CHAPTER 1 FUNCTIONS

1.1 FUNCTIONS AND THEIR GRAPHS

10.

11.

12.

13.

14.

domain = (—oo, ©); range =[1,0) 2. domain =[0, »); range = (-0, 1]
domain =[-2,); y in range and y =+/5x+10 > 0 = y can be any positive real number = range =[0, ).

domain = (-0, 0]U[3, ©0); y in range and y = \/xz —3x 2 0= y can be any positive real number =
range =[0, ©).

domain = (—oo 3)U(3, »);yinrange and y = 4 ,now ift<3=3- t>033—>0 orift >3=

3-t<0=> E < 0= y can be any nonzero real number = range = (-, 0) U (0, o).

domain = (-0, —4) U (-4, 4) U (4,0); y in range and y = 6 now1ft<—43t —16>0:> 16>0 or if

bd<t<4=-16<t*—16<0=>—-2> orift>4= ¢ —16>O:>

T 16 >0 = y can be any nonzero

real number = range = (—o, —%] (0, ).

(a) Not the graph of a function of x since it fails the vertical line test.
(b) Is the graph of a function of x since any vertical line intersects the graph at most once.

(a) Not the graph of a function of x since it fails the vertical line test.
(b) Not the graph of a function of x since it fails the vertical line test.

2
base = x; (height)2 + (%) =x’ = height = gx; area is a(x) :% (base)(height) = %(x) (@ x) = %xz;

perimeter is p(x) = x+x+x =3x.

s :sidelength:s2+ s> =d? :>s:%;andareaisa=s2 :az%dz

Let D = diagonal length of a face of the cube and / = the length of an edge. Then 0>+ D? =d? and

3/2
D? = 2f2 = 3[2 = al2 = (=L The surface area is 602 = 6d% _ 2d? and the volume is /> = (d—z) = d—3.
NE) 3 3 33

The coordinates of P are (x, Jx ) so the slope of the line joining P to the origin is m = */—

Thus, (x, \/;) = (#, #)

\/_(x>0)

2)c+4y:5:y=—Lx+%;L:\/()c—O)z—i—(y—O)2 —\/x + (- x+5) \/x2+%x2—%x+%

\/20x —20x+25 _ 4204’ 20x + 25
4

yedr 3= 9 4 3= L = (=42 4 (r—0)% =2 +3-4) + % =2 —DF + 52
=t —22 41?2yt -2
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2 Chapter 1 Functions

15. The domain is (-0, o). 16. The domain is (—o0, o).

y y

AN\ f@=5-2¢

3k

2

L () =1-2x—x
ﬂ)()/x-x\z_

17. The domain is (—o0, o). 18. The domain is (—o0, 0].

g(x):\/: 2

19. The domain is (-0, 0) U (0, ).

20. The domain is (-, 0) U (0, ).

y G(t)
t
F -
2} Fo=r
1
1 1 1 1 1 1 1 1 t
-4 -3 -2 -1 1 2 3 4 G(t)—l
2 If
2
1
-3 -2 -1 2

21. The domain is (—o, —5) U (=5, -3]U[3, 5) U (5, ) 22. The range is [2, 3).

23. Neither graph passes the vertical line test
@ (b)

Iyl ==

2+

4+
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Section 1.1 Functions and Their Graphs

24. Neither graph passes the vertical line test
() ‘, (b)

el Iyl = 1 \
|
L \ Y”_]
I 1 X L L
1 .

x+y y=1-x

25 [x]of1]2 26. |x|o]1]2 A
ylo[1]o f(x)={xv 0sx<1 yl1]o]o

2-x, 1<x<2

xz, x<1 =, x<0
F(x) 28. G(x)
x“+2x, x>1 x, 0<x
y y
4\/y=.:(2+2\ 3
= -2
B 1
L -3 2 -1
1 1 1 1 1 1 x
L 1 L1 X 1 2 3
= B 1
ved_x? B -2 ‘={4i\, x<0
- -3 x, 0<x

29. (a) Line through (0, 0) and (1, 1): y = x; Line through (1, 1) and (2, 0): y=—x+2
x, 0<x<1
f(x) =

—x+2,1<x<2
2, 0<x<l1
0, 1<x<2
2, 2<x<3
0, 3<x<4

(b) f(x)=

30. (a) Line through (0,2)and (2,0): y =—x+2
Line through (2, 1) and (5, 0): m L R y=-lx-2)+1=-1x42

5-2° 3 3’
-x+2,0<x<2
S(x) = 5

_1..5 <
3+ 2<x<5
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31.

32.

33.

34.

35.

36.

Chapter 1 Functions

(b) Line through (-1, 0) and (0, =3):m = 07 C -

Line through (0, 3) and (2, -1): m = 71_7 3 % =-2,80 y=-2x+3

-3x-3, -1<x<0
f(X)={

-3,s0 y=-3x-3

-2x+3, 0<x<2

(a) Line through (-1, 1) and (0, 0): y =—x
Line through (0, 1) and (1, 1): y =1
Line through (1, 1) and (3, 0): m Sy R y=—Ltx-D+1=-1x4+3

351 2 20 2 2702
—-X -1<x<0
f(x)= 1 0<x<l1
~lxed 1<x<3 3% 2<x<0
(b) Line through (-2, 1) and (0, 0): y =1 x f()=1-2x+2 0<x<I
Line through (0, 2) and (1, 0): y = —2x+2 -1 l<x<3

Line through (1, -1) and (3, —1): y =1

. 1-0

(a) L1nethr0ugh(% ) nd (7, M= % oy:%(x—%)+0:lx—1
0,0<x s%
S =y, ro .
7)&'—1, 7<X_T
A, OSx<%
~4, §3x<T
®) f(x)= -
A, TS)C<7
—A, 37TSxS2T

(@) |x]=0forxel[0,1) (b) [x]=0forxe(-10]

| x| =[ x| only when x is an integer.

For any real number x, n < x <n+1, where n is an integer. Now: n<x<n+1=-(n+1)<—x<-n.

By definition: [ —x |=—nand | x |=n= —| x | = —n. So[ —x | =—| x | for all real x.

To find f(x) you delete the decimal or 4
fractional portion of x, leaving only
the integer part. 3 Lo
2 *—0
1 —o
0O L)
-3 -2 -7 T 2 3
o—=e -1
[x]» x>0
o—ae -2+ f(x)=
[x], x <0
o0—e -3
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Section 1.1 Functions and Their Graphs

37. Symmetric about the origin 38. Symmetric about the y-axis
Dec: —o0 < x < Dec: —0<x <0
Inc: nowhere Inc:0<x<o

Y y

2
- 1
e
2r y= —x3 . ry x
1 _é 1 1 é 1 x 2
,2 - 4
6
39. Symmetric about the origin 40. Symmetric about the y-axis
Dec: nowhere Dec:0<x <
Inc: —0<x <0 Inc: —0<x <0
O<x<w 9
3-
.
TxT
1
) 3
-11

41. Symmetric about the y-axis 42. No symmetry
Dec: —0 <x<0 Dec: —0<x <0
Inc: 0<x<o Inc: nowhere

-1
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43.

45.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Chapter 1 Functions

Symmetric about the origin 44. No symmetry
Dec: nowhere Dec:0<x <o
Inc: —00 < x <© Inc: nowhere
y y
{f R .
| L 18 )

P
f_ll/T 12 -2
-1
-4

y=-4/x
~6
-8
No symmetry 46. Symmetric about the y-axis
Dec:0<x <o Dec: —0<x <0
Inc: nowhere Inc: 0<x<ow
y y
4 -
3 -
2 -
y=0"
_3 = 1_
-4 r [ | T R R BN
5k 8 -6 4 2 2 4 6 8

Since a horizontal line not through the origin is symmetric with respect to the y-axis, but not with respect to the
origin, the function is even.

f(x)= X = LS and f(—x) = (—x)_5 = ( 1)5 = —(LS) = —f(x). Thus the function is odd.
X —X X

Since f(x)=x>+ 1=(-x)> + 1= f(~x). The function is even.

Since [ £(x) = x> + x] #[ f(=x) = (=x)*> —x] and [ £ (x) = x> + x] £ [~ £ (x) = —(x)?> — x] the function is neither
even nor odd.

Since g(x) = x° + x, g(—x) = —x> — x = —(x> + x) = —g(x). So the function is odd.

g(x)= xe3x?-1= (—x)4 + 3(—)5)2 — 1= g(—x), thus the function is even.

L_—__ L — ¢(—x). Thus the function is even.

g(x)= A

x2

g(x)= +1; g=x)=-=* = —g(x). So the function is odd.
P X =

h(t) = =3 h(=t) = —1=; = h(t) = 1= Since h(1) # ~h(r) and h(1) # h(~1), the function is neither even nor odd.

—t -t
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Section 1.1 Functions and Their Graphs

Since |t3 | = |(—t)3 |,4(¢) = h(—t) and the function is even.

h(t)=2t+ 1, h(—t) =2t + 1. So h(t) # h(—t). —h(t) = -2t —1, so h(t) # —h(t). The function is neither even

nor odd.
h(t)=2|t|+ 1and h(—t) =2|—¢t|+ 1 =2|t| + 1. So A(t) = h(—¢) and the function is even.
s=kt=25=k(15)=>k=1=>5=11,60=11=1=180

K =cv? =12960 = ¢(18)> = ¢ =40 = K = 40v*; K = 40(10)> = 4000 joules

r=ko6=kof=24=r=24;10=
s 4 s

1

[\S]

U=
s

|

P=t=147= b= k=14700 = P = 14700, 93 4 - 14700 —, ,, _ 24500 » 628 2 in”

v=f(x) = x(14-2x)(22 - 2x) = 4x> — 72x° + 308x; 0 < x < 7.

2 —\2 N
(a) Let & =height of the triangle. Since the triangle is isosceles, (AB) + (AB) =22= 4B

h2+12—(x/5)2:>h—1:>3' =- i i
= = is at (0, 1) = slope of AB = —1 = The equation of 4B is

y=f(x)=—x+1xe][0,1].
(b) A(x)=2xy=2x(—x+1)= —2x? + 2x; x €0, 1].

(a) Graph & because it is an even function and rises less rapidly than does Graph g.
(b) Graph f because it is an odd function.
(c) Graph g because it is an even function and rises more rapidly than does Graph 4.

(a) Graph f because it is linear.
(b) Graph g because it contains (0, 1).
(c) Graph A because it is a nonlinear odd function.

(a) From the graph, £ > 1+% =>xe(-2,00u(4,x) !
(b) £>1+§:>£—1—§>0

2 2
2
-2x-8 -4 2
x>0 ]-450 X208, G-dx+2)
2 x o 2x 2x
= x > 4 since x is positive;
x? —2x-8 <0= (x—4)(x+ 2) <0
] L 2x ) 2x
= x < —2 since x 1s negative;

x<0:§—1—i>0:>
X

:\/E. So,

- 4
g(x)= 1+ =

f(x) =%

(4.2)

sign of (x —4)(x+2)
+ _ +
-2 4
Solution interval: (=2, 0) U (4, ®)

(-2,

- 4
g(x) =1 D
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68.

69.

70.

71.

72.

1.2

Chapter 1 Functions

2
x+1

(b) Casex<—1:ﬁ<L:M>2 ; \
2

(a) From the graph, ﬁ < = xe (-0, -5)u(=11)

x+1 x -1
=3x+3<2x-2=x<-5.

Thus, x € (-0, —5) solves the inequality.

f(x) =3/(x-1)

3(x+1
Case —l<x<l:—3—<—2_ M<2
— x—-1 x+1 x -1

= 3x+3>2x—-2= x>-5 which
is true if x > —1. Thus, x € (-1, 1)
solves the inequality.

3 2

Casel<x:——<—=—=3x+3<2x-2=>x<-5
- x—1 x+1

which is never true if 1 < x,
so no solution here.
In conclusion, x € (o0, =5) U (-1, 1).

\f(x?) =3/(x-1)

A curve symmetric about the x-axis will not pass the vertical line test because the points (x, y) and (x, —y) lie
on the same vertical line. The graph of the function y = f(x) = 0 is the x-axis, a horizontal line for which there
is a single y-value, 0, for any x.

price = 40 + 5x, quantity = 300 —25x = R(x) = (40+5x)(300—25x)

22— i :x:%:@;cost:5(2x)+10h:>C(h):IO(@)+IOh:5h(x/§+2)

(a) Note that 2 mi =10,560 ft, so there are V8002 + x? feet of river cable at $180 per foot and (10,560 — x)
feet of land cable at $100 per foot. The cost is C(x) = 180v800% + x> + 100(10,560 — x).
(b) C(0)=S$1,200,000
C(500) = $1,175,812
C(1000) = $1,186,512
C(1500) = $1,212,000
C(2000) ~ $1,243,732
C(2500) = $1,278,479
C(3000) = $1,314,870

Values beyond this are all larger. It would appear that the least expensive location is less than 2000 feet
from the point P.

COMBINING FUNCTIONS; SHIFTING AND SCALING GRAPHS

. Df: —oo<x<oo,Dg: x21:>Df+g:D‘/g:x21.Rf: —oo<y<oo,Rg: yZO,Rerg:yZl,ng: 20

Dp:x+120=x2-1,Dy: x—120= x2>1.Therefore Dy, , =D x>1.
Rp=Ry: y=0,Rp =2, Ryt 920

Df: —00<x<oo,Dg: —00 < X < 00, Df/g: —oo<x<oo,Dg/f: —oo<x<oo,Rf: y:2,Rg: yzl,Rf/g: 0<y<2,

Rg/f:%ﬁy<00

Df: —oo<x<oo,Dg: xZO,Df/g: xZO,Dg/f:xZO;Rf: y=l,Rg: yZl,Rf/g: O<y§l,Rg/f: I£y<w

Copyright © 2014 Pearson Education, Inc.



10.

11.

12.

13.

14.

Section 1.2 Combining Functions; Shifting and Scaling Graphs

(a) 2 (b) 22 () x*+2

d) (x+52-3=x>+10x+22 (¢) 5 (f) -2

(g) x+10 (h) (x>-3)>-3=x*-6x>+6

(@ -1 () 2 © —7-1=735
d L (e) 0 (f) 3

(@ x-2 () L —=5=2

(fogoh)(x) = f(g(h(x))) = f(g(4—x)) = fB(4-x)=f(12-3x)=(12-3x)+ 1=13-3x

(fogoh)(x) = f(g(h(x)) = f(g(x*) = f2(x*)~1) = f2x> ~1)=32x* )+ 4 =6x" +1

(fogohx) = (s(h(o) = £ (2(1)) = f(ﬁ} = ()= =

V2 -x ’ - x i:: 2 X
(fogoh)(®) = f(g(h(x)) = / (g(v2=x)) = f[( (2 E )2) J = f(§ - ) . AR B
(@) (fog)) (b) (o)) (©) (g28)(x)
(d) (o)) (e) (gohof)(x) (f) (hojof)(x)
(@) (fo/)x) (b) (goh)(x) (¢) (hoh)(x)
(d) (fof)) (©) (jogo/)x) (f) (gofoh)(x)

g(x) f(x) (fog)(x)

@ x-7 Jx x—7
(®) x+2 3x 3(x+2)=3x+6
(© x? x=5 w25
(d) x{ 1 x{ 1 ﬁ X

= X =
X1 x-=(x-1)
x=1

(e) L 1+% x

(f) L

X

==

@) (fog)x)=lg(x)=

1
x — 1

g(x)

(¢) Since (fog)(x)=+/g(x)

O (fea)0) =405 =y = 1 = = - P = = T =l o g =+l

1 x+1 x+1:g(x) x+1  g(x)’

x|, g(x) = x%.

(d) Since (fog)x)=f (\/; ) =x|, f(x)= x2. (Note that the domain of the composite is [0, ©©).)

Copyright © 2014 Pearson Education, Inc.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(@)
(d)

(a)
(b)
(©)
(d)
(e)
()

(a)

(b)
(©

(a)

(b)
(©

Chapter 1 Functions

The completed table is shown. Note that the absolute value sign in part (d) is optional.

g(x) Sx) (feg)x)

= x| R

x+1 x;l xﬁl

x2 \/; | x|

\/; x? | x|
fe=))=7rD=1 () g(f(0)=g(=2)=2 () f(f(=D))=rf(0)=-2
g(g(2))=g(0)=0 (e g(f(=2)=g=-1 ®H flg)=r-=H=0

F(g(0) = f(~1)=2—(~1) =3, where g(0) =0—1=—1
g(f(3) =g =—(-D) =1, where f(3)=2-3=-1
g(g(=1)=g(1)=1-1=0, where g(-1) =—(-1) =1
F(f(2)= f(0)=2-0=2, where f(2)=2-2=0
2(f(0)=g(2)=2—1=1, where f(0)=2-0=2

f(g(%)):f(_%):2—(—%)=%,whereg(%):%_1:_%

(Fog)(x) = f(g(x)) = /L1 =[x
(go/)) = g(f () =

x+1
Domain (fog): (-0, —1]U (0, ), domain (go f): (-1, )
Range (fog): (1, «0), range (g° f): (0, «0)

(fog)(x) = f(g(x)=1-24x +x
(gof)(x)=g(f(x) =1~ |x|

Domain (fog): [0, %), domain (go f): (o0, )
Range (fog): (0, 0), range (g0 f): (=0, 1]

(fog)(x) =x = f(g(x) =x = —E5 =x = g(x) = (g(x)~2)x = x-g(x)~2x

2x 2x

= g(x)—x-g(x)=-2x= g(x) =—7==

(fog)(X)=x+2= f(g(x) =x+2=>2(g(x))’ —4=x+2= (g(x))’ =5~ = g(x) =35

(a)
(a)
(a)

(a)

1-x x-1

_x+6 x+ 6

y==(x+7) (b) y=—(x—4)

y=x>+3 (b) y=x>-5

Position 4 (b) Position 1 (c) Position 2 (d) Position 3
y=—(x-1)2+4 (b) y=—(x+2)>+3 (©) y=—(x+4)>-1 d) y=-(x-2)°

Copyright © 2014 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs

25. 26.
y
(+4°+(y-3)7=25
8
225
X
.
'
'
> x
2 2 ;
x+2)2+(y+3)2=49 .
27. 28.
Yy y
y+l=@+1)°3
2/3
y=x ~. y=x""
1 - T -
1 1 1 o1k //
X ~ ’
I 0 AR /
2 L 1 1 1 1 L1 1 x
=1 -3 2 -l 1 2 3
-1 (1,-1)
-2 2/3
+1=x-1
Y (x=1)
29. 30.
y
0.5
0.5
x -1
-0.81 1 4 15
)
-2.5
3+
31. 32.
Y y=2x y
N P
7 . P yH5=S@-141)+5
y=%(x+|)+5 e . 0ry=%,\‘
y=2x-17 Tyt
X ’/’
a i
- 1 1 1 1 1 1 X
=7 =15 -5 -2 25 5 75
2+
4+
6L
33. 34,
y y
i
(AN
ks
[
Ha
4
K
R
[
oy
- 1
,,' ‘.2>=7
;R ’
1 i ey ! X
-6 4 N 2 4 ¢
El'—
1
y+1=
(x+2)2 -2

Copyright © 2014 Pearson Education, Inc.
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12 Chapter 1 Functions

35.

36.
y
2
y=Vx+d
4 0| *
37. 38.
-1
39. 40.
y ¥
3 1&
2 %’m 1 1 1 1
1 (a1 -1 I~ 3 4
e A e
41. 42. .
' y=(-8)"3
2
s 810 15 20
)
43, 44,
y y
D T
yo1-x23 e
\ .‘.+4=X2/3
76_
45.

46.

Copyright © 2014 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs

47. 48.
y y
2F i |
. -
' y—x 2 6
- 1
L E 4(\»:?_2
! 2
| 1 | L . 1 Il 1 1 x
-9 1 2 3 4 ] =
:
1k ! -
| _%_
2+ i
'

49. 50.
y y
3 \\ ; or 1
' 4+ x+2
""""" T _INCL
) 2 4
L1 L L5 T
3 2 - \ 01 2 3 bl
o
51. 52.
y y
4
3 : y:?—l
R i
! S
10 * St
10+
53. 54,
y
TR
55. (a) domain: [0, 2]; range: [2, 3] (b) domain: [0, 2]; range: [-1, 0]
Yy y

3
y= ) +2
2 y=f-1

A 1 x
Wk 0 1 2
1 1 1 1 x
0 1 2 3 4 1

Copyright © 2014 Pearson Education, Inc.
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14 Chapter 1 Functions

(¢) domain: [0, 2]; range: [0, 2]
y
2_
y=2f(
1_
of 12 3 F
(¢) domain: [-2, 0]; range: [0, 1]
y
2_
y=fx+2)
ns
) T of *
(g) domain: [-2, 0]; range: [0, 1]
y
2_
y=1x) s
2 0 of "
56. (a) domain: [0, 4]; range: [-3, 0]
)
y=8(0 |
i t
3k
= 10,3]

y=g@+3

(d) domain: [0, 2]; range: [-1, 0]

(f) domain: [1, 3]; range: [0,1]

y
2_
y=fx-1)
1_
/\ ;
0 1 2 3

(h) domain: [-1, 1]; range: [0, 1]

y
2

y=—flx+D+1

(b) domain: [4, 0]; range: [0, 3]

v

-4 y=-g() 0

(d) domain: [4, 0]; range: [1, 4]

y

Copyright © 2014 Pearson Education, Inc.



57.

59.

61.

63.

65.

67.

68.

Section 1.2 Combining Functions; Shifting and Scaling Graphs

(e) domain: [2, 4]; range: [-3, 0]
y

y=gt+2)

| t
2\/
3

(g) domain: [1, 5]; range: [-3, 0]

Yy
|
y=g9(1-t)
1 5 t
| \/
y=3x"-3
(e l)o1 1
y 2(1+x2)_2+2x2
y=~4x+1
2
~Ja_(x) —116- 2
y =4 (;) =1\16-x
y=1-(x)* =1-274

Let y =—/2x+1 = f(x) and let g(x) = xl/z,
12 12
h(x) =(x+%) , i(x)=\/§(x+%) , and

j(x) = —[\/5 (x+i)“2} = f(x). The graph of h(x)

2

is the graph of g(x) shifted left % unit; the graph
of i(x) is the graph of 4(x) stretched vertically by
a factor of V2 ; and the graph of j(x) = f(x) is the
graph of i(x) reflected across the x-axis.

Let y=,[1-% = f(x). Let g(x) = (-x)""?,
h(x) =(—x+2)"2, and i(x) = f(—x +2)12=

1-2 = f(x). The graph of g(x) is the graph

of y= Jx reflected across the x-axis. The graph
of h(x) is the graph of g(x) shifted right two units.
And the graph of i(x) is the graph of /(x)
compressed vertically by a factor of V2.

(f)

(h)

58.

60.

62.

66.

domain: [-2, 2]; range: [-3, 0]
y
y=g(t-2) |

A t
-2

-3

domain: [0, 4]; range: [0, 3]
y

i

3
y=-g(t-4)

o
N
rS

y=02x)% —1=4x* -1

=+ =142
Y +(x/3)2 +x2

y=3Jx+1

QI |—

y:

—2-1\1234

Copyright © 2014 Pearson Education, Inc.
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Chapter 1 Functions

69. y=f(x)= x>, Shift f(x) one unit right followed by

70.

71.

72.

73.

a shift two units up to get g(x) = (x —1)3 +2.

y=(1-x"+2= (-1 +(-2)]= /().

Let g(0)=x, h(x)=(x=1)°, i(x)=(x=1)’+(-2),
and j(x)=-](x— 1)3 + (=2)]. The graph of A(x) is the
graph of g(x) shifted right one unit; the graph of'i(x)
is the graph of A(x) shifted down two units; and the

graph of f(x) is the graph of i(x) reflected across
the x-axis.

Compress the graph of f(x) = % horizontally by a
factor of 2 to get g(x) = ZL Then shift g(x)

-

vertically down 1 unit to get 4(x) = i -1

Let f(x) =1 and =Z+l=-141
et f(x) > and g(x) x2+ (ﬁ)+
2
=—Ll _41=—=~L 1. Since v/2 ~ 1.4, we see
(x/\/z) [(l/ﬁ)x}

that the graph of f(x) stretched horizontally by
a factor of 1.4 and shifted up 1 unit is the graph
of g(x).

Reflect the graph of y = f(x) = 3[x across the x-axis
to get g(x) = —3x.

5+
41
3
2
y=(x-11+2
1
1 1 1 / 1 1 1 1 1 x
32 -1 1 23 45
y
10+
L y=(-x)P+2
1 1 1 1 ™,
-3 -2 -1 12

Copyright © 2014 Pearson Education, Inc.
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Section 1.2 Combining Functions; Shifting and Scaling Graphs 17

74 y= 1) =207 =[x = 1P 2x??
= (2x)2/3. So the graph of f(x) is the graph of

g(x)= X3 compressed horizontally by a factor of 2.

75. 76.

77. (@) (fe)(=x) = f(=x)g(=x) = f(x)(=g(x)) = =(/&)(x), odd

®) (L) =L = L0~ (L)), 0ad

© (§)e0 =552 = {5, oad

() f2(=x)= f(=)/(=x) = [(x) [(x) = [ (x), even

(@ &°(-x)=(g(-x))* = (-g(x))* = g*(x), even

(f) (fog)=x)=f(g(-x) = f(-g(x)) = f(g(x)) = (f © g)(x), even
(@) (go/)=x)=g(f(-x)=g(f(x))=(go f)(x), even

(h) (/o /)=x)=f(f(=x)) = f(f(x) =(f o f)(x), even

() (gog)(—x)=g(g(—x)) =g(-g(x)) =-g(g(x)) =—(g°g)x), odd

78. Yes, f(x)=0is both even and odd since f(—x)=0= f(x) and f(-x)=0=—f(x).
79. (a) (b)

(f+g)(x)

Copyright © 2014 Pearson Education, Inc.



18 Chapter 1 Functions

(©) (d)
y
\
€ 163)
f
$
-—x 1 f(x) = vX
(3 Ax) 3=
(f‘ g)(x) 0 1 x
0. ,
1 (00
10~
g0 =7 5
(g )x)
= Y s
§%7
1.3 TRIGONOMETRIC FUNCTIONS
L@ s=r0=00)(4)=8zm (b) s =r0=(10)(110°)(;Z;) =110z =352

2. 6= f = IOT” = %” radians and ST”(%) =225°

3. 0=80°= 0= 80°( 1 éﬁo) =4Z = 5=(6) (47”) =8.4 in. (since the diameter = 12 in. = radius = 6 in.)

4, d=1meter=>r=50cm=0=5=32=0.6rad or 0.6 (w)z%"
r 50 4

3 5
5 |6 2| F| o | 3| ¥ 6. |6 el e T A s
NG L V3 1 L 1
sin @ O =2 | O 1 V2 sin @ 1 2 2 V2 2
_1 --L 1
cos® -1 2 ! 0 V2 cos @ 0 % % V2 _g
tan @ 0 \/g 0 und. -1 1 1
1 tan @ und. | —f3 B 1 NE)
cotd und. | 3 | und. 0 -1 ;
secd -1 -2 1 und. | —/2 cotd 0 3 —\/5 1 —\/g
_2 2 _2
cseC H und. \/5 und. 1 \/5 sec 9 und. 2 \/g \/E \/§
_2
cscd 1 NG -2 2 2

Copyright © 2014 Pearson Education, Inc.




Section 1.3 Trigonometric Functions

—_4 -_3 inx=-2
7. cosx= 5,‘[anx A 8. sinx \/g,cosx 5
. : _12 __12
9. s1nx:—§,tanx:—\/§ 10. sinx =%, tanx = —=
12. cosx:—ﬁ,tanx:L
2 V3

13. 14.
y
1+ y=sinx
y=sin2x /-.{\ s
ll \‘ / \, X
727%) m, o
x -1 -
T T
2\/
_l_
period = & period = 47
15. 16.
y y
1 Yy =cos Tx 1 y=cos X .
N y\/,
/\ /\ 0 W ,,3_1_\4 x
1 1 x -1 \‘__,’\ 2
/ 0 \l/ 2 y=cosx
_1_
period =2 period =4
17. 18.
y y
y=—cos 2mx
y:—sin%
1 /-\
x
0 3 6
R N
period =6
19. 20.
y
.4 y=sinx

<)

NIy -
<
»
3

=

—-1F

period =27 period =27

Copyright © 2014 Pearson Education, Inc.
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20 Chapter 1 Functions
21. 22.
period =27
23. period = %, symmetric about the origin 24.
2 s=cot2t
n
- T \o T !

25. period = 4, symmetric about the s-axis

[S1E}

s

'
I
|

l
it
5 =sec-
2

27. (a) Cos x and sec x are positive for x in the interval

(—%, %), and cos x and sec x are negative for x

in the intervals (—37”, —%) and (%, 37”) Sec x is
undefined when cos x is 0. The range of sec x is
(—o0,—1]U[1,); the range of cos x is[—1, 1].

3f

2w
3

period =27

y:cos(x+—]—2

period = 1, symmetric about the origin

s

§ =—tan

2

- 4 i __

§=CSC =

y = cos X

A __

y

t

26. period = 4z, symmetric about the origin

-2x

Copyright © 2014 Pearson Education, Inc.
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28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Section 1.3 Trigonometric Functions

(b) Sin x and csc x are positive for x in the intervals Y = csC X y y=sinx
(—37”, —ﬂ) and (0, 7); and sin x and csc x are
negative for x in the intervals (-7, 0) and 12
(72', 3—”) Csc x is undefined when sin x is 0. The - 154 gf'x
2 2 -n I R N
range of csc x is (—oo, —1]U[1, 0); the range of 2
sinx is[—1, 1].

Since cot x = ﬁ, cot x is undefined when tan x =0

and is zero when tan x is undefined. As tan x
approaches zero through positive values, cot x
approaches infinity. Also, cot x approaches negative
infinity as tan x approaches zero through negative

values.
y=cotx
D: —o<x<ow; R: y=-1,0,1 30. D:—o<x<mw; R: y=-1,0,1
y v
y =[sin x| y=sinx
y=Lsinx] y=sinx
X

-2 .e T I Je. 7 2

% | 4 hS Ly x

~ ¢1)_ -~ .

cos|x —%) = COS X COS (—%) - sinxsin(—%) =(cosx)(0)—(sinx)(—1) =sin x

X+ l) = COS X COS (l) —sinxsin (%) = (cosx)(0)—(sinx)(1) = —sin x

[\

[\

sin (x + ﬂ) =sin xcos (l) +cos xsin (%) = (sin x)(0) + (cos x)(1) = cos x
(x-5) ;

=sin xcos (—1) +cos xsin (—%) = (sin x)(0) + (cos x)(—1) = —cos x

cos(A— B) = cos(A+(—B)) = cos Acos(—B) —sin Asin(—B) = cos A cos B —sin A(—sin B)
=cos Acos B +sin Asin B

sin(A — B) =sin(A4 + (—B)) = sin Acos(—B) + cos Asin(—B) = sin A cos B +cos A(—sin B)

=sin Acos B—cos Asin B

IfB=A4, A—B=0=cos(4—B)=cos0=1. Also cos(4—B) =cos(A4— A4) =cos Acos A+ sin A sin 4

=cos’A+sin’ 4. Therefore, cos’A+sin’4=1.

If B =2x, then cos(A+27) =cos Acos 2z — sin Asin 27 = (cos A)(1) — (sin 4)(0) = cos 4 and

21

sin(A+2x) =sin Acos 27 +cos Asin 27 = (sin A)(1) + (cos 4)(0) = sin 4. The result agrees with the fact that the

cosine and sine functions have period 27.
cos(7r +x) =cos wcos x —sin zsin x = (—1)(cos x) — (0)(sin x) = —cos x

Copyright © 2014 Pearson Education, Inc.
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40.

41.

42.

43.

44,

45.

46.

47.

49.

51.

52.

53.

54.

55.

56.

57.

Chapter 1 Functions
sin(27 — x) = sin 27 cos(—x) + cos(27) sin(—x) = (0)(cos(—x)) + (1)(sin(—x)) = —sin x
sin ( 32” ) =sin (37”) cos(—x) + cos (T”) sin(—x) = (—1)(cos x) + (0)(sin(—x)) = —cos x

005(3” + x) = oS (37”)005 X —sin ( 3”) sin x = (0)(cos x) — (—1)(sin x) = sin x

2 2
017 — i (Z L Z) = ginZ cos X a'a_ﬁi N2 6“/_
smlz—s1n(4+3)—sm4cos3+cos4sm3—(2) 5 ( )( )

Uz _ z 27— 2_ﬂ_'£'__£(_l)_ﬂ B\ 2446
cos 7 —cos(4+3)—cos4cos3 s1n4sn3—( ) 5 15 = 7

z_ T _7Z\ = cos XL 2\ enZain (o z) o (L)(N2)_(SB)[ 2| _1+3
cos12—cos(3 4)—cos3cos( 4) sm3sm( 4)—(2)(2) (2 ( 2)— 5

S _gin(27 _x)_gin(22 _r 27 \gin(—z) = (J3)(~2 (_l) _A2)_1+\3

sin22 s1n(3 4)—s1n(3)cos( 4)+cos(3)s1n( 4)—(2)(2)+ 5 )= 55
3

Coszl_1+cos(%”)_l+72_2+\/§ 43 00825—”—1+COS(%)—1+(77)—27\/§

8 2 TT 2 T3 : 12 2 T2 T3

_ _ 23z _ _
sin” 5 3 7 =7 50. sin s = 3 5 7}
\/5 n 2n 4r Sz
+ == = == =
sin% @ = :>sm6’ 2:>¢9 Lt

2
sin” @ = cos’ 6’:>5m 20 _ cos 9:>tan26’:1:>tan9=i1:>9:£,3—,5—”,7—”
cos> 0 00526 4747 4> 4

sin26 —cosf =0 = 2sinfcosd —cos@ =0 = cos@(2sinfd—-1)=0=cosd =0 or 2sind—-1=0

1 z 3z z 3z z z Sz 3m
= cosd =0 orsind = 239 2,2,or¢9 c 6:>9 626

0820 +¢c0sf=0=>2cos> @ —1+cos@ = 0= 2cos> O +cos O — I:O:>(cost9+1)(2cosH =0

= cosf@+1=0o0r2cosf—1=0=cosd =—1orcosf = —:>t9 morf= ” 3 2L 0= EST”
tan(A + B) = sin(4 + B) _ sin Acos B + cos Acos B _ zg‘gﬁi‘;f; j;’:jzi,“sg _ tan 4 + tan B
cos(A+ B) cosAcosB —sin Asin B cosdcosB _ sindsinB | — tan Atan B

cos Acos B cos Acos B

. . sin Acos B cos Asin B
sin(4 — B) _ sinAcosB — cos ACOS B osdcosB  cosdcoss __ tan A —tan B

cos(A4 — B)  cos AcosB +sin Asin B~ cosdcosB  sindsnB |+ tan Atan B
cos Acos B cos Acos B

tan(4—-B) =

According to the figure in the text, we have the following: By the law of cosines, ¢ =a* +b* —2abcos
=1?+12- 2cos(A—B) =2 —2cos(A— B) . By distance formula, ?= (cos A—cos B)2 +(sin 4 —sin B)2
=cos? A—2cos Acos B+ cos” B+sin> A—2sin Asin B+sin’> B = 2 —2(cos Acos B +sin Asin B) . Thus

c2:2—2cos(A—B) =2-2(cos Acos B +sin Asin B) = cos(4— B) =cos Acos B+sin Asin B.

Copyright © 2014 Pearson Education, Inc.



58.

59.

60.

61.

62.

63.

64.

Section 1.3 Trigonometric Functions 23

(a) cos(A—B)=cos AcosB+sin Asin B
sind = cos(i— 6’) and cos@ = sin(ﬂ - 9)

2 2
Let@=A+B
sin(A—i—B):cos[%—(A—i-B)] :cos[(%—A)—BJ :cos(%—A)cosB+sin(%—A)sinB
=sin Acos B+cos Asin B

(b) cos(A4—B)=cos Acos B +sin Asin B
cos(A4—(—B)) = cos Acos(—B) +sin Asin(—B)
= cos(A4+ B) =cos Acos(—B) +sin Asin(—B) = cos 4 cos B + sin A(—sin B) = cos Acos B—sin Asin B
Because the cosine function is even and the sine functions is odd.

¢ =a? +b% —2abcosC = 2% + 3% — 2(2)(3) cos(60°) = 4+ 9 —12cos(60°) = 13—12(%) =7.
Thus, ¢ =7 ~ 2.65.

¢?=a®+ b = 2abcosC = 2% + 3% = 2(2)(3) cos(40°) = 13— 12 cos(40°). Thus, ¢ =/13—12 cos 40° ~ 1.951.

From the figures in the text, we see that sin B = % If C is an acute angle, thensin C = % On the other hand,
if C is obtuse (as in the figure on the right in the text), then sin C = sin(z —C) = % Thus, in either case,
h=>bsinC =csin B = ah = absinC = acsin B.
2

2 2 2 2 2
a” +b" —¢ a“+c" —-b . . .
B y— and cos B = s Moreover, since the sum of the interior

angles of triangle is 7z, we have sin 4 = sin(z — (B + C)) =sin(B+ C) =sin B cosC + cos B sinC

- (%) {“““02}[“2”2”2}(&) (32-)@a? + b2 = P+~ %) = = ah = hesin A,

By the law of cosines, cos C =

c 2ab 2ac b

Combining our results we have ah = ab sin C, ah = ac sin B, and ah = bc sin A. Dividing by abc gives
h _sin4_sinC _sinB
bc™ a ~ ¢ b

law of sines

sind _ sinB _ \/—/2
2

= . By Exercise 59 we know that ¢ = 7. Thus sin B = M3 =0.982.

F

By the law of sines,

c
From the figure at the right and the law of cosines,

b?=a’+ 2% - 2(2a)cos B
=’ +4-4a(L)=a’ - 2a+4. a \b
sin A smB

b /3 /4
=b= \/7 a. Thus, comblnmg results, 8 2 A

Applying the law of sines to the figure, ——
N J; 2/2 f /2

—2a+4= b2 =342=>0= > 14?2+ 2a—-4=0=0a”+4a—8 . From the quadratic formula and the fact that

—4+\/42—4(1)(—8) 434 ~ 1.464
=—>—=1464.

a >0, we have a = 3

(a) The graphs of y =sinx and y = x nearly coincide when x is near the origin (when the calculator is in
radians mode).

(b) In degree mode, when x is near zero degrees the sine of x is much closer to zero than x itself. The curves
look like intersecting straight lines near the origin when the calculator is in degree mode.

Copyright © 2014 Pearson Education, Inc.



24 Chapter 1 Functions

65. A=2,B=2x,C=—-n,D=—-1 A

y=2sin(x+m) -1

66. A=

67. A=-2,B=4,C=0,D="1 A y=-Zsin(Z)+
T T

68. A=2L,B=L,C:0,D=O
T

]
'
L L é\/L
2 2
y=#sin%,L>0

69-72. Example CAS commands:

Maple:
f:=x > A*sin((2*Pi/B)*(x-C)+D1;

A:=3; C:=0; D1:=0;

f list :=[seq(f(x), B=[1,3,2*Pi,5*Pi])];

plot(f_list, x=-4*Pi..4*Pi, scaling=constrained,
color=[red,blue,green,cyan], linestyle=[1,3,4,7],
legend=["B=1", "B=3","B=2*Pi","B=3*Pi"],
title="#69 (Section 1.3)");

Mathematica:

Clear[a, b, ¢, d, f, x]

flx_]:=a Sin[2n/b (x —c)]+d

Plot[f[x])/.{a > 3,b—>1, ¢ >0, d > 0}, {x,—4m, 4n}]

69. (a) The graph stretches horizontally.
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PN N AL IV N\ B=3
\ ! 2- 5 A/ \
II ' | 1 \‘\ , l \
| 0 5 \ o ‘\ D ! 0 /B=2 *Pi !
AW \ - "B=1
\ i , -2 \
Y \/ M vi

B=3*Pi

(b) The period remains the same: period = | B|. The graph has a horizontal shift of % period.

70.

(b) The graph is shifted left C units.
(c) A shift of £ one period will produce no apparent shift. |C| =6

71. (a) The graph shifts upwards | D|units for D >0
(b) The graph shifts down | D| units for D < 0.

N /"\\
‘\‘ I/ \ D=3
A~ AN J
AN
\\ “\ /’ / “\ “\\ /I ,7D = 0
LY ’
—\ |/,' ——T X
v 5 0
S \/ N0/
72. (a) The graph stretches | 4| units. (b) For 4 <0, the graph is inverted.
y
/\\ :’\\ ™ l"\\
! \\\ h \\‘ & P f
P R P Ao
! N i AL i N | /—\‘. [
[ AN 44! v ! \ H
T [ AR K “l !
I \ H] W i \ ] \\ [A=5
i N 24 oo i
! i H . ,
U N I A=t
TN s D1 DNt e
" i " v =2 W l’l “‘\ l"
il noo R R noo
| N N A o W
' AV W P g
o [ Vo
v - Vo Vo
\ R \ ; Ll
v v v Y
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26 Chapter 1 Functions

1.4 GRAPHING WITH SOFTWARE

1-4.  The most appropriate viewing window displays the maxima, minima, intercepts, and end behavior of the
graphs and has little unused space.

1. d. 2. c.
Y A
s fo)=x3—4x? —4x +16
10 20
s 5
x 10
-5 -4 -B -2 -1 1 2 3 4 5 5k
-10 4 2 L1 1 1 1 1
s f(x)=x*"-7x*+6x —+ 3f] ] W L x
-5F
-20
-25 T
3. d 4. b
Y y
_ -
iz f(x)=5+12x-x 4k e =A5+4r—x2
15 T

10 o
: /

x 1 1 I 1 x
-4 -2 -¥g 1 2 3 4 5 _1 1 2 3 4 5
T

-15

5-30. For any display there are many appropriate display widows. The graphs given as answers in Exercises 5-30
are not unique in appearance.

5. [=2,5]by[-15, 40] 6. [-4,4]by[-4,4]
Y f@=xt-ad+1s A

3 2
f(x):%—%—2x+l

w0
S
T
..
Pl -
<_
=
=

= 0
o[
/l
|
-
|
\:.
L
L4
S
T T

7. [-2, 6] by[—250, 50] 8. [-1,5]by[-5,30]
Y =5t 410 Y
ol I ob  fw= 4 —x*
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9. [-4,

4] by [-5, 5]

fx)= x\9 —x?

—_ N W R W
T T T 1T

Ll L1
-5-4 |-2-1 12345

11. [-2,6]by[-5, 4]

y

y=2x—3x2/3

_- N W A

13. [-1

,0]by[ -1, 4]

y
10

y=5x25_2x

4

15. [-3

1
) 2 4N\6 8 10
2L
41

, 3]by [0, 10]
y
10k
9_
8+
7_
6+
5_
4l y=lx2-1l
3
2+
1 1 1 1 1 1 1
4321 | 12345

Section 1.4 Graphing with Software
10. [-2,2]by[-2,8]
y

8 f) = x%6-x7)
6 -
4
2

2+

12. [-4,4]by[-8, 8]

14.

16. [-1,2]by][0, 1]

y
1+

y=la?-xl

Copyright © 2014 Pearson Education, Inc.
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28 Chapter 1 Functions

17. [-5,1]by[-5, 5]

=
| I I B |

o e N 111
-10-8-6-4 2 46 810

0 BN

19. [—4,4]by][0, 3]

y
30k
250 pry=2i¥2
2+1
2.0,
05k
1 1 1 1 1 1 1 1 x
43 2 1 1 2 3 4

21. [-10, 10] by [-6, 6]

y

__x-1
0=

L | 1 1 1 | LI 1
—10—8—6‘ﬁ— 7\ 4 6 810
2
L4

-6
-8

N B O
LI R B |
= (=}

23. [-6, 10]by ~6, 6]

6x —15x+6
i ‘f(x) T42-10x

-4
—6

25. [-0.03,0.03] by [-1.25,1.25]

y

1.0
y =sin 250x

0.5

1
-0.02 0.02

18. [-5, 1]by[-2, 4]

20. [-5,5]by[-2,2]

22. [-5,5]by[-2,2]

24. [-3,5]by[-2, 10]

y

10
8 V
6F
2
4 _Xx -3
) f@==
L] \u

R R

26. [-0.1,0.1] by [-3, 3]

y

y=3cos60x

§iW

VEaY.
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27. [-300, 300] by [-1.25, 1.25]
X X
,\ 7 y =cos (%)
S0\ N EOs
o5}
-1.0}+

29. [-0.25, 0.25] by[-0.3, 0.3]
Y y=x+q5sin30x

021

0.1

1 1
-02 -0.1 0.1 0.2

3. X2 +2x=4+4y— > = y=2+4-x"—2x +8.

The lower half is produced by graphing

y=2—«l—x2 —2x+8.

32. 32 —16x> =1=> y =+ 1+16x>. The upper branch
is produced by graphing y = V1+ 16x2.

33.
Y f(x) = —tan 2x
41
3
\I 1 1 1 1 x
) 171_ 1 \2 3\
2k
3k
4L

28.

30.

34.

[-50, 50] by [

\ -

Section 1.4 Graphing with Software

0.1, 0.1]

y

=L gn(x
- y= 105'"[10)

=50 5
.1
[-0.15, 0.15]
0.04
0.02,

X
25 xo

by [-0.02, 0.05]

y

o2 b
y=x +50005 100x

_0"154\'@&(/

..

MY
Tk

y
': G+12+(y-2)7=9
2
1 1

1
4 2 2 ¥
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30 Chapter 1 Functions

35.
y
L f(x) =sin 2x + cos 3x

37.
200
1501/%/
100+
50+
60 64 68 72 76 80
39.
3007
—~ 225+
el
5
£ 1501
£
£ 751
1972 1980 1988 1996 2004 2012
41.
lﬁf
05T
o ° 19155 | |
1985 "0 1975 1995 2015
-05+

36.

38.

40.

0 t t t t t
1970 1980 1990 2000 2010 2020

42.

600 T

450 T

300 T

150 T

2000 2002 2004 2006 2008
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1.5 EXPONENTIAL FUNCTIONS

2 (L
THE) Y=g
5
4
y=2" 3 y=3
1
x x
4 -4 -3 -2 -1 1 2 3 4
-1
-2
Yy
4.
5
y=3 ‘
3
1
t ; —t
m;.\ 12 3 4 -4 -mi\ 4
=T -1
-2 1 -2+
-3 -3
-4 -4 1
-5 y==2 -5+
Y 6. ¥
A
2
1 L
x
-4 -3 -2 -1 1 2 3 4
-1
-2
8.
¥
A
51
4_
y=27%-1 3] y=2"-1
2_
1.
; — %
-4 -3 - 3 4
e — _.1_._ — —
-2 1
-3 1 -1
-4 1 -2
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11.

12.

14.

16.

18.

19.

21.

22.

23.

24.

Chapter 1 Functions

10. ¥

Y 24

3 1

2 b3

— _1_ —
x
-4 -3 -2 -1 1 2 3 4
-2
y=1-e* y=l-¢

-3
-4

-5

93 .gl/6 _ g3t _gli2 _3 13. j;*_j: 44237 _ 405 _ 412 _ 5

33 55 _al 18\ _ ~c4/8 _ ~cl/2

Tr=3 =323 15. 258y =25%8 — 2512 _ 5
V272

(13ﬁ) ~13%2 213 17. 23 B Z 2B 2143

(\6)1/2(\/5)1/2 :(\B.\/ﬁ)l/z =(\/%)1/2 _ g2

4 2 1/212
2 ) _ 2t _16_ NoYT _ () _6_2
(3] =gttt n (6] g

Domain: (-0, 00); y in range = y = 5 L Asxincreases, e becomes infinitely large and y becomes a smaller
+

e
and smaller positive real number. As x decreases, ¢* becomes a smaller and smaller positive real number,
y< %, and y gets arbitrarily close to %:> Range: (0, %)
Domain: (—o0, ©); y in range = y = cos(e"). Since the values of ¢’ are (0, «0) and

—1 <cosx < 1= Range: [-1, I].
Domain: (—oo, 0); y in range = y =1+ 37". Since the values of 3™ are (0, «0) = Range: (1, o).

If 2 = 1, then x = 0 = Domain: (—, 0) U (0, ©0); y in range = y = . 32V . Ifx>0,then 1< e <o
—e -

= —0<y<0.Ifx <0, then 0<e>* <1 = 3 <y <o = Range: (—», 0) U (3, ).
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25.

27.

29.

30.

31.

32.

33.

34.
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“!' 26. J!|'
——_._-. x M M L M : 2 2 2 _—i--..
Inkerseckinn ] Interseckion §
=g F219:30843  |w=E ¥=1.zH694R11  Iv=Y
[-6, 6] by [-2, 6] [-6, 6] by [-2, 6]
x~2.3219 x~ 1.3863
28.
.-
I_l—__lﬂ .-.J/./J--
kKOOT - kROOT .
x=-.B2089£87538  Iv=i x=-1.5A496:E01  Iv=-1E-1Z>
['69 6] by ['35 5] ['65 6] by [-39 5]
x ~-0.6309 x~—1.5850

Let ¢ be the number of years. Solving 500,000(1.0375)" =1,000,000 graphically, we find that 7 ~ 18.828. The
population will reach 1 million in about 19 years.

(a) The population is given by P(f) = 6250(1.0275)", where ¢ is the number of years after 1890.
Population in 1915: P(25) ~ 12,315
Population in 1940: P(50) ~ 24,265

(b) Solving P(t) = 50,000 graphically, we find that ¢ = 76.651. The population reached 50,000 about 77 years
after 1890, in 1967.

@) A(t) = 6.6(%)”14

(b) Solving A(f) = 1 graphically, we find that # ~ 38. There will be 1 gram remaining after about 38.1145 days.

Let ¢ be the number of years. Solving 2300(1.60)" = 4150 graphically, we find that ¢ ~ 10.129. It will take

about 10.129 years. (If the interest is not credited to the account until the end of each year, it will take
11 years.)

Let A4 be the amount of the initial investment, and let ¢ be the number of years. We wish to solve

A(1.0625)" =24, which is equivalent to 1.0625" =2. Solving graphically, we find that # ~ 11.433. It will take
about 11.433 years. (If the interest is credited at the end of each year, it will take 12 years.)

Let 4 be the amount of the initial investment, and let # be the number of years. We wish to solve

A0 073 = 34, which is equivalent to 00375t

about 19.106 years.

= 3. Solving graphically, we find that # = 19.106. It will take
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34 Chapter 1 Functions

35. After ¢ hours, the population is P(t) = 2”0'5, or equivalently, P(f)= 22, After 24 hours, the population is
P(24)=2% ~2.815x10"* bacteria.

36. (a) Each year, the number of cases is 100% — 20% = 80% of the previous year’s number of cases. After
t years, the number of cases will be C(¢) =10,000(0.8)". Solving C(¢) = 1000 graphically, we find that

t~10.319. It will take 10.319 years.
(b) Solving C(¢) = 1 graphically, we find that # = 41.275. It will take about 41.275 years.

1.6 INVERSE FUNCTIONS AND LOGARITHMS
1. Yes one-to-one, the graph passes the horizontal line test.
2. Not one-to-one, the graph fails the horizontal line test.
3. Not one-to-one since (for example) the horizontal line y = 2 intersects the graph twice.
4. Not one-to-one, the graph fails the horizontal line test.
5. Yes one-to-one, the graph passes the horizontal line test.
6. Yes one-to-one, the graph passes the horizontal line test.
7. Not one-to-one since the horizontal line y = 3 intersects the graph an infinite number of times.
8. Yes one-to-one, the graph passes the horizontal line test.
9. Yes one-to one, graph passes the horizontal line test.
10. Not one-to-one since (for example) the horizontal line y = 1 intersects the graph twice.

11. Domain: 0 <x<1,Range: 0<y 12. Domain: x < 1, Range: y > 0
5

._.
hed
o
o
=]
8.
=

|
—
IA
=
IA
—
=
&
=
(0]
@
|

N

IA
~
IA
N

14. Domain: —0 <x <o, Range: —F<y<Z
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15.

17.

18.

19.

20.

21.

22.

23.

P

6

Domain: 0 <x <6, Range: 0<y <3

y=x

The graph is symmetric about y = x.

1
0

(a) The graph is symmetric about y = x.

y=\1-x2
0<x<l1

%
1

y=x, .

\]Jw=1=r"0

Step 1:
Step 2:

Step 1:
Step 2:

Step 1:
Step 2:

Step 1:
Step 2:

Step 1:
Step 2:

y=x2+1:>x2=y—l:x= y-1

y=x-1=1"(0)

y:x2:>x:—\/;, since x < 0.

y=—x=/"'(x)

y=x3—l:x3:y+l:x=(y+l)

y=r+1=1")

Section 1.6 Inverse Functions and Logarithms

16. Domain: -2 <x <1, Range: -1 <y <3

v

3
y=fx) U /’/
1 )// %

)
L
e
3 -2 71//1' 273
oy | -

=~1-x2 :yzzl—xZ:xZ:I—yZ:xz l—y2 :yz\/l—x2 :f_l(x)

y:x2—2x+1:>y:(x—l)2 :\/;:x—l, sincex>1= x:1+\/;

y=l+dx =)

y=(+)? =y =x+1 sincex>-1= x=/y-1

y=ix-1=1"@

Copyright © 2014 Pearson Education, Inc.
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36 Chapter 1 Functions

24. Step 1: y:)c2/3:>x:y3/2
Step 2: y=x3/2:f_1(x)

25. Step 1: y=x5 :>x:y1/5
Step 2: y=3x=f7"(x);
Domain and Range of 1 1. all reals;

FUF ) =Y =x and fN(F(x) =) =x

26. Step 1: y=x*=x=*
Step 2: y=3x = 7 (x);
Domain of f~!: x>0, Range of f~': y>0;
FUT @) = =x and F(F) = (DY =x

27. Stepl: y=x’ 4+l =y-1=x=(y-1"3
Step 2: y=3x—1=f"1(x);
Domain and Range of f “1all reals;

ST =((x-DP +1=(r=D+1=x and /7 (f(x) = (P +1)-D" =) =x

28 Step 1: y:%x_%:%

Step2: y=2x+7=f"1(x);

x:y+%3x:2y+7

Domain and Range of 1 1. all reals;

U@ = @x+ D=3 =(x+2)-F=x and /7' (f@) =2(Lx-])+T=(x-T)+T =x

29. Stepl: y=L=a?=loy=L
X

y N
Step 2: y = f = ()

Domain of £~': x>0, Range of 7' y>0;

£ =— 5 =%:x and f*%f(x)):Ll:%:x since x > 0.
(1) ) a0
30. Step I: y:?:x%i:x:y%

1 -
Step 2: y:W:\/%:f H(x);
x
Domain of f~': x# 0, Range of f~': y#0;

-1/3 -
f(f‘l(x»:ﬁ:%:x and /=) =] =
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31.

32.

33.

34.

35.

Section 1.6 Inverse Functions and Logarithms

+ 2y+3

3:y(x D=x+3=>xy-2y=x+3=>xy—-x=2y+3= x= o

Step I: y==%
Step 2: y 2“3 = Yox );

Domainoff :x;tl,Rangeof f_l:y;t2;

(24343 (2x43)43(x-1) _ -1 A5 2eed)43-2)
O (2532~ @x )26 =¥ =xand f7(/(x)= (2 GG =?x=x

:y(f 3)=x = px-3y=x = pr—Jx=3y=x= (—yl)z

Step 2: y = (%) = /7 ()
Domain of f71: (-0, 0] U (1, ), Range of ffl: [0,9) U (9, x©);

Step 1: y=

-3

3x ) 3x 3x
f(f—l(x)):%; Ifx>lorx<0= %203\/((3)1)3 37;7_3_3;; gfx x %x  and
2
5]
S =| P e Sy,
Gy Ve

Step1: y=x2—2x, x<1= p+l=(x-1)%, x<1= —Jy+1=x-1, x<1= x=1-/y+1
Step 2: y=1—-+/x+1=f"1(x);
Domain of f_l: [-1, ), Range of f_l: (—oo, 1];

f(f*l(x)):(l—\/xﬂ)z—2(1—\/x+1):1—2\/x+1+x+1—2+2\/x+1 —x and
FHF@) =1-2 —20)+1, x<l=1-y/(x-1)%, x<1=1-p—1|=1-(1-x)=x

5 5
Step 1: y=(2x3+1)1/5:>y5 =2)c3+l:>)/5—1=2x3 :>yT_1=x3:>x=3yT_1

Step 2: y =351 = /7 (x;

Domain of /! (=, o), Range of ™' (—o0, o0);

3 /5 /
AV C)) =[2(«3/%j +1J :(2(%)“)1 T (° -D+D"° =(x")"® =x and
e+ T Bl 3
ey =t fes -

- _ 1 -1 _1
(@ y=mx= x=--y=f (x)=--x

(b) The graphof y=f - (x) is a line through the origin with slope #

Copyright © 2014 Pearson Education, Inc.

37



38

36.

37.

38.

39.

40.

41.

42.

y=mx+b= x=

Chapter 1 Functions

Yy

m

b -1 —l _ﬁ —1 . . . l
= /()= X the graph of /™ (x) is a line with slope p and

i _ b
y-intercept — .

(a)

(b)
(©)

(b)
(©)

(b)
(©)
(e)
®

(a)
(c)
(e)

S

(b)
(c

~

y=x+tl=x=y-1= fﬁl(x):x—l

y=xtb=x=y-b= f_l(x):x—b
Their graphs will be parallel to one another
and lie on opposite sides of the line y = x
equidistant from that line.

y==x+t1l=>x=—y+1=> f_l(x)=l—x;
the lines intersect at a right angle
y=—x+b=x=—y+b= fl(x)=b-x;
the lines intersect at a right angle
Such a function is its own inverse ' l\x

an.75:ln%:ln3—ln4zln3—ln22:ln3—2ln2

In%=In4-n9=In2”-n3* =2In2-2In3

Ind=In1-In2=—In2 (d) 1n%/§=%1n9=%1n32:§1n3
In3v2=n3+m2"> =In3+1mn2
nVi35=1m135=1mZ =13’ -m2)=1G3mn3-m2)

ln%zlnl—3ln5:—3ln5 (b) ln9.8:ln4—59:ln72—1n5:2ln7—ln5
n737 =7 =3n7 (d) In1225=1n35%>=2In35=2In5+2In7
n0.056—In—-=In7-1In5> =In7-3In5

125

1
3547 InS+in7-m7 _ 1
In25 2In5 2

Insin@— 1n(sig9) =In [%J =In5 (b) In(3x> —9x)+ 1n(§) = 1n(3xz3—;9x) = In(x-3)
5

Lin(4*) ~In2 = InV4r* ~In2=1n2% ~In2= 1n(2—£2) — In(%)

In sec 8+ In cos 8= In[(sec H)(cos )] =In1=0

In(8x+4)—In2? = In(8x+4)—In4 =1In (%) =In(2x +1)

337 ~1=In(r+1) =312 =)' ~nr+1) =3(1)n(? ~1) = In(e+1) = ln(w) —In(t-1)

(t+1)
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44,

45.

46.

47.

49.

50.

51.

52.

53.

54.

55.
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(a) eln7.2 — 72 (b) e—lnx2 :;2 :Lz (C) elnx—lny — eln(x/y) X

elnx X y
() e _ 2 32 (b) e MO3o_1__ L () M2 _ n(ex/2) -
(a) 2Ine=2Ine"? = (2)(%)1ne:l (b) In(lnef)=In(elne)=Ine=1

22
(o) Ine= ") =(—x2—y2)lne:—x2—y2

(a) In (es“ 0 ) — (secO)(Ine) = sec § () Ine®) =(*)Ine) = e

2
(c) 1n(e21HX)=1n(e1“x ):1an =2Inx
Iny=2t+4= MV =2t oy = 2+ 48. Iny=—t+5= MV = o p=e
In(y —40) = 5t = MO0 5 — 40 = = y =& +40

In(1-2y)

In(1-2y)=1=e¢ =e’:1—2y=e’:—2y:e’—1:y:_(6’—1)

2

y=1

_ In|5— _
In(y—1)-In2=x+Ihx=In(p-1)-Mm2-Inx=x= 1n(y2—;):x:>e“(2x):exz>y—1=ex

= y-1=2xe" = y=2xe" +1

2 .
In(y? =1)=In(y +1) = In(sinx) = In (yy—:j =In(sinx) = In(y — 1) = In(sin x) = €MD = nGino)

=>y—-l=sinx=>y=sinx+1

(a) eF=4=me** =In4=2klne=In2> >2k=2In2=k=In2
(b) 100" =200= ' =2=Ine'” =In2 = 10kIne=n2= 10k=In2= k=12
(C) ek/lOOO

k/1000 k

=lna=-% lne=lha=-% - =Ina=k=1000Ina

=a=lne 1000 1000

@ ef=lome* =4 =5kne=-In4= Sk=-Ind= k=-1n4
4 5

(b) 80eF =1= ¢ =80 = Inef =80 '= klne=-In80 = k=—In 80
(c) MOV~ 08— (M08 08— (08 =08 = k=1

(@ e =27=me " =n3* = (-03Hne=33=-03r=3In3=¢=-101n3

() M=1l=me"=m2" =kne=-In2=r=-12

(© "0 =04=(""?) =04=02=04=102'=In04 =¢In02=In04= =104

Copyright © 2014 Pearson Education, Inc.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.
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(@) e %% =1000= Ine " =1n1000 = (~0.01t)ln e = In 1000 = —0.01¢ = In 1000 = ¢ =—100 In 1000

() =L =me" =107 =krlne=-In10 = kt=-In 10 = ¢ =110

(© MV =lo@Ey =2l=2 =2 5=

e\/; =x? :1ne\/; =Inx* =1 :21nx:t:4(1nx)2
2 2 2
P AL N AT AL N e S, B |
(a) 510g57:7 (b) Sloggﬁ:\/g (C) 1.310g375:75

(d) log416:10g442:210g44:2-1:2
1/2
(e) 10g3x/§:10g33 :%10g33:%-1:%:0.5

(f) log, (%) =log, 4 =—llog, 4=—1-1=-1

(a) 210g23:3 (b) 1010g10(1/2):% (C) ﬂ_log,[7:7
(d) log;;121=1log 11> =2log;;11=2-1=2

1/2
() logjy 11=logyy 121"% = (L)logyy 121=(1)-1=1

(f) logs(L)=logs3? = -2logy 3=-2-1=-2

(a) Let z=loggx=4"=x=2 =x=>(2°) =x=2" =x

(b) Let z=logyx=3" =x=(3")? =x? =32 =x? =97 = x?
(C) logz(e(lnz)S1nx):log2 2Si1’lX :Sinx
(a) Let z=logs(3x?)= 57 =3x? =257 =9x*
(b) log,(e")=x
X o X o X -
(C) log4(2€ Sln)C):log4 4(@ smx)/2 — e s.21nx
() €Y _Inx. Inx_lnx In3_In3 (b) 10%2% _Inx.lnx_lnx In§ _3In2_3
loggx 2 I3 In2 Inx In2 loggx 2 I8 In2 Inx In2
¢ _Ing_. Ina _Ina Inx® _2Inx _
© In,a Inx 1,2 Inx Ina = Inx =2
X

logzx ~ In9 I3~ 2In3 Inx 2

(a) logoX _Inx . Inx_ Inx In3 _1

1
(b) logmx: Inx . Inx __Inx .(E)IHZ _In2
log 5% Iny10  Iny2 ()10 Inx  Inl0

(©) _1°ga”:m+m_azu.m:(m)2
logya Ina Inb Ina Ina Ina

(@ -Z b 5 © -3
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66.

67.

68.

69.

70.

71.

72.

73.
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3
@ b) © %
(a) arccos(—1)=zsince cos(r)=—-1land0< 7<
(b) arccos(0) = l since cos (%) =0 and 0< % <.

(a) arcsin(—1) :—% since sin(—%):—l and —lS—ES%.

oLl _Z o ()= L A _ T X
(b) arcsm( ﬁ) o since sm( 4) \/_and TS5 <5.

The function g(x) is also one-to-one. The reasoning: f{x) is one-to-one means that if x; # x, then
J(x))# f(xp), so —f(x;) #—f(xy) and therefore g(x;)# g(x,). Therefore g(x) is one-to-one as well.

The function /(x) is also one-to-one. The reasoning: f(x) is one-to-one means that if x; # x, then

1 o1
f(x) # f(xp), so 7o E o and therefore h(x)) # h(x,).

The composite is one-to-one also. The reasoning: If x; # x, then g(x;) # g(x,) because g is one-to-one. Since
g(x) # g(xy), we also have f(g(x))) # f(g(x,)) because fis one-to-one; thus, fog isone-to-one because

X #x = f(g(x)) = f(g(x)).

Yes, g must be one-to-one. If g were not one-to-one, there would exist numbers x; # x, in the domain of g
with g(x;) = g(x,). For these numbers we would also have f(g(x;)) = f(g(x,)), contradicting the
assumption that f o g is one-to-one.

@) y=-l0 1427 =100, X 100 fog) (27) = logy (120-1) - —x = log, (1221

100—
_—10g (100 ):—10g2( 7 y)zlogz(ﬁ).
Interchange x and y: y =log, (10())‘_x) - fﬁl(x) =log, (ﬁ)
Verify.
-1 _ _ 100 _ 100 __ 100 _ _ 100  _ 100x _
(fof )x)= f(logz (1og_x)) = = 100 = 00 T e 100-x 100 =%

1+2l g2(100 x) 1+2log2(

(o e =7 (1 )=log{i}logz[+j=logz(;?)=1og2<2X)=x

10071 1;’& 100(1+27)-100
=

__50 x50,y ¥ S50 ) Zlogr (30 1) = —x — og. - (S0
() y=—30 S 1L =20 17 =301 fogy (117 1og1.1(y 1)—> x 1og1.1(y 1)

:_logll( 1):—log11( ) log11(50 y)

Interchange x and y: y =log; ; (50x,x) - f_ (x) =logy ; (Soxfx)
Verify.

Copyright © 2014 Pearson Education, Inc.
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74.

75.

76.

77.

78.

79.
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(7o ™00 = 1 o (555 ) =20 g = 2 - R =aL O

logl.l(T 1+ 750;)‘

1+1.1l°g1'1(ﬁ) 1+1.1

50——30

14117

1+1.177 50(1+1.17%)-50

(e =7 )=log1_1[&]=log1_1(¢jzlogl_l(m+x)=log1_1(1.1)‘)=x

sin”'(1)+cos ' (1)=Z+0="2; sin"'(0)+cos ' (0)=0+Z=Z; and sin~' (~)+cos () =-Z+7=Z.

=2 =7

Ifx € (-1, 0) and x = —a, then sin~! (x)+cos ™! (x) = sin~' (-a) + cos ' (—a) = —sin' a + (z —cos ' @)

1 z

a+cos”! a):7r—2

= —(sin” = % from Equations (3) and (4) in the text.

(a) Begin with y =In x and reduce the y-value by 3 = y=Inx - 3.

(b) Begin with y =Inx and replace x withx — 1 = y=In(x — 1).

(c) Begin with y = In x, replace x with x + 1, and increase the y-value by 3 = y=In(x + 1) + 3.
(d) Begin with y = In x, reduce the y-value by 4, and replace x withx —2 = y =In(x — 2) — 4.
(e) Begin with y = In x and replace x with —x = y = In(—x).

(f) Begin with y = In x and switchxandy = x=Inyor y=¢".

(a) Begin with y = In x and multiply the y-value by 2 = y =2 In x.

(b) Begin with y = In x and replace x with % = y=In (%)

(c) Begin with y = In x and multiply the y-value by % =>y= %ln X.
(d) Begin with y =In x and replace x with 2x = y = In 2x.

From zooming in on the graph at the right, we y
estimate the third root to be x =~ —0.76666.

X =~ 0.76666
-4
The functions f(x)=x"2 and g(x)=2"* 1
appear to have identical graphs for x > 0. This is 2 e
no accident, because y=x"2 y=2
xln2 :eln2-lnx _ (eln2)lnx _ 2lnx. 1
1 2 3 X
1\t/12
(a) Amount = 8(5)
1t/l2_ 1z‘/12_1 11‘/12_13 : B
® 8(3) T=1-(3) =i (3) T =(3) =336

There will be 1 gram remaining after 36 hours.
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Chapter 1 Practice Exercises 43

80.  500(1.0475)" =1000 — 1.0475" =2 —> In(1.0475") = In(2) —> ¢ In(1.0475) = In(2) = t = —22)_ 14936

In(1.0475)
It will take about 14.936 years. (If the interest is paid at the end of each year, it will take 15 years.)

81. 375,000(1.0225)" =1,000,000 —1.0225" =4 — In(1.0225") = In (%) — ¢1n(1.0225) = 1n(§)

82. y=ye

in($)
1= sz ~ 44081

It will take about 44.081 years.

~0.18¢ ~0.18¢ _ In(0.9)

represents the decay equation; solving (0.9)y, = ype =>1=—1g

~ 0.585 days

CHAPTER 1 PRACTICE EXERCISES

1.

2 2
The area is 4 = 772 and the circumference is C = 277 Thus, r = % = A= ﬂ(%) = g—”.

1/2
The surface area is S = 4772 = r = (%) . The volume is V = %7[)’3 =>r=3 %. Substitution into the formula

3V)2/3

for surface area gives S = 4rr? =ar (E

The coordinates of a point on the parabola are (x, x°). The angle of inclination @ joining this point to the origin
2
satisfies the equation tan 6 = XT = x. Thus the point has coordinates (x, xz) =(tan 6, tan? 0).

tan@=1%€ = _h_— p-500tan @ ft.

run 500
6.
y y
2 y= e 2 y= x3
1 / \/
X X
-3 -2 -1 1 2 3 -3 -2 -1 1 2 3
-2 -2
Symmetric about the origin. Symmetric about the y-axis.
8.
Y y
4 1.5
3

2
y=x"-2x-1 \,

y=e™
—_— x 0.5
-6 -4 -2 _, \/ 4 6

-2 x
3 -1.5 -1 -0.5 0.5 1 1.5
-4 -0.5

Neither Symmetric about the y-axis.

y(=x)= (—?C)2 +1=x2+1= y(x). Even.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chapter 1 Functions

Y(=x) = (=x)° = (=x)* = (~x) = —x° + x> + x = —p(x). Odd.

y(—=x) =1-cos(—x) =1-cos x = y(x). Even.

sin(—x) _ —sinx _

y(—x) = sec(—x) tan(—x) = ——— =—LL = —secxtan x = —y(x). Odd.
C

osz(—x) cos’x

(—x)4+1 P 1

y(=x)= = =- =—y(x). Odd.

(—x)3—2(—x) N T

Y(=x) = (=x) —sin(—x) = (—x) +sinx = —(x —sin x) = —y(x). Odd.

y(=x) = —x +cos(—x) = —x + cos x. Neither even nor odd.

y(=x) = (=x)cos(—x) = —xcos x = —y(x). Odd.

Since fand g are odd = f(—x) =—f(x) and g(—x) = —g(x).

(a)
(b)
(c)
(d)
(e)

Let f(a—x)= f(a+x)and define g(x) = f(x+a). Then g(—x) = f(—x)+a)= f(a—x)= f(a+x)=

(f-&)(=x) = f(=0)g(=x) = [~ /()] [-g(¥)] = [ (x)g(x) = (f -g)(x) = [ -g is even.
L0 = £ ) f(=x) = [ LN ()= F D] == f(x) - £(x) f(x) ==, (x) = £ is odd,

f(sin(—x)) = f(-sin(x)) = — f(sin(x)) = f(sin(x)) is odd.
g(sec(—x)) = g(sec(x)) = g(sec(x)) is even.
lg(=x)| =[-g()| =[g(x)| = [glis even.

f(x+a)=g(x)= g(x)= f(x+a)iseven.

(a)
(b)

(a)
(b)

(a)
(b)

(a)
(b)

(a)
(b)

(a)

(b)

(a)
(b)

The function is defined for all values of x, so the domain is (-0, ).
Since | x| attains all nonnegative values, the range is [-2,0).

Since the square root requires 1 —x > 0, the domain is (-0, 1].
Since v/1—x attains all nonnegative values, the range is [—2, o).

Since the square root requires 16 — x? >0, the domain is [-4, 4].

For values of x in the domain, 0 <16 — X’ < 16,500 <+v16— x> <4.The range is[0,4].

The function is defined for all values of x, so the domain is (-0, %0).
Since 327 attains all positive values, the range is (1, o).

The function is defined for all values of x, so the domain is (-0, %).
Since 2e” " attains all positive values, the range is (-3, ).

The function is equivalent to y = tan 2x, so we require 2x # kT” for odd integers k. The domain is given by

X # %f for odd integers k.
Since the tangent function attains all values, the range is (—, ).

The function is defined for all values of x, so the domain is (-, ).

The sine function attains values from —1 to 1, so =2 < 2sin(3x+7) <2 and hence -3 <2sin(3x+7)-1<1.

The range is [-3, 1].

Copyright © 2014 Pearson Education, Inc.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

(a) The function is defined for all values of x, so the domain is (—o0, o).
(b) The function is equivalent to y = \/5 X2 , which attains all nonnegative values. The range is [0, ).
(a) The logarithm requires x —3 > 0, so the domain is (3,0).
(b) The logarithm attains all real values, so the range is (—, ).
(a) The function is defined for all values of x, so the domain is (—o0, o).
(b) The cube root attains all real values, so the range is (-0, ).
(a) Increasing because volume increases as radius increases.
(b) Neither, since the greatest integer function is composed of horizontal (constant) line segments.
(c) Decreasing because as the height increases, the atmospheric pressure decreases.
(d) Increasing because the kinetic (motion) energy increases as the particles velocity increases.
(a) Increasing on[2, o) (b) Increasing on[—1,0)
(c) Increasing on (—oo, ) (d) Increasing on [% 00
(a) The function is defined for —4 < x <4, so the domain is [-4, 4].
(b) The function is equivalent to y = \/m , —4 < x <4, which attains values from 0 to 2 for x in the domain.
The range is [0, 2].
(a) The function is defined for —2 < x < 2, so the domain is [-2, 2].
(b) The range is[-1, 1].
First piece: Line through (0, 1) and (1, 0). m = ? é :T1: -l=>y=—x+l=1-x
Second piece: Line through (1, 1) and (2, 0). m=5—1 == =—1= y=—(x-)+1=-x+2=2-x
) 1-x, 0<x<l1
x) =
2—x, 1<x<L2
First piece: Line through (0, 0) and (2, 5). m = ; 8 = % =>y= %x
Second piece: Line through (2, 5) and (4, 0). m=§—5=F =-3= y= -3 (x-2)+5=-3x+10=10-
%L 0<x<2
f(x)= (Note: x =2 can beincluded on either piece.)
10-3%, 2<x<4
1 _ _1_
(@) (fog)=D) = f(g(=1)= f[mj—f(l) =1=1
b) (go/)(2 2 1 L_-—L or/?
®) ()@= =2(3)= 75 = 7 2
© (foN)®) =N =f ()=t =xx%0
Hx+2
(d) (g09)x) =g(g(x) = g[ j == T — e
J_ X
@ (/o)D)= /(g1 =f(¥=1+1)=7(0)=2-0=2
(b) (g°/)(2)=f(g(2)=g(2-2)=g(0)=0+1=1
© (foNO)=/(f(x)=/2-x)=2-2-x)=x
(@ (209)(x) = g(g(x)) =g (Y1) =ARx+T+1

Chapter 1 Practice Exercises
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46 Chapter 1 Functions

3@ (o)) = f(g0) = f(¥rr2) =2 - (Var2) = ox w22

(g2)¥) = g(/(x) =g2=x") = (27 )+2 =4-?

(b) Domain of fog: [-2, ). (c) Range of fog: (—oo, 2].
Domain of go f: [-2, 2]. Range of go f: [0, 2].

38. (@) (fog)(x)=/(g()=f(VI=x)=Wi—x =¥i-x.
(20)) = g(f () = g (Vx ) =1-+x

(b) Domain of fog: (-, 1. (c) Range of fog: [0, ).
Domain of go f: [0, 1]. Range of go f: [0, 1].
39. y=f(x) y=(fof)x)
y y

40. |
3 [
2k
fof o it
2L l/i u
ok
3
41. 42.
y y
y= 1%
y=x
y=x
The graph of f; (x) = f (|x|) is the same as the It does not change the graph.

graph of ] (x) to the right of the y-axis. The graph
of f, (x) to the left of the y-axis is the reflection of
v = f1 (x),x = 0 across the y-axis.
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43.

45.

47.

49.

44.

ye I

M._a

Whenever g; (x) is positive, the graph of y =
g (x)= |g1 (x)| is the same as the graph of y =
g1(x). When g (x) is negative, the graph of y =
g>(x) is the reflection of the graph of y = g (x)
across the x-axis.

46.

-2

y=4-x

Whenever g; (x) is positive, the graph of

¥ =g5(x)=]g (x)| is the same as graph of

v =g1(x). When g (x) is negative, the graph of
¥ = g5 (x) is the reflection of the graph of

¥ = g1(x) across the x-axis.

48.

!
y=/IxT ]l

T
al

The graph of f; (x) = f(|x|) is the same as the
graph of f|(x) to the right of the y-axis. The graph
of f5(x) to the left of the y-axis is the reflection of
v = f1(x), x 2 0 across the y-axis.

y=/x

(@) y=g(x-3)+3
© y=g(-x)
(e) y=5-g(x)

Chapter 1 Practice Exercises 47

y=x2+x

Whenever g; (x) is positive, the graph of y =

22(x) =|g;(x)|is the same as the graph of y = g;(x).
When g; (x) is negative, the graph of y = g, (x) is
the reflection of the graph of y = g; () across the
X-axis.

The graph of f5 (x) = f; (|x|) is the same as the
graph of f| (x) to the right of the y-axis. The graph
of f5 (x) to the left of the y-axis is the reflection of
v = /1 (x), x 2 0 across the y-axis.

y:sinlxl

’
\
4 \
\
\

y=sinx

X
]
/‘ v
/

The graph of f; (x) = f(|x|) is the same as the
graph of f|(x) to the right of the y-axis. The graph
of f5(x) to the left of the y-axis is the reflection of
v = f1(x), x =2 0 across the y-axis.

(b) y=g(x+2)-2
d y=-gx
(f) y=g(0x)
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48 Chapter 1 Functions

50. (a) Shift the graph of fright 5 units (b) Horizontally compress the graph of / by a factor of 4
(c) Horizontally compress the graph of /by a factor of 3 and then reflect the graph about the y-axis
(d) Horizontally compress the graph of /by a factor of 2 and then shift the graph left % unit.
(e) Horizontally stretch the graph of /by a factor of 3 and then shift the graph down 4 units.
(f) Vertically stretch the graph of /by a factor of 3, then reflect the graph about the x-axis, and finally shift the
graph up % unit.

51. Reflection of the graph of y =~/x about the x-axis "
followed by a horizontal compression by a factor of
% then a shift left 2 units.

52. Reflect the graph of y = x about the x-axis, followed
by a vertical compression of the graph by a factor
of 3, then shift the graph up 1 unit.

53. Vertical compression of the graph of y = lz by a
X
factor of 2, then shift the graph up 1 unit.

54. Reflect the graph of y = x3about the y-axis, then A

compress the graph horizontally by a factor of 5. 2k 73

Copyright © 2014 Pearson Education, Inc.
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55. 56.
y y
1 y=cos2x I/\
I I I I x \-/‘ ~"=Sin%
/ 0 \_7/ T \3n [ 2n \
2 2
—1+

57. 58. ,

period =47

>
g
-
>

1\/2 ’ y = cos X
*72
_1 -
period =2 period =4
59. 60.
y y
2+ y=ZCos(x—E) )
! 1
/ / 4 I
/E if 5 ér 1 * —2}‘ y=1 +sin(x+—)
6] 3 6 3 6
_1 -
-2+
period =27 period =27

61. (a) sinB= sin% = % = % =b= 2sin% = 2(?) =3. By the theorem of Pythagoras,
L

b=t a=yct-b* =J4-3=

(b) sinstingzb Zoe=2 =(—f§)=%.Thus,a=\/cz—b2 = (%)2—(2)2 =\/§=%.

W

c c sinZ

62. (a) sinA:%:a:csinA (b) tanA:%:a:btanA
_b __b : _a —
63. (a) tanB=>2=a=— "= (b) smA—i:>c—Sir‘fA
. a . a - b?
64. (a) smA:? (b) smA:?: "
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65.

66.

67.

68.

69.

Chapter 1 Functions

Let & = height of vertical pole, and let b and ¢ denote T
the distances of points B and C from the base of the

pole, measured along the flat ground, respectively.

Then, tan 50° = %, tan35° = %, and b—c =10.

Thus, # = ctan 50°and /# = btan 35° = (¢ +10) tan 35° L
= ctan50° = (c+10) tan 35°
= ¢(tan 50° —tan35°) = 10tan 35° Y35° ¢/ 50°
o B
= c=—10@n35" 5 _ ctan50° fe— 10 —o}e—— c —
tan 50° — tan35° * b

_ 10tan35°tan50°
~ tan50°— tan35° 16.98 m.

Let & = height of balloon above ground. From the balloon
figure at the right, tan 40° = %, tan 70° = %, and

a+b=2 Thus, h=btan70° = h =(2—a) tan 70°
and &= a tan 40° = (2 — a)tan 70° = a tan 40°
= a(tan40°+ tan 70°) = 2 tan 70°

_ 2tan 70° _ o
= 4= Gna0°+ an70° h=atan40
_ 2tan 70° tan 40° ~1.3 km

" tan40°+ tan 70°

(a)
y

~ AN X
| B N

.Y’Sinxo-cos%

(b) The period appears to be 4.
() f(x+4r) = sin(x+47) +cos ( ro i

since the period of sine and cosine is 2. Thus, f(x) has period 47.

) =sin(x+27) +cos(%+ 2ﬂ) = sinx+c0s%

(a)

(b) D=(-0,0)u(0,0);R=[-11]

(c) fisnot periodic. For suppose f has period p. Then f (ﬁ-l‘ kp) =f (i) =sin 2z =0 for all integers .

<. But thenf(i+kp) = sin(+) >0

Choose £ so large that ﬁ +kp > % =0< W)+l

1
(/7)) + kp
which is a contradiction. Thus f'has no period, as claimed.

(a) D: —o<x<w
(b) D: x>0
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70.

71.

72.

73.

74.

76.

78.

79.

80.

Chapter 1 Practice Exercises

(a) D =(-,0)U(0,0) (b) D= (~00,-2)U(=2,2)U(2, )
(a) D: -3<x<3 (b) D: 0<x<4
(@ D=[-11) (b) D=[-11]

(f o g)(x)=In(4—x?) and domain: -2 < x < 2;

(go f)(x)=4—(Inx)*and domain: x > 0;
(f o f)(x)=In(Inx) and domain: x > I;

(geg)(x)= —x*+8x% —12 and domain: —o0 < x < 0.

(a) Even (b) Neither even nor odd (c) Neither even nor odd (d) Even

For ¢>0, D= (-, x)
For CSO, D=(—OO,—\/E)U(\/Z, ij)

y=In(x*+c)

|
N
[\)
(=)
S

For large values of x, y =a”™ has the largest values; y =log, x has the smallest.

(a) D:(—o,») R:[%,%J (b) D:[-1,1] R:[-L1]
(a) D:i—w<x<w; R:0<y<r (b) D:-1<x<1; R:-1<y<1
y
Tr 1
y=cos” (cosx) Y y =cos(cos™ x)
4
05T
-an n 0 n m ‘ ‘ ‘ oy
-1 -0.5 0 0.5 1
-0.5t1
-t -1t

Copyright © 2014 Pearson Education, Inc.
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52 Chapter 1 Functions
81. (a) No (b) Yes

82. Answers depend on the view screen used. For [15,17]x[5- 106, 107] it appears that e* > 107 for x>16.128.

8. () f(e)=(3x) =x g/ =3x =x

(b)
y
2+ y=x y=x
1+ . y= 1/3
- - - - X
-2 -1 710 1 2
,IAV
,ZAV

84. (a) h(k(x)):%((4x)1/3)3:x’ k(h(x)):(4.XT3)l/3:x

(b)
y
3 y=x
4 X
o5 S
4
2 3 .. = (4x)1/3
| | L 1 | x
-4 -2 10 2 4
-2+
-4+

CHAPTER 1 ADDITIONAL AND ADVANCED EXERCISES

1. There are (infinitely) many such function pairs. For example, f(x) =3x and g(x) = 4x satisfy
S (g(x)) = f(4x) =3(4x) = 12x = 4(3x) = g(3x) = g(f (x)).

2. Yes, there are many such function pairs. For example, if g(x) = 2x + 3)3 and f(x) = x1/3, then

(fo2)(x) = f(g(x) = f(2x+3)*) = ((2x+3))* =2x+3.

3. Iffis odd and defined at x, then f(—x) =—f(x). Thus g(—x) = f(—x)—2 =—f(x)—2 whereas
—-g(x)=—(f(x)—2)=—f(x)+2. Then g cannot be odd because g(—x) =—g(x) = —f(x) 2=—f(x) + 2
= 4 =0, which is a contradiction. Also, g(x) is not even unless f'(x) = 0 for all x. On the other hand, if fis
even, then g(x) = f(x)—2 is also even: g(—x) = f(—x)—-2 = f(x)—2 = g(x).

4. If gis odd and g(0) is defined, then g(0) = g(—0) =—-g(0). Therefore, 2g(0) = 0= g(0) =0.
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10.

Chapter 1 Additional and Advanced Exercises

For (x, y) in the 1st quadrant, |x|+|y| =1+x ,

& x+y=1+x< y=1 For (x, y) in the 2nd Lol + Iyl =1+x
quadrant, |x|+ |y|=x+1& —x+y=x+1
& y =2x+1.In the 3rd quadrant, |x|+|y|=x+1 /
& —x—y=x+1& y=-2x-1.In the 4th
quadrant, |x|+|y|=x+1< x+(—y)=x+1 \
& y=-1. The graph is given at the right. -1

NI,

. We use reasoning similar to Exercise 5. y

(1) Ist quadrant: y+|y| = x+|x|
S2y=2x y=2x.

(2) 2nd quadrant: y+|y | = x+|x| s
S2y=x+(-x)=0& y=0. L

(3) 3rd quadrant: y +|y|=x +|x| T L1y
S y+(—y)=x+(—x)<=0=0 -
= all points in the 3rd quadrant syl =xs ]
satisfy the equation.

(4) 4th quadrant: y+ | y| = x+|x]|
& y+(—y) =2x < 0 =x. Combining
these results we have the graph given at the right:

-2 .
2 sin”x l—cosx _ sinx

53

x= l—coszx=(l—c0sx)(1+cosx):>(1—cosx): . e .

(b) Using the definition of the tangent function and the double angle formulas, we have

1 - cos 21)
Cos| (2

.2y
2(x _ sm (E)_f_lfcosx
tan ()26)_ 0052(%) a 1+cos(2(%)) " 1+ cosx’
2

(a) sin x+cos?x =1=> sin

The angles labeled y in the accompanying figure are
equal since both angles subtend arc CD. Similarly, the
two angles labeled « are equal since they both subtend
arc AB. Thus, triangles AED and BEC are similar which
a—c 2acosf —b

b~ a+c
= (a—c)(a+c)=b(2acosd—-b)
= a? — ¢? = 2ab cos 6 —b*
= ¢*—a? +b* ~2ab cos 6.

implies

As in the proof of the law of sines of Section 1.3, Exercise 61, ah =bc sin 4 = ab sinC = ac sin B
= the area of ABC = %(base)(height) = %ah = %bc sind = %ab sinC = %ac sin B.

As in Section 1.3, Exercise 61, (Area of ABC)* = L (base)” (height)” = La*h* =1a’b?sin® C

2 2 2
= %azb2 (1-cos’ C) . By the law of cosines, ¢ = a” + b — 2abcos C = cos C = % Thus,
2 2
2 2,2 2 2,2 4=t 22 2 pr- P
(area of ABC)? =La?h? (1-cos® €)= La%b (1—(%) ]:%(1—%

:%(4512192 (@ + - c2)2):% [(Qab+ (a2 + b* = ¢*)) Qab - (a® + b* - ¢*))]
= L{((a+b)* = c?)(c? = (a=b))] = [(a+b)+c)(a+b)—c)e+(a—b)c—(a—h))]
:|:(a+lz7+c)(—a +2b+c)(a _l27+c)(a+l27_c):|:s(s—a)(s—b)(s—€), WhereS:LZZHC~

Therefore, the area of ABC equals J s(s—a)s—b)(s—c).
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11.

12.

13.

14.

15.

Chapter 1 Functions

If fis even and odd, then f(—x)=—f(x) and f(—x)= f(x) = f(x)=—f(x) for all x in the domain of /.
Thus2f(x)=0= f(x)=0.

(a) Assuggested, let E(x) = M = E(-x) = /) +2f(7(7x)) G +2f(7x) = E(x)= E isaneven

function. Define O(x) = /(x) ~ E(x) = /(x) - L0 - SO T pen o) :w
S0 f) _(f(x) - f(—x)) _
2 2

=-0(x)= O isan odd function = f(x) = E(x)+ O(x) is the sum of an even

and an odd function.

(b) Part (a) shows that f(x) = E(x)+ O(x) is the sum of an even and an odd function. If also
J(x) = Ej(x)+ O (x), where E; is even and O, is odd, then f(x)— f(x)=0
=(E1(x)+0,(x)) = (E(x)+ O(x)) . Thus, E(x) — E;(x) = O;(x) — O(x) for all x in the domain of /' (which is
the same as the domain of £ — £} and O - O)). Now (E — E})(—x) = E(—x) — E;(=x) = E(x) — E|(x) (since E
and E, are even) = (£ — E})(x) = E — E| is even. Likewise, (O; —O)(—x) = O;(—x) —O(—x)
=-0;(x)—(=O(x)) (since O and O, are odd) = —(O, (x) —O(x)) =—(O; = 0) (x) = O, — O is odd.
Therefore, £ — E; and O; — O are both even and odd so they must be zero at each x in the domain of /" by
Exercise 11. That is, £y = £ and O; = O, so the decomposition of / found in part (a) is unique.

2 2 2 52
y:ax2+bx+c=a(x2+%x+4b—2)—i—a+c:a(x+%) -
a

(a) Ifa >0 the graph is a parabola that opens upward. Increasing a causes a vertical stretching and a shift of
the vertex toward the y-axis and upward. If a < 0 the graph is a parabola that opens downward. Decreasing
a causes a vertical stretching and a shift of the vertex toward the y-axis and downward.

(b) Ifa >0 the graph is a parabola that opens upward. If also b > 0, then increasing b causes a shift of the graph
downward to the left; if b < 0, then decreasing b causes a shift of the graph downward and to the right.
If a < 0 the graph is a parabola that opens downward. If b > 0, increasing b shifts the graph upward to the
right. If b < 0, decreasing b shifts the graph upward to the left.

(c) Changing c (for fixed a and b) by Ac shifts the graph upward Ac units if Ac > 0, and downward —Ac units
if Ac <0.

(a) Ifa >0, the graph rises to the right of the vertical line x = —b and falls to the left. If @ <0, the graph falls
to the right of the line x = —b and rises to the left. If a = 0, the graph reduces to the horizontal line y = c.

As |a| increases, the slope at any given point x = x; increases in magnitude and the graph becomes steeper. As
|a| decreases, the slope at x(, decreases in magnitude and the graph rises or falls more gradually.

(b) Increasing b shifts the graph to the left; decreasing b shifts it to the right.

(c) Increasing c shifts the graph upward; decreasing c shifts it downward.

Each of the triangles pictured has the same base
b =vAt =v(l sec) . Moreover, the height of each 1
triangle is the same value 4. Thus % (base)(height)
= %bh =4 =4, = 4 =... . In conclusion,

the object sweeps out equal areas in each one
second interval.

Kilometers

Kilomcters
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16.

17.

18.

19.

20.

Chapter 1 Additional and Advanced Exercises 55

(a) Using the midpoint formula, the coordinates of P are (a er 0 , bLZO) = (%, %) Thus the slope
OP=% _b2_b
ofOP—Ax—L/z—ba.O -
(b) The slope of 4B = 0 — o= —%. The line segments 4B and OP are perpendicular when the product of their

slopes is —1 = (%)(—%) = —%. Thus, b>=a®> =a=b (since both are positive). Therefore, AB is
a

perpendicular to OP when a = b.

From the figure we see that 0 <0 < % and AB = AD =1. From trigonometry we have the following:
ing=£B — —AE _ —CD _ — LB _ sinf .
sin@ = 5= EB, cosf = yiie AE, tan @ = Yl CD, and tan @ = Y cOsg.We can see that:
area AAEB < area sector DB < area AADC = L(AE)(EB) < %(AD)Z 0 < 1.(4D) (CD)
L 11\2 1 Lo 1 1 sin@
= 5sin fcosb < E(l) o< E(l)(tan 0)= Esmﬁcosﬁ < 36’ <3 cosd

(fog)x)= f(g(x))=a(cx+d)+b=acx+ad+b and (gof)(x)=g(f(x))=c(ax+b)+d =acx+cb+d
Thus (fog)(x) =(gof)x)= acx+ad +b=acx+bc+d = ad +b =bc +d. Note that f(d) =ad +b and
g(b)=cb+d, thus (fog)(x) =(gof)(x) if /(d)=g(b).

(a) The expression a(b“*)+d is defined for all values of x, so the domain is (-0, ). Since ™ attains all

positive values, the range is (d, «) if @ > 0 and the range is (-d, ©) if a < 0.
(b) The expression alog;, (x—c)+d is defined when x — ¢ > 0, so the domain is (¢, ). Since

alogy,(x—c)+d attains every real value for some value of x, the range is (—oo, ).

(a) Suppose f(x;)= f(xy). Then:

ax;+b _ ax,+b
cq+d ey t+d

(ax; +b)(cxy +d) = (axy +b)(cx; +d)

acxyx, +adx; +bcx, +bd = acx;x, + adx, +bexy +bd
adx) +bexy = adx,y +bexy
(ad —bc)x) = (ad —bc)x,

Since ad — bc # 0, this means that x; = x,.

(b) y= ax+b

cex+d
exy+dy=ax+b
(cy—a)x=—dy+b
yozdth

T y-a
Interchange x and y.
_—dx+b

cx—da
f_l(x) — —dx+b

cx—a
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56 Chapter 1 Functions
21. (a) y=100,000 - 10,000x, 0 <x < 10

(b) y=55,000
100,000 —10,000x = 55,000
~10,000x = 55,000
x=45
The value is $55,000 after 4.5 years.

22. (a) f(0)=90 units
(b) A2)=90—-52In3 = 32.8722 units

(c)

[0, 4] by [-20, 100]

23, 1500(1.08)" =5000 —>1.08" =300 — 10 1n(1.08) =In 12 - /In1.08 = In 10 — ¢ = U0 < 15 6439

It will take about 15.6439 years. (If the bank only pays interest at the end of the year, it will take 16 years.)

24, A(t) = Aye’"; A(t) =24y =24y = Ay’ =" =2 =>rt=Ih2= t:%:m(’%:lggr:(;%

25. Inx™) =x"Inx and In(x*)* =xIn(x*) =x*Inx; then, x* Inx=x*Inx=x"=x> = xInx=2Inx=x=2.

Therefore, x* ) = (x*)* whenx=2.

26. (a) No, there are two intersections: one at x =2 y

and the other at x = 4. 0.36 [\
In2

0.32 y=
/ 2 -3 4 5
(b) Yes, because there is only one intersection. ﬂ' i ln;x
e 3 8 10"

-1 / ==2In2

-2

-3

-4
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97 logyx =(m4) _Inx In2 _In2 _ In2 _
© logyx ({n;) In4 Inx In4 2In2
n

Inx

B |—

28 () f()=12 g(x)=lx

Inx

(b) fis negative when g is negative, positive

(c)

when g is positive, and undefined when
g = 0; the values of f'decrease as those of g
increase.

In2 _Inx 2 _ 2
2 _Inx — (1n2)* = (In)

= (n2hx)(In2+Inx)=0=Inx=1In2

Inx _ In2

orlnx=-In2= ¢ e or

Inx _ eln(l/Z)

e =>x=2o0r x=

8 [—

Therefore, the two curves cross at the two
. 1 In(1/2)\ _ (l _ )
points (2, 2 )— 7 1) and

(2, %) =(2,1).
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