Chapter 7 Trigonometric Identities and Equations

7-1 | Basic Trigonometric Identities

Page 427
1.
2.

10.

11.

.‘can@:L cot § =

.sec=—_,

Check for Understanding

Sample answer: x = 45°

Pythagorean identities are derived by applying
the Pythagorean Theorem to a right triangle. The
opposite angle identities are so named because —A
is the opposite of A.

1 cos 0
tan 6° sin 6

povrs = cot 0,

1+ cot? 0 = csc2 6
sin (—A)

. tan(—A) = cos (—4)

_ —sinA
T cosA
_ sinA

T cosA

= —tan A

. Rosalinda is correct; there may be other values for

which the equation is not true.

. Sample answer: § = 0°

sin§ + cos § 2 tan 6
sin 0° + cos 0° 2 tan 0°
0+120
1#0

. Sample answer: x = 45°

sec?x +cscZx 21
sec2 45° + csc? 45° 2
(V22 + (V2)? 2
24+ 22

I
ko ko (ko
[

sec = 2
3

secf =

o | o
o+

)

=]

>

Il

I
o

sinZ 6 + cos26 =1

(—é)2+cos20 =1
1 20 —
95 T cos“0 =1

24 _ 24
cos® 0 =5

5
cos 0 = iZ\/é

5
2V6
Quadrant III, so —%—
tanZ6 + 1 = sec2
<*%>2 +1 =sec?d

% +1 =sec?6

65
5 _ 2
19 — sec” 6

V65
+— =sgsecl

-7
V65
Quadrant IV, so -

T ™
12. 5= 2m + 5
T ™
COS 3~ = €08 (2q-r +3>

_ o
= COs 3

13. —330° = —360° + 30°
1
cse (—330°) = Sin (—330°)
1
= sin (—360° + 30°)
1

" sin 30°
= csc 30°
1
csc 0 sin 6
14. cotd . cosf
sin 0
1 sin 6
" sinf cosf
_ 1
~ cosf
= sec 0

1
15. cos x csc x tan x = cos .’XJ( sin x)(

=1

16. cos x cot x + sin x = cosx(
_ cos®x
T sinx

cos
sin x

X

sin x
cos x

+ sin x

cos? x + sin? x

- sin x
1

sin x

= CsCXx
17. B="9"
BIt = Fcsc
F= i
F = Bl )
F = Bl{sin 0
Pages 427-430 Exercises

18. Sample answer: 45°
sin 6 cos 0 2
sin 45° cos 45° 2 cot 45°

(4)(%)

571
19. Sample answer: 45°
secl , .
tan 0 = SIN 0
sec 45° . °
tan 450 = SIn 45
Va2 o, V2
1 = 2
V2 # %

)

)+sinx
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20. Sample answer: 30°

Cos X

sec?x—12 csox
2 Mo _ cos 30°
sec? 30 12 3500
V3
(&)2 g =
3 = 2
12, V3
9 = 4
1, V3
57 4
21. Sample answer: 30°
sinx + cosx 2
sin 30° + cos 30° 2 1
1, V3
PREFIE
1+2\/§¢ 1

22. Sample answer: 0°
sinytany 2 cosy
sin 0° tan 0° 2 cos 0°
0-021
0#1
23. Sample answer: 45°
tan?A + cot2A 2 1
tan? 45° + cot? 45° 2 1
1+121
2#1
24. Sample answer: 0

cos(0+g>¢cos0+cos%

[Fo

cos(O-i—%)#cosO-i—cosg

kU ku
cos 5 # cos 0 + cos 5

0#1+0
0+#1
25. cscb = 5 26. cot § =
1
csc = o cot 6 =
5
_5 _
CSC(9—2 cot @ =
cot 6 =
27. sin? 6 + cos?26 =1
2
(}1) +cos?26 =1
%6+cos20:1
24 _ 15
cos 0716\/_
cos0=i%
Quadrant I, so @
28. sin? 6 + cos? 02=1
o) 2\
sin 0+( 3) =1
sin20+%=1
sin? 9 = 2
sin6=i§

5
Quadrant IT, so 73~
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29. 1 + cotZ § = csc? 9

2
29— (V11
1 + cot 07( 3)
1+ cot? =41
cotQGZ%
cot0=i%
Quadrant II, so 7%

30. tan?0 + 1 = sec2 6

tan?6 + 1 = (*%)2

tanZg + 1 =22

16

29 = 9
tan= 6 16
3

= +=2

tan 0 *+

Quadrant II, so —%

31. sin?6 + cos?26 =1
(—%)2 +cos?f =1
§+cos?l=1

cosZ g = %
cosf = *+ ZT\/E
Quadrant III, so cos 6 = —27\@
_ sin#f
tan § = cos 0
_1
3
tan § = B
3
tan § = 27\1/5 or ?
32. tanZ 0 + 1 = sec? 0
2\2 9
(g) + 1 = sec*0
%4' 1=sec?0
% = sec2 9
i%)’ = secf
Quadrant III, so sec 6 = —@’
_ 1
cos § = sec 6
1
= ——
cos Y
3
cosf = ——> or _3V13
V13 13
83. cos § = selce sin? 0 + cos26 = 1
1 : 5\2
cosf = — s1n20+<—7) =1
— - s
. 5 sin“ 6 + 9 1
cos = —2 P
7 sin“ 6 = 9
sinf = = 27\/6
Quadrant ITI, so — QT\/é



34. sec § = L tanZ6 + 1 = sec2 6
cos 0
1 tanZ6 + 1 = 82
sec = T tan260 + 1 = 64
3 tan? 6 = 63
tan 6 = + 37
sec =8 an
Quadrant IV, so -3V7
29— 2 : _ L
35. 1 + cot“f = csc* 6 sinf =
1
2 L
1+(—%> = csc2 0 sinf= _5
3
16 _ .02 i - _3
1+ g = csc 0 sin 6 5
2—95=csc29
5 _
ig—cscﬁ
5

Quadrant IV, so —
1+ cot?0 = csc2 6
1+ (—8)% =csc2 9
1+ 64 =csc2f
65 = csc2 6

*+*V65 = cscl
Quadrant IV, so —V65

w|

36.

sin? 6 + cos? 6 = 1
2
sinZ 6 + (—%) =

37.
1

1
13

16
V13

1 = + Y=
sin § = *= 1

2 3
sin 0+16

sinZ 6

Vi3

Quadrant II, so 1

sin 6
cos 0

Vis
4
tan § = v

tan § =

tan 0 = —

secZA — tan? A
2sin2 A + 2cos? A

38. 390° = 360° + 30°
sin 390° = sin (360° + 30°)
= sin 30°
27w _ 3w
g Tomt %
27T _ 3
cos Tﬂ = cos (317 + ?””)

_eps 3T
COS8

39.

207

41.

42.

43.

44.

45.

46.

47.

19
e - aem -3
sin 157
197 _ 5
tan T = 197“
cos —;
sin (2(2m) — 7}
" cos (2(217) - %)
o
_ —siny
B ™
cos 5
T
= —tan 5
10w m
A
10w 1
eS¢ = . 10w
sin =5
1
~ sin (317 + %)
1
= o
—sin 5
_ s
—csc g
—1290° = —7(180°) — 30°

1
sec (—1290°) = 13909 (—1290%)
1
= cos (—7(180°) — 30°)
1

—cos 30°
= —sec 30°
—660° = —2(360°) + 60°
o o _ cos (—660°)
cot (—660°) = " Tee0) (Z660°)
_ cos (—2(360°) + 60°)
~ sin (—2(360°) + 60°)
__ cos 60°
~ sin 60°
= cot 60°
1
sec x cos x
tanx  SInx
cos x
1
T sinx
= CsCX
cos 6
cotf sin 0
7=
€08 cos 6
1
sin 0
=cscf
sin (6 + ) _ —sin 6
cos (f —m) ~ —cosf
=tan 6

(sin x + cos x)2 + (sin x — cos x)?

sin x + 2sin x cos x + cos? x + sin
— 2sin x cos x + cos? x

2sin? x + 2 cos? x

= 2(sin? x + cos? x)

=2

2

X
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48.

49.

50.

51.

52.

53.

54.

55.

. tx = si ( 1 )(cos x)
SN X COS X SeC X cot X = SIn X €08 X ooz 7 \ o x
= Ccos X
. sin x . cos X
cos x tan x + sin x cot x = cos x(cosx) + sin x(sinx>
=sinx + cos x
1 cos 6
(1 + cos B)(csc @ — cot ) = (1 + cos 0)(sin6 - sin9)
1—cosf
= (1 + cos 9)( e >
_ 1= cos? 0
~ siné
_ sinZ §
sin 0
= sin 6

1+ cot? 9 — cos? 6 — cos? 6§ cot? §
1+ cot2 0 — cos2 (1 + cot? 0)
csc? 0 — cos? f(csc? 6)
esc? 0(1 — cos? 6)
csc? O(sin? 6)
o
=1
sin x
1+ cosx

sin x
1—cosx
sin x — sin x cos x

- 1 — cos? x

sin x + sin x cos x

1—cos®x

_ _2sinx
T 1-cos’x
2 sin x
sin x

2

sin x

= 2csc x
cos? a + 2c0s? o sin? a + sin? o = (cos? o + sin? a)?
=120r1
I=1, cos? 0
0 =1, cos? 6
0 = cos? 0
0 =cos @
cos"10 =40
90° =6
Let (x, y) be the point where the terminal side of
A intersects the unit circle when A is in standard
position. When A is reflected about the x-axis to
obtain —A, the y-coordinate is multiplied by —1,
but the x-coordinate is unchanged. So,
sin (—A) = —y = — sin A and
cos (—A) = x = cos A.

y
x Y

A

F—A X

(X1 _y)
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56a. o=t
eAs = Wsec b
eAs
sec 0
W = eAs cos 6
56b. W = eAs cos 0

W = 0.80(0.75)(1000) cos 40°
W = 459.6266659
459.63 W

57. Fy —mgcosf =0

58.

59.

60.

Fpy = mgcos 0
mgsin @ — u,Fy =0
mg sin 0 — p,(mgcos ) =0

pr(mg cos 0) = mg sin 6
_ mgsinf
'uk_mgcose
__ sinf
Mr = coso
pp = tan @
a/\
a
360° _ 180° 2 _a  _a
0=-5, =,  tanf = h,soh—Ztana—QcotG.

180")
n

. . L1
The area of the isosceles triangle is g(a)(g cot

a2 180° .
= cot ( . ) There are n such triangles, so
1 180°
A= Zna2 cot (—)

n

yA B_;/g

E

0

|

|

|

el
F

D_'

sin § = EF and cos § = OF since the circle is a unit

circle. tan § = 5y = 7 = CD.

sec ) = o5 = <% = CO. AEOF ~ AOBA, so

o =54 _PA_ BA Thencot = <=0 = 9% _ pa,
Also by similar triangles, 7 = %, or ﬁ = 2.
Thencsc@zﬁzﬁ*%z OB

Cos™1 (~ ) = 135°



61.

~ . =

) X
o) 13w
6
_1 4+
62. 2(3° 30") = 7° ° = 7° X Tgos
_ Im
~ 180
s=rb
T
s = 20(@)
s=~2.44 cm
63. B = 180° — (90° + 20°) or 70°
. a b
sin A =~ cosA =
sin 20° = % cos 20° = 3%
35 sin 20° = a 35 cos 20° = b

11.97070502 = a
a=12.0,B="70° b= 329

64.21 2 1 -8 —4
4 10 4
2 5 200

22 +Bx+2=0
Cx+1Dx+2) =0
2+ 1=0o0rx+2=0

x=—% x=—2
1
2,3, 2
65. 202+ Tx —4=0
x2+%x72=0
x2+%x:2

49

7 49
24 L 49 _
X +2x+16—2+16

T2 _ 8
<x+4) =16

7 9
T_ .9
x+4 *y
7.9
= —— + =
< 4= 4
x=050r —4

66. continuous
67. 4(x + y — 22) = 4(3)
—4x—-—y—2z=0 -

32.88924173 = b

4x + 4y — 8z =12

z= 0

x+ y—2z= 3
—x— by +4z=11
—4y + 2z =14
43y — 92) = 4(12) -
3(—4y + 2z) = 3(14)

3y —9z=12

12y — 36z = 48
—12y + 6z = 42

—30z = 90
z=-3
3y — 9z =12 x+y—2z =3
3y —9(—=3) =12 x+ (=5) —2(-3) =3
y=- x =2
2, -5, —-3)

209

4-2
68. m =", ; y =y = mE =)
2 2 2
=—gor—yg y—4=—g-(-9)
2 28
Y= ety

69. mOBCD = 40°
40 = %m(/B;E)
80 = m(BC)
mOBAC = ymBC
mOBAC = (80)

mUOBAC = 40°
The correct choice is C.

7-2 | Verifying Trigonometric Identities
Page 433 Graphing Calculator Exploration
1. yes 2. no 3. no

4. No; it is impossible to look at every window since
there are an infinite number. The only way an
identity can be proven is by showing algebraically
that the general case is true.

AN A
NS

[—2, 27] scl:% by [-2, 2] scl:1
sin x

Pages 433-434 Check for Understanding
1. Answers will vary.

2. Sample answer: Squaring each side can turn two
unequal quantities into equal quantities. For
example, —1 # 1, but (—1)2 = 12,

3. Sample answer: They are the trigonometric
functions with which most people are most
familiar.

4. Answers will vary.

cot x
cscx

5.cosx X

CosS X
cosx 2 sinx
=1

sin x
COS X 2 COS X
= 1

COS X = COs X

Chapter 7



6 1 ? COos X
' tanx+secx  sinx+ 1
1
sin x 1 p 08
= —— T sinx+1
cos x cos x
1 , _cosx
smx+T = 5
cos x
cosx _ COSX
sinx+1 = sinx+1
1
_ N —
7.csc —cotf 2 - o
1 cscf — cot 6

[l

csc § — cot § cscf +cotf  csch — cot

csc  — cot 6
csc2 0 — cot? 0
csch — cotd
(1 + cot? ) — cot? 6
cscf — cot
= 1
csc O — cot 0

[l

csc 6 — cot 6

|

csc § — cot 0

csc  — cot @

csc O — cot 6

8. sinftanf 2 sec — cos 6

. 1
sinftan 6 2 - — cos 6

. 1 cos? 0

2 _ v
sinftan 6 2 cos 0
. 1 — cos?f
2 7" 7
sin f tan 6§ 2 — =
in2

. , sin 0
sin f tan 6 2 -

. I sin 0
sinftan 6 Z sin 6,
sin 6 tan 6 = sin 6 tan 6

9. (sinA —cos A)2 21 — 2sin? Acot A

1-2sin2AcotA
1 - 2sin?Acot A

sin? A — 2sin A cos A + cos? A
1—-2sinAcos A

[l Ik I

. sin A .
1—2sinAcosA G 4 21— 2 sin? A cot A
_ .9 cosA _ .9
1-2sin"A 5 4 21— 2sin“AcotA
1—-2sin2AcotA=1-2sin2AcotA
. 1
10. Sample answer: sin x = -
1
tanx=zsecx
tanx 1
secx 4
sin x
coS X zl
1 4
Cos X
: _1
sinx =
11. Sample answer: cos x = —1
cot x + sin x = —cos x cot x
COS X + . _ COS X
Sine T SINX = —cosx g
cos x + sin? x = —cos2 x
cos? x + sin? x = —cos x
1= —cosx
cosx = —1
Icos @ Icot 6
12. R?2 = RZcsch
cos 6
Icosf Isjno
R2 = 1
2
R sin 6
Icosé)
Icosb sin 0 sin 0
5 = —
R R2 1 sin 0
sin 0
I cos 6 Icos 6
TR T R
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Pages 434-436 Exercises
sec A
13. tan A 2
1
tan A 2 cosA
=1
sin A
sin A
tan A 2
tan A = tan A
14. cos 6 2 sin 6 cot 0
. cos 6
cosf £ sinf
cos 6 = cos 0
1—sinx
15. secx —tanx = —_ -~ —
—t Y 1 _ sin x
secx an x £ Cos X Ccos X

secx —tanx = secx — tan x
1+ tanx

?
16. sinx + cosx = S€CX
sin x
1+ cos x ? sec x
sinx + cosx
sin x
1 + Ccos X
cosx T 2 gecx
cosx  SINn X + COS X
cos x + sin x 5
cos x(sinx + cosx) = S€CX
1 ?
cosx = sec X
secx = secXx
17. secxcscx X tanx + cot x
secx cscx 2 sinx | cosx
= cosx sin x
, sinx sinx COSX  COS X
SECXCSC X = o5y " sinx sinx cosx
2 2
secxescx 2 ——- <Cosx
= cosxsinx sin x cos x
, sin?x + cos? x
SeC X CsC X £ €0S X Sin X
1
2 ——
SeC X CSC X = €OS x Sin x
1 1
? .
SeC X CSC X = cosx | sinx
SeC X CSCX — seC X CsC X
25sin0 — 1

18

|

sin 6 + cos 0

sin 6 — cos 6
2 sin? § — (sin% 6 + cos? 6)
sin 6 — cos 0

[l

sin 6 + cos 0

sin? § — cos? 0
sin 6 — cos 0
(sin 6 — cos 6)(sin 6 + cos 6)
sin 6 — cos 0

o

sin 6 + cos 6

[l

sin 6 + cos 0

sin § + cos § = sin 6 + cos 6
2 +secAcsc A

. 2 9
19. sin A + cos A)* £~ oA
) 2 5 2 sec A csc A
(Sln A + cos A) = secAcscA sec Acsc A
. 2 2 1 . 1
(sinA +cos A)* 2 20 = - Ca+ 1

?

(sin A + cos A)2 2 2cos Asin A + 1
(sin A + cos A)2 2 2 cos Asin A + sin2 A + cos2 A
(sin A + cos A)? = (sin A + cos A)?



20. (sin # — 1)(tan 6 + sec )
sin f tan 0 — tan 6 + sin 0 sec § — sec 0
. sin 6 sin 6 . 1 1
sin ¢ cosf  cos 6 + sin g cosf  cosO
sin2f — sinf + sinf — 1
cos 0
sin?0 -1
cos 6
—cos? 6
cos 6
—cos 0
cos y , l+siny
21. 1—siny = cosy
cos y l+siny , 1+siny
1—siny 1+4+siny = cosy
cosy(l —siny) , 1+siny
1-sin2y = cosy
cosy(l +siny) , 1+siny
cos? y = cosy
l+siny 1+siny
cosy cosy
22. cos 0 cos (—6) — sin f sin (—6) 2 1
cos 0 cos f — sin f(—sin 6) 2 1
cos2f +sin20 2 1
1=1
2
_ ° cot® x
23.cscx — 12 7
2
_ , escfx — 1
cscx 1z cscx + 1
1z (cscx + 1)(escx — 1)
. = escx + 1
cscx—1=cscx—1
24, cos Bcot B 2 csc B—sin B
P S
cos Becot BE 5 —sinB
1 sin? B
? _
cos Beot BE 5 — 1B
1 - sin? B
? [ —
cos Beot B2 — &
2
 C0S B
cos Beot B 2
N cos B
cos Beot B 2 cos B 3
cos B cot B = cos Bcot B
25. sinf cos ftan f + cos20 2 1
. sin 6
29 2
sin § cos 6 5 + cos® 6 X 1
sin? 0 + cos?6 2 1
1=1
1—cosx
_ 2 =P
26. (cscx —cot x)* & 7%
2. 9 2 1—cosx
csc”x — 2 escxcot x + cot® x 2 T
1 1 cosx | cos’x . 1—cosx
sin? x sinx sinx sinfx = 1+ cosx
1— 2cosx + cos®x 1—cosx
sinZ x = 1+ cosx
(1 — cos x)2 1 — cos x
1—cos®2x = 1+cosx
(1 — cos x)% , 1—cosx
(1 —cosx)(1 +cosx) = 1+ cosx
l—cosx 1—cosx
1+cosx 1+cosx

[l

ol

o

—cos 6
—cos

—cos 0

—cos 6

—cos 6

—cos 6

—cos 6

211

. , _ COSX sin x
27.sinx +cosx 27—+ T i
] , _COosx sin x
sinx + cosx X 1 sin x ] — fsx
cos x sin x
. N ) Ccos X oS X sin x sin x
Smx T+ COS X = sinx  cosx cosx  sinx
cos X sin x
cos? x sin? x

o

sinx + cosx 2

cos x — sin x

cos? x

sin x — cos x

sin? x

|-

sin x + cos x

2 2

sin
sin x — cos x

&

sin x + cos x

2

sin x — cos x

sin x — cos x

X — cos” x

(sin x + cos x)(sin x — cos x)

sin x + cos x

sin x + cos x

28. sin 0 + cos 6 + tan 0 sin 6

. sinf .
sin 6 + cos 0 +  y sin 6

sin 6 + cos 6 + Sci:—:;
2 in2

sin 6 + cos i;s— esm [4

sin 0 + o5l

sin 6 + sec 0

sin 6 Zzzz + sec 6

cos 0 :;rslz + sec 6

cos O tan 6 + sec
secf + cos 0 tan 0

sin x — cos x
sin x + cos x

?

2 sec + cos 6 tan 6

sec 0 + cos 0 tan 0
sec 0 + cos 0 tan 6
sec § + cos 0 tan 0
sec 0 + cos 0 tan 6

sec f + cos 0 tan 0
2 secf + cos 6 tan 6

sec f + cos 0 tan 0

sec f + cos 0 tan 0

2 secf + cos 6 tan 6
secf + cos 0 tan 0

29. Sample answer: sec x = V2

csex
cot x
1
sin 0
cos =
sin 6

Lovz

COsS X
secx = V2

30. Sample answer: tan x = 2
l+tanx 9

1+cotx

1+ sin x

cosx  _ 9

V2

V2

1+ 282

sin x

cos x + sin x

cos x =9

sin x + cos x
sin x

sinx

cos x

tanx = 2

=2

31. Sample answer: cos x = 0
1 secx

cot x cscx | COSX
1

cosx  —
1

tan x — = Ccos X

sin x
sin x

tanx — —___ =

oS X COs X

tanx —tanx =
0=

COos X
COos X

Chapter 7



. 1
32. Sample answer: sin x = 3

1+ cosx sinx
sin x 1+ cosx =4
1+ 2cos x + cos? x sin? x _
sin x(1 + cos x) sin x(1 + cos x) 4
1+ 2cos x + cos? x + sin? x _
sin x(1 + cos x) =4
2+2cosx
sin x(1 + cos x)
2(1+cosx)
sin x(1 + cos x) 4
2
sinx 4
2=4sinx
1 .
E: sin X

33. Sample answer: sinx = 1
cos?x +2sinx—2 =0
1—sin?x+2sinx—2=0
0 =sin2x —2sinx + 1
0 = (sinx — 1)2
0=sinx—1
sinx =1
34. Sample answer: cot x = 1
csc x = sin x tan x + cos x

R sin x T
CsC X = SAII?xcosx K COS X
_ slnzx COos“ X
CSCX = "o x cos X
1
CsC X = oS X
11
sinx ~ cosx
COos X _
sinx
cotx =1
tan3 9 — 1 9
35. tang_1 —seccf0—1=0

(tan  — 1)(tan? 0 + tan 0 + 1)

— (tan20+1)—-1=0

tanf — 1
tan20 + tanf+ 1 —tan2—1—1=0
tanf —1=0
tanf =1
cot b = p
cot6=%
cotf =1
36. no

[—2m, 2 m] scl:% by [-2, 8] scl:1

37. yes

T T [T

[—2m, 2 m] scl:% by [—4, 4] scl:1

Chapter 7
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38. yes

[—2, 27] scl:g by [—4, 4] sc1:1

39. no

[—2m, 27] scl:g by [—4, 4] sc1:1
40a. P = IO2R sin? 27 ft
P= IOZR(I — cos? 2xft)
40b. P = IOQR sin? 21ft
IR

T csc? 2nft

41 f0) = Vi ga

étan@

o) = :
1+ 4(% tan 0)
% tan 0
fl) = V1 + tan2 6
1
5 tan
) = \/secZ 8

%tanﬂ

flx) =

sec 0
1 sing
2 " cosf
flx) = 1
cos 6
1 .
flx) =5 sin 0
sin @
sin ¢

42. sina =sinasincl sina =

cos 3
sin «

cos b = 0 cos 3 = sin o cos b

cos ¢

cosc=cosacosbl cosb="__,

Then cos B = sin a cos b
sin a
sin ¢
sina

cosc
" cosa
cos ¢
" sinc

cos a

tan a cot ¢

x sin 0
cos 0

_ g
Y= 2[102 cos? 6

43.

— o2
y = 2‘;’7”2 sec?§ + xtan 6
0

gx? 2
y = “aug? (1 + tan®6) + x tan 6




44.

45.

46.

47.

48.

49.

50.

We find the area of ABTP by subtracting the area
of AOAP from the area of AOBT.

%OB-BT—%OA-AP— 1- tan@—écos@smG

2"
=%<:)r;g — cos 0 sin 0)
:%sm G(Cola cos 0)
1 cos® 6
:ESIH e(cose cosG)
1 1— cos? 6
:ESIHG( cos ¢ )
1 sin? 6
= 5 sin 6327
1 sinf .
~ 2 cost sin? 0
=%tan0sin29
By the Law of Sines, 3 = Siza, so b =%.
Then
=%absiny
1 [(asinfB) .
Azga(m>smy
_ a’sinBsiny
A= 2 sin «
A= _ a’sinfsiny
= 25in (180° — (8 + v))
A= a® sin B sin y
T 2sin (B + )
S
tan x + cos x + sin x tan x COoSs X +cosx+smxcosx
sec x + tan x - 1 sin x
cosx | cosx
_ sinx + cos®x + sin®x
- cos x
1+ sinx
COosS X
_ sinx+1 cos x
~ cosx l+sinx
=1
[AD = 2 % = 180° —£ = 45°
A==*2 k=2 c = —90°
y = *=2sin (2x — 90°)
16m _ 16w  180°
16 ~ 16 T
= 168.75°
168.75° = 168° + (0.75° x |
= 168° + 45’
168° 45’
V3y-1-2=0 Check: V3y —1-2=0
Vy-1=2 V3@ —1-2 20
3y—1=38 V8-2 20
y=3 2-2 =0
x+1=0
x=-1
f(x) x+1
3
YT x+1
y(x + 1) = 3x
yx +y = 3x
y =3x — yx
y=x3 -y
3-y X
3—y=
y=3

51.

52.

53.

Let x = the number of shirts and y = the number
of pants. y

x + 1.5y = 100 10 2.5x+ 2y = 180

2.5x + 2y = 180 (0, 65)

1.5x + 3y = 195
x=0 60
y=0

x+ 1.5y =100
(40, 40)
1.5x+ 3y =195

P(x, y) = bx + 4.5y
P(0, 0) = 5(0) + 4.5(0) or O
P(0, 65) = 5(0) + 4.5(65) or 292.50
P(40, 40) = 5(40) + 4.5(40) or 380
P(72, 0) = 5(72) + 4.5(0) or 360
40 shirts, 40 pants

{16}, {—4, 4}; no, 16 is paired with two elements of
the range
a—-b  b-—a a-b b+ta
at+b  b+a a+b b-a
_a=-b a+b
T a+b —1la-b)
=-1

The correct choice is D.

7-3

Sum and Difference Identities

Pages 441-442
1.

2.

3. The opposite side for 90°

4. cot (o + B) =

Check for Understanding

Find a counterexample, such as x = 30° and

y = 60°.

Find the cosine, sine, or tangent, respectively, of
the sum or difference, then take the reciprocal.

— A is the adjacent side
for A, so the right-triangle ratio for sin (90° — A) is
the same as that for cos A.

N A

1
tan (a + )

1
tan o + tan 3
1 —tanatan

_l-tanatang
tan o + tan

1 1
1 — .
_ cote cotB cotacotf
= 1 1 : cot a cot B
cot o cot 3
_ Cotacotf—1
T cota + cotfB
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5. cos 165°

kU
6. tan 75

= cos (45° + 120°)
= cos 45° cos 120° — sin 45° sin 120°
_ V2 .(_;) _ V2 V3
2 2 2 2
V246
4
= tan (% - E)

v ku
tan 3~ tan 7

1+tan%tanf

D
T 1+V3-1
_ —4+2V3
= -2
=2-V3
7. 795° = 2(360°) + 75°
sec 795° = sec 75°
cos 75° = cos (30° + 45°)
= cos 30° cos 45° — sin 30° sin 45°
_ V3 vz 1 V2
- 2 "2 T2 2
_ V6-Va
= 4
4
sec 7195° = 55
=V6+ V2
8. cosx=V1-—sin?x cosy =V1-—sin?y
1\2
o -ty
6 \/_ _ /B Vi5
81 © T V16 0r 4

sin(x—y)=s1nxcosy—cosxsiny

= (55 - ()

_ 4VI5- V65
36
9. cscx = L cosx=V1—sin?x
s x
5_ 1 _ <§)2
3 7 sinx 1= 5
: 3 _ |16 4
sinx = =4/ 350r;
_ sinx
tan x = cos %
3
5 3
= 4 0ry
5
. sin y
sin y 1—cos?y tany—E
5 \2 12
= 1_(13) 13 12
= TOI‘ 5
144 12 -
= ﬁorﬁ 13
tanx + tany
tan (x +y) = 1—tanxtany
3 12
175
3\(12
1- (1))
63
20
= _4
5
_ _63
~ 16
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10.

sin (90° + A) 2 cos A

sin 90° cos A + cos 90° sin A 2 cos A

1-cosA+0-sinA 2cosA
cos A =cos A

v
11. tan (0 + E) L —cot @
. ™
sin (9 + 5)
—= 2 —cot f
ku
cos (0 + 2)
. T .oom
sin 6 cos 5 + cos 6 sin &
2 —cot 6
T . .o
cos 6 cos 5 — sin 6 sin 5
(sin0) -0+ (cos®) -1 2 —cot f
(cos 0) -0 — (sinf) - 1
cos 6
_Losv o,
sinf = cot ¢
—cot§ = —cot 6
12. sin (x — y) 2 L-cotxtany
csc x secy
1- cosx siny
) ) sinx cosy
sin (x —y) 2 1 1
sinx cosy
1- cosx siny
) B ) sinx  cosy sin x cos y
sin (x y) = 1 1 sin x cos y
sinx cosy
sin (x — y) 2 sin x cos y — cos x sin y

1

sin (x — y) = sin (x — )
13. sin (nwyt — 90°) = sin nwt cos 90° — cos nwt sin 90°

Pages 442-445

14. cos 105°

15. sin 165°

. m
17. sin 75 =

sin nwyt - 0 — cos nwyt - 1
—Cos nwyt

Exercises

= cos (45° + 60°)
45° cos 60° — sin 45° sin 60°

_i 1 MV2oVB
- ‘27 2 7 2
_\f V6
- 4
= gin (120° + 45°)
= sin 120° cos 45° + cos 120° sin 45°
_ V3 V2 (1)(@)
= "3 T {73\
_Ve-\V2
- 4
cos<%+%)
cos%cos% - s1n%sm%
V2 1 V2 V3
2 27 2 2
V2 -6

4

v m
sm(g—;)
sm%cos% — cos 5 sin
V3 V21 V2
2 "2 T 27 2
V6 - V2

4



18.

19.

20.

21.

22.

23.

24.

tan 195° = tan (45° + 150°)
__tan 45° + tan 150°
~ 1 - tan 45° tan 150°

) 1+ (-2
i
3-V3

3

T 313

3

6
(_1) _ i 1)
COoSs 19) = COS 4 3

_ M2 o1 V2o VB
=73 ‘2t 5 7
_ V2+Ve

- 4

tan 165° = tan (45° + 120°)

__tan 45° + tan 120°
1 — tan 45° tan 120°
1+ (=V3)
T 1-1(=V3)
1-V3
1+V3
_4=2VB 9 4 V3

-2
tan( + ?)

23w
tan — 5
T 5

tan i tan 3

1 ftan%tan%ﬂ
1+ (=V3)
T 1-1(-V3

=4%22\/§or72+\/§

735° = 2(360°) + 15°
sin 735° = sin 15°
sin 15° = sin (45° — 30°)
= sin 45° cos 30° — cos 45° sin 30°

_ V2 V3 V2o
2 T2 T 2 "2
_Ve-Va2

4
1275° = 3(360°) + 195°
sec 1275° = sec 195°
cos 195° = cos (150° + 45°)

= cos 150° cos 45° — sin 150° sin 45°
Vi V21 Va2

2 T2 T2 e

sec 1275° =

.o bm .
sin 12 — Sin

25.

26.

27.

28.

113 17
17; =40@2m) + -5

v

t 1137w ¢ L 171'r
CcO 12 = COo 12
17 T
tan =5~ tan( + )

tang + tan %

1- tan tan & 1

Il
3

g s _ 1
Ot 1 T3 +2

=2-V3

l—cosx cosy="V1-—siny
12\2

\/1_7 1_<37)

B / _J1225 35

= r17 = V1369 OF 37

sin x =

sin (x + y) = sinx cos y + cos x sin y
35 8\/12
(17)(37) + (17><37>
_ 621
~ 629
sinx = V1 — cos? x siny = V1 — cos?y
3\2 4\2
=J1-3) =J1-()
_ [16 4 _ /9 3
25 0T 5 25 O 5

cos (x — y) = cos x cos y + sin x sin y

= (§E) + (G)3)

_ 24
~ 25
cosx=V1-—sin?x siny = V1 — cos?y
8\2 3)\2
- 1_<17> - 1‘(5)
/225 15 16 4
= \/ 289 OF 17 :\/%org
Sin X sy
tanx=@ tany=@
8 4
a7 5
- 15 -3
17 5
_ 8 _4
T 15 3
tan x — tan y
tan (x_y) = 1+ tanxtany
8 4
15 3
= 8 4
T+753
12
15
=
45
_ _36
U]
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29. secx = VtanZx + 1
- VGBS

s1nx=7

cos (x +y) =
_ o
6V68 _ 5V34

102~ 102

_ 12V17-5V34

102

30. tan x =

cot x

m‘mm\mh—*

_tanx +tany
1 —tanxtany
5, V5
6 2

- (309)
10 + 6V5
12
= 12-5V5
12
_10+6V5
~12-5V5

270 + 122V5
19

tan (x +y) =

Chapter 7

cosy =

siny =

V1 —sin?y

ﬁ

cosxcosy — sinxsiny

-2

1

sec y

1

3

2

2

3
V1 — cos?y

2\2

1_<3)
5 V5
9 0T 73
sin y

cos y

V5

3 N5
5 ory
3

216

31. sinx:$ secy = Vtan2y + 1
1
-5 = (12) +1
3
3 169 13
=5 T V2 s
_ ) _ 1
cosx =V1-—sin“x COSY = ooy
-~ <§)2 _L
1-13 = 13
5
_ /6 4 _5
T 25973 =13
siny = V1 — cos?y
5\2
= J1-(3)
144 12
169 9T 13
cos(x —y) = cosxcosy + sinxsiny
=(5)3) + GIE)
5\13) T 513
_ 56
~ 65
1
sec(x—y)—cos(x_y)
1
56
55
_ 65
_56
32. cos a = V1 — sinZa sin 8= V1 — cos?p
2501f 5 4901" 7
sin (o — ) = sin o cos 3 — cos « sin 3
- (3)3) - (352)%°)
—\sN\7) T\ 5 7
_2-6V30
- 35
33. sinx = V1 — cos? x siny = 1—c0sy
1/1— 1/1—
8
f 601" 4
cos(x+y)=cosxcosy—sinxsmy
= (3 - (320
—\3\4) "\ 3 4
3-2V14
=12
34. cos <%+x)£fsinx
T . m . .
cos 5 cos x — sin, sinx 2 —sinx
O-cosx—1-sinx 2 —sinx
—sinx = —sin x
35. cos (60° + A) 2 sin (30° — A)

cos 60° cos A — sin 60° sin A 2 sin 30° cos A —
cos 30° sin A

%cosA—%sinA =écosA—§sinA
36. sin(A+m) 2 —sinA
sinAcosm +cosAsinm 2 —sin A
(sin A)(—1) + (cos A)(0) 2 —sin A
—sinA = —sin A



37. cos (180° + x) 2 —cos x _ ( ful
. ’ ( o )? 43. V; = IjwL cos |wt + 5
cos 180° cos x — sin 180° sin x 2 —cos x - -
—1-cosx—0-sinx 2 — cos x V= IOwL<cos wt cos 5 — sin wt sin E)
—Cosx = —Cosx V;, = IywL(cos wt - 0 — sin wt - 1)
1+ tanx .
38. tan (x +45°) X T V; = IywL(—sin wt)
tanx + tan 45° , 1+ tanx VL = — 0""L sin wt
1 —tanxtan45° = 1 —tanx
tanx+1 . 1+tanax sin [l(a + 5)}
1—(tanx)(1) = 1 —tanx 44. n = B e
l+tanx 1+ tanx sinﬁ
1—tanx ~ 1—tanx 2
. tan A + tan B : [l o]
P /- =
39.sin(A+ B) 2~ jcecB _ sin (o + 60°)
sin A sin B n= . 60°
) cosA ' cos B sm g
sin(A+ B) 2 Ca
11 sin (E + 30°>
cosA cosB n=—"———"""
sin A sin B sin 30°
cosA ' cos B .o« o .
: » . cos Acos B sin 5, cos 30° + cos 5, sin 30°
sin (A + B) = 1 . 1 cos A cos B n= 2 2
cosA cos B é
. sin A cos B + cos A sin B
sin(A+B) 2 . " 2[(sin3) VB (cos ) 1]
) . 2 2 2 2
sin (A + B) = sin (A + B)

|

40. cos (A + B)

1 —tanAtan B
sec A sec B

. o o
n:\/§s1n§+cos§

45. The given expression is the expanded form of the

1 sinA sin B
- . . . K v
A+ B2 cosA  cos B sine of the difference of 5 — A and 5 + A. We have
COs =
1 1 . ™ ju .
cos A cos B sin [(E - A> - (3 + A)] = gin (—2A)
| _ sind sinB = —sin 24
" cosA  cosB . .
cos A cos B fx +h) —flx) _ sin(x+h) —sinx
cos(A+B)2 1 1 " cos A cos B 46a. h -
cosA cos B _ sinxcosh + cosxsinh — sinx
cos A cos B — sin A sin B - h
cos(A+ B) 2
( ) 1 46b. V4, Sinxcos0.1 +cos xsin 0.1 — sin x
cos (A + B) = cos (A + B) 1
sec A sec B
41. sec (A B)— 1+ tan Atan B ]
1 X 1 51
(A B) cosA cos B
sec - 2 .
- sinA sin B ' ' N
cos A~ cos B l o 3 4/5 67 X
1
cosA " cos B cos A cos B 05
_ 2 RLE L
sec (A B) = sin A . sin B cos A cos B 14
cosA cosB -
1
sec (A B) = cos Acos B + sin Asin B 46¢C. cos x
— [ in(a+8
sec (A B):cos(A,B) 47. tan(a+6)=%
sec (A — B) = sec (A — B) t (+B) = sin o cos B + cos a sin B
49 . 4 . _ PR ! an (o " cosacosf — sinasin 8
- sin (x .y) sm'(x y) & sin“ x sin®y sinacos§  cosasing
(sin x cos y + cos x sin y)(sin x cos y — cos x sin y) cosacos B | cosacosf
2 sin?x — sinzy tan (a + 6) = cosacosf  sinasing
(sin x cos ¥)2 — (cos x sin y)% 2 sinZ x — sin? y cosacosf  cosacosf
sin? x cos?2 y — cos? x sin? y 2 sin? x — sin? y tan (@ + B) = ;m‘:‘i”znﬁﬁ
<92 2 <9 92 9 9 — tan o« tan
Sin“ X Cos + s1n“ x sin — S1n“© X sin . .
Y 2y e Zy . Replace 8 with —8 to find tan(a — ().
— COs” X sIn~y £ sin”~ X — sIn“~Yy

tan « + tan (—f)

tan (o« + (—B)) =

sin? w(cos? y + sin? y) — sin? y(sin? x + cos? x)

1 — tan « tan (—f3)
SlIl2 X — SIn

2

2 y tan(a—6)= tan « — tan 8
(sin x)(1) — (sin2 y)(1) 2 sinZx — sin? y 1+ tanatanf
sin? x — sin® y = sin? x — sin? y 48a. Answers will vary.
217
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48b. tan A + tan B + tan C 2 tan A tan B tan C
tan A + tan B + tan (180° — (A + B))

2 tan A tan B tan(180° — (A + B))

tan 180° — tan (A + B)
tan A + tan B + 1 + tan 180° tan (A + B)

tan 180° — tan (A + B)
?
LtanAtan B 1 1507 tan (4 + B)

0 —tan (A + B)
tan A + tan B + T+0-tan A+ B)

) 0 — tan (A + B)

ZtanAtan B 15 a s B
— tan (A + B)

2 —tan A tan B tan (A + B)

(tan A + tan B) - 108D an A4 + B)

2 —tan A tan B (A + B)
tan (A + B)(1 — tan A tan B) — tan (A + B)
2 —tanAtan B(A + B)
(1 —tan Atan B — 1) tan (A + B)
2 —tanAtan B(A + B)
—tanAtan Btan (A + B) = —tan Atan B(A + B)
9 2

tan A + tan B

1— cos“x
1 _enZx T csc2 x — cotZ x
1 — cos?x
2 = 295 4 2 a 2
sec x wo2r T 1+ cot?x — cot”x
1 cos? x
2 =+ cos” x
SeC™ X = o2y cos? x +1
2 sec?x—1+1
2

Sesz

o

49. sec“ x

[l

-

sec
sec

sin? 9 + cos?20 =1
(—%)2 +cos?f=1

2,4 _ 63 =
cos® 0 = 4,

3V7
)

3V7
Quadrant III, so — —5—

x 2
x:

50.

cosf =+

w
3

51. Arctan V3 = %

sin (Arctan V'3) = sin %
3

2

52. wk, where k is an integer
53. 4 =222

A =18 =68

y =

50 =

_ 86+50

-18 =
-1 =
sin~1 (- 1)

3m

2
_ T
2 7 2
v Cc

y = 18sin <gt - frr) + 68
54. 080 = 8; 2% = 360; 2 = 30°
55. sin (—540°) = sin (~360° — 180°)
=0
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56. s=10 A=5r20
18 = r(2.9) A=~ 5(6.2)%2.9)
6.2=~r;6.2ft A~ 55.7 ft2

57. ¢2 = 702 + 1302 — 2(70)(130) cos 130°

c? ~ 33498.7345

¢ =~ 183 miles

120° = 90°, consider Case 2.
4 = 12, 0 solutions

58.

0 = 37° 12" — 6° 40" or 30° 32’
a = 90° + 6° 40’ or 96° 40’
B = 180° — (30° 32" + 96° 40") or 52° 48’

35 _ x
sin 80° 32’  sin 52° 48'
_ 35sin 52° 48’
X = Tsin 30° 32
x =~ 54.87 ft

453 + 3x2 —x =0
x(4x2 +3x—1) =0
x(4x — D(x+1)=0

60.

x=0 or 4x—1=0 or x+1=0
1
x=7 x=-1
61. Case 1 Case 2
e+ 10> 4 e+ 10> 4
—(x+1)>4 x+1>4
—-x—1>4 x> 3
—-x>5
x< -5 {xx < =5 or x > 3}
62. ‘ zl,) _2 = —1(—6) — 3(—2)
=6+ 6o0r12
63. fg(4) = flg(4)
=f(5(4) + 1)
= f(21)
=3(21)% - 4
= 1319
gof(4) = g(f(4))
= 2(3(4)% — 4)
= g(44)
= 5(44) + 1
=221 e 62
64. (-8)%2 + 802 = o = (B o e =y

The correct choice is A.



Page 445 Mid-Chapter Quiz
1. cscf = Shll& 1+ cot?6 = csc? 6
2
:l 1+cot20:<%)
2 29 _ 49
7 1+cot?0 =7
7
=2 cot? 9 = 475
cot 6 = iST\@
3V5
Quadrant 1, so ——
2 — 2 _ L
2. tan* 0 + 1 = sec* 0 cos b = .7
2
(—%) +1 =sec?d 2%
3
511 = sec?p = —%
% = sec 6
i% = gecf
5
Quadrant II, so —5

19 ™
3., =b6m—7

197 (5 . 'rr>
COos 4 = COs T 4

- _ a
= —CO0Ss 4
1 1
?
4. 1+ tan® x + 1+ cotZx = 1
1 1
?
stz T stz = 1
cos2x + sin?x 2 1
1=1
csc? 0 + sec? 0 » 9
5. soc?0 2 csc“ 0
csc? § sec? §
? 2
sec2 0 sec2g = CSC 0
_1
sinZ § 9
7+ 1 2csc?f
cos? 0
cos? 6
? 2
snzg T 1 2 csc26
cot?0 + 1 2 csc2 6
csc? 0 = csc? 0
6. cotxsecxsinx 2 2 — tan x cos x csc x
cos X 1 . 29— sin x
sinx ~cosx SMIX = cosx  COSX " Giny
122-1
1=1
1 —cotatanf
_ p ——COtartanp
7. tan(a '8): cot a + tan 8
1
1—Gng  tanp
tan (o — B) 2 1
tana T tanp
l_tana.tanﬁ tan o
tan (o — B) L, 8 tana
tan an
tan o — tan @
_ p AR RANP
tan(a B)= 1+ tanatan B

tan (o — B) = tan(a — B)
8. cos 75° = cos(30° + 45°)
= cos 30° cos 45° — sin 30° sin 45°
(218 - G2
_V6-Va
4

219

9. cosx=V1-sin?x

-t S
5 V5 7 i

=Veory =Vieor g

cos (x + y) = cos x cos y — sin x sin y

- (2 )5) - 6)3)

_ V3-6
- 12
10.tanx=% tany = VsecZy — 1
=V22-1
=V3
_ _tanx —tany
tan (x — y) = 1+ tan xtany
2 V3
= 57
1+ (3V3)
5—4V3
4
= 4+5V3
4
_ 5-4V3
T 4+5V3
_ 80-41V3  —80+41V3
T 59 OF 59
7-3B | Reduction Identities
Page 447
1. —sin, —cos, sin 2. —cot, tan, —cot
3. —tan, cot, —tan 4. —csc, —sec, csc

5. sec, —csc, —sec

6a. (1) —cos, —sin, cos
(2) sin, —cos, —sin
(3) —cot, tan, —cot
(4) —tan, cot, —tan
(5) csc, —sec, —csc
(6) —sec, —csc, sec

6b. Sample answer: If a row for sin o were placed
above Exercises 1-5, the entries for Exercise 6a
could be obtained by interchanging the first and
third columns and leaving the middle column
alone.

7a. (1) cos, sin, —cos
(2) sin, —cos, —sin
(3) cot, —tan, cot
(4) tan, —cot, tan
(5) csc, —sec, —csc
(6) sec, csc, —sec

7b. Sample answer: The entries in the rows for cos «
and sec « are unchanged. All other entries are
multiplied by —1.

8a. Sample answer: They can be used to reduce
trigonometric functions of large positive or
negative angles to those of angles in the first
quadrant.

8b. Sample answer: sum or difference identities

Chapter 7



7.4 | Double-Angle and Half-Angle
Identities
Page 453 Check for Understanding

1. If you are only given the value of cos 6, then
cos 20 = 2 cos? 6 — 1 is the best identity to use.
If you are only given the value of sin 6, then
cos 20 = 1 — 2 sin? @ is the best identity to use. If
you are given the values of both cos 6 and sin 6,
then cos 20 = cos? § — sin? 0 is just as good as the

other two.
2. cos 2w =1 — 2sin? 6
cos 20 — 1= —2sin26
R %02_ L — sin%¢
1- 020s 26 _ sin2 0
= [ = sino
1-cos2 (%
Letting § = % yields sin % ==+ %(2),
or sin% == Llocosa 7;0“‘
3a. Il or IV 3b. TorlIl 3c. LI, IIT or IV
4. sin 20 2 2 sin 6
sin 2(%) 2 2sin g
. . v
sinm 2 2siny
02 2(1)
0+2

v
Sample answer: § = 5

5. Both answers are correct. She obtained two
different representations of the same number. One
way to verify this is to evaluate each expression
with a calculator. To verify it algebraically, square
each answer and then simplify. The same result is
obtained in each case. Since each of the original
answers is positive, and they have the same
square, the original answers are the same

number.
sl
4
6. sin % = sin E
— - ;OS 4 (Quadrant I)
V2
1-79
= 2
_ V2-V2
2
7. tan 165° = tan %

1 — cos 330°
1 + cos 330°

(Quadrant II)
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8. sin260 +cos20=1

10.

@)2 +cos20=1

c0s20=%
V21
cos f = ——
sin 26 = 2 sin 6 cos 6
_ of2)(N2L
_2<5)( 5 )
421
~ 25

cos 20 = ci)/s_2 92 — sin: 0
-t

5 5

sin 0
cos 0
2

5

Va1
5
2 2vVal
Va1 Of o1

(Quadrant I)

tan 0 =

_ 17
= 25
2 tan 6
tan 20 = W
221
2(7)
- 2v21\2
1- ( 21 )
4V21
21 4V21
= 11 O0rTyg
21
tanZ6 + 1 = sec2 6 sinZ 6 + cos26 =1
2 2
(%) +1 =sec?d sinZ 6 + (—%) =1
29—5=sec20 sinZ 6 :%
7% =gsecf (Quadrant III) sin 0 = f%
cos 0 ?169 (Quadrant IIT)
1
= 5 or—j
3

sin 20 = 2 sin 6 cos 0

o443

cos 20 = cos? § — sin2 @

- (-3 - (-4

__T
- 25
2 tan 0
tan 20 = T 5
4
2(3>
= 12
1_<3>
8
_ 8
= 7 or 7
9
2
? e
tan 20 % cot § — tan 6
2 tan 6
.
tan 20 X cotf —tanf tan@
2 tan 0
- =
tan 260 £ cot f tan 6 — tan? 0
2tan 6
P
tan 20 2 T 5

tan 20 = tan 20




1 . , SecA +sin A
1. 14+ 5sin 24 2 — 5=
1 .
—— +sinA
1 . A
1+ 5sin24 2 Cosf

cos A
1 +sinA
1 cos A S cos A
—_ 7 ? - - . —
1+ 5sin24 2 1 cos A
cos A

1+%Sin2A; 1+sinAcosA
1+%sin2A;1+%-ZSinAcosA

1+%sin2A=1+%sin2A

X x , sinx
12. SIn 5 €os 5 £ 5
. X X
2 sin 5 €os 5 i
n sin x
2 = 2
. X
sin 2<§> )
? sin x
2 = 2
sinx _ sinx
2 ~ 2
13. cos 20 = 2 cos? 6 — 1

cos 20 + 1= 2cos?6
écos 20 + é = cos2 6
P =12 Rsin? wt
P=12R (1 — cos®wi)
P= 102 R(l —% cos 2wt + %))
P=1,2R[} —  cos 2t)
P=312R 51,2 R cos 2ut

Pages 454-455 Exercises
3

14. cos 15° = cos 5~

/14 cos30°
- 2

0
V3
1+7

- 2

2+
2

15. sin 75° = sin 150°

2
= =B (Quadrant T)

(Quadrant I)

5]

19. tan 22.5° = tan %

1 — cos 45°
= 1+ cos 45° (Quadrant I)

2-V2)@2-V2
TV @2+V2Ee -V

@ - V23

221

(Quadrant I)
_ [erVIe+VE)
T4 2-V3)E+ V3
e+ V)2
- 4-3
=2+V3
3m
. 3m . 4
17. sin 75~ = sin —~
1 — cos %ﬂ
(Quadrant I)
(Quadrant II)
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6 1— cos 23. tanZ 6 + 1 = sec2 6
20. tan 5 = /T o0s (—2)2 + 1 =sec?
1 5 =sec?
_ |t -V'5 = sech (Quadrant II)
1+ % cos 6 = sec 0
_ 1 V5
3 = V5 ' 5
4 .
_ |3 sin20 + cos?26 =1
N\ . V52
4 sin? 6 + (—?) =1
_ /3 V15 . 20
TVs% s sin? g = %5
21. sin2 0 + cos? 6 = 1 = &n ng =25
. sin“ 0 + cos* 0 = tan 6 = -5 sinf =5 (Quadrant IT)
. 4
sin2 0 + (g)2 = 3 sin 260 = 2 sin 6 cos 6
9, 9 - — 9[25) V5
sin® 0 = 55 4 =275 <_ 5
3 5 4
sinf = & 3 =3
(Quadrant I) T4 cos 20 = cos2 0 — sin2 9
on— 9 _(_ Ve _ (2V5)e
sin 20 = 2 sin 6 cos 0 =\=-3) -7
B
245 5 - 5
_ 24 2 tan 6
= 925 tan 20 = %
cos 20 = cos? 6 — sin 2 0 _ 22
_ (i)z B <§)2 1;<—sz
—\5 5 [ . 1
7 = 30ry
T 25 24. cos 0 = L
2 tan 0 sec 0
tan 20 = 1 tand 1
=1
3 4
(3 ;
_ 3\2 =3
- (2
3 (4> sin2 0 + cos? =
2 24 2 _32
:zor7 sin 0+( 4) 1
16 ' sin? 0 = 15
22. sin20 + cos26 =1 tan 0 = sin 6 . NG
cos 0 sinf =——  (Quadrant IT)
e | :
3) tcos“f=1 3 _ sing
_ tan 0 = _
cos?0 =g 212 N
3 NT
cos 0 = 23ﬁ 1 V2 -
= v Ory _%
(Quadrant I) o Vi
sin 20 = 2 sin 6 cos 0 3
_ig)(&) sin 260 = 2 sin 6 cos 0
v = 27)-3)
_ 42 AN
B _ 31
cos 20 = cos? 0 — sinZ 0 8
_ (&)2 (l>2 cos 20 = cos? § — sin2 0
R - (3P - (P
_1 B 4
o0 =Zort
2 tan 6 “169%%3s
tan20=% tan 20 = 2 tan 0
NG 1— tan29
) =
- V2\e -
- (P
Va2
= — or——
14 7 =—-——5 or -3V17
16 2
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26.

25. 1 + cot? 6 = csc? tan0=ﬁ
1
1+(%>2 = csc? @ =73
2
173 = csc? @ = %
—@ =csc 0 (Quadrant III)
sinf =~ sinZ 0 + cos26 =1
1 2V13\2
= Vi (_T) +cos2h=1
B 9 117
B 2 2V13 cos” 0 = 59
= — \/T.?, or — 13 3\/E’)
cosf = =5~
(Quadrant III)
sin 20 = 2 sin 0 cos 0
2V13\( 3V13
= 2(_ 13 )(_ 13 )
_ 12
13
cos 20 = cosZ § — sinZ 6
_ ( 3\/5)2 ( 2\/ﬁ)2
“\T 13 ) T\ 3
_5
=13
tan 20 = %tf;‘nﬁ )
2
o3)
= 2)2
L <3>
4
3 12
=3 ory
9
sin 0 = — sin2 6 + cos? 0 = 1
_a (=) +costo -1
) cos2 6 = %
__2 Va1
5 cosf =5
(Quadrant IV)
tan 0 = i:;z
2
_5
= Vel
5
2 2V21
Va1 OF T a1
sin 20 = 2 sin 0 cos 0
2\( V21
= 2(‘5)( 5 )
o 4Va1
- 7 925
cos 20 = cos? § — sinZ 6
_ (@)2 B (_2)2
=\ 5
_ 17
= 25

223

2 tan 0
tan 20 = 1—tanZ6
( 2\/2—1)
20721
_ (_2V21)2
1- 21
_4Val
_ 21 4V21
= ﬂ or — 17
21
) 9 _ _ sina
27. sin“a +cos?a =1 tan o =",
Vi
) _ﬁ)Z _ _ _3
sin“ o +( 3 1 vz
T3
L9 T __ VT V14
sin“ o = 3[ =—15 0r ——
. 7
sina =5 (Quadrant II)
2 tan o
tan 2a = 1-tan?«
(-5
272
- (_V14>2
- 2
V14 2V14
= é or 5
T2
1
28. csc 260 £ 5 sec 0 csc 0
1 1
Smog = 9 secfcsc o
; ? l 0 0
2sinfcosd = 2 SecUcsc
1 1 1 1
E —— 2 =
2 sinf cosf = 2 sec 6 csc 0

1
S cschsech X
1

5 secfcsch =

29. cos A —sin A 2

1
5 sec 6 csc 0

1
5 sec 6 csc 0

cos 2A
cos A + sin A

cos?A — sin2 A
cos A +sin A

[l

cosA —sin A

?

(cos A — sin A)(cos A + sin A)

cosA—sinA 2 cos A + sin A

cosA —sinA =cosA—sinA

30. (sin 6 + cos )2 — 1
sinZ 0 + 2 sin 0 cos 6 + cos 0 — 1
2sinfcosf+1—1
2 sin 6 cos 6
sin 260
cos 2x — 1
3l.cosx — 12 2cosx + 1)
12 2cos?x—1-1
cos x — = 2(cosx + 1)
12 2cos?x — 2
Cos x = 2(cos x + 1)
—12 2(cos? x — 1)
cos x = 2(cos x + 1)
12 2(cos x — D)(cos x + 1)
cos x — = 2(cos x + 1)

cosx—1=cosx—1
2 in2
, Cos 0 + sin“ 0
sec 20 2 cos? f — sin?
1
sec 20 X
sec 20

cos 20
A
33.tan 5 2

32.

sec 20
sin A
= 1+4+cosA

1 | S S [

sin 20
sin 20
sin 20
sin 20
sin 20
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ne(3)
A sin 2|5
1+cos2<§>
A A
tang; 2s1n§cos§
A
1+ 2cos 271
A A
tan%; ZSmEcosE
A
2 cos 9
A
tan%é 2
A
cos
tan%:tan2

34. sin 3x 2 3sinx — 4 sin® x
sin(2x + x) 2 3sinx — 4 sin® x

sin 2x cos x + cos 2x sin x 2 3sinx — 4 sind x
2sinxcos2x+ (1 —2sin?x) sinx 2 3sinx — 4sin®x
2sinx(1 — sinZx) + (1 — 2sinx) sinx 2
2sinx — 2sindx + sinx — 2sindx 2
3sin x — 4 sin® x

3sinx — 4 sin’ x
3sinx — 4sindx
3sinx — 4 sind x

35. cos 3x 2 4 cos®x — 3cosx
cos(2x + x) 2 4cos3x — 3cosx

(2 cos? x — 1)cos x — 2 sin? x cos x 2 4 cos3 x — 3 cos x
(2 cos? x — 1)cos x — 2(1 — cos2 x)cos x 2 4 cos3 x — 3 cos x

2 4cosdx — 3cosx
=4cos®x — 3cosx

2 cosdx — cosx — 2 cos x + 2 cosS x
4 cos® x — 3 cos x

2o,

2g S 20 _ sin?2¢

v2 " sinZ4

gsinzf)

36.

(2 sin 6 cos )2
sinZ §
4 sin? 0 cos? 0
sin2 §
4 cos? 0
37. OPBD is an inscribed angle that subtends the

same arc as the central angle OPOD, so mOOPBD
PA
BA

1 . . . 1
= 50. By right triangle trigonometry, tan;0 =
PA_ sing
1+0A = 1+cosf’

202 cos 0 sin(9 — «)

38. R = g cos? a
B 202 cos § sin(f — 45°)
R = g cos? 45°
R= 202 cos f(sin # cos 45° — cos 6 sin 45°)
- g cos? 45°
( (V2 V2
202 cos | (sin 6) 7) — (cos )\ )
R =
(2F
8\ 2
V2 .
275 vZ cos O(sin 6 — cos )
R =
1
g9
V202 (2 cos 6 sin § — 2 cos? 6)
n g
2
R=" é_?/E(ZCosﬁsinO —(2cos?26—1)— 1)
V2.
R= (sin 20 — cos 260 — 1)

g

Chapter 7
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39a. tan(45° + §

39b

40.

41.

42.

L
2

> tan 45° + tan

L
1 — tan 45° tan 9

L
1+tan2

L
1—1~tan§

. 1——cosL
L* V1Y cos L

= _ /1—cosL
T¥ VT ¥ cos L

. 1—cosL 1 — cos 60°

1= 1+ cosL 1+ 1 + cos 60°

* [1-cosL /1 — cos 60°
1 V1% cos L 1= V1 cos 60°

1

tan (o + 30°) = 271
tan (o + 30°) = 3

tan o + tan 30° =3
1 — tan @ tan 30°

tana+%=3—\/§tana

V3
tana+\/§tana:3—?
V3
(1+\/§)tana=3—7
3
3-73
t. =
ana 1+V3
9-V3
tana = 37505
-6+ 5V3
tan o = 3
o (1 1)
cos 75 = cos |5 —
ful ul S PR 4
COS 3 COS 7 + sin g sin
_1 V2 V3 Ve
~ 2 2 2 2
_ V2+Ve
= 4
w1
sec 75 = =
C0512
I S
V2 + Ve
4
4V2 — 4Ve
—Tor\/_—ﬁ
Sample answer:
sin(Vm?2 + cos(Vm?2 = sin 7 + cos
=0+ (-1
-1
*1



43.

44.

45.

46.

47.

48.

17 17 180°

s=rb 0 10 =
17=10-6 =~ 97.4°
17

o =0

Let x = the distance from A to the point beneath
the mountain peak.

tan 21°10' = g0
h = (570 + x) tan 21°10’
tan 36°40" = -
h = x tan 36°40’
(570 + x) tan 21°10" = x tan 36°40’
570 tan 21°10" = x tan 36°40" — x tan 21°10’

570 tan 21°10" = x(tan 36°40' — tan 21°10")
570 tan 21°10'
tan 36°40' — tan 21°10'

617.7646751 ~ x
tan 36°40" =

=X

tan 36°40' = ﬁ
h = 460 ft

x—=(=3)x—-05)(x—06)(x—2)=0
(x+3)(x—0.5)(x—6)(x—2) =0
(x2 + 2.5x — 1.5)(x2 — 8 + 12) =0
xt — 5.5x3 — 9.5x2 + 42x — 18 = 0
2x% — 11x3 — 19x% + 84x — 36 = 0

y=2x+5 y
x=2y+5 _
x—5=2 Y=2x+H5
x—5
9 =)
(0] X
y=5P
x+ 2y =11 3x — b5y =11
x =11 — 2y 311 — 2y) — 5y =11
33 — 6y — by =11
—11ly = —22
y =2
x+ 2y =11
x+22) =11
x =17 (7, 2)
ab=3
(@ — b)? =64

a? — 2ab + b% = 64
a? - 242) + (2= 64
a2 -6+ (2P =64
a2+ (2 = 70

a? + b2 =10
The correct answer is 70.

7-5 | Solving Trigonometric Equations

Page 458 Graphing Calculator Exploration
1.
2 'H._. -~
..'H.\_.-'.. _'. ..'H.\_.-'..

3. Exercise 1: (1.1071, 0.8944), (4.2487, —0.8944)
Exercise 2: (—5.2872, 0.5437), (0.9960, 0.5437)

4. The x-coordinates are the solutions of the
equations. Substitute the x-coordinates and see
that the two sides of the equation are equal.

N

[0, 27] scl:% by [—3, 3] sc1:1
5a. The x-intercepts of the graph are the solutions of
the equation sin x = 2 cos x. They are the same.
5b. y = tan 0.5x — cos x or y = cos x — tan 0.5x

Page 459 Check for Understanding

1. A trigonometric identity is an equation that is
true for all values of the variable for which each
side of the equation is defined. A trigonometric
equation that is not an identity is only true for
certain values of the variable.

2. All trigonometric functions are periodic. Adding
the least common multiple of the periods of the
functions that appear to any solution to the
equation will always produce another solution.

3. 45° + 360x° and 135° + 360x°, where x is any
integer

Chapter 7



4.

10.

11.

.2s8inx+1=0

Each type of equation may require adding,
subtracting, multiplying, or dividing each side by
the same number. Quadratic and trigonometric
equations can often be solved by factoring. Linear
and quadratic equations do not require identities.
All linear and quadratic equations can be solved
algebraically, whereas some trigonometric
equations require a graphing calculator. A linear
equation has at most one solution. A quadratic
equation has at most two solutions. A
trigonometric equation usually has infinitely
many solutions unless the values of the variable
are restricted.

6. 2cosx —V3=0

2¢sinx = —1 2cosx = V3

: _ 1 _ V8

sinx = —5 cosx =

x = —30° x = 30°
. V3
smxcotx:T
. (cosx)_ﬁ
SIM X \Gnx) = 2
V3
cosx =5

x = 30° or x = 330°
cos 2x = sin?x — 2
2cos?2x—1=(1—cos?2x)—2

2cos2x—1=—cos?x—1
3cos2x=0
cos2x =0
cosx =0
x = 90° or x = 270°
.3tan2x—1=0
StanZx =1
tan2x=é
tan x = i%
™ 5 T 11w
X=GgOrxX= g Orx= g Orx=
2sin2x=5sinx + 3

2sin2x —5sinx—3=0
@2sinx + 1)(sinx —3) =0

2sinx+1=0 or sinx—3=0

sinx = — sinx = 3

™ .
X = 6 orx = 6 no solutions

sin? 2x + cos?x = 0

1 — cos? 2x + cos?x = 0
1—(2cos?x—1)2+cos?2x=0
1—(4costx —4cos?x+ 1) +cos?2x=0
—4costx+ 5cos?x=0

cosZ x(—4 cos?x + 5) =0

cos?2x =10 or —4cos2x+5=0
2 5

cosx =10 Cos”x =
I V5
x =5 +mk cosx =5

no solutions

Chapter 7

12. tan?x+ 2tanx+1=0
(tanx + 1)(tanx + 1) =0
tanx +1=0

tanx = —1

3
x=", +mk

13. cos®x + 3cosx=—2
cos2x+ 3cosx+2=0
(cosx + I)(cosx +2) =0

cosx+1=0 or
cosx = —1
x= 2k + D7
14. sin2x —cosx =0

2sinxcosx —cosx =0
cosx(2sinx —1)=0

cosx+2=0

cosx = —2

no solutions

cosx =0 or 2sinx—1=0
™ . 1
x =75 +ku sinx =5
T
=5 + 27k
5

15. 2cosf +1<0

2co80<—1
1
cos f < —3
1 2 41
cos = —5 at 5 and
2m g AT
3 3

16. W = Fd cos 0
1500 = 100 - 20 cos @
0.75 = cos 6

0 =~ 41.41°

Pages 459-461 Exercises
17. V2sinx —1=0
V2sinx =1

. 1
sSin x =
V2

. 2

sinx =~

x = 45°
19. sin2x—1=0
2sinxcosx—1=0

2 2

sin“ x cos® x =

sin? x (1 — sinZx) =

sin? x — sint x —

4

sintx — sin x +

NN RN P
I Il
S O O ARkl

0o [ =

. 1) .
(sm2 x - 5)<s1n2 x —

orx =5 + 2wk

18. 2cosx+1=0

2cosx=—1
1

cosx = —73
x = 120°



20.

21.

22.

23.

24.

25.

26.

27.

tan2x — V3 =0

tan 2x = V3
2 tan x
1—tanZx \/g

2tanx = V3 (1 — tan? x)
2tanx = V3 — V3tanx
V3tan2x + 2tanx — V3 =0
(V3tanx — D(tanx + V3) = 0

V3tanx—1=0 tanx + V3 =0
taan% tanx = —V3
tanx:% x = —60°

x = 30°
cos? x = cos x
cos®x —cosx =0
cos x(cosx — 1) =0
cosx =0 or cosx—1=0
x = 90° cosx=1
x=0°
sinx =1+ cos? x
sinx=1+1-sin?x
sinx +sinx—2=0
(sinx — 1)(sinx + 2) =0
sinx—1=0 or sinx+2=0
sinx =1 sinx = —2
x = 90° no solution
V2cosx+1=0
V2cosx=—1
cos X = V2
2
x = 135° or x = 225°
cosxtanx:é
sin 1
costOSx ZE
sinx—%
x = 30° or x = 150°
sinxtanx —sinx =0
sinx (tanx — 1) =0
sinx =0 or tanx —1=0
x = 0°or x = 180° tanx =1

x = 45° or x = 225°
2cos?2x+3cosx—2=0
(2cosx — 1)(cosx+2)=0

2cosx—1=0 or cosx +2=0
2cosx=1 cosx = —2
cos x = é no solution
x = 60° or x = 300°
sin 2x = —sin x

2 sin x cos x = —sin x
2sinxcosx +sinx =0
sinx(2cosx+1)=0

sinx =0 or 2cosx+1=0
x = 0°orx = 180° 2cosx = —1
1
cosx = —75
x = 120°
or x = 240°

28.

29.

30.

31.

32.

33.

cos (x + 45°) + cos (x — 45°) = V2
cos x cos 45° — sin x sin 45°
+ cos x cos 45° + sin x sin 45° = V2

Va2 . Va2
cosx -5 —sinx- 5

V2 . V2
+cosx‘7+s1nx-7:\/§

V2cosx=V2
cos x =1
x = 0°

2sinfcosf + V3sinf =0
sinf (2 cos 6 + V3) =0

sinf =0 or 2cos0+V3=0
0 =0°orf = 180° 2cosf=—V3
V3
cosf = ——%
0 = 150°
or 0 = 210°

2sinx — 1)(2cos2x—1)=0
2sinx—1=0 or 2cos2x—1=0

2 sin x = 2cos?x =1
: _1 2., _1
sinx =5 cos?x =5
x=% cosx=ig
5 T 3m
orx = 5 X= 0rx ="
5

s
OI‘.')C=TOI'.’X3=

4sin?x+1=—4sinx
4sin?x+4sinx+1=0
@sinx+ 1)2sinx+1)=0
2sinx+1=0
2sinx = —1

: _ 1
sin X = 2
11w

_m _
X=Tgorx= g
V2tanx = 2 sin x
sin x .
V9 = 2slnx

Ccos X

V2 = 2 cos x
V2
5 =cosx

4

V2 tan x = 2 sin x would also be true if both tan x

sm x

and sin x equal 0. Since tan x = —__, tan x equals

cos X’

0 when sin x = 0. Therefore x can also equal 0 and

.
T T
0, %™
sinx = cos 2x — 1
sinx=1-2sin?2x— 1
2sin?x +sinx =0

sinx(2sinx + 1) =0
sinx =0 or 2sinx+1=0
x=0orx=m 2sinx = —1
sinx = —5
_
x =g or
_ 1w
X="%

Chapter 7



34. cot?x —cscx =1

csc2x—1—cscx=1
csc2x —cscx—2=0
(cscx — 2)(cscx +1) =0
cscx—2=0 or cscx+1=0
cscx = 2 or cscx = —1
. 1 .
S x =5 sinx = —1
™ 51 3m
X=g0rx= g x="5
35. sinx +cosx =0
sinx = —cos X
sin x = cos? x
sin? x — cos?2x =0
sinx— 1+ sin2x=0
2sin2x—1=0
sin2x=é
sinx = *—=or *+ \/5
\/_

sin x and cos x must be opposites, sox=%1T
T

orx=-,.

36. —1 — 3 sin 6 = cos 20
—1-3sinf=1- 2sin%0

2sin20 —3sinf—2=0

2sinf + 1)(sinf — 2) =0

2sinf+1=0 or sinf—2=0

2sinf=—-1 sinf = 2
. 1 .
sinf = —5 no solution
T 11
0= orfd= Tﬁ
. 1
37.sinx = —3

7 11
x:?ﬂ-i-ZTrk or x:Tﬂ-i-Zfrrk

38. cosxtanx — 2cos?2x= —1
cosxcozx —2cos?x= -1
sinx — 2(1 — sin?x) = —1

2sin2x+sinx—1=0
2sinx — I)(sinx +1)=0

2sinx—1=0 or sinx+1=0
2sinx =1 sinx = —1
. 1 3m

sinx =5 x =" +2mwk

™

x=g+2fnkorx=5%+2’nk
39. 3tan?x = V3 tanx
3tan2x — V3tanx =0
tan x(3 tan x — \/5) =0

tanx =0 or 3tanx — V3 =0
x =wk 3tanx = V3
V3
tanx—T
ng-ﬁ-wk
40. 2(1 — sin®x) = 3sinx

2 — 2sin?x = 3sinx
2sin?x + 3sinx—2=0
2sinx — 1)(sinx +2) =0
2sinx—1=0 or sinx+2=0
2sinx =1 sinx = —2
no solution
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41.

42.

43.

44.

45.

46.

1

osx—sinx — COSX + sinx
(cos x — sin x)(cos x + sinx) = 1
cos?2x —sin?x =1
cos?x — (1 —cos?2x) =1
2¢cos2x—1=1
2cos?x =2
cos2x=1
cosx = *+1
x=mk
2tan?x — 3secx =0
2(sec2x — 1) — 3secx =0
2secx + 1)(secx —2) =0
2sec?x —3secx—2=0
2secx +1=0 or secx —2=0
2secx = —1 secx = 2
_ 1 _1
secx = —3 cos X =3
ke
cosx = —2 x:§+2'rrkor
. 5m
no solution x="35 + 27k
. 1
sin x cos x = 3
. 1
51n2xcos2x=z
. . 1
sin? x(1 — sin? xX) =7
. . 1
sin? x — sin? xX) =7
. . 1
s1n4x—sm2x+*:0
. 1 1
2 _ = — =) =
(smx 2)(smx 2) 0
. 1
smzx—;:O
. 1
2, _1
sin®x =5
. 2
= +—
sinx = +—5
am
x =7 +mk
V3
cos?x — sin? x = -
V3
cos?x — (1 — cos?x) = 5~
V3
2cos?x — 1=
2+V3
2 cos?x = 2
9 2+V3
cos” x =~
2+V3
cosxzif
1w
X ="y +'n'k0rxf§+'n'k
sin4x—1=0
(sin? x — 1)(sin?x + 1) = 0
sinfx—1=0 or sinfx+1=0
sin2x =1 sinx=—1
sinx = *1 no solutions
ko
x =5 +mk
sec2x + 2secx =0
sec x(secx +2) =0
secx =0 or secx +2=0
1
cosx =7y secx = —2
. 1
no solution cosx = —75
2w
x:*+21-rkor

x=?+2fnk



47.

48.

49.

50.

51.

52.
54.
55.

56.

57.

sinx +cosx =1

sin?x + 2sinxcosx + cos2x =1
sinx + 2sinxcosx+ 1 —sin2x=1
2sinxcosx =0

sinxcosx =0

sin2xcos?2x =0

sin? x (1 — sinZ2x) =0

sin2x=0 or 1—-sin2x=0
sinx =0 sin2x =1
x = 2mk sinx = *1
x:%-ﬁ-Zwk

2sinx +cscx =3
2sin2x+ 1=3sinx
2sin2x —3sinx+1=0
@sinx — 1)(sinx — 1) =0
2sinx—1=0 or sinx—1=0
2sinx = sinx =1

sin x = x=%+2'rrk

ERIEE

x =+ 2mwk or

[SiiNe
3

x = + 27k

V3
cos = ——5~

»

V3 | 5w T
cos ) = —5 at 5 and
1
cosf —5>0
> L
cos 0 > 5
1 T 5
cose—za‘c:sand3
5
0=f0<Fory <0<2m

V2sinf—-1<0
V2sinf <1

sin § < 72
sin 0 = gat%and%qT
0=0<Torl<g<om
0.4636, 3.6052 53. 0, 1.8955
0.3218, 3.4633

. A
sinf =
. 5.5 x 1077
sin 6 =~ 503
sin 6 = 0.0001833333333
0 = 0.01°
sin 2x < sln x

2 sin x cos x < sin x

2sinxcosx—sinx <0

sinx(2cosx — 1) <0
The product on the left side of the inequality is
equal to 0 when x is 0, %, T, Or %ﬂ For the product
to be negative, one factor must be positive and the
other negative. This occurs if % <x<mor ?“ <x
< 2.

l)2 . 20
=g sin

2
20 = 45 sin 20
0.8711111111 = sin 20

20 = 60.5880156 or
0 =~ 30.29°

20 = 119.4119844
0 ~ 59.71°

58a. n;sini = nysinr
1.00 sin 35° = 2.42 sin r
. 1.00 sin 35°
sinr="5 5 -
sin r = 0.2370150563
r=13.71°

58b. Measure the angles of incidence and refraction
to determine the index of refraction. If the index
is 2.42, the diamond is genuine.

59. D = 0.5 sin (6.5 x) sin (2500¢)
0.01 = 0.5 sin (6.5(0.5)) sin (2500¢)
0.02 = sin 3.25 sin 2500t
—0.1848511958 =~ sin 2500¢
—0.1859549654 =~ 2500¢

The first positive angle with sine equivalent to
sin (—0.1859549654) is 7w + 0.1859549654 or

3.326477773.
_ 8.326477773
- 2500

t =~ 0.0013 s
. a
60. asin(bx +c) +d=d + 5
a sin(bx + ¢) = %
sin(bx + ¢) = %

The period of the function sin(bx + c¢) is %, S0

360°
360°
b

. . 1 .
The equation sin (bx + ¢) = 3 has two solutions
per period, so the total number of solutions is 2b.

o[- [3

the given interval consists of = b periods.

[cos 6 —sin 0] ) [3] _ [\/1_7]
sinf cos@l 4] [2V2
[3 cos § — 4 sin 0} _ [\/1—7]
3sinf +4cosdl [2V2

3cosf —4sinf =\V17
3sinf + 4cosf = 2V2

1
9cosf — 12 sin 6 = 3V17
16 cos § + 12 sin 6 = 8V2

25 cos 6§ =8V2 + 3V17
8V2 + 3V17
COS 0 = T

0 =~ 18.68020037
360 — 0 = 341.32°

Chapter 7



62. cot 67.5° = cot % cot § = ﬁ
135° 1—cos 135°
tan =, = T os135° (Quadrant 1)
2
2+ V2@ + V2
Th @ -V2E+ VD)
_ |e+Ve?
- 4-2
B 2+V2
- V2
1
t 67.5 =
€0 2+V2
V2
__\V2
2+V2
_ V2@ -V3
2+V2)Ee-V2)
_ 2V2-2
4-2
=V2-1
tan x \/5
63. secx ?
sinx
Ccos X _ ﬁ
1 5
CcOoSs X
. Va2
sinx =%
. V2
Sample answer: sin x = —
2
64. A =3, 27
y
2
71
y= % cos 6
0
O| 90 180° 270° 360°
_2
3
45 miles 5280 ft 12 inches 1 hour .
65. “hour  mile | £ 3600sec — (92 1n/sec
v = r%
0
792 =177
792
7 =T

92 .
77 radians + 2w = 18 rps

66. undefined

Chapter 7

67.

68.

69.

70.

230

71.

72.

201 0 -3 -2
2 4 2

1 2 1 0 O

2+2c+1=0
x+Dx+1)=0
x+1=0
x=—1
x—2)(x+ 1(x+ 1)

x+1=0

x=—-1

[t

[—5,5] scl:1by[—2, 8] scl:1

max: (—1, 7), min: (1, 3)
3x +4=16

x=4
x—y+ z=1
2c+y+3z2=5
3x +42=26

3x +4z=6
36) +4z=6
4z = —12
z=-3
6, 2, —3)

x g(x)
-7 4

6 =2y
y=3 4, 3)

x—yt+tz=1

x+y—z=11

2x =12
x=6
x+y—z=11
6+y—(=3)=11
y=2

g(x)

g(x) =[lx}+ 8l

|
—
oo

1
= 5bh

= 2(6)(1)
A=3

The correct choice is C.




Page 462

History of Mathematics

1. x2 = 52 + 52 — 2(5)(5) cos 10°

x = 0.87
x2 = 52 + 52 — 2(5)(5) cos 20°
x = 1.74
x2 =52 + 52 — 2(5)(5) cos 30°
x = 2.59
x2 = 52 + 52 — 2(5)(5) cos 40°
x = 3.42
x2 = 52 + 52 — 2(5)(5) cos 50°
x =~ 4.23
x2 =52 + 52 — 2(5)(5) cos 60°
x=25
x2 = 52 + 52 — 2(5)(5) cos 70°
x = 5.74
x2 = 52 + 52 —2(5)(5) cos 80°
x =~ 6.43
x2 =52 + 52 — 2(5)(5) cos 90°
x=17.07
Angle Length of
Measure Chord (cm)
10° 0.87
20° 1.74
30° 2.59
40° 3.42
50° 4.23
60° 5.00
70° 5.74
80° 6.43
90° 7.07
7-6 | Normal Form of a Linear Equation
Page 467 Check for Understanding
1. Normal means perpendicular
2. Compute cos 30° and sin 30°. Use these as the
coefficients of x and y, respectively, in the normal
form. The normal form is %x + %y - 10 =0.
3. The statement is true. The given line is tangent to

the circle centered at the origin with radius p.

231

Slope-Intercept Form: y = mx + b, displays
slope and y-intercept

Point-Slope Form: y — y; = m(x — x,),
displays slope and a point on the line
Standard Form: Ax + by + C = 0, displays
no information

Normal Form: xcos ¢ + ysin¢ — p =0,
displays length of the normal and the angle
the normal makes with the x-axis

See students’ work for sample problems.
xcos¢p +ysing —p=20
xcos 30° 4+ y sin 30° — 10 = 0

e+ —10=0
V3x+y—-20=0
xcos¢p +ysing —p=20

x cos 150° + y sin 150° — V3 = 0

—%x-i—%y—\/g:O

V3x—y+2V3=0
xcos¢ +ysing —p=0
xcos%+ysin%—5\f=0
%x+(—%>y—5\/520
Vox —V2y —10V2 =0
x—y—10=0

dx+3y=-10 -VAZ+B2=-V42+32or—5

4 3 10
X+ 5y +—5=0

4x + 3y +10=0

—%x - %y -2=0

sin ¢ = —%, cos ¢ = —%,p = 2; Quadrant III
3

tan¢=7ior%
5
¢
. y=-3x+2
3x+y—2=0

VAZ + B2 = V32 + 12 or V10
3,1 2
Vi Y Vi v = O

aVi0_ | VIO, Vio _
107 097 *\OF .
. 0 3V10 10
s1n¢>=1Aé, cos¢>=1A01, =5 ; Quadrant I
V1o
10 1
tan ¢ = Py
®7 v
10
¢ = 18°

Chapter 7



10. \/gx—\/§y26
\/_x—\/_y—G—O
VA2 + B2 = \/\/_2+( V2)2 or 2

2 X7 7y _2_
V2 V2
XT3y 3=
s1n¢——%, cos ¢ = 5, p = 3; Quadrant IV
_V2
tan ¢ = Vi or —1
2
¢ =~ 315°
1la. 3x — 4y =8 y
3
y=1x—2
(0) >//
Sx =4y =18
A
11b. 3x —4y =28

3x—4y—8=0
VA2+B2—V32+(—4)2 or 5

3 4
T 5T 7_0

8 .
p = 5 or 1.6 miles

Pages 467-469 Exercises
12. xcos¢p +ysing —p=0
x cos 60° + y sin 60° — 15 = 0

Tev By 150

x+V3y—-30=0
13. xcos¢p +ysinf—p=0
xcos%+ysin%—12=0
%x+¥y712=0
Vox +V2y —24=0

14. xcos¢p +ysing —p=20
x cos 135° + ysin 135° — 3V2 =0
V2 V2

—7x+7y—3\/§:0
~Vox+V2y —-6V2=0

x—y+6=0
15. xcosp+ysing —p=0
xcos%+ysin%—2\/§zo
—?x-i—éy—z\f:O
\/gxfy+4\/§=0

16. xcosp +ysing —p =0
xcos%-ﬁ-ysing—Z:O

Ox+1y—2=0
y—2=0

Chapter 7
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17.

18.

19.

20.

21.

22.

23.

xcos¢p +ysing —p=0
X cos 210°+ysin210°—5—0
féx -5=0

\/§x+y+10—0
xcos¢p +ysing —p=0
xcos%+ys1n3 5=0

f%xf§y75=0

x+V3y+10=0
xcos¢p +ysing —p=0
x cos 300° + y sin 300° — 5 =

w

2% T oY =
x— V3 —3=
xcos¢p +ysing —p=0
xcosnTﬂ—FysinuTﬂ—él\/g:O
%x -4V3=0
\/§x—y—8\/§—o
~ VA% + B2=-V52+ 1220r —13
%x+%y+%=0
f%x 13y 5=0
sing = _ﬁ’ cos ¢ = 1F3, = 5; Quadrant IIT
12
tan<¢>=iorl52
13
¢ = 247°
x+ty=1
x+y—1=0
\/A2 Bz—\/12+120r\/§

i
\fx+\fy V2
V2 V2 V2

Sxt Gy =

}&o o
ﬁ

2
sin ¢ = %, cos¢p="75,p= Quadrant I

Ve
tand):éorl

2

¢ = 45°
3x —4y =15

3x —4y —15=0

\/A2 +B2=V32+ (-4)%0r5
4 15
53’ 5 =0
3
X~ gy -3=0
sin ¢ = —%, cos ¢ = 7, p = 3; Quadrant IV
_4
tan ¢ = TS or —%
5
¢ = 307°



24.

25.

26.

27.

y=2x—4
—2x+y+4=0
VA2 + B2= -V (22 + 120or —V5
2 1 4 _
_7\/gx+7\/5y+7\/5_0
2V5 V5 45
5”5V 5 -0
sing = ——, cos¢=&, =45ﬁ; Quadrant IV
V5
__5 1
tanqﬁ—& or —,
5
¢ =~ 333°
x:
x—3=0
VAZ + B2=V12 + 020r 1
1 3
x—7=0
x—3=0

sing =0,sin¢p =1,p =3
tan¢ = Tor 0

=0

—\/gx—y=2
,\/gx,y,2:0
\/\z?f+B2=V(—V§)2+(—1)2 or 2

3 1 2
"Xy T3 =0
V31 _
Xy 1=
sin ¢ = —é, cos ¢ —g,p = 1; Quadrant III
1
— -
tan ¢ = ?orT
2
¢ = 210°

y—2:i(x+20)
y—2—ix+5
—x+4y—28=0
VA2 + B2 =V(=1)% + 42 or V17

1

4 98
TR T 0

VIT | aV1T o 28VAT
X \/g Yoo \_FO -
. 7 7 28V17
sin ¢ = 4171 ,COS ¢ = —T;, p= 171 ; Quadrant 1T
4V17
7 A
tan ¢ = VT or —
Y
¢ =~ 104°

233

28.

29.

30.

31.

32.

w|r

X

3 —y+4=0
x—3y+12=0

~ VA2 + B2=-V12 + (-=3)2or —V10

L3 12
Vit T Vi T —vio
V10 3V10 6V10
10 ”*\Flo Y75 \‘/70 i
sin ¢ = 31010, cos ¢ = —T?,p = %; Quadrant IT
3V10
10
tan ¢ = Vio or —3
~ 10
¢ =~ 108°
XY
20 t2a=1

Xy _
20 T2 1=0
6x + 5y — 124 =0
VA2 + B2 = V62 + 52 or V61

SR T -
Vet T Ve T Vel
6V61 5V61 120161
61 ¥ \?L«V_ 61 \/:0 e
sinqb:%, cosd):%,p = 1206161; Quadrant I
5V61
61 5
tan ¢ = 461 Or g
61
¢ = 40°
VA% + B2=V62 +8or10;p = 10

cos¢=%org,sin¢=%or%
xcos¢o +ysing —p=0
Sx+1y-10=0
3x +4y —50=0

VA2 + B2=V(-4)2 + 42 0or 4V2; p = 4V2
=4 Ve 4 V2
cos¢—4\/§0r 2,sm¢u—4\/§or2

xcosdp +ysing —p=0
,%x+%y,4\/§:0
x—y+8=0
2V2ox =1y + 18
2V2x —y—18=0
VA2 + B2=V22)2+ (-1)2=V9 =3

2V2 1 18
EREAE
p= ? = 6 units
33a. y
(N s
9| x
/ 1.25 ft
Chapter 7



33b. p = 1.25, ¢ = 45°

34a.

34b.

34c.

34d.

35a.

35b.

35c.
35d.

x cos (—45°) + y sin (—45°) — 1.25 = 0
Ve V2 1950

Vox — V2 —25=0
y

AN

\“ x

¢ and the supplement of § are complementary
angles of a right triangle, so ¢ + 180° — 6 = 90°.
Simplifying this equation gives 6 = ¢ + 90°.

tan 0. The slope of a line is the tangent of the
angle the line makes with the positive x-axis
Since the normal line is perpendicular to €, the
slope of the normal line is the negative
reciprocal of the slope of €. That is,
—cot 6.

The slope of ¢ is the negative reciprocal of the

Ttan6

slope of the normal, or “tang = —cot ¢.
VA2 + B2=V52 + 122 0r 13
5 12 39
13x + 13y 13=0
5
13% + E_y —-3=0
. 12
sin ¢ = 75, cos ¢ = 13, Quadrant I
12
13
= 2
tan¢ = 5 or 1?
13
¢ = 67°

¢ + 90° = 67° + 90° or 157°
xcos 157° + ysin 157° -3 =0
12

f—x+13y 3=0
VY44

12

"Xty BTl
/
/

/
/ 6] X
4

See students’ work.
The line with normal form x cos ¢ + y sin ¢ —

p = 0 makes an angle of ¢ with the positive

x-axis and has a normal of length p. The graph
of Armando’s equation is a line whose normal
makes an angle of ¢ + 6 with the x-axis and also
has length p. Therefore, the graph of Armando’s
equation is the graph of the original line rotated
6° counterclockwise about the origin. Armando is
correct. See students’ graphs.

Chapter 7
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36a.

36b.

317.

38.

39.

J//
¢,

X

~\

)

o

/

The angles of the quadrilateral are 180° — «,
90°, ¢y — ¢, and 90°. Then 180° — a + 90° +
$g — ¢; + 90° = 360°, which simplifies to

¢9 = ¢; *+ o If the lines intersect so that « is an
interior angle of the quadrilateral, the equation
works out to be ¢ = 180° + ¢; — a.

tan ¢, = tan(¢; + @)

tan ¢, + tan o
T 1-tan¢; tan o
If the lines intersect so that « is an interior

angle of the quadrilateral, the equation works
tan ¢; — tan o

out to be tan ¢, = T+ tan o, tana-

bx —y =15
bx —y—15=0
\/A2+B2—\/52+( 1)2orv

5

Vet \Fﬁy \/*6

5V26 V26 15@_ _ 15V26

26 X7 26Y 7 26 ~ VP T g6
3x + 4y = 36

3x+4y—36=0
VAZ+ B2=V32+420r5

3 4 36 36
sty -5 =0p="5
bx — 2y = =20

5x — 2y +20=0
V52 + (—=2)2 = V25 + 4 or V29

5

52 20 _
vas® ~ vae? T vas = 0
5V29  2V29 | 20V29 _ 20\/2—9
29 ¥ 7 o9 Y 29 —0.p
1VE6 | 36 20V _ 43 85564879

13.85564879 X 500 ~ 6927.824395; $6927.82

2cos2x+ Tcosx—4=0
(2cosx— 1)(cosx+4)=0

2cosx—1=0 or cosx+4=0
2cosx =1 cosx = —4
cosx =5 no solution
™ 5w
X=go0rx= g
sinx =V1-—cos?x siny = V1 — cos?y

5
g Or

s

sin(x + y) sin x cos y + cos x sin y
- (%)(g) * (a)(?)
_2V35+V5

18



x2 = 6.72 + 6.72 — 2(6.7)(6.7) cos 26°20’
x2 =~ 9.316604344

x = 3.05 cm
42. xf5+251—7x2:x-%1-5
xf5 + xZ_—st = xi5
- 5@+ 5)(75) +

- B+ 5 g mgg) = @ - D&+ 5)
x(x+5)—-17T=x—-5
2 +5x—1T=x-5
¥ +4x—12=0
x+6)(x—2)=0
x+6=0 or x—2=0
x=-6 x=2
43. original box: V = wh
=4-6-2
=48
new box: V = ¢wh
1.5(48) = (4 + x)(6 + x)(2 + x)
72 = x3 + 12x2 + 44x + 48
0=+ 12x2 + 44x — 24

X Vix)
0.4 —4.416
0.5 1.125

V(0.5) is closer to zero, so x = 0.5.
4+x=4+0.50r4.5
6+x=6+0.50r6.5
2+x=2+050r25

4.5 1n. by 6.5 in. by 2.5 in.

44. \y x=2

Neo

oy v X

fl,y) =3x —y + 4
f2,3)=3(2)—3+4o0r7
f(2,6) = 3(2) — 6 + 4 or 4
f(5,3) =3(5) — 3+ 4or16
16, 4

1
x+5

)

(=6, =3)
46. The value of 2a + b cannot be determined from
the given information. The correct choice is E.

7-7 | Distance From a Point to a Line

Page 474 Check for Understanding
1. The distance from a point to a line is the distance
from that point to the closest point on the line.

2. The sign should be chosen opposite the sign of C
where Ax + By + C = 0 is the standard form of
the equation of the line.

3. In the figure, P and @ are any points on the lines.
The right triangles are congruent by AAS. The
corresponding congruent sides of the triangles
show that the same distance is always obtained
between the two lines.

p

Q

4. The formula is valid in either case. Examples will
vary. For a vertical line, x = a, the formula
subtracts a from the x-coordinate of the point. For
a horizontal line, y = b, the formula subtracts b
from the y-coordinate of the point.

5. 2x —3y=-2-2x—3y+2=0
d= Ax; + By, + C

VAT B

2(1) + (=3)(@2) + 2

—\ /22 + (_3)2
d= 2 or 2via
Vi3 13
6.6x—y=-3-6x—y+3=0
Ax; + By, + C
,\/AZ + BZ
6(—2) + (—1)@B) + 3
-12 12V/37
d=_—570r 3

d=

d=

Chapter 7



7.3x — by =1 When x = 2, y = 1. Use (2, 1).
3x—5y=-3-3x—5y+3=0
go AntBnrcC
 VATr B2
d= 32) + (—5)(1) + 3
R ey
q——1 2V/34
4
17
8.y=—3x+3 Use(,3).
y=—3x—T - x+3y+21=0
. Ax; + By, + C
T VA B
d= 1(0) + 3(3) + 21
,\/12+32
d=—"=or —3V10
3V10
9. d 6x; + 8y, +5 d 2x) — 3y, — 4
"hT Ve e 27 Vary ap
6x; + 8y, +5 2x; —3y; — 4
10 B V13
6V13x + 8V 13y + 5V 13 = 20x — 30y — 40
(20 - 6V13)x —
(30 + 8V13)y — 40 — 5V 13 = 0;
6x; + 8y, +5 _ 2x; —3y; = 4
10 RV
6V13x + 8V 13y + 5V 13 = —20x + 30y + 40
(20 + 6V13)x + (8V13 — 30)y —40 + 5V13 =10
10. (2000, 0)
d= Ax, + By, + C
VAT B
d— 5(2000) + (—3)(0) + 0
N
d= 13;(;—20 or about 1715 ft
Pages 475-476 Exercises
. Ax; + By, + C
Wd= e
_ 3@+ (90 +15
,\/32+(,4)2
d=2L
- -5
21
5
12 . Ax; + By, + C
T varr g
_ 5(3) +(=3)() + 10
_\/52+(_3)2
d— 10 5V34
T V81 O T
5V34
17
13. 2x—y=-3-5 2x—y+3=0
Ax; + By, + C
T Vazr B
d = —20+ (DO +3
V(=22 + (-1)
d=-2op2Vs
=505

Chapter 7
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14.

15.

16.

17.

18.

19.

20.

y=4-3x .2 +3y-12=0
d:Ax1+By1+C
VA% + B2
d = 20D +3C3) +(-12)
Va? + 32

_ -2 25V13

TVt s
25V/13

13
y=2x—-5-2x—y—5=0
d:Ax1+By1+C

VAZ + B2
g 203000 + )

a Vo1 (12
d=%or0
y:—%x+6_>4x+3y—1820
d:Axl+By1+C

VAZ + B2
d= 4(~1) + 3(2) + (—18)

B Va2 132

_ ~16 16

=5 T3
16
5
d:Ax1+By1+C

-VaAZ + B?
d= 3(0) + (—~1)(0) + 1

V3 + (12
d—;or—@

~ V1o 10
Vio
10

3 3
6x — 8y =3 When x =0,y = —3. Use(O, —g).

6x—8 =-5-6x—8 +5=0

diAx1+By1+C
 VaArr B2
3
p 6(0) + (—8)(—5) +1
Ve (82
8 4
d=_"gor —3
4
5
4x — by = 12 When x = 3, y = 0. Use (3, 0).
4x—5y=6 - 4x—5y—-6=0
diAxl+By1+C
VAT B
g MO+ 6
Va2 + (-5)2
_ 6 6Val
d—\/4—10r 1
y=2x+1 Use (0, 1).
2k —y=2-2x—y—2=0
d_Ax1+By1+C
VAt g
d = 2000 + (=D@) + (=2)
V22 ¥ (-1)2
_ =3 3V5
df\/gOI‘— 5
3V5

5



21.

22.

23.

24.

25.

26.

y=-3x+6 Use (0, 6).
3x+y=4-3x+y—4=0

Ax; + By, + C
AT+ B
d= 3(0) + 16)(1) + (—49)
Va2 112
d= -2 op VA0
=i °" 5
y =§x71 Use (0, —1).
8+ 15=5y - 8 —5y+15=0
_ Ax; + By, + C
JRY/epny:>
d= 8(0) + (=5)(—1) + 15
—V82+ (—5)2
d=-20 20V/89
T Ve T s
20V/89
89
y = —%x Use (0, 0).
y:—%x—4_.3x+2y+8:0
_ Ax; + By, + C
_\/A2+BZ
g 20+20+8
—V32 1 22
d=-—3 Or_S\/Ts
Vi3 13
8V13
13
y=-x+6 Use (0, 6).
x+y—1=0
d = Ax; + By, + C
VazZ + B2
d= 1(0) + 1(6) + (= 1)
V12t 12
_ 5 _5V2
d= vz O 2
3x, + 4y, — 10 5x, — 12y, — 26
h= Ve dz =
3x; + 4y, — 10 by, — 12y, — 26
5 - 13
39x + 52y — 130 = 25x — 60y — 130
14x + 112y = 0
x+8 =0
3x, + 4y, —10  5x; — 12y, —26
5 - 13

39x + 52y — 130
64x — 8y — 260 = 0
16x — 2y — 65 =0

4x) +y, — 6 —15x; + 8y, — 68

V(-15) + 82

hE= e dy =

dx) +y, — 6 —15x; + 8y, — 68

V17 - 17

68x + 17y — 102 = —15V12x + 8V 17y — 68V 17
(68 + 15V17)x + (17 — 8V17)y — 102 + 68V17 =0

dx; +y, -6 —15x; + 8y, — 68
V17 - 17

68x + 17y — 102 = 15V 12x — 8V 17y + 68V17
68 — 15V17)x + (17 + 8V1IT)y — 102 — 68V17 = 0

Va2 + (122

—25x + 60y + 130

2
27.y=§x+1—»2x—3y+3=0
y=-3x—2-53x+y+2=0

2x; —3y; + 3 3x; —y; T2
= NVeri (g BT /32
2x173y1+3:_3x1+y1+2
V13 -V10

2V10x — 3V10y + 3V10 = —3V13x — V13y — 2V13
(2V10 + 3V13)x + (V13 — 3V10)y + 3V10 + 2V13 =0

26— 3y, +3 _ —3x;+y +2
-V13 -V10

—2V10x + 3V10y —3V10 = —3V13x — V13y — 2V13
(=2V10 + 3V13)x + (V13 + 3V10)y — 3V10 + 2V13 =0

28a. Linda: (19, 112)
Ax; + By, + C

T Vazi B
4(19) + (—3)(112) + 228
= -V4Z + (-3)2
= %3;2 or 6.4
Father: (45, 120)
d= Ax; + By, + C
~-VAZ + B?
d = AU5) +(=3)(120) + 228
— \/42 + (_3)2
d= % or —9.6
Linda
28b. 4x — 3y + 228 =0
4x — 3(140) + 228 = 0

4x = 192
x = 48
29. Letx = 1.
tan 0 = %
tan 40° = %
y = 0.8390996312
0.839 — 0
m="7"% y =y = mx = x;)
m =~ 0.839 y — 0.839 = 0.839(x — 1)
y =~ 0.839x
—0.839x + y =0
d = Ax; + By, + C
VAZ + B2
d ~ —0:839016) +102) + 0
V0.8392 + 12
d = — 1.092068438
1.09 m

30. The radius of the circle is \/[(— 5) — (—2)]% + (6 — 2)2
or 5. Now find the distance from the center of the
circle to the line.

_ Ax; + By, + C
=V A% + B?
d = 5(=5) + (=12)(6) + 32
—V52 + (-12)2
g==5
- 13
d=5

Since the distance from the center of the circle to
the line is the same as the radius of the circle, the
line can only intersect the circle in one point. That
is, the line is tangent to the circle.
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31.

32.

4-7 3
—3-10T7%

3
y—T=72(—-1)
3x —4y +25=0

mq =

Ax; + By, + C
Q= 7
1 ~VAZ + B?
_ 3=+ (=4)(—=3) + 25
al =
_\/32+(_4)2
_ 34
al = 5
__—3-4 1
My =1 (3 Ty

7
y-4= - (-3)
Tx+2y+13=0
Ax, + By, + C
,\/A2+BZ
7(1) + 2(7) + 13
,\/72+22
34 34V/53
(12 = —\/E{ or — 53
_1-(=3
ms=71-"(1
y—T7=5x—-1)
bx —y+2=0
Ax, + By, + C
-VAZ ¥ B?
5(=3) + (=)@ + 2
,\/52+(,l)2
o ar 17V26
a3 = _\/% or 26
34 34V53 17V26
5° 53 ° 26

a9 =

a9 =

orb5

ag =

(13:

/

Ol PP oo 'S

4 X

The standard form of the equation of the line
through (0, 0) and (4, 12) is 3x — y = 0. The
standard form of the equation of the line through
(4, 12) and (10, 0) is 2x + y — 20 = 0. The
standard form for the x-axis is y = 0. To find the

bisector of the angle at the origin, set Sf/l—oy =y

. 3 .
and solve to obtain y = PRVET 2 To find the
bisector of the angle of the triangle at (10, 0), set
% = —y and solve to obtain 2x + (1 + V5)y

— 20 = 0. The intersection of these two bisectors
is the center of the inscribed circle. To solve the

. . 3 .
system of equations, substitute y = T vi© nto

the equation of the other bisector and solve for x to

ot x = 20(1 + V10) Then v = 200 +V10)

& 5+3V5+2V10 Y 5 v sVt 2vio
3 60 . . :

TV 5+3\/5+2\/E'Th1s y-coordinate is the

inradius of the triangle. The approximate value is
3.33.

Chapter 7
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33.

34.

35.

36.

2+ Ty=5
% — Ty +5=0
VA2 + B2= V22 + (-7)%or —\/53

2 T 5
—Vvas' T Ve T —vEs
2V/53 7V53 5V53
T3 X 53 Y~ 53 =0
cos 24 =1—2sin2 A
\V3\2
= 2(?)
_5
~ %
om 60° o
5 = 2w, 7 =60

=

- ——
+—t

}
y=;csc (6 460°)! O
O 120° . 300° 480

—
=t

110 — 3 = 330 180° — (60° + 40°) = 80°
x2 = 3302 + 3302 — 2(330)(330) cos 80°

x2 =~ 179979.4269

x = 424.24 miles

37.T:21T\/§
T:2'rr\/%
T=28s
38.20 1 8 k
2 20
1 10 [20+k
20+k=0
k=-20
39.2x +y—2z=-9 2+ y— z=-9
2(—x + 3y — 22) = 2(10) ~ —2x + 6y — 4z = 20
Ty —bz= 11
x—2y+ z=-7
—x+ 3y —2z= 10
y— z= 3
—5(y —2) = —5(3) -5y +5z=—-15
7y — 5z =11 - 7y — bz = 11
2y = —4
y= -2
y—z=3 x—2y+z=-17
-2-2z=3 x—2(=2) + (=b) = -7
5=z x=—6
(-6, —2, —5)
40. square: A = s2 triangle: A = %bh
16 = s2 = S(4)h
4=g3s 3=h
AE=s+h
AE =4+ 3or"7
EF = AE
EF =17
The correct choice is C.



Chapter 7 Study Guide and Assessment

Page 477 Understanding and Using the
Vocabulary
1. b 2. g 3.d 4. a
5.1 6. ] 7.h 8. f
9. e 10. c

Pages 478-480
11.

12.

13.

14.

15.

16.

17.

18.

1
cscl = 5
_ 1
=1
2
=2
tanZ 6 + 1 = secZ 6

42 + 1 = sec? 9

17 = sec? 6
V17 = sec 6
. 1
sinf = -
_ 1
-5
3
_3
=5
1
sec = -
_ 1
T4
5
_5
T4
csc x — cos? x csc x =
cos? x + tan? x cos? x
sin? x
cos® x + 2 cos? x
COS“ X
cos2 x + sin2 x
1

1—cosf o
— 2 (csc § — cot
1+ cosf (

Skills and Concepts

sinZ 6 + cos26 =1

(%)2 +cos?20=1

16

29 _ 16
cos® 6 = 5
4

cosf =

tanZ6 + 1 = sec? 6

tan?6 + 1 = (§>2

4
tan? 0 = %
tan 0 = %
Sirllx — (1~ sin? x)(sirllx)
Sirllx — Sirllx + sin x
sin x
21
21
=1
=1
0)2

1—cosf ( 1 LS@>2
1+cosf = \sinf  sinf
1—cosf , (1—cos 0)2
1+cosf — sinZ §
1-cosf , (1 = cos 0)
1+cosf — 1-—cos?
1—-cosf , (1 = cos 6)%
1+cosf — (1—cosb)(1+ cosb)
1—cosf , 1—cosb
1+cosg — 1+cosb
secf+1 , tanf

tanf T sech—1
sech+1 , tanb(secd+ 1)
tand —  sec2f—1
sech +1 , tanb(secf + 1)
tang tan? ¢
secf+1 _ secf+1

tan 6 tan 6
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4 4

19 sin xfcosxil_cotgx
: sinZ x -
(sin? x — cos? x)(sin? x + cos? x)
2 21— cotZx
sin? x
sin? x — cos? x
= 21-cot?x
sinx
COS™ X
-5 21—cot?x
sin? x
1—cot?x=1—cot®x
20. cos 195° = cos (150° + 45°)

Z(_—f'_)(ﬁ)—%%
4

21. cos 15° = cos (45° — 30°)
= cos 45° cos 30° + sin 45° sin 30°

_V2 V3 V2 o1
) 2 2 2
_ Ve+Ve
- 4
. 17w . 17w
22. sm(— 12)——sm 12
. ™ T
f—s1n(4+ 6)

= —(sin 7 cos %T + cos 7 sin %T)
-7
_ _(=M6=-V2
_Veuv
1
23. tan - = tan (%ﬁ + %)
tanZ?‘rr + tan%

2w ™
1 —tan——tan—
an3 an4

. =VE+a
T 1- (VRO
_1-V3

T 1+V3

=4%22\/§or72+\/§

24. cosx = V1 — sin? x siny = V1 —cos?x

hEr e
cos (x —y) = cosxcosy + si}xsiny
(53)5) + ()

48 + 1V5
75

Chapter 7
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25.c0sy—secy siny = V1 —cos?y 929, tan - —
_ 1 _ (z)z e
=3 1-13
2
= uadrant I
B B ﬁ Vi (&) )
=3 T Vo Or-y
_ siny
tany = 05 y B
N =
3 5
= g or-
3 _ [2-V3
_ _tanx+tany 2 +V3
tan(x+y)_1—tanxtany @ - V32— V3)
5% “Vervae- Ve
h 5\ V5
_(2)X2 [@-V3)?
1 (4)< 2 ) =\ a-3
5+2V5 —9-/3
_ 4
T 8-5V5 30.sin20+00522=1
8 2 3V _
_10+4V5 sin 0+(5) =1
8-5V5 sin? § = %
_ 180 +82V5 180 + 25V5 "
o -61 61 sinf =7
o 150°
26. cos 75° = cos —, sin 20 = 2 sin 0 cos 0
1 + cos 150° _ of4)\(3
= \/70028 (Quadrant I) = 2(5)(5)
_ 24
= 2
31. cos 20 = 2 cos? 6 — 1
3\2
=2ff) -1
__ 7
T T2
sin 6 2 tan 6
32. tan 6 = -y tan 20 =
4 4
5 4 2<3>
=3 or g =
(Quadrant II) 3 ( é>2
5 113
24
T
33. sin 460 = sin 2(26)
= 2 sin 26 cos 20
24 7
. o = 2(%)(‘?5)
28. sin 22.5° = sin —, _ 83
= ,/% (Quadrant I) 625
34. tanx + 1 =secx
1,% (tan x + 1)2 = sec? x
= tan2x + 2tanx + 1 =tanZx + 1
2 2tanx =0
— 22 Ve tanx =0
x=0°
35. sin2x + cos 2x —cosx = 0
1—cos?2x+2cos2x—1—cosx=0
cosZx —cosx =0
cosx(cosx—1)=0
cosx =0 or cosx — 1=
x = 90° or x = 270° cos x =
x =
Chapter 7 240



36.

37.

38.

39.

40.

41.

42.

43.

44.

cos2x +sinx =1
1—-2sin2x +sinx=1
2sin?x — sinx =0
sinx(2sinx —1) =0

sinx =0 or 2sinx —1=0
x = 0°orx = 180° sinx=%

x = 30° or

x = 150°

. V2
sinxtanx — - tanx =0

tanx(sinx—%)=0
tanx =0 or sinx:%zo
x=1'rk . NG
s1nx=7
x = E+21Tk01‘7+2’ﬂk

sin2x + sinx =0
2sinxcosx + sinx =0
sinx (2cosx +1) =0

sinx =0 or 2cosx+1=0
x =k cosx = —5
x:%ﬂ—i-Zﬁrrk
orx=%ﬂ+2frrk
cos2x =2 — cos x

cos?x+cosx—2=0
(cosx — 1)(cosx +2)=0

cosx—1=0 or cosx+2=0
cosx =1 cosx = —2
x = 2mk no solution

xcos¢o +ysing —p=0
xcos%+ysin%—2\/_=0

éx+§y—2\/§:0
x+\/§y—4\/§=0
xcos¢o +ysing —p=0
xcos 90° + ysin 90° — 5 =0
Ox+1y—5=0
y—5=0
xcos¢ +ysing —p=0
xcos%ﬁ+ysin%ﬂ—3=0
e ¥y 3o
—x+\/§y—6=0
xcos¢p +ysing —p=0
x cos 225° + y sin 225° — 4V2 = 0
—gx—i-(—%)y—él\/Q:O
x+y+8=0
VA2 + B2=V72+ 32 or V58
7 3 8
Ve T Ve T ves 0
7V/58 3V58 4V/58

58"+\/5§J’_ 29 \ﬁo -

. 358 7 4V/58

sing =55, €086 =55 , P = 59 ; Quadrantl
3V/58
58 3

tan ¢ = = or
58

¢ =~ 23°
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45.

46.

47.

48.

49.

50.

6x =4y — 5
6x —4y +5=0

\/A2 + 32 = -Ve? + (—4)2or —2V13

i i T v = O
_3V13 2V13 5\/3
13 % 13" =0
sin ¢ = 21A\/3E3, cos ¢ = —31A\/373, p= %, Quadrant IT
2V13
tan ¢ = 13 or _2
3V13
BERE)
b ~ 146°
9x = =5y + 3
9x +5y—3=0
VA2 + B2 = V92 + 52 or V106
S 4.5 3 _
Vvioe® T Vioe? | Vioe
9V106 5\/106 31106 -0
106 X 106 Y 7 106
. 51106 91106 3V10
Sing =" ,C0SO="106">P =" 10g ,QuadrantI
106 5
tan ¢ = V106, ory
106
¢ = 29°
x—Ty= -5
x—T7y+5=0
-VAZ+B2=-V 12 + (=7%or —5V2
L =0
vt T v 5\/‘
e
sin ¢ = %, cos ¢ = _io p= %; Quadrant IT
V2
10
tan ¢ = -7
an ¢ vz or
T 10
¢ =~ 98°
d= Ax; + By, + C
T Va2 B
d— 2(5) + (~3)(6) + 2
,\/22 + (,3)2
g———8 6113
EEVERLEE!
2y =—=3x+6 - 3x+2y—6=0
_ Ax, + By, + C
VAZ + B?
d = 3324+ (6)
V32 + 22
] 723\/1_3
V13 ° 13
23V13
13
4y=3x—-1-3x—4y—-1=0
goAutBntC
o oVarip
4= 3C2+CH@W D
V32 + (-4)?
23

5
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5l.y=3x+6 - x—3y+18=0
diAxl-%—Byl-FC

~VAZ + B?
d = 1eD+ (-3)@0 + 18
,'\/12+(,3)2
a1 21V10
d= V1 %" 10
52.y =3 -6  Use (0, —6).
y=3+2-x-3y+6=0
d= Ax; + By, + C
VAt
d = 10+ 36 +6
,\/12+(,3)2
g— 2 12V10
VTR
d= 12\5/ﬂ)
53.y=-x+3 Use(0,3).
y=%xféa 3x —4y —2=0
d= Ax; + By, + C
VA p
4= 30+ CHE + (=2
V32 + (—4)2

—-14 14
d=—F or—75
14

5

4. x+y=1 Use (0, 1).
xt+ty=5-x+y—5=0
d:Ax1+By1+C

Va2 + B?
d=10+10)+ (=5

V12 + 12
d=%or—2\/§
d=2V2

55.y=-x—2  Use (0, -2).
d:Ax1+By1+C

Va2 + B?
d=20rChCEH+3
V2?2 + (-3)%
d—--2 9V13
T vz o8

56.y = —-3x—2-3x+ty+2=0

3
y:—§+5ﬁx+2y—3:0

d _ 3xty +2 d _xt+2y,-3
L Vi 2 Wiz
3x; +y,+ 2 x; +2y, — 3

-V10

V5
3Vhx + VBy + 2V5 = —V10x — 2V10y + 3V10
(3V5 + V10)x + (V5 + 2V10)y + 2V5 — 3V10 = 0

3x; +y,+ 2 x +2y — 3
-Vio V5

3\/5x+\/5y+2\f=\/ﬁx

5
+2V10y — 3V10

BV5E — V10)x + (V5 — 2V10)y + 2V5 + 3V10 = 0

Chapter 7

57. —x+3y —2=0
y=%x+3a3x—5y+15=0

d :—x1+3y1—2 d :3x1—5y1+15
T Ve 2T Vo
—x; + 3y, — 2 . 3x; — by, + 15
Vio Va1
—V34x + 3V34y — 2V34 = 3V10x — 5V10y +
15V10
(-V34 - 3V10)x + (3V34 + 5V10)y —
2V/34 — 15V10 =0
—x; +3y; -2  3x;— by, +15
V1o Va1
3V10x — 5V10y + 15V10 = V34x — 3V34y
+2V34

(—=V34 + 3V10)x + (3V34 —
5V10)y —2V34 + 15V10 = 0

Page 481 Applications and Problem Solving
58. The formulas are equivalent.
5. sin? 0
vn2 tan? 0 _ Yo cos2 0
2gsec?f o1
% cos? 6
5. sin? 6
_ Y07 cos2 o . cos? 6
- 9y - 1 cos? 0
8" cos? 8
B vy? sin? 0
28
_ Ax; + By, + C
59. d Vo m
q = 20600 + (=20 +0
V42 + (—2)2
g = 4490
T V20
d = 14311t
60.  sin30°=5;  30°+45° + 0 = 90°
100 sin 30° = x 0 =15°
50 = «x
x
cos f = Y
o _ 50
cos 15° = Y
50
Y = os 15°
y=51.76 yd
Page 481 Open-Ended Assessment

1. Sample answer: 15°; 15° = %

. 30° /1 — cos 30°
sin 9 9

V3
/ 2
2

Va-V3

1
2
/1 + cos 30°

\/g
/1+7

30°
cos 7y

2
2
Va+V3

2



t 30° 1 — cos 30°
AN 97 = VT + cos 30°

2
@-V3)E2-V3)
2+ V3)©2 - V3)

_ [e-3p2
- 4-3

=2-V3
— COS2 X
2. Sample answer: sin x tan x = %T
. 1 — cos®x
smxtanx =~ = —
. sinx  sin’«x
SINX Gosx ~ cosx
sin? x _ sin? x
SAT & ACT Preparation
Page 483 SAT and ACT Practice

1. The problem states that the measure of [JA is 80°.

Since the measure of OB is half the measure of
0A, the measure of (0B must be 40°. Because [JA,
0B, and OC are interior angles of a triangle, the
sum of their measures must equal 180°.

mOA + mOB + mOC = 180
80 + 40 + mOC = 180
120 + mOC = 180
mOC = 60
The correct choice is B.
. To find the point of intersection, you need to solve
a system of two linear equations. Substitution or
elimination by addition or subtraction can be used
to solve a system of equations. To solve this
system of equations, use substitution. Substitute
2x — 2 for y in the second equation.
Tx — 3y =11
Tx — 3(2x — 2) = 11
Tx —6x + 6 =11

x=25
Then use this value for x to calculate the value
for y.
y=2x— 2

y=2(5)—2o0r8
The point of intersection is (5, 8). The correct
choice is A.
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3. One way to solve this problem is to label the three

interior angles of the triangle, a, b, and c¢. Then
write equations using these angles and the
exterior angles.

a+b+c=180

x+a=180
y+ b =180
z+c=180

Add the last three equations.

x+a+y+b+z+c=180+ 180 + 180

x+y+z+a+b+c=180+ 180 + 180

Replace a + b + ¢ with 180.

x+y+z+ 180 =180 + 180 + 180
x+y+2z=180 + 180 or 360

The correct choice is D.

. Since x + y = 90°, x = 90° — y.

Then sin x = sin (90° — y).
sin (90° — y) = cos y

sinx _ sin®0° —y) _ cosy _ 4
cosy - -

The correct choice is D.

Another solution is to drav&;7 a diagram and notice
that sinx = ~and cos y = .

sin x

cosy

oo o |o
Il
—
x
o

yo

b

. In order to represent the slopes, you need the

coordinates of point A. Since A lies on the y-axis,
let its coordinates be (0, y). Then calculate the two

slopes. The slope of AB is 0{7(33) = % The slope
of AD is g: g = —%. The sum of the slopes is

pa Yy _

g+ 5=0.

The correct choice is B.

. Since PQRS is a rectangle, its angles measure 90°.

The triangles that include the marked angles are
right triangles. Write an equation for the measure
of OPSR, using expressions for the unmarked
angles on either side of the angle of x°.
90 = (90 — a) + x + (90 — b)

0=90-a-b+x
a+b=90+«x
The correct choice is A.
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7. Simplify the fraction. One method is to multiply
2

both numerator and denominator by %

1 1
YTy 7£ YTy
2. 1 7 2, 1

-3+ =5+ 3
__ =y
y272y+1
_ 0%
G-Do -1
_ 2 =-Do+ 1
-DHy -1
_ Yty
y—1

Another method is to write both the numerator
and denominator as fractions, and then simplify.

1 2 -1
Ty oy
172+i -2y +1
yoy? ¥?
:yz_*l(L)
y y2—2y+1
_ Y -De+
o-DHoy -1
¥ty
y—1

The correct choice is A.

8. Since the triangles are similar, use a proportion
with corresponding sides of the two triangles.

BC _ BD
AC ~ AE
2 _ 4
2+3  AE
2AE = 4(2 + 3)
AE =10

The correct choice is E.

Chapter 7
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9.

10.

Since the volume V varies directly with the
temperature 7, the volume and temperature
satisfy the equation V = kT, where & is a constant.
When V =12, T'= 60. So 12 = 60k, or k = .
The relationship is V = %T .
To find the volume when the temperature is 70°,
substitute 70 for 7'in the equation V = %T.

= %(70) or 14. The volume of the balloon is
14 in3.
The correct choice is C.
Two sides have the same length. The lengths of all
sides are integers. The third side is 13. From
Triangle Inequality, the sum of the lengths of any
two sides must be greater than the length of the
third side. Let s be the length of the other two
sides. Write and solve an inequality.
2s > 13

s>6.5

The length of the sides must be greater than 6.5.
But the length of the sides must be an integer.
The smallest integer greater than 6.5 is 7. The
answer is 7. If you answered 6.5, you did not find

an integer. If you answered 6, you found a number
that is less than 6.5.



