CHAPTER 1 Graphs and Functions

1.1 Assess Your Understanding (page 6)
5, abSCissa; ordinate 6. quadrants 7. midpoint 8. F 9. F 10. T

11. (A8) Quadrant IT (d) Quadrant I 13. The points will be on a vertical line that . 15. V5
(B) x-axis (e) y-axis is 2 units to the right of the y-axis.
(€) Quadrant ITI (f Quadrant IV 17. V10
) ) 19. 217
6y D_S6'5) i (2,4 21. /85
A=(3,2 [l 2,1) 2
Y S X [ e % V8
_(‘.,'”'_“"'%' _5,.,.._. R, 25. V689 ~ 262
c=(2-2. [ C (@1 _
E=(0,-3)% . _ 2
(0, ): Fe(t) ) 27. Va® + p
-6 S|
29. d(4,B) = V13 31. d(A,B) = V130 33. d(A,B) =14
d(B,C) = V13 d(B,C) = V26 d(B,C) = V41
d(4,C) = V26 d(A,C) = 2V26 d(A,C) =5
(Vi3 + (V13)2 = (V26 )2 (V26)2 + (2V26)* = (V130)2 £+ 52 = (VALY
Area = lz?i square units Area = 26 square units Area = 10 square units
Y YA Y
A=(2,5)0 5 6 C=(5,5) sk
:>B=(1’3) A=(=5,3) L c-@a2)
b Wad ¢ IR |<|||| |||||:l|| L X
-5 B 5 -6 -5 | 5
N B =(0,-3) ¢
N L 4=(4,-3)
5t -5\

ab

35. (4,0) 37. @ 1) 39. (5,-1) 4L (1.05,0.7) 43. (2.2) 45. (2,2);(2,-4) 47. (0,0);(8,0) 49. (1,2) 51 V17;2V5;V29

53, (55) 55. d(Py, P,) = 6,d(P;, Py) = 4,d(Py, P;) = 2\/13; right triangle  57. d(P;, By) = 2\V/17;d(Py, Py) = \V/34;d(R, B;) = \V/34;

isosceles right triangle 59. 90V/2 ~ 12728 ft 61 (a) (90,0), (90,90),(0,90) (b) 52161 ~ 23243 ft (¢) 30\/149 ~ 366.20 ft
63. d =50¢rmi 65. (a) (2.65,1.6) (b) Approximately 1.285 units

1.2 Assess Your Understanding (page 19)
3. intercepts 4. y-axis 5. (-3,4) 6. T 7.F 8. radius 9. T 10. F 11 (0,0) is on the graph. 13. (0, 3) is on the graph.
18, (0,2) and (\/E, \/5) are on the graph.

17. (-2, 0),(0,2) 19. (—4,0), (0, 8) 21. (—1,0), (1,0), (0, -1) 23. (-2,0),(2,0),(0,4)
¥)
21(0,4)
« y=-xt +7‘:\
{20/, F &Y,
-3 - 5
sk

AN1
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25. (3,0),(0,2) 27. (~2,0), (2,0), (0,9) 29, 3L
X y y
10£0,9) ®)=Gﬁf)5: @f) 5¢=
Lo - -2,0f B =@, 1
Iql’l Ly X I U T O U O . _L_I_I_T_t___l_T_l__l__L___&
—10 - 10 -5 | ‘5 e - o 5
K | ox?+4y=136 - @) = (-2, -1 ©)=@2, -y
—sf - ©=(3-9-sf@=e-o °  -5f
33. 35. 37.
st @W=¢39 3} ©=c9 5
©=(-52 |@=G62) - (2)=(0,3)
. - . - © = (0,3)
(R I I R Cec g R TR AR T 0 Y P .
s m 5 s i 5 s 5
' . - . - 0, -3)
®)=(=5-2) | -2 e L o (b) = (0, —3)
-5t (-3,-4) =S| (b) = (3, -4) -5

39. (a) (-1,0), (1,0)

(b) Symmetric with respect to the x-axis,
the y-axis, and the origin
45. (a) (-2,0),(0,0),(2,0)

(b) Symmetric with respect to the origin

51.

v
|1‘1|I_|1f||5
s B 5
(2, -5) =5k $(2,-5)
(0.-9)

55. (—4,0), (0, —2), (0, 2); symmetric with respect to the x-axis  57. (0,0); symmetric with respect to the origin  59. (0, 9), (3, 0), (=3, 0); symmetric
with respect to the y-axis 61 (—2, 0), (2,0), (0, —3), (0, 3); symmetric with respect to the x-axis, y-axis, and origin  63. (0, —27), (3, 0); no symmetry
65. (0, —4), (4,0), (—1,0); no symmetry 67. (0,0);symmetric with respect to the origin  69. (0,0); symmetric with respect to the origin

41. (a) (—%,0), (0,1), <§,0>

(b) Symmetric with respect to the y-axis

47. (a) (—1,0),(0,-1),(1,0)

(b) Symmetric with respect to the y-axis

53. ¥

(2

X
(m,0)

71.

83.

JS'J 73. Y4 75. b =13
S “s) 7. a=—4ora=1
e 8 Tl 79. Center (2,1);radius =2; (x — 2) + (y — 1) =4
Ll x I 5 .3 5\?2 s b2
—5 £5(0,0) 5 -5 (0,0 5 81. Center (E’Z)Jadlusf’ (x - 5) +(y—-2)y= 4
L7 b :
Ysf sF
2+ g =4 85 x2 + (y —2)2 = 4 87. (x — 4% + (y + 3)2 =25 89. (x +2)2+ (y— 1)* = 16;
2+yP—4=0 2+yt—dy=0 +y?-8x+6y=0 Ay +dx—-2y-11=0
by
y Yi 8:
sp st i
(0,0) (0’2)€Z>
1||K_| Ll X LN (—2',1)
- \\:/ i = L T IR L X
L -8 k/;/ 4
JF 5| a

43. (a) (0,0)

(b) Symmetric with respect to the x-axis

49, (a) No intercepts
(b) Symmetric with respect to the origin
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1\2 1
91, (x — 5) + yt= i 93. (a) (b, k) = (0,0);r =2 95 (a) (b k)= (3,0)r=2 97. (@) (hk) = (1,2);r =3
2t Py = (b) y ® (b) ¥
5t . >
7 i
2= - (0,0

i o OB iy 4]

-5 [ 5 -2

-5

|
I

L (5.9) sk -5

2 (©) (£2,0); (0, +2) © (1,0);(5,0) © (1£V5,0);(0,2 + 2V2)

-5

99. (a) (#.k) = (=2,2);r =3 101, (a) (h, k) = (% —1>;r =2 103 (@) (hk)=(3,-2;r=5 105 (a) (h k) = (=2,0);r = 2

(b) v () ®) ®)

% Y,
Elp 5
i 2/ m’.‘ 5 -2,0)

LN L ey X

N =

TrTTTT

b
T
W

21 7
© (-2 £ V5,0)(0,2  V5) © (0,-1) © (3+V21,0)5(0,-6),(0,2) (9 (0,0),(—4,0)

107 %+ ¥ =13 109 (x —2)*+ (y~3)?=9 1ML (x+ 1)+ (y—37=5 W3 (x+ 12+ (y—3)2 =1 115 (-1,-2) 117. 4

119. 18 unit? 121 x* + (y — 139)> = 15,625 123. x% + y2 + 2x + 4y — 4168.16 = 0 129, (b), (), (e), (g)

1.3 Assess Your Understanding (page 35)

5. independent;dependent 6. range 7.F 8. T 9 F 10. F 1L vertical 12.5;-3 13.¢a=-2 4. F 15.F 16. T
17. Function, Domain: {Elvis, Colleen, Kaleigh, Marissa}, Range: {January 8, March 15, September 17} 19. Not a function 21. Not a function
23. Function; Domain: {1,2, 3, 4}; Range: {3} 25. Not a function 27. Function; Domain: {~2, —1, 0, 1}, Range: {0,1,4} 29. Function
31. Function 33. Not a function 35. Not a function 37. Function 39. Nota function 41. @ -4 ()1 (¢) 3 @3x*—2x—4
(€ 3x2—2x+4 (3% +8x+1 (g 12 +4x —4 (h) 3x% + 6xh + 3h2 + 2x + 2% — 4
1 1 —X —x x+1 2x X+ h

43. (a) 0 = (© - h) ————

Qen®; © 5 ()x2+1 2 ¥ +1 ® X+ 2% + 2 ® 4x? + 1 L x b 2ah + B
5. @4 05 ©S5 @ Ix[+4 (€ —lxl -4 ®x+1+4 (@2l +4 () |x+hn +4
1 3 1 2x -1 —Pe =1 2x + 3 4x + 1 2x +2h + 1
W O O W35 O55 05,3 Og—s Oanrm—s
51. Allrealnumbers 53. {x|x # —4,x # 4} 55 {x|x #0} 57 {x|x=4} 59. {x|x>9} 6L 4 63. 2x+h—1 65 6x+3h—2

67. 3x% + 3xh + K 69. (a) f(0) =3;f(—6) = =3 (b) f(6) = 0;f(11) =1 (c) Positive (d) Negative (e) —3,6,and 10
) 3<x<60<x=11 (@ {xl-6=sx=<11} @) {yl-3=y=4} @ 3,610 ()3 & 3times @) Once (m) 0,4 (u) —5,8

49. All real numbers

w

71. Nota function 73. Function (a) Domain: {x|-7 =< x =< w}; Range: {y|-1=y =1} (@) (—£,0>, (2

2
75. Not a function 77. Function (a) Domain: {x|x > 0}; Range: all real numbers (b) (1,0) (c) None

79. Function (a) Domain: all real numbers; Range: {yly = 2} (b) (-3,0),(3,0),(0,2) (c) y-axis 81. Function (a) Domain:all real numbers;

,0), (0,1) (c) y-axis

Range: {yly = -3} (b) (1,0),(3,0),(0,9) (c) None 83. (a) Yes (b) f(=2)=9(-2,9) (¢ 0,%; (0, -1), (%, —1) (d) All real numbers

.

(e) —%,1 ® -1 85 () No () f(4) =~3(4,-3) (o) 14,(14,2) @ {xlx =6} (@& -2 ® —% 87. (a) Yes () f(2) = %; (2, %)

7 X
(© -1,1;(-1,1),(1,1) (d) Allrealnumbers (¢) 0 (D O 89. A = -3 9. A= -4 93, A =8 undefinedatx =3 95, A(x) = %xz

97. G(x) =10x 99. (a) P is the dependent varia‘ble; ais the independent variable. (b) P(20) = 197.34 million; In 2005, there are 197.34 million

people 20 years of age or older. () P(0) = 290.580 million; In 2005, there are 290.580 million people. 101. (a) 15.1m,14.071m, 12.944 m,11.719 m
(b) 1.01 sec,1.43sec,1.75sec (¢) 2.02sec 103, (a) $222 (b) $225 (c) $220 (d) $230
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105. (a) Approximately 10.4 ft high (b) Approximately 9.9 ft high
© 4

15

(8,10.4)

10 (15,8.4)

FT T T TET

(20,3.6)

N 0 T I S
0 5 10 15 20 25

(d) The ball will not go through the hoop; k(15) = 8.4 ft.
If v = 30 ft/sec, A(15) = 10 ft.

107. Only h(x) = 2x 109. The x-intercepts can number anywhere from 0 to infinitely many. There is at most one y-intercept.
UL @O ) IV I @V ()1
113. 115. (a) 2 hr elapsed during which Kevin was between 0 and 3 mi from home.
. (22,5) (b) 0.5 hr elapsed during which Kevin was 3 mi from home.
(c) 0.3 hr clapscd during which Kevin was between 0 and 3 mi from home.
(d) 0.2 hr elapsed during which Kevin was 0 mi from home.
(e) 0.9 hr elapsed during which Kevin was between 0 and 2.8 mi from home.
(f) 0.3 hr elapsed during which Kevin was 2.8 mi from home.
(@ 1.1hr elapsed during which Kevin was between 0 and 2.8 mi from home.
(20,0) (h) 3mi (i) 2 times

L I VT M W . ; : : :
©60) 10 20 0 " 117. No points whose x-coordinate is 5 or whose y-coordinate is 0 can be on the graph.

Time (in minutes)

(5.2)
A

Distance (in blocks)
NOWw A
]

1.4 Assess Your Understanding (page 47)

4. increasing 5. evenjodd 6. T 7. T 8 F 9. Yes 1L No 13. (-8,—-2);(0,2); (5, ) 15. Yes;10 17. —2,2;6,10
19. (a) (—2,0),(0,3),(2,0) (b) Domain: {x|—4 = x = 4} or [-4, 4]; Range: {ylo = y =3}or[0,3]
(©) Increasing on (—2,0) and (2,4); Decreasing on (—4, —2) and (0,2) (d) Even
21. (a) (0,1) (b) Domain: all real numbers; Range: { yly > 0} or (0, 0) (c) Increasing on (—o0, o) (d) Neither
23. (a) (—,0), (0,0), (m,0) (b) Domain: {x|-m = x = 7} or [, n]; Range: {y|-1 = y = 1} or[-1,1]

(¢) Increasing on _E,E ; Decreasing on | —r, s and z,'ﬂ (d) Odd
X £ 2 2

1 1
25. (a) (0, 5), <§,0), (%,0) (b) Domain: {x|—3 = x = 3} or [-3, 3]; Range: {yl-1=y=2}or[-1,2]

(c) Increasing on (2,3); Decreasing on (-1, 1); Constant on (=3,—1)and (1,2) (d) Neither 27. (a) 0;3 (b) —2, 2;0,0
29, (a) %;1 (b) —%; ~1 31.Odd 33. Even 35. Odd 37. Neither 39. Even 41. Odd

43, 49,
-2
Increasing: (-2, —1), (1,2) Increasing: (-2, =0.77), (0.77,2)  Increasing: (—3.77,1.77) Increasing: (—1.87,0), (0.97,2)
Decreasing: (—1,1) Decreasing: (—0.77,0.77) Decreasing: (—6, —3.77), (1.77,4)  Decreasing: (—3, —1.87), (0, 0.97)
Local maximum: (=1, 4) Local maximum: (—0.77, 0.19) Local maximum: (1.77, —1.91) Local maximum: (0, 3)
Local minimum: (1,0) Local minimum: (0.77, —0.19) Local minimum: (—3.77, —18.89) Local minima: (—1.87, 0.95), (0.97,2.65)
5L (a) —4 (b)) -8 () —10 53. (@) 17 (b) ~1 (@ 11" 55. @5 () y=5x—-2 5. () -1 B y=-x 5. @4 () y=4x—38

61. (a) V(x) = x(24 — 2x)* 63. (8 110 65. (a) 2500
®) 972in? (c) 160in. e e 7
(d) Vislargest when x = 4.

o5 ol 40
0 0
| (b) 2.5 sec (b) 10 riding lawn mowers/hr
1 (¢) 106 ft _ (©) $239/mower

69. At mostone 71. Yes;the function f(x) = 0 is both even and odd.

T
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- 1.5 Pssess Your Understanding (page 55)
. 1 pieceVise-defined 22T 3.F 4 F 5 C 7.E 9. B 1L F

13. y 15, Vi 19,
10 10
B (2,8)
T O ST
[ (0,0) 10 —4 (0,0) 4
N (~2, -8) B
. _10 b

2@ 4 B2 ()5 23.(a) 4 () 2 (0 (@ 25

25, (a) All real numbers

27. (a) All real numbers

29. (a) {x|x = —2};[-2, o)

®) (0.1) () (0,3) (®) (0,3),(2,0)
©) y © y ©
31 5 5p-ell.5)
: /4,2 0.8 A1, 4)
©0,1)4. ' 2,1/ F
g [ L1 | x |||/_?Q'1|)1r5
=g 3 -5 —5 - 5
-L-2f L N
31 -5 -5t

@ {yly # 0}; (—0,0) U (0, o)
31. (a) Allreal numbers
®) (-1,0),(0,0)

@ {yly = 1}[1, o) @ {yly <4,y =5} (-00,4) U {5}
33. (a) {xlx = —2,x # 0};[-2,0) U (0, 0)

(b) No intercepts

(© ¥ _ © ¥
2 3
(0’ 1) (—21 2)
(=1,0)
— 1,1
e 1,1
L | 1 L g
_2 2 .
(d) All real numbers @ {yly > 0}; (0, =)
~x if-1=x=0 ) = ifx=0 : .
35, f(x) = {% x f0<x=2 (Other answers are possible.) 3. f(x) = {—x +2 f0<x=2 (Other answers are possible.)
39. (@) $35 (b) $61 () $35.40
41 (a) $67.43 @) c
(b) $477.04' - (100,112.94)
_ [115955x + 945 if0 = x = 50 o 100F
) &= {0.91025x +21915 ifx > 50 gk
05
, g S sof (50,67.43)
o [=] ~
s n
(0’9'45)'|lli|r|||:3‘
50 100

Gas Usage (therms)

43, Bach graph is that of y = x?, but shifted vertically. If y = x* + k, k > 0, the shift is up k units;if y = x* — k, k > 0, the shift is down k units.

45, Each graph is that of y = |x|, but either compressed or stretched. If y = k|x| and k > 1, the graph is stretched vertically;if y = k|x|,0 < k < 1, the
graph is compressed vertically. 47. The graph of y = f(—x) is the reflection about the y-axis of the graph of y = f(x). 49. They are all U-shaped
and open upward. All three go through the points (1, 1), (0,0) and (1,1). As the exponent increases, the steepness of the curve increases (except near x = 0).
S1. yis afunction. Domain: all rgal numbers; (~co, c0); range: {yly = 0 or y = 1}; y-intercept: (0, 1); x—intercepts: {(x, 0) x is an irrational number).
The function is even.

"

1.6 Assess Your Understanding (page 67)
L horizontalright 2.y 3. -5;-%2 4T 5F 6T 7.B 9. H 1LT 23.L 15 F 17.G 19. y=(x—4)® 2L y=x3 + 4
Boy=-x> 8. y=4x 27. Q)y=Va+2@Q)y= —(\/J_r+~2);(3)y= —(\/—x+2)
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M ()y=-Vi@y=-Vi+2@)y=-Vx+3+2 3L () 33 ()

51

¥
\ st
L3y
©,2)y (1,1
T i') (I |)| LX
=3 L 5
~SE
59. y
5
AR AL Y .

63. (a) F(x)=f(x)+3

B S

© 0 = 3£()
7

5

0

(0,1)
Ll et

8

T

|
wn
R =
>
cz)
=
-

(—4,-1)

&
I A

53.

61,

55.

T O A Y % &
(—_52, -1\ ,(U' -1)
-1,-3 =

(b) G(x) = f(x +2)

(-2,2)

I S O 7l I

Y}
5—

0.2
\(zr U-)x

=i

(_6’ —2)

-5

3

LB

® g(x) = f(—x)

¥
5

T I T

(-2,2)

LA ]

=
&

=5(—4,0)

i
=TT T -t

39.

47.

¥,
5—
- (6,2
- G.1) i
T T e T I
2 L0 BN
—5§—

o 3

T 1T 110 %

(6.3)

—
W
b3

—

2.1)

A VO O 3
&

-2

T

(©) P(x) = —f(x)

¥4
5.-:
-42
LN e '|(4102' R
=51 NF O 5
(01 _2) I (2‘ _2)
—5

49.

57.

Y
o}
(8.2) (4 o
.|u111 L
-10. e 1l
0, -1) (8, 72)
-10F
Y4
5_
ST T ETIE
-3 i 5
(_1'_1} >
0. -2)-
_SF
@ H(x)=f(x+1)—-2
Y
3
L0 O
=5 5 < 3
- Y6.-2)
['._ﬁl _4) '—S:
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65. @) flx) = f(x) +3 ® G(x) = f(x +2) © P(x) = —f(x) @ H(x) = f(x +1) = 2
’ (%’4) 21 ¥ "
(—41'.3) i (7_2’ 1) " (_.%,1) 21 1l
(m,3) (- —2,00,0 2,0) (72,0 N
[‘1'“:'7’) [ =27\ -7 T 2w ; | L
5 B S :
A 1 X (—5—2. —1) B
N -% 1% . —2}~ (g,_l)

.; ¥ Yi
B 2+ 2t
(2.9 (39 (5.1
&.&
" -7 | % ). _,Iir \%-/1’ =3 _-:T _1; 1% fn_'-'-t
LI | B g
( t1 2] 5l (”5"—1) (3 l:]z

_2_ —_

67. (@) —Tand1l (b) —3and5 (¢) —5and3 (d) —-3and5 69. (a) (—3,3) () (4,10) (¢) Decreasingon (—1,5) (d) Decreasing on (-5, 1)
71. (a) (b)

Yi b
2+ 2+
(-2,)(-,1 | L1 -11 (1,1)
¢ AV
-2 ; =2 2
2 -2
73. (8) 72°F;65°F (c) The time at which the temperature adjusts between the daytime
(b) The temperature decreases by 2° to 70°F during the day and overnight settings is moved to 1 hr sooner. It begins
and 63°F overnight. warming up at 5:00 AM instead of 6:00 AM,
T and it begins cooling down at 8:00 PM instead of 9:00 PM.
801 1)
B 8o+
Tor 5
B 761~
g I 7
s 68 E -
&, I~ s 681
B 6ib § L
Q
& g e4F
60 & o
- él-
56 t =
Tttt 56
0 4 8 12 16 20 24 28 TR TR LT
Time (hours after midnight) 0 4 8 12 16 20 24 28

Time (hours after midnight)

®) 9 @

A
9 LI | 1S
ek, Jd 0
R TR
2 e

. 1
77. The graph of y = 4f(x) is a vertical stretch by a factor of 4. The graph of y = f(4x) is a horizontal compression by a factor of T

-
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1.7 Assess Your Understanding (page 80)

L. one-to-one 2,y =x 3.[4,0) 4. F 5. one-to-one 7. Notone-to-one 9. Notone-to-one 11. one-to-one 13. one-to-one

LS. Not one-to-one 17. one-to-one

19. Annual
Rainfall Location
460.00 » Mt Waialeale, Hawaii
202.01 s Monrovia, Liberia
196.46 —| Pago Pago, American Samoa
191.02 Moulmein, Burma
182.87 |—— Lae, Papua New Guinea

Domain: {460.00, 202.01, 196.46, 191.02, 182.87}
Range: {Mt Waialeale, Monrovia, Pago Pago, Moulmein, Lae}
23. {(5,—3), (9, -2), (2, —1), (11,0), (—5,1)}

Domain: {5, 9,2, 11, -5}
Range;, {—3, -2, —1,0,1}

7. 50 = (50— ) = 3 - 4]+ 4
=(x-4)+4=x

B(F(x)) = g(3x + 4) = 2[(3x + 4) - 4] = 3(3x) = x

3. flg(x) = F(Vx+8)=(Va+8P-8=(x+8) -8=ux
g(f(x)) = g(x* —8) = V[ —8) + 8=V’ = x

4y — 3
4x — 3 _2(2—;)+3
3s. f(g(x)):f 72— x - 4x — 3
—= 4
2—x
2(4x —3) +3(2—x) 5%

4x—3+42-x) 5

4(2x+3)_3
2x + 3\ _ x + 4
x+4>_ 2x +3
T x+4
4(2x +3) —3(x +4) 5y
“2x+4)-(2x+3) 5
39, .

870 = o

i o -
oy (112) //y x
1 /7
g
7/
. CA I
=74 4 2
s
(-1, -1 |
P
7/ -2F
’

3. f(x) = %x

£ = £(x) =3(35) = =
FUF) = 730 = 36x) = x

Domain f = range f~! = all real numbers
Range f = domain f~! = all real numbers

flx) =3x

y=x

21.

25.

29.

33.

37.

41.

45.

47.

Monthly Cost of
Life Insurance Age
$7.09 > 30
$8.40 40
$11.29 > 45

Domain: {$7.09, $8.40, $11.29}
Range: {30, 40, 45}

{(1,-2), (2, -3),(0,-10), (9, 1), (4,2)}
Domain: {1,2,0,9, 4}
Range: {-2,-3,-10,1,2}
f(g(x))=f(§+2)=4[£+2]—8=(x+8)—s=x
4x — 8
4

8(f(x)) = g(4x — 8) = +2=(x—-2)+2=x

Flg(x) = f(l> = ) = g(—1-> = _

N
N

<

<

I

W

55

0| =

=5

f(f‘l(x))=f<§—%)=4(§—%>+2=(x—2)+2=x
1

4x + 2 1 1
—1 =71 = i = —j-Z=
) = i+ = EEE L (e D) - -
Domain f = range ™ = all real numbers

Range f = domain f~! = all real numbers
fx)=4x+2
p y




47, (X = V1
FE) = f(Va+1) = (Va+1)P -1=2x
AU =@ -1) = V(P -1) +1=x
Doptiin f = range ! = all real numbers

Ran gt f = domain f~ = all real numbers

y //y=x

A1
hi—-/!/"] 5
’ :f(x)=x3—1

X

g

51 f(x) =%
s = 1(2) =

X

e = r(2) = A=

X

Domain f = range f~! = all real numbers except 0

Range f = domain f~! = all real numbers except 0

y //y=x

rd
v

() =f1x) =2

ST T ]

(I
B 5
L s
s, fi(n) =222
o 2—3x 2
s = 1(25 )—3+2_3x
X
w+2-3x 9
2
2-3
3
e = (52) - (2 )
3+x
_2(3+x)“3‘2_2x_
= B o

Domain f = all real numbers except —3

Range f = domain f~! = all real numbers except 0

ANSWERS Section1.7 AN9

49, f_l(x) =Vx—-4,x=4

FEE) =f(Ve—4)=(Vx—4aP+4=x
) =+ =V - 4=V =xx =0
Domain f = range f* = {x|x = 0} or [0, )

Range f = domain f' = {x|x = 4} or [4, 00)

Wy f(x)=x2+4, //y=x
x=0 ’

7
L i =74
7

:// /
N 2 T < O O
=21 8

s522

i - 22
= _of2x 1Y 1 _ x _
f(fl(x))_f< x )_2x+1_2_(2x+1)—2x_x
X
1
2 +1
= 2+ (x -2
o = (=55 - G f) Sy,
x—2

Domain f = tange £~ = all real numbers except 2

Range f = domain f~! = all real numbers except 0

i) = =2
—2x
3
s = 1(725) - ﬁ;; )
— +2
3(—2x) —6x

x+2(x—3)" —¢ *

3x ) _ dz(xa-;z}

x+2

o = .
a2 7

=2(3x)
T 3x — 3(x + 2)

Domain f = all real numbers except —2

| o
_6-x

Range f = domain f™* = all real numbers except 3

-
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59, fl(x) = 3x"_ 5

x ) _ 2(3;— z)

£ = (575 )
A3x—2

. 2 _2x
T 3x-(3x-2) 2 °
2x
-l . 2x B x -1
7 (f(x))—f1(3x_1>—3< T
3x—-1
2x 2x
=—=x

Texr-208x-1) 2

1
Domain f = all real numbers except 3

_3x+4
2x — 3

3x + 4
3x+4)_3(2.,\:—3).+4
2x—3)  [3x+4

2(2;;—3)_3
_3(3x+4)+4(2x—3)_17x_
T2@x+4)-32x-3) 17~

g _oaf3xt4 _3(3x:r‘31>"+4
)N =71 l(zi - 3) - Z(Zz_f;‘) —g

3(3x + 4) + 4(2x — 3) 17x
_ o ——

T 2(3x +4)-3(2x —3) 17

61 fY(x)

7 = o

3
Domain f = all real numbers except )

3
Range f = domain f~! = all real numbers except% Range f = domain f~! = all real numbers except 2

63. f(x) = f—xf;— 65. fl(x) = %2
— X
-2x +3 4
2l ——— ] +3 . == =y
— _ o 2x + 3\ _ (x—2) _ B 2 _1—2x 4401 -2x)
f(fl(x))_f<x_2)_ _2x+3+2 f(fl(x))—f<m>'—2. 4 = 2.4
r—2 1—2x
_2(—2x+3)+3(x—2)_—x_’ _8x
T xts+2x-2) 1 “g
v+ 3 2 =
=y _l(2x+3>_‘2(x+z)+3 g =115 s = - 2 VR
o) = G57) = w+3 1—2_( 2x2) \/;
x+2
_ 202x+3)+3(x+2)  —x e sincex > 0
T T a+3-20x+2) -1 ° ’

Domain f = {x|x > 0} or (0, c0)

<Dor(cwd)
*=3 '2

67. (@) 0 ®)2 ()0 (@1 69.7 71 Domainof f% [-2, 00); range of f_1: [5,00) 73. Domain of g™%: [0, 0©); range of g_lz all real numbers
75. Increasing on the interval ( f(0), A5)) 77. fX(x) = %(x = b),m #0 79. Quadrant I

BL Possible answer: f(x) = |x|, x = 0, is one-to-one; f 1(x) = x,x = 0 83. (a) r(d) = %9-

Domain f = all real numbers except —2

Range f = domain f™! = all real numbers except 2 Range f = domain ! = { x

_ 697r — 9039 + 9039 _ 697 _ _ d + 90.39 _ . _ _ . :
) r(d(r)) = 6.97 =697 - rd(r(d)) = 6'97<_—6.97 ) 9039 = d + 9039 — 90.39 = d (c) 56 miles per hour
W -5 50 + 23(h - 60) + 88 .
B5. () 776kg (b} h(W) = — 0 4 60= W;;_SE © R(W(h)) =" (_'23 ) = % =h (d) 73inches

W(h(W)) = 50 + 2.3(“{;388 - 60)
=50+ W+88—138=W

37. (a) {130,650 = g = 74,200} (b) {T14220 =T = 1510750} (c) g(T) = % + 30,650

Domain: {T]4220 < T < 15,107.50}
—dx+ b Range: {g]30,650 = g =< 74,200}
39, fl(x) = v flifa=—-d 93. No

Review Exercises (page 86)

1 4
L @) 2V5 () (2,1) () o (d) For eachrun of 2, thereisariscof 1. 3. (@ 5 (b) (— %, 1) © — 5 (d) For each run of 3, there is a rise of —4.

. (a) 12 (b) (4,2) (c) undefined (d) no change inx

49
57

59

61
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9. (0,0); symmetric with respect to the x-axis
(2,8) 11. (%4,0), (0, £2); symmetric with respect to the x-axis, y-axis, and origin
13. (0, 1); symmetric with respect to the y-axis
15. (0,0), (-1,0), (0, —2); no symmetry

(1,5) 17 (x + 22+ (y—3)2=16 19, (x+1)2+ (y +2)*=1
(0,4)
Y N7 T 1 (.
-3-2 -1 12 3
21. Center (0,1);radius = 2 23. Center (1, —2);radius = 3 25. Center (1, —2);radius = V3
y Yy
N 5
~(0: 1)
I 05- ' e
-5
- _5 [
Intercepts: (—\/5, 0), (\/g, 0), Intercepts: (1 — V5, 0),(1 + V5, 0), Intercepts: (0, 0), (2, 0), (0,—4)
(0,-1),(0,3) (0,2 - 2V2) (0, -2 + 2V/2)
. . 3x 3x 3(x - 2) 6x
27. Function;domain {—1,2, 4}, range {0,3} 29, 2 (b)y -2 d 31. 0
netl { } ge {0,3} (a) (b) © 21 (@ 2_1 (e)x2—4x+3 (D4x2—1 (@) (®) 0

2 2

2 _ _ il = -
OVEZ-—4 @ -VP-4 @ V24 O2VZ-1 B.@0 00 © -2 @ -2 @ = 4) ® L
X

x? x? (x— 2]E
35 {xlx# —3,x#3} 37 {x|lx =2} 39 {x|x >0} 4L {xlx= —3,x#1} 43. —4x +1-2h

45. (a) Domain: {x|—~4 =< x < 3};Range: {y|-3 <y <3} @) (0,0) (¢ -1 @ —4 () {x|0<x =3}

® ) ® i () )
£ 4t —4,3 g
4 6.3) N 6.3 (C43) 45
_ N ) _
||_L|1||(3|'Mx [ | [T O VI -4 J{l'll)ll LLdaaE
-5 _( 1)5 -10 L(0,0) 10 -5 0o 5
L= (=4,-1) B -
(-1.-3)¢} ’ - - 3,-3
g -8.53) _af L e
47. (a) Domain: {x|—4 =< x =< 4} or [—4, 4] (d) No symmetry
Range: {y|-3 = y = 1} or [-3, 1]
(b) Increasing on (—4, —1) and (3,4); (e) Neither
Decreasing on (-1, 3)
(¢) Local maximum is 1 and occurs at x = —1. (f) x-intercepts: —2, 0, 4; y-intercept: 0

Local minimum is —3 and occurs at x = 3,
49, Odd 51. Even 53, Neither 55. Odd

57. 20 Local maximum: (—0.91, 4.04)
¥ e > Local minimum: (0.91, —2.04)
: ji / Increasing: (—3, —0.91); (0.91, 3)
-3 / =t | 3 Decreasing: (—0.91,0.91)
-20
59, Local maximum: (0.41,1.53)

Local minima: (—0.34, 0.54); (1.80, —3.56)
Increasing: (—0.34, 0.41); (1.80,3)
Decreasing: (—2, —0.34); (0.41, 1.80)

=r

6L (a) 23 (B 7 (¢) 47 63. =5 65. —17 67. No 69. Yes
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71.
(-4,4)
-5
9, N
5_
= 2
- (2, 1) G,
S T e I I
=3 WL
sk

itercept: (1,0)

'omain: {x|x

=1} or [1, 00)

ange: {yly = 0} or [0, o)

73.

1A e
|

(1,1

-5 (0,0)

FTTTd

81. "

(-3.2)

i N
-5

[ Al
I 3

=

Intercepts: (0,1), (1, 0)

Domain: {x|x < 1} or (~00, 1]

Range: {y|y = 0} or [0, o0)

@) {xlx > -2} or(-2,0) () (0,0)

© Yi
5_
[y o6.3)
IR AT
-5 |
2,-6d

@ {yly > —6} or (6, )
A =11 93. (a) One-to-one (b) {(2,1),(5,3),(8,5), (10,6)}

y =x
/A y 52

©,2) ./"?3 3)

=3
L0 g

-4 4 1 4

(-3, —_12/ B

i) =

—4 -

x+1

X

f(F(x) = T

+
X
1

P =2 — =

Domain of f = range of f~! = all real numbers except 1

Range of f = domain of f~! = all real numbers except 0

x -1

75.

Yi
g
‘\IL:'A'IIOIJ. L |(4|'D) 1 x
=X = 5
(_2! _2} : ; (2 _2)
(0’ -4}
_5 =
Intercepts: (—4,0), (4,0), (0, ~4)

Domain: all real numbers
Range: {yly = —4} or [~4, c0)

83.

= 5 [ S I ¢
-5

K—s
(0,3)

)
Intercept: (0, 3)

Domain: all real numbers

Range: {y|y = 2}

or [2, 00)

89. (a) {xlx = —4)or[—4,00) () (0,1)

(©

Y
5

(1,3)

(0,1)
=1 b}y )

I Y . 3

77.

¥
0.0 F
_gl [ | | S /N | 5 r
2,-9/ [ \@ -9
—gl

Intercept: (0, 0)

Domain: all real numbers
Range: {yly = 0} or (- o0, 0]

85. y

249

(1,
L1

1)

Ly

; (0, -2)

Intercepts: (0, —2)

’

(1, —?, 0) or about (0.3, 0)

Domain: all real numbers
Range: all real numbers

@ {yl-4=y<0Oory>o0} or [—4,0) U (0, 00)

97, f(x) = z—f;

2x +3
} 2(5x * 2) 3

U7 = =
5<5x = 2) ~2

2x+3
B e 2) +3

Ff(x) =

2x + 3
5(5x—2>_2

=X
=X

Domain of f = range of f~! = all real numbers except %

Range of f = domain of ™! = all real numbers except %

101 F(x) = Z—Z
X

_ 3
FU) =2 =

(%)

' FF ) = —

X

Domain of f = range of f~! = all real numbers except 0

Range of f’ = domain of f~! = all real numbers except 0

@)
11

()
13.

and

14.
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103. d(AB) = V(I =37 + (1 — 47 = VBand d(B,C) = V(-2 — 1)’ + (3 - 1> = VI3

Chapter Test (page 89)

1L d=2V13 221 3.

(_3’0) S5+
B ,3)
= 0.2Ca,n “42)
: L
(=2, -5)8 =5 o,0 [ 5 W
i (1, 1)
(-1-9% | A )
0.-9) -r

S Intercepts: (-3,0), (3,0), (0,9); symmetric with respect to the y-axis 6. x> + y* — 8x + 6y = 0

7. Center: (-2, 1); radius: 3

8. (a) Function; domain: {2, 4, 6, 8}; range: {5,6,7,8} (b) Nota function (c) Not a function

(d) Function; domain; all real numbers; range: {yly = 2} 9. Domain: {xlx = %};f(—l) =3 10, Domain: {x|x # —2}; g(~-1) =1
11. Domain; {x|x # —9,x # 4}; h(—1) = % 12. (a) Domain: {x| - 5 = x = 5};r2_mge: {y|-3=y=3}

() (0,2),(-2,0),and (2,0) (¢) f(1)=3 (@) x=-5andx=3 (e) {x|-5=x<—20r2<x=5}or[-5-2) U (2,5]

13. Local maxima: f(—0.85) ~ —0.86; f(2.35) = 15.55; Local minima: f(0) = —2; the function is increasing on the intervals (-5, —0.85)

and (0, 2.35) and decreasing on the intervals (—0.85, 0) and (2.35, 5).

14. (a) 15. 19 16. (a)

e

3 y=x-4xz2-1

II|II_IIII/

=5 - 5

T
o

Z
N

=

(=)

|/| t\t:
L~
|
>
]
=]

Tae

|
[ary
(=}
—_
=

LR

=10

y=2+1lx<-1 y=-20x+17>+3

(b) (07 _4)1 (4’ 0)

(c) g(=5) =9
@ 5(2) = -2
5
17. f1(x) = L ;xsx;domain of f= {x X # %}, range of f = {y[y # 0};domain of f1 = {x|x # 0};range of f7l = {yly # 5}

18. The point (-5, 3) must be on the graph of £,
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CHAPTER 2 Trigonometric Functions

2.1 Assess Your Understanding (page 103)
3. standard position 4. 16129 5. f% 6.F 7T 8T 9.7 10. F

2
13. 15,
- 1357
30°
17. 19. 21
N7 N @ 3

23. 4017° 25. 1.03° 27.9.15° 29, 40°19'12" 3L 18°15°18" 33, 19°59'24" 35, 3 37. 3 39. -—% 4l 7 43, —341[ 45, '—-2—
Ll

47. 60° 49. -225" 5L 90° 53.15° 55 —90" 57. -30° 59. 030 6L —070 63. 218 65, 17991° 67. 114.59° 69, 362.11° 7L 5m
73. 64t 75 0.6 radian 77. g ~ 1.047in, 79, 25m® 8L 2V/3 = 3464t 83, 024 radian 85. %ﬂ 1047 in? 87, s = 2.0941t; A = 2,094 2 -

89. s = 14661 yd; A = 87.965yd* 91. 3ar = 9.42in; S~ 1571 in. 93, 2 = 6,28 m? 95.—5ns106029ft2

1
97, w= 6—6rad1an:‘a v= l—lz-cm!s 99. Appmxnnatcly 452.5pm 101 Approximately 359 mi 103, Approximately 898 mi/h

105, Approximately 2292 mifh 107, —rpm 109. Approximately 2.86 mi/h  111. Approximately 31.47 rpm 113, Approximately 1037 mi/h

r
115. Radius = 3979 mi; circumference = 25000 mi  117. Y = nwy, ¥y = R, and vy = vy, 50 ey = Iy =>;1— = %
2 I

2.2 Assess Your Understanding (page 119)

7.% 8.091 9T 10. F ILsin‘r=%,cosr—\/Tg,t r=%:cscf=2;secr=2;/§;cott=¥/3_ 13.sinr=?;cosr=-—§-;
V2 5
tan.:=--——q—l;csct ;1_, c:=—§wu——2—v: 15. t=l/2~g,cmn—-—\§tanf——l cscr—\/z sect=—\f 2icott = —1

2° b,
%; tant = —-%; csct = —B;sect = 3

17. sin:=—;;cosf= \’G.cmf-—z\f 19. -1 210 23. -1 25.0 27. -1 29, (\/z+1)

3L 2 33% 35 V6 37.4 39.0 4L 0 43.2\/2"-1-4—,,’—\/5 45 -1 47,1
2 N3 2 1 2 Ao 2w 2V3 in 2 V3
49, sm3 ——2~,coss ——z,tan-é—- \/g.csc?— 3 ,scc_—3——2.cot3 e
51. sin 210° = —%; cos 210" = ——23- tan 2107 = %;cscﬂﬂ" = —2is5ec210° = 2;/5:1:111210" =V3
3 _ V2 3w V2 3 B 3w
53.511'14 —\z/u,cos‘;— 2,tan4 lcsc \/-sec - 2,c0t4- 1
8r V3 8r 1 8':r 2V3. 871'_ _8r 3
Ss.sm? 2..c093 = 2,&11 \/_ = 3 ‘sc?—- 2.c013 =3
57. sin 405" = %;mm" =%; tan 405° = 1; csc 405° = V/2; sec 405% = V/2; cot 405° = 1
w1 =\ _ V3., w_y’é_(ﬂ)_ ; (ﬁ)_zx/i.(w)_
59.51:1( 6)_ z,ws( 6)_ ) ,_liln(—ﬁ)— 3 ;asel 6= 2, sec 3 —T,ml 72 V3
61. sin(—45°) = ——.2'—2; cos(—45%) = ——2; tan(—45%) = ~1; csc(—45") = —V/2;sec(—45°) = V2;col(—45°) = —1
. S Sur 57 S50 Sor S5ur 5ik
63. sm7- 13 ws—z- = 0; tan—- ) is undefined; csc— 7 = 1; sec—- ) is undefined; cot-—z-—— 0 65. sin720° = 0;cos 720° = 1;'tan 720° = 0; cse 720° is
undefined; sec 720° = 1; cot 720° is undefined  67. 047 69. 038 71. 1.33 73. 031 75373 77.1.04 79. 084 81 0.02
4 3. __2. 5 _2 __3
83. smﬂ—-s—,cose s.tanﬂ— 3.csc3 4.secﬁ— 3,mt9 4
3V13 2V13 3 Vi3 Vi3 2
85, sinf = 3 ; COS —T.lauﬂ——z,mcf}— 3 ..st—T,colG— 3
87. si110=——{—2;c0'sﬂ= \z/itaua—lcscﬂ—H'\/i secl = —V2;cotd = 1
2V1 Vi V1 V -
89, sing = 13]3:cosﬂ= 31313;tan6=%;cscs= 213;504:0:_ 313;colﬂ=-g-
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; 3 4 3
91. sinf = "g;cose = E; tang = ——;cscf = —g;seco = %; cotd = —i 93.0 95.0 97. -0.1

4 3
99. 3 101. 5 103, V3 105. & 107. 3 100, V3 111 V3 113, V3
2 2 4 2 2
115.
0 0.5 0.4 0.2 0.1 0.01 0.001 0.0001 0.00001
sin @ 0.4794 0.3894 01987  0.0998  0.0100 0.0010 0.0001  0.00001
sin @
o | 095 0.9735 0.9933 0.9983 1.0000 1.0000 1.0000  1.0000

% approaches 1 as § approaches 0.

117. R = 310.56 ft; H ~ 77.64ft 119. R = 19,541.95 m; H ~ 2278.14m
121. (a) 1.20sec (b) 1.12sec (¢) 1.20sec 123, (a) 1.9hr;0.57 hr  (b) 1.69hr;0.75hr () 1.63 hr;0.86hr (d) 1.67 hr; tan 90° is undefined
125. (a) 16.56 ft 127. (a) values estimated to the nearest tenth: sin 1 = 0.8;

(b) 20 cos1 = 0.5;tan1 =~ 1.6;csc 1 =~ 1.3;sec 1 = 2.0; cot 1 = 0.6;

i = i actual values to the nearest tenth: sin 1 = 0.8;cos 1 ~ 0.5;
tanl ~ 1.6;csc1 = 1.2;sec1 = 1.9;cot 1 ~ 0.6

(b) values estimated to the nearest tenth: sin 5.1 =~ —0.9;
\ cos5.1 = 04;tan 5.1 = —2.3;c5¢ 5.1 = —1.1;s6c 5.1 = 2.5;cot 5.1 =~ —0.4;
=] 90° actual values to the nearest tenth: sin 5.1 = —0.9; cos 5.1 = 0.4;
tan 5.1 = —2.4;csc5.1 = —1.1;secS5.1 = 2.6;cot5.1 = —0.4

(c) 67.5°

2.3 Assess Your Understanding (page 133) v
S. 2w 6. all real numbers except odd multiples of % 7.[-1,1] 8 T 9.F 10. F 11, 72 13.1 151 17. V3

19. % 21. 0 23. V2 2. % 2711 29. 1V 3L IV 33 11 35 tanf = —%;cote = —g; secd = %; cscl = —g

37. tan8 = 2;cotf = %;sece = \/g;csco = % 39, tan 6 = —?;coto = \/5;sec0 = Z?;csce =2

41. tan @ = —%;coto = —2\/5;sec0 = ¥;csc() = -3 43. cos@ = —%;tano = —%;csco = %;seco = —%;cote = —15—2

45, sin§ = —%;tano = %;csco = —%;seco = —%;coto =§ 47, cos 6 = —%;tane =-—1iz;csce = ?;seco = —%;cote = —15—2

49. sin§ = 232;tan0 = —2V2;csc0 = ¥;seco = —3;c0t0 = —% 51 cosf = ——\é—g;tano = —2\5/§;csc0 = %;seco = —%/_E;
cotd = —!2—5 53. sinf = —%;ccse = %;tano =-V3;csc0 = —%@;ccto = ——? 55, sing = —%;cose = —%;

cscf = —g; secl = —%;cot@ = 3 57. sin§ = \{;_O;coso = —%;csce = \/l_O;seco = —\éﬁ;coto = -3 59, —%

61, —% 63.2 65. -1 67. -1 69, % 7.0 73. -\V2 7. Zsﬂ 77.1 79.1 81.0 831 85 -1 87.0 89.09 919

93. 0 95. Allreal numbers 97. Odd multiples ofzzr- 99. Odd multiples of% 101 —1 <y =1 103. Allrealnumbers 105. [y =1

: . 1
107. Odd;yes; origin 109, Odd; yes; origin 111. Even; yes; y-axis 113. (a) -3 by 1 115. (a) -2 (b) 6 117. (a) -4 (b) —12
119. About 15.81 min 121. Let a be a real number and P = (x, y) be the point on the unit circle that corresponds to t. Consider the equation

tan¢ = 2 = a.Then y=ax.Butx? + y?=1s02* + a®x*> = 1.S0,x = + andy = % : that is, for any real number g, there is
x

1 a
V1 + a? V1 + a?
apoint P = (x, y) on the unit circle for which tan ¢ = 4. In other ords, the range of the tangent function is the set of all real numbers.
123. Suppose that there is a number p, 0 < p < 2, for which sin(6 + p) = sin 6 for all 9. If @ = 0, then sin(0 + p) = sinp = sin0 = 0,s0 p = 7.

.

Ifo = %, then sin(% + p> = sin(%). But p = 7. Thus, sin(%) =-1= sm(%) = 1. This is impossible. Therefore, the smallest positive number p

1
for which sin(6 + p) = sin 6 for all 9 is 2. 125. sec 6 = p—
- b
unit circle corresponding to 8, then @ = (—a, —b) is the point on the unit circle corresponding to § + . Thus, tan(f + 7) = = tan 6.
Suppose that there exists a number p,0 < p < r, for which tan( + p) = tan 6 for all 8. Then, if § = 0, then tan p = tan 0 = 0. But this means that

; since cos # has period 277, so does sec 8. 127. If P = (a, b) is the point on the

p is a multiple of 7. Since no multiple of 7 exists in the interval (0, ), this is a contradiction. Therefore, the period of f(6) = tan 6 is 7.

-
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1 1 1 a 1
. LetP = i it ci i i === : === . === =N _
129 (a, b) be the point on the unit circle corresponding to 8. Then csc 6 b= sng s 2} 2 cosd cot @ b ba_ tang
131. (sin 6 cos ¢)> + (sin Osin ¢)* + cos? 6 = sin® f cos® ¢ + sin® @ sin? $ + cos®§
= sin® §(cos? ¢ + sin® ) + cos?6 = sin? § + cos?f = 1

2.4 Assess Your Understanding (page 146)

T . T T T
3. 1;-2— + 2wk, k any integer 4. 3;7 5. 3;; 6T 7.F 8T 9.0 1. —5< X <5 13. 1 15, 0, 7,27

: 3 . 3 . . - .
17. sinx = 1forx = —777,%; sinx = —1forx = —%,—23 19. Amplitude = 2; period = 27 21. Amplitude = 4; period = 7

. ) . . " 3] ]
23. Amplitude = 6; period = 2 25. Amplitude = %;perlod = 4?# 27. Amplitude = E;perlod =3 29.F 31LA 3. H 35 C 37.7
39. A 41. B
Be(—om -4) y

(em, 4) 45, 47,

51. 53. }2,
@0 [P em)
—2mN/ - .
0D
_2_
57. y.‘_ 59. yi %’ 10)
3f (2,2) i
(0,2) i
?I | IA[ | |2| | (0, 4)
- [N X
& (674)
-2.-9% $ Fa t2. 3 .4
; .(%,—3) —é||rr||r|||||||é5
- _2_.
-9+ (1,-8) A (‘;‘- ~2)
61. 2 15 63. y 65. Lol
R 42 ;l_(’z()cl,Z)
- (6,i)
[ | [ BT R
v o o\
(-8-1) _J0,-1) & -1)

7. y = £3sin(2x) 69. y = +3sin(mx) 7L y =5 cos(%x) 73. y=-3 c0s<%x 75. y = %sin(Z'n‘x) 7.y = —sin(%x)
4
9. y= —cos(?"x) +1 8L y= 3sin<§x) 83. y = —4cos(3x) 85. > 8. Va
mw ki -~

9
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89. (f ° g)(x) = sin(4x) 9L (f o g)(x) = —2cosx 93. Period = 31—05; amplitude = 220amp

yi y I}

ANAL AT
7\/ \/ \/" _ﬂ—z “\?;‘ a

—220

(g ° f)(x) = 4sinx ' (g © £)(x) = cos(~2x)

95. (a) Amplitude = 220V; period = %s ), (e) () I(t) = 22sin(120m77)

(d) Amplitude = 22amp; period = 61—05

—220

[Vosin@2mfn® V3 v 1 .
97. (a) P(t) = — R —s1n 2(2mft) (b) Since the graph of P has amplitude 2R and period — o and is of the form y = A cos(wt) + B,
then A = Ve nd B = v . Si L] , th 47w f. Therefore, P Ve 4 +V2 1- 4
end = —pandB = ince o w en w = 4xrf. Therefore, P(t) = cos( wft) 2R 2R[ cos(4aft)].
. . 2 . } T . . 2ar
99. (a) Physical potential: w = X emotional potential: o = EVE intellectual potential: @ = 3 101.

==

(b) 100 (C) No
- - (d) Physical potential peaks at 15 days after 20th birthday.
Emotional potential is 50% at 17 days, with a maximum at
10 days and a minimum at 24 days. Intellectual potential starts =27 —-m 0 T 2%
fairly high, drops to a minimum at 13 days, and rises to a -
maximum at 29 days.

T=

2.5 Assess Your Understanding (Page 156)

3. origin; odd multiples of% 4. y-axis; odd multiples of% 5.y=cosx 6T 7.0 9.1

3 7w 3w 3 o @ 3w
11, secx = 1forx = —27,0,2m;secx = —1forx = —w,w 13. 2 22 15. 2 22 2 .
17. 1. 21, 2. ,
AV P y | |
L skl - - [ 1
a 1 |
O ) 7.4) SR = . |
| | | | | | |
AN AN ANE. : AN 4BV A | ) | x
e LA —4 | 12 14 —d—27w L |
(_T' 3) o | . | | | (‘}‘“ "™ 2m\ 4
ol | T N rm —D\ [ |
T ST ! 22704 a1l } I [
L i | -=5
| |




A\

|
|
|
|
|
|
|
|
:
1
—cot(x —+

=1
iR AN -ﬂv 1
R el >
m .ll.ll.l.rl!... |m_ﬂ|.l. -
S mmme e |
_ lr-ll.lr!'j}
=T o L]
[ u..l/_[‘l_llzfl_ﬁ
- -
o~ T
=
= . |Te—
w ="
° T
ot i
»
s _____ HEe
‘Jﬂ
M4 X /ur
R T R
S 1 g
= 2 Ll e Nty 8
o _ A o
< |
1= 1 1 >
<+ a5 < T T T BT T
Il |
O iRt T e =
= -~ .u__2 \n
(Y
-]
- =9
]
c
.2
=
1]
& (3=
=4 > m
2 3 )i
w
= s B > 4+
= § —_ | 3 5
s g — D o 2
+ | n|l2 9 o
& » S
m I L | O n o
e =
= ([ <
= =
(-] i3 =a T TN 3 2
m o 6 | = o
Sy = = o~
z = & = &
17 =
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2.6 Assess Your Understanding (page 166)
1. phase shift 2 F

3. Amplitude =4 5. Amplitude = 2
Period = 7 Period = 25
Phase shift = % Phase shift = —%
yi
5271 (5.2)

\

—4
'

7. Amplitude =3 9. Amplitude = 4 11. Amplitude = 3
Period = a1 Petiod = 2 Period = 2
Phase shift = — Phase shift = —= Phase shift = —

4 kol T

yy (7 8)

(1+%.2)
I [ L 1 L ¥
-1 1 2 3
. . 1 . . [2 il (2 2
13. Amplitude =3 15. y=2 sm[Z(x - E)} ory = 2sin(2x — 1) 17. y =3 sm[;(x + 5)] ory=3 sm(;x + §>
Period = 7
Phase shift =%
- Y p15n | 2L Lol vkl
m 5 11662 1) | L] | |
(7:3) [ - [ [
} l . | Lo L (3T, 3)
0 | LGO ey 3 |
i x : | x : _L|||J||_I|l?|:|||
B ks @O /7 | o3n Jm osmoomlox
ek Vi | ol T
mo_ T .3 il W _
SEoW P By O
| =l | :
oM N
R .
23. y 25. 27. Period = s s; amplitude

~

. 1
= 120 amp; phase shift =

2] /) RN
T | 7] 1 %S
(517 S :(s ) ) bﬁ { ﬁ i\‘ j
: -1,1 | .
T A TV e Y e
A = -
(—%,—]).i -2 l: ('i.—) 1_% __i% % % 1 /\ l/\ |
I | 017\ | s i =
| | | | |

1
2
VAV
I —-120
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29. (a)

y
60L
®y
®
50 s °
401 ° e
[ 4 ®
30 o .
° X
2{]_' Y N O Y O I T I,_
0123456789101112
(b) y =159 sin<%x = 2—373 +40.1
31. (a) vi
80 =
°
70|~ ™
60 - N
50 ® B
41 o °
g0 e =
X .
20|||||1|||r||___ T S T T O Y Y E
0123456789101112 0123456789101112
(b) y = 2495 sin(%x - %ﬂ) + 50.45 (@) y = 25.6935in(0.476x — 1.814) + 49.854

3. (a) 408pM (b) y =44 sin[;—g(x = O.5083)J +38o0r (¢) (d) 821t
= 4.4si {4—7rx = 02555] + 3.8
y = 4.4sin 2% 1 .
L (a) y = 1.61si (2—77 —139)+1214 37. (@) y = 6.975si (2—7T —139)+12445
(@) y = 1.61sin 365 ’ : . (a) y . n 365 . d
(b) 12.42h (b) 13.67 h
© ©) yi
o 20|

P]Il

10 10
I Y O B O A . -"'f""""'f
0 140 280 420 0 140 280 420
(d) The actual hours of sunlight on April 1,2005 was 12.43 hours. (d) The actual hours of sunlight on April 1, 2005 was 13.43 hours.
This is very close to the predicled amount of 12.42 hours, This is close to the predicted amount of 13.67 hours, <
93, (
i o ¢
sview Exercises (page 171)
3V2 |
341 3. % 5.135° 7. —450° o, % 1L \Tf - 4T\/§ 13. -3V2-2V3 153 17,0 19.0 211 23.1 25 1 27, -1 29. 1
3 4 5 3 12 5 13 13 5
= — = — 0:——; =—;cotf == . Si = —— =~ =—— = ~—; = —
cos @ 5,tame 3,csc 4 sec 8 3 co 7 33. sin @ 3 cos @ 3 csc 1 sec 6 5 cot @ o
ca 3 -4 =3 =2l =4 — 12 _ 13 =18 __3
sm0—5,cos0— 5,tanG— 4,csc0—3,cot0— ‘3 37. cos 9 = 13,tane— 5,csce—1z,seco— 5,cot()— 12
12 5 1 12
COSG—E,taDB——lz,CSCO— 5,sect9—ﬁ,cot0——?
0 3 _
sin0=—\/1_;cos0= Vro;csc(?=—\/?0;sec0=— 10;cot0=3

10 "0



pgp——

V2
3

2
43, sin@ =~

Vs 2
45, sin @ =T;COS0 = —?;tano =

47.

ya

1
;coso=§;tan0 = —2\/i;csc0=

2
;cot @

ANSWERS Chapter 2 Review Exercises

3
4
1

—E;csce = \/g;seca =

Vs

AN21

63. Amplitude = 4; period = 27 65. Amplitude = 8; period = 4

67. Amplitude = 4
27
iod = 27
Perio 3
Phase shift = 0

y
5k

49, 51, y 53. Iy | |
| | | A 8 | |
2+ i | 4: | | = | IX
f | | A || = E |
I = | A -
x L/ L ¥ x x S
2 4 -—%'T =3 [T 'g 3o o 5 3 \2
[ LY e
| W_aL -8
2 | s | | |
[ | I | Y [ YE |
57. j' l%}l | 59, 4 61. l 4}_ | i
| 14 : | | | |
| I3 | I | | |
| | | | | |
| |2_ 1 | h 1 | | | — | E
| Iy ! I ) ¢ Ll Ly fot,
| l | ! L ! Ly —2@ || B I 2wl x
e S| A 18 m X | | 1
4 4 4 4 | - | |
I 41 N s |
RN AEEA
] 7k
i s 1 [-\I
| I5 | |
; . 1 . 2
69. Amplitude = 2 71. Amplitude = 2 73. Amplitude = 3
. . 4 .
Period = 7 Period = ER Period = 2
Phase shift = u Phase shift = i Phase shift = Ll
2 3 T
¥ r4 J’1
= 1 2

AR,
il

Fri.Tld

WAL

FAWAW

1
o 2% 6 12
_Z;T/ —%T' “311 QTFIT UT‘U 2m \/ » \/ \F/ ™
“1F el _%
-5k -3
75. y =5 cos% 71. y=—6 cos(l;-x) 79, 0.38 81. Sine, cosine, cosecant and secant: negative; tangent and cotangent: positive
2 1 2
83. sinf = ,cos 0 = —g;tano = —2\/E;csc6 = £ 42;sec0 = —3;cotf = —%
85. Domain: {x x # odd multiple of%}; range: {yl|y| = 1}; period = 2(=)
87. % ~ 1.05 ft;% ~ 1.05ft> 89. Approximately 114.59 revolutions/hr 91. 0.1 revolution/sec = Zsr-radian/sec
1
93. (a) 120 (b) — 95. (a) (©) (e)
© 60 3 ¥4 95
N E B 80 3
B o°*
120 70 . ° 70
f " 60~ o 60
T T 501~ ° 50
60 30 W0F o ° 40
-120 301~ e ° 30
Db A I A - 20
0123456789101112

®)

a

6

y =19.5sin (%x -

2ar
— ] +70.5~
74705

y=19.5 sin[—(x = 4)] +7050r (d) y=19.52sin(0.54x — 2.28) + 71.01
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Chapter Test (page 174)

-V2
1. 13—71‘ 2. —20—77 3. <0 4, —22.5° 5. 810° 6. 135° 7. —1- 8.0 9 —l 10. —ﬁ 11. 2 12, ( ) 13. 0292 14. 0.309
9 9 180 2 2 3
. 3
15. -1.524 16. 2747 17. sin @ cos 6 tan @ sec @ csc cotf 18. 3
6 in QI + + = o+ + + + ,
6 in QII + = == = + =
6 in QIII = B + - — +
0 in QIV - + - + — -
2V6 5V6 7 7V6 Ve V5 5 B 3
19. cos § = — 7 stan 8 = 12,csce—s,sec0—— 12,cot()—— 5 20. sinf = — 3,tan = 2,csc()— 5 ,secG—E,
2V5 _ 12 5 13 13 5 7V53 5V/146 1
cotd = 3 21. sm6—13,cos0——13, csc0—12,sec¢9— 5,cot()——12 22, 53 23. — 146 24. 2
25. ' 26 y = tan[—x +T)+2 27.y = -3 sin<3x + =
v
: 5
E i
11 \ \
(55.0) ; E
A W | S
~2m \: :
28. 78.93 f* 29. 143.5 rpm - -

Cumulative Review (page 175)

1
1. {—1,5} 2.y-5=-3(x+2ory=-3x—1 3.2+ (y+2?2 =16

5. A circle; center (1, —2); radius 3

1

2
4. A line;slope 3 intercepts (6,0) and (0, —4)

Y yi
7 2
L]
" . =3
L1 L1 ow &
-6 /ﬁ I
4
¥ —6}

%)

4
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b
7, @ (b) i © ¥ (@ .
4} 2r P30 4
- T q | -/
0 _(2’ ) || B A.l;-(g,l)
= 1’ 1 = | X
| 1(1)||§ NI L NX —ﬂlll(glo)ll‘:"’_—_
- (0,00 4 _ 0,00 X " 41, et :
1,-nf [ 3 (507 - |
— iy Y2
3 (—5,—1) | 3 I
1
8 fl(x) = 30+ 2) 9. 2 10. (T, 0) 1L 3 - 32ﬁ
4 ;
3T
L 4l ¢
NI,
- 'gv'n'
2 N2
[ ] =
CETUPARR T, -3)
(_% ’ _3) (0’ O)
CHAPTER 3 Analytic Trigonometry
3.1 Assess Your Understanding (page 187)
7.x=siny 8 % 9, % 10.F 1IL.T 12T 13.0 15 —g 17.0 19. % 21. % 23, 5?" 25.0.10 27.137 29. 0.51 3L —038
33, —0.12 35.1.08 37. 4?" 39, —%” 41, —% 43. —% 45, % 47. 4 49. Not defined 51. =
53, f1(x) =sint I= 55. fi(x) = %cos ﬂ(—%) 57. f(x) = ~tan"(x +3) ~ 1 59, fl(x) = %[mﬁ(%) - 1]
] ) . (2k + 1)m . .
Domain of f: (—o0, c0) Domain of f: (—o0, 00) Domain of f: x # —5 - 1; k an integer Domain of f: (—o0, 00)
Domain of % [-3,7] Domain of £ [-2,2] Domain of £~ (—oo, 00) Domain of f™: [ - 3,3]

61, {%} 63. {—%} 65. {V/3} 67. {-1} 69. (a) 13.92hror13hr,55min (b) 12hr (¢) 13.85 hr or 13 hr, 51 min
7. (@) 133 hror13hr,18min (b) 12hr (¢) 1326hror 13hr,15min 73. (a) 12hr (b) 12hr (c) 12hr (d) Itis12hr. 75. 3.35 min

5
7. (a) %square units  (b) %square units 79, 4251 mi

3.2 Assess Your Understanding (page 194)

)
4 x=secy;=1;0;w 5. Va 6F 7.T 8.T O V2 1L _V3 13.2 15. V2 17. V2 19, 2v3 1.3 3. T s V2
2 2 3 2 3 4 6 4
27. Vs 29, Via 3 210 53 5 35 T 39T 39 T 4 T 43 2T 45, 132 47. 046 49, —034 51 272 53, —0.73
2 2 10 4 6 2 6 3
- 7_ ' :
55. 2.55 57, ———— 59, " M -1 6, Yi=1 651 .2 607 7.3 ;3 5T o9 B3
V1 +u? Vi-i2 lue| B u 13 4 4 13 6
79. (a) 6 = 31.89° 81 (a) 6=223° 83.
(b) 54.64ftin diameter (b) vo=2940.23 ft/sec

(c) 37.961t high
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3.3 Assess Your Understanding (page 200)

3. identity; conditional 4. -1 5.0 6. T 7.F 8 T 9. .

19.

23.

25.

27.

31

33.

35. sec’ 6 — sec? 6 = sec? f(sec?0 — 1) = (1 + tan6) (ur?0 = tan’ 6 + tan? g
1 sing _ 1~sinu 1+sinu 1 —sin’u cos’u cos u
37. secu — tanu = -— = . p i ; = - = i
cosu  cosu cosu 1+sinu  cosu(l+sinu) cosu(l+sinu) 1+ sinu
39. 3sin*6 + 4cos?0 = 3sin?9 + 3 cos? 6 + cos?§ = 3(sin? 0 + cos?§) + cos?@ = 3 + cos?0
2. ‘2 - e L3
cos® i 1 —sin" 8 (1 + sin #)(1 — sin )
Jl—ima a1 —=1- — =1-(1-si = gi
! 1+ sin@ 1+ sind 1+ sing 1-( BivG)r=rinro
1+ 1 coly + 1 1
+ t t 1 tv + 1 i i
43.1 N0 = DY Oy coty .mce+sma:cosg+tan6=-——ma+tan0=tan0+tan6=2tan0
1 —tanw 1— 1 cotv —1 cotv — 1 csefl  cosd il cos
cotv cot v sin 8
1.4 1 escfl + 1
471+sin0_ esed  esc@ esef + 1
"1~ sing yo 1 csed — 1 cse — 1
csc cscf
g0, L= sinv  cosw =(1—51ﬂ11}2+-3052-v_1—25inv+sin2v+cos2'u_ 2-2siny _ 2(1—sinv) 2 = o
T cosw 1 —sinw cos (1 - sinw) cos v(1 — sinv) cosv(l —sinv) cosv(l —sinv) cosv
= sing 1 B 1 _ 1
"sinf —cos® sinf — cosd 1_c050'—1—cot0
sin 6 sin f
" o . . 2 _oan a2 — ain 912
= + 1 —siné 1 —siné
53. (secf — tan )2 = sec?§ — 2secHtanf + tan? g = 12 _2ung  sind,_ 1 Zsm(i e _2)= (. ).
cos6  cos’0  cos’d cos* 6 1—sin*g (1 —sing)(1 + sin9)
_1—sing
" 1+sin6
Y sind _ _cosf . sin@ _ _ cosg sing  cos®d sin’ 0
“1—tanf 1 — cotd 1_sinﬂ _cosf cos® —sinfl  sin@ —cos® cos® —sin®  sing — cosd
cos 6 sin @ cos 6 sin 0
cos’0 — sin® 0 (cos@ —sind)(cosd + sing)
= F . z = sin@ + cos @
cos 0 — sin cos ) — sin @
57 tano_‘_,_w;’f.‘g.__ﬂ_nﬂ cos 0 =Sin0(1+5in0)+00520__sin0+sin20+cosz«9_ sing + 1 _L_S A
i 1+sin0 cos® 1+sing cos §(1 + sin @) cos 6(1 + sin ) _cos0(1+sin0)—coso -
= tang+sece—1__tan0+(sec0—1) tan6 + (secd — 1) _tan20+2tan0(sec(9—1)+sec20—25606+1
‘tan@ —secO + 1 tan @ — (sec — 1) tan0+(sec0—1)_ tan20—(56620—25600+1) .
sec?9 — 1 + 2tanf(secd — 1) + sec?6 — 2sech + 1 25e020—256c0+2tan0(se00—1)
sec” 0 — 1 — sec’ 9 + 2secd — 1 B 2+ 2sech
2seclsecd — 1) + 2tanO(sec — 1)  2(sec@ — 1)(secd + tan f)
= . = > = tanf + sec 8
2(secd — 1) 2(sech — 1)
sing cosf sin®f — cos® 6 '
61.tanafi—cotG:c?)sé? sing _ 'cosesine =Siﬂ26_m523=sm29—c0s20
tan 6 + cot 6 sxnﬂ+cos9 sin? @ + cos? @ 1

1 1+ sing 1 3sinf + 1
0s@ ~  cosf " sinflcosp Le29, sing + 1

1 08
cscf.cos§ = ———-cosf =".—3= coté 21 1+ tan*(~0) =1+ (—tan6)? = 1 + tan?§ = sec? 0

sin 0 sin

sinf cosd sin® 6 + wﬁﬂ) ( 1 ) 1
s O(t. + cotf) = cosf| —— 4+ —— | = cos | ———— =¢0sf| ————— ) = —— =csch
Eiiand + cotid) (c{_mﬂ si’nﬂ) OS< cos @ sin 0 cos f sin 1 sin 6
sin cos 1

tanu cotu — cos’u = i S IM—cos2u=1—cos2u=si112u

cosu sinu
(sec® — 1)(secO + 1) = sec?0 — 1 = tan® 9 29, (secd + tan 6)(sec & — tan §) = sec’§ — tan?@ = 1
2 2 2 2 2 2 2, Sin0 2 i 2
cos® (1 + tan® 8) = cos®@ + cos? ftan’6 = cos? 9 + cos 6-—.“—E=cos 0 +sin“f =1
cos
(sin 6 + cos 6)> + (sin 6 — cos 9)2 = sin?9 + 2sin 0 cos 6 + cos?§ + sin? 6 — 2 sin § cos 8 + cos? 0

, =sin?0 + cos? 6 + sin?0 + cos?f =14+ 1 =2

cosé  sinf cos 9 sin

7¢

81

83

85

87

89,

91.

93.

95.

99.
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2 2

siny cosu sin“u — cos“u
tanu__ tolu cosu  sinu i .
B — o 1= 1 = SBUWAR g g2y cou + 1 = sinfu + (1 — cos?u) = 2sin’u
tanu T oty sinuw  cosu sinfu + cos®u
cosu  sinu cos u sin u
1 2 sin 8 1+ sing
65 secf ttng cosd cosd cos ~_1+sing sin 6 _sinh 1 T
" cot§ tcoso ms'6+cos6 cos § + cos 0 sin 6 cos® cos@(1+sinf) cosd cos@ .
sin fl sin 6
sin’ 6
2
1 — tang 1 —tan’ @ 1 tan’ 0 cos’ §
61 ——— 5= =t 1= ———+1=cos? ——— +1=cos?’0 —sin*6 + 1 = cos?0 + (1 — sin? §) = 2 cos2 0
1+ tan’s sec’ 0 sec’6  sec’d 1 ( )
cos? 0
secl) —osed sec cscfl 1
9, == == - = ~ —— =5sin0 — cosd
: sec & escil secflcsc  secOescll  csch sech r s
1 1—cos®0 sin’@ sinf |
71. sec@® —cosf = —— — cos @ = Lk sin § +—— = sin 6 tan 6
1 cos 6 cos cos cos
1 1 1+ sind+1—sing 2
73. = - = = : = — = = 2sec’6
1-=sinf 1 +sinf (1 +sind)(l —sinf) 1 —sin®0 cos’o
78 sec®  secO 1+sing secH(l +sing) secd(l + sin#) _1+sin6
“1—-sind 1 —sinf 1 +sind 1 — sin?@ cos? 6 cos® 9
2 2sinw

- (secw —tanv) +1  sec’v — 2secvtanv + tanv + 1 _ 2sec’v —2secwtanv _ cosv  cosfy 2 — 2sinv sinvcosw
" cscw(secw — tanw) 1 ( 1 sinv) 1 (1—5iu1.1) 1 —sinv cos? v 1 —sinw

sinv\cosv cosv sin v cos v sin v cos v
" 2(1 —sinw)  ginw 2sinw
= - : = = 2tanwv
cos P 1 — sinw cos
sin@ + cosf sinf —cosf sin@ cos@  sin®o + costd 1
N ———————————=——4 1 -1+ —= - = —— = secfcsch
cos 6 sin 8 cos sin @ cos fsin @ cos fsin g

sin®0 + cos’@  (sin® + cos6)(sin®6 — sin @ cos § + cos? 6)

81. = sin’ 6 + cos?@ — sinGcos & = 1 — sin O cos §

sin @ + cos 6 . sinf + cos @
83. cos? 9 — s2in20 _ cos? @ — szin20 _ cosze — s?nze — cos? 0
1 — tan“@ 1_smﬂ cos”“f — sin” 6
cos® cos? 0
2cos?0 — 1)? 2cos? @ — (sin* 8 + cos? 6)]? cos? @ — sin’ 9)?
8s. ( .4) = [ > .2( 5 )3 =( 9 - ) = cos’f — sin* = (1 — sin?0) — sin®f = 1 — 2sin® 9
cos*@ —sin*0  (cos?@ — sin? 6)(cos? 6 + sin@)  cos? 6 — sin® @
gy, L+ sind + coso (1+sin6) +cosf (1+sind) +cosd 1+ 2sin6 + sin?6 + 2(1 + sin @) cos 6 + cos? @
"1 +sin6—cosf (1 +sin@) —cosd (1 + sinf) +cos 1+ 2sin + sin?6 — cos®6
1+2sin6 + sin*f + 2(1 + sin8)(cos 8) + (1 — sin®6) 2 + 2sin§ + 2(1 + sin 8)(cos 6)
- 1+ 2sinf + sin?9 — (1 — sin? @) 2sinf + 2sin? 0
2(1 + sin @) + 2(1 + sin@)(cos )  2(1 + sin@)(1 + cos §) 1+ cosé
- 2 sin (1 + sin 6) " 2sin6(1 +sing)  sinf

89, (asin® + bcosh)? + (acosd — bsin6)? = a?sin? 6 + 2ab sin 6 cos 6 + b% cos? 6 + a®cos? 6§ — 2ab sin 6 cos 6 + b* sin” 6
= g%(sin® @ + cos?6) + b*(cos? 6 + sin? §) = a* + b?
tan o + tan tan o + tan tana - tan tan e tan
. _ 2 g B=(tana+tanﬁ)-—ﬂ
cotee + cot 11 tan B + tan ¢ tan e + tan 3
tanae tanpf tan « tan 8

91. = tan o tan 8

93. (sina + cos B)* + (cos B + sin &)(cos B — sina) = (sin’ @ + 2sinacos B + cos® B) + (cos? B — sin’ @)
=2cos? B + 2sinacos B = 2 cos B(cos B + sin a)

95. Insect| = Injcos 6] = —In|cos 6]  97. In|L '+ cos 6] + In|1 — cos§] = In(|1 + cos 6|[1 — cos 6]) = In|1 — cos? 6] = In|sin® 6] = 2 In|sin 6]

1 cosx l—costx sinfx | sin x
- = = =sinx-
COSX  COSX €os X Co$ X

1 .
99. g(x)=secx —cosx =—— —cosx = =sinx-tanx = f(x)
cos x
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101 (9)_7_5in9__°f“i_|—5iﬂﬂ I +sin  cosd cos@ 1 — sin%@ - cos? 6
- f(0) = cos ) I +sinfl cosf 1 +sing 1-+sin@ cosé cosf(1+sing) cosd(1 + sin B)
cos? § cos® 0

cos 6(1 + sin §) " cos (1 + sin ) =0=g(0)

1 2 2 2 1 —cos’f\ 12001 + 1 — cos®¢
103. 1200 sec9 (2 sec? 0 — 1) = 1200 ( ~ 1) = 12002 ( - 2f 6) - 1001 (2= eot) _ 1200( - )
cos & \cos? § cos 6 \cos® 6  cos® 0 cos 6\  cos?o cos® ¢

_ 1200 (1 + sin®6)

cos® 0

3.4 Assess Your Understanding (page 210)
4- 8- 6F LF &F 95(Ve+Vl) 1 1(Vi-VE) B —(V2+VE) 15.2- V5

17. —%(\/E+ V2) 19. V6 - V2 21.% 23.0 25.1 27. -1 29. & 31 (a) % m H%E (©) 2—5—% (d) 2

2

4— /- 3-4V3  _4+3\3 25V/3 5+12V3 12-5V3 -5+ 12\/3 —240 + 169
5@ 10% &) = 10'\£ © +1o\[ @ 25\/:; £ s w +26\/_ a2 26 © -126 V3 @ 29 v3
2V2 -2V2 -2 - 4\2 1-2V6 3-2V2 8V2 - 93
37. (a) \{ ) ﬁ+\/5 © \/56“”/5 @ 2 7\/_ 39, 6\[ a V3 . V2 g, \[5 ]

45, sm(% + 0) = sin%cos@ + cos%sinO =1+cos@ + 0-sinf = cos @

47. sin(ar — 6) = sin 7w cos6 — coswsing = 0+cos @ — (—1)sin 6 = sin @

49. sin(7m + 6) = sinmcos 6 + coswsing = 0-cos 6 + (—1)sinf = —sin 6
L — tand — tan @ 3 3 3
5L tan(w — ) = lﬂf:;n-;rl:lﬂ = ]0+ 0_2:];“6 = —tan§ 53. sm(% + 0) = sin%cos() + cos%sino =(—1)cosd + 0-sin® = —cos ¢ 9t
55. sin(e + B) + sin(a — B) = sinacos B + cos asin B + sin @ cos B8 — cos asin 8 = 2 sin & cos B
u
sin(ee + sin @ cos B + cos a sin sin @ cos €os a sin
57. _{ ‘B}= = .ﬁ : ﬁ=_a P ; ’a=1+cotatanB
sina cos 3 sin o cos 3 sinacos B sinwcosfB
cos(a + CO$ o o8 3 — sin a sin COS ¢ COS sin o sin
s, LS@t B) B g, Sewcosf:  ska B i tnatang u
cos a cos cos @ cos B coswcos B cosacos B
sinoecos B+ cosasin  sinwcos B cosasin B
" sin(a+ﬁ)_sinacasﬁ+cosusinﬁ_ cos a cos 3 _coswcos B cosacosf  tana + tan 3
*sin(a — B) sinecos B — cosasinf sinacos§ — cosasinfl  sinacosf cosasin 8 tana — tan 8 1
cos & cos B cosacos B cosacos P
cosacos B —sinasinB cosawcos B sinasin B
63. cot( +’3)_CDS(R+B)_cosacosﬁ—sinasinB_ sin o sin B _ sinasin g sinasinB  cotacotp — 1 2
2 sinfe + B) - sinacosB +cosasinB  sinacosB + cosasinf  sin e cos B cosasinfB  cotf + cota
sin o sin B sinasin 8 sinesin I
1 1 1
1 1 sin aesin 8 sine sin 8 cscacse B 1,
65. sec(a + B) = = : = = = - ; =
cos(ee + B)  coswcos B — sinasin B cosecos B —sinasin B cosacosB sinasinB cotacotB — 1
sin a sin B sinasinf  sinasin B 2
67. sin(a — B) sin(a + B) = (sinacos B — cos asin B)(sin @ cos B + cos a sin B) = sin® @ cos? B — cos® a sin® B
= (sin® @)(1 — sin* B) — (1 — sin® a)(sin® B) = sin® @ — sin? B ' 4
9. sin(0 + k) = sin 6 cos km + cos 6 sin km = (sin 0)(—1)¥ + (cos 6)(0) = (~1)k sin 6, k any integer
3 24 33 8 +25V3 4
Y3 7 2 gs B gy 8, 48425V3 8L 7 8.uVi-v*-vV1-i: ~-1=su=<1 -1=p=1 “
2 25 65 65 39 3
V1 — 2 — — N N =
Bs.w'—oo<u<oo;—15vsl 87."” L ‘UZ'—lsusl;—lsv51 49

V1 + u? ‘ 1}’\/1—::2+u\/1_—113'

-
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P | — . . . ks w
89. Let o = sin™ v and B = cos™! v. Then sin & = cos B = v, and since sin @ = cos(—— = a), cos(— = a> = cos B.

2 2
ar [ i T T T . m
Ifv=0,then0 =g < 580 (E - a) and B both lie on {0, -2—] If v < 0, then - =a <0,so0 (-2— . a) and B both lie on (E’ 71-}.
Either way, cos(g - a) = cos impliesg —a=fB,0ora+ 8= %
41 = 1 1 .
91. Let o = tan ” and 8 = tan™" v. Because v # 0, @, 8 # 0.Then tan o = > = tan B = cot B, and since

tang = cot(% = a), cot<§ = a) = cot 8. Because v > 0,0 < a < %, and so (% -~ ) and B both lie on (0, %)

Then cot(g - a) = cotBimplies% —a=f,0ora= g - B.

93. sin(sin™" v + cos™! v) = sin(sin™ ) cos(cos ™ v) + cos(sin”! v) sin(cos™ v) = (W) +V1I-1"V1-?=02+1 -2 =1

sin(x + k) —sinx sinxcosh + cosxsink — sinx cosxsink — sin x(1 — cos k) sinh | 1—cosh
- = = COS X —sinx-

BN h h ) X

tan(tan '1 + tan"!2) + tan(tan"!3)
1 — tan(tan™'1 + tan™'2) tan(tan™' 3)

97. (a) tan(tan™'1 + tan™!2 + tan™'3) = tan((tan"11 + tan"12) + tan~13) =

tan(tan™' 1) + tan(tan~'2) 142
1 — tan(tan"" 1)tan(tan "' 2) _1=1-2 +3 =) 3 -3+3 0 _
5 tan(tan~'1) + tan(lau"ﬁq a 1+2 4 - { 3 3 T 1+9 10 g
I — tan(tan™" )tan(tan"'2) ~ 1-1-2 B

(b) From the definition of the inverse tangent function 0 < tan™11 < %, 0<tan™2 < %, and 0 <tan™ 3 < %, so0<tan1+tan2 +tan?3< 3771- ;

3
2

tand, —tan6;  my —my

On the interval (0, ), tan § = 0 if and only if 6 = . Therefore, from part (a), tan™' 1 + tan™'2 + tan™'3 = .

. tan = tan(6, — 0;) = =
29: (e (6 =) 1+tan@ tan6, 1+ mym,

2 _2(.l+mnalmlﬂ>=2(l+{.t+ l)(x—l)>=2( 14 x2-1 ) 252 )

=ta!l(ﬂl_p8]_ tan e — tan 3 (x+1) - (x - 1) t+l-x+1/)" 2 °F

101. 2 cot(a — B) >

t 0.
2

8i (r B)‘
o e
1_0)_ 2 _cosfl

2 i ~sino . °
cos 5—6

3.5 Assess Your Understanding (page 219)

103. tan1 is not defined; tan(

L sin’6;2 cos?0;2sin*0 2.1 —cos§ 3.sin6 4 T 5. F 6. F 7. (a) % o) % © % @ 31—\{)5

24 7 2V5 5 2V2 1 \/3 + V6 \/3 -6
9. (a) 25 (b) 25 () 5 ) e 1L (a) B (b) 3 ©) 6 ) 6

42 7 V3 s 4 3 \/5 +2V5 5-2V/5
13. (a) 9 (b) o (© = @ EN 15. (a) 3 (b) 35 (c) (T (d) = T
17. (a) = (®) . (© 1 410 =10 ) —l\/M{_] 19, l/z_—\/i 21. 1 — V2 23 __M

5 5 2N s 2 5 2 2
/3 — v/ 10(5 - V5
25 —2—=(2—\/E) 2+ V2 2. Va-Va 2. -4 31, Mo —5) 3.2 35 ] 37.@ 39, _Vis
V2iva 2 5 10 3 8 4 3
- 9 2

41. sin* 9 = (sin? §)2 = <1c2ﬂ) = %[1 — 2co0s(20) + cos?(20)] = % . %005(20) + %0052(20)

1 1 1 1+c08(4ﬂl) 1 1 11 301 1
=== === +-+ = == — ~cos(20) + =cos(4
1 2cos(20) + 4( 2 2 2cos(20) 3 8cos(40) 3 2cos( 6) 8cos( 9)
43. c0s(36) = 4cos’6 — 3cosf 45, sin(50) = 16sin’ — 20sin® @ + 5sinf 47. cos* 6 — sin@ = (cos? 6 + sin 0)(cos?§ — sin? 6) = cos(20)
. cot? 0 — 1
I _1-tw0__ cofd __col’d _ cotf—1 cotd _cot?d — 1

2. - - - cot
cot(20) = Gn(@8) = Ztano ( 1 ) 2 o0 2 2 cot 0

cot cot 0 -
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51.

55.

1 1 N 1 _ sec’d Bo N w2y _
sec(20) = 008{29} 29,0519 =5 =3 5 R 53. cos*(2u) — sin*(2u) = cos[2(2u)] = cos(4u)
sec’0 sec )
cos(20) _ cos’f —sin®0 _ (cos 0 — sin §)(cos @ + sin §) (casﬂ — sin @) (cos 0 + sin @) _cos 0 — sind

1 si:':j_(fz_e} L+ 2sinfcosh  sinp + cos2i + 25in 6 cos @ (sina+.cosﬁ)(sinﬂ + cos 1) __'cose--'l—s'iﬂﬂ

cosf —sinf cosf sinf

L sin 0 _ Sinf sind cotf —1
cosfl +sinfl  cosd f sinf cotf + 1
sin 0 sing  sing '
0 1 1 2
57. sec’> = = =
€5 A8 1 +cost 1+ cost
) B — el
\2 2
14 1 secv + 1
2V 1 1+ cosw secw secy _sece+ 1l secw secw + 1
59. cot 5= : = = =
'J-—cosv 1 —cosw 1- 1 secv — 1 secw  secw — 1 secw — 1
tan* 2 1+ cosw sec sec
lﬂtan!(ﬂ) 1—cosf 1+cosf — (1 — cosfh)
61 2/ I +cost _ 1+ cos@ _ _2cosé _1+co_s£=coso
i & VAN 1 1 —costl 1+cosd+ 1~ cosd 1+ cos@ 2
L 2 1+ cos 1+ cos @
& sin(36)  cos(36)  sin(36) cos 6 — cos(36) sin 6 _sin(30 —0)  2sin(26) n
sin 6 cos 6 sin 6 cos 8 % (2:sin 0 cos 0) sin(20)
2 tan f
. tanf + ——— 5 s
tan @ + tan(20) 1 —tan’f tan6 —tan®6 + 2tan® 3tan6 — tan® @
65. tan(30) = tan(0 + 2) = ——————— = = =
1 — tan 6 tan(26) ’ tan 6(2 tan 6) 1— tan?0 —~ 2 tan® § 1 — 3tan®0
1 — tan*p
|1~ cos(2a)|\12 " V3 24 24 1 _ 25
67. —(ln|1 — cos(28)] — In2) (—2—-> = Infsin? 6|2 = In|sin 6] 69. - E 3. T8 oS T 5
1 cos 0 1 —cosd 0
: = - =2p|— - & =2D—"% _3ptan? = 24.45°
81. (a) W = 2D(csc 6 — cot ) D(sme siuB) 2D S0 tan2 (b) o ‘ 2445
®BV2 .
83. (a) R = g °os 6 (sin @ — cos 6) (b) (¢) 6 = 67.5° makes R largest.
V2
= 032 (2cos 0 sin 6 — 2cos? 9)
BV2
== [sin (20) — cos (26) — 1]
32
=1 ~ (L = scostessin = L2 ; -4 1
85. A = 2h(base) h(Zbase) = scosyessing = s sind 87. sin(26) = 7 89. 2
. a
2 sm(2>
a i a
2tan & 2 tan| — =
2z m(z) mn(2) ms(Z) @ @ a
91. = = = =2sin| = Jeos| — | =sin| 2= | =sina
1+ 2 of 1 2 2 2
1+t = sect| — —_——e
=0 :
2
93 95.sin%=¥'4—\/-—\/§;
! ] cos1=ﬁ\/.4+'\/ﬁ_+ 2
97. sin® 9 + sin’(6 + 120°) + sin®(9 + 240°) = sin® @ + (sin 6 cos 120° + cos 6 sin 120°)% + (sin 6 cos 240° + cos 0 sin 240°)?
3 /2 3
=sin’6 + (—;mno + %cﬂs 8) + (—%sin@ = %ms'ﬁ)

1
sin® 6 + g-(3\/§cos36 ~ 9cos?0sin @ + 3V/3 cos Osin? @ — sin? 0) - é(sinao + 303 sin®0 cos § + 9sin 0 cos? 8 + 313 cos? 0)

3 9 . ; . . 3 4. . .
Zsin3 6 — Zcos2 fsing = %[Sn’l} 6 — 3sing(1 — sin?9)] = 2(4 sin®  — 3sin §) = —%sm(30) (from Example 2)
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3.6 Assess Your Understanding (page 224)

L %[cos(ZH) ~cos(66)] 3. %[sin(66) + sin(26)] 5. %[cos(ZO) + cos(89)] 7. %[cos 0 — cos(36)] 9. %[sin(zo) +sing] 11. 2 sin 6 cos(36)

b 9 sin @ + sin(36)  2sin(20) cos o
3. ¢ i g in—+ 19, St _ TN
13. 2cos(3@) cosg 15, 2 sin(26) cos 6 17, 2sin @ sm2 19 2 5in(20) 2 sin(26) cos 6
cos #f — cos(30) _ 2sin(20)sin®  sipg

sin(46) + sin(26)
sin@ + sin(30)  2sin(20) cos§  cos @

o _ 2sin(30) cos 0 _ sin{34)
" cos(46) +cos(20)  2cos(30)cos B cos(30)

= tan(36) 23, = tan @

v

25. sin [sin. 6 + sin(36)] = sin 6[2 sin(26) cos 6] = cos 8[2 sin(20) sin 6] = cos G{Z-E[cos 6 — cos(36)]} = ¢0s 6[cos 6 — cos(36)]

= sin(49) + sin(86) _ 2sin(60) cos(26) _ sin(60)
" cos(48) + cos(860) 2 cos(66) cos(20)  cos(68) tan(60)

” sin(48) -+ sin(80) _ 2sin(60) cos(—20) __sin(60) cos(20) tan(64)

sin(40) — sin(80) ~ 2sin(~20) cos(60)  cos(60) —sin(z0) _ 2n(60)—cot(20)] = Ttan(20)
P a+ B .a—,B e+ f a— f3

s, St sing 2ITHEs T s cos—g B B *
Csina-sing . a—B oatp atf _a-p M5 ot
sin——cos— cos—— sin—
.etB a-f . et B .
5 sina+sinﬁ_28m 2 12 2 _sm 2 a+p
‘cosa + cosf a+f a-p .nr-l-fi“[an )
7 s~ cos—

35. 1 + cos(29) + cos(46) + cos(66) 37. (@) y = 25sin(20617¢) cos(357mt) (b) Ymax =2 (¢)

= [1 + cos(66)] + [cos(26) + cos(46)] iy

= 2 cos?(36) + 2 cos(36) cos(~6) ) nﬂ n H N

0 A 6 01

= 2 cos(36)[cos(36) + cos 6] l|' l”! va U

= 2 cos(30)[2 cos(29) cos 6] :

= 4 cos § cos(26) cos(30) =2
39. I, = Lcos’0 + I,sin’9 — 2Lysin 6 cos 6 = I,cos’0 + I,sin?6 — I, sin 20 -

+ 1 - cos?2
= Ix(gs—zf—]) + 1y< “’5—9> ~ I,sin26
2 2
Ix Ix. Iy - I}‘ .
=% =4+ === -
2 cos 20 + 2 3 ) cos20 ~ 1 xy§in 26

I, +1 =
=XT}1+ 12 ycosZG—IxysinZB

~ cos 26 20 + 1 .
I, = I sin?¢ + Iy»cosze + 2L, sin6cos @ = Ix<l—{;q—2> + Iy(c_ns_z_l') + I, sin 260
Ix Ix I}’ I}’ .
=,7—700520+700520+7+I,ysm20 )
I.+1 I, -1 '
. ‘2 g ‘2 >c0520 + I, sin 20

41. sin(2a) + sin(28) + sin(2y) = 2sin(a + B) cos(a — B) + sin(2y) = 2sin(a + B) cos(a — B) + 2sinycosy
= 2sin(m — y) cos(a — B) + 2sinycosy = 2sinycos(a ~ B) + 2siny cosy = 2 sin y[cos(a — B) + cos y]

= a—B+y 0“3_7)_ . T2 2a—w . a ) 7r>
—2s1ny(2cos 2 cos 2 = 4 sin y cos 5 cos ) —4s1nycos2 B ) cos| « 2

= 4 sin y sin B sin &
43. sin(e ~ B) = sinacos B — cosasin g
sin(a + B) = sinacos B + cos asin B
sin(a — B) + sin(e + B) = 2sin & cos B
sinacos B = %[sin(a + B) + sin(a — B)]

+ - 1 + = o+ a— 2 2,
45, 2cosa 2 'Bcosa 3 A = 2-5[cos<%+ N 2 B) + cos(TB i ﬁ)} =_cos7a + cosTﬂ =cosa + cos B
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3.7 Assess Your Understanding (page 229)

S T S . T 1177} {'n 27 4w 571'} {'rr 37 Sw 771-}
£), L Ok == ==l R AL ALk
6° 6 4, {0’6 6 + 27k, 6 3 +27rk,kany1nteger} 5.F 6.F 1. {6 5 9. 3°3°3°3 11 i i
T 7o 11w 7 2m 4w Sm 47 8w 16w T 117 37 Tor 2w 4w
13‘{2’6’7} 15{33 3 3}17°{9’9’9}19'{6’T} 21'{4’4} 23‘{3’3}
37 5w 3r T 11w S 7 Sw 137 17w 257 297w
25. {4,7} 27. {T’T} 29.{ £ } 3L {0’0——6+2k1r0— i +2k1r} 2 ol e s LG
S S 1lw 17w 237w 297 35w T 37 T 3_77 5_77 7_77' 9_71' 1la
33. {0‘0—?+k }’6"6 "6 66" 6 35 {0{6— + 2kw, 6 = 2 +2k7r}2 22 22 3
T 2 7 27 4w Sw Tw 8w 8w 107 } 8 10w 20w 22w 327w 34
. = = Sy T RT (s T A Y At A A =-—+ == it el e T
37 {0\0 3+k1T,6 3 +k7r} 3°3°3'3°3°3 39. {0‘0 3 4kar, 6 3 4k 33 3 3 3 3
a 27 47 Sw
41. {041,273} 43. {137,451} 45. {2.69,3.59} 47. {1.82,4.46} 49. {2.08,522} 5L {0.73, 241} 83, 330303
55. (a) —2m, —mr, 0, m, 2, 3m, 4o 57. (a) {x x= —% + kw} 59. @), @ o,
(b)
¥, 13n 3 * 6f-
i & (_7%‘%) (T'E) ®) —g <x< —%0r<—-721,—%:—) P
4 L, (o
I G | e e ILAE Dl -3
o flx) = 3sin(2x) + 2
2w —r '\‘n 2ml 3\ dmf -
_w 3 q!r 1I'r .
.3:(5"'5) Y
J: ol
1la 7o = 57 137 17w T 5w
(){ 6 6’ 6?7'?} “”{12’12}
T T 57 13« 177 » S5 T S5
@ { e <x<gaf<x<Fall<x T} @ { 12 12} (ET{)
61. (a), (d) y ®) {2%,4?77} 67. 28.90° 69. Yes;it varies from 1.25 to 1.34.
9. ) 2maes (ot < s <)o (22, 2) T
c r{—,—
3 3’3 73. If 0 is the original angle of incidence and ¢pis
the angle of refraction, then S0 '
) 63. (a) 10sec;30sec (b) 20 sec;60sec ¢ angle ol relraction, ensin¢| N

65. (a) 150 mi

i flx) = —4cosx

3.8 Assess Your Understanding (page 237)

(¢) Before 6.
min, and after 18.11 min (d) No

(© 10 < x < 30 0r (10,30)

(b) 6.06,8.44,15.72,18.11 min
06 min, between 8.44 and 15.72

T 27 4w 3w 7 1o 1o T S
5 {E'T’?’T} 7 {2,?.7} 9. {0 _’T} 11 {— il

The angle of incidence of the emerging beam |

is also ¢, and the index of refraction is L
' H,a
Thus, 8 is the angle of refraction of the

emerging beam.

-

4 2'3'"3° 2
w 3 27 dar T T 2w T 37 5w 7 27 3w 47

21. {5,7} 23. {0 3 3} 25. {0,3,5,?,77, 372" 3} 27. {0,;,?,?,?
33, (0} 35. {g 5; } 37. Noreal solution 39. No real solution 41, {; 7;7} 43. {0’§
49, 0,%,77,%” 5L o 53.-1.31,1.98,3.84 55.052 57.126 59. —1.02,1.02 6L 0,2.15 63. 0.76,1.35
65. (a) 60° (b) 60° 67. 2.03,4.91 69. (a) 30°,60°

(¢) A(60°) = 12V/3in? ®) 1236m

@ 2

Maximum area = 20.78 in.2

(c) 130

-
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Review Exercises (page 240)

- . S o 3 T T 2\/_
L= 3 — 5= g X g 27 1. —— 13 =% - 4 =t - —
1 ) 7 ; a 8 3 7 15. 09 17. -03 19. Not defined 21. 6 23. 2 25. -\/3 27.

4 4
29. 3 3L -3 8. f° I(x) = —sln (g);Domain of f: (=00, 00); Domain of f~1: [-2, 2]

35. f7(x) = ws (3 - x); Domain of f: (00, 00); Domain of f~1: [2,4] 37. —u® 39. = 41 tan6cotf —sin26 = | — sin? @ = cos? 6

43. sin®6(1 + cot?g 0) =sin®fcsc?6 =1 45. 5cos*0 + 3sin? 0 = 2 cos? 6 + 3(cos? 6 + sin? 0)—3+ZCos 0

g, Lo | sing (1—0059)2“'51119_1—2c056+c052t‘a‘+siuG= 2(1 — cos @) B el
sin 0 1 — cos @ sin (1 — cos 8) sin @(1 — cos ) sin 6(1 — cos 0)
cos 6
49. cos 6 N cos 8 _ 1 _ 1
cosf — sanf  cos@ — sin O _sind 1-tané@
cos @ cosG
1
51 wsel sin 6 1 1 1—s1n0 1—sin0=1—sin0
1+ csco 1+L 1+sin6 1+sing 1—sin® 1 —ging cos @
sin 6
53. cscf —sinf = —1— ~sinf = ———1 —‘smze = C(‘}szﬂ = cost9'cf)—Sﬂ = cos 6 cot 6
sin 6 sin @ sin f sin 0
1 —sing 1 +sing _ cos8(1 — sin’g) cos® 9

55, —— =¢ 1-sing)- - s i ————
secd O =) 1+ sing 1+sing 1+sing

1 20 12 _ 2

57. cOto_tanozcos(i_ﬂzcost‘) sm0=1 2sin% @

sinf  cos@ sin 6 cos 0 sin 8 cos 6
cos(a + B) cosacosf —sinasinB cosacos B sinasin B
59. - = : = - - : =cotf —tana
€Os @ sin 3 cos o sin 3 cosasin B cosasinf
cos(a — cos acos B+ sin a sin CO§ ¥ COS sin e sin
61. [ BJ= B H= A edif =1+ tanatan B
cos e cos [3 cos acos B cosacos B cosacos @
0 sin # .
63. (1 + cos 0)<tan5) = (1 + cos §) 'TE}I::W = sin @
0 20\ 2cosf(cos*0 — sin’ 0 20 — sin2
65. 2cotocot20—2(ws )(cfjs )= {. z ) =w—b‘zi=cot20—1
sin @ /\ sin 20 2 sin* 0 cos f s5in® @

sin(260) + sin(49) _ 25in(30) cos(—6)
" cos(26) + cos(46) 2 cos(30) cos(—6)

67. 1 — 8sin? 6 cos?d = 1 — 2(2 sin § cos 0)* =1 — 2sin?(26) = cos(40) 69 = tan(36)

cos(28) — cos(4p) —2 5in(36) sin(—0)

L cos(26) + cos(4) EanipitaalEe) = 2cos(30) cos(—6)

— tan 6 tan(36) = tan(36) tan § — tan 6 tan(36) = 0

1 33 56 63 33 24 119 5V26
73.—(\/—\/5) 75. —(\f—\/') 7> 79.V2 -1 81 (a) - 5 O O n D @F O @ ()—
2\/ 16 63 56 119 \/_6 \/— 63 16 63
(h) —— 83. (a) 6 (b) 5 (c) 6 (Y] a (e) E ® 169 @ —— o 85. (@) & (b) = (© g @) 6
24 119 2V13 V10 -V3-2V2 1- 2\/6 -3 +2v2 8\/2 + 9\f V3
©% O 5 ® 5 O - 87 @) — b) =2 9 — @ © —
\/3— 4+3V3
® -7 ® i ) i 8.1 ()0 () — (@ Notdefined (e) ‘“f ® -5 ® \?_0 M \f *w\[—
48 + zsv" 24 5w 37 5n 3 T T 3 7 27 4w 5w
93, ——39— 95, 5 97. {3.7} 99, {4 4 } 101. {T,T} 103. {0,5, T, '2—} 105. {3'?’?’?} 107. {0, =}
2 4ar a S T T 5w T Sw T 7 3w 37 T
109, {O’T’W’T} 111. {O’E'—ﬁ—} 113. {E’E’?} 115. {g,?} 117. {Z,E,T.T} 119. {E’ ';r} 121. 0.78 123. —1.11
125. 123 127. {1.11} 129. {0.87} 13L {222} 133. {—?}
Chapter Test (page 242)
T L Y | 4 - . ~ ~
Le 27324 3 53 6 3 7 80392 8 ~0775 9. ~1249 10, %0197
(csc +cot)  (csch + cotd) (esc0 —coth) (csc? § — cot® 0) B 1
" (sec@ + tanf)  (secO + tand) (cscO — cotd)  (sec® + tan 0)(csc P — cot #)  (sec@ + tan)(csc o — cot )
1 seco—tane sec@ — tan @ _secf — tan @

(seco + tan )(csc 6 — cot 0) sec — tan @ (sec? 6 — tan? 6)(csc 6 — cot 9) " csch — coth
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sin® 0 cosd smz 0 + cos® 0 _

12, sing f + cos 6 = sin 6 sinﬂ+ 6 sec
. i n 0s 0 = *——— + cos@ = =
rota cos cos cosll cos ! " cosf
sinf  cosf sin® 0 cos” sin® 0+ cos’ 0 1 2
13, tang + cot = —— + — = — 3 = = = 5 =5 = 2 osc(26)
cos@  sin@  sinfcost  sinflcosd sin @ cos 0 sinfcosf  2sinfcosf  sin(20)
sin(a + B) sinacos B + cosasinB  sinacosB + cosasinB  sinacos B + cosasin 8
‘tane + tan 8 sina sin B sinacos B cosasinf  sinacos B + cosasin B
cosa cosf cosweos B cosacos B cos @ cos B
sin e cos B + cos a sin B cos & cos B
= e : = CcOS @ cos B
1 sin a cos B + cos a sin B

15. sin(36) = sin(6 + 26) = sin 6 cos(26) + cos 6 sin(26) = sin 0+ (cos® & — sin>@) + cos 62 sin & cos # = sin 8 cos? 6 — sin® @ + 2'sin 0 cos? g

=3sin 6 cos’ — sin*@ = 3sin 6(1 — sin? @) — sin®f = 3sinh — 3sin® 4 — sin® 0 = 3sin 6 — 4 sin® O

sin@ cos® sin0 — cos?6

(tan@ —cot®) cosp sin6 sin 6 cos 6 sin’§ — cos?g _ —cos(20) 2 2
; = - == & = —(2cos°0 — 1) =1 - 2cos*9
(tan® +cot#) sinf  cos6 sin’6 + cosf sin’0 + cos?O 1
' cosf  sin@ sin 6 cos
\Va \/— 12\ /%5 2\/—(\/5 - 3) 2+ V3 V6 \/—
v + . 1 i 5 2
7. -=(V3+1) 18 g = n—— B
1
25, {%2?”4?"57”} 26. {0,1.911, 7, 4373} 27. {%%%ISTW} 28. {0285,3.427} 29. {0.253,2.889}

30. The change in elevation during the time trial was about 1.18 km.

Cumulative Review (page 243)
-1- V13 ~1+ Vi3]
1 { s

+1=-1(x—-4)orx+y=3; 6V2; (1,2) 3. x-axis symmetry; (0, —3), (0,3), (3,0)

6
4, 5, ¥
1_
1 1 L&
- / T 2%
=3 \/
L2
6. b
b ® Y I(x) =sin1x L
S i fG)
0.0/ YR
" -1 1
(_1’;1) (JET’_I) 7k
Ll ‘
7_(,,)_M (lb)ﬁ()im)—()\/e’”\/5 ® \/ %
9. ()—M ®) 22 ©1 (d)M ()i

3

CHAPTER 4 Applications of Trigonometric Functions
4.1 Assess Your Understanding (page 254)

5 12 5 12 13 13
2 5. T 6. le of elevati s 8 F 9 sinf=—; =—; =— =— = s =—
4. F angle of elevation 7. T 9. sin 1?,,cosﬂ 13,tan(9 12,cot«‘) 3 ;secd 12,csce 5
2V13 3V 2 3 vV
11. sin 8 = —;é_;coso = —1313;tan0 = g;coto = E;sece = 13;csct') = ——\/25

3 =
13. sin 6 =—\§_—;cos0 =%;tan0 = \/g;coto =%;sec9 = 2;csc = 23ﬂ

-
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: 6 :

15. sin @ = \g—; Cosg = %;tane = \/E;cota =¥;seco = \/5;csc0 =—\§_—6
. 5 2

17, sin 6 =%; Cos 9 =¥;tan0 =%;cot0 = 2;sec@ =X2_5—;csc0 =5

19.0 21.1 23-0 25.0 27.1 29, g~ 13.74,¢~14.62, A=70° 31. b~503,c~ 7.83,A=50° 33. a=~0.71,c~4.06, B =80°

35 b=~10.72,c~ 1183, B=65° 37. b~ 3.08,a~846,A=70° 39. c~583,4A~59.0°, B~31.0° 41. b~ 4.58, A =23.6°, B =~ 66.4°

43. 23.6° and 66.4° 45, 4.59in.;6.55 in. 47. (@) 5.52in.0or11.83in. 49. 70.02ft 51, 98591t 53. 137.37m 55. 80.5°

57.(a) 111.96 ft/s€cor 76.3 mi/hr (b) 82.42 ft/sec or 56.2 mi/hr (c) Under 18.8° 59, 203.52ft 61. 554.52ft 63. S76.6°E .

65. The embanksment is 30.5m high. 67. 3.83mi 69. 1978.09 ft 71. 60.27ft 73. The buildings are 7984 ft apart. 75. 69.0° 77, 38.9°
79. The white ball shouid hit the top cushion 4.125 ft from the upper left corner.

4.2 Assess Your Understanding (page 265)

e .
4. oblique 5. %= = S";B ~H0C R T 8 F 9. a~323,b~355A=40° 11 o~ 325,c ~ 423, B = 45°

13. C=95,c~ 986,a~ 636 15. A=40°a=2,c~306 17.C = 120° b ~ 1.06,c = 269 19. A = 100°,a ~ 524, ¢ ~ 0.92
21. B= 4'10°, a= 564,b~386 23. C=100°%a=~131,b~ 131 25. One triangle; B = 30.7°,C ~ 99.3%, ¢ ~ 3.86 27. One triangle;
C ~362° A~ 438,a~ 351 29, Notriangle 31 Two triangles; C; = 30.9°, 4y = 129.1°,a; ~ 9.07 or C, ~ 149.1°, Ay = 10.9° a; =~ 2,20

33. No triangle 35, Two triangles; A; =~ 57.7°, By ~ 97.3° by = 2.35 or A) =~ 122.3° B, ~ 32.7°, b, = 1.28 37. (a) Station Able is about 143.33 mi
from the ship: Station Baker is about 135.58 mi from the ship. (b) Approximately 41 min 39. 1490.48 ft 41. 381.69ft 43. The tree is 39.4 ft high.
45. Adam receives 88.3 more frequent flyer miles. 47. 84.7°,183.72ft 49. 2.64mi 5L 385 in. 53. 44936t 55. 187,600,000 km or 101,440,000 km
§7. The diameter is 252 ft.

ZSiB(A — B) cos(A L B) q'n(A = B) ces(z - E) sin(é_—ﬁ)
a-b_a_b_sinA_sinB_sinA-snB 2 2 N Z SR 3 2

2 c ¢ ¢ sinC sinC sin C 2sin£cos€ N "ngc € N e
sin=-cos7 sincos cos
'n{l(A = B)]
sin| >
a—b C 1 1 1
2—b = cos— tan[Z(A B)] tan[2 (A- B)} tan[2 (A - B)J
61. a+b a+b 1 - C N C B 1 :
= i - = =
p cos[E(A = B)] cot2 tan(2 2) tan{2 (A+ B)}

4.3 Assess Your Understanding (page 272)

3. Cosines 4. Sines 5. Cosines 6. F 7.F 8 T 9.b=~295 A4~ 287°,C ~ 1063° 1L ¢ ~ 375, A ~ 321°, B ~ 52.9°

13. A~ 485° B ~386°C~929° 15. A~ 1272°, B~ 321°,C ~207° 17. c %257, A ~ 48.6°, B =~ 91.4°

19. a~299,B~192°,C ~ 80.8° 2L b=~ 414,A ~ 43.0°,C ~ 27.0° 23. c ~ 1.69, A = 65.0°, B = 65.0° 25. A=~ 674° B = 90°,C =~ 22.6°
21. A=60°,B =60°,C =60° 29. A ~336°B~622°Cw~ 843 3l A~ 97.9° B~ 52.4°,C =~ 29.7° 33.165yd 35. (a) 26.4° (b) 30.8 hr
37, (a) 63.7ft (b) 66.8ft (c) 92.8° 39. (a) 492.61t (b) 269.3ft 41. 34231t 43. The footings should be 7.65 ft apart.

— €08 1 — cost .0 .
45. Suppose 0 < 8 < 7. Then by the Law of Cosines: d* = r2 + r% — 272 cos § = 4r2<1%90> =d =2r 1—-;—{-”’— =2r sin. Since for any

. 6 . 9
angle in (0, ), d is strictly less than the length of the arc subtended by 6, that is,d < r0, then 2r sing < r@,or2 smE < 8. Since cos7 < 1, then,
for0 <6 < o,sin@ = 2singcosg < ZSing < 6.1f6 = =, then since sin6 < 1,sin@ < 6. Thussin§ < 6 forall § > 0.

&+ B =

7. inC — 1—cosC_\/1 2ab 2ab—a2—h2+c'ﬂ_\/&2—(a—b)ﬂ_\{(wa—b)(cﬂ;—a)‘ :
i N 73 -y 4ab dab 4ab
_ (2 — 2b)(2s —2a) \X(s —a)(s—b)
- 4ab -y ab

4.4 Assess Your Understanding (page278)

L Heron’s 3. F 4 T 5. 28 7.299 9.1498 1L 9.56 13.386 15. 148 17.2.82 19.30 2L 173 23. 19.90
- 2 . -
5. K = Lapsinc= Lasin c(" 20 B) ~asnBsinC o, 00 29227 3L 544 33, 9.03 sqft 35. $5446.38
2 2 sin A 2sin A

1 .
1. The area of home plate is about 216.5in?. 39. K = Erz(e + sing) 41. The ground area is 7517.4 ft2.
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1 O C
43. (a) Area AOAC = EIOCHACI —%# = %sin @ Ccos & (e) Area AOAB = Area AOAC + Area AOCB
1
1 BC| |oc OB + B) = = sinacosa + = |OB| %sin 8 cos
(b) Area AOCB = EIBCIIOCI IOBIZIIOB: IIOB]| = —|0B|2 sin  cos 8 | | sin(a + B) acos o | | Bcos B

N|)—‘N’_‘N

1 D sin (& + 8) = sine cose + |OB} sin B cos g
() Area AOAB = Z|BDI|0A| = > |0B| :23: =|0Bl sin(a + B) loB| )
cos COS
oc| +8) = + i
L _|1_ sin (o + B) —ys sin & cos a cos @ sin B cos B
d) — === 10B| sin(e + B) = sinacos B+ cosasinf
) cos B loc)
|OB|
45. 31,145ft> 47. (a) The perimeter and area are both 36. (b) The perimeter and area are both 60.
9. K =2an=Labsincoh = poinc = 28I BsinC
2 2 sin A

. A B
c .csm?SmE \/(s = b)(s - C)\/E‘ —a)(s =)
o s — ¢ be == C\/m s -
cot— = B ) o T
5 Sing & =0 =5) \/mj r c
2y W
2 ab -

1 1
53. K = area of triangle QOR + area of ROP + area of POQ = %ar + Ebr + %cr = rE(a + b+ ) =rs,s0

_k _ Vis(s — a)(s — b)(s — ¢) _ \/(s —a)(s — b)(s — c).

i) 5 s

51.

4.5 Assess Your Understanding (page 288)
2, Simple harmonic; amplitude 3. Simple harmonic; damped 4. T 5.d = —5cos(mt) 7.d = —6 cos(2t) 9. d = —5sin(wt)

11. d = —6sin(2t) 13. (a) Simple harmonic (b) 5m (c) —sec (d) omllahonfsec 15. (a) Simple harmonic (b) 6m (c) 2 sec

@ %oscillation/sec 17. (a) Simple harmonic (b) 3m (c) 4w sec (d) Eoscillalinm‘sec 19. (a) Simple harmonic (b) 2m (c) 1sec

(d) 1 oscillation/sec

21. y 23.

29, 4 049 )

1 i — _10,—-071/50 ( . i}
3 33. (a) d 10e cos %5 2500!

® 10
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39. (a) The motion is damped. 41. (a) The motion is damped. 43. (a) The motion is damped.
The bob has mass m = 20 kg The bob has mass m = 40 kg The bob has mass m = 15 kg
with a damping factor of 0.7 kg/sec. with a damping factor of 0.6 kg/sec. with a damping factor of 0.9 kg/sec.
(b) 20 m leftward (b) 30 m leftward (b) 15 m leftward
(0 20 © 30 © g5

Aannl,

181 PN

0 s -
IRRAR
=20 15 )
(d) 1833 mleftward (e) d— 0 (d) 28.47 mleftward (e) d—0 (d) 12.53 m leftward (e) d —0
45. w = 1040 49. (a) (b) Atr=0,2;atr =1, =3 5. 95
d = 0.80 cos (1040art) (¢) During the approximate intervals
47. ¢ = 880 I 035 <1< 067,129 < ¢ < 1.75,
d =001 sin (880sr) /\ and2.19 <=3
1 i Lyl
Vas.
-1
! sin L sin
= —sinx = —sin x
YTz Y=
0.1 .05
0= SR i
41 . 0 37
—0.06 —0.015

Review Exercises (page 291)

a4 _3 _4 _3 _3. Ny
1. sm@—3,c030—5,tan0—3,cot0—4,5600—3,cs00— 7

3 1 3 2V3
3. sin0=7\/_;cos{9=5;tan0= \/.;a_;cot0=T\/;se00=2;cscO=?\/_ 50 7.1 9.1 1L A =70°pb = 342,a = 9.40
13. a ~ 458, A =~ 66.4°,B ~ 23.6° 15. C = 100°,b ~ 0.65,¢ = 129 17. B ~ 56.8°,C ~ 232°b ~ 425 19. Notriangle 21. b ~ 332, A =~ 62.8°,
C ~172° 23, Notriangle 25. ¢ ~ 232, A ~ 16.1°,B ~ 123.9° 27, B ~ 36.2°,C ~ 63.8%,¢ ~ 4.55 29, A ~ 39.6°, B = 18.6°,C =~ 121.9°
31. Two triangles: B; =~ 13.4°,C; =~ 156.6° ¢, ~ 6.86 or B, = 166.6°,C, ~ 3.4° ¢, =~ 1.02 33, g ~ 523,B = 46.0°,C ~ 64.0°
35. 193 37.1879 39.6 41.3.80 43. 032 45.192in2 47. 2332 ft 49. 215mi  51. 132.55 ft/min 53, 29.97 ft 55. 6.22 mi

1
57. 71121t 59. $222,983.51 61. 76.94in. 63. d = —3 cos <§t> 65. (a) Simple harmonic (b) 6ft (¢) 7wsec (d) ;oscﬂlatlon/sec

405625
25 6400

67. (a) Simple harmonic 69, (a) d = —15¢ 075/80 cos(
o) 21t
(c) 2sec

t> 71. (a) The motion is damped. The bob has  (b) 15 m leftward
mass m = 20 kg with a damping

factor of 0.6 kg/sec.
(¢ 15 (d) 13.92 m leftward

(d) E oscillation/sec
2 (®) d>0
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73.

—

-1

Chapter Test (page 295)

1. sin0=ﬁ;cose =

5

2V5
5

Cumulative Review (page 29¢)

1. {1,1} 2. (x+5P2+(y-12=9

3

=

2V5s

6. (a) — 5

b ?

L@ g

L (a)

i
5.._
Lt A g
-5 | 5
_5—
(e) ¥,
8
|4|_|_.-\/‘ltll_-_"
=) !

;

[INY

TT 1T

© -2

5-5
(e) 4/ 0

®) 15

3. {xlx=—-lorx =4}

| T L T I |

=5

2w 'y=cosx

y=-x

5+V35
10

()

(©

1.

TTTT

y=2sinx

“‘\ Wi J;ZQ\. o

\J/ mN\ SN

TTTTTTT

(d)

y'= cos(22)

;tan @ = %;csce = \/E;seco = %;coto =2 2.0 3.a=1588,B =575°C =~ 70.5°

4. b~ 685C=117°¢c~ 1630 5. A =~ 524°,B % 29.7°,C ~ 97.9° 6. b~ 472, ¢ ~ 1.67, B = 105°
8. ¢~ 762, A=~ 805°B ~295°

7. No triangle
. 15.04 square units  10. 19.81 square units 11, 61.0° 12. 1.3° 13, The area of the shaded region is 9.26 cny?,
14. 54.15'square units 15. Madison will have to swim about 2.23 miles. 16. 12.63 square units 17,

18. d = 5(sin 42°)sin( %‘) ord ~ 3.346 sin(%’)

The lengths of the sides are 15, 18, and 21.

N
- \/_3;\/ T
(@ ]?_

I DL L I

_3-.

Two triangles: 4y ~ 59.0°, By ~ 8L0°, b; ~ 23.05 or 4, ~ 121.0° B, ~ 19.0°, b, ~ 7.59 10. {o, 23” dm

} 1L 7 ft =~ 3.14 ft

3¢

71

83

13,
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CHAPTERS Polar Coordinates; Vectors
5.1 Assess Your Understanding (page 306)

5. pole;polax @4s 6. —2 7. (-V/3,-1) 8. F 9. T 10.T 1. A 13.C 15 B 17. A

19. 7 R R R . 23.
3,90) (2.0 0 (5%)

90°

Q
N

33.

S ) AN
5 (-2,3)
3
@) (2, ~2) @ (1, 2") @ (3, —5{)
3
®) (-2,7) (b) <—1,77T) ®) (_3’7777>
5
© (2.2m) © (137) © (3.17)
39. (0,3) 4L (-2,0) 43. (-3V/3,3) 45 (V2,-V2) 47. (—% %) 49. (2,0) 51 (-2.57,7.05) 53. (—4.98,—3385) 55. (3,0)
aT T . 3 B V3 . o
57. (1,7) 59. V2, 7 61. Z’E 63. (2.47,-1.02) 65. (9.30,047) 67 r* = 2 0= 69. r“cos*6 — 4rsinf = 0

2
7L r?sin20 =1 73. rcos@ =4 75. x2+y7'—x=00r(x—%) +y2=% 7. (P +y)2—x=0 19. 22+ =4 8L y?=8(x + 2)

83. (a) (—10,36) (b) (2\/_349, 180° + tan™? (—1?8)) ~ (37.36,105.5°) (c) (~3,-35) (d)(\/1234, 180° + tan_l(?;—s)) ~ (35.13,265.1°)

5.2 Assess Your Understanding (page 321)

7. polar equation 8. r=2cosf 9. —r 10.F 1L F 12, F
13. x% + y? = 16; circle, radius 4, 15. y = \/gx; line through pole, 17. y = 4; horizontal line 4 units

center at pole making an angle of -g with polar axis above the pole




I
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x = —2; vertical line 2 units to the 21, (x — 1)? + y? = 1; circle, radius 1, 23, X2+ (y + 2)? = 4; circle, radius 2,
center at (0, —2) in rectangular coordinates

center (1,0) in rectangular coordinates

left of the pole

29.E 3L F 33.1I 35D

27. 2% + (y + 1)? = 1; circle, radius 1, center
37. Cardioid

5. (x — 2)* + y? = 4 circle, radius 2,
at (0, —1) in rectangular coordinates

center at (2,0) in rectangular coordinates

39. Cardioid

S
Jagetreces
Qi

49. Rose

ST
S

AL ‘
TN L

e -
BRSNS
RN

ilg‘o

- | ISR
SN
A
s YN

%’(—;ﬂh‘\:‘;“ 4 5 uZFX
A

57,

67.

73.

81



51. Rose

. (@) 72 = cos6: % = cos(m — )
r? = —cos@
Not equivalent; test fails.
(=r)? = cos(—0)
r? = cos 6

New test works.

53. Lemniscate

55. Spiral

AR
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=T
0=3

5
=

vy
%
e

A

N

6l. r =3+ 3cos6

63. r =4 4 sin g

75. rsinf=a 77 r = 2asin @
y=a r? = 2arsing
' %+ y? = 2ay

¥+yt—2ay=0

P+ (y—aP=4d

Circle, radius g, center at (0, a)
in rectangular coordinates

M) 7 =sin6:r* = sin(w — 0)

r? =sin6
Test works. -
(—r)2 = sin(—0)
r* = —sing

Not equivalent; new test fails.

79. r = 2acosd
r? = 2ar cos §
¥r+ y? = 2ax
x% = 2ax + y2 =0
(x — a)? + y?* = g*
Circle, radius g, center at (a,0)
in rectangular coordinates
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Historical Problems (page 330)
1@ 1+4,1+i (b -1,2+i

5.3 Assess Your Understanding (page 330)
5. magnitude; modulus; argument 6. De Moivre’s 7. three 8. T 9. F 10. T

L Imaginary 13. 1 Imaginary 15. 1 Im‘aginary
axis axis 4 |Laxis
1 1t
Real f | | Real | / \ e Rgal
1 axis WD\ 2 axis -3 o 3 axis
_1 -
3 &
1
\/E(cos 45° + isin 45°) 2(cos 330° + i sin 330°) 3(cos 270° + isin 270°)
17. 1 Imaginary 19. Imaginary 2L Imaginary
axis 1| 2xis 3 axis
4 i ARy i, Real
ok . = \ 1 3 axis
[/ \. | _ Real | \ ____Re.al
S 2 4 axis -2F =) 2 axis
T -1
4\ _ L
4\/2'{(:05 315° + isin315%) 5(cos 306.9° -+ i sin 306.97) \/1_3(cos 123.7° + isin 123.7°)

93, —1 + V@i 25 2V2-2V2i 27. -3 29. —0.035+ 0197 3L 1970 + 0347

. 1 ‘ " 3 i
33, zw = 8(cos 60° + isin 60°); - = (cos 20° + isin20%) 35 zw = 12(cos 40° + i sin 4n°);i = (08 220° + i 5in 220°)

w
Qar L 9m\ 2 ki o T = , z s
LW = 2 yjsin—|;—= sk f i LW = 59 4 isi oy 2 = 75° 4 o . —32 + 3
37. 2w 4((:0540 i sin ),w cos j+”'m4(} 39, zw 4\/2(cos 15° 4 isin 15 ]’w \/i(cos + isin75°) 4L —32 32\/3i

43, 32i 45 2—; + g—;éi 47. -—%\/—i + %ZE 49, —4 -+ 4i 5L —23 + 14,1421

53. $/2(cos 15° + isin 15°), ¥/2(cos 135° + i sin 135°), /2(cos 255° + i sin 255°)

55, /B(cos 75° + isin75%), V/B(cos 165° + i sin 165°), VB(cos 255° + i sin 255%), V/8(cos 345° + i sin 345°)
57, 2(cos 67.5° + i sin 67.5°), 2(cos 157.5° + i sin 157.5°), 2(cos 247.5" + i sin 247.5°), 2(cos 337.5° + isin 337.5%)
59, cos 18° + isin 18°, cos 907 + i sin 90°, cos 162° + isin 1627, cos 234° + i sin 234°, cos 306° + i sin 306°

61. 1,i,—1,— 63, Look at formula (8); 65. Lookat formula (8).
2
lz] = Vr for all k. The z, are spaced apart by an angle of 7'”

Tmaginary
axis

5.4 Assess Your Understanding (page 341)
1. unit 2. scalar 3. horizontal; vertical 4, T 5T 6. F

T 9. 3y 11. v 13 Iy u

v+ W
w —_ =
i W 3y +u—2w —2w

v

15, T 17.F 19.F 2L T 23 12 25, v=3i + 4] 27 v=2i+4j 29, v=8—j 3 v=—i+] 33.5 35.\/5 37. V13 39, -

41

53
61

(a
R



