2014 AP° CALCULUS BC FREE-RESPONSE QUESTIONS

CALCULUS BC
SECTION 11, Part B

Time—60 minutes
Number of problems—4

No calculator is allowed for these problems,

4

(4’ _4)

Graph of f
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(r)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 A 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.
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4. Train A runs back and forth on an east-west section of railroad track. Train A’s velocity, measured in meters
per minute, is given by a differentiable function v,(r), where time ¢ is measured in minutes. Selected values for

v,(r) are given in the table above.

(a) Find the average acceleration of train A over the interval 2 < ¢ £ 8.

(b) Do the data in the table support the conclusion that train A’s velocity is —100 meters per minute at some

time ¢ with 5 <t < 8 7 Give a reason for your answer.

(c) Attime ¢ = 2, train A’s position is 300 meters east of the Origin Station, and the train is moving to the east.
Write an expression involving an integral that gives the position of train A, in meters from the Origin
Station, at time ¢ = 12. Use a trapezoidal sum with three subintervals indicated by the table to approximate

the position of the train at time ¢ =12,

(d) A second train, train B, travels north from the Origin Station. At time ¢ the velocity of train B is given by
vg(t) = =5¢* + 60z -+ 25, and at time ¢ = 2 the train is 400 meters north of the station. Find the rate, in
meters per minute, at which the distance between train A and train B is changing at time ¢ = 2.
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2015 AP° CALCULUS BC FREE-RESPONSE QUESTIONS

CALCULUS BC
SECTIONII, Part A
Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.

2
1. The rate at which rainwater flows into a drainpipe is modeled by the function R, where R(r) = 20sin (-;——5-]

cubic feet per hour, 7 is measured in hours, and 0 < ¢ < 8. The pipe is partially blocked, allowing water to drain
out the other end of the pipe at a rate modeled by D(t) = —0.04¢% + 0.41% + 0.96¢ cubic feet per hour, for
0 €t < 8. There are 30 cubic feet of water in the pipe at time ¢ = 0.

(a) How many cubic feet of rainwater flow into the pipe during the 8-hour time interval 0 <7 <87

(b) Is the amount of water in the pipe increasing or decreasing at time ¢ = 3 hours? Give a reason for your
answer.

(c) Atwhattime ¢, 0 < £ 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 ¢ > 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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2015 AP° CALCULUS BC FREE-RESPONSE QUESTIONS

CALCULUS BC

SECTION 11, Part B
Time— 60 minutes

Number of problems—4

No calculator is allowed for these problems.

t

{minutes)

24

40

W)

(meters per minute)

|
0 200 | 240 | -220

150

3. Johanna jogs along a straight path. For 0 < ¢ < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(r), where ¢ is measured in minutes and v(z) 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).

40
(b) Using correct units, explain the meaning of the definite integral Jo |v(r)| dr in the context of the problem.

40
Approximate the value of Jo |v(r)| dr using a right Riemann sum with the four subintervals indicated in the

table.

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

B(t) = t* - 6% + 300, where  is measured in minutes and B(f) is measured in meters per minute.

Find Bob’s acceleration at time ¢ = 5.

(d) Based on the model B from part (¢), find Bob’s average velocity during the interval 0 < ¢ < 10.
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2016 AP® CALCULUS BC FREE-RESPONSE QUESTIONS

CALCULUS BC
SECTION II, Part A
Time—30 minutes
Number of problems—2

A graphing calculator is required for these problems.
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1. Water is pumped into a tank at a rate modeled by W(z) = 2000¢™ /20 liters per hour for 0 < ¢ < 8, where
is measured in hours. Water is removed from the tank at a rate modeled by R(r) liters per hour, where R is

differentiable and decreasing on 0 < ¢ < 8. Selected values of R(¢) 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 < r <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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2016 AP® CALCULUS BC FREE-RESPONSE QUESTIONS

CALCULUS BC
SECTIONII, Part B

Time—60 minutes
Number of problems—4

No calculator is allowed for these problems.
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Graph of f

3. The figure above shows the graph of the piecewise-linear function f. For —4 < x <12, the function g is defined
X .
by g(x) = [ £(e) ar.

(a) Does g have arelative minimum, a relative maximum, or neither at x = 10 ? Justify your answer.
(b) Does the graph of g have a point of inflection at x = 4 ? Justify your answer.

(¢) Find the absolute minimum value and the absolute maximum value of g on the interval ~4 < x < 12.
Justify your answers.

(d) For =4 < x <12, find all intervals for which g(x) < 0.
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