Chapter 9

Applications of Trigonometric Functions

9.2 The Law of Sines

1. c=5 p =45 y =95
0. =180°- f - v = 180°- 45°- 950 = 40°
. . . N .
sina._siny o sin(40°) _ sin(95°) ® a_55m(40°)

= »3.23
a C a 5 sin(95°)
sinp :SinY ® Sin(450) :Sin(950) ® b:m » 3.55
b c b 5 sin(95°)
2. C=4, =45 p=40°
v =180°-a - B =180°- 45°- 40°=95°
s, _siny o Sn(48°) _sin@?) o _4sifes) o,
a C a 4 sin(95°)
Sinﬁ :SinY ® Sln(400) =Sin(950) ® bzw » 2.58
b ¢ b 4 sin(95°)
3 b=3 a=50°y=85°
f =180°- o - y =180°- 50°- 85°=45°
sina._sinp o sin(50°) _sin(48°) o _ 3sin(50°) o
a b a 3 sin(45°)
sny _snp o Sn(8°) _sin(4%°) o _3Sn(&) , 4
C b c 3 sin(45°)

4. b=10, p =30°, y =125°
0 =180°- B - y =180°- 30°- 125° = 25°

sine. _sing sin(25°) _ sin(30°) ® azm » 8.45
a b a 10 sin(30°) .

sny _snp o Sn(125°) _sin(30°) o _10Sn{25°) o0
C b c 10 sin(30°)
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Chapter 9 Applications of Trigonometric Functions

5. b=7 a=40° B =45°
vy =180°- o - p =180°- 40°- 45°=095°

. . : ; 0 i
sina. _sin ® sin(40°) :S'n(45 ) ® :M » 6.36
a b a 7 sin(45°)
sny _sinp sin(95°) _ sin(45°) ® c= 7sin(95°) 0.86
. b c 7 sin(459)
6. c=5 a=10°% g =5°

vy =180°-a - B =180°- 10°- 5°=165°
. . . P .
sina. _siny - o sin(10°) _ sin(165°) ® a- 5sin(10°)

== »3.35
a c a 5 Sln(165°)
snp _siny o sin(5°) _sin(165°) ® b= 5sin(5°) >1.68
b o b 5 sin(165°)
7. b=2 B=40° y=100°
o =180°- B - y =180°- 40°- 100° = 40°
sina _sinp  sin(409) _sin(d) - _2sin(4°)
a b a 2 sin(40°)
siny :Sinﬁ ® sin(100°):sin(40°) ® C:M » 3.06
- 5 c 2 sn(40°)
8. b=6, a=100° B =30°
y =180°- o - B =180°- 100°- 30°=50°
sina _sinp sin(100°) _sin(30°) ® a- 6sin(100°) 51182
a b a 6 sin(30°) '
SinY:SinB ® Sin(500):Sin(300) ® C:GSin_(SOO) »9.19
c b c 6 sn(30°)
9. a=40°pB=20°0 a=2
y =180°- . - B =180°- 40°- 20°0=120°
sna _snp o Sn(40) _sin@e)  _2sn(0) |
a b 2 b sin(40°)
sny _sina. o Sin(120°) _sin(4®%) o _2sn{120°) . o
- 3 B 2 sn(40°)
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10.

11.

12.

13.

14.

Section 9.2
o =500,y =20° a=3
f =180°- a- y=180°- 50°- 20°=110°
Sina _ ﬂ ® sm(50°) — S'n(lloo) ® - _38.| n(110°) » 3.68
a b 3 b sin(50°)
siny _sina. sin(20°) _ sin(50°) ® C:3sin(200) 5134
- 3 c 3 sin(50°)

B :70°,Y =10°, b=5
o =180°- f - y =180°- 70°- 10°=100°

sna _sinf o sin(100°) _sin(70°) ® astin(lOOO)

»5.24

a b a 5 sin(70°)

siny _sinf ® sin(10°) = sin(70°) ® c= sdin(107) »0.92
c b c 5 sin(70°

@ =70°p =60° c=4

vy =180°- a - p =180°- 70°- 60°=50°

sna_siny o Sn(0) _sin60r) o asifro) o
a P a 4 sin(509

sinf _siny ® sin(60°) :Sm(SOO) ® b= Asin(60°%) » 4.52
b ¢ b 4 sin(s0°)

a =110°y =30°c=3

f =180°- a- y=180°- 110°- 30°=40°

sina. _siny o sin(110°) _sin(30°) ® a- 3sin(110°) 564
P a 3 sin(30°

SinY:SinB ® Sm(BOO) :sin(40°) ® b:m»386
c b 3 b sin(30°) .

B =10° y =100° b= 2

a =180°- 3 - y =180°- 10°- 100°= 70°

Sna _snB o sin(709) _ sin1e°) ® a= 2sin(707) »10.82
a b a 2 siff10e

siny :Sinﬁ ® Sin(looo) :sin(10°) ® C:w »11.34
c b c 2 sin(10°) .

The Law of Sines
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Chapter 9 Applications of Trigonometric Functions

15. o =40°, B =40° c=2
y =180°- o - f =180°- 40°- 40° =100°

sina. _siny o sin(40°) _ sin(100°) ® a_ZSin(40°)

: »1.31
a c a 2 sin(100°)
sng _siny ¢ sin(40°) _ sin(100°) ® bzm 5131
b c b 2 sin(1009

16. p=20° y=70°a=1
0, =180°- B - y =180°- 20°-70° =90°

Siﬂ _ ﬂ ® sin(90°) — sin(20°) b= —1Si n(20°) »0.34
a b 1 b sin(90°9)
sny _sina o Sn(70°) _sin(0%) o _1sin(7®°) o,

c a c 1 sin(90°)

17 a=3 b=2, a=50°
Snp _sna o SnB _Sn(0%) g g 280050 45107
b a 2 3 3
® p=30.7° or p=149.3°
The second value is discarded because o + >180°.
vy =180°- o - § =180°- 50°- 30.7°=99.3°

: : . N . o
siny _sina. sin(99.3°) _ sin(50°) ® c= Ss.n(99.3 ) . 3.86
c a c 3 sin(50°)
Onetriangle: B » 30.7°,y » 99.3° ¢ » 3.86
18. b=4, c=3 p=40°
sinp _siny ® sin(40°) _sny o dny = 3sin(40° 04821

b c 4 3
® y=28.8° ory=151.2°
The second value is discarded because 3 +y >180°.
o =180°- - y=180°- 40°- 28.8°=111.2°
snp _sina sin(40°) _sin(111.20) ® a- 4sin(111.2°)
b a 4 a sin(40°)
Onetriangle: a »111.2°, y » 28.8° a» 5.80

»5.80

19. b=5 c¢=3, p =100°
sinf _siny ® sin(100°) _sny o siny = 3sin(100°) —0.5900
b c 5 3 5
® y=36.2° or y=143.8°
The second value is discarded because § +y >180°.
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20.

21.

22.

23.

Section 9.2 TheLaw of Sines

0. =180°- B- vy =180°- 100°- 36.2°=43.8°

: : : : . . 5
snp _sina o sin(100°) _sin(43.8°) ® a- Sgn(43.8) 351
b a 5 a sin(100°)
Onetriangle: o » 43.8°, y » 36.2° a»3.51
a=2, c=1 a=120°
: : : : : o
sny _sina o siny _ sin(120°) ® sinyzlSI 120°_ 1 4330
¢ a 1 2 2
® y=25.7° ory=154.3°
The second value is discarded because o +y >180°.
B =180°- a- y=180°- 120°- 25.7°=34.3°
: : : o : 5
snp _sina sin(34.3°9) _sin(120°) ® b= 25,n(34.3) 51,30
b a b 2 sin(120°)
Onetriangle: p » 34.3° v » 25.7°, b »1.30
a=4, b=5 a=60°
sinp _ sino sinp _sin(60°) ® snp _5sin(60°) — 10825
b a 5 4

Thereisno angle  for which sinf > 1. Therefore, there is no triangle with the given
measurements.

b=2 ¢c=3 p=40°
sinp _siny ® sin(40°) _siny ® sny= 3sin(40°
b o 2 3
® vy,=74.6° or y,=105.4°
For both values, B +y <180°. Therefore, there are two triangles.
o, =180°- - y,=180°- 40°- 74.6°=65.4°

=0.9642

: : : : o : 5
sinp _sina, o sin(40°) _sin(65.4°) ® a-= 25|.n(65.4) 283
b a 2 a sin(40°)
o, =180° f -y, =180°- 40°- 105.4°=34.6°
Snp _sino, o sin(40°) _sin(34.6°) ® _ Zsi.n(34.6°) .
b a, 2 a, sin(40°)
Two triangles: o, » 65.4°, y; » 74.6°, a » 2.83
or a,»34.6°%y,»105.4% a, »1.77
b=4, c=6, p=20°
snp _siny o sin(20°) _siny ® sny= 6sin(20°) | 55130
b c 4 6 4

® v,=30.9° or y,=149.1°
For both values, B +y <180°. Therefore, there are two triangles.
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24,

25.

26.

27.

0, =180°- B- y,=180°- 20°- 30.9°=129.1°
. . . . o . o
snp _sina, o sin(20°) _sin(129.1°) ® a= 43? 11129.1°) 9.08
b a 4 a sin(20°)
o, =180°- B - y, =180° - 20°- 149.1°=10.9°
Snp _sina, o sin(20°) _sin(10.9°) ® a _4sifl0.9°)
b a, 4 a, sin(20°)
Two triangles: o, » 129.1°, v, »30.9°, a, » 9.08
or a,»10.9° vy, »149.1°, a »2.21

»2.21

a=3 b=7 a=70°
snp _sina. - sinp _ sin(70°) »2.1926
b a 7 3

Thereisno angle  for which sinf > 1. Therefore, there is no triangle with the given
measurements.

® snp :7sm§70°)

a=2, c=1 y =100°

sny _sina sin(100°) _ sino: ®
Cc a 1 2

Thereisno angle o for which sina >1. Therefore, there is no triangle with the given

measurements.

1 (0]
o =2510100°% ) oooe

b=4, c=5 B =95°

. . H 1 (0]
siny _sinp  siny _ sin(95°) »1.2452
c b S 4

Thereisno angle y for which siy >1. Therefore, there is no triangle with the given
measurements.

®

= 5sin(95°)

a=2 ¢=1 y=2%°
sina. _siny ® sina. _ sin(25°) ® Sna _2sin(25°) > 0.8452
a c 2 1 1
® o,=57.7° ora, =122.3°
For both values, a +y <180°. Therefore, there are two triangles.
B, =180°- o, - y =180°- 57.7°- 25°=97.3°

sinp, _siny sin(97.3°) _ sin(25°) b, = 1sin(97.39) 235
b, C b, 1 sin(25°) '
B,=180°- o ,- y =180°- 122.3°- 250=32.7°
: H 1 0 1 (0} { (0}
sin, _siny sin(32.79) _sin(25°) b, _1sin(32.7°) 5128

b, c b, 1 sin(25°)
Two triangles: o, » 57.7°, 3, » 97.3% b, » 2.35
or a,»122.3°3,»32.7° b, » 1.28
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28.

29.

30.

31.

32.

Section 9.2 TheLaw of Sines

b=4, c=5, B =40°
sinp _siny ® sin(40°) _sny o iy = 5sin(40°) 0,805
b C 4 5 4
® vy,=53.5° ory,=126.5°
For both values, § +y <180°. Therefore, there are two triangles.
o, =180°- - y,=180°- 40°- 53.5°=86.5°
snp _sina, o sin(40°) _ sin(86.5°) ® a- 4sin(86.5°)
b 3 4 3 sin(40°)
o, =180°- B - y, =180°- 40°- 126.5°=13.5°
snp _sina, o Sn(40°9) _sin(135°9)  _4sn(135)
b a, 4 a, sin(40°
Two triangles: o, » 86.5°,y, » 53.5% a » 6.21
or o, »135° y, »126.5° a, »1.45

»6.21

»1.45

(@ Findy ;then usethe Law of Sines:
vy =180°- 60°- 55°=65°

sin(55°) _ sin(65°)

] (0}
gz 150sin(55°)

® : »135.6 miles
a 150 sin(65°) S
. . roco :
sin(60°) _ sin(65°) ® b= 1599n(60°) 143.3 miles
b 150 sin(65°)
b t= ?: 173% » 0.68 hours or » 41 minutes
Find f ; then use the Law of Sines:
f =180°- 40°- 50°=90° B
SnS0° _sin(90°) o, 1008N(50%) |6 et ¢
c 100 sin(90°)
40° 50

A 100 C

DCAB =180% 25°=155° PABC =180% 155°- 15°=10°
Let c represent the distance from A to B.
sin(15°) _ sin(10°) ® c=- 1000sin (15°)
c 1000 ~ sin(10°
The length of the proposed ski lift is approximately 1490 feet.

»1490.5 feet

Use the results of Problem 31 that the distance from A to B is 1490 feet.
Let hrepresent the distance from B to D.

sin(25°) = N ® h=14908 n(25°) »1490(0.4226) » 630 feet
1490
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33. Find the distance from B to the plane:
vy =180°- 40°- 35°=105° (y =D APB)

. . i P
sin(40°) _sin05°) o _1000Sin(40°) oo kot
" 1000 sin(105°%) )
200 |h 35

A 1000 B

Find the height:
sn(3) == @ h=(6655)sn(35) » 381.7 fee
X 665.5
The plane is 381.7 feet high.

34. Find the distance from C to the bridge:
y =180°- 69.2°- 65.5°=45.3° (y =D ACB)

sin(65.5°) _ sin(45.3°) ® x=- 880sin(65.5° 51127 feet
)

X 880 sin(45.3°
Find the height :
sn@9.2) =R =_N_ @ h=(1127)sin(69.2) » 1054 feet
X 1127

The bridge is 1054 feet high.

35. (& DABC =180°- 40°=140°
Find the angle @t city C:
sinC _ sin(140°)
150 300
Find the angle at city A:
A =180° 140°- 18.7° =21.3°
sin(21.3°) _ sin(140°) ® v= 300sin(21.3°)
y 300 sin(140°)
The distance from city B to city C is approximately 170 miles.

(b) Tofind the angle to turn, subtract angle C from 180°:
1809 18.7°=161.3°

The pilot needs to turn through an angle of 161.3° to return to city A.

_ 150sin(1409)

® snC »03214 ® C»18.7°

» 170 miles

36. Thetime of the actual trip was:
_50+70 _120 _
t= W —m— 0.48 hour
a=70, b=50, a =10° Solvethetriangle:
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37.

38.

39.

Section 9.2

sin(10° _sinp ® sinp = 50sin(10°)
70 50
B »7.1°
vy =180°- 10°- 7.1°=162.9°
sin(l0°) _sin(162.9°) _ _ 70sin(162.9°)
70 c sin(10°

t= L85 » 0.474 hour
250

» 0.1240

® C

»118.5

The trip should have taken 0.474 hour but because of the incorrect course took 0.48 hour.

Thus the trip took 0.006 hour or 0.36 minutes longer.

Findangle p (PACB):

sinp _ sin(60°) sinp _123sin(60°) 05774 .
123 1845 184.5 1845
B »35.3° \
DCAB =180°- 60°- 35.3°»84.7° AT1237 B
Find the perpendicular distance:
sin(84.79) = ® h=184.5sin84.72183.7 feet
1845
Let 6 beDAOP.
; s i 0 i 0
S'ge - 910%) @ gnp =29185) 07765
0 » 51° or 6 »180°- 51°=129°
A=114° orA=36°
sin(114°) _ sin(15°) sin(369) _ sin(15°)
a 3 a 3
1 o) ] 0
a= w »10.6inches or a= M » 6.8 inches
sin(15°) sin(15°)

The distance from the piston to the center of the crankshaft is either 6.8 inches or 10.6
inches.

o =180% 140% 40°

y =180°- 40°- 450= 95°

sin(40°) _ sin(95°)
a 2

sin(45°) _ sin(95°)
b 2

BE =1.290- 0.125=1.165 mi

AD=1.420- 0.125=1.295 mi

f =180% 135% 45°

a2 n(40°)
Sin95°

o= 2 n(45°)
sin(95°)

»1.290 mi

® »1.420 mi

The Law of Sines



Chapter 9 Applications of Trigonometric Functions

_ ORo0
DCDE=BCED = % =42.5°
. . o 5 P
For the isosceles triangle, sin(959) _ sin(42.5°) ® _ 0.125sin(95°) 0.184 miles

DE 0.125 sin(42.5°)
The length of the highway is 1.165 + 1.295 + 0.184 = 2.644 miles.

40. From the diagram, BDABC = 55° and BBAC = 75° (where point C is the ship
(@ UsetheLaw of Sines:
sin(50°) _ sin(55°) ® x =350 (55°)
3 X ~ sin(50°
(x isthe distance from the ship to lighthouse A.)
(b) Usethe Law of Sines:
sin(50°) _ sin(75°) ® vz 38 n(75°)
3y ~ sin(509)
(y isthe distance from the ship to lighthouse B.)
(c) UsethelLaw of Sines:
sin(90°) _ sin(75°) ® = 328 n(75°)
32z  sin(90°)
(z isthe distance from the ship to the shore.)

» 3.2 miles

» 3.8 miles

» 3.1 miles

41. DABD =180% 30°=150° y =180°- 150°- 20°=10°
Sn(150) _snlo?) o _1sn(1s0)

: » 2.88 mi
y 1 sin(10°)
sinp _sin(2®) o sinp _2883in(20%) 1 gesy
2.88 1
B »80°

o =180°- 80°- 30°=70°

sin70°_sin30° _sin70° .
X = 1 ® X = mo» 1.88 mi

The ship is about 1.88 miles from the harbor.

42. Thetower forms an angle of 95° with the ground. Let x be the distance from the ranger to
the tower.

D ABC =180°- 95° - 35°= 50°
sin(35°) _ sin(50°) ® x = 100sin (50°)

- »133.6 feet
100 X sin(359)

43. Usingthe Law of Sines:
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Section 9.2 TheLaw of Sines

sin(46.27) _sin(90°- 46.27°)
X y +100
(y +100)sin(46.27°) = xsin(43.73°)
ysin(46.27°) +100sin(46.27p= xsin(43.73°)
_ xsin(43.73°) - 100sin (46.27°)
- : 0.3 6.27
S n( 46.270) 100 100 y

y

sin(40.3%) _ sin(90°- 40.3°)
X y +200
(y +200)sin(40.3°) = xsin(49.7°)
ysin(40.3°) + 200sin(40.39 = xsin(49.7°)
_ xsin(49.79) - 200sin(40.39)
Y= sin(40.39)
Set the two equations equal to each other and solve:
xsin(43.73°) - 100sin(46.27°) _ xsin(49.7°) - 200sin(40.3)
sin(46.27°) sin(40.3%)
xsin(43.73% xsin(40.3°) - 100sin(46.27xsin(40.39
= xsin(49.7°) >sin(46.27°) - 200sin (40.3°) xsin(46.27°)
xsin(43.73% xsin(40.39) - xsin(49.7°) xsin(46.27°)
=100sin(46.27°) xsin(40.3°) - 200sin(40.3%) xsin(46.27°)
= 100s n(46.27°) xsin(40.3%) - 200sin(40.3%) xsin(46.27°)
sin(43.73%) xsin(40.3°) - sin(49.7°) xsin(46.27°)

» 449.36 feet

44. Usethe Law of Sines;

sin(20°) _ sin(70°) ® X_hsin§70°1

h X sin(20°)
sin(15°) _sin(75°) ® y=Ds n(75°)

X=—
h X+ 700 sin(15°) |
: : h
hsin(70°) _ hsin(75°) 200

sin(20°)  sin(159) 700 X
Rin(70°) sin(75°)9 _ - 700

- +=-700® h= - » 711 feet
&sin20°)  sin(15°) g &in(709 sin(75°)9

gsin(zoo) ) sin(15°),§

45. Usingthe Law of Sines:
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Chapter 9 Applications of Trigonometric Functions
sin(30°) _sin(60°) ® x= h§in§6002
h X sin(30°)
sin(20°) _ sin(70°) ® y=ls n(70°)

= X=——===-40
h X+ 40 sin(20°) H
hsin(60°) _ hsin(70°) 40

sn(309  sin(209) 2
&in(60°) sin(7 )o_ i} 40 »
hgsm(soo) sin(2 )g_ -40@ h 2Bin(60°) sin(700)9 39.4 feet

& nE0°)  sin(20°)

46. Usingthe Law of Sines:

0 9 0 X
sin(162°) _sin(12 )® y :10§|n(162 ) 514.9 feet 1
X 10 sin(12°) 1 /¢
47. Find the distance from B to the helicopter:
vy =180°- 40°- 25°=115° (y = BAPB) P
: . o .
sn(40) _sinf1s°) - _100sn(40) oo ﬂh\%\
X 100 sin(115°) A 100 B
Find the height:

sin(25°):?(»% ® h»70.9(sin25% 30 feet

The helicopter is about 30 feet high.

) & +p0 50
a_+b_z_i+9_sinoc+sin[3_sina +sin[3 smg —cosg 2 2
48. ¢ ¢ c sny sny  siny :
25mg+cos§-+
4]
o] o] o] - B0
82_ E;acos B. cos?zzacosé*—ﬁ— coszg2 o - [3
0 B ) RO 4 0
S'”gz;;co%zg sngloogls S
. &y - B0 a&+[30
49 a;bzg_gzsina_sinﬁzsinoc-sinﬁzzsmg "0% 2 2
. c C C sdgny siny siny sin82><-—
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Section 9.2 TheLaw of Sines

-0 B +po -0 @ 0 @ -po0 xR
asing” i sng fosgz-ag_ﬂng ﬂnsag

29”8' ECOSSEB S‘”SEBCO%EB S‘”SzBCOS&g
smg 2 B smcé—2 (a B)—
i T

bsina. _ bsin(180% (B+v)) _ b

50. a= Sinﬁ = e =gnﬁsm(ﬁ+v)
bsiny a
= 5 [3 ——(sinp cosy +cosp siny) = bcosy + ST cosf = bcosy + ccosp

51. Derivethe Law of Tangents:
& 8 60
gs ngz (o - [5)7-
¢

a_bg Coa'9 9 a_
abS iag %EY" n%z P Sngzy

‘tan (o - ﬁ)
e 3%0%2@ VY ol ey i
‘? +.
g 9”8'2% 5
_ 8 0 & o__ & 6 B ®+pd
—tangi(a-ﬁ)btargz(p-(aw))b—targz(a-ﬁ)btargz e

A
6%c+[3 arga

g & 0

tancéhz(a+[3)5

= tang2 (o - ﬁ)écot

52. sinp = Sn(DABC) = in(DAB C) = o
snf
B =

The result follows from the Law of Sines.
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