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CALCULUS AB
SECTION II, Part A

Time—30 minutes

2 Questions

A GRAPHING CALCULATOR IS REQUIRED FOR THESE QUESTIONS.
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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(t) = 450,/ sin(0.62¢) , where ¢ is the number of hours after 5 A.M. and A(z) 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. (¢ = 5).

(b) Find the average value of the rate, in vehicles per hour, at which vehicles arrive at the toll plaza from
6 AM.(t=1)to 10 AM. (t = 5).

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

(d) A line forms whenever A(t) > 400. The number of vehicles in line at time 7, for a < ¢ < 4, is given by
t
N(t) = 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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2. Let f and g be the functions defined by f(x) = In(x + 3) and g(x) = x* +2x3. The graphs of f and g, shown

in the figure above, intersect at x = —2 and x = B, where B > 0.

(a) Find the area of the region enclosed by the graphs of f and g.

(b) For —2 < x < B, let h(x) be the vertical distance between the graphs of f and g. Is & increasing or
decreasing at x = —0.5 ? Give a reason for your answer.

(c) The region enclosed by the graphs of f and g is the base of a solid. Cross sections of the solid taken
perpendicular to the x-axis are squares. Find the volume of the solid.

(d) A vertical line in the xy-plane travels from left to right along the base of the solid described in part (c). The
vertical line is moving at a constant rate of 7 units per second. Find the rate of change of the area of the
cross section above the vertical line with respect to time when the vertical line is at position x = —0.5.

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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CALCULUS AB
SECTION II, Part B

Time—1 hour

4 Questions

NO CALCULATOR IS ALLOWED FOR THESE QUESTIONS.
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3. Let f be a differentiable function with f(4) = 3. On the interval O < 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 f(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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4. An ice sculpture melts in such a way that it can be modeled as a cone that maintains a conical shape as it
decreases in size. The radius of the base of the cone is given by a twice-differentiable function r, where r(¢) is
measured in centimeters and ¢ is measured in days. The table above gives selected values of r’(¢), the rate of
change of the radius, over the time interval 0 < ¢ < 12.

(a) Approximate r”(8.5) using the average rate of change of r” over the interval 7 < ¢ < 10. Show the
computations that lead to your answer, and indicate units of measure.

(b) Is there a time #, 0 < ¢ < 3, for which r’(¢t) = —6 ? Justify your answer.

(c) Use aright Riemann sum with the four subintervals indicated in the table to approximate the value of

J'lz r'(t) dt.

0
(d) The height of the cone decreases at a rate of 2 centimeters per day. At time ¢ = 3 days, the radius is
100 centimeters and the height is 50 centimeters. Find the rate of change of the volume of the cone with

respect to time, in cubic centimeters per day, at time ¢ = 3 days. (The volume V of a cone with radius r

1
and height /v is V = — 7rh.)

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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5. Consider the differential equation Ey =3 sin(E x) Jy+7.Lety = f(x) be the particular solution to the

differential equation with the initial condition f(1) = 2. The function f is defined for all real numbers.

(a) A portion of the slope field for the differential equation is given below. Sketch the solution curve through
the point (1, 2).
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(b) Write an equation for the line tangent to the solution curve in part (a) at the point (1, 2). Use the equation
to approximate f(0.8).

(c) Itis known that f”(x) > 0 for —1 < x < 1. Is the approximation found in part (b) an overestimate or an
underestimate for f(0.8) ? Give a reason for your answer.

(d) Use separation of variables to find y = f(x), the particular solution to the differential equation

— == sin(%x)dy + 7 with the initial condition f(1) = 2.

Werite 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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6. Particle P moves along the x-axis such that, for time 7 > 0, its position is given by xp(t) = 6 — 4e .

1
Particle @ moves along the y-axis such that, for time ¢ > 0, its velocity is given by vQ(t) = . Attime ¢ = 1,
t

the position of particle Q is yQ(l) =2.
(a) Find vp(?), the velocity of particle P at time .

(b) Find ag(1), the acceleration of particle Q at time ¢. Find all times ¢, for ¢ > 0, when the speed of
particle Q is decreasing. Justify your answer.

(c¢) Find yQ(t), the position of particle Q at time ¢.

(d) Ast — oo, which particle will eventually be farther from the origin? Give a reason for your answer.

Werite 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.

© 2022 College Board.
Visit College Board on the web: collegeboard.org.

10 GO ON TO THE NEXT PAGE.



AP® Calculus AB 2022 Free-Response Questions 7 TU
| | |

ADVANCE PLACEMENTS

STOP

END OF EXAM
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