Chapter 9

Applications of Trigonometric Functions

9.3 The Law of Cosines

1. a=2 c=4, p=45° b* = a® +¢” - 2accosp
b*=2°+4- 2>2x4cos(45°) = 20- 16x§:20- 8v2 » 8.6863
b» 2.95
2 2, 2 2,2 A2 b’ +c’- &’
a =b°+c°- 2bccosaa ® 2bccoso =b“+c“- a* ® cosa :2—bc
_295"+4°- 2° _20.6863

2(2.95)(4) 23.6

»0.8765® o » 28.8°

2 _ .2, 12 a’+b*- ¢
c =a"+b°- 2abcosy ® cosy =———
Y Y >ab
22+295%- 42 -3.297
0Sy = 5 = 3.2975 » -0.2794 ® y =106.2°

2(2)(2.95) 11.8

2. b=3 c=4, a=30° a’ = b’ +c’ - 2bccosa
a’= 3%+ 4°- 2X3><400$30°) =25- 24 x0.8660) » 4.216
a» 2.05
2, h2_ (2
c?=a’+b?- 2abcosy ® cosy _a b -¢
2ab
2, 22 g2
oSy = M » -0.2274 ® y »103.1°
2(2.05)(3)

2 2 2
a“+c’- b
b?=a%+c?- 2accosp ® cosf =

ac

_2052+42- F
2(2.05)(4)

0sp »0.6831® f » 46.9°
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Section 9.3 The Law of Cosines

a=2 b=3 y =95° ¢’ =a +b’- 2abcosy
c’=22+3*-2 ><2><BCOS(95°) =13- 12x(- 0.0872) » 14.0459

c»3.75
2 2 2
a®=b?+c?- 2bccosa. ® coso = brtc-a
2bc
2 2 2
31375 -2 [58472® o »32.1°
2(3)(3.75)
2402 p2
b’=a’+c’- 2accosp ® cosp A
2ac
22 + 7 2_ 2
cosp =233 6042@ p=528°
2(2)(3.75)

a=2 c=5 p=20° b*=a’+c’- 2accosp
b? = 22 + 57 - 2X2x6c0s(20°) =29- 20(0.9397) »10.206
b» 3.19

2 2 2
a’=b%*+c?- bccosaa ® 2bccoso =b*+c?- a> ® coso _b+ct-a
2bc
2 2 2
sz *5 "2 [ 09773@ o »12.2°
2(3.19)(5)
24 K2
c?=a’+b’- 2abcosy ® cosy = asb-co
2ab
2%+ 319 - 52
CoSy = —— » - 0.8483® y =148.0°
2(2)(3.19)
a=6, b=5 c=8
b2+c2- a2
a?=b?+c2- 2ccosa ® coso = —me 2
2bc
2 2 2
=2 *8° 6 [ 06625@ o»485°
2(5)(8)
2 2 2
b?=a?+c?- 2accosp ® cosP _atc b
2ac
62 + 82 _ 52
cosp = ———> »0.7813® p = 38.6°
2(6)(8)
a’+b?- ¢
c’=a’+b*- 2abcosy ® cosy = ————
Y Y >ab
2 2 2
cosy =212 -8 | 00500® y=92.9°
2(6)(5)

a=8 b=5 c=4
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Chapter 9 Applications of Trigonometric Functions

2 2 2
2 =b?+c?- Mccosa ® cosu=2tS -
2bc
2 2 2
s=224"8  05750® o »125.1°
2(5)(4)
24 02. p?
b’ =a’+c®- 2accosp ® cosp A
2ac
2442 52
0Sf = ———— »0.8594 ® B » 30.8°
2(8)(4) L,
c’=a’+b?- 2abcosy ® cosy -a b -¢
2ab
2,52 g2
cosy= o2 4 00125@ y =24.10
2(8)(5)
7. a=9 b=6,c=4
2,02_ 52
a’=b’+c’- 2bccosa ® cosa = btc-a
2bc
2 2 2
s=84 -9 | 06042® o »127.20
2(6)(4)
2 2 2
b?=a?+c?- 2accosp ® cosP S-Sl 20l )
2ac
2,12 Q2
cosp=222 "0 osare p=3210
2(9)(4)
24 2.
c®>=a’+b?- 2abcosy ® cosy = altb’- ¢
2ab
2 2 2
cosy= 216" 4 [ 09352@ y =20.7°
2(9)(6)
8. a=4,b=3 c=4
2402. 72
a’=b*+c’- dccosa ® coso = bte-a
2bc
2 2 2
cosa = 22— 03750® o »68.0°
2(3)(4)
2 2 2
b?=a?+c?- 2accosp ® cosP _are-b
2ac
2492
cosp = 4r4-3 »0.7188 ® [ =44.0°
2(4)(4)
at+b?- &
c’=a’+b?- 2abcosy ® cosy =———
Y Y >ab
2 2 2
cosy= 23 -4 03750® y =68.0°
2(4)(3)
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10.

11.

12.

Section 9.3

a=3 b=4, y=40°
¢’ =a’ +b’ - 2abcosy
C? =3+ 42- 2x3x4cos(40°) » 6.6149

c»257
2 2 2
& =b?+c?- Docosa ® coso=2LIC &
2bc
2 2 2
A 1257 - 3 [ 06617® o » 48.6°
2(4)(2.57)
aZ+c2- p?

b’=a’+c’- 2accosp ® cosp =
2ac

_F+257- 42

cosp = » - 0.0256® f = 91.5°
2(3)(2.57)

a=2 c=1 p=10°

b?=a?+c?- 2accosf

b?=2% +1° - 22x1cos(10°) » 1.0608

b»1.03

a=b?+c?- 2bccosa. ® coso = plec’- &
2bc

2 2 2
coso =B L - 2" | 00413® o » 160.3°

2A103()

2,h2. o2

c’=a’+b*- 2abcosy ® cosy _ab-c
2ab

224108 -12

COSy = 0.9857® v =9.7°
T Toam !

b=1 ¢c=3 a=80°

a®=b*+c?*- 2bccosa

a’=1%+ 3* - 2x1>3cos(80°) » 8.9581

a»2.99

c’=a’+b?- 2abcosy ® cosy :M
2ab

2,12_ 22
Cosy = M »0.1572® vy » 81.0°
2(2.99)@

a’+c?- p?

b’=a’+c?- 2accosp ® cosp =
2ac
299 +3-1°

cosp = »0.9443® f =19.2°
2(2.99)(3)

a=6 b=4, y =60°

The Law of Cosines
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Chapter 9 Applications of Trigonometric Functions

¢’ =a’ +b’ - 2abcosy
c?=6°+4%- 2x6x4cos(60°) =28
c»5.29

2 2 2
a®=b?+c?- 2bccosa. ® coso = brtc-a
2bc
2 2 2
41529 -6 41887® o » 79.10
2(4)(5.29)
2402 p2
b’=a’+c’- 2accosp ® cosp A
2ac
215002 A2
cosp = £+529 - 4 »0.7559 ® B =40.9°
2(6)(5.29)

13. a=3 c=2, f=110°
b?=a?+c?- 2accosf
b?=3% +2° - 2>x3x2c0s(110°) » 17.1042
b»4.14

2 2 2
a®=b?+c?- 2bccosa. ® coso = e -a
2bc
2 2 2
su=HAF2- 3 67331® o » 42.9°
2(4.149)(2)
24 2.
c®=a’+b’- 2abcosy ® cosy = alsb- o
2ab
2 +4.14% - 22
Cosy = 3+ald -2 »0.8913® vy =27.0°
2(3)(4.14)

14, b=4, c=1 a=120°
a’=b*+c?*- 2bccosa
a’=4%+1%- 2x4x1cof120r=21
a»4.58

2 2 2
c’=a’+b?- 2abcosy ® cosy S-S Ml
2ab
2 14212

cosy = 458 +4 -1 »0.9819® y »10.9°

2(4.58)(4)

2 2 2
b?=a?+c?- 2accosp ® cosp SNk Sl
2ac
_4582+12- 42

osp = »0.6524 ® B =49.3°
2(459)(1)

15. a=2 b=2 y =50
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16.

17.

18.

Section 9.3

c?=a%+ b?- 2abcosy
c?=2° +2°- 2x2x2cos(50°) » 2.8577
c»1.69

2 2 2
a=b?+c?- 2bccosaa ® coso = btc -a
2bc
2 2 2
_2 169 2 04225® o »65.0°
2(2)(L.69)
2402 B2
b’=a’+c’- 2accosp ® cosp _ate-b
2ac
2 +169 - 22
cosp = 2+169 -2 »0.4225® f » 65.0°
2(2)(L.69)
a=3 c=2, p=90°
b?=a?+c?- 2accosf
b? =3 +2° - 2>3x2cos(90°) =13
b» 3.61
2 2 2
a®=b?+c?- 2bccosaa ® coso = bitc -a
2bc

2, 92 _ o2
361 +2 -3 05560® o »56.20

2(3.61)(2)
2 2 2
c’=a’+b?- 2abcosy ® cosy S-S MRS
2ab
2, 2 _ 52
Cosy = S +3bl -2 »0.8325® y » 33.6°
2(3)(361)
a=12 b=13 c=5
2 2 2
@ =b?+c2- 2hccosa ® cosa= 2t &
2bc
132 + 52 - 122
coso = L »0.3846 ® a » 67.4°
2A13)(5) L,
b?=a?+c?- 2accosp ® cosp -ate b
2ac
2 2 2
osp 1274513 =0® p=90°
2A12)(5)
24 h2-
c®=a’+b’- 2abcosy ® cosy = atb’- &
2ab
122 +13? - 52
CoSy = ———— »0.9231® y =22.6°
A12(13

a=4, b=5 c=3

The Law of Cosines
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Chapter 9 Applications of Trigonometric Functions

19.

20.

2402_ 52
a’=b*+c’- 2dbccosa ® COSOL:bcha
2 2 2
coso. = % =06® ¢ =53.1°
2 2 2
b?=a’+c?- 2accosp ® cosP :a+20—-b
ac
2,2 g2
osp =222 0@ p=o0°
2(4(3)
24 K2
c?=a?+b?- 2abcosy ® cosy :%
2 2 2
COS\(:%:O.8® y=36.9°
a=2 b=2 ¢c=2
2402_ 52
a’=b’+c’- 2bccoso. ® COSO(ZbZCTa
2 2 2
co&x:%:OB@ o =60°
2 2 2
b?=a?+c?- 2accosp ® cosP :a+20—'b
ac
22+22_ 22
OSB:W =05® B =60°
24 K2
c®>=a’+b?- 2abcosy ® cosy :%
2 2 2
COSY:M:OIS@) Y:600
2(2)(2)
a=3 b=3 c=2
b2+c2- a2
a’=b’+c?- Qccosa ® cow:%
2 2 2
com:%»ossss@ o =705
2 2 2
b?=a?+c?- 2accosp ® cosP :a+20—_b
ac
2402 2
cosp = W »0.3333® [ =70.5°
24 h2.
c®=a’+b?- 2abcosy ® cosy :%
2 2 2
cosy:% »0.7778® y =38.9°
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21.

22.

23.

Section 9.3
a=5 b=8 ¢c=9
2.2 42
a’=b*+c?- 2bccoso. ® cosa = b +c -a
2bc
2,02 . =2
coso = 8_2%89# » 0.8333
a » 33.6°
2 2 2
b?=a?+c?- 2accosp ® cosp _a+c-b
2ac
2 2 2
cosp=2F2 "8 04667® P »622°
269 . o
c’=a’+b*- 2abcosy ® cosy =———
2ab

2,092_ @
Cosy = u »0.1000® vy »84.3°
259

a=4 b=3 c=6

2402. 32
a’=b*+c’- dccosa ® coso = btc-a
2bc
2 2 2
cosa =254 ,08056@ =36.3°
2(3)(6)
2 2 2
b?=a’+c?- 2accosp ® cosf _ate-b
2ac
42+ G- 32
0Sp = ———= ,,0.8958 ® {3 =26.4°
2(4)(6)
24 h2.
c’=a’+b?- 2abcosy ® cosy = atb’- &
2ab
2 2 2
cosy= 213 -6 | 04583@ y =117.3°
2(4)(3)

a=10, b=8, c=5

The Law of Cosines
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Chapter 9 Applications of Trigonometric Functions

2402_ 52
a’=b%+c?- 2bccoso. ® coso = btc-a
2bc
2 2 2
cosa = 8210 01375® o » 97.9°
2(8)(5)
2 2 2
b?=a’+c?- 2accosp ® cosP _atc-b
2ac
2.2 Q2
0sP = m »0.6100 ® f »52.4°
2(10)(5)
az+b?- ¢
c>=a?+b?- 2abcosy ® cosy = ——m
Y Y >ab
2 2 2
Cosy = W0+5-8 »0.8688® vy » 29.700
2108
24, a=9 b=7 c=10
2 _ 2, A2 b?+c?- a
a=b"+c°- ccosaa ® coso=——m—m—m—o
2bc
2 2 2
coso = M » 0.4857 ® o » 60.9°
2(7)(10)
2 2 2
b?=a?+c?- 2accosp ® cosP _are- b
2ac
2+ 102 - 72
cosp =210 7 07333® B » 42.8°
29)(10
aZ+b?- ¢
c’>=a’+b?- 2abcosy ® cosy = ————
Y Y >ab
2 2 2
0Sy = u »0.2381® y =76.2°
2(9)(7)

25. Find the third side of the triangle using the Law of Cosines.
a=50, b=70, y = 70°
c?=a%+ b?- 2abcosy
c? =50 +70°- 2>60x70cos(70°) » 5005.86® ¢ » 70.75
The houses are approximately 70.75 feet apart.

26. (@) Theangleinsidethetriangle at Sarasotais 180" —50° = 130°. Usethe Law of
Cosinesto find the third side:
a =150, b =100, y =130°

c?=a’+ b?- 2abcosy
c? =150° +100° - 2x150x100cos(130°) » 51783.63

Cc» 227.6 miles
(b) Usethe Law of Sinesto find the angle inside the triangle at Orlando:
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27.

28.

29.

Section 9.3 The Law of Cosines

sino. _ sin(130°) ® sn _150sin(1309)

150 2276 227.6
Since the angle of the triangle is 30.3°, the angle through which the pilot must turn is
180° —30.3" = 149.7".

»0.5049® o » 30.3°

(@ After 15 minutes, the plane would have flown 220(0.25) = 55 miles.
Find the third side of the triangle:
a=% b=330, y =10°
c?=a%+ b?- 2abcosy

c?® =55° +330°- 2>65>330c0s(10°) » 76176.48® c » 276
Find the measure of the angle opposite the 330 side:
a’+c’- b
2ac

2 5762 2
cosp = S5 +276 - 330 » -0.9782® p » 168°
2(55)(276)

The pilot should turn through an angle of 180" — 168° = 12°.
(b) If thetotal trip isto be donein 90 minutes, and 15 minutes were used already, then
there are 75 minutes or 1.25 hours to complete the trip. The plane must travel 276

milesin 1.25 hours.

r = 12%% = 220.8 miles/ hour

The pilot rﬁust maintain a speed of 220.8 mi/hr to compl ete the whole trip in 90
minutes.

cosp =

After 10 hours the ship will have traveled 150 nautical miles along its altered course.
Usethe Law of Cosinesto find the distance from Barbados on the new course.
a =600, b=150, y = 20°

c?=a’+ b?- 2abcosy

c? =600% +150° - 2 x600X150c0s20% 213355.33® ¢ » 461.9 nautical miles
(@ UsetheLaw of Cosinesto find the angle opposite the side of 600:

b’+c?- a’
COSQL = ——
2bc
2 4 2_
cosp = 150 + 461.9°- 600° » -0.8959 ® f » 153.6°
2(150)(461.9)
The captain needs to turn the ship through an angle of 180° — 153.6° = 26.4".
0) t=2225 308 hours
30.8 hours are required for the second leg of the trip. Thetotal time for the trip will
be 40.8 hours.

(@ Findxinthefigure:
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30.

31.

32.

(b)

(©)

(@

(b)

(©)

(@

(b)

x* = 60.5° +90° - 2(60.5)90c0s45°4059.86

X » 63.7 feet y,
It isabout 63.7 feet from the pitching rubber 605/0
to first base. fo:

90
Use the Pythagorean Theorem to find y in the figure:
90°+90° = (05 +y)°® 8100+ 8100=(60.5+ y)*

16200 = (605 + y)*® 60.5+ y» 127.3® y » 66.8 feet
It is about 66.8 feet from the pitching rubber to second base.
Find § inthefigure by using the Law of Cosines:

2 2 on2
cosp =202 1887 - 90" - g ® g » 92.8°
2(60.5)(63.7)

The pitcher needs to turn through an angle of 92.8° to face first base.

Find x in the figure:
x° = 46° +60° - 2(46)60c0s45°1812.77
X» 42.6 feet
It is about 42.6 feet from the pitching rubber
to first base.

Use the Pythagorean Theorem to find y in the figure:
60°+ 60° = (46+y)*® 3600+ 3600 =(46+ y)*

7200 =(46+ y)’® 46+ y» 84.9® y » 38.9 feet
It isabout 38.9 feet from the pitching rubber to second base.
Find § inthefigure by using the Law of Cosines:

2 2 a2
cosp =20+ 426 - 60 ) 011 @ f »85.20
2(46)(42.6)

The pitcher needs to turn through an angle of 85.2° to face first base.

Find x by using the Law of Cosines:
x* = 500° +100° - 2(500)100c0s80% 242,635
X » 492.6 feet
The guy wire needsto be about 492.6 feet long.

Use the Pythagorean Theorem to find the value of y:
y’ =100° + 250 = 72500
y= 269.3 feet y 250
The guy wire needs to be about 269.3 feet long.

Find x by using the Law of Cosines:
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33.

34.

35.

36.

37.

Section 9.3 The Law of Cosines

x* = 500° +100° - 2(500)100c0s85% 251,284
X » 501.3 feet 500
The guy wire needs to be about 501.3 feet long.

Find y by using the Law of Cosines:
y* = 500° +100° - 2(500)100c0s95% 268,716
y » 518.4 feet y/ |500
The guy wire needs to be about 518.4 feet long.

00

Find x by using the Law of Cosines:
x? = 4007 + 90° - 2(400)90c0s45°117,188.3
X » 342.3 feet

It is approximately 342.3 feet from dead center
to third base. 90

<

400

Find x by using the Law of Cosines:
= 280% + 60* - 2(280)60c0s459 58,241.2
X » 241.3 feet
It is approximately 241.3 feet from dead center
to third base. 60

x

280

Usethe Law of Cosines:

L2 =x*+r?- 2x rcos0 A
X2 - 2xrcosh +r?- L2=0 r S
_ 2rcosh +y(2rcosh)” - 4(1)(2 - L) oLl — B
2(1)
2r cos0 +J4r cos’0 - 4(r?- L)
X =
2

X =1 cosO + yr’cos’f + L2 - r?

Use the Law of Cosinesto find the length of side d:

d?> =r?+7r2- 2x xxcosd = 2r%- 2r?cosd = 2r?(1- (:ose)—4rzad 20568
_ - COSO _ . 0
d=2r 5— =2rsnz

Sinced <s, ands=r06, we have2rsin% <re or sir% < %
Therefore, sin6 <6 for any angle 6.

2O

a’+ b
+ =
0 1+cosy _ gl @ [2ab+a*+b*- & _ |(a+h)?-c?
CO:! = =
o ¥\ 2 2 4ab 4ab
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Chapter 9 Applications of Trigonometric Functions

_ J(a+ b+c)(a+b-c) _ [2s(2s- c- ¢) _ [4s(s- ¢) _ Js(s- C)
B 4ab B 4ab B dab ab

& g +b*-c’9

§r30_ [L-cosy _ & o E_JZab- a’- b?+c?
38. rﬁzb_J 2 2 ) 4ab

_ ‘/ @ - 20+ - ) _J-((a- b’-¢*) [ b+o@E-b-9
a 4ab a 4ab B 4ab

_ J(a- b+c)(b+c-a) _ [(2s- 2b)(X- 2a) _ [4(s- b)(s- a)
B 4ab B B 4ab

4ab
_ ,Zs- a)(s- b)
- ab

005a+cos[3+005y R+ct- @ @+F- . @+ - c?

39. a b c obca 2ach 2abc
PP+ ad+a+ct- bP+a+b?-c? _a’?+b?+c?
- 2abc - 2abc
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