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42 Proving and Applying
the Sine and Cosine Laws
for Obtuse Triangles

Explain steps in the proof of the sine and cosine laws for obtuse
triangles, and apply these laws to situations that involve obtuse
triangles.
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APPLY the Math

EXAMPLE 1 Use reasoning and the sine law to determine
the measure of an obtuse angle

In an obtuse triangle, 2 B measures 23.0° and its opposite side, &, has a
length of 40.0 cm. Side a is the longest side of the triangle, with a length of (L (AN ;S \a'—Ts\')

65.0 cm. Determine the measure of /A to the nearest tenth of a degree.

Bijan's Solution

-
C | drew an obtuse triangle to represent A ABC.
a = 650cm | knew that the longest side is always opposite the
b=400cm ' ™~ largest angle, so the 65.0 cm side must be opposite
h B the obtuse angle, 2 A.
Since & ABC is not a right triangle, | knew that |
could not use the primary trigonometric ratios to
\_determine the measure of £LA.
e
L e I noticed that the diagram has two side-angle pairs with
P P only one unknown, £ A. | decided to use the sine law.
~
F
sin A __sin ok e The measure of an angle is the unknown, so | used
65.0  40.0 the form of the sine law that has the angles in the
) . numerator.
4970 sin A = 65.0 sin 23 -
M 40.0 .._.-_.._.._.._.._-._-Eisolated sin A.
sin A = 0.6349...
£ A=sin"10.6349..) . E used the inverse sine to determine the measure of £ A.

£ A=394153...°

[My reasoning suggests that ~ A must be the obtuse

LA = 180" — 32.4153..° T angle. | used the relationship sin A = sin (180°— A).

£ A= 140.5846...°

/A measures 140.6°.

______________________ The measure of the angle seems appropriate,
according to my diagram.
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EXAMPLE 1 Use reasoning and the sine law to determine
the measure of an obtuse angle

In an obtuse triangle, 2 B measures 23.0° and its opposite side, &, has a
length of 40.0 cm. Side a is the longest side of the triangle, with a length of
65.0 cm. Determine the measure of 2 A to the nearest tenth of a degree.

Your Turn m

Determine the length of side AB in AABC above, to the nearest tenth of a centimetre.

Answer

a=650cm

LC= 180“—[AA+AB)
ZLC= ]80“—(140.6°+23.l}°)
A B ZC=164°
¢ _ b
simnC sinB
¢ _ 400
sin 16.4°  sin 23.0°

c sin28 =40.0 sin 16.4
sin-238 sin 23

c=28.903...

The length of side AB is 28.9 c¢m, to the nearest tenth of a centimetre.
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EXAMPLE 2 Solving a problem using the sine law

Colleen and Juan observed a tethered balloon advertising the opening of a new
fitness centre. They were 250 m apart, joined by a line that passed directly below
the balloon, and were on the same side of the balloon. Juan observed the balloon
at an angle of elevation of 7° while Colleen observed the balloon at an angle of
clevation of 82°. Determine the height of the balloon to the nearest metre.

Colleen’s Solution

B o (| drew a diagram to
7 represent the situation.
H *W The height of the balloon is
Ir %0m »C D 8 represented by BD. | need
to determine the length of
BC in order to determine
the length of BD. | can use
Jhe sine law in ABJC.
= S o (-
4BGJ (182 g | determined the supplement of 82° to determine the
£BC] =98 | measure of a second angle in A BJC. This is an obtuse triangle.
£fBC = 180° — 98° — 7° -----=-----(] determined the measure of the third angle in ABJC. This
£ JBC = 75° gave me a known side, JC, and a known angle opposite
— |_this side, 2JBC, in this triangle.
i i | used the sine law t it tion that
B o . ===~ used the sine law to write an equation tha
sin £ BJC SI.LHEC Envolved BC and the known side-angle pair.
BC 250
sin (7°) sin (75°) g
250 I I'substituted the known information into the
BC = sin (7“)(m> _equation and solved for BC.
BC = 31.542.... _
. § BD | wrote an equation that involved BD, BC, and
sin (£ BCD) = BC SRS Jhe known angle in ABCD.
sin (82°) = BD (| substituted the known information into the
31.542... o |_equation and solved for BD.

(31.542...) (sin (82°)) = BD
31.235..m = BD

The advertising balloon is 31 m above the ground.
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EXAMPLE 2 Solving a problem using the sine law

Colleen and Juan observed a tethered balloon advertising the opening of a new
fitness centre. They were 250 m apart, joined by a line that passed directly below
the balloon, and were on the same side of the balloon. Juan observed the balloon
at an angle of elevation of 7° while Colleen observed the balloon at an angle of

clevation of 82°. Determine the height of the balloon to the nearest metre.

Your Turn m
Determine the distance between Juan and the balloon. -

Answer

J< 250 m »C D 82
JB - JC
sin ZJCB sin ZJ/BC
JB - 250
sin 98°  sin 75°
250

sin 98%)= —=>"_(sin 98°
( )= 755" )

JB:( = ](sin 98°)
sin 75°

JB=1256.300...

sin 98°

Juan is 256.3 m from the balloon.
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EXAMPLE 3 Using reasoning and the cosine law to determine the measure
of an obtuse angle

The roof of a house consists of two slanted sections, as shown. roofing cap
A roofing cap is being made to fit the crown of the roof, where the
two slanted sections meet. Determine the measure of the angle

needed for the roofing cap, to the nearest tenth of a degree.

Georgia’s Solution: Rearranging the cosine law before substituting

a= 1W-3 e | sketched a triangle to represent the problem
situation.

c=335ft

_____ | knew the lengths of all three sides, so | used the
cosine law.

___| Since | wanted to solve for @, | rearranged the
formula to isolate cos 6.

2+ -2
cosfl = ——
2ab
(17.0)* + (20.3)2 — (33.5)2 . | substituted the values of a, b, and c into the
S 2(17.0)(20.3) rearranged formula.

cos @ = —0.6101.,.
0 = cos™ (—0.6101...)
= 127.6039...°

The angle for the roofing cap should measure 127.6°.
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cos(C = ‘o‘f+\§» <

dah
cos (= U340 &
RIG)ENY
QsC = 2% + 4104 — \\ 2D
§10.9
cos C = -W3\ \G
0.9
CQ$Q: — 0.6‘0}

C = (0§‘ QQ.b\Q%

C= .G
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EXAMPLE 3 Using reasoning and the cosine law to determine the measure
of an obtuse angle

The roof of a house consists of two slanted sections, as shown. roofing cap
A roofing cap is being made to fit the crown of the roof, where the
two slanted sections meet. Determine the measure of the angle

needed for the roofing cap, to the nearest tenth of a degree.

Your Turn
Determine the angle of elevation for each roof section, to the nearest tenth
of a degree. e
Answer
C
b=170ft 77~ a=203ft
A c=335ft B
b +c’—a
cos 4=——
2bc
20.3%* +33.5* —17.0°
cos A=
2(20.3)(33.5)
cos A=0.915...
ZA=cos™(0.915..)
LA=23705.°

ZB=180°-(127.6°+23.705...%)
ZB=128.694..°
ZB=28.7°

The angles of elevation are 23.7° and 28.7°.

10
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In Summary
Key Idea

* The sine law and cosine law can be used to determine unknown side
lengths and angle measures in obtuse triangles.

Need to Know

* The sine law and cosine law are used with obtuse triangles in the same
way that they are used with acute triangles.

Use the sine law when
you know ...

Use the cosine law when
you know ...

- the lengths of two sides and
the measure of the angle that
is opposite a known side

v

- the lengths of two sides and
the measure of the contained
angle

v

- the measures of two angles
and the length of any side

K\r\wﬂ

v v

- the lengths of all three sides

v

v

» Be careful when using the sine law to determine the measure of an angle.
The inverse sine of a ratio always gives an acute angle, but the supplementary
angle has the same ratio. You must decide whether the acute angle, 8, or the
obtuse angle, 180° — 8, is the correct angle for your triangle.

* Because the cosine ratios for an angle and its supplement are not equal
(they are opposites), the measures of the angles determined using the
cosine law are always correct.

Assignment: pgs. 170 -173

October 27, 2015

1,2,3,4,5,7,8,9,10, 12

11
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Proving and Applyinathe Sine

OOLUTIONS=> 5}( .2 and @gfnc laws for O s::"ﬁ:lnra\cs.

l. TThere are errors in each application of
dhe sine law Or cosine law
'_"Lden%ﬂ'?\\j the ecrors.

Q) b) 7
00N 5 m /2 em
e Rem 15
X
5 = _x 12%= x*r12%212)(x) cos 1S
SINCO’ Sin3Y B
~ ~ (_orrectione
(orrection s
-+ S .. - A= 1274+127-2.02)02)cos 115°

Sin3Y Sin 100’

12
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2. Which low could be used Yo determine
+he unknown anale measure or Side lenSJrh
‘n each *riangle ?” For your answer, choose
one of thefollowings'sine law, Cosine
law, both  neithern Explain MJour choice .

Q) 12m'_/-""'/9f5.-;l' ouw would use —H‘Le.
el _. Q‘ne low Since vou hove
""" A 2 "n’LcHrchmg paits!
b)) o~ . You Lould use the cosine
. M SV law_3Since you are given
L o oll 3 sides™ :

13
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'\jou woulld use the cosine
Mlow Since you are given
2 sides and”the incided
Anole . -
U
Uou would use the sine
Vlaw Since you will have
2 "Mmatching pairs” after
ucu ind the MIssing
nngle. -

Bou could not use erther
Me S’ne lawor The cosineg
law tTo determine +he
mM13SIiNg Stde .
U

14
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.. @e-‘r'ermi_ne_ he unkKnown Side lenoth in
each Trian Ske +o0 +he ﬁﬁQT‘EiSJr Teddn
~F a centimeter.

Q) % = N0
/380 Smiol® Snag’
> K8 2R = H.0Sn 101°
| S Sin 28°
/ / X = RS cmy
4.0 cm

b) NG =40 (30.00-2(24.0)E0.0)co $32°

. X*=876+ A00 - I410(0 84 ]0)
wom X'= IMT6 —1221.12
= 254.%8
X = 1O0cm

15
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C > 20cm -
(Bo.0s  /y

14 cm

October 27, 2015

=(20)% (1.4)%20.0)(1:9) coS 130°
196—5.6 (0. 64428)

xX*= M+
xX*= .96 + 3.5997
xX*= 9.53597
X =31 ¢m

16
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“t. Determine +he unknown anole measure
in each -[—qug\e) to+he neayest de:arc_e.

Q) Hm SinX. = Sinli¥°
JEE! A
s £FsinX= 449 Sin 118"
[ GR

SinX=0.5713
X=3Sin"(0.3573)

o B
SN 1
lcm S sem s .X = (_Q?hﬂ%_)———z_ @
xS 2(2)(H)
o cosSX= A+ 16-235
A
cosX= =S
e

cosX= —0O.3125
X= cos3'(-0.3125)
xX=103"°
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October 27, 2015
G e e SinX = SINISC’
L8O SInX = 106 SINISO°
156 150

SINX= 0.2944

X = sin'0.2944)
= |7

18
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5- "\_Dfi'l?ﬂf‘m‘{ﬁﬁ each unkKnown angle measure
+o the nearest deSrca and each unknown
Side length to the nearest ‘tenth of
O centinveter,

A) e m2= C1.3)+(11.2)*-21.5)(1\.2)cos 105"

sam\ T~ M*=56.25+125.44-1683¢Q.2588)
e N M= [R1.69 +473.4784
mM*= 225.168M

M= 13.0CmM

cosl=CSrX+0(s5.0)=01.2)° N=130%10S5~46"
2(1.5)1S.0) N= 29°
Cos L= 8623+225-125.44
2o
cosl.= 1S5.R]
N5

cosl= 0.6923
L= Cos™ (0.6923)
= 4o°

19
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D) # = |KO-120-28°

20t 28
5 T

.= B.6 _ G
Sin28  Sinl20° SIn32°  SiN120°
T SIn128°= 25.6Sin28° rSin120°= 25.65in32°
Sip2-6° Sin g0’ Sia—20° Sin 12.0°
+t=139cm = 1. TICH

C__ = 25.6

20
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N A__Sem C cos A= C5\2"§' ¢ 2 =} _}
< 0/ _2G)(@)
10 em —— 8 C) -
Co3 P\ = __\“L
s R0

cosA= —0.13715
A= cost(-0.1313)

A= 93°
cos B=@P+(0)*-(S)* C=1’0%98>-3C"
'ZQ%)(K‘"J {:‘ - :;:)0
cos B= ¢4 +100 25
160
cos = 139
INe)

Cos B= 0.3
ED“ Cos™ Q. 568%)
e oy
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Q) X xX=180-35°-2.1°
e | B o X= 12°

. :UJ o= 8.7 s = |81
SR, Sy 24”7 SIN3S° Sinlaye
usSindt243 = 187 Sin@!® 2 sinl29®= 1818 1n3S°
Vo siertze© Sin12.4° SHE125°  Syn 12a e

vy = S-lcm Z.=12.9e¢m

p—
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‘_I \/\/et ;'E".O T“’",O\CJE a o ‘\S‘H”u,"; m"‘ﬁ M \_ltSH‘\Q
‘e x_oest‘%\e law To determine the V
unkKNown an CirﬁﬁﬂﬁuretﬁﬂOw’Iﬁeﬁhfy
+he Ccause o the error messaqge on

er calculator. Then determitre ®
+o 4he nearest tenth of a degrce

11 202 = 102 + 122 — 2(10)(12) cos @

Se—

o/t 400 = 100 + 144 — 240 cos
/30 400 = 244 — 240 cos 0
400 = 4cos 8 ERROR=-ORDER OFOPERATIONS)
100 = cos @
cos }(100) =

<error!> = @

This should be: 400-244=-240cos®
196 = —246Ttos ©®
=i - oLl
"06 o0=Ccos @
cos” ";‘_'0.65(3(3,/- ©
131°=®

23
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5. In AQRS, q=102m, = 205m,and S=12.8m.

Selve A QRS b\/ de+er€'ﬁmm +he measure
C:»Fdfach thlﬁ: +o +he negres+ tenth of

egree.
2 Cos Q@=Q2.3*+(20.5)~ (10.2)"
W™\ 2(12.8)(20.5)
28m 205m Cos@Q= 163.84 +4420.25—-1C4.04
\ 524.8
| P s
- Cosy = L:E;i,é_q

COSQ) = 9147
Q= cos'CoQIyT)
Q= 2AM°
cosS= (20.5)%(10.2)=012.8)" RK=180%24°30
20.3)(10.2)

K= 126°
CosS = ‘\-!2_02541-10“4 oM - 163.8Y4

A
COSQ = QS.%O_-”S
418.2,
Cosvo= 0.9619
S= cos™(0.8619)
S= Ro°

24
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9. While SQH:\'\'\ , dahar hits a tee shot

Lrom YT +yard a hole a+ H.Sahar
‘s the ball ot an angle of 23°+0
he hole and 1+ lands a¥ B. The

Scorecard says that H s 295 yd

from T- Sahar walks 171S yd +oher ball.

How far | +¢ the nearest \ ard 1S her
ball Fram +he hole ?

+2=(295)+(1713)*2Qa5)(11S) Cos23°
+ = 37025 +30625 -103250(0.9205)
+?=117650—-935041.625

+2= 23 EOR TS

4= ISO.H\!QI or ISOyd.
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0. The posts of a hockey aoal are & £+
apar A plaver attel “-‘S +0 Score by
¥L<},c:+1 he puck alon ﬁ +he vce from
Q point -‘r‘r\cﬁr 18 2\ ¥+ ftrom one post
and 96.0FF from +the oJrheerc:}\Sﬁr
Within wWhat angle @, must the sShot
be made ? éprcé’s (dour answer to The

nearest tedth ofa dearce
G £t

cosQ=Q0+ e)~(6)*
22 N26)

CosO= Y4 [+6T16-36
|O9 2

cos®= 1oRL
| Q42

cos®= 0.9%99
© = cos™({0.98499)
- Q= |.2°
T c shot must be made within an 8.2°
le +& score from thaot location.

26
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12.\A 1IS.0m +elephone pole s beginnim
+o lean as +he Soil erodes. A-cable
IS attached §.0m From +he +op of
the pole +o prevent +he pole from
leaning any Farther. The cable 1's
Secured 10.2m rom +he base of
t+he pole. Determine the lenath of
+he cable Thot s needed (&Hhe pole

'S already leaning 71° trom the vertical.

X2=(10.2)+ (10)>2.¢10.2)U0) cos 97°
= 104.044 (00 - 204 0. 1219)
X*= Q0Y.0M +I4.8676

xX*= 2289076

= 12 1m

27



Attachments

FM11-4s2-sine.gsp
FM11-4s2-cosine.gsp
4Ws2e1.mp4
4Ws2e2.mp4

4ws2e3.mp4

DDDDPDPD

4Ws2e4.mp4
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