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217. Let R be the shaded region bounded by the graphs of y =
in the figure above.

x and y = e-3x and the vertical line x = 1, as shown

a. Find the area of R.
b. Find the volume of the solid generated when R is revolved about the horizontal line y = 1.
c. The region R is the base of a solid. For this solid, each cross section perpendicular to the x-axis is a
rectangle whose height is 5 times the length of its base in region R. Find the volume of this solid.

218. A particle moves along the x-axis so that its velocity at time t is given by

t2 
v(t) = -(t + 1) sin   .
2
At time t = 0, the particle is at position x = 1.
a. Find the acceleration of the particle at time t = 2. Is the speed of the particle increasing at t = 2? Why
or why not?
b. Find all times t in the open interval 0 < t < 3 when the particle changes direction. Justify your answer.
c. Find the total distance traveled by the particle from time t = 0 until time t = 3.
d. During the time interval 0 ≤ t ≤ 3, what is the greatest distance between the particle and the origin.
Show the work that leads to your answer.

219.
The rate of fuel consumption, in gallons per minute, recorded during an airplane flight is given by a twicedifferentiable and strictly increasing function R of time t. The graph of R and a table of selected values of
R(t), for the time interval 0 ≤ t ≤ 90 minutes, are shown above.
a.

Use the data from the table to find an approximation for R′(45). Show the computations that lead to your
answer. Indicate units of measure.
b. The rate of fuel consumption is increasing fastest at time t = 45 minutes. What is the value of R”(45)?
Explain your reasoning.
c.

Approximate the value of



90

0

R(t )dt using a left Riemann sum with the five subintervals indicated by the

data in the table. Is this numerical approximation less than the value of



90

0

R(t )dt ? Explain your

reasoning.
d. For 0 < b ≤ 90 minutes, explain the meaning of
Explain the meaning of
in both answers.



b

0

R(t )dt in terms of fuel consumption for the plane.

1 b
R(t )dt in terms of fuel consumption for the plane. Indicate units of measure
b 0

220. Let f be a function defined on the closed interval -3 ≤ x ≤ 4 with f(0) = 3. The graph of f′, the derivative of
f, consists of one line segment and a semicircle, as shown above.
a. On what intervals, if any, is f increasing? Justify your answer.
b. Find the x-coordinate of each point of inflection of the graph of f on the open interval -3 < x < 4. Justify
your answer.
c. Find an equation for the line tangent to the graph of f at the point (0, 3).
d. find f(-3) and f(4). Show the work that leads to your answers.

221.
A coffeepot has the shape of a cylinder with radius 5 inches, as shown in the figure above. Let h be the
depth of the coffee in the pot, measured in inches, where h is a function of time t, measured in seconds. The
volume V of coffee in the pot is changing at the rate of -5π
cylinder with radius r and height h is V = πr2h.)
a.

Show that

h cubic inches per second. ( The volume V of a

dh
h

.
dt
5

b. Given that h = 17 at time t =0, solve the differential equation
c.

222.

At what time t is the coffeepot empty?

Let f be the function defined by

 x 1

for 0  x  3

5  x

for 3  x  5.

f(x) = 

dh
h

for h as a function of t.
dt
5

a. Is f continuous at x = 3? Explain why or why not.
b. Find the average value of f(x) on the closed interval 0 ≤ x ≤ 5.
c. Suppose the function g is defined by

k x  1

for 0  x  3

mx  2

for 3  x  5.

g(x) = 

where k and m are constants. If g is differentiable at x = 3, what are

the values of k and m?
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223. Traffic flow is defined as the rate at which cars pass through an intersection, measured in cars per minute.
The traffic flow at a particular intersection is modeled by the function F defined by

t
 for 0 ≤ t ≤ 30 where F(t) is measured in cars per minute and t is measured in minutes.
2

F(t) = 82 + 4sin 
a.
b.
c.
d.

224.

To the nearest whole number, how many cars pass through the intersection over the 30-minute period?
Is the traffic flow increasing or decreasing at t = 7? Give a reason for your answer.
What is the average value of the traffic flow over the time interval 10 ≤ t ≤ 15? Indicate units.
What is the average rate of change of the traffic flow over the time interval 10≤ t ≤ 15? Indicate units of
measure.

Let f and g be the functions given by f(x) = 2x(1 – x) and g(x) = 3(x – 1)
of f and g are shown in the figure above.
a. Find the area of the shaded region enclosed by the graphs of f and g.

x

for 0 ≤ x ≤ 1. The graphs

b. Find the volume of the solid generated when the shaded region enclosed by the graphs of f and g is
revolved about the horizontal line y = 2.

c.

Let h be the function given by h(x) = kx(1 – x) for 0 ≤ x ≤ 1. For each k > 0, the region (not shown) enclosed
by the graphs of h and g is the base of a solid with square cross sections perpendicular to the x-axis.
There is a value of k for which the volume of this solid is equal to 15. Write, but do not solve, an equation
involving an integral expression that could be used to find the value of k.

225. A particle moves along the y-axis so that its velocity v at time t ≥ 0 is given by v(t) = 1 – tan-1(et). At time t
= 0, the particle is at y = -1. (Note: tan-1x = arctan x).
a.
b.
c.
d.

226.

Find the acceleration of the particle at time t = 2.
Is the speed of the particle increasing or decreasing at time t = 2? Give a reason for your answer.
Find the time t ≥ 0 at which the particle reaches its highest point. Justify your answer.
Find the position of the particle at time t = 2. Is the particle moving toward the origin or away from the
origin at time t = 2? Justify your answer.
Consider the curve given by x2 + 4y2 = 7 + 3xy.

(a) Show that

dy 3 y  2 x

.
dx 8 y  3x

(b) Show that there is a point P with x-coordinate 3 at which the line tangent to the curve at P is horizontal.
Find the y-coordinate of P.
(c) Find the value of

d2y
at the point P found in part
dx 2

(d). Does the curve have a local maximum, a local minimum, or neither at point P? Justify your answer.

227.

The graph of the function f shown above consists of a semicircle and three line segments. Let g be the

function given by g(x) =
a.
b.
c.
d.

228.



x

3

f (t ) dt.

Find g(0) and g’(0).
Find all values of x in the open interval (-5,4) at which g attains a relative maximum. Justify your answer.
Find all absolute minimum value of g on the closed interval [-5,4]. Justify your answer.
Find all values of x in the open interval (-5. 4) at which the graph of g has a point of inflection.

Consider the differential equation

dy
 x 2 ( y  1).
dx

a.

On the axes provided, sketch a slope field for the given differential equation at the twelve points
indicated.

b. While the slope field in part (a) is drawn at only twelve points, it is defined at every point in the xy-plane.
Describe all points in the xy-plane for which the slopes are positive.
c.

Find the particular solution y = f(x) to the given differential equation with the initial condition f(0) = 3.
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229.

Let f and g be the functions given by f(x) =

1
+ sin(πx) and g(x) = 4-x. Let R be the shaded region in the
4

first quadrant enclosed by the y-axis and the graphs of f and g, and let S be the shaded region in the first
quadrant enclosed by the graphs of f and g, as shown in the figure above.
a. Find the area of R.
b. Find the area of S.
c. Find the volume of the solid generated when S is revolved about the horizontal line y = -1.

230.

The tide removes sand from Sandy Point Beach at a rate modeled by the function R, given by

 4t 
.
 25 

R(t) = 2 + 5 sin 

A pumping station adds sand to the beach at a rate modeled by the function S, given by

S(t) =

15t
.
1 3t

Both R(t) and S(t) have units of cubic yards per hour and t is measured in hours for 0  t  6. At time = 0,
the beach contains 2500 cubic yards of sand.
a.

How much sand will the tide remove from the beach during this 6-hour period? Indicate units of measure.
b. Write an expression for Y(t), the total number of cubic yards of sand on the beach at time t.
c. Find the rate at which the total amount of sand on the beach is changing at time t = 4.
d. For 0  t  6, at what time t is the amount of sand on the beach a minimum? What is the minimum value?
Justify your answers.

231.

Distance x (cm)
Temperature T(x) (˚C)

0
100

1
93

5
70

6
62

8___
55

A metal wire of length 8 centimeters (cm) is heated at one end. The table above gives selected values of the
temperature T(x), in degrees Celsius (˚C), of the wire x cm from the heated end. The function T is decreasing
and twice differentiable.
a. Estimate T′(7). Show the work that leads to your answer. Indicate units of measure.
b. Write an integral expression in terms of T(x) for the average temperature of the wire. Estimate the
average temperature of the wire using a trapezoidal sum with the four subintervals indicated by the data in
the table. Indicate units of measure.
c.

Find

8

 T ' ( x) dx , and indicate units of measure.
0

Explain the meaning of

8

 T ' ( x) dx in terms of the
0

temperature of the wire.
d. Are the data in the table consistent with the assertion that T’’(x) > 0 for every x in the interval 0 < x < 8?
Explain your answer.

232. Let f be a function that is continuous on the interval [0. 4). The function f is twice differentiable except
at x = 2. The function f and its derivative have the properties indicated in the table above, where DNE
indicates that the derivatives of f do not exist at x = 2.
a.

For 0 < x < 4, find all values of x at which f has a relative extremum. Determine whether f has a relative
maximum or a relative minimum at each of these values. Justify your answer.
b. Sketch the graph of a function that has all the characteristics of f.

c.

Let g be the function defined by g(x) =



x

1

f (t )dt on the open interval (0, 4). For 0 < x < 4, find all values

of x at which g has a relative extremum. Determine whether g has a relative maximum or a relative
minimum at each of these values. Justify your answer.
d. For the function g defined in part ©, find all values of x, for 0 < x < 4, at which the graph of g has a point of
inflection. Justify your answer.

233. A car is traveling on a straight road. For 0  t  24 seconds, the car’s velocity v(t) , in meters per second,
is modeled by the piecewise-linear function defined by the graph above.
a.

Find



24

0

v(t ) dt . Using correct units, explain the meaning of



24

0

v(t ) dt .

b. For each of v’(4) and v’(20), find the value or explain why it does not exist. Indicate units of measure.
c. Let a(t) be the car’s acceleration at time t, in meters per second per second. For 0 < t < 24, write a
piecewise-defined function for a(t).
d. Find the average rate of change of v over the interval 8  t  20. Does the mean value Theorem guarantee
a value of c, for 8 < c < 20, such that v’© is equal to this average rate of change? Why or why not?
234.
a.

Consider the differential equation

dy
2x
 .
dx
y

On the axes provided, sketch a slope field for the given differential equation at the twelve points
indicated.

b. Let y = f(x) be the particular solution to the differential equation with the initial condition f(1) = -1.
Write an equation for the line tangent to the graph of f at (1, -1) and use it to approximate f(1.1).

c.

Find the particular solution y = f(x) to the given differential equation with the initial condition f(1) = -1
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235.
a.
b.
c.

Let R be the shaded region bound by the graph of y = ln x and the line y = x  2, as shown above.
Find the area of R.
Find the volume of the solid generated when R is rotated about the horizontal line y = 3.
Write, but do not evaluate, an integral expression that can be used to find the volume of the solid
generated when R is rotated about the y-axis.

236.

At an intersection in Thomasville, Oregon, cars turn left at the rate L(t) = 60 t sin2  3  cars per hour

t
 

over the time interval 0  t  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  t  18 hours.
b. Traffic engineers will consider turn restrictions when L(t)  150 cars per hour. Find all values of t for
which L(t)  150 and compute the average value of L over this time interval. Indicate units of measure.
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.

237.

The graph of the function f shown above consists of six line segments. Let g be the function given by:

g(x) =



x

0

f (t )dt.

a. Find g(4), g(4), and g(4).

b. Does g have a relative minimum, a relative maximum, or neither at x = 1? Justify your answer.
c. Suppose that f is defined for all real numbers x and is periodic with a period of length 5. The graph
shows 2 periods of f. If g(5) = 2, find g(10) and write an equation for the line tangent to the graph of g
at x = 108.

238. Rocket A has positive velocity v(t) after being launched upward from an initial height of 0 feet at time t =
0 seconds. The velocity of the rocket is recorded for selected values of t over the interval 0  t  80 seconds,
as shown in the table above.
a. Find the average acceleration of rocket A over the time interval 0  t  80 seconds. Indicate units of
measure.
b. Using correct units, explain the meaning of



70

10

v(t )dt in terms of the rocket’s flight. Use a midpoint

Riemann sum with 3 subintervals of equal length to approximate
c.

Rocket B is launched upward with an accerleration of a(t) =



70

10

v(t )dt .

3
feet per second per second. At time t =
t 1

0 seconds, the initial height of the rocket is 0 feet, and the initial velocity is 2 feet per second. Which of
the two rockets is traveling faster at time t = 80 seconds? Explain your answer.

239.

Consider the differential equation

dy 1  y

, where x  0.
dx
x

a.

On the axes provided, sketch a slope field for the given differential equation at the eight points indicated.

b. Find the particular solution y = f(x) to the differential equation with the initial condition f(-1) = 1 and state
its domain.
240. The twice-differentiable function f is defined for all real numbers and satisfies the following conditions:
f(0) = 2, f(0) = 4, and f(0) = 3
(a) The function g is given by g(x) = eax + f(x) for all real numbers, where a is a constant. Find g(0) and g(0) in
terms of a. Show the work that leads to your answers.
b. The function h is given by h(x) = cos(kx)f(x) for all real numbers, where k is a constant. Find h(x) and
write an equation for the line tangent to the graph of h at x = 0.
2007
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241.

Let R be the region in the first and second quadrants bounded above by the graph of y =

20
and below
1 x2

by the horizontal line y = 2.
a. Find the area of R.
b. Find the volume of the solid generated when R is rotated about the x-axis.
c. The region R is the base of a solid. For this solid, the cross sections perpendicular to the x-axis are
semicircles. Find the volume of this solid.

242. The amount of water in a storage tank, in gallons, is modeled by a continuous function on the time interval
0 ≤ t ≤ 7, where t is measured in hours. In this model, rates are given as follows:
(i) The rate at which the water enters the tank is f(t) = 100t 2 sin( t ) gallons per hour for 0 ≤t ≤ 7.
(ii) The rate at which water leaves the tank is

 250 for 0  t  3
gallons per hour.
2000 for 3  t  7

g(t) = 

The graphs of f and g, which intersect at t = 1.617 and t = 5.076. are shown in the figure above. At time t =
0, the amount of water in the tank is 5000 gallons.
a.

How many gallons of water enter the tank during the time interval 0 ≤t ≤ 7? Round your answer to the
nearest gallon.
b. For 0 ≤t ≤ 7, find the time intervals during which the amount of water in the tank is decreasing. Give a
reason for each answer.
c. For 0 ≤t ≤ 7, at what time t is the amount of water in the tank greatest? To the nearest gallon, compute
the amount of water at this time. Justify your answer.

243. The functions f and g are differentiable for all real numbers, and g is strictly increasing. The table above
gives the values of the function and their first derivatives at selected values of x. The function h is given by
h(x) = f(g(x)) − 6.
a. Explain why there must be a value r for 1 < r < 3 such that h® = -5.
b. Explain why there must be a value c for 1 < c < 3 such that h′© = -5.
c.

Let w be the function given by w(x) =



g ( x)

1

f (t )dt. Find the value of w′(3).

d. If g-1 is the inverse function of g, write an equation for the line tangent to the graph of y = g -1(x) at x = 2.
244. A particle moves along the x-axis with position at time t given by x(t) = e-tsin t for 0 ≤ t ≤ 2π.
a. Find the time t at which the particle is farthest to the left. Justify your answer.
b. Find the value of the constant A for which x(t) satisfies the equation Ax′′(t) + x′(t) + x(t) = 0
for 0 < t < 2π.

245. The volume of a spherical hot air ballon expands as the air inside the ballon is heated. The radius of the
balloon, in feet, is modeled by a twice-differentiable function r of time t, where t is measured in minutes. For
0 < t < 12, the graph of r is concave down. The table above gives selected values of the rate of change, r′(t), of
the radius of the balloon over the time interval 0 ≤t ≤12. The radius of the balloon is 30 feet when t = 5. (Note:
The volume of sphere of radius r is given by V =
a.

4 3
πr .)
3

Estimate the radius of the balloon when t = 5.4 using the tangent line approximation at t = 5. Is your
estimate greater than or less than the true value? Give a reason for your answer.
b. Find the rate of change of the volume of the balloon with respect to time when t = 5. Indicate units of
measure.
c. Use a right Riemann sum with 5 subintervals indicated by the data in the table to approximate
12



0

r (t )dt. Using correct units, explain the meaning of

12



d. Is your approximation in part c greater than or less than

0

r (t )dt. in terms of the radius of the balloon.

12



0

r (t )dt. ? Give a reason for your answer.

246. Let f be the function defined by f(x) = k x − ln x for x > 0, where k is a positive constant.
a. Find f′(x) and f ′′(x).
b. For what value of the constant k does f have a critical point at x = 1? For this value of k, determine
whether f has a relative minimum, relative maximum, or neither at x = 1. Justify your answer.
c. For a certain value of the constant k, the graph of f has a point of inflection on the x-axis. Find this value
of k.
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247.

Let R be the region bounded by the graphs of y = sin(πx) and y = x 3 − 4x, as shown in the figure above.

a. Find the area of R.
b. The horizontal line y = − 2 splits the region into two parts. Write, but do not evaluate, an integral
expression for the area of the part of R that is below this horizontal line.
c. The region R is the base of a solid. For this solid, each cross section perpendicular to the x-axis is a
square. Find the volume of this solid.
d. The region R models the surface of a small pond. At all points R at a distance x from the y-axis, the depth
of the water is given by h(x) = 3 − x. Find the volume of water in the pond.
t (hours)
L(t) (people)

0

1

3

4

7

8

9

120

156

176

126

150

80

0

248. 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 time t is modeled by a twice-differentiable function L for 0 ≤ t ≤ 9. Values of L(t)
at various times t 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. (t = 5.5). Show the computations that lead to your answer. Indicate units of measure.
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.
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.
d. The rate at which tickets were sold for 0 ≤ t ≤ 9 is modeled by r(t) = 550t e

t / 2

tickets per hour.

Based on the model, how many tickets were sold by 3 p.m.(t = 3), to the nearest whole number?

249. Oil is leaking from a pipeline on the surface of a lake and forms an oil slick whose volume increases at a
constant rate of 2000 cubic centimeters per minute. The oil slick takes the form of a right circular cylinder
with both its radius and height changing with time. (Note: The volume V of a right circular cylinder with radius
r and height h is given by V = πr2h.)
a.

At the instant when the radius of the oil slick is 100 centimeters and the height is 0.5 centimeter, the
radius is increasing at the rate of 2.5 centimeters per minute. At this instant, what is the rate of change
of the height of the oil slick with respect to time, in centimeters per minute?
b. A recovery device arrives on the scene and begins removing oil. The rate at which oil is removed is R(t) =
400 t cubic centimeters per minute, where t is the time in minutes since the device began working. Oil

c.

continues to leak a the rate of 2000 cubic centimeters per minute. Find the time t when the oil slick
reaches its maximum volume. Justify your answer.
By the time the recovery device began removing oil, 60,000 cubic centimeters of oil had already leaked.
Write, but do not evaluate, an expression involving an integral that gives the volume of oil at the time found
in part (b).

250. A particle moves along the x-axis so that its velocity at time t, for 0 ≤ t ≤ 6, is given by a differentiable
function v whose graph is shown above. The velocity is 0 at t = 0, t = 3, and t = 5, and the graph has horizontal
tangents at t = 1 and t = 4. The areas of the regions bounded by the t-axis and the graph of v on the intervals
[0, 3], [3,5], and [5,6] are 8, 3, and 2, respectively. At time t =0, the particle is at x = − 2.
a.

For 0 ≤ t ≤ 6, find both the time and the position of the particle when the particle is farthest to the left.
Justify your answer.
b. For how many values of t, where 0 ≤ t ≤6, is the particle at x = −8? Explain your reasoning.
c. ON the interval 2 < t < 3, is the speed of the particle increasing or decreasing? Give a reason for your
answer.
d. During what time intervals, if any, is the acceleration of the particle negative? Justify your answer.

251.
a.

Consider the differential equation

dy y  1
 2 , where x  0.
dx
x

On the axes provided, sketch a slope field for the given differential equation at the nine points indicated.

b. Find the particular solution y = f(x) to the differential equation with the initial condition f(2) = 0.
c. For the particular solution y = f(x) described in part b, find lim f ( x).
x 

252.
a.

Let f be the function given by f(x) =

ln x
1  ln x
for all x > 0. The derivative of f is given by f′(x) =
.
x
x2

Write an equation for the line tangent to the graph of f at x = e 2.

b. Find the x-coordinate of the critical point of f. Determine whether this point is a relative minimum, a
relative maximum , or neither for the function f. Justify your answer.
c. The graph of the function f has exactly one point of inflection. Find the x-coordinate of this point.
d. Find lim f ( x).
x 0
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253. Caren rides her bicycle along a straight road from home to school, starting at home at time t= 0 minutes
and arriving at school at time t = 12 minutes. During the time interval 0 ≤t ≤ 12 minutes, her velocity v(t), in
miles per minute, is modeled by the piecewise-linear function whose graph is shown above.
(a) Find the acceleration of Caren’s bicycle at time t = 7.5 minutes. Indicate units of measure.
(b) Using correct units, explain the meaning of
12



0

12



0

v(t ) dt in terms of Caren’s trip. Find the value of

v(t ) dt .

(c) Shortly after leaving home, Caren realizes she left her calculus homework at home, and she returns to get
it. At what time does she turn around to go back home? Give a reason for your answer.
(d) Larry also rides his bicycle along a straight road from home to school in 12 minutes. His velocity is modeled

by the function w given by w(t) = 15
sin(12 t ), where w(t) is in miles per minute fro 0 ≤ t ≤ 12 minutes. Who
lives closer to school: Caren or Larry?. Show the work that leads to your answer.

254. The rate at which people enter an auditorium for a rock concert is modeled by the function R given by
R(t) = 1380t2 − 675 t3 for 0 ≤t ≤2 hours; R(t) is measured in people per hour. No one is in the auditorium at
time t = 0, when the doors are open. the doors close and the concert begins at time t = 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
(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 t. The derivative of w
is given by w’(t) = (2 − t)R(t). Find w(2) − w(1), the total wait time for those who enter the auditorium after
time t = 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 ©.

255. 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 6 x
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 of the sale of a 25-meter cable.
(b) Using correct units, explain the meaning of



30

25

6 x 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.

256.
Let R be the region in the first quadrant enclosed by the graphs fo y = 2x and y = x2, as shown in the figure
above.
(a) Find the area of R.
(b) The region R is the base of a solid. For this solid, at each x the cross section perpendicular to the x-axis
has area A(x) = sin 2 x . Find the volume of the solid.

 

(c) Another solid has the same base R. For this solid, the cross sections perpendicular to the y-axis are
squares. Write, but do not evaluate, and integral expression for the volume of the solid.

257.
Let f be a function that is twice differentiable for all real numbers. The table above gives values of f for
selected points in the closed interval 2 ≤ x ≤ 13.
(a) Estimate f’(4). Show the work that leads to your answer.
(b) Evaluate

13



2

(3  5 f ' ( x)) dx. Show the work that leads to your answer.

(c) Use a left Reimann sum with subintervals indicated by the data in the table to approximate

13



2

f ( x) dx.

(d) Suppose f ‘(5) = 3 and f ‘’(x) < 0 for all x in the closed interval 5 ≤ x ≤ 8. Use the line tangent to the graph of f at x = 5 to
show that f(7) ≤ 4. Use the secant line for the graph of f on 5 ≤ x ≤ 8 to show that f(7) ≥

4
3

258.

 g ( x)

The derivative of a function f is defined by f ‘ (x) = 

for  4  x  0

x / 3
 3 for 0  x  4
5e

The graph of the continuous

function f ‘, shown in the figure above, has x-intercepts at x = −2 and x = 3ln 53 . The graph of g on −4 ≤ x ≤ 0 is
a semicircle and f(0) = 5.
(a) For −4 < x < 4, find all values of x at which the graph of f has a point of inflection. Justify your answer.
(b) Find f(-4) and f(4).
(c) For −4 ≤x ≤ 4, find the value of x at which f has an absolute maximum. Justify your answer.

2010
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259. There is no snow on Janet’s driveway when snow begins to fall at midnight. From midnight to 9 a.m. , snow
accumulates on the driveway at a rate modeled by f(t) = 7te cos t cubic feet per hour, where t is measured in
hours since midnight. Janet starts removing snow at 6 a.m. (t = 6). The rate g(t), in cubic feet per hour, at
which Janet removes snow from the driveway at time t hours after midnight is modeled by

0 for 0  t  6

g (t )  125 for 6  t  7
108 for 7  t  9.

(a) How many cubic feet of snow have accumulated on hte driveway by 6 A.M.?
(b) Find the rate of change of the volume of snow on the driveway at 8 A.M.
(c) Let h(t) represent the total amount of snow, in cubic feet, that Janet has removed from the driveway at
time t hours after midnight. Express h as a piecewise-defined function with domain 0 ≤t ≤ 9.
(d) How many cubic feet of snow are on the driveway at 9 a.m.?
260.
t
(hours)
E(t)
(hundreds
of entries

0

2

5

7

8

0

4

13

21

23

A zoo sponsored a one-day contest to name a new baby elephant. Zoo visitors deposited entries in a special
box between noon (t = 0) and 8 p.m. (t = 8). The number of entries in the box t hours after noon is modeled by
a differentiable function E for 0 ≤t ≤ 8. Values of E(t), in hundreds of entries, at various times t are shown in
the table above.
(a) Use the data in the table to approximate the rate, in hundreds of entries per hour, at which entries were
being deposited at time t = 6. Show the computations that lead to your answer.
(b) Use a trapezoid sum with the four subintervals given by the table to approximate the value of
Using correct units, explain the meaning of

1 8
E (t )dt.
8 0

1 8
E (t )dt. in terms of the number of entries.
8 0

(c) At 8 p.m., volunteers began to process the entries. The processed the entries at a rate modeled by the
function P, where P(t) = t3 − 30t2 + 298t − 976 hundreds of entries per hour for 8 ≤t ≤ 12.
According to the model, how many entries had not yet been processed by midnight (t = 12)?
(d) According to the model from part ©, at what time were the entries being processed most quickly? Justify
your answer.

261.

.
There are 700 people in line for a popular amusement-park ride when the ride begins peration in the morning.
Once it begins operation, the ride accepts passengers until the park closes 8hours later. While there is a line,
people move onto the ride at a rate of 800 people per hour. The graph above shows the rate, r(t), at which people
arrive at the ride throughout the day. Time t is measured in hours from the time the ride begins operation.
(a) How many people arrive at the ride between t = 0 and t = 3? Show the computations that lead to your answer.
(b) Is the number of people waiting in line to get on the ride increasing or decreasing between t = 2 and t = 3?
Justify your answer.
(c) At what time t is the line for the line the longest? How many people are in line at that time. Justify.
(d) Write, but do not solve, an equation involving an integral expression or r whose solution gives the earliest time t
at which there is no longer a line for the ride.

262.
Let R be the region in the first quadrant bounded by the graph of y = 2
the y-axis, as shown in the figure above.

x , the horizontal line y = 6, and

(a) Find the area of R
(b) Write, but do not evaluate, an integral expression that gives the volume of the solid generated when R
is rotated about the horizontal line y = 7.
(c) Region R is the base of a solid. For each y, where 0 ≤y ≤ 6, the cross section of the solid taken
perpendicular to the y-axis is a rectangle whose height is times the length of its base in region R.
Write, but do not evaluate, an integral expression that gives the volume of the solid.

263.
The function g is defined and differentiable on the closed interval [-7,5] and satisfies g(0) =5. The
graph of y = g’(x), the derivative of g, consists of a semicirle and three line segments, as shown above.
(a) Find g(3) and g(-2)
(b) find the x-coordinate of each point of inflection of the graph of y = g(x) on the interval −7 < x < 5.
Explain.
(c) The function h is defined by h(x) = g(x) − 12 x2. Find the x-coordinate of each critical point of h, where
−7 < x < 5, and classify each critical point as the location of a relative minimum, relative maximum or
neither a minimum nor a maximum. Explain your reasoning.

d2y
dy
= xy3 also satisfy
= y3(1 + 3x2y2). Let y = f(x) be a
dx 2
dx
dy
particular solution to the differential equation
= xy3 with f(1) = 2.
dx

264. Solutions to the differential equation

(a) Write an equation for the line tangent to the graph of y = f(x) at x = 1.
(b) Use the tangent line equation from part (a) to approximate f(1.1). Given that f(x) > 0 for 1 < x < 1.1, is
the approximation for f(1.1) greater or less than f(1.1)? Explain your reasoning.
(c) Find the particular solution y = f(x) with initial condition f(1) = 2.
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265. For 0≤t ≤ 6, a particle is moving along the x-axis. The particle’s position, x(t), is not explicitly given. The
velocity of the particle is given by v(t)= 2sin(et/4) + 1. The acceleration of the particle is given by
a(t) = 12 et/4 cos(et/4) and x(0) = 2.
a.
b.
c.
d.

Is the speed of the particle increasing or decreasing at time t = 5.5? Give a reason for your answer.
Find the average velocity of the particle for the time period 0 ≤t ≤ 6.
Find the total distance traveled by the particle from time t = 0 to t = 6.
For 0 ≤t ≤ 6, the particle changes direction exactly once. Find the position of the particle at that time.

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

0

2

5

9

10

66

60

52

44

43

266. As a pot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 ≤t ≤ 10,

where time t is measured in minutes and temperature H(t) is measured in degrees Celsius. Values of H(t) at
selected values of t 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.

1 10
H (t )dt in the context of this problem. Use a trapezoid
10 0
1 10
sum with four subintervals indicated by the table to estimate
H (t )dt .
10 0

b. Using correct units, explain the meaning of

c. Evaluate



10

0

H (t )dt . Using correct units, explain the meaning of the expression in the context of this

problem.
d. At time t = 0, biscuits with temperature 100º C were removed from an oven. The temperature of the
biscuits at time t is modeled by a differentiable function B for which it is known that B’(t) = −13.84e -0.173t.
Using the given models, at time t = 10, how much cooler are the biscuits than the tea?

267.

Let R
a.
b.
c.

268.

be the region in the first quadrant enclosed by the graphs of f(x) = 8x 3 and g(x) = sin(πx), as shown.
Write an equation for the line tangent to the graph of f at x = ½
Find the area of R.
Write, but do not evaluate, an integral expression for the volume of the solid generated when R is rotated
about the horizontal line y = 1.

The continuous function f is defined on the interval −4 ≤ x ≤ 3. The graph of f consists of two quarter circles
and
one line segment, as shown in the figure above.. Let g(x) = 2x +



x

0

f (t )dt.

a. Find g(-3). Find g’(-3).
b. Determine the x-coordinate of the point at which g has an absolute max on -4 ≤x ≤ 3. Justify.
c. Find all values of x on the interval −4 < x < 3 for which the graph of g has a point of inflection. Give a
reason
for your answer.
d. find the average rate of change of f on the interval -4 ≤x ≤ 3. There is no point c, -4 < c < 3, for which
f’(c) is equal to that average rate of change. Explain why this statement does not contradict the Mean
Value Theorem.

269. At the beginning of 2010, a landfill contained 1400 tons of solid waste. The increasing function W models
the total amount of solid waste stored at the landfill.. Planners estimate that W will satisfy the differential
equation

dW
1

(W  300) for the next 20 years. W is measured in tons, and t ismeasured in years from
dt
25

the start of 2010.
a. Use the line tangent to the graph of W at t = 0 to approximate the amount of solid waste that the
landfill
contains at the end of the first 3 months of 2010 (t = ¼).
b. Find

d 2W
d 2W
in
terms
of
W.
Use
to determine whether your answer in part (a) is an underestimate
dt 2
dt 2

or an overestimate of the amount of solid waste that the landfill contains at time t = ¼.
c. Find the particular solution W = W(t) to the differential equation
condition W(0) = 1400.

dW
1

(W  300) with initial
dt
25

1  2 sin x for x  0

270. Let f be a function defined by f(x) = 

4 x
e

for x  0

a. Show that f is continuous at x = 0.
b. For x ≠0, express f’(x) as a piecewise-defined function. Find the value of x for which f’(x) = -3.
c. Find the average value of f on the interval [-1,1].
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271.

The temperature of water in a tub at time t is modeled by a strictly increasing, twice-differentiable
Function W, where W(t) is measured in degrees Fahrenheit and t is measured in minutes. At time t= 0,
The temperature fo the water is 55º F. The water is heated for 30 minutes, beginning at time t = 0. Values
Of W(t) at selected times t for the first 20 minutes are given in the table above.
a. Use the data in the table to estimate W’(12). Show the computations that lead to your answer. Using
correct units, interpret the meaning of your answer in the context of this problem.
20
b. Use the data in the table to evaluate ∫0 𝑊 ′ (𝑡)𝑑𝑡 . Using correct units, interpret the meaning of
20

∫0 𝑊 ′ (𝑡)𝑑𝑡 in the context of this problem.

20

1
c. For 0 ≤ t ≤ 20, the average temperature of the water in the tub is 20
∫0 𝑊(𝑡)𝑑𝑡.

sum with the four subintervals indicated by the data in the table to approximate

this

Use a left Riemann
20
1
20 0

∫ 𝑊(𝑡)𝑑𝑡. Does

approximation overestimate or underestimate the average temperature of the water over these 20
minutes? Explain your reasoning.
272.

273.

274.

5

(d) Find the value of ∫0 𝑥√25 − 𝑥 2 𝑑𝑥.

275.

276.

277.

278

279.

280.

281.

282.

283..

284.

285.

286.

287.

288.

289.

290

291.

292.

293.

294.

295.

296.

297.

299.

300.

301.

