AP Calculus Packet Day 1

CALCULUSBC
SECTION 1L, Part A
Time—30 minutes

Number of questions—2

A GRAPHING CALCULATOR IS REQUIRED FOR THESE QUESTIONS.

1. People enter a line for an escalator at a rate modeled by the function r given by

P & £
44— (1 - == D<r<
(1) = (100)( ) for 05453
0 for ¢ > 300,

wherte r(t) is measured in people per second and ¢ is measured in secends. As people get on the escalator,
they exit the line at a constant rate of 0.7 person per second. There are 20 people in line at time ¢ = 0.

(@) How many people enter the line for the escalator during the time interval 0 <1 <3007

(b) During the time interval O < ¢ < 300, there are always people in line for the escalator. How many people
are in line at time ¢ = 300 ?

(¢) For ¢ > 300, what is the first time 7 that there are no people in line for the escalator?

(d) For 0 < ¢ < 300, at what time 7 is the number of people in line a minimum? To the nearest whole
number, find the number of people in line at this time. Justify your answer.
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AP Calculus Packet Day 2

CALCULUSBC
SECTIONIL Part B
Time—1 hour

Number of gquestions—4

NO CALCULATOR IS ALLOWED FOR THESE QUESTLONS.
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Graph of g

3. The graph of the continuous function g, the derivative of the function f; is shown above. The function g is

piecewise linear for —5 < x < 3, and g(x) = 2(x ~ 4 for3 < x < 6.
(@) If f(1) = 3, what is the value of f(—5)7

6 |
(h) Evaluate II g(x) dx.

{c) For —5 < x < 6, on what open intervals, if any, is the graph of f both increasing and concave up? Give a
reason for your answer.

(d) Find the x-coordinate of each point of inflection of the graph of f. Give a reason for your answer.
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4. The height of a tree at time # is given by a twice-differentiable function H, where H(t) is measured in meters

and # is measured in vears. Selected values of H(r} are given in the table above.

(a) Use the data in the table to estimate H'{6). Using correct units, interpret the meaning of H'(6) in the

context of the problem.

(b) Explain why there must be at least one time ¢, for 2 < ¢ < 10, such that H'(t) = 2.

(¢) Use a trapezoidal sum with the four subintervals indicated by the data in the table to approximate the
average heignt of the tree over the time interval 2 £ 7 < 10.

100,
(d) The height of the ree, in meters, can also be modeled by the function G, given by G{x) = f , where
X

¥ is the diameter of the base of the tree, in meters. When the tree is 50 meters tall, the diameter of the

base of the tree is increasing at a rate of 0.03 meter per year. According to this model, what is the rate of

change of the height of the tree with respect to time, in meters per year, at the time when the tree is

50 meters tall?
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AP Calculus Packet Day 4

CALCULUS BC
SECTIONIL, Part B
Time-— 60 minuies
Number of problems—4

Nao 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

by g(x) = [ 7(0) dr.

{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 7 Justify vour answer.

(c} 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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AP Calculus Packet Day 5

: iy ; ; dy
4. Consider the differential equation = = —%__r.

5
%

(a) Find 13—%—’ in terms of x and y.
X

(b) Let v =

f(x) be the particular solution to the given differential equation whose graph passes through the

point (=2, 8). Does the graph of f have a relative minimum, a relative maximum, or neither at the
point (-2, 8) ? Justify your answer.

(c) Let v = g{x) be the particular solution to the given differential equation with g(~1) = 2. Find

2
Iim u,(i()——? . Show the work that leads to your answer.
= 3410 )

(d) Let v = h{x) be the particular solution to the given differential equation with A(0) = 2. Use Euler’s
method, starting at x = 0 with two steps of equal size, 10 approximate h(1).
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AP Calculus Packet Day 6

5. The inside of a funnel of height 10 inches has circular cross sections, as shown in the figure above. At height h,
the radius of the funnel is given by r = %(3 + hz), where 0 < k £ 10. The units of » and h are inches.
(a) Find the average value of the radius of the funnel.
(b) Find the volume of the funnel.
(¢) The funnel contains liquid that is draining from the bottom. At the instant when the height of the ligud is
h = 3 inches, the radius of the surface of the liquid is decreasing at a rate of % inch per second. At this

instant, what is the rate of change of the height of the liquid with respect to time”
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AP Calculus Packet Day 7

CALCULUS BC
SECTIONTII, 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(¢t) = 20sin [—%}
A
cubic feet per hour, ¢ is measured in hours, and 0 < 7 < 8. The pipe is partially blocked, allowing water to drain

out the other end of the pipe at a rate modeled by D(t} = —0.041> + 0.4¢% + 0.96¢ cubic feet per hour, for
0 <t £ 8. There are 30 cubic feet of water in the pipe at time t = 0.

(2) How many cubic feet of ramwater flow into the pipe during the 8-hour time interval 0<t<8?

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

(¢) Atwhattime r, 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 ¢+ > &, water continugs to flow into and out

of the pipe at the given rates until the pipe begins (0 averflow. Write, but do not solve, an equation involving
one or more integrals that gives the time w when the pipe will begin to overtlow.
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AP Calculus

CALCULUS BC

SECTIONIL Part B
Time—66 minutes
Number of problems—4

No calculator is allowed for these problems.

Packet Day 8

T
X 0 12 20 24 40
(minutes)
v(t)
0 200 | 240 | -220 | 150
(meters per minute)

3. Johanna jogs along a straight path. For 0 < t < 40, Johanna’s velocity is given by a differentiable function v.
Selected values of v(¢), where 7 is measured in minutes and v{#) is measured in meters per minuie, are given in

the table above.

(a) Use the data in the table to estimate the value of v'{16).

40
(h) Using correct units, explain the meaning of the definite integral .[u tv(r)| dt in the context of the problem.

40
Approximate the value of Io |v(£)] 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 < 7 < 10, Bob’s velocity is modeled by

B(t) = r — 61" + 300, where ¢ is measured in minutes and B(¢) is measured in meters per minute.

Find Bob’s acceleration at time ¢ = 5.

(d) Based on the model B from part (c), find Bob’s average velocity during the interval 0 < ¢ < 10.
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AP____CaIcqus Packet Day 9

4. Consider the differential equation j-g =2x -y

(a) On the axes provided, sketch a slope ficld for the given differential equation at the six points indicated.

|+ .

0 t

(h) Find j ; in terms of x and y. Determine the concavity of all solution curves for the given differential
2

equanon in Quadrant If. Give a reason for your answer.

(¢) Let y = f(x) be the particular solution to the differential equation with the initial condition f2)= 3
Does f have a relative minimum, a relative maximum, or neither at x = 2 7 Justify YOUF answer.

(d) Find the values of the constants # and b for which v = mx + b is a solution to the differential equation.
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AP Calculus Packet Day 10

5. Consider the function f{x) = 5 = m. where k is a nonzero constant. The derivative of f is given by
x* =k
r k = 2I
) = A2
(x o kic]
(a) Let k = 3, sothat f(x) = — ! . Write an equation for the line tangent to the graph of £ at the point
x5 —=3x
whose x-coordinate is 4.
{b) Let k = 4, sothat f(x)=— L Determine whether f has a relative minimum, a relative maximum, or
x~ —4x

neither at x = 2. Justify your answer.

(¢) Find the value of k for which f has a critical peint at x = 5.

(d) Let k = 6, sothat f(x}=—; . Find the pastial fraction decomposition for the function f.

X7 —6x

Find [ £(x) dx.

© 2015 The College Board.
Visit the College Board on the Web: www.collegeboard.org.

GO ON TO THE NEXT PAGE.
-6~




