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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 £, consisting of two line segments and a quarter of a circle centered at the point (5, 3). It is

known that the point (3,3 — +/5) is on the graph of f.

5 -2
(a) IfJ. . f(x) dx =17, find the value of I 6 f(x) dx. Show the work that leads to your answer.

(b) Evaluate LS (2f(x) +4) dx.

Source: 2019 AP Calculus AB and BC Free-Response Questions
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Iculus Exam

(c) The function g is given by g(x) = I )c2 f(t) dr. Find the absolute maximum value of g on the interval

—2 < x < 5. Justify your answer.

10" =3f(x)
(d) Find lim ——+——.
x—1 f(x) — arctan x

Source: 2019 AP Calculus AB and BC Free-Response Questions
Copyright (© 2019 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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@ [ ryde=[7 e [ r
= 7=j::f(x)dx+2+(9—97”)

= [ a=1-(n-2) =224

®) [@r)+4ydv=2f f(x)dor [4dr
=2(/(5)- 7))+ 4(5-3)
=2(0-(3-+5))+8
=2(-3+5)+8=2+2V5

— OR —

Ls(z F(x) +4) dx = [2/(x) + 4x]°53
=(2f(5)+20) - (2/(3) +12)
=(2:0+20)-(2(3-+5) +12)
=2+2/5

Source: 2019 AP Calculus AB and BC Free-Response Questions

Copyright (© 2019 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.

I _[;f(x) dx = j::f(x) dx + Jif(x) dx
3 1: fzf(x)dx

1 : answer

{ 1 : Fundamental Theorem of Calculus

1 : answer
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, 1 ',
© £()=f()=0= x=-l,x=1 x=5 g = /()
3: 4 1:identifies x = —1 as a candidate
x g(x) S
) 0 1 : answer with justification
1
-1 5
1 1
2 4
I
5 11- vy
On the interval —2 < x < 5, the absolute maximum value
of g is g(5) = 11—,
10" =3f'(x) 10" =-377(1) )
@ £1—>ml f(x)—arctanx  f(1) - arctan | - answer
_10-32 4
Cl-arctanl 7
4

Source: 2019 AP Calculus AB and BC Free-Response Questions
Copyright (© 2019 The College Board.
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Part (a)

Analytical Solution:

6 -2 5
/ f(:z:) dxr = f(:r) dx + / f(x) dx Property of integrals

-5 —6 -2

-2 9m . "
7= fl@)de+24+(9- e Area associated with integral
—6

-2 ™ 9m

/ flz)dx="7— (11 — Z) =T 4 Solve for desired integral
-6
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Technology Solution
@ Define the function f piecewise.

@ Check the graph of f.

-2
e Find the value of f(z)dx.
-6

A
x-1, -2x<0 Done T £1(x)=tlx)
=] 2 x-1, 0<x<2
-9-(x-5)2 +3,22x<5

i3 TExAs INSTRUMENTS



2019 AP‘B’ Calculus Exam Technology Solutions and Problem Extensions

Example 1 Integral and Area

The continuous function f is defined on the closed interval —2 < z < 8. The
figure shows the graph of f, consisting of two line segments and a half circle

centered at the point (5,0). The function g is given by g(x) = / f@)dt
-2

\V

-2

a

b

(a) Find g(z) for z = —2,-1,0,1,2,5,8.

(b) Use these values of g to sketch a rough graph of g.

(c) Explain the relationship between the graph of g and the graph of f.
(d)

d) Find an analytical definition for the function g. Check your solution using

technology.
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=(2f(5)+4-5)—(2f(3)+4-3)
= (2-0420) — (23— V5) +12))
=2+2V5

Technology Solution

g 2[5 +2
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Part (c)

@) = [ £(t)dt

J@)=f(z)=0 = z=-1, %, 5 (endpoint)

Construct a table of values.

z | g(@)
-2 0
-1 %
1 _1
2 1
9

5 | 11--F

‘ . . I
On the interval —2 < x <5, the absolute maximum value of g is g(5) = 11 — va
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Technology Solution

x Done Acand Evalues C decimal D
gl=| A ar =
-2
B 1 2 0 0
solve(x)=0,)|-22xc5 et orxek op et 2 » 1n 0.5
3 17”2 -1/4 -0.25
4 511-9*/4  3.93142
5 v
™
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Part (d)
Solve this limit problem by direct substitution.
T / 1 _ /
lim 10 3f (x) = 10 3f (1) Direct substitution
=1 f(x) —arctanz  f(1) — arctan 1
_ 10-32 Use the graph of
~ 1—arctanl e the graph of f
416
1-Z 4-n

Example 2 Limit Extension

2 _
Find Tim - /@) =1
z—1arctanx — 7
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Example 3 Integral as Area

The figure shows the graph of a function f. The areas of the regions between the
graph of f and the z-axis are labeled.
Yy

. ; - n T
a 3 Jc e

Determine the value of each definite integral.

@ [ swa ® [ el @ i

/acf(x)d:c

() (e) / (f@)-Ddr  (f) / 2f(x) di
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Example 4 The Least | Can Do

Consider the portion of the graph of f as given in the statement of the Free

Response Question. The function g is given by g(z) = 2% — / 3f(¢)dt.
-2

(a) Find the intervals on which the graph of g is increasing. Decreasing.

(b) Find the intervals on which the graph of g is concave up. Concave down.
Find the inflection point(s) on the graph of g.

(c) Find the absolute minimum value of g on the interval —2 < z < 5. Justify
your answer.

(d) Carefully sketch a graph of the function g over the interval —2 < x <5.
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