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CHAPTER 1 FUNCTIONS

1.1 FUNCTIONS AND THEIR GRAPHS

10.

11.

12.

13.

14.

domain = (—ee, o0); range = [1,0) 2. domain =[0, e0); range = (—oo, 1]
domain =[-2,%); y in range and y =+/5x+10 > 0 = y can be any nonnegative real number = range =[0, o).

domain = (—eo, 0]U[3, o0); y in range and y = Jx? =3x20=> y can be any nonnegative real number =
range = [0, o).

ﬁ,nOWift<3:>3—t>0:>ﬁ

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

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

2
?-16

2

,now ifr <—4 =12 ~16>0= ”
t_

domain = (—eo, —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)® + (£)” = 2% = height = 2 x: area is a(x) = 1 (base)(height) =1 (x) (gx) EERS

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 0> +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
B S E 0 L

Copyright © 2018 Pearson Education, Inc.
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2 Chapter 1 Functions

15. The domain is (—ee, o). 16. The domain is (—ee, o).

y y

3k
L ) =1-2¢-x
f(‘)/‘*\z_

N\ f@=5-2x

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

g0 =\"x ok

19. The domain is (—eo, 0) U (0, ). 20. The domain is (—ee, 0) U (0, o).

y G(t)

_t
2 FO=g
1P
1 1 1 1 1 1 1 1 t 1
4320 | 1 2 3 4 (=L
2 I
2

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

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

2+

4+

Copyright © 2018 Pearson Education, Inc.



Section 1.1 Functions and Their Graphs

24. Neither graph passes the vertical line test

(a)

(b)

x|+ [yl =1

4
N \

x+y y=1-x
|x+y|—1(:) o or
x+y=-1 y=-1-x
25. [x]o1]2 26. [x]0|1]2 A
y 2k
X, 0<x<1
0]1]0 f(X)z{Z—x,l<x52 Y 0]0 B
]\\
1 7; 1 o 1 " 1 > 1 X
x § ._{]—x,oixil
-y Tl2-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
- -2
B -1
B 7? 7% 7! I ! !
1 1 1 1 1 1 1 2 3 !

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

f(x)=

(b) f(x)=

x, 0<x<1
—x+2, 1<x<2
2, 0<x<l
0, 1<x<2
2, 2<x<3
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 ==l =_1

fx) = {

5-2 3
-x+2,0<x<2

1,.5 <
3)c+3, 2<x<5

Copyright © 2018 Pearson Education, Inc.



4

31.

32.

33.

34.

35.

36.

Chapter 1 Functions

(b) Line through (=1, 0) and (0, =3): m = O‘f—(‘_‘f)
Line through (0, 3) and (2, -1): m = -3 _74 =-2,50 y=-2x+3

2-0
-3x-3, -1<x<0
f(x)=

=-3,s0y=-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=3 =3 =—L soy=-L(x-1)+1=-Lx+3
-X -1<x<0
f(x)= 1 0<x<1
~lyed 1<x<3 1x  2<x<0
(b) Line through (-2, ~1) and (0, 0): y = T x f(x)={-2x+2 0<x<l
Line through (0, 2) and (1, 0): y =—-2x+2 -1 l<x<3
Line through (1, -1) and (3, -1): y =—1
(a) Linethrough(l O)and(T D:m= -0 __2 soyzl(x—1)+0=lx—l
2° > e T-—(T/12) T’ T 2
0,0<x<T
J)=y, r_ -
Fx—l, E<X_T
4, 0<x<L
—A, %Sx<T
(®) f(x)= -
A, TSX<T
—A, 37T5xszT

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

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

(b) [x]=0for xe (-1,0]

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 2/
fractional portion of x, leaving only
the integer part. . —o
2 o—-o0
1 *——o0
-3 -2 -? ? 3
o—e -1
x], x>0
o—e -2+ f(x)=
[x], x<0
o0—=e -3

Copyright © 2018 Pearson Education, Inc.




37. Symmetric about the origin
Dec: —o < x <00
Inc: nowhere

39. Symmetric about the origin
Dec: nowhere
Inc: —0 < x <0
O<x<oo

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

Section 1.1 Functions and Their Graphs

38. Symmetric about the y-axis

Dec: —eo<x <0
Inc:0<x <o

40. Symmetric about the y-axis

Dec:0<x<oo
Inc: —eo< x <0

)

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

y=V=

-8 -6 -4

Copyright © 2018 Pearson Education, Inc.
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6

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<oo
Inc: —eo < x <0 Inc: nowhere
y y
L L 178 L

x

/11/8{ 1 5 -2
-1

-4

y= -4/x
-6
-8
No symmetry 46. Symmetric about the y-axis
Dec:0<x<oo Dec: —0 < x <0
Inc: nowhere Inc: 0<x<oo
y y
4 -
5L
2 -
y=e0
3 F L
-4 r L1 L1 ayy
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) = x> + x] #[ f(=x) = (=x)> —=x] and [ £ (x) = x + x] # [~ f(x) = —(x)* — x] the function is neither
even nor odd.

3

Since g(x) = x> + x, g(=x) = —x> — x = (x> + 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 © 2018 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|+ 1and h(—t) = 2|—t|+ 1 =2|¢| + 1. So h(¢) = 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(75)=>k=1=5=11,60=11=1=180

K =cv? =12960 = ¢(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 03
P—7:>14.7—m:k—147003P—T,23.4—T:>V—T~628.21n

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 & because it is a nonlinear odd function.

Copyright © 2018 Pearson Education, Inc.



8 Chapter 1 Functions

. (a) From the graph Xs1+4 :xe(—Z 0)U (4,) ’
X —_——
(b) 2>1+x:>2 1 x>(z
Lx_q1_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;
x<0-1_1_i>0:>¢<0 G=He+2) f(x) = 3
"2 X 2x 2x (4.2)
= x < -2 since x is negative; ’ «
sign of (x —4)(x+2) ) &
+ _ + R (-2,41)
-2 4
Solution interval: (=2, 0) U (4, o)
g(x) =1 +;‘}
|
y
72. (a) From the graph, —< -2+1 = x€ (-0, -5)U(-1,1) T
2 3(x+1) i \ e
(b) Casex<-— 1—1<x+1:> o >2 AV f(x) =3/(x-1)
=3x+3<2x-2=x<-5, a(x) = -2 i
Thus, x € (—oe, —5) solves the inequality. i
Case—l<x<l:—3-<-2 = 30%D
x—=1 "x+1 x -1 il

= 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
e x—-1 x+1

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

£x) = 3/(x-1)

73. A curve symmetric about the x-axis will not pass the vertical line test because the points (x, ) 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, P 4xi=h’ = x=d =32, cost_5(2x)+10h:C(h)_lo(”)HOh Sh(v2+2)

ﬁ

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) =180 800% +x7 + 100(10,560 — x).
(b) C(0)=3$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 © 2018 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs 9

1.2 COMBINING FUNCTIONS; SHIFTING AND SCALING GRAPHS

1.

2.

10.

11.

12.

13.

Dyt —eo<x<oo,Dy: x21= Dy g =Dpix21. Ryt —o< y<oo, Ryt y20,Rp 00y 2L, Rt y20
Dy:x+120=x2-1,D,: x—120= x2>1.Therefore D, , = Dp: x21.
Ry =Ry y20,Rp1q: yZ\/E,ng: y=0

Df: —co < x <oo, D -—oo<x<oo,Df/g: —co < x < oo, D I —oo<x<oo,Rf: y=2,Rg: yZl,Rf/g: 0<y<2,

) g g
Rg/f: ES)/<°°

Df: —co < x<oo, D 'xZO,Df/g: xZO,Dg/f:xZO;Rf: yzl,Rg: yZl,Rf/g: 0<yS1,Rg/f: ISy<ee

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

(d) (x+57%-3=x2+10x+22 () 5 ) -2

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

@ -3 (b) 2 © 1=
@ L () 0 (f) 3

(&) x-2 h) —L—=L =22

(fegoh)(x) = f(g(h(x))) = f(g(4-x)) = f(B3(4-x))=f(12-3x)=(12-3x)+1=13-3x

(fogeh)(x) = f(g(h(x)) = f(g(x) = f(2(x*)=1) = f(2x* =) =3(2x" ~1)+ 4= 6x° +

(fogoh) ) = f(g(hom = £ (g(1)) = f{ﬁ} L R e e

(V2—=) ]:f(i:x): 2 o3

(fogom(x) = f(g(h(x)) = /(g (v2=x)) = f{

(,/2—x)2+1 =

(@) (fog)(x) () (Jog)(x) (©) (gog)(x)
(d) (Joj)x) (e) (gohof)(x) (£) (hojo f)(x)
(@ (fo/)x) (b) (goh)(x) (©) (hoh)(x)
(d) (fof)x) (e) (jogof)(x) (f) (gofoh)(x)

g(x) f(x) (feog)x)
(&) x-7 Jx x—7
(b) x+2 3x 3(x+2)=3x+6
(©) x? x=5 ¥ -5
(d = - o .

x -1 x -1 X{] 1=x—(x—1)=x
(€) — 1+d x

Copyright © 2018 Pearson Education, Inc.
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14.

15.

16.

17.

18.

19.

20.

21.

Chapter 1 Functions

1 1
(f) T T X

@ (/o)) =lgl =

_gx-1_ 1 _ __1 1 __1 _
®) (feg)) == ==l = = I o= 2 = rr 1= ey 08 =x+1L

X

() Since (fog)(x)=+/g(x) = x|, g(x) = x".

(d) Since (fog)(x)= f(\/_) =|x|, f(x)= x2. (Note that the domain of the composite is [0, o0).)
The completed table is shown. Note that the absolute value sign in part (d) is optional.

g(x) JSx) (fog)x)
x 1— 1 |)C| ‘x 1— 1‘
x+1 — 1 1
X2 \/; | x|
\/; X2 | x|
(@ flg=))=/D=1 (b) g(f(0))=g(-2)=2 (© ff(=))=/(0)=-2
(d) g(g(2)=g0)=0 (e) g(f(=2))=g)=-1 ® fe®)=/=D=0

(@) f(g0)=rf(-1)=2~(-1)=3, where g(0)=0-1=-1
(b) g(fB)=g(-1)=~(-1) =1, where /(3)=2-3=-1
(©) glg(=D)=g()=1-1=0, where g(-1) =~(-1) =1

(d) f(f(2)=f(0)=2-0=2, where f(2)=2-2=0

(&) g(f(0)=g(2)=2-1=1, where f(0)=2-0=2

@ o (e(3))= r(-4)=2-(-4)= 3 wheeg{t) =4 1=-

(@) (fog)) = f(g(x)) = fEr1 =[x

(/)00 = g () =7
(b) Domain (fog): (—oo, —1]U (0, o), domain (go f): (-1, o)
(¢) Range (fog): (L), range (¢°/): (0,)

(@) (fog)x)=f(g(x)=1-2x+x
(gof)(x)=g(f(x))=1-|x]|

(b) Domain (fog): [0, e), domain (go f): (-0, o)

(c) Range(fog): (0,e0), range (gof): (-o°, 1]

(Jeo)n =x= J(g)=x= % =x= g(x)=(g(x)-2)x =x-g(x)-2x
=>g(x)-x-g(x)=-"2x=g(x)=- 2x _ _2x

1-x x-1

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

(foR)X) =x+2= f(g(x)) =x+2=2(g(x))’ —4=x+2= (g(x))’ =

V=V(s)=V(s(t) =V (2t-3)
=(2¢-3)% +2(2t-3)+3
=41> —81+6

Copyright © 2018 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs 11
22. (a)
x -4 -3 -2 -1 0 1 2 3 4
g(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
Yy
4
//_ y = f(g(x))
oz it
72 —
i
(b)
x -4 -3 -2 -1 0 1 2 3 4
g(x) 1.5 0.3 -0.7 -1.5 2.4 -2.8 -3 -2.7 -2
f(g(x)) -08 | 1.9 1.7 1.5 0.7 0.3 0.2 0.5 0.9
41
o‘_‘\\z: ¥ =fglx)
‘Jg 1 7& 1 o _\’_;4/:‘/ x
_2 -
b
23. (@) y=-(x+7) b) y=—-(x-4)
24. (a) y=x>+3 (b) y=x*-5
25. (a) Position 4 (b) Position 1 (c) Position 2 (d) Position 3
26. (a) y=—(x-1)%>+4 (b) y=—(x+2)>+3 (©) y=—(x+4)*>-1 @) y=-(x-2)
27. 28.

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

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

Copyright © 2018 Pearson Education, Inc.




12 Chapter 1 Functions

29. 30.
y y
yl=@x+1)°
y=x3 ~. )’—"'2’/3,
1 e T e
1 1 1 SO 1k ’/’
x oL
-2 -1 01 L N ‘/'x
=1 -3 2 -1 1 2 3
-1+ ¥1,-1
2 y+l=-1"
31. 32.
y
0.5
-0.5
x -1
-0.81 1 4 15
-2
2.5
3k
33. 34.
Y y=2x y
-7 | _ 1
7 6_/,' y+5=5(
_v=71(x+l)+5 e or_\~=%x
y=2x-17 //’4-
x -
112 oL
- 1 1 1 1 1 1 X
-7 =75 -5 -2 25 5 75
2k
4
6k
35. 36.
y y
i
i
k5
|
14
' ll
ak
13
ax
I = 1
' '.2}':_2
’l —I“ X
TR i (e N R
-6 4 \| 2 4 o
>l'—
1
y+1l=
(x+2) -2
37. 38.
y
2
y=Vx+4 y=149-x
-4 0 * T R | T x
-10 =5 5 9

Copyright © 2018 Pearson Education, Inc.
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Section 1.2 Combining Functions; Shifting and Scaling Graphs

39. 40.
) y y=]1-x|-1
A *
41. 42.
y y
3 l&
2 %ﬁ 1 Il 1 1 X
1 1,1 -1 1 2 3 4
I } -
43, 44. .
y= (,\‘ _ 8)2/3

45. 46.

1
2 ‘Al 2 T
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 © 2018 Pearson Education, Inc.
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14 Chapter 1 Functions
51. 52.
y y
3 \ e,
' 4+ 7 x+2
---------- p N ! i
1 y=l+2 L | - y x
2 2 4 ’
1 1 1 1 1 L5 T
3 2 - \’o 12 3 E 4l
o
53. 54.
y y
4
3 : y:\—lz—]
) i )
1 1 1 i r—— 1 1 x
= =7 ] Z T
-1 0 x S+
,[0_
55. 56.
y y
E 0
' 1
: @+ 1)
e
x 5,5_
57. (a) domain: [0, 2]; range: [2, 3] (b) domain: [0, 2]; range: [-1, 0]
Yy y
3+ T
y=f+2
2/\ y=f-1
b 0/\5 *
o1 2 5 & F »
(c) domain: [0, 2]; range: [0, 2] (d) domain: [0, 2]; range: [-1, 0]
y y
1k
2._
y=2f() y=—f(x)
r 0 i > *
of 172 s ¢ 4l

Copyright © 2018 Pearson Education, Inc.



Section 1.2 Combining Functions; Shifting and Scaling Graphs

(e) domain: [-2, 0]; range: [0, 1] (f) domain: [1, 3]; range: [0,1]
y Yy
2_
2.—
y=fx+2)
ns y=fe-1)
VAN
o =} 0 x 0 1 2 3 *
(g) domain: [-2, 0]; range: [0, 1] (h) domain: [-1, 1]; range: [0, 1]
y y
2_
2_
y=f=x) . y=—fx+1)+1
L 1k
) _{ 0 x —; 0 i *
58. (a) domain: [0, 4]; range: [-3, 0] (b) domain: [4, 0]; range: [0, 3]
y=g(-1)
and 3t
3k t
-4 y=-g(1) 0
(¢) domain: [4, 0]; range: [0, 3] (d) domain: [4, 0]; range: [1, 4]
y y

y=gn+3

(¢) domain: [2,4]; range: [-3, 0] (f) domain: [-2,2]; range: [-3, 0]

y Y
y=g8(-1+2) y=g(-2)
L | t L ] t
2

N
|
>

Copyright © 2018 Pearson Education, Inc.
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59.

61.

63.

65.

67.

69.

70.

Chapter 1 Functions

(g) domain: [1, 5]; range: [-3, 0] (h) domain: [0, 4]; range: [0, 3]
y Y
\ [\
y=9(1-t)
1 5 3
¢ y=-g(t-4)
. 0 2 4
y=3x%-3 60. y=(2x)* —1=4x% -1
_1fya )11 62. y=l+——=1+2
y_5(1+7)_5+? Y (x/3)? 2
y=~4x+1 64. y=3Jx+1
2 1 2
= Ja—(x) = L16—+2 66. y=1vd—x
y=y4=(2) =1V16-x =3
=1-(3x)’ =1-27x° (2 o2
y=1-(3x) x 68. y=1-(£) =1-%

Let y =—v2x+1 = f(x) and let g(x) = xl/z,

h(x) = (x +%)1/2 , i) =2 (x +%)“2 , and 2

j(x) = —[JE (x+l)1/2} = f(x). The graph of i(x) -

2
is the graph of g(x) shifted left% unit; the graph )
of'i(x) is the graph of i(x) stretched vertically by -3
a factor of +/2; and the graph of j(x) = f(x) is the -4
graph of i(x) reflected across the x-axis.

Let y = /1-% = f(x). Let g(x) = (-x)""?,
—(_ 1/2 . 1 1/2_
h(x)=(=x+2)"", and i(x) \/5( x+2)

1—% = 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 A(x)
compressed vertically by a factor of V2.

Copyright © 2018 Pearson Education, Inc.




71.

72.

73.

74.

75.

Section 1.2 Combining Functions; Shifting and Scaling Graphs

y=f(x)= x>. Shift f(x) one unit right followed by
a shift two units up to get g(x) = (x— 1)3 +2.

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

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) = 2_lx -1

Letf(X)=xi2and g(x)=x%+1=ﬁ+l
2

+1. Since\/z =1.4, we see

1 __ 1
(n2) [W2R]
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) = Jx 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 ™, 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 © 2018 Pearson Education, Inc.
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76.

77.

79.

80.

81.

Chapter 1 Functions

y= 10 =202 =[x = -)?3 203

= (2x)2/ 3.So the graph of f(x) is the graph of
2/3

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

78.

@ (f2)(=x) = f(=x)g(x) = f(x)(=g(x)) = ~(/g)(x), odd

® (£)x =L =L (L) o), odd

© ()0 =55 = 5 ={ 5. o

() f2(=0)=f(=0)f(-x) = [(x) f(x) = [*(x), even

(© g°(-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) (f o f)=x)=f(f(=x) = f(f(x) = ([ © f)(x), even

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

Yes, f(x)=01is both even and odd since f(—x)=0= f(x) and f(—x) =0=—f(x).

(a) (b)
Yy

(fg)(x)

Copyright © 2018 Pearson Education, Inc.



Section 1.3 Trigonometric Functions 19

(© (d)
Y
\
@)
f
X 1 f(x) = vX
=/T-x
(g Ax) ) =71
(f - 9)(’() 0 1 X
82. .
1 (fe2)x)
10+
gx) = x2 sk
(g f)(x)
> o g
S- f)=x-17
1.3 TRIGONOMETRIC FUNCTIONS
I (@ s=r0=010)(%)=87m (b) 5=r0=(10)110°)({Z;) =10z =32 1y

_s _10z _ 57 : Sm(180°) _ o
2. 6= ST T radians and T(T) =225

3. 0=80°= 0= 80°(1§60) =4 = 5= (6)(47”) = 8.4 in. (since the diameter =12 in. = radius = 6 in.)

4. d=1meter=r=50cm=60=5=3=-06rador 0.6 (&)zw
r 50 V4

kY4 4 4 /4 S
5. |g 2| "Z| o0 | £ | £ 6. |6 2 3| 6 | 7| e
3 L 3 1 L 1
sin@ 0 |=>2 | O 1 V2 sin@ 1 2 | T2 V2 2
_1 -L 1
cos@ -1 B 1 0 2 cosf 0 1 g NGl _g
tan & 0 \/3 0 und. -1 _1 1
1 tan & und. | —/3 B 1 NG
cotd und. | 3 | und. 0 -1 .
secl -1 0 1 |und. | -2 cotd 0 | =B 1 3
_2 2 _2
cscd und. V3 | und. 1 V2 sec@ und. 2 NG V2 3
2
cscd 1 NG -2 2 2

Copyright © 2018 Pearson Education, Inc.



20 Chapter 1 Functions

=_4 =_3 inx=-2 - L
7. cosx= 5,tanx 2 8. sinx \/g,cosx NG
9. Sinx:—g,tanxz_\/g 10. sian%,tanxz—%
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 =CO0s Tx -
/N /) Ny
0 \77\ 3 *
/ 5 1 5> '} IV\%?\'
period =2 period = 4
17. 18.
y
y=—sin”—3x
1 /\
0 3 6 *
o N
period = 6
19. 20.

o
NIy -
<
D
3
=

-1+

period =27

period =27

Copyright © 2018 Pearson Education, Inc.



Section 1.3 Trigonometric Functions 21

21. 22.
y
y=COs X
1. -
0 L L X
T 2
_1F -
! 1 x 2k
T 0| n 3 i
4 4 4 4 3k
y=cos (,\' +ZT7T] -2
period =27 period =27
23. period = %, symmetric about the origin 24. period =1, symmetric about the origin
s s
| (' | |
2 s =cot 2t } } } }
\ \ \
mn } et oo \
\ ! \ I
. s =—tan Tt | | |
Z\z \o 7\ % \ P\ \
2 2 | | | |
- 1 \a VIR ¢
f = f f !
| | | |
A4k | \ \ |
| [ | |
\ \ \ \
\ \ \ \
| I | |
\ \ \ \
| | | |
[ N [
[ T [
25. period = 4, symmetric about the s-axis 26. period = 47, symmetric about the origin
s s
E 6
§= SEC%’ M 3 |
=27 0 2 !
\ n
LS N
-3 -2 - 2 3 -6
1k s =csc é
27. (a) Cos x and sec x are positive for x in the interval PSS 78‘: X
(—%, %), and cos x and sec x are negative for x J k (}J &
2
; ; _n _~xm z 3z ;
in the 1ntervals( 5 2) and(z, 5 ) Sec x is e x S
undefined when cos x is 0. The range of sec x is -2 <1 14 7] 2n
(=o0,—1]U[1,00); the range of cos x is [-1, 1]. ﬂ %2 m
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22 Chapter 1 Functions

(b) Sin x and csc x are positive for x in the intervals y=cscx y y=sinx
(—37”, —7[) and (0, r); and sin x and csc x are
negative for x in the intervals (-7, 0) and \ 12 U
(7[, 37”) Csc x is undefined when sin x is 0. The 2;: = — : - _i"x

range of csc x is (—eo, —1]U[1, 0); 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: —co<x<oo; R: y=-1,0,1 30. D: —co<x<oo; R: y=-1,0,1
y y
,\':[sin x| y=sinx
y=|sinx] y=sinx
X
27 ,.e T 1-,4. T 2r

G Ui SR N

o—--t_-1<> [ y=[sinx]
31. cos x—%) = COS X COS (—%) —sinxsin(—%) = (cos x)(0)— (sinx)(-1) =sinx

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

33. sin{x+Z)=sinxcos (%) +cos xsin (E) = (sin x)(0) + (cos x)(1) = cos x

2

(x+3)
34. sin(x—%) sinxcos(—%)+cosxsin(—%) = (sin x)(0) + (cos x)(—1) = —cos x

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

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

38. If B=2m, then cos(A+27) =cos Acos 2 — sin Asin 27z = (cos A)(1) — (sin 4)(0) = cos 4 and
sin(A+27) =sin Acos 27+ cos Asin 27z = (sin A)(1) + (cos 4)(0) = sin A4 . The result agrees with the fact that the

cosine and sine functions have period 27.

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

Copyright © 2018 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(27 — x) = sin 27z cos(—x) + cos(27) 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(%” + x) =cos (37”) COSs X —sin (%’)sinx = (0)(cosx)—(=1)(sinx) =sin x

iz T2\ —ginZ cosZ + cosZsinZ = (Y2 )(1) 4 (2 6+*/_
s1n12—sm(4+3)—sm4cos3+cos4sm3—(2)2 ( )( )

lz z 27\ _ 2_ﬂ_-£~2_ﬂ_ﬁ(_L)_ﬁ M3\ 2446
cos 3 —cos(4+3)—cos400s3 s1n4sm3—(2) 3 55 )= 1

o f o5 ) oo (s ) =) ) -() -] - 5

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

N
~———
—_—

ol
~—~———

+

12 3 3 3
3
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

sin28—cos@ =0 = 2sinfcosfd—cosd=0=c¢ (ZSinH D)=0=cosd=0or2sind—-1=0

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

0820+ ¢cosf=0=>2cos> @—1+cosd = 0= 2cos’ t9+cosﬁ—1=03(c0s49+1)(2cost9—1) 0

=cosf+1=00r2cosf—-1=0=cos@=—lorcosf = —:6 morf =% 3”:>6?= 7[57”
. . in Acos B Asin B
tan(A+ B) = sin(4 + B) _ sin Acos B + cos Acos B _ % +% _ tan 4 + tan B
cos(4+ B) cosAcosB —sinAsin B cosdcosB _ sindsinB ] — tan 4 tan B
cos Acos B cos Acos B
. . in Acos B Asin B
tan(A - B) = sin(4 — B) _ sin Acos B — cos Acos B _ m - % _ tan 4 — tan B
cos(4—B) cosAcosB +sinAsinB  cosdcosB | sindsnB | + tan Atan B

cos Acos B cos Acos 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 AsinB.

Copyright © 2018 Pearson Education, Inc.
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58.

59.

60.

61.

62.

63.

64.

Chapter 1 Functions

(a) cos(A—B)=cosAcosB+sin Asin B
sin@ = cos( > 6’) and cos@ = sm( 6’)
Letd=A4A+B

sin(4+ B) —cos[ (A+B)] —cos[(2 A)—B} =cos(£—

3 A)cosB+sin(ﬂ—

> 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 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.
a* +b? 2

2 2 2
. - +c”"-b . . .
By the law of cosines, cos C = Tc 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 A. 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 = 33 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 =

=h - B
any == €= tany |
_ h ____h _ htany I
tano = 2—= —_rany |
b-c b—ta’T’ly btany—h :h
btanatany —htano = htany = h o : 04 c
btanatany = htana+ htan y = b—c c
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65.

66.

67.

68.

69.

70.

Section 1.3 Trigonometric Functions

btanatany = h(tano +tany) =

_ btanatany
tana + tany

P
a+r

sind =

= asinf+rsinf=r
= asind=r—-rsind =r(l1-sinb)

— j=-asinf

1-siné

(a) The graphs of y =sinx and y = x nearly coincide when x is near the origi
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

n (when the calculator is in

look like intersecting straight lines near the origin when the calculator is in degree mode.

A=2,B=27,C=-71,D=-1

y

A

y=2sin(x+m) -1

[

-1

1
r i
2

A=-2,B=4,C=0,D=1L
V4

T

1 1 1 1 x
-1 1 2 3
= Lsin(rx— 1
l y= 2sm(m( ) + 3

A=2A,B=L,C=0,D=o
T
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26 Chapter 1 Functions

Example CAS commands:

Maple:
f :=x > A*sin((2*Pi/B)*(x-C)+Dl1;

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*P1i, scaling=constrained,
color=[red,blue,green,cyan], linestyle=[1,3,4,7],
legend=["B=1", "B=3","B=2*Pi","B=3*Pi"],

71-74.

title="#71 (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}]

TRUARAC RN
AEVEEARVRRY VANV

B|. The graph has a horizontal shift of L period.
grap 5P

71. (a) The graph stretches horizontally

(b) The period remains the same: period =

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

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

y
s ~ 64 ~ ~
/N N 1/ A
FAR 7N 170 FARN D=3
¥ ]
/ \ CAN 49/ A~ CAY /
I\ AN ¥\ [y ;
) \ \ I ‘\ \ 2 17 \ Y I/ \ / iD =1
v ] k) A o \ i
/ I/ \ O\ !’I /| \ \‘\ /] & I/ 'R ’ D=0
/ A\ ) \R \ R/ \ \ /1
Il \ ! T} y
7 ¢ 7 % 7 T \UB X
4 \ !/ \ / \ / \
YA Y Y
4 /42 N
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74. (a) The graph stretches | 4| units.

>

-

1.4 GRAPHING WITH SOFTWARE

1-4.
graphs and has little unused space.
1. d
Y
151
10
5
-5 -4 -B -2 -1 1 2 3 4 5
o f(x)=x*-7x"+6x
15 +
-20
-25 L
3. d
Y
251 f(x)=5+12x—-x’
20
15
10
5
X
_a 5\_7/_5 12 3 4 5
-10
-15

Section 1.4 Graphing with Software

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

The most appropriate viewing window displays the maxima, minima, intercepts, and end behavior of the

y
f) = x3—ax® —4x + 16
201

4L f) =[5 +4x—x2
3 -
/f
1 1 1 1 x
-1 12 3 5

27

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]

Y f)=xt—dx

3415

2 -1

1 3 J4a
10}

6.

[-4,4] by [-4, 4]

v

T T

3 2
f(X)=%7XT—2X+]

T T 1

<‘
-
!
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28 Chapter 1 Functions

7. [-2,6] by [-250, 50]

Y =5t 410

9. [-4,4] by [-5,5]

y
sk f@=xo-x
41
3L
2
1
1 1 1 1 1 1 1 1 1 x
sS4 [20 12345
4}
5

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

4+
3L y=2x—3x2/3
2
1

|

N
|

Ju
2o -
A
W
ok

13. [-1,6] by [-1, 4]

y=5x2/5—2x

8. [-1,5] by [-5,30]

y

30+

20

10

f) = 43 - x*

10. [-2,2] by [-2, 8]

y

J) = 246 - x%)

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

i

14. [-1,6] by [-1, 5]

y
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Section 1.4 Graphing with Software

15. [=3,3] by [0, 10] 16. [~1,2] by [0, 1]
y y
o} L
9
8|
L y=l2-xl
6
A y=l?- 11
3r 1 1
r -1 1 2 "
S (1234 0t
17. [=5,1] by [=5, 5] 18. [=5,1] by [~2, 4]
y y
i 3 )~=|7X+3 4
T _/// I
: z-
| - 1_
_l'o_é_s_w'_z_éiééfo x e 2/1'1' s
o[ /' 2
| gL
19. [—4,4] by [0, 3] 20. [-5,5] by [~2,2]
Yy y
300 2 fw=5=L

2
250 f=X*2 e

2+
2.0
| 1 1 |

11 1 X
L -5-4-3-2-1\/ 2345
-1
Lo

05 2r
 EEREE R
21. [-10, 10] by [-6, 6] 22. [-5,5] by [-2,2]
y y
: __x-1 2F
i_ f(x)—xz_x_6 / 1
41
2+ L T B .
Ll 1 1 | L 54-3-2-1

[y =
w -
1) N
[y =

710-8 —6‘1}— S
L4

-6
-8

—
7\ toR /“'N/‘m i
x°=-9
2+
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30 Chapter 1 Functions

23. [-6,10] by [-6, 6] 24. [-3,5] by [-2, 10]
y y
9 l f(x)=6x:x; 15:0:6 10k
4
o V
; RAEEEED * °r
2 =
-6 ! 1/1//-1\1 L1 N
3 | 1 \2 3 4 5 ]
2k
25. [-0.03,0.03] by [-1.25,1.25] 26. [-0.1,0.1]by[-3, 3]
y y
1.0 ; y=3cos60x
y = sin 250x A
AT A oy o "
2002 002 " e
ok
L 3k
27. [-300, 300] by [-1.25, 1.25] 28. [-50, 50]by[-0.1, 0.1]
y y

(&) (1)

10 =L
'\ 0.1 7=10%"10
1 1 1 1 x
c\ o 50 \os 25\ 50
X
2300 300
—0.5 - 1

-1.0

29. [-0.25,0.25]by[-0.3, 0.3] 30. [-0.15, 0.15] by [<0.02, 0.05]

y —x+Lsi y
y=x+15 sin 30x

2, 1
p=x“+ == cos 100x
02 0.04 YEETSG

0.1 0.02

1 1 1 | 1 1
02 -0.1 01 02 4).154)\%0. 5 \705 \)/1 015 "

§ -0Y2
—02}k
31. x2+2x=4+4y—y2:>y= 2i\/m. 2y @+ D*+(y-2%=9
The lower half is produced by graphing \ . /
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Section 1.4 Graphing with Software 31

32. y2 —16x* =1= y=1 V1+16x%. The upper branch
is produced by graphing y =1+ 16x2.

33. 34.

Y f(x) = —tan 2x y

35. 36.

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

37. 38.
2001
150 A//
100
50T
60 g4 88 75 ;6 f;O

0 t t t t t
1970 1980 1990 2000 2010 2020
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39.

41.

Chapter 1 Functions

40.
3007
=205
o R
(=] e o o
P T
2 1501 T
£
E 751
1972 1980 1988 1996 2004 2012 L
2000 2002 2004 2006
4.
7 600 +
.o 450 T
051
300 T
o ® 19155 | |
1985_—s e 1975 1995 2015 BT
00 2 4 6 & 10
~05+

CHAPTER 1 PRACTICE EXERCISES

1.

. . . 2 2
The area is 4 = 77> and the circumference is C = 277 Thus, r = % = A= 7[(%) =&

. The volume is V' = %7[1”3 = = 3/3L Substitution into the formula

1/2
) 4r

The surface area is S = 471> = r = (%
. ) 3 \2/3
for surface area gives S =47zr” = 47[(5) )

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 8 = XT = x. Thus the point has coordinates (x, X2 )=(tan 4, tan’ o).

tan6=rriuﬁ—L:> h=500tan @ ft.

n~ 500
6.
y y
1/5 25
2 y=x 2 y=x
qo— Ty
X + + + + + X
-3 -2 -1 1 2 3 -3 -2 -1 1 2 3
-1 -1
-2 -2
Symmetric about the origin. Symmetric about the y-axis.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chapter 1 Practice Exercises

8.
y y
4 1.5
" ox-1 \a
=X —zX- 2
y 2 y=e*
x 0.5
-6 -4 -2 4 \/ 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)= (—x)2 +l=x’+1= y(x). Even.
y(=x)= (—x)5 - (—x)3 —-(—x)= O+ +x= —y(x). Odd.
y(=x) =1-cos(—x) =1-cos x = y(x). Even.

y(—=x) = sec(—x) tan(—x) = % _ Lgx _

—secxtan x = —y(x). Odd.

o (=x)'+1 x4l _o Xl
y( x)_(—x)3—2(—x)_—x3+2x_ x3—2x_ y(x)'Odd'

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).
(@ (f@)=x)=f(x)gx)=[-f(D][-g(x)]= f(x)g(x)=(f-g)(x)= f-gis even.

®) £ (0= f0f (0 f (=2) = [ L O~ ()] [=F )] ==f () £(x) f(x) == (x) = 7 is 0dd.

(¢) f(sin(—x)) = f(-sin(x)) = —f(sin(x)) = f(sin(x)) is odd.
(d) g(sec(—x)) = g(sec(x)) = g(sec(x)) is even.
(e) [g(=x)=[-g)|=]g(x)|=[g]is even.

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+a)=g(x)= g(x)= f(x+a)is even.

(a) The function is defined for all values of x, so the domain is (—eo, o).
(b) Since|x| attains all nonnegative values, the range is [-2,00).

(a) Since the square root requires 1 — x = 0, the domain is (—eo,1].
(b) Since +/1—x attains all nonnegative values, the range is[—2, o).

(a) Since the square root requires 16 — x> > 0, the domain is [-4, 4].
(b) For values of x in the domain, 0 <16 — x? < 16,s00<+/16— x? <4.The range is [0,4].

Copyright © 2018 Pearson Education, Inc.
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22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chapter 1 Functions

(a) The function is defined for all values of x, so the domain is (—oo, o).
(b) Since 3277 attains all positive values, the range is (1, o).

(a) The function is defined for all values of x, so the domain is (—oo, ).
(b) Since 2e¢™* attains all positive values, the range is (=3, ).

(a) The function is equivalent to y = tan 2x, so we require 2x # kT” for odd integers k. The domain is given by
X # %” for odd integers k.
(b) Since the tangent function attains all values, the range is (—oo, o).

(a) The function is defined for all values of x, so the domain is (—oo, o).
(b) 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].

(a) The function is defined for all values of x, so the domain is (—eo, o).

(b) The function is equivalent to y = \/5 X2 , which attains all nonnegative values. The range is [0, o).

(a) The logarithm requires x —3 > 0, so the domain is (3,0).
(b) The logarithm attains all real values, so the range is (—eo, o).

(a) The function is defined for all values of x, so the domain is (—eo, ).
(b) The cube root attains all real values, so the range is (—oo, o).

y=5—J/(x=3)(x+1) sothe domain = (—eo, —=1]U[3,0); /(x—3)(x+1) 20 and can be any positive number,

so the range = (—o, 5].

3x’
x2+4

32"2 <3 so the range =[2,5).
x“+4

y=2+ so the domain = (=0, 0); 0<

y= 4sin(%) so the domain = (—eo,0)\ (0,0); if % <x< %, then —1< sin( 1 ) <1, so the range =[—4,4].

x
y=3cosx+4sinx sothe domain = (—oo,0);

and V3% +4% =5 so 3005x+4sinx=5(%cosx+%sinx)
=5(cosacos x +sin asin x) = Scos( — x), and

—1<cos(x—x) <1 so the range =[-5,5].

(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,c0)
(c) Increasing on (—oo, o) (d) Increasing on B, oo)

(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].
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36.

37.

38.

39.

40.

41.

42.

Chapter 1 Practice Exercises

(a) The function is defined for -2 < x < 2, so the domain is [-2, 2].
(b) The range is[—1, 1].
0-1__1_

First piece: Line through (0, 1) and (1, 0). m=1—g=7= =-l>y=—x+l=1-x

Second piece: Line through (1, 1) and (2, 0). m =01 =T1= “-l=>y=-(x-D+1=—x+2=2—-x

2-1
1-x, 0<x<l1
f(x)={

2—-x, 1<x<L2

First piece: Line through (0, 0) and (2, 5). m = ;—g = % =y=2x

2
0-5_-5__5 =_3(x— =_3 =10-3x
T35 - 5= r="50=-2)+5=-3x+10=10-=

Second piece: Line through (2, 5) and (4, 0). m = T; 5

x, 0<x<2

f@0={
10-3%, 2<x<4

@ (fog)l-D=/f(g(-1)= f( 1+2) fy=t=1
® N =2 =g} ==z o or 2

w N|wn

(Note: x = 2 can beincluded on either piece.)

© (foND)=/(f)=F(L)=gr=xx20

1
1/x
(d) (gog)(x)=g(g(x))=g(ﬁj= ] — = \/13)26\;%
Jr+2 *

@ (fo)l-D=/(g-1)=/(F-1+T)=f()=2-0=2

(b) (g2/)2)=/(e(2) =82~ =g(O)=0+1=1
© (fo)x)=/(f(x)=/2-x)=2-Q2-x)=x
@ (g°9)(¥) = g(g(x) = g(Yx+1) =R +T+1

@ (fo)0) = f(g() =/ (Vi+2) =2 - (Va#2) =—x x> 2.

(82/)00) = g/ () = g2 —%) = (222 |+2 =42
(b) Domain of fog: [-2, ). (¢c) Range of fog: (oo, 2].
Domain of go f: [-2, 2]. Range of gof: [0, 2].

@ (fog)x)=f(g() =/ (VI-x)=Wi-x =¥-x.

(go/)x) = g(f(x) = g(Vx) =1-x

(b) Domain of fog: (—oo, 1]. (c) Range of fog: [0, ).
Domain of go f: [0, 1]. Range of go f: [0, 1].
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36 Chapter 1 Functions

43. y=f(x) y=(fof)x)
y Y

44,

45.
y y
y=|x|
3 [
2+ y=x
SLo LA
_2,"’,_'1’ 1 /,i,/% ! x
2k
3k y=x
The graph of £, (x) = f; (|x|) is the same as the
graph of f| (x) to the right of the y-axis. The graph
of £, (x) to the left of the y-axis is the reflection of
¥ = f1(x), x 2 0 across the y-axis.
46. 47.
) y
y= 153
1
H
X
1
H
) 2l
. H
It does not change the graph. oy’

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

g (x)= | a1 (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 (x) across the x-
axis.
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48.

50.

52.

53.

54.

Chapter 1 Practice Exercises 37

49.

-
It
=
S
+
=2
T
~
)

y=x"+x -2

y=4-xz

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

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

¥ =gy(x) =gy (x)]is the same as graph of

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

v = g1(x) across the x-axis.

51.

x 1
' al
The graph of £, (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
¥ = f1(x), x = 0 across the y-axis.

The graph of £, (x) = f; (| x|) is the same as the
graph of f| (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 = 0 across the y-axis.

_v=sin‘x|

,
.
’ A
X
——
Vad

y=sinx

The graph of f,(x) = f(Jx]) 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
¥ = f1(x), x = 0 across the y-axis.

(@) y=g(x—3)+% (b) y=g(x+%)—2
(©) y=g(-x d y=-gk)
(e) y=5-g(x) (f) y=g06x)

(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
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55.

56.

57.

58.

59.

Chapter 1 Functions

(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.

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

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.

Vertical compression of the graph of y = % bya
X
factor of 2, then shift the graph up 1 unit.

Reflect the graph of y = x3about the y-axis, then

compress the graph horizontally by a factor of 5.

60.

y=cos 2x

IWAWAS
VU

period =7

period = 47
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62.
y y
1+ y = sin mx /\ A\
YR X
1\/2 * ~ \/w_
-1F
period =2 period = 4
64.
’ y
2F y=2cos(x——) 5
| / | X
/ R
/E ;l Sr éf 1l * _2}‘ ,\'=1+sin(x+:—{)
6 3 6 3 6
b
=2
period =27 period =27

(a) sinB= sin% = % = % =b= 25in% = 2(£) =/3. By the theorem of Pythagoras,

a2+b2=02:>a=\/cz—b2 =4-

2
=1

w

2
1 =si E:ﬁ:; = 2 =L=i = 2— 2 = i — 2: i:i
(b) sinB=sinf=2=2=c n (%) ﬁ.ThuS,a \e© =b 1/(\5) (2) \/; 5
(a) sind=%2=a=csin4 (b) tand=4¢=a=btan 4
c b
_b __b ; _a __a
(a) tanB="=a=—"% (b) sind=3=c=—
[2_2
(a) sind=4 (b) sind=%= ¢ b
C C C
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° = g tan35° = g andb—c =10.

Thus, / = ctan 50°and 4 = btan35° = (¢ +10) tan 35° L

= ctan50° = (c+10) tan 35°

= c(tan 50° —tan 35°) = 10 tan 35° g L38° ¢ 50°

= c=—M0@n3" _ _ p— ctan50° fe— 10 —o}e—— c —|
tan 50° — tan35° * b l

— 10tan35°tan50° _
~ tan50°— tan35° 16.98 m.
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70. Let & = height of balloon above ground. From the balloon

71.

72.

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 — @) tan 70° = g tan 40°
= a(tan 40°+tan 70°) = 2 tan 70°

— 2tan70° — o
=a= tan40°+ tan 70° = h=atan40
— 2tan70°tan40° _
~ tan40°+ tan 70° 1.3 km.

(a)
y
AN N\ Z
N AN

y=sinx+cos%

(b) The period appears to be 47.

since the period of sine and cosine is 27z. Thus, f(x) has period 47.

) = sin(x +27) +cos(% + 27[) =sinx+ cos%

(b) D =(=0,0)0(0, )R =[~1,1]

(¢) fis not periodic. For suppose f has period p. Then f (ﬁJr kp) =f ( ) =sin 27z = 0 for all integers £.

€1

2z
1 1 1 — i 1

Choose £ so large that 32t kp > = 0< < 7. But then f(ﬁ+ kp) = sm(—) >0

1
(/(27m)) + kp (1/(2m) + kp

which is a contradiction. Thus /" has no period, as claimed.

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)).

1/3

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

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

If fis 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 f'is
even, then g(x) = f(x)—2 is also even: g(—x) = f(—x)-2= f(x)-2=g(x).

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

Copyright © 2018 Pearson Education, Inc.



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

quadrant, |x|+ |y| =x+1 & —x+y=x+1 /

& y =2x+1.In the 3rd quadrant, | x|+|y|=x+1 /

S —x—y=x+1< y=-2x—-1.Inthe 4th 1\ X
-1

y
|x|+|y| =1+x

quadrant, |x|+|y|=x+1S x+(—y)=x+1 :
< y =—1. The graph is given at the right.

We use reasoning similar to Exercise 5. y

(1) Istquadrant: y+|y| = x+|x|
S2y=2x y=x

(2) 2nd quadrant: y+|y| = x+|x]| 1k
S 2y=x+(—x)=0= y=0. L

(3) 3rd quadrant: y +|y|=x +|x| LSS Ll >x
Sy+(—y)=x+(-x)=0=0 -
=> all points in the 3rd quadrant P N
satisfy the equation. i

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

41

.2 _
(a) sinx+cos>x=1=>sin’x=1-cos’x = (I-cosx)(1+cosx)= (l—cosx) =z 1= cosx _
1+ cosx sinx
(b) Using the definition of the tangent function and the double angle formulas, we have
1 - cos|2(%
2 sin2<%) 7( (2)) 1 —cosx
tan (1) = = 2 = .
2 COSZ(%) I+ cos(Z(%)) 1+ cosx

2

The angles labeled y in the accompanying figure are
equal since both angles subtend arc CD. Similarly, the
two angles labeled a are equal since they both subtend

arc AB. Thus, triangles AED and BEC are similar which
. . a—-c _2acos@-b

implies P

= (a—c)(a+c)=b(2acosf—-b)

= a? - ¢* = 2ab cos 6 - b*

= ¢*—a? +b* - 2ab cos 6.

As in the proof of the law of sines of Section 1.3, Exercise 61, ah = bc sin A = ab sinC = ac sin B
= the area of 4BC = (base)(height) = Tah =L bc sin 4 = Lab sinC = Tac sin B.

As in Section 1.3, Exercise 61, (Area ofABC)2 = %(base)2 (height)2 = %azh2 = %azb2 sin? C

2,2 2
= %azb2 (l—cos2 C) . By the law of cosines, ?=a’+b>=2abcosC = cosC = % Thus,
2 2
) 2.9 2 2, p2_ 2 2.2 2,02 2
(area of ABC)* =1a’b*(1-cos® €)= %azbz[l—(‘ﬂch ]:%[1—%

= %(45121)2 — (@2 bP -2 ) = L [Qab+ (@® + b = ) (2ab-(a® + b* - ?))]

6
= L{((a+b) =) c* — (a=b)* ) =L(a+b)+c)(a+b)—c)c+(a—b))(c—(a—b))]
:|:(a+;7+c)(—a +2b+c)(a—é)+c)(a+é)—c):|zs(s_a)(s_b)(s_c)’ where s = a+é7+c.

Therefore, the area of ABC equals \/s(s —a)(s—b)(s—c).

Copyright © 2018 Pearson Education, Inc.
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42 Chapter 1 Functions

11. Iffis 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.

12. (a) As suggested, let E(x)= M = E(-x) = J(=) +2f(_(_x)) L)) +2f(_x) = E(x)= E isaneven

function. Define O(x) = /(x)~ E(x) = f(x)= L4LED - S0 S0 pep o(—y) = LD /EED)
S L1 (1= fe)
2

3 =—-0(x) = O is an 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
f(x) = E;(x)+ O (x), where E} is even and O is odd, then f(x)— f(x)=0
= (E;(x)+ Oy (x)) = (E(x)+ O(x)) . Thus, E(x)— E;(x) = O;(x) — O(x) for all x in the domain of f (which is
the same as the domain of £ — £} and O — O)). Now (£ — E})(—x) = E(—x) — E;(=x) = E(x)— E|(x) (since E
and Ej are even) = (£ — E})(x) = E — E is even. Likewise, (O] —O0)(—x) = O;(=x) - O(—x)
=-0;(x) = (-O0(x)) (since O and O, are odd) = —(O;(x) = O(x)) =—(0; = 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, E; = E and O; = O, so the decomposition of ffound in part (a) is unique.

— ax? —afx21t bz_i_(i)z_ﬁ
13. y=ax +bx+c—a(x +ax+4az) i, te=alx+3- YRR

(a) Ifa > 0the 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 » < 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 > 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.

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

15. Each of the triangles pictured has the same base y
b =vAt =v(l sec) . Moreover, the height of each

triangle is the same value 4. Thus % (base)(height)
= %bh = A = Ay = 43 =... . In conclusion,

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

Kilometers

Kilomcters

Copyright © 2018 Pearson Education, Inc.
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