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A tank contains 125 gallons of heating ol at time ¢ = 0. During the time interval 0 < 1 < 12 hours, heating oil
is pumped into the tank at the rate

During the same time interval, heating oil is removed from the tank at the rate

2
R =12 :ill["—_,] ‘gallons per hour.

(a) How many gallons of heating oil are pumped into the tank during the time interval 0 < ¢ < 12 hours?
(b) Is the level of heating oil in the tank rising or falling at time ¢

6 hours? Give a reason for your answer.
(¢) How many gallons of heating ol are in the tank at time ¢ = 12 hours?

(d) At what time 1, for 0 < 1 < 12, is the volume of heating oil in the tank the least? Show the analysis that
leads to your conclusion.
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A particle moves along the x-axis with velocity at time ¢ > 0 given by v(r) = -1 + e
(a) Find the acceleration of the particle at time ¢ = 3.

(b) Is the speed of the particle increasing at time = 3 ? Give a reason for your answer.
(c) Find all values of ¢ at which the particle changes direction. Justify your answer.

(d) Find the total distance traveled by the particle over the time interval 0 < ¢ < 3.




image6.png
-
‘The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(r) = znsin(;—s)
cubic feet per hour, 1 is measured in hours, and 0 < 1 < 8. The pipe is partially blocked, allowing water to drain
out the other end of the pipe at a rate modeled by D(r) .04¢% +0.41% + 0.961 cubic feet per hour, for

0% 1< 8. There are 30 cubic feet of water in the pipe at time 1 = 0.

(a) How many cubic feet of rainwater flow into the pipe during the 8-hour time interval 0 < 1< 87

(b) 1Is the amount of water in the pipe increasing or decreasing at time 1 =
answer.

‘hours? Give a reason for your

(¢) Atwhattime 1, 0 < 1 <8, is the amount of water in the pipe at a minimum? Justify your answer.

(d) The pipe can hold 50 cubic feet of water before overflowing. For 1 > 8, water continues to flow into and out
of the pipe at the given rates until the pipe begins to overflow. Write, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overflow.
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Johanna jogs along a straight path. For 0 < f < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(f), where ¢ is measured in minutes and v(r) is measured in meters per minute, are given in
the table above.

(a) Use the data in the table to estimate the value of v/(16).
"
(b) Using correct units, explain the meaning of the definite integral _[D |v(£)] dt in the context of the problem.

40
Approximate the value of L |v(r)| dt using a right Riemann sum with the four subintervals indicated in the
table.

(¢) Bob is riding his bicycle along the same path. For 0 < 1 < 10, Bob’s velocity is modeled by
B(r) =

3 — 61% +300, where ¢ is measured in minutes and B(r) is measured in meters per minute.
Find Bob's acceleration at time 7 = 5.

(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < 1 < 10.
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On a certain workday, the rate, in tons per hour, at which unprocessed gravel arrives at a gravel processing plant
2

is modeled by G(r) = 90+ 45cos[:78], where ¢ is measured in hours and 0 < < 8. At the beginning of the

workday ( = 0), the plant has 500 tons of unprocessed gravel. During the hours of operation, 0 < < 8, the

plant processes gravel at a constant rate of 100 tons per hour.

(a) Find G’(5). Using correct units, interpret your answer in the context of the problem.

(b) Find the total amount of unprocessed gravel that arrives at the plant during the hours of operation on this
workday.

(c) Ts the amount of unprocessed gravel at the plant increasing or decreasing at time ¢ = 5 hours? Show the
work that leads to your answer.

(d) What is the maximum amount of unprocessed gravel at the plant during the hours of operation on this
workday? Justify your answer.
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A particle moves along a straight line. For 0 < 1 <5, the velocity of the particle is given by
W)= -2+ (2 + 3r)“/ ® _ %, and the position of the particle is given by s(7). It is known that 5(0) = 10.
(a) Find all values of ¢ in the interval 2 < 1 < 4 for which the speed of the particle is 2.

(b) Write an expression involving an integral that gives the position s(r). Use this expression to find the
position of the particle at time 7 = 5.

(c) Find all times ¢ in the interval 0 < ¢ < 5 at which the particle changes direction. Justify your answer.

(d) I the speed of the particle increasing or decreasing at time £ = 4 2 Give a reason for your answer.
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For 0% 1 £ 12, aparticle moves along the x-axis. The velocity of the particle at time 1 is given by
W) = cns(%l). The particle is at position x = -2 at time 1 = 0.
(a) For 0< 1 <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 1= 0 to time 1 = 6.

() Find the acceleration of the particle at time 1. 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 1 = 4.
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Water is pumped into an underground tank at a constant rate of 8 gallons per minute. Water leaks out
of the tank at the rate of v7+ 1 gallons per minute, for 0 < ¢ < 120 minutes. At time ¢ = 0, the tank
contains 30 gallons of water.

(a) How many gallons of water leak out of the tank from time ¢ = 0 to t = 3 minutes?

(b) How many gallons of water are in the tank at time ¢ = 3 minutes?

(¢) Write an expression for A(f), the total number of gallons of water in the tank at time ¢.

(d) At what time ¢, for 0 < ¢t < 120, is the amount of water in the tank a maximum? Justify your

answer.
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Two runners, A and B, run on a straight racetrack for
0 < ¢ < 10 seconds. The graph above, which consists of two line e

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) = ——.
2t+3 — SR —
(a) Find the velocity of Runner A and the velocity of Runner e

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 ¢ = 2 seconds.
Indicate units of measure.

(c) Find the total distance run by Runner A and the total distance run by Runner B over the time

interval 0 < ¢ < 10 seconds. Indicate units of measure.
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Mighty Cable Company manufactures cable that sells for $120 per meter. For a cable of fixed length, the
cost of producing a portion of the cable varies with its distance from the beginning of the cable. Mighty
reports that the cost to produce a portion of a cable that is x meters from the beginning of the cable is
6vx dollars per meter. (Note: Profit is defined to be the difference between the amount of money
received by the company for selling the cable and the company’s cost of producing the cable.)

(a) Find Mighty’s profit on the sale of a 25-meter cable.
30
(b) Using correct units, explain the meaning of _.'25 6x dx in the context of this problem.

(c) Write an expression, involving an integral, that represents Mighty’s profit on the sale of a cable that
is k meters long.

(d) Find the maximum profit that Mighty could earn on the sale of one cable. Justify your answer.
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The rate at which people enter an auditorium for a rock concert is modeled by the function R given by
R(1) = 13801> — 675¢° for 0 < < 2 hours; R(t) is measured in people per hour. No one is in the
auditorium at time # = 0, when the doors open. The doors close and the concert begins at time ¢ = 2.

(a) How many people are in the auditorium when the concert begins?

(b) Find the time when the rate at which people enter the auditorium is a maximum. Justify your answer.

(c) The total wait time for all the people in the auditorium is found by adding the time each person waits,
starting at the time the person enters the auditorium and ending when the concert begins. The function
w models the total wait time for all the people who enter the auditorium before time . The derivative
of w is given by w/(¢) = (2 —t)R(t). Find w(2) — w(1), the total wait time for those who enter the
auditorium after time # = 1.

(d) On average, how long does a person wait in the auditorium for the concert to begin? Consider all people
who enter the auditorium after the doors open, and use the model for total wait time from part (c).
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Two particles move along the x-axis. For 0 < 1 < 8, the position of particle P at time ¢ is given by

— 81415,

plt) = n.(F s m) while the velocity of particle Q at time ¢ is given by v(r)
Particle Q is at position x = 5 at time £ = 0.
(a) For 0 <1< 8, when s particle P moving (o the left?

(b) For0 <758, find

times 1 during which the two particles travel in the same direction.

(c) Find the acceleration of particle Q at time 1 = 2. Ts the speed of particle Q increasing, decreasing, or
neither at time 1 = 2 ? Explain your reasoning.

(d) Find the position of particle Q the first time it changes direction.
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‘When a certain grocery store opens, it has 50 pounds of bananas on a display table. Customers remove.
bananas from the display table at a rate modeled by

£(1) =10+ 080)sin

%lr«n«slz

where (1) is measured in pounds per hour and 1 s the number of hours afier the store opened. After the
store has been open for three hours, store employees add bananas to the display table at a rate modeled by

g(l):3+2lh(ll+ll)(u3<l$ 2,

where g(r) is measured in pounds per hour and  is the number of hours after the store opened.

(a) How many pounds of bananas are removed from the display table during the first 2 hours the store is
open?

(b) Find (7). Using correct units, explain the meaning of (7) in the context of the problem.
(€)1 the number of pounds of bananas on the display table increasing or decreasing at time 1 = 5 ? Give a
reason for your answer.

(d) How many pounds of bananas are on the display table at ime £ = 8 7
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For 1 > 0, a particle moves along the x-axis. The velocity of the particle at time 1 is given by
W) =

2
+2sin['7}. ‘The particle is at position x = 2 at time 1 = 4.

(a) Attime = 4, is the particle speeding up or slowing down?

(b) Find all times ¢ in the interval 0 < 1 < 3 when the particle changes direction. Justify your answer.
(¢) Find the position of the particle at time = 0.

(d) Find the total distance the particle travels from time 1 = 0 to time £ = 3.




