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Example 5

You left home one morning and drove to a cousin’s house 300
miles away, arriving 6 hours later. What does the Mean Value Theorem say about
your speed along the way?

Your journey was continuous, with an average speed (the average rate of
change of distance traveled) given by

Adistance . 300 miles

Atime 6 hours R
Furthermore, the derivative (your instantaneous speed) existed everywhere along
your trip. The MVT, then, guarantees that at least at one point your instantaneous
speed was equal to your average speed for the entire 6-hour interval. Hence, your
car’s speedometer must have read exactly 50 mph at least once on your way to
your cousin’s house.

Example 6

The function f(x) = x** on [-8, 8] does not satisfy the conditions of the Mean Value
Theorem because

(A) f(0) is not defined (B) f(x) is not continuous on [-8, 8]
(C) f'(~1) does not exist (D) f(x) is not defined for x <0
(E) f'(0) does not exist

gE: (B)

Example 7

At how many points on the interval [-5,5] is a tangent to y = x + cos x parallel to
the secant line?

(A) none (B) 1 (C)

(o]

(D) 3 (E) more than 3

gE: (D)
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Example 9

B 's AP Calcul . i .
arons et Identify each of the following quantities for the function f(x),

. 202 '
p-202 #39 whose graph is shown in Figure (note: F'(x) = f(x)):
Identify graph.
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Barron’s AP Calculus (c) F(b)-F(a) = J f(x) dx = area of APDQB.
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Example 9
1 Che graph in Figure shows the speed v(¢) of a car, in
B0 . . . . .
niles per hour, at 10-minute intervals during a 1-hour period.
0 ¥ (a) Give an upper and a lower estimate of the total distance traveled.
\\ (b) When does the acceleration appear greatest?
Eaw (c) Estimate the acceleration when ¢ = 20.
/ (d) Estimate the average speed of the car during the interval 30 < r < 50.
0 I
0 10 20 a0 40 50 w0

2 . .
M (a) a lower estimate : 365 mi , a upper estimate 55mi

() t=5
(c) 60mi/hr?
(d) 60mph




2003 AP Calculus BC FREE-RESPONSE QUESTIONS (Form B)

A graphing calculator is required for some problems or parts of problems

Distance
X 0 60 | 120 | 180 | 240 | 300 | 360
(mm)

Diameter
B(x) 24 | 30 | 28 30 26 | 24 | 26
(mm)

3. A blood vessel is 360 millimeters (mm) long with circular cross sections of varying diameter. The table above
gives the measurements of the diameter of the blood vessel at selected points along the length of the blood
vessel, where x represents the distance from one end of the blood vessel and B(x) is a twice-differentiable
function that represents the diameter at that point.

(a) Write an integral expression in terms of B(x) that represents the average radius, in mm, of the blood vessel
between x = 0 and x = 360.

(b) Approximate the value of your answer from part (a) using the data from the table and a midpoint Riemann
sum with three subintervals of equal length. Show the computations that lead to your answer.

275[ B(A) 2

(c) Using correct units, explain the meaning of ;?L'J. T] dx in terms of the blood vessel.

125

(d) Explain why there must be at least one value x, for 0 < x < 360, such that B”(x) = 0.

2003 AP Calculus BC FREE-RESPONSE QUESTIONS (Form B)

No Calculator is allowed for these problems.

A
4

01231156?

Graph of f

5. Let f be a function defined on the closed interval [0, 7]. The graph of f, consisting of four line segments,
is shown above. Let g be the function given by g(x) = J.: f(r) dr.
(a) Find g(3), ¢’(3), and g”(3).

(b) Find the average rate of change of g on the interval 0 < x < 3.

(c¢) For how many values ¢, where 0 < ¢ < 3, is g’(¢) equal to the average rate found in part (b) ? Explain
your reasoning.

(d) Find the x-coordinate of each point of inflection of the graph of g on the interval 0 < x < 7. Justify your
answer.




2004 AP Calculus BC FREE-RESPONSE QUESTIONS

No Calculator is allowed for these problems.

1. 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
F(f) =82 + 4sin(§) for 0 < 1 < 30,

where F(t) is measured in cars per minute and ¢ is measured in minutes.

(a) To the nearest whole number, how many cars pass through the intersection over the 30-minute period?

(b) Is the traffic flow increasing or decreasing at 1 = 7 7 Give a reason for your answer.
(c) What is the average value of the traffic flow over the time interval 10 <t < 15 7 Indicate units of measure.

(d) What is the average rate of change of the traffic flow over the time interval 10 < < 15?7 Indicate units of
measure.

2004 AP Calculus BC FREE-RESPONSE QUESTIONS (Form B)

No Calculator is allowed for these problems.

. Let g be the function given by g(x) = Jlx

(a) Find the average value of g on the closed interval [1, 4].

(b) Let § be the solid generated when the region bounded by the graph of v = g(x), the vertical lines x = 1
and x = 4, and the x-axis is revolved about the x-axis. Find the volume of S.

(c) For the solid S, given in part (b), find the average value of the areas of the cross sections perpendicular to
the x-axis.

b
(d) The average value of a function f on the unbounded interval [a, e2) is defined to be blim { J;,f (x) dx}_ Show
= e S—
b-a

that the improper integral J g(x) dx is divergent. but the average value of g on the interval [4, oo) is finite.
4
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