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Chapter 0 Functions

Functions and Their Graphs

B ——
-1 1
> <:1 42
le 1 3
(.'J 3
3
[2,3) 8. (—1, 5)
[-1, 0) 10. [1,8)
(—e0,3) 12. [V2, )
f(x)= x?-3x

f(0)=0%-3(0)=0
f(5)=5%-3(5)=25-15=10
f3)=32-33)=9-9=0

fET) = ()2 =3(=7)=49+21=70

f(x)=x3+x2—x—1
FH=1+1>-1-1=0
fD =D +(=D)*=(-1)-1=0

1 (1Y (1) (1) . 9
13)-z) 3] (313
f(a)=a3+a2—a—1

g =1 -3t +1
g)=23-32)%+2=8-12+2==2

(A

|
|
N | =
Ne—
(98]
|
o8}
|
| =

__ 131 1

8 4 2 8

36 -3 -G

gl === =312 +| =

3) 13 3 3
(i1

27 9 3 27

16. h(s)= ——

17.

18.

19.

20.

h(a+1)=

;): (15;):
h(_%): 1+_(—2;) ::

(+5)

-1
3

120 oo | —

|N\w
1
(O8]

[SIE

atl  a+l
1+(a+1) a+2

fx)=x>-2x
fla+)=(a+)>=2(a+1)

=(a2+2a+1)—2a—2=a2—1

fla+2)=(a+2)*-2a+2)

=(a2+4a+4)—2a—4=a2+2a

f(x)=x*+4x+3
fla-D=(@-1)>+4a-1)+3

=(a®-2a+1)+(4a—4)+3
=a’+2a

fa-2)=(@-2)>+4(a-2)+3

a.

b.

R(x)=

a.

=(a® —4a+4)+(4a—8)+3

=a’-1

f(0) represents the number of laptops sold
in 2010.

£(6)=150+2(6) + 6>
=150+12+36 =198

100x
b+x’
b=20,x=60
100(60)_75

20+60
The solution produces a 75% response.

If R(50) = 60, then
0= 100(50)
b+50
60b + 3000 = 5000
p_100
3
This particular frog has a positive constant

of 333.

x=0

R(60) =

Copyright © 2014 Pearson Education Inc. 1
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Chapter 0 Functions

8x
TO= e
all real numbers such that x # 1, 2 or
(== U (=12) U (2.)

o=

all real numbers such that # > 0 or (O, oo)

1
N

all real numbers such that x < 3 or (—ee,-3)

§ =2

all real numbers such that x # 0, =2 or
(2. =2) LU (-2,0) U (0,0)

3x-5
)=

x“+x—6

The denominator is zero for x = -3 and x = 2,
so the domain consists of all real numbers

such that x # -3, 2 or
(—eo0, =3) U (=3, 2) U(2,0).

f(x)=

3x2 +1

The domain consists of all real numbers, or

(o0, 2.
F(x)=v2x+7 +Vx

The domain consists of all real numbers

greater than or equal to 0, or [0, ).

V2x+1

f(x)— Ji—x

The denominator is greater than O for all x < 1,

and the numerator is defined for all x > —%.

Thus, the domain is —% <x<l1, or [—%, 1).

function 30. not a function
not a function 32. not a function
not a function 34. function
f0)=1 f(7)=-1

f(2)=3 f(-1n=0

positive 38. negative

39.
41.

43.

44.

45.

47.

48.

49.

50.

51.

52,

53.

[-1,3] 40. -1,5,9
(=0, —1JU[5,9] 42. [-1,5]U[9,]

f(1)=.03 f(5)=.037
£(6)=.03
[0, .05] 46. 1=3

1 =(3-3)+2)

1 25

3)=(3—-—=|B+2)=—

f3 ( 2)( ) >
Thus, (3, 12) is not on the graph.

Jx) =x5 +x)(4-x)
f=2) =205+ (-2))(4 - (-2)) =-36
So (-2, 12) is not on the graph.

3x-1
g(x)=
x2+1
g(l)ﬁ(é)-l_i_z
3) (12, 35
(3)+1 %
23 .
So (—, g) is on the graph.
2
x°+4
g(x)=u
(x+2)
2
g(g)_(i) 4R s
= =2==
3 $+2 3 3

25
So | —, = | is on the graph.
(3 3) grap

fo=x>
fla+)=(+1?
f(x)=(§)—x
X
f(2+h):(2+h)—(2+h)
_5-Q2+h)?* 1-4h—h?
 (2+h)  2+h

Jx  for0<x<?2
1+x for2<x<5

f(X)={

f=V1=1 f@2)=1+2=3
f(3)=1+3=4

Copyright © 2014 Pearson Education Inc.



54.

55.

56.

57.

58.

59.

l for1<x<2
fx)=3x
X

2 for2<x

1 1
f(l)—I—l, f(2)—5
f3)=3%=9

x> forx<?2
f(x)=414+x for2<x<25
4x for2.5<x

fh=z0)’ =7

f2)=1+2=3
f3)=43)=12
3 forx <2
4-x
fx)= 2x for2<x<3
x?2-5 for3<x
3
H=——-=1
f=-=
2)=2(2)=4
f3)=+3>-5=4=2
.06x for 50 < x <300
f(x)=:.02x+12  for 300 < x <600
.015x+15 for 600 < x
i (24 b, f(2 — R
¢
flz+
0
2 2+ h
Y
Hle— a) Bl
o+ b flu+ b))

a+ h a

Section 0.1 Functions and Their Graphs 3

60. Entering Y; = 1/X + 1 will graph the function

1
f(x)=—+1.1In order to graph the function
X

1 .
fx) = w1 you need to include parentheses
X

in the denominator: Y; = 1/(X + 1).

61. Entering Y; =X * 3/4 will graph the function
3
fx)= % In order to graph the function

y= x4 , you need to include parentheses in
the exponent: Y; = X * (3/4).

62. Y, =X"3-33X"2 +120X+1500

[-8, 30] by [-2000, 2000]
63. Y, =-X"2+2x+2

/

AR

(=2, 4] by [-8, 5]
64. Y= (X+1)N(1/2)

|

[0, 10] by [-1, 4]
65. Y, = 1/(X*2+1)

N

[-4, 4] by [-.5, 1.5]

Copyright © 2014 Pearson Education Inc.



4 Chapter 0 Functions

0.2 Some Important Functions

{0, —4)

\ {1, 3

39

1. y=2x-1
X |y Q—S.UJ
1] 1
flar=-tx-4
0]-1 -
-1]-3
Y 5. x=-2x+43
f(x)=2x-1 x|y
-115
i O 3
11
:r,f
2.
if \
t
6. x=0
i
[}
011
-1]-2
W
f(x)=3x+1
1] 1
r 0| 0
-1]-1

Copyright © 2014 Pearson Education Inc.



Section 0.2 Some Important Functions 5

12. f(x) =—%x—1

1
f(O)——E(O)—l——l

The y-intercept is (0, —1).

—lx—1=O:>—lx=1:> x=-2
2 2

The x-intercept is (-2, 0).

13. fix)=5
The y-intercept is (0, 5).
There is no x-intercept.

14. fix)=14
The y-intercept is (0, 14).
There is no x-intercept.
0-5y=0=y=0
The x- and y-intercept is (0, 0).
16. 2+3x=2y
2+3(O)=2y:> y=1
The y-intercept is (0, 1).

2
i 2+3x=2(0):>3x=—2:>x=—§
. . 2
The x-intercept is (—5, O).
K 1
10. §+Z:1 17. f(x)—(v)x*'v

a. flx)=.2x+50

We have gz .2 and

then V =i. Now,
50

y-intercept is (0, —) .

11. f(x) =9x+3
f(O)=9(9)+3=3
The y-intercept is (0, 3). K 1

1 .
—x=——= x=——, so the x-intercept
\% \% K

K 1
Solving | — [x+— =0, we get
g (V) v g

9x+3=0:>9x=—3:>x=—%

1 is (—i, O).
The x-intercept is (—g, O) . K

Copyright © 2014 Pearson Education Inc.



Chapter 0 Functions

1
18. From 17(b),(—E, 0) is the x-intercept. From

the experimental data, (—500, 0) is also the
x-intercept. Thus —i =-500, K = L
K 500

1
Again from 17(b), (O, V) is the y-intercept.

From the experimental data, (0, 60) is also the
1

1
y-intercept. Thus — =60, V = —.
Vv 60

19. a. Costis $(24 +200(.25)) = $74.
b. fix)=.25x+24

20. Let x be the volume of gas (in thousands of
cubic feet) extracted.
Sfix) =5000 + .10x

21. Let x be the number of days of hospital
confinement.
Sfx) =700x + 1900

22, 6x—-40=350= x =65 mph

23, f(x)=

From example 6, we know that f{70) = 100.
The cost to remove 75% of the pollutant is
50-75

f( ) 105-175
The cost of removing an extra 5% is

$125 — $100 = $25 million. To remove the
final 5% the cost is

A(100) — f(95) = 1000 — 475 = $525 million.
This costs 21 times as much as the cost to
remove the next 5% after the first 70% is
removed.

Y 0<x<100
X

=125.

24. a. f(85)= 1?)2(§58)5 =$100 million
b. f(100)—£(95) = 1000 — 271.43 = $728.57
million

25. y=3x2—4x
a=3,b=-4,c=0

2_
26. y=x—6)c+2=lx2—2x+g
3 3 3
azl, b=-2, c=Z
3 3

27. y=3x—2x>+1
a=-2,b=3,c=1

28. y=3-2x+4x>
a=4,b=-2,c=3

29. y=1—x2
a=-1,b=0,c=1
1
30. y=§x2+ﬁx—n
1

a=—,b=\3,c=-x
2
3x for 0<x<1
3. f(x)= g—éx for x>1
2 2
0=x=1 x>1
x| F()=3x  «x f(x)=%—§x
3
0 0 2 3
1 3 3 0
4
| g
| 2
1 3\
1+x for x<3
32. f(x)‘{4 for x>3
x=3 x>3
ECE
4 4
5 4

Copyright © 2014 Pearson Education Inc.
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3 for x <2
3. f(x)_{2x+1 for x>2
x<?2 x=2
x| f(x)=3 x| f(x)=2x+1
1 3 2 5
0 3 3 7
y
1/
B ———J
4~—+—-rl] i
— for0<x<4
M. f)= 2x or X
2x—3 for4<x<5
0<x<4 4=<x=5
x f(x):%x o] flx)=2x-3
0 0 4 5
2 1 5 7
3 3
2
u
2__
_4_'7| FA
4
4—x for0<x<?2
35. f(x)=42x—-2 for2<x<3
x+1 forx>3
0<x<2 2<x<3
x| f(x)=4-x X f(x)=2x-2
0 4 2 2
1 5 3
2

36.

2 ‘ 0

39.

40.

41.

f(x)= |x|, x=1072

£1072) = ‘10‘2‘ ~1072

f(x)=|x|, X=7
f(m)=ln==
fx)= |x|, x=-25
f(2.5) =]-25=25

Copyright © 2014 Pearson Education Inc.
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x=3 %
6__
x| f(x)=x+1 4_\/
3 4 2
——— -
4 5 1234
4x for0<x<l
f(x)=418—-4x forl<x<2
2x—4 forx=2
0=x<1 1=x<2
x| fx)=4x x| f(x)=8-4x
0 0 1 4
1 2 3 2
2 2
x=2
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Flotl

=183

M=

Flotz Flok: Y1 -113

HI+E -3983
Wi l1@ED
Joes

Platd
s B
wWe=
W=
why=
WWe=
“Ng=
i

Flot2  Plot2
~4+ 2R3 +H-5

Yi(-1-2
Y1032
n

-5.6875
133

Floti
=5 BH
~Ne=N

sYa=

Flakz Flok:

224+ CI)h-n

W1l 2
4, 6E5694269
YW1 (2@
231.4994235

Platd
SYiBEC
SERE
~Nz=l
whr=
wNy=
wNe=

SYE

Flokz Ploks
ZE-10/CHF+3

W02
. 1834482752

B315186246

K+1) VY162

The Algebra of Functions

FO+g(x)=(x>+D+9x=x>+9x+1

F)—h(x)=(x>+D)-(5-2x*)=3x*-4

fxg

(x) = (x> +1)(9x) = 9x> +9x

g(0)h(x) = (9x)(5—-2x%) = 45x —18x>

f@ 241 21 1 7+

—_— =t —=
9t 9% 9 9 9t 9t

8(1)
8w _ 9
h(t)  5-2¢2
2 1 2(x+2)+(x-3)
x=3 x+2 (x=3)(x+2)
_ 3x+1
-x-6
3 -2 3(x—=2)+(-2)(x—-6)
x—6 x-2 (x—6)(x—2)
__ xt6
x2—8x+12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

X + -x _x(x=4+(=x)(x—-28)

x—8 x—4 (x=8)(x—4)
_ 4x
xR —12x 432
—-X + X =(—x)(x+5)+x(x+3)
x+3 x+5 (x+3)(x+5)
_ -2x
2 4+8x+15
x+5_+ X =(x+5Xx+10}hﬂx—1m
x—10 x+10 (x=10)(x+10)
_2x2+5x+50
~ x%-100
x+6+x—6:(x+6Xx+6}Hx—6Xx—®
x—6 x+6 (x—6)(x+06)
232472
C x?-36
X 5-x x(5+x)—-5—x)(x-2)
x—2_5+x= (x=2)5+x)
_2x%-2x+10
C X2 43x-10

1+l :t(3t—1)—(t—2)(t+1)

t—=2 3t-1 t=2)3Bt-1)
a2
32 -T7t+2

x 5-x_ —x2 +5x

x=2 5+x x2+3x-10

5—x x+1__—x2+4x+5

5+x 3x—1 3x%+14x—5

X
x—2 X Stx x? +5x
5-x x-25-x —x2+7x-10
S+x

s+1

3s—1_ s+1 s—2_s2—s—2
Ajgi_3s—1. s 352§
5s=2

x+1 S5—(x+D) x+1 —x+4

(x+1)=2 5+(x+1) x—1 6+x
_—x2+3x+4
x> +5x-6

Copyright © 2014 Pearson Education Inc.
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21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

x+2 +5—(x+2)
(x+2)-2 5+(x+2)
_x+2+3—x

X x+7
_ (x+2)(x+7+@B-x)(x) 12x+14

x(x+7) %+

5—(x+5)
5+(x+5) 5—(x+5) (x+5)-2
x+5 _5+(x+5)' x+5
(x+5)—2

=X .x+3
10+x x+5
B —x?-3x
x?+15x+50

5u—1. u  Su-—1
1 u  Su+l Su+l’

6 X
g\x )=
( ) 1-x
3 &2
g(t3—5t2+1):%
1-(@" =5t +1)
=57 +1
—13 +5¢2

FO3 =52+ =352 +1)8

(x+h)2—)c2 = x> +2xh+h> - x?
=2xh+h?

32,

33.

34.

35.

36.

37.

38.

Section 0.3 The Algebra of Functions

1 _l_x—x—h_ —h
x+h x x(x+h)  x*+xh
[4(l+h)—(l+h)2]—(4t—t2)
h
A+ 4h— (1t + 2h+ ) - 41+ 12
h
_ 4h-2th—h*  h(4—2t—h)

h h
—4-21—h

[(t+h)3 +5}—(r3 +5)
h
23R 3thE v P 51 -5
h
C30%h 43tk + kY Rt +3th+ h?)

h h
=3t2 +3th+ h?

®

C(A(t)) =3000 + SO(ZOI —%ﬂ)
=3000 + 1600z — 40¢>

b.  C(2)=3000+1600(2)—40(2)>
= 3000 + 3200 — 160 = $6040

C(f@®)
=.1(10t = 5) + 25(10t = 5) + 200

®

=.1(100¢> =100z + 25) + 250z — 125 + 200

=10t + 240t + 77.5

b. C(4)=10(4)> +240(4) + 77.5 = $1197.50

h(x)= f(B8x+1) =(%)(8x+1) = x+%
h(x) converts from British to U.S. sizes.

fix + 1):

[-10, 10] by [0, 20]
fix—1):

[-10, 10] by [0, 20]

(continued on next page)

Copyright © 2014 Pearson Education Inc.



10 Chapter 0 Functions

(continued) flx) —2:
flx +2):
.
Vi (=5, 5] by [=5, 15]
[-10, 10] by [0, 20] The graph of f{x) + c is the graph of f(x)

fx - 2): shifted up (if ¢ > 0) or down (if ¢ < 0) by ||

units.
40. This is the graph of f(x)= x? shifted 1 unit to

the right and 2 units up.

[-10, 10] by [0, 20] J

The graph of fix + a) is the graph of f(x)
shifted to the left (if a > 0) or to the right (if
a <0) by |a| units.

(=5, 5] by [-5, 15]
41. This is the graph of f(x) = x? shifted 2 units
/ to the left and 1 unit down.

\K /
[-5, 5] by [5, 15]
flx) - 1:
[-5, 5] by [5, 15]
/ TLALL S
— \ 7N
W ¥

39. fix)+1:

St

[-5, 5] by [-5, 15]
fix) + 2: [-4, 4] by [-10, 10]

They are not the same function.
43.

[-5, 5] by [-5, 15]

[-15, 15] by [-10, 10]

f(f(X))=f(ﬁ):§1_1
x—1
EEr=R

Copyright © 2014 Pearson Education Inc.



Section 0.4 Zeros of Functions—The Quadratic Formula and Factoring 11

0.4 Zeros of Functions—The Quadratic

Formula and Factoring

fx)=2x>-7x+6
2x2=7x+6=0
a=2,b=-7,c=6
Vb% = dac = J49— 4(2)(6) =1
_ —bt\b?—dac T+l
2a 4

1

:2,3
2

fx)=3x*+2x-1

3x2+2x-1=0
a=3,b=2,c=-1

Vb2 - dac =42 - 43)(=1) =16 = 4
:—bi\/b —4ac 214 1

2a 6 3

f(o)=4t> =12t +9

412 -12t+9=0
_—bt\b? —dac 12%4/(=12)2 - 4(4)(9)
- 2a - 2(4)
12403
T8 2

fx)= —x +x+1

1
—x2+x+41=0
4

Cbep?—dac  —1EJ =4O
Coe o]
0

et

2

f(x)==2x>+3x-4

2x>+3x-4=0
_ b+ \/b2 —4ac _—3%3* - 4(2)(H)
2(=2)
Ik \/—2
—4

/=23 is undefined, so f(x) has no real zeros.

10.

11.

fla)=11a* -Ta+1

11a>-7a+1=0
—b+\/b —dac 7+\/(—7) — 4 1)(1)
2(11)
7+J_ 7+J_ 7-5
22 22 22
5x2—4x—-1=0
_—b+\/b —4dac 4+\/(—4) -405)(-1)
2(5)
4+J_ 416 1
10 10 s
x*—4x+5=0
—b+\/b —4ac 4+\/(—4) =41)(5)
B 2a 2(1)
_4x4-4
2

+/—4 1is undefined, so there is no real solution.

15x2 -135x+300=0

_ —bx+b* -4ac

B 2a

135+ \/(—135)2 — 4(15)(300)
B 2(15)
13544225 135+15
30 30

zz—ﬁz—§=0
—b +\b? - 4ac

2a

R T -
2

B 2(1)
:ﬁ+ﬁ V21

2 72

=54

Z:

32 6x45=0
2

—b+\b* —dac _ 60 2-4(3)®

X =

Copyright © 2014 Pearson Education Inc.



12 Chapter 0 Functions

12. 9x°—12x+4=0

bt Vb% —dac 12 J(=12)% —4(9)(4)

2a 2(9) 31. 2x*-5x-6=3x+4
_12+J0 2 2x% ~8x—10=0

R
_TbEVB? —dac 8 (-8)> —4(2)(-10)
2

13. X2 +8x+15=(x+5)(x+3) 202)

2
30. x2+x+l=(x+l)
4 2

—

a
8144 8*12

14. x> -10x+16=(x—2)(x—8) == =1
2 g y=3x+4=15+4=19
15, x"=16=(x—-4)(x+4) y=3+4=1

16. 12—1= et Dx—1) Points of intersection: (5, 19), (-1, 1)

32. x*-10x+9=x-9

2 _ 2
17. 3¢ +120+12=3(x +4x+4) 2 1L+ 1820
=3(x+2)(x+2)=3(x+2)> (x=9)(x-2)=0
x=92
18. 2x2—12x+18=2(x2—6x+9) y=x-9=9-9=0
B B ) y=2-9=-7
=2(x=3)(x=3)=2(x-3) Points of intersection: (9, 0), (2, —7)
19. 30—4x—2x2=—2(—15+2x+x2) 33, y=x -dx+4
=-2(x=3)(x+5) y=12+2x—x>

2 _ 2
20. 15+ 12x—3x2 = =3(=5—4x + x2) X" —Ax+4=12+2x-x

=-3(x=5)(x+1) 2x% —6x-8=0
2(x*=3x-4)=0
21. 3x—x2=x(3-x) 2x—4)(x+1)=0
x=4,-1
22, 4x*—1=(Q2x+DQ2x-1) yox—dx+d=42 44y +4=4
23. 6x—-2x% = -2x(x2-3) y=(-D*—4(-D+4=9
= —2x(x— \/5)(); ¥ \/5) Points of intersection: (4, 4), (-1, 9)
34. y=3x>+9
24. 16x+6x2—x3=x(16+6x—x2) Y x2
=x(8—x)(x+2) y=2x"-5x+3
=-x(x—8)(x+2) 3x2+9=2x>-5x+3
2
3 ) x“+5x+6=0
25. X —1=(x—1)(x +.X+1) (x+3)(x+2)=0
x==-3-2

3 _ 2
26. x +125—(x+5)(x 5x+25) =322 19— 33 49 =36

2
27. 8x7+27 = (2x+3)(4x” ~ 6x+9) y=3(-2>+9=21
Points of intersection: (-3, 36), (-2, 21)

28. «x

o]
(98]
|
0| —
Il
VR
=

|
N | =
Ne—
N
=

()
+
| =
+
|-
Ne—

29. x*-14x+49=(x-7)
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