Calculus Maximus

WS 6.1: Integral as Net Change

Name

Worksheet 6.1—Integral as Net Change
Show all work. Calculator Permitted, but show all integral set ups.

Multiple Choice

1. Thegraph at right shows the rate at which water is pumped from a

storage tank. Approximate the total gallons of water pumped from the
tank in 24 hours.

(A)600 (B)2400 (C)3600 (D)4200 (E) 4800

Date Period

2. Thedatafor the acceleration a(t) of acar from 0 to 15 seconds are given in the table below. If the

velocity at t = 0 is5 ft/sec, which of the following gives the approximate velocity at t =15 using a
Trapezoidal sum?

t (sec) | &6 3 6 9 12 15

al) (ft/sec’) | 4 8 6 9 10 10
(A) 47 ft/lsec  (B) 52 ft/sec (C) 120 ft/sec (D) 125 ft/sec (E) 141 ft/sec
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Calculus Maximus WS 6.1: Integral as Net Change

3. Therate at which customers arrive at a counter to be served is modeled by the function F defined by
F(t)=12+ GCOS(lJ for t 0[0,60], where F (t) is measured in customers per minute and t is
T

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

4. Pollution is being removed from alake at a rate modeled by the function y = 200 tons/yr, wheret 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.
(A) 40 (B) 47 (C) 56 (D) 61 (E) 71

5. A developing country consumes oil at arate given by r (t) = 20e%% million barrels per year, wheretis

time measured in years, for 0<t <10. Which of the following expressions gives the amount of il
consumed by the country during thetimeinterval 0<t <107

10 10
(A)r(0) B r(0)-r(0) (© [r'(t)d (@) [r(t)dt  (E) 100k (10)
0 0
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Free Response Show all integral set ups and include units when appropriate.

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

F(t)= 80—10cos(1—”;j, 0st<24

Where F (t) is measured in degrees Fahrenheit and t is measured in hours.
(&) Find the average temperature, to the nearest degree Fahrenheit, between t =6 and t =14.

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

(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?
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7. Therate at which people enter an amusement park on a given day is modeled by the function E defined
by
£ ( t) _ 15600

t2 - 24t +160
The rate at which people leave the same amusement park on the same day is modeled by the function L
defined by
9890
L(t)z—4————.
(v t2 - 38t + 370

Both E(t) and L(t) are measured in people per hour, and time t is measured in hours after midnight.
These functions are valid for t [ [9, 23] , Which are the hours that the park isopen. Attimet =9, there

are no peoplein the park.
(@) How many people have entered the park by 5:00 P.M. (t =17)? Round your answer to the nearest
whole number.

(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?

t
(0) Let H(t) :I(E(x)— L(x))dx for t0[9,23]. Thevalueof H (17) to the nearest whole number is
9

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

(d) Atwhat timet, for t 0[9, 23], does the model predict that the number of peoplein the park isa
maximum?
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8. AP 2000-2
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Two runners, A and B, run on a straight racetrack for 0 <t <10 seconds. The graph above, which consists
of two line segments, shows the velocity, in meters per second, of Runner A. The velocity, in meters per

second, of Runner B is given by the function v defined by v(t) = % .
() Find the velocity of Runner A and the velocity of Runner B at time t = 2 seconds. Indicate units of
measure.

(b) Find the acceleration of Runner A and the acceleration of Runner B at time t = 2 seconds. Indicate
units of measure.

(c) Find thetotal distance run by Runner A and the total distance run by Runner B over the time interval
0<1t <10 seconds. Indicate units of measure.
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Graph of f

9. The graph of the continuous function f , consisting of three line segments and a semicircle, is shown
X
above. Leg g be the function given by g(x) = j f (t)dt.
-2
(8 Find g(-6) and g(3).

(b) Find g'(0).

(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 alocal maximum, alocal minimum, or neither at each of these
values. Justify your answers.

(d) Find all values of x on the open interval —6 < x <3 for which the graph of g has a point of
inflection. Explain your reasoning.
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10. AP 2006-2

36 9 12 15 18

At an intersection in Thomasville, Oregon, carsturn |eft at the rate of L (t) = 60Vt sin® (%) cars per hour

over thetimeinterva 0<t <18 hours. Thegraphof y=1L (t) is shown above.

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

(b) Traffic engineerswill consider turn restrictions when L (t) > 150 carsper hour. Find al values of t
for which L (t) > 150 and compute the average value of L over thistimeinterval. Indicate units of
measure.

(c) Traffic engineerswill install asignal 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 atraffic signal? Explain
the reasoning that leads to your conclusion.
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11. AP 2008-2
¢ (hours) 0 | 3 4 7 8 9

L(t) (people) | 120 156 176 126 150 80 0

Concert tickets went on sale at noon (t =0) and were sold out within 9 hours. The number of people
waiting in line to purchase tickets at timet is modeled by atwice-differentiable function L for 0<t <9.

Valuesof L(t) at varioustimest are shown in the table above.

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

measure.

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

(c) For 0<t <9, what isthe fewest number of times at which L’(t) must equal 0? Give areason for
your answer.

(d) Therate at which tickets were sold for 0<t <9 ismodeled by r (t) =550te™/? tickets per hour.
Based on the model, how many tickets were sold by 3 P.M. (t = 3), to the nearest whole number.
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12. AP-2011-2

t
(minutes)
H (t)
(degrees Celsius)

0 2 5 9 10

66 60 52 44 43

As apot of tea cools, the temperature of the teais modeled by a differentiable function H for 0<t <10,
where timet is measured in minutes and temperature H (t) is measured in degrees Celsius. Values of

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

() Usethe datain the table to approximate the rate at which the temperature of the teais changing at time
t =3.5. Show the computations that lead to your answer.

10
(b) Using correct units, explain the meaning of % j H (t) dt inthe context of this problem. Usea
0

10
trapezoidal sum with the four subintervalsindicated by the table to estimate % j H(t)dt.
0

10
(c) Evaluate J' H'(t)dt. Using correct units, explain the meaning of the expression in the context of this
0

problem.

(d) Attime t =0, biscuits with temperature 100°C were removed from an oven. The temperature of the
biscuits at timet is modeled by a differentiable function B for which it is known that

B'(t) =-13.84e™*'"*". Using the given models, at time t =10, how much cooler are the biscuits than
the tea?
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