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CHAPTER 1 FUNCTIONS

1.1 FUNCTIONS AND THEIR GRAPHS

10.

11.

12.

13.

14.

domain = (—eo, e0); range = [1,0) 2. domain =0, «); range = (—oo, 1]
domain =[-2,%); y in range and y = +/5x+10 > 0 = y can be any positive real number = range =0, ).

domain = (-, 0]U[3, e); y in range and y = Jx2 -3x20= y can be any positive real number =
range = [0, o).

ﬁ,nOWift<333—t>0:>ﬁ

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

domain = (-0, 3) U (3, ); y in range and y = >0,orift>3=

2
?-16

2

,now ifr <—4 =12 ~16>0= ”
t_

domain = (—e0, —4) U (-4, 4) U (4,00); y in range and y = >0, or if

—4<t<4:>—16£t2—16<0:>—%2 2216,orift>4:>t2—16>0:> 2216>0:>ycanbeanynonzero
- -

real number = range = (—co, —%] U (0, o).

(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)? + (£)” = x® = height = 2 x: area is a(x) = 1 (base)(height) =1 (x) (gx) _ 332,

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

2 d 1

+s2=d23s=—;andareaisa=s23a=5d2

NG

s = side length = s

Let D = diagonal length of a face of the cube and / = the length of an edge. Then (> +D? =d? and
32,
) _d

=L

D? =20% = 3¢% =d? = ¢ =4 The surface area is 6/% = % =2d? and the volume is /> = (ﬁ

NG 3
Jx

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

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

=f(x >0).

- = lr430=(x-0)7 _2_\/2_L 22_\/2L2_22
4y =5=y=-gx+3L=y(x-0)"+(y=0)" =\[x" +(-5x+)" = X" +7x" —gx+
_|s52_ s +2_\/20x2—20x+25_\/20x2—20x+25
TNt T e T 16 = 7

yedr 3=y 4 3=l = (=42 +(7=0) =2 +3-42 + % =02 -DF + 57
Z\/y4—2y2+l+y2 =\/y4—y2+1

Copyright © 2020 Pearson Education, Inc.
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2 Chapter 1 Functions

15. The domain is (—oe, ). 16. The domain is (—oo, o).

Yy y

st
- X)=1-2x—x
f(‘)/‘*\z_

A\ f@=5-2¢

4}
17. The domain is (—oe, o). 18. The domain is (—ee, 0].
3 -
g0 =Ixl . Nape L
F SRR it
I >
1+
19. The domain is (—eo, 0) U (0, o). 20. The domain is (—eo, 0) U (0, o).
y G(t)

_t
2 FO=g
1P
1 1 1 1 1 1 1 1 t 1
432 | 12 3 4 6=
> It
2

21. The domain is (=0, =5) U (=5, =3]U[3, 5) U (5, =) 22. The range is [5, «) .

23. Neither graph passes the vertical line test

@ (b)

Iyl ==

Copyright © 2020 Pearson Education, Inc.



Section 1.1 Functions and Their Graphs

24. Neither graph passes the vertical line test

(b)

N
N \

(a)
////? x| + Iyl =1

x+y y=1-x
|x+y|—1(:) o or
x+y=-1 y=-1-x
25. [ x|0|1]2 26. [x|0]1]2 A
y 2k
X, 0<x<1
O 1 0 f(X)z{Z—x, 1<x<2 y O 0 0
]\\
I |0 I 1 I 5 15
x § ._{]—x,ﬂixil
e 2-x, 1<x<2
-x%, x<1 l x<0
27. F(x)= 28. G(x)=
x“+2x, x>1 x, 0<x
4\/_\'=x2+2r 3
L L2
[ -1
B 7? 7% 7! I | !
1 1 1 1 1 1 x 1 2 3
) [ ! F-1
2 r -2 - lr x<0
y=4-x = -3 {,\‘ 0<x

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

3 x, 0<x<1
TOO=) 2 1<x<
2, 0<x<I
_ 0, 1<x<2
®) F&=1, 53
0, 3<x<4

30. (a) Line through (0,2)and (2,0): y =—x+2

Line through (2, 1) and (5,0):m:%:%=—l soy———(x 2)+1=-
—x+2,0<x<2
x
Jx)= ;x+g, 2<x<5

Copyright © 2020 Pearson Education, Inc.
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4

31.

32.

33.

34.

35.

36.

Chapter 1 Functions

(b) Line through (-1, 0) and (0, =3): m = O‘f—(‘_?)
-1-3

Line through (0, 3) and (2, -1): m = 70

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

—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 S S R y=

3-1 2 2
-X -1<x<0
f(x)= 1 0<x<1
_%x +% I<x<3
(b) Line through (-2, ~1) and (0, 0): y = T x
Line through (0, 2) and (1, 0): y =—-2x+2
Line through (1, 1) and (3, -1): y =—1

. 1-0

(a) Line through (%, 0) and (T, 1):m= T =%, soy=
0,0<x<T
fO=1,
TX—I, E<X_T
4, 0<x<L
—4, §3x<T
(b) £(x)= .
A, TSX<7
—A, %stzr

(a) |x]=0forxe[0,1)

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

~o

=-3,s0y=-3x-3

2_742—2,soy=—2x+3

(b) [x]=0forxe(-1,0]

—S-D+l=—1x+3
1
2% =2<x<0
f(x)=4-2x+2 0<x<l1
-1 1<x<3
T —2
(x-L)+0=2x-1

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
fractional portion of x, leaving only
the integer part.

Yy
3 *—0
2 *—o
1 C——0
0O 0.
-3 -2 - T 3
o—e -1
x], x>0
o—e -2+ f(x)=
fxT, x<o0
o0—=e -3

Copyright © 2020 Pearson Education, Inc.




37. Symmetric about the origin

Dec: —co< x <00
Inc: nowhere

39. Symmetric about the origin

Dec: nowhere
Inc: —eo < x <0

O<x<oo

41. Symmetric about the y-axis
Dec: —0o<x <0

Inc: 0<x<

Section 1.1 Functions and Their Graphs

38. Symmetric about the y-axis
Dec: —o<x <0
Inc:0<x<oo

y=-=

. 3

N

>

)

40. Symmetric about the y-axis
Dec:0<x<oo
Inc: —o<x <0

11

42. No symmetry
Dec: —e0o < x <0
Inc: nowhere

-8 -6 -4 -2

-1

Copyright © 2020 Pearson Education, Inc.
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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: —o < x <0 Inc: nowhere
y y
3 PR S S—
1{)‘ T -1 R *
1 L 18 1

x

/11/8{ 1 5 -2
-1

-4

y= -4/x
~6
-8
No symmetry 46. Symmetric about the y-axis
Dec:0<x < Dec: —o<x<0
Inc: nowhere Inc: 0<x<oo
y y
4 -
5L
2 -
y=e0
-3 |- 1+,
-4 r T B | T R N
5+ -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"=Land f(-x) = (—x) " = L= -(%) — _ £(x). Thus the function is odd.
X —X X

Since f(x)= X tl= (—x)2 + 1= f(—x). The function is even.

Since [ £(x) = x2 + x] # [ f(=x) = (=x)?> —x] and [ f(x) = x> + x] # [~ f (x) = =(x)? — x] the function is neither
even nor odd.

3

Since g(x) = S+, g(-x)=—x"-x= —(x3 + x) = —g(x). So the function is odd.

g(x)=x*+3x% = 1=(=x)* + 3(-x)* = 1 = g(~x), thus the function is even.

L —_ L1 — o(—x). Thus the function is even.

8= 1 (-x)*-1

x2

g(x)=——; g(-x)=- xzx_ 0= —g(x). So the function is odd.

2
¥-1

h(t) = t—il; h(~t) = —\—=; — h(t) = . Since h(¢) # ~h(z) and h(t) # h(~t), the function is neither even nor odd.

—t -t

Copyright © 2020 Pearson Education, Inc.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Section 1.1 Functions and Their Graphs

Since |t3| = |(—t)3 |, 2(¢) = 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(¢). The function is neither even

nor odd.

h(t) =2]t|+ land h(—t) =2|—t|+ 1=2]¢| + 1. So h(t) = h(—t) and the function is even.
g(x) =sin2x; g(—x) = —sin2x = —g(x). So the function is odd.

g(x)=sin xz; g(—x)=sin X2 = 2(x). So the function is even.

2(x) =cos3x; g(—x) =cos3x = g(x). So the function is even.

g(x)=1+cosx; g(—x) =1+cosx = g(x). So the function is even.
s=kt=25=k(15)=>k=1=>5=11,60=11=1=180

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

k

N

12

r=fo6=kok=24=,r=210=28=,=-12
s s 5

—k —_k - — 14700. — 14700 — 24500 _ in3
P=3=14T7=10=k=14700= P =272:234 = 572 =V = 55 =~ 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 =4/2. So,

2.2 2 : . .
h™+1 =(x/§) = h=1= Bisat(0,1) = slope of AB = -1 = The equation of 4B is
y=f(x)=—x+1;x€[0,1].

(b) A(x)=2xy=2x(—x+1)= 2% + 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 4 because it is a nonlinear odd function.

Copyright © 2020 Pearson Education, Inc.
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Chapter 1 Functions

71. (a) From the graph,§>l+%: x€ (-2,0) U (4,0) ’
X 4 x_1_4
(b) 3>1+;:>E 1 < >(z
LXx_1_4 x°=2x-8 (x=4)(x+2)
x>0:5-1-2>0=—7—>0="—F——>0 sy = 14 4
= x >4 since x is positive;
TS T S SN S . B SN € ) E e B flx) = 3
"2 X ] o 2x ) 2x (4.2)
= x < -2 since x is negative; ’ «
sign of (x —4)(x +2) &
\
(-2,41)
+ — +
-2 4
Solution interval: (=2, 0) U (4, ) o) = 1+4
X
|
72. (a) From the graph, ﬁ < ﬁ = x€ (—oo,-5)U(-11) y
_1..3 2 3x+D ! :
(b) Casex<-l: 25 <—=7=>——7>2 \
=>3x+3<2x-2=>x<-5. N
Thus, x € (—o0, =5) solves the inequality. 9(x) = TN
Case-l<x<l:—3 <2 304D '
x—-1 "x+1 x =1 :
= 3x+3>2x-2= x>-5 which i1
is true if x > —1. Thus, x€ (-1, 1) :
solves the inequality. :
Casel<x:—=—<—2-=3x+3<2x-2=>x<-5 £(x) = 3/(x-1)
x-1 "x+1 i
which is never true if1 < x, '
so no solution here.
In conclusion, x € (—eo, =5) U (-1, 1).
73. 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.
74. price = 40+ 5x, quantity = 300 —25x = R(x) = (40 + 5x)(300 —25x)
75, X2 +x2=h = x =%=@; cost = 5(2x) +10h = C(h) = 10(@)+10h =5h(v2 +2)
76. (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) =$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.

Copyright © 2020 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs

1.2 COMBINING FUNCTIONS; SHIFTING AND SCALING GRAPHS

1.

10.

11.

12.

13.

Dy:—eo<x <o, D

g: x21:>Df+g=ng: x>1

Dy:x+120=x2-1,D,: x=120= x21. Therefore D, , = Dp: x 21

Dy:—eo<x<oo, Dyt =0 <x <00, Dpjpt —00 <X <00, Dyt =00 <x < oo

Dfi —0<><x<°o,D : .X'ZO,Df/g: xZO,Dg/f: x>0

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

(d) (x+52%-3=x2+10x+22 () 5 (f) -2

(g) x+10 (h) (x?-3)2-3=x*-6x>+6

(@) -1 (®) 2 © 1=
@ L (© 0 () 3

(8) x-2 () 1 —=5=105

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

(fogoh)(x) = f(g(h(x)) = f(g(x") = f(2(x*)~1) = f(2x* 1) =3(2x> 1)+ 4 =6x" +1
(fogoh)) = f(g(h(x)) = (g(L)) = f[ﬁ] - f) = T =

<fogoh)<x)=f<g<h<x))>=f(g(m))=f[ W) J=f(§:j§)= S

(V2=x)+1 3055
@ (fog)x) (b) (jog)(x) (©) (gog)(x)
(d) (o)) () (gohof)(x) (f) (hojof)(x)
@ (fo ) (b) (gom)(x) (©) (hoh)(x)
(d) (fof)x) () (jogosf)(x) (f) (gofon)(x)
gx) /) (feg)(x)
(@ x-7 Jx x-7
(b) x+2 3x 3(x+2)=3x+6
© x? x=5 =5
@ = = S
rol ! Xf1_1_x—(x—1)_x
(e L 1+ x
oL :

Copyright © 2020 Pearson Education, Inc.



10 Chapter 1 Functions

14. @) (/o)) =lg() =1Ly
o _gx-1 _ -
(b) (feg)(x)= g(x) x+1 g(x)  x+1
() Since (fog)(x) =+/g(x) = |x|, g(x) =x".
(d) Since (fog)(x)= f(\/;) =|x|, f(x)= x2. (Note that the domain of the composition is [0, =0).)

-1
X 1 X __x 1 1 __1
x+1  g(x) x+1  g(x)’

so g(x)=x+1.

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

g(x) JSx) (fog)x)
x 1— 1 |x| ‘x 1— l‘
x+1 ud ; 1 ﬁ
X2 \/; | x|
\/J_C X2 | x|
15. (@) flg-))=s(1D)=1 () g(f(0)=g(=2)=2 () f(f(=D))=rf(0)=-2
(d) g(g(2)=g0)=0 () g(f(=2))=g)=-1 ® fe®)=/D=0

16. () f(g(0)= f(-1)=2—(~1)=3, where g(0)=0—-1=—1
(®) g(fB)=g-D=-(-1)=1where f(3)=2-3=-1
(c) g(g(-1))=g1)=1-1=0, where g(-1) =—(-1) =1
) f(f(2)=f(0)=2-0=2, where /(2)=2-2=0
() g(f(0)=g(2)=2-1=1, where f(0)=2-0=2
() /(2(3))=7(-3)=2-(-3) =3 where g (}) =4 -1=-4

7. @ (/o)) = f(g(x) =11 =1

(g0/)x) = g(f(x) =2

x+1

(b) Domain (fog): (=, —1]U (0, o), domain (go f): (-1, o)

18. (@) (fog)(x)=/(g(x)=1-2x +x
(gof)(x)=g(f(x))=1-|x|
(b) Domain (fog): [0, ), domain (go f): (—oo, o)

19. (fog)x) =x= f(g(x) =x= 05 =x = g(x) = (g(x)~2)x =x-g(x)~2x

= g(0)-xg(¥) = 2= g(0) = -2 =2

xX+6 _3/x+6
2 jg(x)_ 2

20. (fog)x)=x+2= f(g(x)=x+2=2g(x) - 4=x+2=(g(x))’ =

21 V=V(s)=V(s(t) =V (2t-3)
= (20-3)% +2(21-3)+3
=42 -8t +6

Copyright © 2020 Pearson Education, Inc.



22.

23.

24.

25.

26.

27.

Section 1.2 Combining Functions; Shifting and Scaling Graphs 11
(a)
X -4 -3 -2 -1 0 1 2 3 4
2(x) 2 -1 ~0.5 0.2 0 0.2 0.5 1 2
f(g(x) 1 1.3 1.6 1.8 2 1.8 1.5 1 0
y
41
|y =fle&)
/‘I/.I/T’T—‘_ | I | x
-4 2 o 2 4
_2 -
_ab
(b)
X -4 -3 -2 -1 0 1 2 3 4
g(x) 1.5 0.3 —0.7 -1.5 24 | 28 -3 -2.7 -2
f(g(x)) -0.8 1.9 1.7 1.5 0.7 0.3 0.2 0.5 0.9
y
41
O_‘\<: y =[(8(x)
{ 1 7% 1 o TFZM/A/ x
-2
il
(@) y=—(x+7) (0) y=—(x-4)’
(@) y=x"+3 (b) y=x>-5
(a) Position 4 (b) Position 1 (c) Position 2 (d) Position 3

(@) y=—(x-1)7%+4

(b) y=—(x+2)>+3

x+2%+(+3)%=49

© y=—(x+4)7-1

28.

d) y=-(x-2)

+47+(y-3)7=25
8

Copyright © 2020 Pearson Education, Inc.




12

29.

31.

33.

35.

37.

Chapter 1 Functions

Y 3
y+1l=(x+1)

3
y=x

x
~0.81 1 4
Y y=2x
7
y=2x-17
x
712
-7
y

—4 0

30.
y
- -t
\\\\ 2_ - -
Dotk L
LN I/Ix
-3 2 -l 1 2 3
-1 (1,-1
y+1=@-1*
32.
y
05
-0.5
-1
-1.5
-2
2.5
3k
34,
y
/,f’ ,\'+5=%(
=L , =1
.\—2(X+|)+§/ ory=ox
PRy
"/, 2_

- 1 1 1 1 1 1 X
=15 -5 -2 25 5 15
2
4
6L

36.
y
i
K
ks
i
14
i
K
13
h
' |
' '.2}':_2
’l —I“ X
TR i (e N R
-6 -4 \| 2 4 o
>l'—
1
y+1l=
(x+2)° -2
38.

Copyright © 2020 Pearson Education, Inc.
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Section 1.2 Combining Functions; Shifting and Scaling Graphs

39. 40.
) y y=]1-x|-1
% *
41. 42.
y y
3 l&u
2 %ﬁ I 1 L L5y
1 1,1 -1 1 2 3 4
e } i oye
43. y 44, |
y=(-8

45. 46.

1
i ‘Al : r
1 1

47. 48.
¥
10+
1 X 8
-1 6
Y =+ 41
(—27,%_
1 1 1 1 X
2 -1 1 o2 3
49. 50.
y y
2F | |
! ) =
1 R of 1
1k ' 4L.\7—2
! 2
1 : 1 1 x L L L . X
9] 1 23 4 42 | N4
-1} : -
i ,%_
-2+ 1
1

Copyright © 2020 Pearson Education, Inc.
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14 Chapter 1 Functions
51.
Yy
N
R
53.
Yy
4
3
2
1
10 *
55.

57. (a) domain: [0, 2]; range:

y

3
/\y:f(x)+2
2

1+

52.

54.

56.

(2, 3]

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

(c) domain: [0, 2]; range: [0, 2] (d) domain: [0, 2]; range: [-1, 0]
y y
1 -
2_
y=2f(x) y=—f(x)
1r 0 I 2
0 N 2 3 * kb

Copyright © 2020 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs

(¢) domain: [-2, 0]; range: [0, 1]

y=fx+2)

-2 -1 0

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

2+

y=f(=x)

-2 -1 0

58. (a) domain: [0, 4]; range: [-3, 0]

y

y=gn L
4

3

(¢) domain: [4, 0]; range: [0, 3]

Yy

3

y=gn+3

(¢) domain: [2,4]; range: [-3, 0]

y=8(-t+2)

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

Yy
2_
y=fx-1)
| /\
L x
0 1 2 3

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

y
2

y=—fx+D+1

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

y

3

it y==0 0

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

y

(f) domain: [-2,2]; range: [-3, 0]

y=g-2)

-3

Copyright © 2020 Pearson Education, Inc.
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16 Chapter 1 Functions

(g) domain: [1, 5]; range: [-3, 0] (h) domain: [0, 4]; range: [0, 3]
y Y
\ i
y=9(1-t)
1 5 3
t y=-g(t-4)
=it
. 0 2 4
59. y=3x2-3 60. y=(2x)* -1=4x -1
S I P R S S B 62. y=l+—-=1+2
61. y_2(1+x2)_2+2x2 Y ()C/3)2 x?
63. y=+4x+1 64. y=3Jx+1
2 1 2
— _1 2 66. y=-v4-x

65. y=\4—(%) =L16-x V=3
67. y=1-(3x)° =1-27x° () oo

y=1-0x) x 68. y=1-(%) =1-%
69. Let y=—/2x+1= f(x)and let g(x) = x2, y

1/2 1/2
h(x)z(x+%) , i(x)=x/§(x+%) , and 2
1k
1/2

j(x)=—[\/§(x+%) }:f(x). The graph of /(x) S \ >

is the graph of g(x) shifted left% unit; the graph s \

of'i(x) is the graph of 4(x) stretched vertically by -3

a factor of\/E; and the graph of j(x) = f(x) is the —ap T

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

70. Lety=,/1-% = f(x). Let g(x) = (-x)""?,
h(x)=(-x+2)"2, and i(x) = (a+ )2 =

1-3 = f(x). The graph of g(x) is the graph

of y= Jx reflected across the x-axis. The graph
of A(x) is the graph of g(x) shifted right two units.
And the graph of'i(x) is the graph of 4(x)
compressed vertically by a factor of V2.

Copyright © 2020 Pearson Education, Inc.



71.

72.

73.

74.

75.

Section 1.2 Combining Functions; Shifting and Scaling Graphs

yv=f(x)= x>. Shift f(x) one unit right followed by
a shift two units up to get g(x) = (x— l)3 +2.

y=(-2+2= -0 +(-2)]= f().

Let g(x)=x, h(x)=(x=1)°, i(0)=(x D+ (-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 /(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) = 21—x Then shift g(x)

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

Let =L and =2 +l=-1+1
et f(x) =L and g(x)=2 E
2
=1 s+1= 1 >+ 1. Sincex/E:IA,wesee
(xn2) [(1n2)q]
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) = Ifx across the x-axis
to get g(x) = —Jx.

y=(-173+2

| I I N |
123 45

y
10}
L y=(-x)P+2
1 1 ™, 1 X
3 2 -1 1 2\3

4
3_
2+
1 1 1 1 1 1 1 1
4 K123 4 *
S
3L
4k

Copyright © 2020 Pearson Education, Inc.
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18 Chapter 1 Functions

76, y=/(x) =20 =[(-D@xT’ = (-)*7 20
= (2x)2/ 3. So the graph of f(x) is the graph of
g(x)= x23 compressed horizontally by a factor of 2.

77. 78.

79. (@) (f&)(=x) = f(=x)g(=x) = f(x)(=g(x)) = ~(/g)(x), odd

® (£)0)=LE3 = L9~ (L)), odd

© (§)e0=5E5 =75 =(5) @ oad

() 2 (=)= f(=0)f(-x) = f(x) f(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
(@) (g°/)(=x)=g(f(-x))=g(f(x))=(go f)(x), even

(h) (/o N)=x)=f(f(=x)) = f(f(x) = ([ © f)(x), even

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

80. Yes, f(x) =0is both even and odd since f(—x)=0= f(x) and f(—x)=0=—f(x).

@ (b)

(fg)(x)

Copyright © 2020 Pearson Education, Inc.



Section 1.3 Trigonometric Functions 19
(© (d)
y y
\
] fx) = & $x)
f
(E)(X)
0 A 1 % LS 1 f(x) = vx
(g-f)(x) g(x)=/T-x
(f-9)(x) X
0 1
82. ‘_
1 (feg)x)
10
200 =x2 5
(g=H)
) o 4 s "
¥_ f)=x-17
1.3 TRIGONOMETRIC FUNCTIONS
I (@ s=r0=010)(*Z)=8zm (b) 5=r0=(10)110°)(;Z;) =10z = 557
_s_10z _ 5% : Sz (180°) _ o
2. 6= % === radians and T(T) =225
3. 0=80°= 0= 8O°(1 g)) =42 = 5= (6)(47”) = 8.4 in. (since the diameter = 12 in. = radius = 6 in.)
4. d=1meter=r=50cm=0=5=30=0.6rador 0.6 (&)z%"
r 50 .4
27 z 3z _3r _z -z z S
5. 16 |73 | 0 5 vy 6. |6 2 3 6 4 6
3 L 3 1 L I
sin @ 0 T2 0 1 2 sin @ 1 T2 ) V2 2
_1 -L I
cos @ -1 B 1 0 2 cos 0 0 % g NG _g
tan 8 0 NE) 0 |und. | _g S L
1 tan @ und. | —/3 NG 1 NG
cotd und. | 3 |und. | O -1 1
sec@ -1 -2 1 und. —\/5 cotd 0 _E —\/g 1 _\/g
_2 2 -2
cscl und. J3 | und. 1 \/5 secf und. 2 NG \/E NG
-2
cscd 1 NG ) 2 2

Copyright © 2020 Pearson Education, Inc.



20 Chapter 1 Functions

=_4 =_3 inx=-2 -_L
7. cosx= 5,tanx 2 8. sinx \/g,cosx NG
9. sinx=—§,tanx=—\/§ 10. sinxz%,tanx:—%
11. sinx=—-L cosx=—2 12 __\B _ 1
4 . CoOsx=——,tanx =—=
NG NG 2 NE]

13. 14.

y
y=sinx
<

—1+

period = 7 period = 47
15. 16.
y y
1 Yy =Cos tx ) = cos X
/\ /\ II\‘\ TS R
0 — x
AN 3
AR N A
i \./
period =2 period = 4
17. 18.
y
y=—sin”—3x
1 /\
0 3 6 *
E N
period = 6
19. 20.

NIy -
<
§

—1F

period =27

Copyright © 2020 Pearson Education, Inc.



Section 1.3 Trigonometric Functions 21

21. 22.

Il 1
T 0| T 3 i
4 4 4 4 i
y=cos (,\' +ZT7T] -2
period =27 period =27
23. period = %, symmetric about the origin 24. period =1, symmetric about the origin
5 s
| | | |
|
2 s=cot2t } | } }
| | | |
1+ | | | |
| | | |
§ = —tan mt | | |
- 7 \o [3 T ! I I\ I I
2 2 | | | |
L \ [ \ [
e T L 1
| | | |
At [ [ \ [
| (- | |
\ \ \ \
\ \ \ \
| | | |
\ \ | \
| | | |
| | | |
[ [ I
25. period = 4, symmetric about the s-axis 26. period = 47z, symmetric about the origin
5 s
E 6
s= SEC%’ M 3 |
=27 0 2w !
\ S
1 1 1
-3 -2 - 2 3 -6 .
—1F § =CSC 5

y = COS X y Y=secx
27. (a) Cosx and sec x are positive for x in the interval /
(—%, %), and cos x and sec x are negative for x j K ‘Z}J K
in the intervals (—37”, —%) and (%, 37”) Sec x is ~) T = "
undefined when cos x is 0. The range of sec x is 2 < :; =
(—o0,—1]U[1,00); the range of cos x is [—1,1].

Copyright © 2020 Pearson Education, Inc.



22 Chapter 1 Functions

(b) Sinx and csc x are positive for x in the intervals y=cCsc X y y=sinx

(_37”’ _7[) and (0, 77); and sin x and csc x are U

negative for x in the intervals (-7, 0) and

(7[, 37”) Csc x is undefined when sin x is 0. The

range of csc x is (—oo, —1]U[1, o0); the range of 2 -
sin x is [—1, 1].

28. Since cotx = 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
29. D: —eo<x<oo; R: y=-1,0,1 30. D: —o<x<oo; R: y=-1,0,1
y y
y=|sinx] y=sinx
—Zn'_.,in 1 ,4. T 2r

© e © C y= [sin x1

31. cos(x—%) = COS X COS (—%) —sinxsin(—%) = (cos x)(0) — (sin x)(—1) =sin x
(

32. cos(x+ %) = COS x oS (%) —sin xsin (%) = (cos x)(0) — (sinx)(1) = —sinx

33. sin (x +£) =sin xcos (%) +cos xsin (%) = (sin x)(0) + (cos x)(1) = cos x
(x-3)

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

35. cos(A—B)=cos(4+(—B))=cos Acos(—B) —sin Asin(—B) = cos A cos B —sin A(—sin B)

=cos Acos B+sin Asin B

36. sin(A4—B) =sin(4+(—B)) =sin Acos(—B) + cos Asin(—B) = sin A cos B + cos A(—sin B)

=sin Acos B —cos Asin B

37. f B=A4, A-B=0=cos(4A—-B)=cos0=1. Also cos(4—B) =cos(4—A) =cos Acos A+ sin 4 sin 4
= cos’ A +sin’ 4. Therefore, cos’A+sinA=1.

38. If B=2m, thencos(4+27x)=cos Acos2z —sin Asin27z = (cos A)(1) — (sin A)(0) = cos A and
sin(A4+27) =sin Acos 27+ cos Asin 27z = (sin A)(1) + (cos 4)(0) = sin A . The result agrees with the fact that the
cosine and sine functions have period 27.

39. cos(z+x)=cosmcosx—sinzsinx = (—1)(cosx)—(0)(sin x) = —cos x

Copyright © 2020 Pearson Education, Inc.



40.

41.

42.

43.

44,

45.

46.

47.

49.

51.

52.

53.

54.

55.

56.

57.

Section 1.3 Trigonometric Functions
sin(277 — x) = sin 277 cos(—x) + cos(277) sin(—x) = (0)(cos(—x)) + (1)(sin(—x)) = —sin x

sin (37” - x) =sin (37”) cos(—x) +cos (7”) sin(—x) = (=1)(cos x) + (0)(sin(—x)) = —cos x

cos (37” + x) =cos (37”) COs X —sin (37”) sinx = (0)(cos x) — (—1)(sin x) = sin x

iz T2\ —ginZ cosZ +cosZsinZ = (Y2 )(1) 4 (V2 6+*/_
smlz—sm(4+3)—sm4cos3+cos451n3—(2)2 ( )( )

lz z 27\ _ 2_ﬂ_-£~2_ﬂ_ﬁ(_L)_ﬁ M3\ 2446
cos 3 —cos(4+3)—cos400$3 51n4sm3—(2) 3 55 )= 1

o f o5 ) s (s )= ) -] - 2

s1n5—”—sm(2”—%) :Sin(zﬂ)cos(_%)+cos(2”)Sin(—%) :(

N
~———
—_—

ol
~—~———

+

12 3 3 3
A3
0052£:1+cos(2?”):1+72:2+\/§ 48 COSZS—”—1+COS(1?J)—1+( 2)_2_\/5
8 2 2 4 12~ 2 2 -4

sin® @ = :>smt9 +[:>9 Z 2z Am 3%

sin’ @ = cos 0:>5m9 °°S‘9:>tan O=1=tanf=%1=6= 3—,5—”,7—”
cos’6  cos’@ 47 47 4

sin2@—cos@ =0= 2sinfcosf—cosf=0=c¢ (2sin9 )=0=cos@=0or2sinfd—-1=0

1 n 3w g_ n Sz 3w
= cosfd =0 orsinf = 2:>¢9 2,2,or6? o> 6:6’ 260

c0s20+¢cosf=0=>2cos> @—1+cosd = 0= 2cos’ t9+cosﬁ—1=0:>(cos49+1)(2cost9—1) 0

=cos@+1=00r2cos@—-1=0=>cos@ =-1orcosf = —:6 worf= ” ”:>6?= 7, 2E

3 3

. . sin Acos B cos Asin B
tan(A+B) _sin(4+ B) _ sinAcosB + cosACoSB _ CosdcosB | cosdeosB _ tan A + tan B

" cos(Ad+ B)  cosAcosB —sinAsinB ~ cosdcosB _ sindsinB | — tan Atan B
cos Acos B cos Acos B

. . sin Acos B cos Asin B
sin(4 — B) _ sinAcosB — cos ACOSB _ osdcosB _ cosdcoss _ tanA —tan B

cos(4 — B) ~ cosAcosB +sinAsinB ~ cosdcosB | sindsinB "~ ] + 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* —2abcosO

=12+1>-2 cos(4—B)=2—2cos(4 - B) . By distance formula, ¢?= (cos A—cos B)2 + (sin A —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

c?= 2—-2cos(A—B)=2—-2(cos Acos B +sin Asin B) = cos(4—B) =cos Acos B+sin Asin B.

Copyright © 2020 Pearson Education, Inc.
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58.

59.

60.

61.

62.

63.

Chapter 1 Functions

(a) cos(A—B)=cosAcosB+sinAsinB
sin@ = cos( > 6’) and cos@ = sm( 6’)

Letd=A+B
sin(4+ B) —cos[ (A+B)J —cos[(2 A)—B} :cos(%—A)cosB+sin(%—A)sinB
=sin Acos B+ cos Asin B

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

2 =a? +b% = 2abcos C = 22 + 3% = 2(2)(3) cos(60°) = 4+9—12cos(60°) = 13— 12(%)= .
Thus, ¢ =+/7 = 2.65.

¢?=a®+b% = 2abcos C = 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
. +b° — +c”-b . . .
By the law of cosines, cos C = % and cos B = % 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
2 2 2 2 2 2

|k a“+b°—c a“+c"-b ) _ 22 2

_(;) [ > }+|: o }(3) (2abc)(2a +b2—cr+c%-b )= :>ah bcsin A.

Combining our results we have ak = ab sin C, ah = ac sin B, and ah = bc sin 4. Dividing by abc gives
h _sind _sinC _sinB
bce” a ¢ b~

law of sines

sind _ sinB _ \/—/2

By the law of sines, . By Exercise 59 we know that ¢ = V7. Thus sin B = M3 0.982.

2 3 PN
c
From the figure at the right and the law of cosines,
b?=a’+ 2% -2(2a)cos B
=a’+4-4a(1)=a*-2a+4. a N\
Applying the law of sines to the figure, sind _ Sir;B " b
m L
= \E/z f/z =b= \/7 a. Thus, comblmng results, 8 2 A

a’-2a+4= b2 = 2 250= > 14?4+ 2a-4=0=0a”+4a—-8 . From the quadratic formula and the fact that

A+ LAY B4 e,

2 - 2

a>0,wehavea =
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64.

65.

66.

67.

69.

_h __h
tany = = ¢ any

—h _ h htany
e =5 = = any

btanatany —htano = htany =
btanatany = htano+ htany =
btanatany = h(tan o + tan y) =

__ btanatany
tanc + tan y

7

sind =
a+r

= asinf@+rsinf=r

= asinfd=r—-rsin@ =r(l-sinf)

asinf

= r=1—sint9

Section 1.3 Trigonometric Functions 25

(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.

A=2,B=27,C=-7,D=-1

N |—

A=-2 B=4C=0,D=1
T T

A

y=2sin(x+m -1

[+

-1

1
r
2

Slw

A=
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70. A=5=,B=L,C=0,D=0

t
L L L1
2 2
y-:%sin%,L>0

71-74. Example CAS commands:
Maple:

f i=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*P1i..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="#71 (Section 1.3)");

Mathematica:
Clear[a, b, ¢, d, f, X]

f[x_]:=a Sin[2m/b (x —¢)]+d
Plot[f[x])/.{a > 3,b—1, ¢ —> 0, d = 0}, {x,—4m, 41}]

71. (a) The graph stretches horizontally

AT R
AT LV Y

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

72.

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

Copyright © 2020 Pearson Education, Inc.



73. (a)
(b)

74. (a)

Section 1.4 Graphing with Software

The graph shifts upwards | D| units for D >0
The graph shifts down | D| units for D < 0.

).
P,
=)}

»
N
oLl
—~
D
o
I

\\I\)
SN
o
I
o

X

(b) For 4 <0, the graph is inverted.

y
/A /,\\ 8* ,l"\‘ ,”\\‘
! P ! fA
[ P 61/ | P
I Py 10 P A=9
TN A AN AN |
o RN 4—” \ TR |
[t A Y oo IA=5
' | I Y h \ Iy \ )
.” b 4 ‘\“. 27:, Y i \ 1]
f/‘\i ! ' }‘/\!‘ IA= lx
T T 4 ——
T o5 N NS e
i [ v —2u W oo
1
A U D N B
| o "W —Aq R W
AV BV BV V2
Vo \ v Vo
Vo L 6 Vo Vo
\ Vo \
v Vo Vol \
\‘\ / ‘\—,‘8— \ L
v \V) \v}

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.

2. c.
Y A
b fo= 23— ax? —dx + 16
10 g
sl 5
x 101
-5 -4 -B -2 -1 1 2 3 4 5 51
-10 L4 2 11 1 1 1 1
s [£(x)=x"-7x"+6x 543 p1 | 1 2\3/& 5 0
_5F
-20
e —10F
4. b.
Y y
_ -
251 f(x)=5+12x-x 4L fay=Af5+4x - 22
20
15 T
10 B
5 Ir
X Il 1 1 Il X
-4 -2 - 5 1 2 3 4 5 -1 1 2 3 5
-10 T
-15
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28 Chapter 1 Functions

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+15 A JER
f(x):T—%—2x+l

/

3
T
sib )
T T
<_
IS
M

— 1]
(=] (=]
/ |
|
H
|
—
L
Lob
T 1T T 7T

7. [-2, 6] by [—250, 50] 8. [-1,5]by[-5,30]
Yy =xS-5xt+10 A
oy 3 4
ol 0l f)=4x" —x
N VEERrE Sy and 20F
10}
T
9. [—4,4]by[-5, 5] 10. [-2,2]by[-2, 8]
y y
sk f@=x\9-x*
ik 8 f) = x%(6-x3)
3k or
2 ar
1 2+
=R EEY BER e i e
2k
4l
5
11. [-2,6]by[-5, 4] 12. [-4,4]by[-8, 8]
y y

L

4 ;
1 1 1 1
2 1 27 45 6 4
1 —6
L B oy=alR6-8)
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Section 1.4 Graphing with Software

13. [-1,6]by[—1, 4] 14. [-1,6] by[-1, 5]
y y
10F
sk
L y=512/5—2x
2
SN
2k
15. [-3,3]by][0, 10] 16. [-1,2] by]O0, 1]
y y
10+ .
9L
3: y=|x?-x|
6
T [y
3_ 1 1
2F -1 1 2 *
S 12345 0F
17. [-5, 1]1by[-5, 5] 18. [-5,1]by[-2,4]
y Y
x+3 -
2: YE 12 J 3
; j
L |
10464}'2_5 680" B p—— é-/i_ T
~1F
ol /
| g [
19. [-4,4]by]O0, 3] 20. [-5,5]by[-2,2]
y y
3.0 2k f(x)=,x2—l
25k f(x)=x2+2 P+l

Copyright © 2020 Pearson Education, Inc.
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30 Chapter 1 Functions

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

N B OV

L R B |

-10-8 —6‘3}— -
L4

-6
-8

23. [-6,10]by[—6, 6]

y

6]
4

-5

0.5

X
> 510
-4
-6

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

-0.02

27. [-300, 300] by [-1.25,1.25]

\

-300

-0.5

-1.0

22

24

26.

28

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

y

= . 8
fx)=
.\ -9

X
12345

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

[-0.1,0.1] by [-3, 3]

y

y=3cos60x

=L
1 ”10“"[10)

. [-50, 50] by [0.1, 0.1]

v

X

X
25 \jo
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Section 1.4 Graphing with Software

29. [-0.25, 0.25] by[-0.3, 0.3] 30. [-0.15, 0.15] by [-0.02, 0.05]
Y oy= x+ﬁsm30x Y
y= 2+ —cos 100x
oz
01} /\ /Y 02 /\ /\
202 oi o 02t 015 fods 05 o1
- 002 -
—02}
3. X2t 2x=d+dy—yPo =222 2x48. T enteoaeo
The lower half is produced by graphing \ /
1
y=2—\¢—x2—2x+8. 1 I 1 1 I 1

32. y2 ~l6x* =1=> y=x+I+ 16x2. The upper branch
is produced by graphing y =1+ 16x2.

33. 34.

Y f(x) = —tan 2x

4+
3L lg flx) 3@01[2)+1
6
4
2
- 1 1 | 1 I 1

X
2

N
T

|
()
—_
—
~
=
T

—

35. 36.

f(x) = sin 2x + cos 3x

Copyright © 2020 Pearson Education, Inc.
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1.5 EXPONENTIAL FUNCTIONS

Y
1. 2 | =
) 4
5
4
y:2" 3
1
x x
-4 -3 -2 -1
-2
Y
3. 4.
5
y=3" 4
3
1 \
t + + > t
-4 -3 -2 - 1 2 3 4
-1
-2 -2
-3 -3
y=-3
—4 ] -4
_ ot
-5 1 y=-2 -5
5 Y 6. ¥
A
21
y=e 17
x
1 2 3 4
-2
7. 8
Y
A
5.
4 1
y=2"-1 3] y=2"-1
21
1.
—_— — >x
-4 -3 - 3 4
T i _1_._ e
-2
-3 1 -1
-4 1 -2
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11.

12.

14.

16.

18.

19.

21.

22,

23.

24,

Section 1.5 Exponential Functions

10. ¥
Y 2
3 1
2 X
e gk o
+ + + x
-4 -3 -2 -1 1 2 3 4
y=1-¢e" -2 y=1-¢

-3
-4

-5

16216175 = 162+H-179) 16025 _16l/4 _ 5

g3 .gl/6 _ g3t —gl/2 _3 13, 42442737 _ 05 412
e
5.2
%:33 v=3'=3 15. (2581 =258 =252 =5
V212
(13ﬁ) =13%2 =13 17. 23 B Z 2.3 2143

(\/5)1/2 (\/5)1/2 =(\/§'\/§)1/2 =(\/%)1/2 =61/2

4 2 1/242
2\ _ 2t 16 Jo\ T _ (6" _6_2
(o o 6] -0

1

ex

Domain: (—eo, o0); y in range = y = 5

and smaller positive real number. As x decreases, e* becomes a smaller and smaller positive real number,

y< %, and y gets arbitrarily close to %:> Range: (0, %)

t

Domain: (—ee, e0); y in range = y = cos(e"). Since the values of ¢’ are (0, o) and

-1 <cosx<1= Range: [-1, 1].
Domain: (—eo, e0); y in range = y =+/1+37". Since the values of 3™ are (0, o) = Range: (1, o).

If ** =1, then x = 0 = Domain: (=, 0) U (0, «); y in range = y = ] 3. Ifx>0, then 1< > <o
—e

= —0<p<0.1fx <0, then 0<e?* <1 = 3 <y < oo => Range: (=0, 0) U (3, o).

Copyright © 2020 Pearson Education, Inc.
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34

25.

27.

29.

30.

31.

32.

33.

34.

Chapter 1 Functions
ﬂl 26. il'
_—_._-. & & P . " M " o " ——i--..
InkeFseckion - InkgFseckion -
=g .z219z80949  |w=E #=1.zB628942611 I»=Yy
[-6, 6] by [-2, 6] [-6, 6] by [-2, 6]
x=2.3219 x=1.3863
28.
--
I_l—__lﬂ .-.{.’/J--
ROOT - kOOT !
o - e el ] "R F ¥»=-1 EAY95zE0l |w=-1iE-1Z%
['69 6] by ['35 5] ['65 6] by [_3’ 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 ¢ =~ 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(f) = 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 7 = 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 4 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
400373 = 34, which is equivalent to Q00373 =3, Solving graphically, we find that ¢ = 19.106. It will take

about 19.106 years.
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35.

36.

1.6

10.

11.

Section 1.6 Inverse Functions and Logarithms 35

After ¢ hours, the population is P(f) = 2 /05 , or equivalently, P(¢) = 22!, After 24 hours, the population is
P(24)=2% =2.815x10'* bacteria.

(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.

INVERSE FUNCTIONS AND LOGARITHMS

Yes one-to-one, the graph passes the horizontal line test.

Not one-to-one, the graph fails the horizontal line test.

Not one-to-one since (for example) the horizontal line y = 2 intersects the graph twice.
Not one-to-one, the graph fails the horizontal line test.

Yes one-to-one, the graph passes the horizontal line test.

Yes one-to-one, the graph passes the horizontal line test.

Not one-to-one since the horizontal line y = 3 intersects the graph an infinite number of times.
Yes one-to-one, the graph passes the horizontal line test.

Yes one-to one, graph passes the horizontal line test.

Not one-to-one since (for example) the horizontal line y = 1 intersects the graph twice.

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

14. Domain: —eo < x < oo, Range: —% <y< %

Copyright © 2020 Pearson Education, Inc.
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15.

17.

18.

19.

20.

21.

22.

23.

Chapter 1 Functions
Domain: 0 <x<6,Range: 0<y<3 16. Domain: -2 <x <1, Range: -1 <y <3
y
y=x ,*
) e y
6 y=x
38 L
y=.;%— s
y=f) w . v=r'w
3 1 JI,, //’ 5 1 5 x
8 =2 4 123
" Y=
-3+
X

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

[_\ 152
0<x<l1
|

%
1

1
0
b) y=NI-2* =y’ =1-r* >’ =1-)’ sx=\l-)" = y=Nl-x* = (x)

-1
sx=loy=Ll=m

(a) The graph is symmetric about y = x. b)) » =% 5

y=x .

\Jw=1L=r"w

Step 1: y=x2+13x2=y—1:>x= y—1

Step2: y=+x—1=f"!(x)

Step 1: yzx2 :xz—\/;, since x < 0.

Step 2: y=—J/x=f"'(x)

Step 1: y=x3—1:>x3 =y+1:>x=(y+l)1/3

Step 2: y=3x+1=f'(x)

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

Step 1: y=(x+1)2 :\/;zx+l, sincex>-1 = x=\/;—1
Step 2: y:\/;—lzf_l(x)
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24.

25.

26.

27.

28.

29.

30.

Section 1.6 Inverse Functions and Logarithms

3

Step 1: y=x2/ :>)c=)/3/2

Step 2: y=x>"% = 7 1(x)

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

f(f_l(x)) = ()61/5)5 =x and _f‘l(f(x)) _ (x5)1/5 _ .

Step 1: y=x4 :x=y1/4

Step 2: y=Yx = /71 (x);

Domain of f_l: x 20, Range of f_l: y=0;

U =G =x and 1T () = H =x

Step 1: y=x3+1:>x3=y—1:>x:(y—1)1/3
Step2: y=3x—1=f"!(x);

Domain and Range of 1 1. all reals;

U= (=D +1=(x=D+1=x and /7' (/@)= (7 +D)-D" = ()P =x

Step 1: yz%x—%:%

Step 2: y=2x+7= £ (x);

x=y+%:>x=2y+7

Domain and Range of f -1 all reals;

U o=t n-2=(x+2)-I=x and /7' (S =2(3x-2)+T=(x-T)+7 =x

Stepl: y=Lt=x?=l=x=
X

1
y N
Step 2: y = ﬁ = (x)

Domain of f_lz x>0, Range of f_l: y>0;

SN ) = ! 3 =%=x and f_](f(x))=%=+=x since x > 0.
e o
Stepl:y=xl3:>x3=i:>x=y117

1 -1
Step2: y=—x =L = /7 ()
X
Domain of f_l: x # 0, Range of f_l: y#0;
-1/3

) =ﬁ=%=x and f7(f(x) = (%) - (%)_1 -

Copyright © 2020 Pearson Education, Inc.
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31.

32.

33.

34.

35.

Chapter 1 Functions
Coy, = X3 — _ _ _ 243
Step 1: Y= =>yx-2)=x+3=>xy-2y=x+3=>xy—x=2y+3 = x= =

-1
Step 2: y =243 = 17 (x);

Domain of f_lz x # 1, Range of f_lz y#2;

(h)_l T TG)-(x-2) 5

x+3
235N _ 2031362 |
3

S = E ;; = S ==y and £7(f() =

X

Step 1: y = Jx :>y(\/;—3)=\/;:>y\/;—3y=\/;:>y\/;—\/;=3y:>x:(3—y)2

Jx-3 y-l
2
Step 2: y=(%) = 7 x);
Domain of £~ (—ee, 0] U (1, =), Range of ' [0, 9) U (9, =o);

~—

(Lz (L)z x
U Ifx>lorx<0=> j—x20:> -

ST ) = . == =Y = and
Jsy = I

x-1

2
25)
Sy =| | a2 =y
EaE 5 " ()

x=3

Step1: y=x?—2x, x<1= y+l=(x-1)%, x<1= —Jy+l=x-1, x<1= x=1-/y+1
Step2: y=1-+x+ =f_1(x);
Domain of f_l: [=1, ), Range of f_l: (=0, 1];

f(f_l(x))=(1—\/x+1)2 ~2(1=x+1) =1-2Vx+T+x+1-2+2x+1 = x and
S @) =12 =20 +1, x<T=1-y(x=1)?, x<T=1—|—1|=1—-(1-x)=x

/5 Y- 3 35’1

Stepl: y=(2r' +)P = )’ =2 +1= )’ —1=20 oL == s x =1

Step 2: y =351 = 17 (2,

Domain of f_l: (=0, e0), Range of f_l: (=00, ©0);

1 ) " 3 15 5 /5 5\1/5
(7 (x) = 2(“7—1] +1 =(2(XT—1)+1) =(x-D+D)"" =(x")"> =x and

=y [ o [y I R

x+b x-242+D 2+b 2y+b
y= = =1+ , X=—,

x=2 x=2 x=2 y—1
-1 2x+b

xX)=
(@)=
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36.

37.

38.

39.

40.

41.

42.

Section 1.6 Inverse Functions and Logarithms

_opaaray e

Since x < b, x2—2bx—y=0, x 2

x=b-b*+y, f(x)=b+\b-x

— _ 1 -1 _ 1
(a) y=mx= x—;y:f (x)—;x

(b) The graphof y=f -1 (x) is a line through the origin with slope #

A
m

y=mx+b= x=

-i b
y-ntercept e

b lyy=Lly_2. -1 isali i 1
.= [ (x)= X the graph of /7 (x) is a line with slope p and

(a y=x+t1=2x=y-1=> f_l(x)zx—l

(b) y=x+b=x=y-b= fTl(x)=x-b

(c) Their graphs will be parallel to one another
and lie on opposite sides of the line y = x
equidistant from that line.

@@ y==x+1l=x=—+1= f(x)=1-x
the lines intersect at a right angle

(b) y=—x+b=x=—y+b= f(x)=b-x;
the lines intersect at a right angle

(c) Such a function is its own inverse ' 1\"'

(@ 0.75=In3=In3-In4=mn3-1n2> =In3-2In2

(b) In%=In4-In9=In2°-n3*=2In2-2In3

(©) Inl=Inl-In2=-In2 @ MO =1m9=1m3*=2mn3
(e) ln3x/§:ln3+1n21/2:ln3+%ln2

(f) In+/13. =%ln13.5=%ln2—27=%(ln33—1n2)=%(31n3—1n2)
() Ingz=In1-3In5=-3In5 (b) ln9.8:ln4—59:1n72—1n5:21n7—1n5
(© IMm77=17"?=3In7 (d) In1225=1n35%>=2In35=2n5+2mn7

(€) 10.056-In;L=In7-In5’=In7-3In5

1
) n35+I7 _ In5+in7-n7 _ 1
In25 2In5 2
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40

43.

44,

45.

46.

47.

48.

49.

51.

52.

53.

54.

55.

Chapter 1 Functions

(a) Insin@-— 1n(sig ) = h{ sin & J =In5 () InG3x*-9x)+In (%) = 1n(3xz3—;9)f) =In(x-3)

( smﬁ)
5

© Lin@drt)-Inb=In 4z4—1nb=1n212—1nb=1n(%)

(a) Insec @+ In cos 8= In[(sec H)(cos )] =In 1=
(b) In8x+4)—In2% =In8x+4)—In4=In ( Brid ) In(2x +1)

© 3V —1-In(t+1) =3 -1)"> ~In(t+1) = 3(4) e -1 -tn(e+1) = 1n((f+(?+(i)‘ 1)) =In(t-1)

2
(a) eh’l7.2 =72 (b) e—lnx =%=L2 (C) elnx—lny — eln(x/y) _X
enx X
2 2
(@) MO 2402 (b) 03— 1 % () eMmin2 _  n(rv/2) _ zx
(a) 2Ine=2Ine"? =(2)(%)lne=1 (b) In(lne®)=In(elne)=Ine=1
2 2
©) Ine™ ) =(=x? —y?)Ine=—x* —?
() 1n(ese°9 ) = (secO)(Ine) = secd (b) e =(*)Ine)=e*
2
(c) 1n(e21”)=1n(e‘” ):1an =2Inx
Iny=2t+4= MV =2t =y = 50. Iny=—t+5= "V = = p =

In(y —40) =5t = 040 =5 = _40=0" = y = +40

In(1-2y)

In(1-2y)=t=e =et:>1—2y=et:>—2y=et—1:>y=—(et_1)

2

y-1

_ 1
Iny-1)-mn2=x+lnx=>Iny-1)-n2-lnx=x= ln(yz—xl)zx:en(z"

= y—1=2xe" = y=2xe" +1

2
In(y? =1)—In(y +1) = In(sin x) = ln( o ) In(sinx) = In(y — 1) = In(sin x) = "D = G

=>y—-l=sinx=>y=sinx+1

(a) ¥ =4=me* =lnd=2klne=m2> =2k=2n2=k=In2
() 100e'% =200= ¢!% =2 = ne'”% =In2 = 10klne=In2= 10k=In2 = k=12

(c) /1000 k1000 —1ng =k ne=lna= k- =lna=k=1000lna

=a=lne 1000 1000
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56.

57.

58.

59.

60.

61.

62.

Section 1.6 Inverse Functions and Logarithms

41

@ e*=l=me¥=m4" =5kine=-In4=5k=-In4= k=-1t

() 80ef =1=¢" =80 = Inef =80 '= klne=-In80 = k=-In 80

(c) eMOBF — 08— (MO8 =08 (0.8 =08 = k=1

(@ ¢%¥=27=me % =In3* = (-03Hme=33=-03r=3In3=¢=-101In3

(b) M =%:>lnek[ =In27! :ktlne:—ln2:>t:—l“T2

(© M0 =04= (") =04=02'=04=102" =04 =¢In02=1In04= (=10t

(@) ¢ % =1000= Ine**" =1n1000 = (-0.01t)In e = In 1000 = —0.01¢ = In 1000 = ¢ =—100 In 1000
0 =L=me =m0 =klne=-In10 = kr=-In 10 = ¢=-1l0

© e =lo @y =252 =0 o=

e\/; =2 :>1ne\/; =Inx? :f:21n|x| :>t:4(1n|x|)2

exzeZXJrl = = ex2+2x+] = = lnex%rzwrl =lne' =>¢t=x>+2x+1

¥ =3¢l =(')? =3¢ =€' (¢! -3)=0= ' -3=0=¢' =3=Ine' =In3= t=1n3

e +6=5¢"= (") -5e"+6=0= (¢ ' -3)e'-2)=0=e -3=00re’'-2=0=¢'=3 or

e'=2= Ine'=m3 orlne’=n2=-=In3 or -t=In2=¢r=-In3 or t=—In2

In(- 2
1n(t—£1):2:e () =’ = ttjzezztzezt—ezj =tt—t=(-)t=>t= £
e

In(*-2t) _ o

In(f—2)=In8—1Int= In(t—2)+Int=n8= In((t—2))=In8= e "2 _2r=8=

2 =2t-8=(t-4)(t+2)=0=>1-4=0 =¢=4

(a) 5987 =7 ® sesV2_2 () 13087 =75
(d) log,16=1log, 4% =2log,4=2-1=2

1/2
(e) 1og3x/§=1og33/ =%10g33=%-1=%=0.5

(f) log, (%) =log 4 =—1log, 4=—1-1=-1

(a) 210g23 =3 (b) 1010g10(1/2) :% (© ﬂ_log,ﬂ =7
(d) logj121=1log; 11> =2log;;11=2-1=2
() logiy11=log;y 121" =(L)iogyy 121=($)-1=1

(®) logs (%) =log; 32 =2 logz3=-2-1=-2
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67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Chapter 1 Functions

(a) Let z=loggx=4"=x=27=x=(2°)? =x=2"=x
et z=logr x=>3" =x=> =x" = =x"=>9 =x
(ln2)sinx) 2sinx —sinx

(c) log,(e =log,

(a) Let z=logs(3x?) =57 =3x% =257 =9x*
(b) log, (") =x

(e*sinx)/2 _ ¢"sinx

v
(c) logs(2° M%) =log, 4 =5

l0gyX _Inx . Inx _Inx In3 _In3 10gy% _Inx . Inx _Inx In8 _3In2
(a) =y e = (b) = =

logzx In2 In3 In2 Inx In2 logg x In8 In2 Inx In2

In,g _Ing. Ing _Ina Inx’> _2Inx _
© In,a Inx |2 Inx Ina  Inx =2

X
() ©&X _Inx.Inx_ Inx In3_1

logzgx In9 I3 2In3 Inx

1

(b) logmx: Inx . Inx __Inx .(5)1112: In2

logpx  vio V2 (L)mio Ix Inl0
© logab=M+ln_a=m.m=(m)2

logya Ina Inb Ina Ina Ina

_ A _r
(a) -Z (b) Z (©) -2

z 3z z
(a) Z (b) (©) Z
(a) arccos(—1)=zsincecos(n)=—-1land0< z< 7.
(b) arccos(0) =% since cos(%)=0 and OS%Sﬂ'.

in(-1)=-Z si in([-Z)=—- I <
(a) arcsin(—1) > since s1n( 2) 1 and TS5 <.
inl—-Ll=—Z g in(-Z)=__L A< _ <

(b) arcsm( \5)  since s1n( 4) NG and > S-757.

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

f(x))# f(xp), so —f(x1) #—f(xy) and therefore g(x;)# g(x,). Therefore g(x) is one-to-one as well.

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

1 o1
S(x) # f(x), so 70 # 705" and therefore A(x)) # h(x,).

The composition 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(x,), we also have f(g(x;)) # f(g(x,)) because fis one-to-one; thus, fog is one-to-one
because x| # xy = f(g(x)) # f(g(x2)).
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78. 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(x1)) = f(g(x,)), contradicting the
assumption that f o g is one-to-one.

79. (@) p=-0 5 1p2 =100 %—1%10542(2*)=1og2(%—1)%—x=10g2(%—1)

= loga 1) = loga (1) = 1oz 15

Interchange x and y: y =log, (lOg—x) > )= log, (—105‘_x)
Verify.

(fof_l)(x)=f(log2(103‘_x))= 100 _ 100 —_100 _ _ 100 _ 100x _ .

100- 100—x +100— 100
1+210g2(100 x) 1+210g2( X) I+ X . x

- —1(_100 % 100
(o =7 ()= lgz[wj 1og2(mj oz,

— ) log,(2%) = x

1+27%

1+1.1

=—10g11(—— ):_10g11( ) 10811(50 y)

Interchange x and y: y =log; , (ﬁ) - T (x)=log; ('50x_x)
Verity.

ol : x 50 50 50 50x  _ 50x
x)= fllo ( )) = = = = =% — %
(fef H)=f ( 21150 oy o [P] 14 50ox | x#50-x 50
141.1 x4 x X

(b) y= 504—>1+1.1"‘=%—>1.1‘x=5—y°—1—>10g1.1(1.1‘x)=1og1.1(%-1)_>_x:1og1.1(%—1)

50

141.1 _ 50
o)) =1~ (111*) lgl(—o]—logl,l(mj 10g11(

1+1.17%

| =togy 1119 = x

(©) yz%j(ex+l)y=ex—1:>exy+y=ex—1:>y+1=ex—exy=(l—y)ex:> exzi)—er]:>
e+ -
Ine” —ln(y+y1):x=1n(yT+l).

Interchange x and y: y = ln(%) = f(¥)=In (%)

Verify.
ln(iml) x+1_1-x x+1-1+x
“1ye oy — x+1))=e "ol _d-x 1-x __ l-x  _ 2x 1-x_
(fof ) f(ln(l—x 1n(V+1) x+l 1-x  x+l+l-x -x 2 x
e \I=xl4l 1-x T1-x 1-x

(o =742 = ! =1n(wj:1n(2e*):1nex2x

ef+l-(e* 1)

(d) yzzklx =>2-lnx)y=lhx= 2y-yhx=hx=2y=yhx+lnx=> 2y:(y+1)1nx:1nx:2—y:

Inx v+l
| 2y 2y
n ;
e =gVt = x=et!

2x 2x
Interchange x and y: y =e*+*! :>f_1(x)=ex+1.
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80.

81.

82.

83.

84.

85.

86.

Chapter 1 Functions

Verify.

1Il er+1

-1 _ 2 ( ) x+1 +1_ 2 _2x _

(ros =r(e - ] e
n

er+l x+1

|: (217nlr’1cx) :|
Inx )41 _3]“;*“_ 2Inx
(e = () = d B _ ]
sin”'(I)+cos (1) =Z+0=2; sin”' (0)+cos™ (0)=0+Z=Z; and sin~' (~1)+cos ' () =—Z+7 =
Ifx € (-1, 0) and x = —a, then sin_l(x) +cos ! (x)=sin" (—a) + cos_l(—a) =—sin"la+ (7 —cos™ a)
=r— (sin_1 a+cos” a) - 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 =In x and replace x withx — 1 = y =In(x — 1).
(¢) 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.
() Begin with y = In x and replace x with —x = y = In(—x).
() Begin withy=Inx and switchxandy = x=Inyor y=e¢".
(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= ln(g).
(c) Begin with y = In x and multiply the y-value by % =>y= iln X.
(d) Begin with y = In x and replace x with 2x = y =1n 2x.
From zooming in on the graph at the right, we y
estimate the third root to be x = —0.76666.
2 y= xz _ 2)(
e A
X =~ 0.76666 N
-4
The functions f(x)=x™2 and g(x)=2"" 1
appear to have identical graphs for x > 0. This is 2 o
no accident, because y=x"2 y=2
xan — eln2-lnx — (ean)lnx — 21nx. 1
1 2 3 X
1\/12
(a) Amount = 8(5)
1 t/12_ 1t/12_1 1t/12_ 1\3 B
®) 8(3) T =15(3) T=§-(3) =(3) o5=3-1=36
There will be 1 gram remaining after 36 hours.
500(1.0475)" =1000 — 1.0475" =2 — In(1.0475") = In(2) — ¢In(1.0475) = In(2) — ¢ = m(ll“(% ~14.936

It will take about 14.936 years. (If the interest is paid at the end of each year, it will take 15 years.)
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87. 375,000(1.0225)" = 1,000,000 —1.0225" =3 — In(1.0225") = 1n(§) —In(1.0225) = In (%)

In(5)
—t= m =44.081

It will take about 44.081 years.

-0.18¢ e—O.lSz _ In(0.9)

=1 -0.18

= (.585 days

88. y=ype represents the decay equation; solving (0.9)y, = y,
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