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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)2 for3<x<6.
(a) If f(1) = 3, what is the value of f(—5) ?
(b) Evaluate .[16 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.

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
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) -5 1 .
@ f(=5)= )+ [ g(x)dr = 1)~ [ glx)dx 5. [ 1 integral
" | 1:answer
3 (9341 =3-(L10) -2
3-(0-3+1)-3-(-B)-3
6 3 6 .
(b) L g(x)dx = L g(x)dx + L g(x) dx 1 :splitat x =3
3 6 ) 39 1 : antiderivative of 2(x — 4)°
:j 2dx+j' 2(x - 4) dx
1 3 1 : answer
cas[2aoap] T - 15_(-2)-
—4+[3(x 4) :‘)[:3—4+3 3 =10
(c) The graph of f is increasing and concave up on 0 < x <1 and 5 1 : intervals
4 < x <6 because f'(x)=g(x)>0 and f'(x)=g(x) is " | 1:reason
increasing on those intervals.
(d) The graph of f has a point of inflection at x = 4 because 1 : answer
, R . . 2:
f'(x) = g(x) changes from decreasing to increasing at x = 4. 1 : reason

Source: 2018 AP Calculus AB and BC Free-Response Questions
Copyright (© 2018 The College Board.
Reproduced with permission. http://apcentral.collegeboard.com.
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On the Scoring Standard:

f(=5) = F(1) + / g da

FTC, f'=g
Solve for f(—5).
Initial condition; geometry.

Simplify.

) - / gla) dz
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Technology Solution

@ Define the function g piecewise.
@ Check the graph of g.
@ Find the value of f(—5).

i 1.1 ‘ *Doc < rap {1 B9 m 1.2 |Ig *Doc = rap 4]

Ay
-3, -55x<-2 Done I'l(x)=g(x) 2
3 (x+1), -25x<-1
0, -1<x<0
go):= 2-x, 0sx<1
2, 1<x<3
2 (x-4)2,32x26 .
X
1 25 -6 1 7
3- g(x) dx T
_5 _4
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Example 1 Sketch the Graph of f
For the functions g and f defined in this Free Response Question, we know that
f(1) =3 (given) and f(—5) = 22 (part (a)).
(a) Find f(t) for t = —4,-3,-2,-1,0,2,3,4,5,6.
b) Use these values of f to sketch a rough graph of f.

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

d) Find a analytical definition for the function f.
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/169(x)d:z::/139(x)dx+/;g(x)d:r

3 6
:/ de—l—/ 2(x — 4)% dx
1 3

Split the integral.

Use definition of g.

Geometry; antiderivative.

FTC.
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Technology Solution

@ Define the function g piecewise.

@ Compute the definite integral.

412 [13] 1.4 ERETEES rap {1 B9 mm G > *ab3 — PAD@N
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Part (c)

Sign Chart Solution:

— 000 + 0o + f(z) =g(x)
[ I I I ]
L T T T 1
-5 -1 0 4 6 =
1 I T f@)
? DNE + DNE 7 DNE -+ DNE ? pNE — () + f(x) =¢'(2)
[ | | | | | | ]
L T T T T T T ]
-5 -2 =1 0 1 3 4 6 =«
cu cu b U f(@)

The graph of f is increasing and concave up: (0,1) and (4, 6).

Note: Discuss the concavity of the graph of f on the interval (1, 3).
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Part (c)

Here is a graph of f.

Done ||

£1(x)={x)

16 Ty

3 <
\l

41516 ] 1.7 |l rao 11 B3

-5
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Part (d)

Using the Sign Chart:

The graph of f has a point of inflection at x = 4 because the graph changes from
concave down to concave up at x = 4.

416 [ 1.7 | 1.2 RETEES rap {1 B9

10 y

f1 (\) =f(x)
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Example 2 Critical Thinking

The graph of the derivative of a continuous function f is shown.

Y

4

/2 4\3 A\T

) On what intervals is f increasing? Decreasing?

¥}

) At what values of x does f have a local maximum? Local minimum?

(a
(b
(c) On what intervals is f concave up? Concave down?
(d) Find the z-coordinate(s) of the inflection points.

(

e) Assume f(0) = 0 and sketch a graph of f.

v
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