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The figure above shows the graph of £, 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 /" 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.

Graph of f’

(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).

@ f'(x)=0atx=-2,x=1, and x = 4.
[f'(x) changes from positive to negative at x = —2.
Therefore, f has a relative maximum at x = 2.

(b) The graph of f is concave down and decreasing on the intervals
-2<x<-land 1< x <3 because /' is decreasing and

negative on these intervals.

(c) The graph of f has a point of inflection at x = =1 and x = 3

because f” changes from decreasing to increasing at these

points.

The graph of f has a point of inflection at x = 1 because f’

changes from increasing to decreasing at this point.
@ () =3+ r()ar
4
f(4)y=3+ L f(t)dt =3+ (=12) = -9

f2) =3+ ["rwd=3-[ rea
=3-(=9) =12

1 : identifies x = -2

1 : answer with reason

1 : intervals
1 : reason

1 : identifies x = —=1,1, and 3

1 : reason

1 : integrand
1 : expression for f(x)

12 /(4) and f(-2)
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The figure above shows the graph of the

piecewise-linear function f. For —4 < x <12,
the function g is defined by

g() = [, F@yar

4, 4)

(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.

8,-4)  (12,-4)

Graph of f

(a) The function g has neither a relative minimum nor a
relative maximum at x = 10 since g'(x) = f(x) and

f(x) <0 for 8 < x <12.

(b) The graph of g has a point of inflection at x = 4 since

g'(x) = f(x) is increasing for 2 < x < 4 and decreasing

for 4 < x < 8.

(¢) g'(x)= f(x) changes sign only at x = =2 and x = 6.

X g(x)
—4 —4
—2 -8
6 8
12 -4

On the interval —4 < x < 12, the absolute minimum
value is g(—2) = —8 and the absolute maximum value
is g(6) = 8.

(d) g(x)<0for—4<x<2and10<x<I12.

1: g/(X) = f(x) in (a), (b)a (C)a or (d)

1 : answer with justification

1 : answer with justification

1:considers x = -2 and x =6
as candidates

1: considers x = —4‘and x=12

2 : answers with justification

2 : intervals
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@ £(=5)= f0)+ [ ey de= £() - [ g(x) ar

3o 3 )5 (-19)_25
=3 (9 2+1)—3 ( 2)—2

(b) JTg(x) dx = Lsg(x) dx + J.;g(x) dx

= L32 dx + I362(x — 4)? dx

X=

6
=4+ﬁ—(—3)=10

_ 4+[—§-(x— 4)3L=3 S (-2

(c¢) The graph of f is increasing and concave up on 0 < x < 1 and
4 < x <6 because f'(x)=g(x)>0 and f'(x)= g(x) is
increasing on those intervals.

(d) The graph of f has a point of inflection at x = 4 because
Sf'(x) = g(x) changes from decreasing to increasing at x = 4.

: integral
s answer

:splitat x =3
 antiderivative of 2(x — 4)°
s answer

: intervals
: reason

canswer
. reason
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-6 -2
() f(-=6)=/f(-2)+ J_z fi(x)de =7~ I_é S(x)dx=T7-4=3 | : uses initial condition
5 2 * g de=7-2 3=10-2 B L)
f6) = f(2)+ [ f(x)de=T7-27+3=10-2z L 1)
§ (b) f’(x) > 0 on the intervals [-6, —2) and (2, 5). 2 : answer with justification
§ Therefore, f"is increasing on the intervals [—6, =2] and [2, 5].
| (¢) The absolute minimum will occur at a critical point where f'(x) =0 {1 :considers x =2
or at an endpoint. " 1 : answer with justification
S (x)=0=> x=-2,x=2
x f(x)
-6 3
-2 7
2 727
5 10 -27
The absolute minimum value is f(2) = 7 — 27.
" 2 - 0 1 "
@ (5= 57=7 RSN
2:49 1: f"(3) does not exist,
with explanation
lim f/(x) — f,(?’) =2 and lim f'(X) - fl(3) -1
=37 x -3 x—>3" x-3
S"(3) does not exist because
i SOV SG) L S S)
x—37 x=3 x—3* x—3




