Chapter

3

Functions and Their Graphs

3.2 Properties of Functions

1. Yes

2. No Itisincreasing.

3. No Itonlyincreaseson (5, 10).

4. Yes

5.  f isincreasing on theintervals: (-8, -2), (0, 2), (5, 10).
6. f isdecreasingontheintervals. (-10, -8), (-2, 0), (2, 5).
7.  Yes. Theloca maximumat x = 2is10.

8. No. Thereisaloca minimumat x = 5.

9. f haslocal maximaat x =- 2and x =2. Thelocal maximaare 6 and 10, respectively.

10. f haslocal minimaat x=-8,x =0and x=5. Theloca minimaare—4, 0, and O,
respectively.

11. (@) Intercepts. (-2,0), (2,0), and (0,3).
(b) Domain: {x| 4EXE 4}; Range: J{y|0£ y£3}.
(c) Interval notation: Increasing: (=2, 0) and (2, 4); Decreasing: (-4, —2) and (0, 2).
Inequality notation: Increasing: - 2<x<0and2 <x<4
Decreasing: - 4<x<-2and X x<2
(d) Sincethe graph is symmetric to the y-axis, the function is even.

12. (@ Intercepts. (-1, 0), (1, 0), and (O, 2).
(b) Domain: {x| 3£ x£3}; Range: {y|0£ y£3}.
(c) Interval notation: Increasing: (-1, 0) and (1, 3); Decreasing: (-3, —1) and (0, 1).
Inequality notation: Increasing: -1<x<0and1l<x<3
Decreasing: - 3<x<-land0<x<1
(d) Sincethe graph is symmetric to the y-axis, the function is even.
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Section 3.2  Properties of Functions

13. (& Intercepts: (0,1).
(b) Domain: { Rea Numbers}; Range: {yly > O}.
(c) Interval notation: Increasing: (- ¥,+¥); Decreasing: never.
Inequality notation: Increasing: - ¥ <X <+¥
Decreasing: never
(d) Sincethe graph isnot symmetric to the y-axis or the origin, the function is neither
even nor odd.

14. (&) Intercepts: (1,0).
(b) Domain: {x|x > 0}; Range: {Real Numbers} .
(c) Interval notation: Increasing: (0, + ¥); Decreasing: never.
Inequality notation: Increasing: x>0
Decreasing: never
(d) Sincethe graph isnot symmetric to the y-axis or the origin, the function is neither
even nor odd.

15. (@) Intercepts. (- p,0),(0,0), ang@,0)
(b) Domain: {x|- pE x£p}; Range: {y|-1£y£]}.

(c) Interval notation: Increasing: geTD %g; Decreasing: g?p, %)8 and gg, pg.
Inequality notation: Increasing: ?p <x< g
Decreasing: - p<x< ?p and %<x<p

(d) Sincethe graph is symmetric to the origin, the function is odd.

16. (a) Intercepts: g? %,Og,g%, 08 and (0, 1).
(b) Domain: {x|- pE x£p}; Range: {y|-1£y£]}.
(c) Interval notation: Increasing: (- p, 0); Decreasing: (0, p).
Inequality notation: Increasing: - p<x<0
Decreasing: 0<x<p
(d) Sincethe graph is symmetric to the y-axis, the function is even.

17. (8 Intercepts: (0, 3), (%, 0), and (3, 0).
(b) Domain: {x|- 3£ x£3}; Range: {y|- 1£ y£2}.
(c) Interval notation: Increasing: (2, 3); Decreasing: (-1 1);
Constant: (-3 - 1) and (1 2).
Inequality notation: Increasing: 2 <x < 3; Decreasing: - 1< x<1;
Constant: -3<x<-land1l<x<2.
(d) Sincethe graph isnot symmetric to the y-axis or the origin, the function is neither
even nor odd.
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(@)
(b)

(@
(b)

(@)
(b)

Intercepts: (- 2.3, 0), (3, 0), and(0, 1).
Domain: {x|- 3£ x£3}; Range: {y|- 2£ y£2}.
Interval notation: Increasing: (-3 - 2) and (0, 2); Decreasing: (2, 3);
Constant: (- 2,0).
Inequality notation: Increasing: -3<x <-2and0 <x <2;
Decreasing: 2<x<3; Constant: - 2<x <0.
Since the graph is not symmetric to the y-axis or the origin, the function is neither
even nor odd.

Intercepts: (0, 2), (- 2,0), and (2, 0).
Domain: {x|- 4£XE 4} ; Range: {y|0£ y£ 2} :
Interval notation: Increasing: (- 2,0 and (2, 4);
Decreasing: (- 4,- 2) and (Q 2).
Inequality notation: Increasing: - 2<x <0and2 <x<4;
Decreasing: - 4<x<-2and (k x<2.
Since the graph is symmetric to the y-axis, the function is even.

Intercepts:. (0, 0), (- 4, 0), and(4, 0).
Domain: {x|- 4E£XE 4} ; Range: {y|- 2£ yE 2} :
Interval notation: Increasing: (- 2,2;

Decreasing: (- 4, - 2) and (2, 4).
Inequality notation: Increasing: - 2 <x <2;

Decreasing: - 4<x<-2 and X x<4.
Since the graph is symmetric to the origin, the function is odd.

f hasaloca maximum of 3at x = 0.
f hasalocal minimumof O at both x=-2and x = 2.

f hasaloca maximum of 2 at x = 0.
f hasalocal minimum of O at both x=- 1and x =1.

f hasaloca maximumof 1at x = §.
f hasaloca minimum of -1 at x = =£.

f hasaloca maximumof 1 at x = 0.
f hasnoloca minimum.
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29.

@

(b)

(©

f(x) =5x
f(X)- fO _5x-5
x-1 x-1
_9(x-1 -5
x-1
f(2) - f(l)_10-5_§_5
2-1  ~2-1 1
Slope=5; Containing (1, 5):
y- 5=5(x- 1)
y- 5=5x-5
y = 5Xx
f(x)=1- 3x
f(¥)- f0 _1-3x-(-2
x-1 x-1
=-3x+3=-3(x-]):_3
x-1 x-1
f2-f@ _1-32-(-2
2-1 2-1
:£:-3
1

Slope =-3; Containing (1, -2):

y- (-2)=-3(x- 1)
y+2=-3x+3
y=-3+1

f(x) = x° - 2x

f()- f _x*-2x- (-1
x-1 x-1

XZ-2x+1 (x-)°?

T ox-1  x-1

=x-1

(- (@) _2°-2(2- (Y _1_,

2-1 2-1
Slope=1; Containing (1, —1):
y- (-1)=1x- 1)

y+1=1x-1

y=x-2

1

26.

(@

(b)

(©)

28.

(@

(b)

(©)

30
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(b)

(©

Section 3.2  Properties of Functions

f(x)=- 4x
f(x)- f@ _-4x+4
x-1 x-1

:-Ax;l):_4

x-1
f(2- f(1) -8+4 4
71 T T4
Slope —4; Containing (1, —4):
- (-4)=-4(x-1)
y+4=-4x+4

y=-4x

f(x)=x"+1

f(x)- fQ _ x +1-2
x-1 x-1
2

_xXT-1_ (x+D(x-1) w1
x-1 x-1

f(2- f(1) _22+1-2_3 _3
2-1 -1 1~

Slope=3; Containing (1, 2):
y- 2=3(x-1)
y-2=3x-3

y=3x-1

f(x) = x- 2x°

f(x)- f@ _x-2x*-(-1)
x-1 x-1

- 2XP+x+1 (-2x-1)(x-1)

B x-1 B x-1

=-2x-1

f2)- f@) _2-2x°- (-1)
2-1  2-1

:£:-5
1

Slope =-5; Containing (1, -1):
-(-1)=-5x-1)
y+1=-5x+5

y=-5x+4
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33.

@
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(©

35.

@

(b)
(©

Functions and Their Graphs
f(x)=x° 32.
f- f@ _x° 0_x’- X (€Y
x-1 x-1 x-1
_ X(x-D(x+] —? 4 x
x-1
f(2)- f(1) _ 23- 2-0_6_g (b)
2-1 ~ " 2-1 "1~
Slope = 6; Containing (1, 0): (©)
y- 0=6(x- 1)
y=6X- 6
() =2 34
i-l 2-x-1 @
fO)- @ _x+1 ~_ x+1
Xx-1 x-1 x-1
_1-x _ -1
T (x- D(x+1)  x+1
2
(- 10 721 " ®)
_i-l 2-1 ©
3.1
1 3
Slope = =; Containing (1, 1):
y- 1= Z(x- 1)
_-1_ .4
y=3Xx*3
f(x)=J7< 36.
f(x)- _Jx-1 €Y
X - 1 JX'
f(2)- (1) _
7T =V2-1 (b)
Slope= 2 - 1; Contalnlng 1, 1):
y-1=(J2- 1)(x- 1) ©)
1= (J2- 1)x- (v2- 1)
y=(v2- 1)x- J2+2

f(x)=x>+x
f(x)- fQ _ x +X-2

x-1 x-1
C(X-D(x*+x+2)

=x®+x+2

X-1
f(2- f(1) 23+2- 2:2_3 3

2-1 —  2-1 1

Slope =8; Containing (1, 2):
y- 2=8(x- 1)
y-2=8x-8
y=8x-6

()=

1- x?2
2

— X
Xx-1

1
(- 10 @ .
x-1 x-1
_(@- x)(1+x) -x-1
B x°
-1

X (x- 1)

3
f(2- f(1) _ "7 _ 3
2-1 _"2 T-T™ 1%
Slope= - 2; Containing (1, 1):

_ 3
y-1=-3(x- 1)

3 3
y-1=-7x+7
3 7

A

f(x)=Jx+3

f(x)- fO _ Jx+3-2
x-1 = x-1

f(2)- (1) _ ng- 2_F.»
Slope= J5- 2; Containing (1, 2):
y-2=(V5- 2)(x- 1)

V5 2)x- (V5 - 2)

J5- 2)x- J5+4
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39.

41.

43.

45.

47.

49,

50.
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f(x) = 4x°
()= 4% =- 4%
f isodd.

g(x) =-3x"-5
(- xX)=-3(-x)>-5=-3x*-5
g iseven.

F(¥) = X

F(- 0= 3% = - ¥
F isodd.
f(x) = x+]| x|

f(-) = x+]- x| =-x+ x|
f isneither even nor odd.

38.

40.

42.

Section 3.2  Properties of Functions

f(x)=2x" - x°
fi-x)=2(-x)"- (-x)*=2x*- x°
f iseven.

h(x) =3x>+5
h(- X) =3(- x)*+5=-3x’+5
h is neither even nor odd.

G(x) = Wx
G(-x) =X

G isneither even nor odd.

f(x)=¥2x° +1
f(-x)=Y2(- x)?+1 = Y2x° +1
f iseven.

1
g(x)=7 46. h(x):XZ_1
__1 _1 )= — X = X
g(- X)_(_ X)2 _X2 h( X) (_ X)Z_ 1 X2_1
g iseven. h isodd.
3 _2X
R, S 48. F(x) =—
=57 ST
o (%P x 22X _-2x
( X)_3(-x)2-9_3x2-9 F(-%) I- x|~ |x]|
h isodd. F isodd.
f(x)=2x+5
_ f(x+h)- f(X) _2(x+h)+5- 2x - 5_2_h_2
sec h - h “h ~
f(X)=-3x+2
_f(x+h)- f(X) _ -3(x+h)+2- (-3x+2) _ -3h _
sec h - n ~h =-3
f(x) = X +2x
_ f(x+h)- f(x) _ (x+h)?+2(x+h)- (x* +2x)
2 2 2 2
X A2ht N +2x+2h- X7 - 2x _2xh+h" +2h _ 5 4o

h

h
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Chapter 3 Functions and Their Graphs

52. f(x) = 2X° + X
_f(x+h)- f(x) _ 2(x+h)*+(x+h)- (2x* +X)
sec n B n
_ 22 +2xh+h?)+x+h- 2x*- X _ 2x* +4xh+2h* + X+ h- 2x* - X
B n a n
2
_Axh+ 2 +h_ e ohen
53. f(x) =2xX - 3x+1
Cf(x+h)- £(x)_2(x+h)’- 3(x+h)+1- (2x? - 3x+1)
- h - h
_2(x" +2xh+h®)- 3x- 3h+1- 2x"+3x- 1
h
_2x* +4xh+2h?- 3x- 3h+1- 2x*+3x-1
h
2_
=4Xh+2h 3h — 4x+2h- 3
h
54. f(X) =-x*+3x- 2
_fx+h)- £ - (x+h) +3(x+h)- 2- (- x+3x- 2)
- h - h
_-(x*+2xh +h®) +3x +3h- 2+ x” - 3x+2
h
_-X2-2xh- h®+3x+3h-2+x%- 3x+2
h
_ _ 2
_ 2xh- h +3h=-2x-h+3
h
55. 1
f(x) ==
(X) ~
11
_f(x+h)- () _x+h x
h h
x- (x+ h)

_ (x+h)x _&- x- ht:'ggg_ae -h QBEQ
- S(x+ h)x ¢ hb_g(x+h)x' he
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56.

S7.

58.

Section 3.2  Properties of Functions

9=
11
_f(x+h)- £ _ (x+h)” X
- h - h
_ (x+h)’x° :?2-(X2+2Xh+ hz)%ggzae-th-hzg'bgg: -2x- h
h &  (x+h)’x? £h o (x+ h)zxzﬁhéj (x+h)*x2
(@, (b), ()

(©)
(d)

70000

60000 Y ’/. *

ooooo

28000 - 0 _ 28000 _
25-0 25 =1120

For each additional bicycle sold between 0 and 25, the total revenue increases by

$1120.

Average rate of change =

64835- 62360 _ 2475 _

(f) Averagerate of change = >23-190 - 33 75
(g) For each additional bicycle sold between 190 and 223, the total revenue increases by
$75.
(@), (b), (¢)
S0000 ./.
gannooi /. °
10000
=50 50 l?\lno. o1fsEl:jicy?:Iqu 250
(c) Averagerate of change = 2775205'_ 204000 = 3;20 =150
(d) For each additional bicycle made between 0 and 25, the total production cost
increases by $150.
_ 46500 - 42750 _ 3750 _
(f) Averagerate of change = 523-190 - 33 - 113.64
(g) For each additional bicycle made between 190 and 223, the total production cost

increases by $113.64.
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59.

(©)
(d)
)
(9)
(h)

60.

(©)
(d)
()
(9)
(h)

61.

62.

@),

Functions and Their Graphs
(b), (€)
§ /
P o .
- o
Average rate of change = 1513 - 05 0 _ 1—23 =103

The population isincreasing at arate of 103 per day between day 0 and day 1.

Average rate of change = 128(? - ;339 = 411 =441

The population isincreasing at arate of 441 per day between day 5 and day 6.
Astime passes, the average rate of change of the population is increasing.

(b), (€)

200
7oo

g 500

E s00

b

A 400
300
200

100 *

r
12 2 4 5 6 7
Time (sec)

Average rate of change = 64-0_0o4

TO— 2 :32ftpersec

The distance isincreasing at arate of 32 feet per second between 1 and 2 seconds.

784 - 400 _ 384
7.5 - o =192 ftpersec

The distance isincreasing at arate of 192 feet per second between 5 and 7 seconds.
As time passes, the average rate of change of the distance isincreasing.

Average rate of change =

One at most becauseif f isincreasing it could only cross the x-axis at most one time.
It could not "turn™ and crossit again or it would start to decrease.

A function cannot be both even and odd, since its graph would have both y-axis and

origin symmetry, thus, by Problem 55 in Section 2.3, the graph would aso have x-axis
symmetry. But a graph with x-axis symmetry will fail the vertical line test.
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