CHAPTER 1 FUNCTIONS

1.1 FUNCTIONS AND THEIR GRAPHS

10.

11.

12.

13.

14.

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

domain = (-, 0]U[3, «); y in range and y = Jx? -3x>0= y can be any nonnegative real number =
range = [0, «).

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

3-t<0=> ﬁ < 0= y can be any nonzero real number = range = (—o0, 0) U (0, ).

domain = (oo, —4) U (=4, 4) U (4,); y inrange and y :Llﬁl now ift <-4 =¢>-16>0= g 216 >0, or if

b<t<b=-16<1? —16<0:>—— 216 orift>4= 2 —16>O:>

52 16 > 0= y can be any nonzero

real number = range = (oo, —%]u (0, ).

(a) Not the graph of a function of x since it fails the vertical line test.
(b) s 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 = %x; area is a(x) = % (base)(height) = %(x) (@x) = %xz;

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

s = side length = 52 + 5% = d? :s:%; and area is a = s° :a:%dz
Let D = diagonal length of a face of the cube and / = the length of an edge. Then /%> +D?=4d?and
312
D% =202 =302 = 4% = ¢ = < The surface area is 62 = 82> = 242 and the volume is (3= (d ) — &
3 3 3 3V3
The coordinates of P are (x, f) so the slope of the line joining P to the origin is m = */— [ (x>0).

Thus, (x, \/;) = (mi l).

2x+4y:53y=—ix+%;L :\/(x—O)2 -i—(y—O)2 :\/xz -i—(—%x+§)2 :\/xz +1x2 5412

4 R T3
\/ 2037 20x +25 _ 2052~ 20x + 25
4

y=x85 324 3=xL = (r= 42+ (=02 =0 +3-4) + 1% =[P -1 +)?
=t =202 +1402 =\t - )2 41
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2 Chapter 1 Functions

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

¥y ¥
b

3-
L ﬂ?i_\g_

4 flx)=5-2x

4
17. The domain is (—oo, ). 18. The domain is (—oo, 0].
3‘-
_wl.\]=\"j 2k
x 1+
R - >
b
19. The domain is (—o0, 0) U (0, ). 20. The domain is (-0, 0) U (0, ).
¥ G(t)
2 szﬁ
1
_A_,'s_é_{l'.ééi" 1
B G{’]-m
2
1
-3 -2 -1 1 2

21. The domain is (-0, =5) U (-5, =3]U[3,5) w (5, ) 22. Therange is [2, 3).

23. Neither graph passes the vertical line test

@ (®)

2t
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Section 1.1 Functions and Their Graphs

24. Neither graph passes the vertical line test

@) _ (b)

¥ ¥

lel + Iyl = 1 \.

25 |x|0[1]2 . 26. |x|0[1]2 p

4-x%, x<1
27. Fx)=4 " % 28. G(x)=
x2+2x,x>1

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

—x+2,1<x<2

2, 0<x<l1
0, 1<x<?2

b =

®Y =15 2crea

0, 3<x<4

30. (a) Line through (0,2)and (2,0): y=—x+2
Line through (2, 1) and (5, 0):mzﬂz;l:_%,Soy:_;(x_z)ﬂz_%“%

5-2 3 3
—x+2,0<x<2
f(x)= 1 5

—ix42 <
3x+3,2<x_5
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4 Chapter 1 Functions

(b) Line through (=1, 0) and (0, —3):m = —— 2 = 3,50 y = ~3x—3

0- (-1
Line through (0, 3) and (2, -1): m =52 =4 = 2,50 y = ~2x+3
~3x-3, ~1<x<0
S(x)=

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

31. (a) Linethrough(-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 —1=2=-1,s0y =~ (x-1)+1=-2x+3
-X -1<x<0
f(x)= 1 0<x<1

1..3 1
—2x+3 1<x<3 ix  2<x<o

(b) Line through (-2, 1) and (0, 0): y = L.x f)=1-2x+2 0<x<l
Line through (0, 2) and (1, 0): y =—2x+2 1 1<x<3
Line through (1, -1) and (3, -1): y =-1

32. (a) Line through (%O) and (7, 1):m=%ﬁlz)=%,30y:%(x—%)+0:%x—l
0,0SxS%

f(x)=
2 T
Fx—l, ?<XST

A4, 0<x<ZL

-4, L<x<T

(b) f(x)=

A, TSx<37T

—A, 37T <x<2T
33. (a) LxJ =0forxe[0,1) (b) (x—| =0for x e (-1 0]
34. | x|=[x]only whenx is an integer.

35. Forany real number x, n < x <n+1, where n is an integer. Now: n<x<n+l=-(n+1) <—-x<-n.
By definition: [ —x|=-nand| x |=n= —| x |=—n. So[ —x | =—| x | for all real x.

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

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

¥y Y

2
B ey
P e
y=-x =T [
L _I 1 1 é 1 > X 2
2k 4
6
39. Symmetric about the origin 40. Symmetric about the y-axis
Dec: nowhere Dec:0<x<o
Inc: —o<x<0 Inc: —o<x<0
O<x<w 5
3
.1
YU
1
-2 2
<11

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

Inc: 0<x<wo Inc: nowhere
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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<w
InC: —o0 < x < © Inc: nowhere

No symmetry 46. Symmetric about the y-axis
Dec:0<x<w Dec: —0<x<0
Inc: nowhere Inc: 0<x<

¥ ¥

| I —
-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)> = ( 1)5 = —(%) =— f(x). Thus the function is odd.
X —X X

Since f(x)= X2 +l= (—x)2 + 1= f(—x). The function is even.

Since[f(x) = X2+ x]#[f(-=x)= (—x)2 —x]and[f(x) = x? +x]#[-f(x)= —(x)2 —x] the function is neither
even nor odd.

Since g(x) = x° + x, g(—x) = —x° — x = —(x° + x) =—g(x). So the function is odd.
g(x) = x4 3% -1= (—x)4 + 3(—x)2 — 1= g(—x), thus the function is even.

2(x) = 5= =—21— = g(~x). Thus the function is even.

x¥’-1 (—x)z— 1

*—; g(—x) = ——*—=—g(x). So the function is odd.

x2-1’ x°=1

glx)=

h(t) = 253 h(~t) = =15 = h(t) = 7. Since h(r) # —h(r) and h(r) # h(~7), the function is neither even nor odd.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Section 1.1 Functions and Their Graphs
Since |t3| = |(—t)3 |, A(¢) = h(—t) and the function is even.

h(t) =2t+ 1, h(—t) = -2t + 1. S0 h(t) # h(—t). —h(t) = -2t -1, so h(t) # —h(¢). The function is neither even
nor odd.

h(t) = 2|¢|+ Land h(—t) =2|—t|+ 1= 2|¢| + 1. So h(¢) = h(—t) and the function is even.
s:kt:>25:k(75):>k:%:>s=%t; 60:%t:>t:180

K =cv? =12960 = ¢(18)2 = ¢ =40 = K = 40v?; K = 40(10)? = 4000 joules

r=ko6=kof=24=r=24;10=H==-12
s 4 s s 5

_k __k _ _ 14700. _ 14700 _ 24500 _, 3
P=£=147="k = k=14700= P =14100; 93,4 = 14700 —, y _ 24500 », 628 2 cm
V= f(x)=x(14—2x)(22 - 2x) = 4x° - 72x? + 308x; 0 < x < 7.

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

2, 12 2 . : .
he+1° = (ﬁ) = h=1= Bisat(0,1) = slope of 4B =-1= The equation of 4B is
y=f(x)=-x+1 x<[0,1].

(b) A(x)=2xy=2x(—x+1) = —2x% +2x;x € [0,1].

(@) 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.

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

(@) From the graph,l>1+%:>xe(—2,0)u(4,oo) y
X 4 X 4
(b) E>1+;3E—l—;>2
 x 4 x“—2x-8 (x-4)(x+2)
x>0.§—1—;>0:>T>0:>T>0 g(x) = !+;
= x >4 since x is positive;
2
x<0:%—1—i>0:>x_—2x_8<0:>w<0 flx) = 3
X ] . 2x . 2x (4.2)
= x < -2 since x is negative; : <
sign of (x —4)(x+2) 1 4
+ a + (-2,21)
Solution interval: (-2, 0) U (4, )
glx) = 143
1
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8 Chapter 1 Functions

68. (a) Fromthe graph, 2+ <—2-= xe(-»,-5)U(-1])

x+1 :
.3 2 3(x +1) \ .
(b) Ca56x<—1.m<m:ﬁ>2 . \ . f(x) =3/(x-1)
=3x+3<2x-2= x<-5. g(x)-fr_fj.
Thus, x € (-, —5) solves the inequality. : \
Case—l<x<l—3 <2 = 3%+D 5 : x
x-1 x+1 x-1

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

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

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

\f(:é} «3/(x-1)

69. 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.

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

1 Pl =i? o =%=@; cost = 5(2x) +10h = C(h) :10(@)+10h = 5h(v2+2)

72. (a) Note that 2 km=2,000 m, so there are v 2502 + x> meters of river cable at $180 per meter and

(2,000 - x) meters of land cable at $100 per meter. The cost is C(x) =180V 2502 +x2 + 100(2,000 — x).
(b) C(0)=$245,000
C(100) ~ $238,466
C(200) ~ $237,628
C(300) ~ $240,292
C(400) ~ $244,906
C(500) ~ $250,623
C(600) ~ $257,000

Values beyond this are all larger. It would appear that the least expensive location is less than 300 m from
the point P.

1.2 COMBINING FUNCTIONS; SHIFTING AND SCALING GRAPHS
1. Df: —oo<x<oo,Dg: leDDerg:ng:le.Rf: —00 < Y < 0, Rg: yZO,R_f+g:y21,R_fg: y>0

2. Df: x+1>20= x>-1, Dg: x—1>0= x>1.Therefore Df+g :ng: x>1.
Ry =Ry y20,Rpp,t 22, Ryt y20

3. Df:—io<x<oo,Dg:—oo<x<oo,Df/g:—oo<x<oo,Dg/f:—oo<x<oo,Rf:y=2,Rg:yZl,Rf/g:0<yS2,
R, =<y<w
glf - 2=Y
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10.

11.

12.

13.

14.

Df:

(@
(d)
9

(a)
(d)
(¢))

Section 1.2 Combining Functions; Shifting and Scaling Graphs

—oo<x<oo,Dg: x>0, Df/g: xZO,Dg/f:xZO;Rf: yzl,Rg: y=1, Rf/g: 0<y<], Rg/f: 1<y<ow

©) x?+2
(f) -2

1 1 _—x
(C) x+1 1_x+1

() 2

2 (b) 22
(x+5)2-3=x?+10x+22 (&) 5
x+10 (h) (x*-3)%>-3=x*-6x>+6
1
-3 (b) 2
1
< () 0 .
1 _ ]_ _X+
. TR

(fogon)(x) = f(g(h(x))) = f(g(4—x)) = f(3(4-x)) = f(12-3x) = (12-3x) + 1 =133«

(fogoh)(x) = f(g(h(x)) = f(g(x*)) = f(2(x?)~1) = f(2x® ~1) =3(2x° ~1) + 4=6x% +1

(fogoh)(x) = £ (g(h(x))) =f(g(%))=f[11

(fogoh)(x) = £ (g(h(x))) =f(g(m)):f[

@
(d)

@
(d)

(a)
(b)
(©)
(d)

(€)
(f)

(@)
(b)

(©)
(d)

_ X _ _ /5x+1
4]_f(1+4x)_\,1+x4x+1_\/1+4x
2 - X
(V2-x) :f(Z—x)zizs‘—erZ:B—Sx
(y2=x)'+1 8-x) gz T-2x

(fog)(x) (b) (jog)x) (©) (g°g)(x)
(jo)) (€) (gohof)(x) (F) (hojof)(x)
(fo/)(x) (b) (goh)(x) (€) (hoh)(x)
(fef)(x) (€) (jogef)(x) (f) (gofoh)(x)
gx) fx) (fog)(x)

x—=7 Jx x—7

x+2 3x 3(x+2)=3x+6

X x-5 ¥2_5

1 ot x;;i]_:x—(fc—l):x

xjil 1+% .

b

(1o2)() =lg(l =g,

(fog)(x):%: xl l_g(lx): iljl_xil:g%x):xil:g%x)'Sog(x):x+1'

Since (fog)(x) = /2 (x) = |x, g(x) = ¥*.
Since (fog)(x) = f(\/;) =|x|, f(x)= x2. (Note that the domain of the composite is [0, «).)

Copyright © 2016 Pearson Education, Ltd.
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10

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Chapter 1 Functions

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

g(x) /) (fog)k)
1 1
x—-1 |x| ‘x - 1‘
x+1 ud ; ! ﬁ
x2 «/; | x|
\/; x2 | x|
(@ fleC-1)=s0=1 (b) g(f(0))=g(-2)=2 © /f(f(D))=/(0)=-2
(d) g(g(2))=g(0)=0 ) g(f(-2)=g@)=-1 f fle@®)=r(-1)=0

@@ f(g(0)=f(-1)=2-(-1)=3, where g(0)=0-1=-1
(b) 2(f(3)=g(-)=~(-1) =1 where f(3)=2-3=-1

(© g(g(-1))=g(1)=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

(f) f(g(%))=f(—%)=2—(—%)=%,where g(%):%—l:—%

@ (/o)) = flg(@) = [2+1= 2>

(o)) =g/ () =2

(b) Domain (fog): (=, —1]w (0, ), domain (go f): (-1, »)
(c) Range (fog): (1, ), range (gof): (0, )

(@) (fog)(x)=f(g(x) =1-2vx+x

(g0/)(x) = g(f(x)) =1-|x]
(b) Domain (fog): [0, ), domain (go f): (-, ©)
(c) Range(fog): (0, ), range (gos): (=, 1]

(fog)w) =x= f(g() = x = £05 = x= g(x) = (1) ~2x =x-g(x) -2

= g(x) —x-g(x) = 2v = g(x) = -2 =2

(fog)(x)=x+2= f(g(x) =x+2= 2(g(x))* ~ 4 =x+2= (g(1)° = 5" = g(v) = §*5°

(@) y=—(x+7) (b) »y=—(x—4?
@ y=x"+3 (b) y=x>-5
(@) Position 4 (b) Position 1 (c) Position 2 (d) Position 3

@ y=-(x-1*+4 (b) y=—(x+2)?+3 € y=—(x+4)*-1 (d) y=-(x-2)
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Section 1.2 Combining Functions; Shifting and Scaling Graphs

25. 26.
, .
(x+4) " +(y-3)"=25 4
x
x+2 4 (y+3)7 =49
217. 28.
y ¥
y+l=(x+1)°
213
. 2k e
L 1 1 Nl ,‘l‘
x .
-2 -l 01 1 i L W n/..
=1 -3 =2 -l 1 2 3
-1F (1,-1)
2 y+l=ix ”2-’3
_2_
29. 30.
¥y
A
0.5
“05p,
1 x —I-\
.81 1 4 sk
_:_
251
__‘_
31. 32.
Y oy=2x .‘k'
7 ‘,-’ _~'+5=%1’.\' 1+1)+5
1 6F-" 1
_\—?[.\+]J+5‘,— ory==x
y=2x-7 = “_. 4k 2
x -
712 5|
i 1 I 1 L | y
- 15 -5 2 25 5 15
41
6
33. 34.
] ¥
4
i
t
‘b
PR
s
R 1
i .e y=—5
Sl 2
R X (P G | v
-6 -4/ \ 2 4 6
F~r—
1
y+1= =
(x+2)7° -2
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35.

37.

39.

41.

43.

45,

Chapter 1 Functions

y
2
y=vx+4
4 0| x
.\-=|.r—?_|
L 1 L
-2 2 4 6
¥
3
2 % V=1
1 (1)
1 L L
o| 12 50"
1 L
3 2 -l
N
=2 1

36.

38.

40.

42,

44,

46.

y=1/9-x
L L 1 L
-10 -5 -1 |_ 5 9
¥ y=l1-x] -1
1 /
w 1 > X
1 2
-1
N
IKA
1 1 1 L
-1 1 2 34
S| N
.\I
y=(x= 8]2”
2
1 1 1 1 x
}» 5 810 15 20
-2
N
T
1 1 1
-4 =2 2 4
\_
213
+4 ="
iy 2 '
6
.
10
8 —
b -
y=(r+ 2}"": +1
-2,1) 21
L 1 1 1 =1
=2 - >
2 -0 L2 s
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Section 1.2 Combining Functions; Shifting and Scaling Graphs

47. 48.

(X
T

L }c
-
L
Iul
1

49, 50.
y ¥
3 E 6-\= !
' 4 v+2
""""" 2-----|--;---- : 2_
y==+ '
1 x 1 | p— > x
= > n x
L TR T vor
3 2 - \ 01 2 3 bl
-
51. 52.
¥ ¥
3
I ¢ L,
3 E 1 -“_‘_3‘
2 1
L}
1 ! 1 1 I L5,
L} —+ - _|_»___- 4
-1 0 1 * 5
-0+
53. 54,
¥ ¥
ok
5 1
' y=
B u+|_r1
1 — il ¥
4 2 - 2 4
" s|

55. (a) domain: [0, 2]; range: [2, 3] (b) domain: [0, 2]; range: [-1, O]

3k 1
y=flx)+2
2/\ y=flx)=1

Copyright © 2016 Pearson Education, Ltd.
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14 Chapter 1 Functions

(c) domain: [0, 2]; range: [0, 2]

¥
s

y=2f(x)

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

¥

2k

y=flx+2)

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

y

2+

¥=fl-x)

» X

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

¥

y=gi-n .

4

(c) domain: [-4, O]; range:

¥

3

y=g(f+3

1

[0,3]

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

1

¥

> X

2l
y=flx=1)
| /\
L 1 I x
0 1 2 3

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

y

2k

y==flx+1)+1

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

-4 y=-g(n) 0

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

¥

y=l=-gn

1 1 >
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57.

59.

61.

63.

65.

67.

68.

Section 1.2 Combining Functions; Shifting and Scaling Graphs

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

y=gl—1+2)

1 Il '
3k

() domain: [1, 5]; range: [-3, 0]
y
3
y=g9(1-t)
1 5 .
| \/
y=3x"-3
_1 1)_1,1
r=3fe )=tk
y=+4x+1

y=1-(@3x)°% =1-27,3

Let y=—V2x+1= f(x)and let g(x) = K2
h(x) = (x+%)l/2 , i(x)= \/E(x-k%)l/z

, and

J(x) = —[\E (x+%)1/2} = f(x). The graph of i(x)

is the graph of g(x) shifted Ieft% unit; the graph
of i(x) is the graph of i(x) stretched vertically by

a factor of +/2; and the graph of j(x) = f(x) is the
graph of i(x) reflected across the x-axis.

Lety = 1-% = f(x). Let g(x) = (-x)?,
h(x) = (—x+2)Y2, and i(x) Z%(—x+2)1/2=

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

of y= Jx reflected across the x-axis. The graph
of h(x) is the graph of g(x) shifted right two units.
And the graph of i(x) is the graph of A(x)
compressed vertically by a factor of J2.

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

(h)

58.

60.

62.

66.

¥

y=g(t-2)
1

1

domain: [0, 4]; range: [0, 3]
¥

)

3

y=-9(t-4)

y=2x)?%-1=4x>-1

y=1

y=3Jx+1

+—1
(x/3)

=1+

9
2
x

Copyright © 2016 Pearson Education, Ltd.
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16 Chapter 1 Functions

69. y=f(x)= x2. Shift f(x) one unit right followed by y
a shift two units up to get g(x) = (x—l)3 +2.

70. y=(@1-x)°+2=—-(x-1)°%+(-2)] = f ().
Let g(x)=x3, h(x)=(x-1)%, i(x)=(x-1)3+(-2),
and j(x) = —[(x—l)3 + (=2)]. The graph of A(x) is the R r—
graph of g(x) shifted right one unit; the graph of i(x) c sk '
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.

71. Compress the graph of f(x) =% horizontally by a
factor of 2 to get g(x) = 5. Then shift g(x)
vertically down 1 unit to get 4(x) = Zix—l.

_1 -2 ,q9-_1_

72. Let f(x) =5 and g(x) = 3 +1= 9 +1
()
L__41=—1 11 Sincev2~14, wesee

(x/\/E) [(ﬂﬁ)x}
that the graph of f'(x) stretched horizontally by
a factor of 1.4 and shifted up 1 unit is the graph
of g(x).

73. Reflect the graph of y = f(x) = $/x across the x-axis "
to get g(x) = —¥x. 4

b
T T T

T T T T

Copyright © 2016 Pearson Education, Ltd.



Section 1.2 Combining Functions; Shifting and Scaling Graphs 17

74 y=f(x) = (20" =[(-D@x]" = (-7 (20)?"
= (2x)2/3. So the graph of f(x) is the graph of
g(x)= K23 compressed horizontally by a factor of 2.

75. 76.

77. (@) (f8)(=x) = f(=x)g(=x) = f (x)(-g(x)) =—(/&)(x), odd

) (£) 0 =263 = L0 (L)), odd

@ (§)0= 523 =5 {5 o, oae

(d) f2(x)=f(=x)f(-x) = £(x)/(x) = % (x), even

(®) g°(—x) = (g(-x))% = (-g(x))* = g (x), even

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

() (fof)=x)=f(f(=x)) = f(f(x)) = (f o f)(x), even

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

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

79. (a) (b)

(fg)(x)

Copyright © 2016 Pearson Education, Ltd.



18 Chapter 1 Functions

80.

(d)

o

(f-9)(x)

(g-f)(x)

f(x) = vx

g(x) =v/T-x

1.3 TRIGONOMETRIC FUNCTIONS

1. (a) s=rf= (10)(4?”) —=8zm

2. f=s-10n_

7

3. 9=80°=0 =80°(18’go

4. d=1 meter:r:SOszﬁzfz%:O.G rad or 0.6 (@)z34°

8

):4—72':>S:

9

(b) s:rez(lo)(110°)(1§go =

5 ; 57(180°) _ °
T” radians and TK(T) =225

T

)_ 110z _ 557

18

9

(6)(%’) =8.4 cm. (since the diameter =12 cm. = radius =6 cm.)

m

3 5
sfo [ o] %o ]2]%] ol [F[5[5[5]F
Ne 1 3 1 1 1
sin@ 0O |72 | O 1 2 sing 1 -2 -3 " 1
-1 -+ L | B | L | _B
cosd -1 2 1 0 J2 0s 0 0 % = 7 e
tan @ 0 | 3| 0 |und. | 1 — —
1 tang | und. | —3 3 1 NE)
coté und. | 3 | und. 0 -1 -
secd 1| - 1 | und. | /2 cotd 0 V3| -3 1 -3
_2 2 _2
csco und. | 3 [und. | 1 2 seco | und. 2 7 N Nl
_2
csco 1 NE] -2 J2 2

Copyright © 2016 Pearson Education, Ltd.




Section 1.3 Trigonometric Functions

7. COSx=—%,tanx=—% 8. sinx:%, COSXZ%
) 12 _ 1
0. Slnx:—@,tanx:—\/g 10. Slnx—ﬁ,tanx——?
11. sinx=--L cosx=--2% __\3 -1
X 5 X NG 12. cosx = 5 ,tanx—\/§

13. 14.

period = 4r

15. 16.

) y=cosnx 1 v = cos X -
E 3 -

ARV |

period =2

period = 4

17. 18.

¥ = —cos 2my

y:—!&in%
1 /\
> x
r\

0 3
-1

period = 6

19. 20.

ST S
<
-

III

w
=

N
il

-1k

period =27z period = 27

Copyright © 2016 Pearson Education, Ltd.
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20 Chapter 1 Functions

21. _ 22.
| | _\':t“ih X
] P a =L - x
~1k \‘--"’ h
-3 _\/\,
v =cos :\ +2—? -2
period = 27 period = 27
23. period = % symmetric about the origin 24. period =1, symmetric about the origin
| I s | |
2 s=cot2s } } } }
| | ) | |
1 | | | |
| w ! \
P s=—tanms | | |
- T \0 T T | |\t | |
rova 7\ [ [ [ [
T 2 P\ A VA U
f I— f f
Al BV
| (- | |
| | | |
| | | |
\ N \
| | | |
| | | |
I bl I
| | | |
25. period = 4, symmetric about the s-axis 26. period = 47, symmetric about the origin
i 6
E -2 0 EKH >
T ! >
- 2 [ o | .
1k : § = CsC E
|
27. (a) Cosx and sec x are positive for x in the interval y=cosX y ‘7“ X
(—%, %) and cos x and sec x are negative for x &(}
2
i i _3n _xm z 3z i
in the mtervals( 2 2)and(z, 2).SECxIS J [ ﬂ

undefined when cos x is 0. The range of sec x is -2n - 1 2n

(=00, —1] U[1,00); the range of cos x is[-1, 1]. ﬂ 2

Copyright © 2016 Pearson Education, Ltd.



28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Section 1.3 Trigonometric Functions

(b) Sinx and csc x are positive for x in the intervals ygcoscx y

(_37”’ —”) and (0, ); and sin x and csc x are
negative for x in the intervals (-7, 0) and 2
e

(ﬂ', 37”) Csc x is undefined when sin x is 0. The £

sin x is[-1,1].

range of ¢sc x is (-0, —1] U1, «); the range of ﬂ 3

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

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

y=colx

D:—o<x<w; R: y=-10,1 30. D:-o<x<o; R: y=-10,1

¥

y=|sinx] y=sinx

x—ﬂ) = C0S x C0S (—%) —sin xsin(—%) = (cosx)(0) —(sinx)(-1) =sinx

x+%) = cos)ccos(%) —sinxsin (%) = (cosx)(0) — (sinx)(1) = —sin x

X +£) =sin xcos(%) +C0sxsin (%) = (sin x)(0) + (cos x)(1) = cos x

x—%) =sin XCOS(—%)-FCOSXSin (—%) = (sin x)(0) + (cos x)(—1) = —cos x

cos(A — B) = cos(A + (—B)) = cos Acos(—B) —sin Asin(—B) = cos A cos B —sin A(—sin B)
= C0S ACO0S B +5sin 4sin B

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

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

= 0s2 4 +sin4. Therefore, cos? 4 +sin?4 =1.

Vv=lanx

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

cosine and sine functions have period 27.
cos(z + x) = cos £ cos x —sin zz sin x = (—1)(cos x) — (0)(sin x) = —cos x

Copyright © 2016 Pearson Education, Ltd.
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40.

41.

42,

43.

44,

45,

46.

47,

49.

51.

52.

53.

54.

55.

56.

57.

Chapter 1 Functions
sin(2z — x) = sin 2z cos(—x) + cos(27) sin(—x) = (0)(cos(—x)) + (L) (sin(—x)) = —sin x
sin (3” ) =sin (37”) cos(—x) + cos (%”)sin(—x) = (=1)(cos x) + (0)(sin(=x)) = —cos x

cos(%’w x) = cos(%”)cos;c —sin (%”)sin x = (0)(cosx) — (-1)(sinx) =sin x

sinZz _Sin(%Jr%):sinﬂcos£+coslsinl:(ﬁ)(%)Jr(i)(i) V6 ++2

12 4993 T W 2 4

11;: z 2z 2z 2z _(N2)(_1)_(2)(+B)__Y2++6
cosilz —005(4 3) cos - cos 2% 5|n45|n3—(2)( 2) (2)(2)—

z _ Z 2\ - cosZeos(—2) —sinZain(—z)— (1)(¥2)_(¥B)(_¥2)_1+3
00312—005(3 4)—0053003( 4) sm3sm( 4)—(2)(2) (2)( 2)— i

singg =sin (4~ ) =sin()oos( 5 )+ cos(% Jsin(-5)=(F) () +(-3)-F ) =527
2z 2 w0r) 148

COSZ%:1+CC;S(8):1+22 :2+4\/§ 48, COSZ‘;”Z[ 1+cozs(12): +(22):2_4\/§

sin? () _1-% 24 50. sin?3 1‘005(?”):1_(_22) 2+42

\f T 272' T 572’
+ z 27 Am 5w
SIII 0= :>Slnt9 2:>t9 33733

2
sin @ = cos 6':>5'“ 20 _ °°529:>tan29=1:>tan9=1139=£,3—”,5—”,7—”
cos’@  cos’o 4 47 47 4

sin260—cos@ =0= 2sin@dcosfd—cosfd =0=c (25in6’ )=0=cosf#=0o0r2sind-1=0

T 3r _x 7 5rn 3r
= co0s@ =0 orsind = —:9 7’710“9—3 Tjﬁ 578y
0520 +c0s0 =0=> 2c0s% @ —1+c0s0 = 0= 2¢0s> @ +cos O — 1—0:>(c050+1)(2cos«9—1) 0
=c0s@+1=00r2cosd-1=0=cos@ =-1orcos@ = —:49 Torel= ’3{ é’:&z 7;%”

. . sin Acos B cos Asin B
Sin(4+ B) _ sinACOSB + C0SACOSB _ os4cosB * cosdcoss _ tan A +tanB

tan(4 +B) = cos(4 + B) ~ cosAcosB —sinAsinB ~ cosdcosB _ sindsinB T 1 — tan Atan B
cos Acos B cos Acos B
tan(4— B) = sin(4 — B) _ sin Acos B — cos Acos B _ ig@iiﬂig - §3§j§g”s§ _tand—tanB
cos(4 — B) cOSACOSB +sinAsin B~ cosdcosB | sindsinB ] 4+ 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% —2abcosd

=1%+1°- 2cos(A4—B) =2 —2cos(A— B) . By distance formula, %= (cos A—cos B)2 +(sin A—sin B)2
=cos? A—2c0s Ac0s B +C0s® B +sin® A—2sin Asin B +sin® B = 2—2(cos Acos B +sin Asin B) . Thus

2= 2—2c0s(A—B) =2-2(cos Acos B +sin Asin B) = cos(4— B) = cos Acos B +sin Asin B,
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58.

59.

60.

61.

62.

63.

64.

Section 1.3 Trigonometric Functions

(@) cos(4—B)=cosAcosB+sin Asin B
sing = cos(%—&) and cos@ =sin (%—9)
Letd=4+B
sin(A+ B) = COS[%—(A+B):| = cos[(%—A)—B} = cos(%—A)cosB+sin(%—A)sinB
=sin Acos B +cos Asin B
(b) cos(A4— B)=cos AcosB-+sin Asin B
cos(A4 — (—B)) = cos A cos(—B) +sin Asin(—B)
= €0S(A + B) = c0s A cos(—B) +sin Asin(—B) = cos Acos B +sin A(—sin B) = cos A cos B —sin Asin B
Because the cosine function is even and the sine functions is odd.

¢? =a? +b% —2abcos C = 2% + 32 — 2(2)(3) cos(60°) = 4+ 9—12¢0s(60°) =13-12 (%) =7.
Thus, ¢ =/7 ~ 2.65.

¢ =a?+b% - 2abcos C = 22 + 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, thensinC = % On the other hand,
if Cis obtuse (as in the figure on the right in the text), thensinC =sin(z - C) = %. Thus, in either case,
h=>bsinC =csin B = ah =absinC = acsin B.

2 2 2 2 2 2
R be — - b . . .
By the law of cosines, cosC = ”'ZTC 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
! a“+b°—c a“+c"—b AN N 2 22 2, 2\_ah B .
_(?) [ 2ab }"{ 2ac }(Z)—(—Zabc)(Za +b%—c"+ "= b%) =5 = 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
ho_sind _sinC _sinB

bc a ¢ b
law of sines
: sind _sinB _ V/3/2 ; : 33
By the law of sines, =T e By Exercise 59 we know that ¢ = V7. Thussin B = o 0.982.
¢
From the figure at the right and the law of cosines,
b2 =a®+2% - 2(2a)cos B
:a2+4—4a(%):a2—2a+4. a b
Applying the law of sines to the figure, SinTA = s";B 1 b
™ L3
= @:@jb:@a. Thus, combining results, 8 2 A

a’ —2a+4=h = %az =0= %az + 2a—4=0=a’+ 4a—8 . From the quadratic formula and the fact that

[ 2
a>0,wehavea = AL 2_4(1)(_8) = 4J§2— 4 ~1.464.

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

(b) In degree mode, when x is near zero degrees the sine of x is much closer to zero than x itself. The curves

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

Copyright © 2016 Pearson Education, Ltd.

23



24

65.

66.

67.

68.

Chapter 1 Functions

A=2,B=2n,C=-n,D=-1

y=2sin(x+m-1

-1 p_ = =1
A—Z,B—Z,C—l,D—2

A=-2%2/B=4,C=0,D=1
Va a

A

4 ,B=L1,C=0,D=0
2z

69-72. Example CAS commands:

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

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

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

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

Mathematica:

Clear[a, b, c, d, f, X]

f[x_]:=a Sin[2n/b (x —¢)] +d

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

>t
L L a7
2 2
y= __f? sin%.!)ll
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Section 1.3 Trigonometric Functions

69. (a) The graph stretches horizontally

nmsmnnm .
Wl

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

A JWS% VAN
YN \7° AR AA ,,5\3

70. (a) The graph is shifted right C units.

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

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

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

>
)
2

Copyright © 2016 Pearson Education, Ltd.
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26 Chapter 1 Functions
14 GRAPHING WITH SOFTWARE

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

1. d 2. C.
Y ¥
oot = 23 _ a4 _ d
15 4 flivy=x" = 4x" - 4r + 16
10 20
51 g
— — + x 10+
-5 -4 -B -2 -1 1 2 3 4 5 5L
=10 1 4 2 L1 1 1 1 1 .
fx)=x"=Tx"+6x s x
5-4-3 1 I A3 5
15 1 i v
-20 :
-25 4 =1
3.d 4. b
Y ¥
F = 2% —x° =
i: : (‘} St -x 4F  fl=4)5+40-x°
15 il

. . x
-4\-2/{-5 1 2 3 \4 5 oy I 2 3 4 5
10 -r

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]1by[-4, 4]
(x}=x4-4x3+ 15 ¥ 3

F'[.n:%-%_—?_\wl

L1 11 |/| "
20 3 v 3 ;
m:\‘ ‘:

I 1 1 -4

7. [-2, 6] by [—-250, 50] 8. [-1, 5] by[-5, 30]

"; f=x"-5x"+10

. 3 4
flx)= 4x” - x
sok l 30+
1

x 20

¥
.

=
T
B

¥
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9. [-4, 4] by[-5, 5]

T T T e

— b W b L

flx)= xV9 - Jtz

1 1 17T

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

¥

y=2x-323

—- b W

T T T T

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

15. [-3, 3] by|[0, 10]

R - N - -

T 1 11111 1.1 =

Section 1.4 Graphing with Software

10. [-2,2] by[-2, 8]
8 fio= 26— 1Y)
6
e B g
12. [~4, 4] by[-8, 8]
.
T Ny I
-4
-6
B y=xBtog)

16. [-1 2] by[O,

v

1]

¥= |- x|

=3

Copyright © 2016 Pearson Education, Ltd.
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28 Chapter 1 Functions

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

X
b v- 213
6k
4k
0864\, 246810 "
4k
6
gl
19. [-4,4]by]0, 3]
¥
30t
254 f(xj=x§+f
20 X+
05t
S RREEE RS
21. [-10, 10] by [-6, 6]
Pt

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

6l 15546
) ——
l fe 4x2 — 10x
= 1 1
K l 510 *

I
-5

¥
6&
-2
-4

-6

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

¥y
.

1.0
¥ = sin 250x

0.5

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

2 fin

_5_4_3_3_1_\]/:_ :

-2 =

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

¥

Jo\

1 1 1 1 1 1 1
5 4-3-2-1 1 2

)

/d-\fl.r] =
X
2k

s L/
6
N
L e o X =3
4 fw="=5
2
I |/ i TR
1 4 5

)/—i—l_z_ 1 p :

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

¥

y=1

3cos 6
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27. [-300, 300] by [1.25, 1.25] 28. [-50, 50] by [-0.1, 0.1]

¥ ¥

_ X
y=cos |50

R BT
1.0 \ o1k ¥ _m.\mtm.]
1 1 1 L5y
L Y 50 \os 25\ 50
-300 300
05+ 11

“10}
29. [-0.25, 0.25] by[-0.3, 0.3] 30. [-0.15, 0.15] by [-0.02, 0.05]
{ )'=x+#s'm3{1x ¥
v=a2 4 icm 100k
0.2 ol T TT 0
0.1 /\ /Y.n::/\ {\ /\
—(’I.Z —()I.I 0‘1 Ul2 * —[).;5—{\‘9—4]_ S (yus \]}I 1J.I|5
+ -0¥02 -\j(
=02

31 ¥ +2x=4+ 4y—y2:> y= Ziyl—xz— 2x + 8. ; e+ D+ (y-27=9

The lower half is produced by graphing

y=2—\[—x2 -2x+8.

32. y2 ~16x% =1= y=1= V1+16x2. The upper branch
is produced by graphing y = V1+16x°2.

33. 34.

¥

» SO0 =—tan2x A

4 f x
10y fix)=3co| 5|+ 1
3+ q \2)
{ b=
2k _;_
d = 1 1 é i\{l‘ > ¢

_/
|
ol
I
LoL
LI |
f
7
-
b
L
|
[
e
Lol
TTr 1171
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30 Chapter 1 Functions

35. 36.
¥y ¥
L Six) =sin 2x + cos 3x

b

Qﬂ.‘cm =+
1 L 1

;/

M-
1) eSS
TTrrir

37. 38.
30 L ) L N 0 } } } t t
150 160 170 180 160 1970 1980 1990 2000 2010 2020
39. 40.
3007
§225* R
% L] L] L]
3 1501 I
£
[
< 757
1972 1980 1988 1996 2004 2012 6 A —
2000 2002 2004 2006 2008
41. 42.
17 600 T
oo 450 T
05T
300 T
o ® 19155 | L4 | |
1985_—+ .« 1975 1995 2015 1ot
°0 2 4 6 & 10
-05+
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Chapter 1 Practice Exercises 31

CHAPTER 1 PRACTICE EXERCISES

1.

10.

11.

12.

13.

14.

. . . 2 2
The areais 4 = 72 and the circumference is C = 27, Thus, r = % = A= ﬂ(%) = 4C7.

: 2 s V2 i 43 [ar itution i
The surface areais S =4zr° = r = (E) . The volume is V' = A== 3 e Substitution into the formula

2/3
for surface area gives S = 4rr’ =4z (i—V) .
T
The coordinates of a point on the parabola are (x, x?). The angle of inclination @ joining this point to the origin
2
satisfies the equation tan 6 = XT = x. Thus the point has coordinates (x, xz) = (tan 4, tan? ).

tan@="1% = _h_— p_500tan&m .

run ~ 500
6.
b 4 b 4
2 y=x"" 2 y=x
1 /l \/
+ + + = X + + + + x
-3 -2 =1 1 2 3 -3 -2 =1 1 2 3
/4 - -1
-2 -2
Symmetric about the origin. Symmetric about the y-axis.
8.
b 4 b 4
47 1.5
=x"-2x-1 :
y=x X 2 : y=e !
-6 -4 -2 _ \,\/ s 6 0-3
-2 q x
-3 1 -1.5 -1 -0.5 0.5 1 1.5
-4 -0.5
Neither Symmetric about the y-axis.

y(=x) = (—x)2 +1=x?+1= y(x). Even.
y(=x) = (—x)5 - (—x)3 —(-x)= xS+ x= —y(x). Odd.
y(—x) =1-cos(—x) =1-cosx = y(x). Even.

y(=x) = sec(—x) tan(—x) = M ==SINX _ _secxtan x = —y(x). Odd.
cos“(—x)  cos“x

(-x)'+1 B e S ot S (x). Odd
(—x)s— 2(—x) %+ 2x x-2x S .

y(=x) =

y(=x) = (=x) =sin(=x) = (—x) +sin x = —(x—sin x) = —y(x). Odd.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Chapter 1 Functions
y(=x) = —x+cos(—x) = —x + cos x. Neither even nor odd.
y(=x) = (=x) cos(—x) = —xcosx = —y(x). Odd.

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

@ (f-g)=x)=f(=x)g(=x)=[-f(D)][-g(x)]= f(x)g(x) =(f-g)(x) = f-giseven.

(0) f3(x) = f(=0) £ (=2) £ (=) =[=F O (=, @ ==f () £ (x)- £ (x) == (x) = % is odd.
() 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.

€ [g(=x)=]-g)|=1g(x)|= lg|iseven.

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)iseven.

(a) The function is defined for all values of x, so the domain is (—o0, ).
(b) Since|x| attains all nonnegative values, the range is [-2, ).

(a) Since the square root requires 1—x > 0, the domain is (—,1].
(b) Since v1-x attains all nonnegative values, the range is [-2, «).

(a) Since the square root requires 16—x2 >0, the domain is [-4, 4].
(b) For values of x in the domain, 0 <16 — x? <16,500< y16—x% < 4. The range is [0, 4].

(a) The function is defined for all values of x, so the domain is (—o0, ).
(b) Since 3%~ attains all positive values, the range is (1, o).

(a) The function is defined for all values of x, so the domain is (—o0, ).
(b) Since 2¢™* attains all positive values, the range is (-3, ).

(a) The function is equivalent to y = tan 2x, so we require 2x # %’f for odd integers k. The domain is given by
X # "T” for odd integers k.
(b) Since the tangent function attains all values, the range is (—oo, ).

(a) The function is defined for all values of x, so the domain is (—o0, ).
(b) The sine function attains values from -1 to 1, so —2 < 2sin (3x+ 7) < 2 and hence -3< 2sin(3x+ ) -1<1.
The range is[-3, 1].

(a) The function is defined for all values of x, so the domain is (—o0, ).
(b) The function is equivalentto y = E\-’/)T2 which attains all nonnegative values. The range is [0, ).

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

(a) The function is defined for all values of x, so the domain is (—oo, ).
(b) The cube root attains all real values, so the range is (—oo, ).
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30.

3L

32.

33.

34.

35.

36.

37.

Chapter 1 Practice Exercises 33

(@) 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.

(&) Increasing on[2, =) (b) Increasing on[-1,0)
(¢) Increasing on (-, ) (d) Increasing on [% oo)

(&) The function is defined for —4 < x < 4, so the domain is [-4, 4].
(b) The function is equivalent to y = \/m —4 < x <4, which attains values from 0 to 2 for x in the domain.
The range is [0, 2].

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

First piece: Line through (0, 1) and (1, 0). m="2 Aol y=—x+l=1-x

l_
-0 1
Second piece: Line through (1, 1) and (2, 0). m—uz_T:—lzy:—(x—l)+1:—x+2:2—x

1

) 1-x, 0<x<l1

X)=
2—x, 1<x<2

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

2
5__5 — _5(,_ -_5 =10-2x
F=-3=>y=-3(-2)+5=-3x+10=10-3F

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

0

0

0-5

4-2°

x, 0<x<2

f(x)= (Note: x = 2 can beincluded on either piece.)
10 -

N o

2<x<4

[$2]
NS

@ (el =10 =/ g |- s =41
(0) (2D =g/ =2(3)= ﬁ:; or |2

1
2
1

© (N =N =1(2)=g=x
1

=
H
o

X

]
j: 1 _ «Alx+2
\/ﬁ” Ji+2fx+2

X+

(d) (gog)(x) =g(g(x)) = g(m

@ (foe)-D=/(e(-D)=7(¥L1+1)=/(0)=2-0=2

(0) (g/)(2)= f(2(2) = g(2-2) = (0) = Y0+1=1
© (feN@=f(/()=/@2-x)=2-(@2-2)=x
@ (g08)(x) = g(g(x)) = g(¥rx+1) =141

@ (foa)w) = /() = f(Vx+2)=2-(Vx+2) =-x x> -2

(82/)00) = /() = g2—x?) = [(2-22)+2 = Va2

(b) Domain of fog: [-2, «). (c) Rangeof fog: (-, 2].
Domain of go f: [-2, 2]. Range of go f: [0, 2].
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34 Chapter 1 Functions

38. (@) (fog)w)=/f(g()=r(Vi-x)=yVi-x =¥i-x.
(22/)(x) = g(f () = g (Vx ) =V1-+x

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

AN ]

> X
—4 N1 1 2 -4NC3

40. _
i
V '_,r‘,L et
ERE I Rl
=3
41. _ 42. _
y= x|
=X _i | i X
The graph of £, (x) = £; (|x|) is the same as the It does not change the graph.

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
v = f1(x), x 20 across the y-axis.
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43.

45,

47.

49,

y= 133

ol —

Whenever g; (x) is positive, the graph of y =
g2 (x) =gy (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 = g4 (x)
across the x-axis.

x

-2

2

y=4.-x
Whenever g (x) is positive, the graph of

¥y =go(x) =gy (x)| is the same as graph of

v =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.

]
3

B
al

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

@ y=g(x-3)+3
(© y=g(-x)
(e) y=5g(x)

44,

46.

48.

Chapter 1 Practice Exercises 35

2, .0
y=lxT+xl

-
y=xT+x

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

go(x) =|gq(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.

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

_\-=xin|.\'|

.
. ‘.
"
\
.

v=sinx

| o

The graph of f,(x) = f(]x]) is the same as the
graph of f;(x) to the right of the y-axis. The graph
of f>(x) to the left of the y-axis is the reflection of
v = f1(x), x 20 across the y-axis.

(b) y=g(x+%)-2
(d) y=-g()
(f) y=g(x)
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50.

51.

52.

53.

54,

Chapter 1 Functions

(a) Shift the graph of fright 5 units

(b) Horizontally compress the graph of f by a factor of 4

(c) Horizontally compress the graph of fby a factor of 3 and then reflect the graph about the y-axis
(d) Horizontally compress the graph of /by a factor of 2 and then shift the graph Ieft% 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 = lz by a
X
factor of 2, then shift the graph up 1 unit.

Reflect the graph of y = xY3about the y-axis, then
compress the graph horizontally by a factor of 5.
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55. )
I‘ y=cos 2x
2 2
-1
period = 7
57. _
1 ¥ = sin mx /\
\\/f |
-1
period = 2
59.

-2

period = 27

61. (a) sinB=sinZ=2-2=p-2sinZ=2

3 ¢ 2

a2+b2202:>a:\[cz—b2 =4-

Chapter 1 Practice Exercises

56. )
period = 4rx
58.
period = 4
60.

L > X

4 4
> y=1+ .\'in[.\' +E|

period = 27

~a

3 ) =+/3. By the theorem of Pythagoras,

2
. I [2 2 / 2 _ |
(b) SInB=SIn§=%:%:>c:ﬁ=(—23)=%.ﬂ'lu5,a= C —b = (%) _(2) = %:%
2

62. (a) sinA=%:>a=csinA

b
tan B

63. (a) tanBzgza:

64. (@) sin4 :%

(b) tanA=%:>a=btanA

(b) sinA:%:c: :

2 2
(b) sing=2=Y""

c
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65.

66.

67.

68.

Chapter 1 Functions

Let / = height of vertical pole, and let 5 and ¢ denote T
the distances of points B and C from the base of the

pole, measured along the flat ground, respectively.

Then, tan50° =2, tan35° = £, and b ¢ =10,

Thus, & = ctan50°and / = btan 35° = (¢ +10) tan 35° h

= ctan50° = (¢ +10) tan 35°

= c¢(tan 50° — tan 35°) = 10tan 35° . 35° ¢/ 50°

= c=—10@n3" = ctan50° =10 —sfe—— c —
tan50° — tan 35° [ b —=

_ 10tan35°tan50°
~ tan50°— tan 35° ~16.98 m.

Let / = height of balloon above ground. From the balloon
figure at the right, tan 40° = % tan 70° = %, and
a+b=2.Thus, h=btan70° = h=(2—a) tan 70°
and 2 =a tan 40° = (2 — a)tan 70° = g tan 40°
= a(tan 40° + tan 70°) = 2tan 70°

_ 2tan70° _ o
= 4= G@na0c+ tan70° h=atan40
_ 2tan70°tan40° _
~ tan40°+ tan 70° 1.3 km.

@

Y

N N,
N B U

)”'5‘11!44:05-%

(b) The period appears to be 4.
©) f(x+4r)=sin(x+4r) +cos(x i
since the period of sine and cosine is 27z. Thus, f(x) has period 47.

) =sin(x+2x) +cos(%+ 27r) =sin x+cos§

@

(0) D =(~0,0)U(0, )R =[-1,1]

(c) fis not periodic. For suppose f has period p. Then f(é+kp) = f(i) =sin 2z =0 for all integers k.

< 7. But then f(i+kp) = sin(

1 1 1
Choose £ so large that -+ kp>==0< m) >

1
' V(@27)) + kp
which is a contradiction. Thus f has no period, as claimed.
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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(/ ().

2. Yes, there are many such function pairs. For example, if g(x) = (2x+3)3 and f(x) = xﬂ3, then
(foR)(x) = f(g(x) = £((2x+3°) = ((2x+3)*)° = 2x+3.

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

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

5. For (x, y) in the 1st quadrant, |x| +|y| = L+ x ; el s Iyl =128
& x+y=1+x< y=1 For (x, y) in the 2nd ! -
quadrant, |x|+ |y|=x+1l< —x+y=x+1
< y =2x+1. Inthe 3rd quadrant, | x|+] y| = x+1 ] x
< —x—y=x+1< y=-2x-1 Inthe 4th _5\
quadrant, |x|+|y|=x+1< x+(-y) =x+1 -1
< y =-1. The graph is given at the right.

6. We use reasoning similar to Exercise 5. y
(1) 1stquadrant: y+ |y| = x+|x| |

S2y=2xS y==x - .
(2) 2nd quadrant: y+|y| = x+|x| i '
< 2y=x+(—x)=0& y=0. i
(3) 3rd quadrant: y +|y|=x+|x| e
Sy+(=y)=x+(—x)=0=0 -
= all points in the 3rd quadrant e 1yl =t
satisfy the equation. i
(4) 4thquadrant: y+ |y| = x +| x| ]
< y+(-y) =2x < 0= x. Combining
these results we have the graph given at the right:
P02 .

7. (@) sin®x+cos?x=1= sin?x=1-cos?x = (1-cosx) (1+cosx) = (L-cosx) = e ! e e

(b) Using the definition of the tangent function and the double angle formulas, we have
oy 1- cos(2(2
AR
2 cosz(g) 1+cos(2(§)) 1+ cosx
2
8. The angles labeled y in the accompanying figure are

equal since both angles subtend arc CD. Similarly, the
two angles labeled o are equal since they both subtend

arc AB. Thus, triangles AED and BEC are similar which
implies “—< = —Za‘;osfc_ b

= (a—c)(a+c)=b(2acos0-b)

= a® - ¢® = 2ab cos 6 - b?

=%~ a®+b%—2abcos .
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10.

11.

12.

13.

14,

Chapter 1 Functions

As in the proof of the law of sines of Section 1.3, Exercise 61, ah = bc sin A=ab sinC = acsin B
= the area of ABC = (base)(height) = 3.ah = Zbc sin 4 =2ab sinC = Zac sin B.

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

2. .2 2
= %azbz(l—cos2 C) . By the law of cosines, c¢? = a? + b> — 2abcos C = cos C = % Thus,
2,2 2\? 2 .2 2\2
(area of ABC)? =1a?h?(1-cos® C) = 1a°p? [1—(—“ ulahl ] ]: B (1——(" Zfzb;c ) J

:%(44121)2 (a4 b 02)2)2 L((2ab+ (a®+b° - 2)) (2ab—(a® + b? ~ )]

=L [((a+b)* = c?)(c*~ (a=b)*)] = £ [(a+b) +c)(a+b)~c)(c+(a—b))(c—(a-b))]
=|:(a +[27+ c)(fa +2b +c)(a 7127+ c)(a +[2’76)}=s(s—a)(s—b)(s—c), where s = a +127+ c.
Therefore, the area of ABC equals \/S(s—a)(s—b)(s—c).

If fis even and odd, then f(-x) =—7f(x) and f(—x) = f(x) = f(x) =—f(x) for all x in the domain of f.
Thus2f (x)=0= f(x)=0.

(a) Assuggested, let £(x) = L&/ +2f &) p(-x) = L& +2f CC) _ /() +2f &Y _ E(x) = E isan even

J(=x) = f(=(=x))
2

function. Define O(x) = /(x) ~ E(x) = f (x) - LD - SO 2D 1hen o(—x) =

= f(_x)z_ S _ —(f(x) _2/'(_’6)) =-0(x) = O isan odd function = f(x) = E(x)+O(x) is the sum of an even

and an odd function.

(b) Part (a) shows that f'(x) = E(x) + O(x) is the sum of an even and an odd function. If also
f(x) = E{(x)+ Oy (x), where E; is even and O, is odd, then f(x)— f(x)=0
=(E1(x)+ O (x)) - (E(x)+ O(x)) . Thus, E(x) — E; (x) = Oy (x) — O(x) for all x in the domain of /'(which is
the same as the domain of £ — E; and O — Oy). Now (E — E;)(—x) = E(—x) — E{(—x) = E(x) — E{(x) (since E
and E; are even) = (E — E;)(x) = E - E; is even. Likewise, (O —O)(—x) = O;(—x) - O(—x)
=-0;(x) - (—O(x)) (since O and O, are odd) = —(0; (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 f by
Exercise 11. That is, £y = E and O; = O, so the decomposition of /found in part (a) is unique.

- ax? _Zgi_i_(i)z_i
y=ax +bx+c-a(x +ax+4a2) i, te=alx+4- i, tc

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

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

(@) 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 xy decreases in magnitude and the graph rises or falls more gradually.

(b) Increasing b shifts the graph to the left; decreasing 4 shifts it to the right.

(c) Increasing c shifts the graph upward; decreasing c shifts it downward.
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16.

17.

18.
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Each of the triangles pictured has the same base
b =vAt =v(ls). Moreover, the height of each

triangle is the same value 4. Thus % (base)(height)
=$bh =4 = 4y = 45 =... . In conclusion, ] N
the object sweeps out equal areas in each one iy
second interval.

Kilometers

Kilomcters

a+0 b+0
2 2

(a) Using the midpoint formula, the coordinates of P are ( ) = (% %) Thus the slope

Ap_A _bl2 _b
OfOP—E—E—;.O
(b) ThesIopeofAB:g_ =

NS

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

perpendicular to OP when a = b.

From the figure we see that0 < @ < % and AB = AD =1. From trigonometry we have the following:
ing=L8 — —AE _ - CD _ — EB _ sing .

sing = 5 = EB, cosf = yike AE, tan @ = ~p = CD, and tan @ = = COSQ.We can see that:

area AAEB < area sector DB < area AADC = £ (AE)(EB) < %(AD)Z 0 < £(4D) (CD)

1 i 1 (1\2 1 1 i 1 1siné@
:>§S|n9c056'<§(1) 6’<§(1)(tan¢9):>Esm¢9c059<5¢9<5m

(fog)(x)=f(g(x))=alex+d)+b=acx+ad+b and (gof)(x)=g(f(x))=c(ax+b)+d =acx+cb+d
Thus (fog)(x) =(gof)(x) = acx+ad +b=acx+bc+d = ad +b =bc +d. Note that f(d) =ad +b and
g(b) =cb+d, thus (fog)(x) = (gof)(x) if f(d)=g(b).
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. The line segments AB and OP are perpendicular when the product of their






