

12. AP-2011-2 — g —
t
(minutes) 0 2 > ? 10
H(1)
2 44 4
(degrees Celsius) 66 60 > 3

As a pot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 <¢ <10,
where time 7 is measured in minutes and temperature H (t) is measured in degrees Celsius. Values of
‘= —

H (t) at selected values of time ¢ are shown in the table above.

(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time
t =3.5. Show the computations that lead to your answer.

! 52 —bo
Hes)x 2

—é C/Mm

10
(b) Using correct units, explain the meaning of 0 I H (t) dt in the context of this problem. Use a

0
10

trapezoidal sum with the four subintervals indicated by the table to estimate — I H d .

S HIDAL gives Hhe average ,Df HMJ-&“@—B -L\)[Z(él;%b)+ 3(éo+5z)+'1(fz+‘i‘b+l(‘}‘f+'5] [

‘/’M{MH’MM of JgHea,in °C, e
On “H\Q, IIVl'k/'\/ﬁ{aFyDM £+ = 0O wmin + £=)Dwmin.

10
(c) Evaluate J. H dt Using correct units, explain the meaning of the expression in the context of this

)
problem. g o (B “This nFreSen'\'S-J'ﬂe Change
H(a]“’ in temperature oF the J<a,
0 o ) - .
) =D "'/ mn.
H 195 H(o) in G, from t=o MO_HD = omin
lefé(o (m-}egéooled z3 C)
-22°C.
(d) At time ¢ =0, biscuits with temperature 100°C were removed from an oven. The temperature of the
biscuits at time ¢ is modeled by a differentiable function B for which it is known that

B'( ) = -13.84¢7"!™" _ Using the given models, at time ¢ =10, how much cooler are the biscuits than

the tea?

s el o) Syt e,
=0 + a8 g Y3—34 jaz... e iseurtz are
- 5%)52 (& 2 215 B.213% zooler

H/MD‘?BZ/ %an “‘)’/Lé +€a )
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