2019 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION II, Part B
Time—1 hour

Number of questions—4

NO CALCULATOR IS ALLOWED FOR THESE QUESTIONS.

Graph of f

3. The continuous function f is defined on the closed interval —6 < x < 5. The figure above shows a portion of
the graph of f, consisting of two line segments and a quarter of a circle centered at the point (5, 3). Itis
known that the point (3,3 — J5 ) is on the graph of f.

5 -2
(a) If I . f(x) dx =17, find the value of I . f(x) dx. Show the work that leads to your answer.
5
(b) Evaluate L (2f’(x) +4) dx.

(c) The function g is given by g(x) = Ixz f(t) dt. Find the absolute maximum value of g on the interval

—2 < x £ 5. Justify your answer.

. . 10" — 3f’(x)
(d) Find lim ——F————.
x—1 f(x) — arctan x
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2018 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION II, Part B
Time—1 hour

Number of questions—4

NO CALCULATOR IS ALLOWED FOR THESE QUESTIONS.
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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)* for 3 < x < 6.

(a) If £(1) = 3, what is the value of f(—5) ?

(b) Evaluate JT 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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2017 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION II, Part B
Time—1 hour

Number of questions—4

NO CALCULATOR IS ALLOWED FOR THESE QUESTIONS.

Graph of f’

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) Foreach of f”(—5) and f”(3), find the value or explain why it does not exist.
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2016 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION 11, Part B
Time— 60 minutes
Number of problems—4

No calculator is allowed for these problems.
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-4,-4) | 8,-4)  (12,-4)

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) = [ £(¢) dr.

(a) Does g have a relative 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.

(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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2015 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

Graph of f’

5. The figure above shows the graph of f”, the derivative of a twice-differentiable function f, on the interval
[-3, 4]. The graph of f” has horizontal tangents at x = —1, x =1, and x = 3. The areas of the regions
bounded by the x-axis and the graph of f’ on the intervals [-2, 1] and [1, 4] are 9 and 12, respectively.

(a) Find all x-coordinates at which f has a relative maximum. Give a reason for your answer.

(b) On what open intervals contained in —3 < x < 4 is the graph of f both concave down and decreasing?
Give a reason for your answer.

(c) Find the x-coordinates of all points of inflection for the graph of f. Give a reason for your answer.

(d) Given that f(1) = 3, write an expression for f(x) that involves an integral. Find f(4) and f(-2).
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CALCULUS AB 6,
SECTION II, Part B Q’OO
Time— 60 minutes K7
Number of problems—4 A

No calculator is allowed for these problems.

A

\j

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(2)at.
(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.



https://mymathscloud.com

= apl14_frq_calculus_ab.pdf (page 6 of 7)
A Y=

2014 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

X -2 | 2<x<-1| -1 | -1<x<l1 1 |1<x<3 | 3
f(x) 12 Positive 8 Positive 2 Positive 7
f(x) | -5 Negative 0 Negative 0 | Positive %
g(x) | -1 Negative 0 Positive 3 Positive 1
gx) | 2 Positive % Positive 0 | Negative | —2

5. The twice-differentiable functions f and g are defined for all real numbers x. Values of f, f’, g, and g’ for
various values of x are given in the table above.

(a) Find the x-coordinate of each relative minimum of f on the interval [-2, 3]. Justify your answers.
(b) Explain why there must be a value ¢, for —1 < ¢ < 1, such that f”(c) = 0.

(c) The function A is defined by A(x) = In(f(x)). Find A’(3). Show the computations that lead to your
answer.

(d) Evaluate _[_32 f(g(x)g’(x) dx.
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Graph of f’

4. The figure above shows the graph of f”, the derivative of a twice-differentiable function f; on the closed
interval 0 < x < 8. The graph of f’ has horizontal tangent lines at x = 1, x = 3, and x = 5. The areas of the

regions between the graph of f” and the x-axis are labeled in the figure. The function f is defined for all real
numbers and satisfies f(8) = 4.

(a) Find all values of x on the open interval 0 < x < 8 for which the function f has a local minimum. Justify
your answer.

(b) Determine the absolute minimum value of f on the closed interval 0 < x < 8. Justify your answer.

(c) On what open intervals contained in 0 < x < 8 is the graph of f both concave down and increasing?
Explain your reasoning.

(d) The function g is defined by g(x) = (f (x))3 I f(3) = —%, find the slope of the line tangent to the graph

of g at x = 3.
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2012 AP® CALCULUS AB FREE-RESPONSE QUESTIONS 2

CALCULUS AB
SECTION 11, Part B
Time—60 minutes
Number of problems—4

No calculator is allowed for these problems.

(-4,1)

Graph of f

3. Let f be the continuous function defined on [—4, 3] whose graph, consisting of three line segments and a
semicircle centered at the origin, is given above. Let g be the function given by g(x) = Lx () ar.
(a) Find the values of g(2) and g(-2).

(b) For each of g’(—3) and g”(-3), find the value or state that it does not exist.

(c) Find the x-coordinate of each point at which the graph of g has a horizontal tangent line. For each of these

points, determine whether g has a relative minimum, relative maximum, or neither a minimum nor a
maximum at the point. Justify your answers.

(d) For —4 < x < 3, find all values of x for which the graph of g has a point of inflection. Explain your
reasoning.
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2011 AP®° CALCULUS AB FREE-RESPONSE QUESTIONS

(-4,-1)

(3,-3)

Graph of f

4. The continuous function f is defined on the interval —4 < x < 3. The graph of f consists of two quarter circles

and one line segment, as shown in the figure above. Let g(x) = 2x + j(: () dr.

(a) Find g(-3). Find g’(x) and evaluate g’(-3).

(b) Determine the x-coordinate of the point at which g has an absolute maximum on the interval —4 < x < 3.
Justify your answer.

(c) Find all values of x on the interval —4 < x < 3 for which the graph of g has a point of inflection. Give a
reason for your answer.
(d) Find the average rate of change of f on the interval —4 < x < 3. There is no point ¢, -4 < ¢ < 3, for

which f’(c) is equal to that average rate of change. Explain why this statement does not contradict the
Mean Value Theorem.
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Graph of g
6. Let g be the piecewise-linear function defined on [-27, 47| whose graph is given above, and

let f(x) = g(x) - cos(%).

4
(a) Find J : f(x) dx. Show the computations that lead to your answer.
—T
(b) Find all x-values in the open interval (27, 4x) for which f has a critical point.

(©) Let h(x) = jjx g(t) dt. Find h’(—%).


https://mymathscloud.com

- MH\I\I_II“_ uuuuuuuu _\‘IIQP\‘I \Puav A A \I’

2009 AP® CALCULUS AB FREE-RESPONSE QUESTIONS
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Graph of f’

g(x) for -4<x<0
5¢*/°-3 for 0<x<4
The graph of the continuous function f’, shown in the figure above, has x-intercepts at x = —2 and

6. The derivative of a function f is defined by f'(x) = {

X = 3ln(§). The graph of g on —4 < x < 0 is a semicircle, and f(0) = 5.

(a) For —4 < x < 4, find all values of x at which the graph of f has a point of inflection. Justify your answer.
(b) Find f(—4) and f(4).

(¢) For —4 < x < 4, find the value of x at which f has an absolute maximum. Justify your answer.
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Graph of f”

5. Let f be a twice-differentiable function defined on the interval —1.2 < x < 3.2 with f(1) = 2. The graph of f’,
the derivative of f, is shown above. The graph of f’ crosses the x-axis at x = —1 and x = 3 and has

a horizontal tangent at x = 2. Let g be the function given by g(x) = e,

(a) Write an equation for the line tangent to the graph of g at x = 1.

(b) For —1.2 < x < 3.2, find all values of x at which g has a local maximum. Justify your answer.

(c) The second derivative of g is g”(x) = ¢/™ [( f '(x))2 +f "(x)]. Is g”(-1) positive, negative, or zero?
Justify your answer.

(d) Find the average rate of change of g’, the derivative of g, over the interval [1, 3].
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4,-2)

(-3,-4)

Graph of g’

5. Let g be a continuous function with g(2) = 5. The graph of the piecewise-linear function g’, the derivative
of g, is shown above for -3 < x < 7.

(a) Find the x-coordinate of all points of inflection of the graph of y = g(x) for -3 < x < 7. Justify your
answer.

(b) Find the absolute maximum value of g on the interval -3 < x < 7. Justify your answer.

(c) Find the average rate of change of g(x) on the interval -3 < x < 7.

(d) Find the average rate of change of g’(x) on the interval —3 < x < 7. Does the Mean Value Theorem

applied on the interval —3 < x < 7 guarantee a value of ¢, for =3 < ¢ < 7, such that g”(c) is equal to this
average rate of change? Why or why not?
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2007 AP° CALCULUS AB FREE-RESPONSE QUESTIONS (Form B)

CALCULUS AB
SECTION II, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

(2,2)

Graph of f/
4. Let f be a function defined on the closed interval —5 < x < 5 with f(1) = 3. The graph of f’, the derivative
of f, consists of two semicircles and two line segments, as shown above.
(a) For =5 < x < 5, find all values x at which f has a relative maximum. Justify your answer.
(b) For =5 < x < 5, find all values x at which the graph of f has a point of inflection. Justify your answer.
(c) Find all intervals on which the graph of f is concave up and also has positive slope. Explain your reasoning.

(d) Find the absolute minimum value of f(x) over the closed interval —5 < x < 5. Explain your reasoning.
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2006 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

(=3,2) (-2,2) , (2,2) (3,2

(-5,-2) (5,-2)

Graph of f

3. The graph of the function f shown above consists of six line segments. Let g be the function given

by g(x) = [ f(t) d.

(2) Find g(4), g’(4), and g”(4).
(b) Does g have a relative minimum, a relative maximum, or neither at x = 1 ? Justify your answer.

(c) Suppose that f is defined for all real numbers x and is periodic with a period of length 5. The graph above

shows two periods of f. Given that g(5) = 2, find g(10) and write an equation for the line tangent to the
graph of g at x = 108.
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2006 AP° CALCULUS AB FREE-RESPONSE QUESTIONS (Form B)
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Graph of f’

2. Let f be the function defined for x > 0 with f(0) =5 and f”, the first derivative of f, given
by f'(x) = e*/4) sin(xz). The graph of y = f’(x) is shown above.
(a) Use the graph of f’ to determine whether the graph of f is concave up, concave down, or neither on the

interval 1.7 < x < 1.9. Explain your reasoning.

(b) On the interval 0 < x < 3, find the value of x at which f has an absolute maximum. Justify your answer.

(c) Write an equation for the line tangent to the graph of f at x = 2.
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2005 AP° CALCULUS AB FREE-RESPONSE QUESTIONS (Form B)

CALCULUS AB
SECTION II, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

(1,2)

0/\(2. 0)

o

(_19 _2)
(3,-2)
(-4,-3)

Graph of f
4. The graph of the function f above consists of three line segments.
(a) Let g be the function given by g(x) = jj4f(t)dt. For each of g(-1), g’(-1), and g”(-1), find the value
or state that it does not exist.

(b) For the function g defined in part (a), find the x-coordinate of each point of inflection of the graph of g on
the open interval —4 < x < 3. Explain your reasoning.

3
(c) Let h be the function given by h(x) = J. f(t)dt. Find all values of x in the closed interval —4 < x < 3 for
which A(x) = 0.

(d) For the function 4 defined in part (c), find all intervals on which % is decreasing. Explain your reasoning.
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2005 AP° CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTIONI1, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

x 0 O<x<l 1 l<x<?2 2 2<x<3 3 3<x<4
f(x) | -1 | Negative 0 Positive 2 Positive 0 Negative
f'(x) 4 Positive 0 Positive | DNE | Negative | -3 | Negative
f"(x) | -2 | Negative 0 Positive | DNE | Negative 0 Positive

4. Let f be a function that is continuous on the interval [0, 4). The function f is twice differentiable except at

x = 2. The function f and its derivatives have the properties indicated in the table above, where DNE indicates
that the derivatives of f do not exist at x = 2.

(a) For 0 < x < 4, find all values of x at which f has a relative extremum. Determine whether f has a relative
maximum or a relative minimum at each of these values. Justify your answer.

(b) On the axes provided, sketch the graph of a function that has all the characteristics of f.
(Note: Use the axes provided in the pink test booklet.)

.\.
)

(c) Let g be the function defined by g(x) = Lx f(t) dt on the open interval (0, 4). For 0 < x < 4, find all

values of x at which g has a relative extremum. Determine whether g has a relative maximum or a relative
minimum at each of these values. Justify your answer.

(d) For the function g defined in part (c), find all values of x, for 0 < x < 4, at which the graph of g has a
point of inflection. Justify your answer.
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Graph of f

5. The graph of the function f shown above consists of a semicircle and three line segments. Let g be the function
given by g(x) = _[;f(t)dt.
(a) Find g(0) and g’(0).

(b) Find all values of x in the open interval (-5, 4) at which g attains a relative maximum. Justify your
answer.

(c) Find the absolute minimum value of g on the closed interval [—5, 4]. Justify your answer.

(d) Find all values of x in the open interval (-5, 4) at which the graph of g has a point of inflection.


https://mymathscloud.com

% apua4_trq_calculus_ab__3610/.pdr (page 4 or b)

2004 AP® CALCULUS AB FREE-RESPONSE QUESTIONS (Form B)

CALCULUS AB
SECTION II, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

(5,2

(1,0) (4,0)

0, -1
( ) 2.-1)

(3» —2)

(_Iv _3)

Graph of f”’

4. The figure above shows the graph of f”, the derivative of the function f, on the closed interval -1 < x < 5.

The graph of f’ has horizontal tangent lines at x = 1 and x = 3. The function f is twice differentiable with
f(2)=6.

(a) Find the x-coordinate of each of the points of inflection of the graph of f. Give a reason for your answer.

(b) At what value of x does f attain its absolute minimum value on the closed interval —1 < x < 5 ? At what

value of x does f attain its absolute maximum value on the closed interval —1 < x < 5 ? Show the analysis
that leads to your answers.

(c) Let g be the function defined by g(x) = x f(x). Find an equation for the line tangent to the graph of g
at x = 2.
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2003 AP® CALCULUS AB FREE-RESPONSE QUESTIONS

CALCULUS AB
SECTION I1, Part B
Time—45 minutes
Number of problems—3

No calculator is allowed for these problems.

(4s _2)
Graph of f”’

4. Let f be a function defined on the closed interval —3 < x < 4 with f(0) = 3. The graph of f’, the derivative
of f, consists of one line segment and a semicircle, as shown above.
(a) On what intervals, if any, is f increasing? Justify your answer.

(b) Find the x-coordinate of each point of inflection of the graph of f on the open interval —3 < x < 4. Justify
your answer.

(c) Find an equation for the line tangent to the graph of f at the point (0, 3).
(d) Find f(-3) and f(4). Show the work that leads to your answers.
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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;x f(z) dt.

(a) Find g(3), g°(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’(c) 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.
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