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4. Let fbe a twice-differentiable function on the closed interval [—4,4] with f(2) = 3. The graph of
/', the derivative of f; is shown.
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Part A

For x > 0, the function g is defined by g(x) = f(x) — In x. Find g’(2). Show the work that leads to
your answer.

Part B

Find all values of x on the open interval 0 < x < 3 at which the graph of fhas a point of
inflection. Give a reason for your answer.

Part C

For —4 < x < 4, on what open intervals, if any, is the graph of fboth increasing and concave
down? Give a reason for your answer.

PartD

For —4 < x < 4, find the value of x at which fhas an absolute minimum and the value of x at
which fhas an absolute maximum. Give reasons for your answers.
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1. From 5 AM. to 10 A.M,, the rate at which vehicles arrive at a certain toll plaza is given by

A(r) = 450,/ sin(0.62¢) , where ¢ is the number of hours after 5 AM. and A(7) is measured in vehicles per hour.

Traffic is flowing smoothly at 5 A.M. with no vehicles waiting in line.

(a)

Write, but do not evaluate, an integral expression that gives the total number of vehicles that arrive at the
toll plaza from 6 AM. (f = 1) to 10 AM. (t = 5).

(b) Find the average value of the rate, in vehicles per hour, at which vehicles arrive at the toll plaza from

()

(d)

6 AM.t=1tol10 AM. (t =5).

Is the rate at which vehicles arrive at the toll plaza at 6 AM. (f = 1) increasing or decreasing? Give a reason
for your answer.

A line forms whenever A(¢) = 400. The number of vehicles in line at time ¢z, for a < ¢ < 4, is given by
t
N(z) = J (A(x) — 400) dx, where a is the time when a line first begins to form. To the nearest whole
a
number, find the greatest number of vehicles in line at the toll plaza in the time interval a < ¢ < 4. Justify

your anSwer.

Write your responses to this question only on the designated pages in the separate Free Response

booklet. Write your solution to each part in the space provided for that part.
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3. Let f be a differentiable function with f(4) = 3. On the interval 0 < x < 7, the graph of f”, the derivative
of f, consists of a semicircle and two line segments, as shown in the figure above.

(a) Find £(0) and f(5).
(b) Find the x-coordinates of all points of inflection of the graph of f for 0 < x < 7. Justify your answer.

(c) Let g be the function defined by g(x) = f(x) — x. On what intervals, if any, is g decreasing for
0 < x <77 Show the analysis that leads to your answer.

(d) For the function g defined in part (c), find the absolute minimum value on the interval 0 < x < 7. Justify
your answer.

Write your responses to this question only on the designated pages in the separate Free Response
booklet. Write your solution to each part in the space provided for that part.
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2. The figure above shows the polar curves r = f(6) = 1 + sin 6 cos(26) and r = g(6) = 2cos 6 for
0<6< % Let R be the region in the first quadrant bounded by the curve r = f(0) and the x-axis. Let S be

the region in the first quadrant bounded by the curve r = f(0), the curve r = g(0), and the x-axis.

(a) Find the area of R.

(b) Theray 6 = k, where 0 < k < E, divides S into two regions of equal area. Write, but do not solve, an
2

equation involving one or more integrals whose solution gives the value of k.

(c) Foreach#, 0 <6< g, let w(0) be the distance between the points with polar coordinates (f (), 8) and

g(0), 0). Write an expression for w(0). Find wy, the average value of w over the interval O < 0 <
0),0). Wri ion f 0). Find wy, th lue of w(@ he i 10<6<

(SRR

(d) Using the information from part (c), find the value of 6 for which w(6) = wy. Is the function w(6)
increasing or decreasing at that value of & ? Give a reason for your answer.

END OF PART A OF SECTION Il
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CALCULUSBC
SECTION II, Part B
Time—1 hour

Number of questions—4

NO CALCULATOR IS ALLOWED FOR THESE QUESTIONS.
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3. The function f is differentiable on the closed interval [—6, 5] and satisfies f(—2) = 7. The graph of f’, the
derivative of f, consists of a semicircle and three line segments, as shown in the figure above.

(a) Find the values of f(—6) and f(5).
(b) On what intervals is f increasing? Justify your answer.
(c) Find the absolute minimum value of f on the closed interval [—6, 5]. Justify your answer.

(d) For each of f”(—5) and f”(3), find the value or explain why it does not exist.
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CALCULUS BC
SECTION II, Part A
Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.

t
(hours)

R(1)
(liters / hour)

0 1 3 6 8

1340 1190 950 740 700

2
1. Water is pumped into a tank at a rate modeled by W(¢) = 2000e~’ /20 liters per hour for 0 < ¢ < 8, where ¢
is measured in hours. Water is removed from the tank at a rate modeled by R(z) liters per hour, where R is

differentiable and decreasing on 0 < ¢ < 8. Selected values of R(z) are shown in the table above. At time
t = 0, there are 50,000 liters of water in the tank.

(a) Estimate R’(2). Show the work that leads to your answer. Indicate units of measure.

(b) Use a left Riemann sum with the four subintervals indicated by the table to estimate the total amount of
water removed from the tank during the 8 hours. Is this an overestimate or an underestimate of the total
amount of water removed? Give a reason for your answer.

(c) Use your answer from part (b) to find an estimate of the total amount of water in the tank, to the nearest
liter, at the end of 8 hours.

(d) For 0 £t <8, is there a time ¢ when the rate at which water is pumped into the tank is the same as the rate
at which water is removed from the tank? Explain why or why not.
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CALCULUS BC
SECTION II, Part B
Time— 60 minutes
Number of problems—4

No calculator is allowed for these problems.

J

(4, -4)
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3. The function f is defined on the closed interval [—5, 4]. The graph of f consists of three line segments and is
shown in the figure above. Let g be the function defined by g(x) = J-_); f(z) dr.
(a) Find g(3).

(b) On what open intervals contained in =5 < x < 4 is the graph of g both increasing and concave down?
Give a reason for your answer.

(c) The function # is defined by h(x) = % Find A’(3).

(d) The function p is defined by p(x) = f (x2 - x). Find the slope of the line tangent to the graph of p at the
point where x = —1.




