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Introdurtlo 1

J I"' W A 'A tnangle has.5|x important elements; three angles and three sides. In a triangle ABC, the
measures of the three angles are usually denoted by «, 3,7 and the three measures of the
three sides opposite to them are denoted by a, b, ¢ respectively.

If any three out of these six elements, out of which at least one side, are given, the
remaining three elements can be determined. This process of finding the unknown

elements is called the solution of the triangle.

x
'...- - .h-
()
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Chapter-12

Application of Trigonometry

Q.1

EXERCISE 12.1

Find the values of
(i)

Solution:
sin53°40'

In the (fTipt columiran.tha'left iiang
side headed | 0y degrees | (in e

INatl al Sirie .'tlh‘e‘j we read the
hifiimber’ 53°  till the minute column
number 36" is reached, we get the
number 0.8049, then we see the
right hand column headed by mean
differences. Running down the
column under 4’ till the row of 53°
is reached. We find 7 as the
difference for 4. Adding 7 to 8049,
we get 8056.

Hence

sin 53° 40" = 0.8056

Alternate Solution:

(i) cos 36° 20’

Solution:

cos (36° 20") =cos(90° —53°40")
=sin53°40’
= 0.8056

(i)  tan19° 30

Solution:

tan19° 30’
In the first column on thé; I3ft hard
side headad|by degrees-in 'N'af' re \

Tangenss ' talle (Ve | teasned ™.

~ numder |19 til! the eiriate column
" fimiher 85 s reached, we get the

number 0.3541.
Hence
tan19° 30" = 0.3541.

(iv)  cot 33° 50’ -
Solutm-n |

' tO* ?o’EO = CDt(90° "'6 16 \ —\&156° 10

in the firstcoluran on the left hand
sige headed by degrees in the Natural
Tangents Table we read the number
56° till the minute column number
6’ is reached, we get the number
0.4882, then we see the right hand
column headed by mean differences.
Running down then column under 4'
till the row of 56° is reached. We
find 38 as the difference for 4'.
Adding 38 to 4882, we get 4920. The
integral part of the figure just next to
56° in the horizontal line is 1. Hence
cot 33° 50" = tan56°10" =1.4920

(v) cos 42° 38’

Solution:
cos 42° 38’

= c0s(90°—47°22')

=sin47°22

In the first column on the let hand
side headed by degrees (in the
Natural Sine Table) ,We read the

number 47°. Looking-along the. rgur X\

of 47° till the. mlnuu: column| rrumhc :
e |> eccnec. N= gefa ne’ number

0. 7949, 'thén ve see the right hand
._4u.umn headed by mean differences.

Running down the column under 4'
till the row of 47° is reached. We
find 8 as the difference for 4
Adding 8 to 7.349, we get 7357.
Hence

cos 42°38'=sin 47°22'=0.7357
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Application of Trigonometry

(vi)  tan 25° 34’

Solution:

In the first column on the left hand
side headed by degrees (in fne
Natural Tangents Table) vie read-iie

number—25°Looking-aicng tine Low, |
of 25° fifithe Imindie Cowrhn niimbe -

30’ -is feacnedl,| we ' get s number
01,4770, then-we “see the right hand
codlimn headed by mean differences.
Running down the column under 4'
till the row of 25° is reached. We
find 14 as the difference for 4' .
Adding 14 to 4770 we get
4784.Hence

tan 25°34'= 0.4784

(vii) sin 18°31

Solution:

In the first column on the left hand
side headed by degrees ( in the
Natural Sine Table ) we read the
number 18° till the minute column
number 30" is reached, we get the
number 0.3173 , then we see the
right hand column headed by mean
differences. Running down the
column under 1" till the row of 18°
is reached. We find 3 as the
difference for 1' . Adding 3 to 3173,
we get 3176. Hence

sin 18°31 =0.3176

(viii) cos 52°13
Soluties:

L

g

cos 52523 = el (gee £ 37907 )1 S

|2 gin g7dan

“rshe fiist Csiumn on the left hand
side” headed by degrees 9 in the

(Natural Sine Table) we read the
number 37°. Looking along the row
of  37° till the minute column

Q.2

number 42" is reached, we get the
number the number.-6:8115, then e
see the righi-hand| calumr headen by
mean” différence | Flurring @ovwii the

\ oiimi tnoer's' | till the row of 37°

is_raached, w12 as the difference
for 5. Adding 12 to 6115, we get
6127. Hence

cos 52°13 =sin 37°47' = 0.6127

(ix)  tan 9°57

Solution:

tan 9°51

In the first column on the left hand
side headed by degrees in the
(Natural Tangents Table) we read the
number 9°. Looking along the row of
9° till the minute column number
48 is reached, we get the number
0.1727, then we see the right hand
column headed by mean differences.
Running down the column under 3
till the row of 9° is reached. We find
9 as the difference for 3'. Adding 9
to 1727, we get 1736.

Hence tan 9°51'=0.0149

Find @ | if:
Q) sin 8 =0.579
Solution:

In the table of Natural Sine, we get

the number 5793 fiearest to =780) || |

which-fies at'the (intersection. ‘efiihe

7 frolw, Hedinhing wih -85° “and the
\ collimrl ‘heage¢ by 24'. The
—ditterence between 5793 and 5790 is

3 which does not occur in the row of
35° , so we take 2 which occurs in
the row of 35° under the mean
difference column by 1 , so we
subtract 1' from 35° 24’ as get

6 =sin(0.579) = 35°23
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(i) cosd =0.9316
Solution:
cosd =0.9316

= sin(90°—6) = 0.9316

In the table-of natural_sine ,\vre/got |
the number 4317 ( Nearedt't0-9316)
which iieg, at 'the _|I’]t€iS€-Ctl-O"ﬁ of e

row begin"w'ﬁn.g witli—68° and the
eoine “neaded by 42, The
difference between 9317 and 9316 is
1 which occurs in the row of 68°
under the mean difference column by
1", so we subtract 1' from 68°42'
and get

90°-6 :sin*1(0.9316)
90° -0 = 68°41
6 =21°19
(ili))  cos@ =0.5272
Solution:
cosd =0.5272
sin (90°—6) = 0.5272

In the table of Natural sine, we get
the number 5255 ( nearest to 5257)
which lies at the intersection of the
rows beginning with 31° and the
column  headed by42'. The
difference between 5257 and 5255 is
2 which occurs in the row of 31°
under the mean difference column by
1" in 31°42" and get )
90°— @ =sin- (o 5257) =413 ;

(iv) ._arr,_c? 14704 |\

Spitions
tno =1.705

In the Table of Natural Tangents , we
get the number 7045 (nearest to

) I:._80'|_J * A\ ..x \

7050) which lies at the intersection
of the row begmm iU with 58 ana
the c,.u*.‘n regdeu by 36! s

-~ \diffarente neaween 7056-and 7045 is

& vrllich dods rlot occur in the row of
55° , so we ignore it and get

6 =tan™ (1.705)

6 = 59°36'

(V) tangd = 21.943

Solution:

In the Table of Natural Tangents, we
get the number 21.20 ( nearest to
21.943 which lies at the intersection
of the row beginning with 87° and
the column headed by 18. The
difference does not occur in the
Table of Tangents, So 5 are added
in 87°18" ( we cannot take the value
of 87° 24" from the table).

0 =tan™ (21.493)
0= 87°23
(vi)  sin #=0.5186

Solution:
sin 8 = 0.5186

In the table of Natural sine, we get
the number 5180 (nearest to 5186)

which lies at the intersection of the

p-

row beglnnlng ~35° ana t1e' 1

columii qa(,n-d Jy 12 =t

dhfere"mp UEI veen J_So and 5180 is
\ € wiich ¢zgs rlofl occur in the row of
—31°, so we take 5 which occurs in

the row of 31° under the mean
difference column by 2', so we add
2" in 31° 12" and get

0= sin‘1(0.5186) = 31°14'
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Chapter-12 Application of Trigonometry
EXERCISE 12.2
Q.1  Find the unknown angles and sides sm o= a_ i
of the following triangles. o 3_u~ y
0 - 5iri, 15“ = f‘-
VA0 DL B %J
=AM VLS
T R Ny C =442
RINNNAS ==t
~ " Solution: (i)
Labeling the given triangle .
12
60° =
Solution:
Labeling the given triangle
We have
a=4, a=45° y=90°
We haveto findb,cand £.
As we know that
a+ fp+y=180° ;
We have
L =180°-a—y . .
c=12 , a=60", =90
S =180°—90° — 45° “ 4 B
We have to flnda bam ﬂ A U
= =450 | __- \
= As wo- mmw t; |[ 5\ a__ .
From figure - : e 'a I—ﬁ +, _lb’)° ' ”
tan o :LE EARYFARIILS! ,3 18“°—a y
== 1 = o 0 W4 LY -
AR Ara WA NN} —180°—60°—90°
tan 45°- AR AR N /
ERC\R\BY =
| . J AN f‘-ﬁ__i ) From figure
J b . a
sina =—
=b=4

809



Chapter-12 Application of Trigonometry

— — _ 0
sin 60°:i b=5, c¢=10, y= 90
12 We have o finda ,Hrv 1nd ﬂ
ﬁ=i L\ Fiom f.aurn N | (¢ 78
2 12 AARIRREN —
cow_

— CoSar =

JIJ '&Fld - Cosa =

[T | . !

CoOSar = — 1(1]
c a = CcoS >

. b
b We know that
12 a+ fp+y=180°
%le:b B=180°—a—y
S =180°—-60°—-90°

-

Also from figure

I_Z
g
o it |

19 sin60°=

2 10 .
Solution: A N (O
Labeling the given triangle. E.—,ﬁ{i‘@};_éﬁ_l f _réi: \ Ah—
=\ # - vy A4 5
- - A AR
\ A ﬁ-\/g—al' |
". !.“...l- _.-"

We have .

Solution:
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Application of Trigonometry

Labeling the given triangle

. _.,.l__'-,“__:ﬁ;L Y
( 13 A

\ Weltalt -

a=8, a=40°, y=90°
We have to find b,cand g
As we know that
a+ [+ y =180°

L =180°-a—y

S =180°—-90°—40°

=

From figure

Sina =

sin40°=

©

\ '.1.’}‘)__2&_(;.\;\)9 = a Lt

= b=9.535
— J\ AN | o |
i-—l N.I\

Solution:

Labeling the given triangle .

a

"|-,r=<)()“'

C b A

We have
c=15, f=56°, y =90°

We have to find a,b,and «

We know that
a+ p+y=180°
a=180°-p—y
o =180°—-56°—-90°
=
From figure
. a
sina =—
Y 5%
NN 5 as | 7 T |

,m 340‘- I— ' .' . “__'}___'. A

8.387 =a
=
and

cosa = <
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Application of Trigonometry

€0s34°= B
15

15x0.829 = b
12.435=Db

= b 12 435

(v ARRTRARE N

-1‘% .' |

‘_‘:___ﬁi:

Solution:

Labeling the given triangle .

d b=8 C
7 = 0]

B
We have

a=8 b=8, vy =90
We have to find «, fand ¢
From figure

fan a =

tana =

tana = 1
_eqrrl-{ )

] A “V|'e “now that
a+ [+ y=180°
B =180°-a—y

L =180°—-45°-90°

- ..@ﬂ:x:ﬂ:- '._. I:__'_'-" .'._ 1 I !

I
"y

L . - ..' k ...'\'.\. | i
L fand LN |

Lo

bing =
’ c

sin45°=
1
2
= c=82
Solve the right triangle ABC, in
which y =90°
Q2 «a=37°20
Solution:

Ol oo

a=243

a =243

We have
y =90°, a=37° 20", a=243
We have to find £, b and c

We know that . — /"

i

a+b’!

/?—1b0'°' e
\p=18hel 37020' 90°
T = [p=5240

From figure

Sing =

N O

sin(37°20') = Tg

812
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Application of Trigonometry

Q3 a=62040,

Solution:
P — -
We have
a=62°40", y = 90°, b =796
We haveto find g , a and c.
We know that -
o+ f+y =180° \ \ 7
Bz |
6’ =18'J’ 90° @2‘ 4ot

= I‘-
i Cj I ﬁ'ﬂ.ll' A
N

|
1 -

N _f":-'_'

0.626 _3
c
243

C= ——
0.626

= | E _400 69

and =\ 0T ( \ \\

LiEdnal =

r\> S |'63'_

43

tan 37°20'=
b
4
b
243
~ 0.762
—318.89

N
w

0.762 =

IS

= b

b=796, y =90°

i

- -___,:.»__;._J | L: 27 )Z-Or

From figure

a
tan aa=—

tan 62040'= —

7“F><_[‘734 =i o,

. = Lsh}o_nz _j

1 -ﬁ’nd

Ao

Cosa =

~N o |loT

6

o
0459 = '
C

796

C=——
0.459

= |c=1733.57
Q4 a=328,b= 574, y=90°

Solution:

cos 62°40" =

a=3.28

We have Y oo\

V= 900 a 3 al.mh
-_v»e ha' R tL* .mu (.r [ pz '8 R

WA Fhrcmfgure !

a
et tan a= —
b

tan o =0.571
a =tan™(0.571)
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= a =29°44'
We know that
a+ [+ y=180°
B =180°~-a—y
A5 -J8O° 90° ”9“44
- 'fp____gadlC’J‘
_ arid| )\
J I..":'_I JI ) cosor = 2
c
cos(29°44") = 5—Z4
0.868 = >4
c
_ 574
0.868
=C=06.61
Q5 b=684,c=96.2, y=90°
Solution:

4 b=68.4 C
We have

b=684,c96.2, ¥ -00’

We ha\if‘ o f| 1da A\ al ‘c.

Fmi f|0urf=

o|lT

COSa =

J ]IH|

(®)]

8

SN

CoSa=

\

| S—rom figure

cosa =0.711

@ _amJ 711) ~(O)\

o 4 ==

B\ [a 44040u~-

JVe knrw Lnat

T a+,B+}/—l80°

B=180°—c—y
B =180°— 44°44' —90°

-

and
tano = a
b

tan 44040’ = >
68.4

1.01x68.4=a

= 69.084 = a
Q.6 a =5429, c =6294, y =90°
Solution:

a=5429

A b g — AN

We have s
'H. I o,
i E 54-

q\_ "'\.

_64 |4 k’-“‘_rlll
(A J\/e 1ave Io flnj ,'x , /3 and b

I.

. a
Sina =—
c
5429
6294

sina = 0.862

sina =
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a =sin™(0.862)

-

We know that

¥ 41802 Of.,._*:'/_; ™
B ey _.'5;‘)_01:-‘_6;'—.'9'69 b ™

NN N R
SIS AY

J' ) = Also from figure

b
Cos a = —
C

b
6294

= 3184.97=b

cos(59°36")

Q.7 B = 50°10", c=0.832, y=90°
Solution:
We have p = 50°10', c¢=0.832,
y =90°

We haveto find: «, a and b.

=

We know that
a+f+y=1800— " [
VY e, =18(4°--50°10"—90°

From figure
. a
sina =—
c

a
0.832
0.64x 0.832 = a

0.532=a
S

b
cosa =—
c

c0s(39°50) = —2
0.832
0.767x0832=b

0.628 =b

sin(39°50') =

—,
_. P L
. I"x. 3 '.I ({ A\
- YV __a______,_.
7 - w [ =
%, _-'"-"'.
1 %, | -
| v
|
|
1] ¥
.-". L
-.-.-
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Chapter-12 Application of Trigonometry

Angles of Elevation and Depression

Let OA be the horizontal line and O be the position of observc=Ir B aﬂ'd f‘ are, t\N) po rits

such that B is above the horlzontal Hoe ano C is ‘:?Iuw t1e i moatal I n= “~
. - ;7 q AR .
/ ']

‘Angﬂ@ of Elevation

~

Angle of D@[‘&r’@é@ﬁ@n

C‘
From Figure
Q) For looking at B above the horizontal ray, we have to raise our eye, and < AOB is called

the Angle of Elevation and
(i) for looking at C below the horizontal ray we have to lower our eye, and < AOC is called

the Angle of Depression.

., 3
II-\.\, Yy | L
o ALY I g s
|1 A E | £ ]
T ! . P
| | i
Pl - r i |
1 =" S | \ |
N T i i |
| 4 J
1 4 T | 1 2
- O B A A | e
- p YA TR A -
S Y L
s | LT a
& 1 h, - -
- L=
R IR
% .|| )
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Chapter-12 Application of Trigonometry

EXERCISE 12.3 N
Q.1 A vertical pole is 8m high and the length of its shadow is 6m. whal ls Lhe e.ec Com A\ |

elevation of the sun at that moment? NN o
Solution: _ .
Let helqht of pole is B(‘ 3 r/ c
Length shits ¢ lad)Wh AE bm
Frori fIQ.UI’” | U
AINIAVAS tane_ Perp 8 _4 m
- Base 6 3
H:tan‘l(ﬂ) D =? [
3 A bm B
6 = 53.1°
Or 6 =53°8

Q.2 A man 18dm tall observes that the angle of elevation of the top of a tree at a
distance of 12m from him is 32°. What is the height of the tree?
Solution:

Let height of tree is BE =h

_ B
Height of man is AC =18 dm=1.8m |
Distance between Man and Tree is i A
_ 20
AB=12m C D
From figure
mAB =m CD =12m
R — A 12m 7
MAC =m BD =1.8m
tan 32° = E — . o .:.__'-.- ."\«._I | ..-:__:"a. L L “:
CD —_ -.I .I___. - ..I ..-_ \ .\'.\..\.. | |_... .--.-'.--_._:_
(o 6248)( 2=\ AW\ UYL
x 7495\ ” -
Helght nf r!e h = m-BD+m DE
e VT 18+ 749
'-ul'\-.-Jl.'ﬂ-'I'.' J -
h = 9.29m
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' NA ._ength of string is mMAC=x

Chapter-12 Application of Trigonometry

Q.3 Atthe top of acliff 80m high, the angle of depression of a boat is 12°. How far is the e

boat from the cliff? ) \
Solution: — NN | 7 L\.(_.",/.“-
Let A be the position of boat and C b‘l the *Jp :)F ! n“ —

ot _ _..,I_\_f_‘ _.x_ |
Distance hetnveen boat and cliff is \B oo
c el v} i =

Rt

Height %-ifi is nRC 80 m'

From figure| || |
AN I1| Y/AZ3'=m £ BAC  (Alternate angles)
| tan12°:m—§
mAB
_ 80
tan12°
| x = 376.3m |

Q.4 A ladder leaning against a vertical wall makes an angle of 24° with the well. Its foot
is 5m from the wall. Find its length
Solution:

Let the length of ladder is AC=x

C

Distance between ladder and wall is mAB=5m

From figure

5
sin24® = ; A Sm B
5
sin 24°
| X =12.29m | _
Note: Answer of this question in book is wrong . -~ -;5_";[ .'H,a:,j". 4 e ,'*

Q.5 A kite flying at a height of 67. 2m s atf 1cl'ed fo a full / tr=tchec sir w.‘é mclmed at
an angle of 55° to horizor! ta "im' tqr I( nutr of h-e s ||ng |

e W | 1 = N 5 W i i LY IL "I |
Solution: A\ Ve A ) boAh, Al
A % e

Leth tm p7 |trono* Plte W
%sgno ktﬁ.n ..B(, 672m

Form figure
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Chapter-12 Application of Trigonometry

67.2
sin55° )~ IR 1ER .. -

!_.x - 82 036r1 J

sin 55° =

Q.6  When iy 1nq e L)eane_n the v QU""‘ and the sun is 30° , flag pole casts a shadow of
40 Iong HI’ ¢ the hHg. it of the top of the flag.

)(,l J u‘ll Sun

Let the height of flag pole is mBC =h
Length of its shadow is mAB=40m

From figure
h="

tan30°= —
40

h = 40x(0.5773)

B =90°
30° |
A A0m B

|h = 23.09m |

Q.7 A plane flying directly above a post 6000m away from an anti-aircraft gun observe
the gun at an angle of depression of 27°. Find the height of the plane.

Solution:

Let A be the position of anti-aircraft gun, B be the position of check post

and height of plane is mBC =h

distance between place and anti-aircraft Gun is mAB =6000m

From figure
mZACD = mZBAC  (Alternative Angles)
in AABC . -a'...-' *
h = o '.-"'.. 1-\-: "\-I 'I ."". /I
tan27° = —— ~ Ve TV O T A
_ —h= 6000X0503q RIRe - /‘
‘ L = u057 15n] \ 27° [—B

A A 6000m

|
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X = 327.08—290.42
| x= 36.66m |

Distance between Ships

Q.8 A man on the top of 100m high light house is in the line with two ships on the same
side of it, whose angles of depression from the man are 17° apng, i9° I°Sp9 ey W
Find the distance between the shlps r "ﬁ;f\_[j'._l_’- Frve —,r =
a %, 4 vo 4\
Solution: S~ IR
Let A and R be the positim cf.éh'ps, [ l\
and di¢ tame hetweeri enlp s FAB A4S 100m
height cfl ght hou»e |s nf‘l'. 260m
; '-_I ey fig| Jre'
| mZADE =m«ZCAD 17° 19° =
b { X 1B C
[ Alternate Angles]
mZBDE=mZCBD
In ABDC
tan19° = g
mBC = 0 - = 290.42m
tan19
Now In AACD
tanl7° = _ 100
X+290.42
X+290.42 = 100
tanl7/°

Q.9 P and Q are two points in line with a tree. If the distance between ‘P’ and ‘Q’ bP. oy -
30m and the angles of elevation of the top of the tree at P_ang{X t‘ew 2° "nu J ) :':_ W
-y, . "',\_"'._ % | e I' ‘\"— F o
respectively, find the height of the tree Tty . ’.-.—.m—l— f S
Solution: S o R Yl
Let hemht u‘l tree |s m S=hy S J | .
Distancz uet\/tmn P aud Q IS m?ﬁ oOm
|.. ZP ;)RS WBe
J Y 12° 150 -
A\ k tan15°=— B g ' %
' y
h = ytanl5° 0]
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In APRS

tan12° =

' thl‘
._I '.. ..ytp'.']

Put in (i)

h
30+y

mm:} R
Comp?.wu()&(..\ 1

150 (304 y\f:..lz
15°=30tan12° + ytanl2°

MLy enT5°— ytan12°= 6.3766
y(0.0553) = 6.3766

|y=115.11m |

h = (115.11)(0.267)

(i)

Q.10 Two men are on the opposite sides of a 100m high tower. If the measures of the
angles of elevation of the top of the tower are 18° and 22° respectively. Find the
distance between them.

Solution:

Let A and C be the position of men
Height of tower is mBD =100m

Distance between m
In ABCD
An18° — 100
y

_ 100
tan18°
y = 307.8m

In AABD
1-00'

tan 22°

N Jul“J '..'":.:.' 7 tan 220

X= 247.5m

So, Distance between points = x + y =307.8+247.5 =

enis mAC = x+y

© "._ . .-'I

o L 1 Vo4 II'. I'. .."'.
AL \

IJ . } 1’)(‘ [

D

100m

1 18

B ) C

[~y o |
< S

W, ) e
. | W e

555.3m
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In AACD
tan 25°= 60
20+ X
(204+x) =—2
tan 25°
x=128.6—-20
| X = 108.67m A
In ABm \ _--\.\.-"."‘-\.-'._ o
+a| r] -—’7 | |
o (T --.._ J |I'"x-:'| |I ) 49: ta_n‘l i
NIV 108.67
0 =28.9°

Chapter-12

Application of Trigonometry

Q.11 A man standing 60maway from a tower notices that the angles of elevation of the
top and bottom of a flag staff on the top of the tower are 64° and i '

Find length of flag staff .

Solution:

Let the height of tower is MRC = h
Height of flag staff is r“f‘D X

Distancenetvieeri. "ﬁer ana pov'er L m‘Ab - oum

In AAEC 4
no

Wi 13,062'?=—

J T h = 60(tan 62°)

|h=112.8435m |

InA ABD

tangae = X
60

h+x =60(tan 64°)

112.84+x =123.01

X =123.01-112.84

Q.12 The angle of elevation of the top of a 60m high tower from a point A, on the same
level as the foot of the tower, is 25°. Find the angle of elevation of the top of the

tower from a point B, 20m nearer to A from the foot of the tower.

Solution:

Let the height of tower is mCD = 60m
The distance between A and B is mAB = 20m

J

. "\

e ]
B

A 60m

o

627 respectivety; | | |

D

60m
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Application of Trigonometry

Q.13 Two buildings A and B are 100mapart. The angle of elevation from the top of the
building A to the top of the building B in 20°. The angle of elevatisn f_:ro_.m thawaaa | |
of building B to the top of the building Arir 50°. Finz-tie ficiglitlof tlie buileing

A

Solution:

Q.14

Let dlstance between build; ng / anU
Buildifig-3\is |11 AE- :Jmn ' )

Height ¢f buildi ng \Alis! neAE = X

' _!Hug_wtr,,‘l udlldll’lg Bis mBD=x+Yy

In AAEB

tan50° = —
100

X =100 x1.1917
X =119.17 =mBC
In ADEC

(From figure)

tan 20° = L_
mCE

tan 20°:L_
mAB
y =100xtan 20°
y = 36.39m
Height of Building B = mBC + mDC
=X+Yy

=119.17+36.39
=155.56m

D

Building B

C

E
Building A

50°
A 100m

H.\,'

A window washer is working in a hotel tilding.Ar Gmer\f-\r "t A ﬁl%lan" “F“ ‘L)m". .
from the building finds_the arqlg of 2 ovan(m of! the, WO’kur 0 Be-of 30°. The
worker climbs up 12mar. d *hP GiiSery ‘et Thovbs 4 fe rt1e* awav-from the building.

Find ths.1rev anqln of cu ation/of! thi! wer!*(er

Solution: AT A T | L™

. ], |J A

Let D ke te pusis |cn ﬂf wm'* w Washer and B be the
-~ pesition of c‘oseww -
".I\I G In Azkvwveen observer and the worker is 30°

Distance between observer and building is mBC = 20m

Height of building is mCE = x+12
In ABCD
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Q.15

Solution:

tan 30° = @
20

x =20x tan30° - Y [

x =11.54m 5 A T VN e
InAACE '_ AT EaRl
= 20D + e x 1 )
()ng_ - _1'=+_yr_D_'_‘
nAB mBC,
11,586 442

M Y =TT 4420

23.54

24
@ =tan™'(0.9811)

A man standing on the bank of Canal observes that the measure of the angle of
elevation of a tree on the other side of the canal, is 60°. On retreating 40m from the
bank, he finds the measure of the angle of elevation of the tree as 30° . Find the
height of the tree and width of the Canal

D
Let B be the position of man making

angle 60°with tree.
After retreating
A be the position of man making angle 30° with tree.

Width of canal is mBC = x

h

height of tree is mCD =h o
In ABCD A = A0pm— B e— \'-—I &
tan60°=E
X
h = xtan 60° (i)
In AACD )
tan30° = h - N I" .'&,l:- A A (L /A
40+x M\ T WY [ (o lo~—=
(40+x)tan30°=k7 2 A T )
,On-Comparing-{.aid (/i) ) o i

-:—". | Ditan aOC 40+ ﬂ\fa( 3(
) A arr61° F "’» (94 + xtan 30°
| (| tanis(e\= ‘andOO) 23.094
| * -

1"‘,‘\/ idth of Canal

From (i) h=20tan 60° = 20+/3

h =34.64m
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Chapter-12 Application of Trigonometry

Obligue Triangles:
A triangle which is not right, is called an oblique triangle,

B ¥ z.___.___

All the ¢ bu\,e erarrglﬂs alg uLl.que trlangles
The <A, 1fC0t|n°
J, NN J'. arly trlangle ABC, with usual notations, prove that:
U G) a@®=b?+c?—2bc cosa
Proof:
Let side AC of triangle ABC along the positive direction of x—axis with vertex Aat
origin, then ZBAC will be in the standard position.
Since AB=c and mZBAC =«
Coordinates of B are (ccosa,csina)

Since AC =b and point C is on the x—axis, Ty
Coordinates of C is (b,0) B

]
By Distance formula a

|BC|= \/(CCOSa—b)Z +(csina —0)?

Squaring on both sides

.{ N X

Origin|4(0.0) b ¢(h0)

v

|BC|2 = (ccosa —b)* +(csina —0)?
|BC|2 =c?cos’ a+b?—2bccosa +c?sin® o

|BC|2 =c?(cos® a +sin® o) +b* — 2bc cos

I_- :___ 2

2 - — -
|BC|" =c?+b* —2bccosa ‘.'cosza+sr-n'*-a:l,..-._ ™ N (¢

a?=b%?+c?-2bccosa T | - |Rtfi—*a —_

') \ .-«"*v"—. \cenCte.piG’\'/,ad"
-, '. T ] il
(i) b? =a’ +L —hcrc, ,L -

Procf M
— M
Y J AN ' J_=t alde BC of triangle ABC be along the positive direction of the x—axiswith vertex

B at origin than ZABC will be in the standard position.
Since BA=c and mZABC =0
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Chapter-12 Application of Trigonometry

Coordinates of A are (ccos 3, csin f3)

Also BC=b and point C is on the | :F
X —axis ) = \ - _;x N
Coordinates of C is (a,O)""- =AW \\\ i b

v

Bydisfanrﬁiormu'" A\ YL W \
|AC|-J(L(O<L a (_s'rl’rf,‘""_—ii); { i “

Origin{8(0.0) a C(a.0)

o J AP mlannq or heth bldes

J " \ A |'AC| =(ccos f—a)? +(csin B—0)?

| |AC|" =c?cos® B +a® —2ac cos f+c?sin? 3
|AC|2 =c?(cos® B +sin® B)+a® —2accos [
|AC|" = ¢? +a®—2ac cos 8 “»0s” f+sin® f=1

b? =a®+c* —2ac cos S o |AC|=
Hence proved
(iii) c¢®*=a*+b*—2abcosy

Proof: Ty
Let side CB of triangle ABC be along the | 4
positive g
3
direction of the x-axis with vertex C at the h
origin then ¥
. . . N\ B X
ZACB will be in the standard position. —— —>
o Origin|C(0,0) @ B(a,0)
Since CA=b and mZACB =y

Coordinates of A are (bcosy, bsin y) -~ I_
Al CB=a andpointBisanthexaxis (N [0 | o
Coordinates of B are (a,0)— -:;:;I p _._ \ [ (EA€

Bydlstan(‘ﬂ formula - ARTEARAY V3 ]

|A8|= i oo} Tixraim,/ \i
™ :uuja mcb'nh rie‘
' ,JI -.~| ._J' f \B} —(b cos y —a)? + (b sin y —0)?

|AB| =b? cos® y —a® —2ab cosy +b?sin® y
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Chapter-12 Application of Trigonometry

|AB|2 =b? (cos® y +sin® ) +a* — 2abcos y

|AB[" =b? +a® —2abcos o cos’ y +sin’y =1

c?=a’+b?-2abcosy_,  |AB|=<
Hence proyed BYFA _
Laws (i(1) wid (i 4) can cl"O a’*V\: |’te1 &

b+ cli-d?
gesld = =
[ 2
| 2 2 2 2
{ = c°+a°-b
cosf =
2ca
a?+b?-c?
cosy =
2ab

Note:
If AABC is right, then
Law of cosine reduces to Pythagoras Theorem

If «=90" then a’=b*+c’
If £ =90° then b® =a*+c?
If »=90° then c*=a*+b’
The Law of Sines
In any triangle ABC, with usual notations, prove that:

a b ¢
sina sing  siny Ty

Proof:

Let side AC of triangle ABC be along the positive

direction of the x—axis with vertex Aat origin,

then ~BAC will be in the standard position._x Y

Since AB=c and msBAC=a ' t"}.”‘k:" 'W-), _r--:”
- coordinates of the point 3¢re § tO‘C Colﬂa) SRINRE

If the orlt‘ m ,u\ ls&mﬁ-ed to. ( then\ JBEX w"' be T the

standarU merm \;nwce BC -z and m£BCX =180°—
~\ | Iag.rnefor._ the ehbrdinates of B are (acos(180°—y), asm(180° -7)
In both the cases, the y-coordinate of B remains the same.
asin(180’ —y) =csina

asiny =csina
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Chapter-12 Application of Trigonometry

a c :
== )]
sina  siny _ -

14,

In a similar way, with side AB along positivé; x —axis, e can'nrove that
|| 1 1 ..' .--‘.

_a _b N R R BRI (i)
sina sinf Y, . = L

From (i ard 't'i.-),we: h',a'\e' T
RN A =2

LBt -sinis—siny
J I\ | 'Hence proved
' The Law of Tangents
In any triangle ABC, with usual notations, Prove that:

Proof: (i)
By law of sine, we have
a b B - - \ .-__- _.-;-- ". i

Sin (04 Sin ﬂ - T m: - -_x [ ll ..-__ ..:a. '._ \ _."-\.___.-"-"':." L
a sina = -
—_ = 1 1 -

By coripineijda-aiic i id%'f‘_dl'd@l\aé’.r{':},- wehave
a_b_'.Si_i]t-I—-,i'.,im?"_ AR
2 ding+sing

-I'- -. X
RN
o | ! |

J'I N E-CIOS(OIH’B jsin( B )
A _ 2 2
2sin(a+’8Jcos(a_ﬂ)

2 2

K
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Chapter-12 Application of Trigonometry

Divide up and down by cos[a;ﬁjcos(a;ﬂj we have

a+b tan

a-p
a_b_tan( . j
- ( -

Hence proved
Similarly We can prove that:

tan(Hj tan( )
b-c 2 c—-a

5 c: it and C+a: ~ .
* tan(zyj tan(yz ) I s

o, ™ 1 | 1 N, L -
% ~ 1 9 1 -
5 1 II 1 1 11 1 1 1 % o

<
Q

+ [~

I_- :___ 2

Half Angle Formulas:- - _ AR
(@)  The sine of half the anglelin| in\tefn; l“ o h( sLdes )
In any trl,.mgrﬁ ABC, ‘“\Ac hc»n "N \ AT

Tow I...'\-.. I, -
VNN e 2 [Ea6=) where 25 =a+b-+c
e 2 ca
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Application of Trigonometry

iy sin L= [SZ2E=D)
2 ab

Proof: (i)

1 LY |
., .\.. '\-

L. -

We know that

2sin

sin

— a'.l tz_}_( 2'
2

= 1 c03r

zbc

_ 2bc—(b*+c’ -a%)

2bc
_2bc—b?-c’+a’
2bc
_a’-b*—c’+2he
2bc
_a’—(b* +c” —2hc)
2bc
_ai-(bcy
2bc

:[a—(b—c)][a+(b—c)]

2bc
_(a-b+c)a+b-c)

2bc
_(a+c—b)(a+b-c)
- 2bc

_(2s—b-b)(2s—c—c)

2bc

_ (2s—2b)(2s—2q ")
2bc

za‘- (?s ZB)\’)S 70\'-

————

\20c, | '-

AN N dle o
'\-\.‘) ;\._2

2bc

2 bc

;.-x. \ i

o COSa =

2bc

|':;|.n(.| o

2

b’ +c?—a

.| _.-" ..
(i)
" 2s=a+b+c

: a.+C—|..V'S b
a ‘—“"'\ LZS' .C ) '_
- .--.--.

,
%,

[ |

|

(i)
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Chapter-12 Application of Trigonometry

:sin%: ’(S_bk))ﬂ “+ « IS the measure of an angle of AABC, —

|
LA | [} &

(04 I . - L, ! [
Z g =>sint = ||| \ o
Hence proyed

-, 1

. --. N 1 1 et | ) . ,7’ - _ _ . _ _
In Simitarviay,\wa ¢ar, prove tlﬂal:-s.n"—:\/w and sinZ = ‘/w
RINYT R 2 ac 2 ab

() | 1 Jne Cgaine Gi Half the Angle in Term of the Sides.

J |2 i any triangle ABC, with usual notation, Prove that:

. fs(s—a)
b

Sﬁ ;s(s—b)
2 a
S

Q) co
c
(i) co
c
/M where 2s=a+b+c
ab

We know that

/4

2 _
@) co e

Proof: (i)

20052 % =1+ cosa (i)
2

b?+¢c?—a? b%?+c?-a’
=1+y— = oS =——
2bc 2bc

_ 2bc+b?*+c?-a’

- 2bc
_(b+c)*-a’ o~
C(tc—a)b+cHa; L UL O

L
e
Ty
[

.--'\-\._ ..-' ' - b.l&-t__ &)Ga I:r__'b I.' C-I:! .'I.."_. 1 3 . -.I-. . . - )
=24 Hl-f:—'—-'_—.\%' ™ ii
=) .- -. X 1 '-I2b(.'-_ _:'. e ( )

L1 L AL e 2staTay(2s
T[N | Acdst= = )29)

‘r2s=a+b+c

s _ (2s-2a).2s
2 2.2bc

COoS =b+c=2s-a
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Chapter-12 Application of Trigonometry

2272s(s—a)
2.7Zbc ¢

(04 S(S—a = L S | | )
cos2 & _ S(5=2) . . SN [ (o,

2 bc : ~ ATV VAV :

W ﬂs(sfa) RYFARTR BRI L

=805 = l—=—= VYL e risine measure of an angle of AABC

_".Z"\I_-D: | T .
Hence provea L < 90° = cosE =+ve

AL | "4 Similar way, we can prove that:

cosﬁz s(s—b) and cost= s(s=¢)
ac 2 ab

(© The Tangent of Half the Angle in Terms of the Sides.
In any triangle ABC , with usual notation, Prove that:

i) tanZ- /—(S‘b)(s‘c)

2 s(s—a)
(i) tangz ,% Where 2s=a+b+c
i) tanZ = [=2NS=D)

2 s(s—c)

Proof: (i)
We know that

sin%: /%————(i)
COS%: fS(Sb;a) ————(ii) P

Divide (i) by (ii) TV T W | ,:*“ O, No~
.« ARRRIRRE ]| -
o Sin 2 )
tan 4 —2-5 -
=4 \dos&
R




Chapter-12 Application of Trigonometry

= tang
2
)\ | Hefick proved
In simiiar ‘/.\_ay: :_\_/v',g.trar' proye that:
NN ﬁ_’—j-)‘_‘:cj and tanZ = /—(s—a)(s—b)
J I-_ B v 2 V S(S—b) 2 S(S—C)
| Solution of Obligue Triangles
We can solve an oblique triangle if
Q) One side and two angles are known, Or
(i) Two sides and their included angle are known Or
(iii)  Three sides are known.
Case | Given Use
1 One side and Two angles | Law of sines
are given
5 Two sides and their (1) First law of cosine and then law of sines,
" | included angle are given | or (ii) First law of tangents and then law of sines.
3 Three sides are given (i) Law of cosine
or (i) the half angles formulas
- , H.’; :"; A
- e
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Application of Trigonometry

EXERCISE 12.4

Solve the triangle ABC, if

Ql B =60° y=15°,b =+/6
Solution:
a+ By =180

| Y '.:._. 1690 6) ]/

22 1.8’)‘—3()' 15°

NN O T 10se

By law of sines, we have

a b
sina sinfg
sina

= a=b——

sin 8

B \/Esin105°
sin60°

\E+l
&

%
J§+1

a =

Again
c_ b
siny sing
c=bs.'L7, o
AU STV

\sin bd"

[_:

e
Solution:
“a+ [+ y=180°
o =180°- B~y
a =180°—-52°—-89°35'

L --{:)_3 . _b-:

a = 38°25

By Law of sines, we have

b __a
sing  sina
h=a N8
sina
~89.35xsin52°
sin 38°25
| b = 11331
Again
c _ &
siny sina
c:a—s_my
sina
NN \_Fé;a;z__{:'f |
V[ aaaTe
52125, y=53°, a =47°
Solution:
ca+ f+ y=180°
£ =180°—

f =180°-53°—-47°

5L

—

C

02 =520y = 89°35, a =8935

i

_89.35 x i8035 ()|
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Chapter-12
By law of sines, We have Again .

c b b _ ¢ \
siny sinp _sing "3'}*17.__' | 7

~sing / u.n;/

128858 || p _ 16.1x 5in62°43

' sin 74°32'
b = 1484 |

sinag sing

sina
_b_

sin g
_125xsin47°

sin80°
a= 101.36

Q4 =161, o = 42°45, y = 74°32

Solution:
“a+ f+ y =180°

L =180°—a—y

S =180°—42°45 —74°32

By law of sines, we have

a C
sina siny
sina _
=C—— T P
sm;/ BYFARY
(L) of!xsn44°15x\_"

{ cl | \
A i)

Q5 a=53, B=188°36, y =31°54'

Solution:
“a+ [+ y=180°

= 180°- p —y
a=180° —88°36' —31°54'

| o = 59°30'

By law of sines, we have
b a

sing sina

sin 8

sina

53 xsin88°36'
~ sin 59°30’

b=a

b = 6149

Again
C a5

= F == 1 -y
J—_ Sun/__| >|F3'C_¥ |1 .-__.._..__"-. i~
\ A
Sin
C '=a—7/

-;_.;. L e Yy
[\ . _53xsin31°54'

sin59°30’
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Application of Trigonometry

EXERCISE 12.5

Q1 b=95,c=34anda =52°

Solution:

By cosine law,

a’=b’+c? —-2begssa A\

a’ =95" +34% = (9L (3 )”0“59‘3 n
=56202,! BN

r'— A

oNar = 5z038

a=78.76

By using sine law,
& _b
sin 8

sing
bsina

sin =
sin 3 = 95xsin52

78.76
sin #=0.95

B =sin"(0.95)

Q a+p+y=180°
y=180°-a—pf
=180°—-52°-71°53

y =56°7'
Q.2 b=125, c=23,a=38°20

Solution:
By cosine law,

=h? +¢?

a—<125> < (29))

)'b.‘ \0 F _H._.-"'H.-'. -

212 a)

*«\

)ms( 35 20)

\H — 24321

SN =

By using sine law,
a e .';_ N |7 )
sina | singl | |
Dsin &
a
12.5xsin(38°20")
15.3

sin g =

sin #=0.506
B =sin"(0.506)
5 =30°26'
Q a+pf+y=180°
y=180°—a— f3
=180°—38°20" —30°26'
y=111°14'
Q3 a=+3-1,b=+3+1, y=60°

Solution:
By cosine law,

c? =a’+b’ —2abcosy

CZ=(\/§+1)2-I—(\/_) (J_+l)(\/_ )cosGO°
Q(a+b)*+(a—b)* =2(a2+b?)

:wz=ZW+<1>1—2[<@>2—<_%.ﬂé-.-._ A0

I'\.\. _-'

Z(Qh}“?(@ ‘112-

A — C" ': _ L (LJ) 2 '._ '|_ -_I | .Iu

'.'-z,-’-*=6
JF =6
c=+/6

By using sine law,
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a

sina

Sina =

c
siny
asiny
c

(\/g 1\S|'* co°

sing=~—— ?__h

a =15°
Q a+p+y=180°

Q.4

p=180°—c—y
=180°-15°—-60°
S =105°

a=3, c=6 [=36°20

Solution:

"-:J4_ Jl

By cosine law,
b® =a’+c’ —2accos B
b2 = 32 + 62 _ 2(3)(6) cos 36°20’

b® =9+36-36(0.805)

b? =15.99

s
I:Q Qc—|

By ll%lﬂc.]SfGi-,aN L\
al| ~\b

sin g

asin g

Sina

Sina =

3xsin(36°20")
__3.9_9-% .
_sin a'-i"O:likirS \

e =) srn (0 445)

Q a+p+y=180°
y=180°—a— f3
y =180°—26°27'—
Q5 a=7 b=3 »=3813

Solution:
By cosine law,

Sina =

36°20'

¢’ =a’+b®—2abcosy
¢’ =72+3"-2(7)(3)cos(38°13)
=25
Je? =25
c=5
By using sine law,
b _ ¢
sing siny
sin =
3><S|n(38°13) N\

SI =
= -\.' -g)l | __.- -
) - v .__

smp Jo.l

bsmy

I.' :-__ - |

S =21°4T
Qa+p+y=180°
a=180°- -y
o =180°—21°47"'—38°13
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Q.6 Solve the following triangles, using o — ff =—-20°46'
first law of tangents and then law 20 =414°05
of sines: _ R N P e uh

= 36. =42, =44°29" [ L0 LN . .
_ a=36.21, b=42.09, y =A44°29 = /1~ 0L Rurtingin equation (i)
Solution: e S Ve g+ p=13503Y
ARy o A
Here SRt ui /’“ : 57°22'+ 3=135°31
Qa+ /;.+-,g/-.:.-180: | B —=135°31' ~57°22
_ \ | 5 @t =180y
emy \ y 3 ) Y ) | ﬂ:7809r
i l| i a+ [ =180°—44°29 =189
. To find ¢, W | fsin
o+ f=135°31" () i e use law of sines
a _C
aA+f _ gro45 sinag siny
By law of tangents c= as_lﬂ
sina
tan[ £~ 36.21x sin 44°29'
2 b_a C= -
= sin57°22'
tan P+a) b+a
2 c=30.12
_ _ Q.7 a=93,c=101, p=80°
s tan[ B | D=2 [ Bra .
2 b+a 2 Solution:
So Here c>a Lors>a
_ .09 —36- a+ f+y=180°
tan(ﬂ aj: 4209-3621 o Q B+y
2 42.09+36-21 a+y=180°-f
:@x2-444 a+y =180°-80°
83 a+y=100° (i)
p-a) —
tan( > =0.1836 — 0[+]/:-500 T "._. (1 ION
=% _tant(01836) -, (O L\ By v cf tangents ¢t
2 L1 = L T T ! N i f
_ T ] AT AR TR ._“._.ta‘_] S
_a:]._ol_pz::g-_. I__M_.-..--.q,,.. I . \\ | ._.-__.-K 2 _C-a
2 AIRIE LR IR +a) c+a
RIRIE LD anl 7%
B=aF20°4€ |\ | LS ( 2 j
N ol Losas i “a) oo
5 Ju' W [RORFEEE _() ) :>tan(7 aj:c atan£7+a)
Adding equation (i) and equation (ii) 2 c+a 2
o+ [ =135°31

838



Chapter-12

Application of Trigonometry

So, tan y—a :101—93t
2 101+93

¥ —a =5°37"
o —y =-5°37"

(i)

Adding equation (i) and equation (ii)

a+y =100°
o —y=-537

200 =94°23

Putting in equation (i)
a+y =100°
47°11' + y =100°
7 =100°—47°11'

To find
a b

sina sin g

93 _ b
sin47714| §in2
93xsme0°'

X ‘il‘“l LR\ '
kL 1L48 b
b=124.8

m J ":'3':'-“."-'-1

57\

Solution:

b=14.8, c=16.1, a= 42045'

Herew ¢ h 7\’
Q+B g4 —‘8()O -
p+y= 18U"—
L+ y=180°—-42°45
B+y=137°15 (i)

— % — 68°37'

By law of tangent

y=pB
tan(z j:C_b
tan(wj c+b
2

:tan(y_ﬂ)zc_btan(ﬂﬁ]
2 c+b 2

So,

tan(y_ﬂj = 16'1_14'8tan 68°37'

2 16.1+14.8

_ 13 o554
30.9

ﬂj = 0.107

%: tan™*(0.107)

-
i w

7 ,6’ 15 °16’
ﬁ y = —12°16' (i)
Adding equation (i) and equation (ii)
p+y=137°15
p—y=-12°16

23 =124°59’

!‘;‘I
|

_,__;
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Putting in equation (i) tan - _0.2156
[+y =137°25 A
62°29' + y =137°25' o as ;['a% | (o 1'156\ o,
y =137°25' —62°751 EAY sl LTI AR B W)
_E,_ —_74°_56’ 0\ VY VWM A “;ﬂ :1“2'010'
To findia, /e use et 7T-Sir-1t'?3.-"- i a—f3=24°20 (ii)
Ly LA Adding equation (i) and equation (ii)
SRR N N sima sing :
NIRVINV RS a+ B =69°38
a=pINZ a— = 24°20
sin 20 = 93°58
14.8xsin 42°45'
= 93758
sin 62°29' o= >
a=113
a=113 T
Q9 a=319,b=168,y=110°22 Putting in equation (i)
Solution: a+ﬁ:69038!
Here a>b La>p 46°59' + 3 = 69°38'
Q a+p+y=18 B =69°38' — 46°59'
o+ =180°—y
=22°39'
o+ 8 =180°-110°22'
o+ B =69°38 Q) To find ¢, We use law of sines,
b C
_ 9B _gpeng sing  siny
By law of tangent c= %
sin
tan a-pf o A__.,\.
2 ) a-b C_168><snn(1§u 2
B ) 7 Rin(1273¢ -
tan(a;ﬂ) 0 RO RIN _;___( i€
| l. =" i R LA ‘[.C__ 10-:; 07, | ..I.
- AN N b IIRLIR )
— tan| £ 'B]:a—g"‘Sfllf‘gfﬁ RN QL0 b=61, c=32, y=59°30
2 FAdHb o R20 N SO e .
AR IER R Solution:
S_O’J;- Y Y B Here b>c P>y
T [ L ,?\ '519-168
Y ; tan 34°49’ a+ p+y=18°
; J' N A [ > )7319+168" Qat/p 7180
+y =180°—
_ Bt 0.695 IB7 i '
_Ex L+ y=180°-59°30
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L+y=120°30 0] a b
sing  sin.?
. P _oe1m ey
2 S
By law of tangent L osing
N “61sL5in59°30"
tan(ﬂ-_VJ_l / _ 614sin59°30
2. 4) A o=L sin88°51'
tan(ﬂﬂw_J. B+ % a=5256
N BT Q.11 Measures of two sides of a triangle
J | ':;fdnL"J_VJ_b_Ctan(ﬂJrq are in the ratio 3:2 and they
2 b+c 2 include an angle of measure 57°.
So, Find the remaining two angles.
tan (ﬁﬂ/} _61-32 160°15 Solution:
2 61+32 Consider a triangle ABC with usual
_29 17496 notations. Such that
93 a:b=3:2 and y =57°
tan(ﬂ;7j=o.5456 Q a+f+y=180°
a+ [=180°—y
% —tan™*(0.5456) a+f=180°-57°
a+ [3=123° i
By o, B (i)
=~ =28°36 o+ B
2 = =61°30'
p—y=57°13 (i) _
By adding equation (i) and equation (ii) Also glvtc)an
B+y =120°30 a:b=3:2
a 3
ﬁ_7:57013’ B:E
By Comncgiend)- ’Ji;\/jif;er'i'qio ';_hilg_gran_n-;"_- Uy
2p =11r43 =~ "_a__—'_v 32 , ""'
p=8851] [\ 7 L) Rl B4R
e N - f Al SRS _' ~aTh 1 l }
Putting 1ty 2quatios @y - ! LAY A Z -z i
Do || RN RN ®

affsrs k zorao

NN O 120030 —gees1

To find a, use law of sines,

By law of tangent

a-p
tan[ : j_ L

tan(a;ﬂj a+b
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:tan(a_ﬂj: a_btan(mrﬂ]
2 a+b 2

So, tan(a_ﬂjzltan61°30' . )
2 5 \
T '
D
tan( .1'-'_»,J—0.3‘._684

= “;25 — tan™*(0.3684)
@b _ 2013
2

a— [ =40°26 (iii)
Adding equation (i) and equation (iii)
a+ [=123°

a - B =40°26
200 =163°26'

Putting in equation (i)
a+ fp=123°
81°43 + f=123°
[ =123°-81°43

Q.12 Two forces of 40Nand 30Nare

usT

) T U T
represented-by" “8@naBC| wkich
| @arglinclined'at'ah dnie-of147°25' .
) 1 L . 11 LY -'_ L'_w'.. )

Hind— AT, _the resultant of

..UUH uu

AB and BC.

Solution:

Consider a triangle ABC with usual

notation

A
»

B a=30N C
Here a=30N, c=40N,
L =147°25'
To find b

By cosine law

b® =c*+a®—2cacos S

b® =40° +30” —2(40)(30)cos (147°25')
b* =1600+ 900 — 2400 cos (147°25")

b? = 4522.26 J
\/b_zz_\,a_zlﬁzlg_:zq [ 520\ A
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Q1 a=7,b=7,c=9
Solution:
We know that

b?c? —a?
COS &t 57—
§ va-;

14
15
a=C0S | —
14
Again by cosine law
a’+c*—b?
2ac

cosf =

Qa+ p+y=180°
y =180°-50°—-50°

y =867, o
Solutior:
. J TN | Ve HnSivinat
b? +¢® —a’
2bc

COSax =

EXERCISE 12.6

. -133

i ':-‘j- - S) ullon
| N \“' know that

Q2 a=327D-40\ck56| | |

402 507222
+ 2540667

Again by cosine law
a’+c’-b’
2ac
32 +66° —40°
T 2x32x66
3780

Cosff=——
4 4224

cosf =

Q a+p+y=180°

y =180°—20°55"—-26°30'

Y= 132035'

e 2?~,DfoL g&u"

b? +c? —a?
cosqg=—— "
2bc
2 2 2
.'.003a=(31'7) +(42.8)" —(28.3)
2x31.7x42.8
=2035.84
2713.52
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cosa =0.75
a =cos™(0.75)

o =41°23
Again by cosine law

~F V2 ey W)
g+ =% .
cos -—-_-a—'—zf:(—. -

ad |

N l:__w__'gz.t_@.'z)f Y28y —(31.7)
J I'- W N 2x28.3x42.8
' 1627.84
2422.48
cos f=0.672

B=cos™(0.672)

[ =47°46
Qa+p+y=180°
y =180°—41°23 — 47°46'

y =90°57
Q4 a=31.9, b=56.31, c=40.27
Solution:
We know that

Cosf =

b® +c*—a’
2bc
(56.31)° +(40.27)° —(31.9)°
2x56031%x 2074
cosa =0.832

a =cos™(0.832) -

a =33°39

CoOSa =

S.COSa =

Again by cosielew! "\ N W

\-'_jJ.."':-:'j' -"_(5.1.9)2+(56.31)2—(40.27)2
- 2(31.9)(56.31)

_ 2566.7532
7 3502 57E
<03y 20.7141 -

A

| j=c057(0.714)
[y =aa024
Q a+pf+y=180°
B =180°—33°39 —44°24'

B=101°57"

Q5 a=4584, b=5140,c=3624
Solution:

We know that
b?+c®—a?

2bc

(5140)° +(3624)° —(4584)°

2x5140x 3624

oo 18539920
37254720
cosa =0.497

a =cos ™ (0.497)

Again by cosine law

CoOSa =

. COSa =

a’+c?+b?

Cos p =
p 2ac

cos B

2(1-5-3.4-).(3&24) "'
) 1 1 %.)2 ?726&35
L oS- Lt

- 33224832
cos f=0.232

B=cos™(0.232)

B =176°33
Q a+ p+y=180°
y =180°-60°9" - 76°33'
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e i T . s

TRE2'W ,_\l/_.;' .
N -,.2_c_..‘lx_+1}\x —1)

Q.6 Find the smallest angle of the Q.7  Find the measure of the greatest
triangle ABC, When angle, if sides of ine iriangte’ are
a=37.37, b=3.24, c=35.06 16,2083 N | 7 | A

Solution: L salution:| | g
As b=3.24 is the smallest'side (»f i ,-}.s' ¢-33is the longest side, then
the tria}ijq;.e,'-.tj‘nto ,B_'th'e,. o'r}pdsitw angle y opposite to side c is the
angle ov siae » -.iS'-tf._e smrallest angle greatest angle.

_ (I;ﬁ the trignaie: ' By cosine law
NI\ Bly cosine law a? +b? —c2
| \ coSy=————
cos p= &0 2ab
2ac _(16)" +(20)" —(33)’
cos = (37.34)" +(35.06)" - (3.24)° ~ 2(16)(20)
2x37.34x35.06 256 4 400 —1089
00~ 51,2608
—433
cos =0.997 :W
/8 =cos™(0.997) cos y=—0.6766
y=cos*(-0.6766)

Q.8 The sides of a triangle are x*+x+1, 2x+1and x* —1. Prove that the greatest angle of
the triangle is 120°.

Solution:

Suppose: a=Xx>+Xx+1, b=2x+1, c=x"-1 . B
Clearly a is the greatest side, then the angle ‘o’ opposite t_o}_the side 'I‘i' l.'rl;;-g'reaf'est. «_
b2 +c2 —a2 — ' i A L ,.a A
cos@g=—————-+ ISR -
e L ~ W)
- (22 4T) (W 1) |- (4 %, L)

1Y LAk T4 4%+ X +1— 2% —(x4 X214+ 2x3 +2X% + 2x)

2(2x3—2x+x2 —1)

x* 4 2x2 +4x+2—(x4+2x3+3x2+2x+1)

2(2x3 —2X+ X —1)
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I K\ | (413)

2 x4 2x+1
2(2x3+x2—2x—1)

—M I

2(2x%
Csa=—= v
| N "a¥cos‘l[—1j
\ ' 2
a =120°
Q.9 The measures of side of a
triangular plot are 413,214 and
375 meters. Find the measures of
the corner angles of the plot.
Solution:

Suppose: a=413, b=214, ¢c=375
By cosine law
b? +¢® -a’
2bc
(214)° +(375)" —(413)°
2(214)(375)
15852

~ 160500
cosa =0.098

o =cos™(0.098)

Again h,u b'iine law

CoOSa =

CoOSax =

At
cosﬂ_——?—q—.—_
Lo\ Ragl gl

+(.:’.>75)2 —(214)°

“0sp= 2(413)(375)

\_2X J.)

LI | I.._...I 1 : .II. & __-:k \ | '._ L

Q.10

265398
0sf =
309750
cos = 0.856

B =cos™(0.856)

Q a+pf+y=180°
84°19" +31°2" + y =180°
y =180°—-84°19' —31°21

Three villages AB and C are
connected by straight roads 6km,
9km and 13km. What angle these
roads make with each other?

Solution:

Consider the three villages A,B and .

C are the vertices ofd triangle=4 gt | A
Wlth road s ihe, sd‘e\ thrlamn@ N

._. .-..--_. 3

C
Suppose a =6km, b=9km,
¢ =13km
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By cosine law cos 3 = 6°+13*-9°
o b? 4+ c?—a? B 2><6><1-'5.'H".. .
g=— ;
2bC ) I M 1 2‘ ! [
il_io_d_"_’% AEARAR Y 39
| <9x1u A n B= COS_l(Ej
- | 414 A 39
' 107
COSa=E As a+ fp+y=180°
=180°—a —
a =cos (gj ’ /
117
7357 y =180°—23°51' —37°21'
a =
Again by cosine law y =118°48
2 A2 K2
cosf = u
2ac
Area of Triangle

Case-l:

Area of Triangle in Terms of the Measures of Two Sides and Their Included Angle.
With usual notations, Prove that:

Area of triangle ABC = %bcsina: 1casin,B = 1absin;/

Proof :

o —
Consider three different kinds of trlangles ABC Wlth m/G-— vcs [ (ARG
(i) Acute (i) Obtuse - (|)muh1 () '. x R
._.-' _r" | LT .I [
From A, draw ADJ_BCor t’g_pchce"J oL - L
= - A ™
r, "_I .I.---\.":.. m..\‘" I_H. . ‘4
AN S
Z = i
B D C B c' D B C(D)
fig (i) fig (ii) fig (iii)

847



Chapter-12

Application of Trigonometry

. . AD .
In figure (i), — =sin
gure (i) A Y

In figure (ii), — =sin(180° —22) =sin’ . T IR B =
qure i), £ =siniar w5 o (| WY [ (2

In figure i), 201 = 3isl 90°\= bin 1.

In &l the tfirei Gasas, v haves

AD\=12Ciny =Dsiny - AC
L6t A denote the area of triangle ABC

By elementary geometry, we know that

Il
oy

A= % (base)(altitude)
A== (BC)(AD)

A=

NIFR, N

absiny
Similarly We can prove that:

A= lbcsinoc: 1casinB
2 2

Case-I1I:

Proof:

"

Area of Triangle in Terms of the Measures of One Side and Two Angles.

In a triangle ABC, with usual notations, we have

2 - - 2 - - 2 - -
. a“sin gsin b®sin« sin csina sin
Area of triangle _asinfsiny _ 2 sy _csinasing
2sina 2sin g 2siny
By the law of sines, we know that: gy _
a b ¢ N , \
sina. sinp  siny LA T AL VAN WA
= b 8 n2 2R BRI - U

SN, sinoe -y siion, |\

._.-'. -I. L - ! || _."'\.\. ] - =
coLhoal L asmiyv) e

and ——- 3\ L S ed—=

= [fing L gine ) < sina

Allso'we know that area of triangle is

A:lbcsina
2

Putting values from (i) and (ii) in (iii), we get

I_- :___ 2

(i)

(i)

(iii)
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2

sina,

SiIno

a’sinBsiny
2sina
Hence proved_ .

A=

Case-111:

A :l(aéinBJ[a_sin yj%

Are2 of! Trlanj e in Te ring ot the Measures of its Sides.

Irn& friznale 'ABC, with usual notation, prove that:

Proof:

‘Area of triangle = /5(5—a)(5—b)(—c)

We know that area of triangle ABC is

A:Ebcsina
2

Azibc.Zsingcos2
2 2

yA

A=bc sm— cos2
2
s(s—a)

A be \/(S b)(s—c)
bc

A bC\/(s— b)(s—czs(s—a)
(bc)
b Js(s—a)(s—b)(s—¢)
J(bc)?
Js(s—a)(s—h)(s—c)
A=
S~
A=/s(s—a)(s—b)(s—¢)

Case

-1 Gi\mr*
No. A -,

Which is also called Hero’s formulo.f

. . A o
* Sino = 2sIn— coS—
2 2

(i)

(by half angle formulas)

,
-..... .y ..h-
e %)

'/ | “—Area of Triangle

1 [ Twes qﬂs awd one ar gle 1S |
gven |

° ) 1 ] 1 )
A= =bcsing==casin 8 ==absin
2 2 F=3 4

|_| ,‘Z"_Tl_.'T Cnaside and two angles are
. = given

a’sinBsiny b’sinasiny
2sina 2sin g

_ c’sinasin B
2siny

A=

3 | Three sides are given

A=s(s—a)(s—b)(s—c)
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Q.1

EXERCISE 12.7|

Find the area of triangle ABC,
given two sides and their included
angle: . '
(i) a= 200 b=120, ;/_.500
Solutlun WMh(W\/th '

A ABC = {'—hb':m;' \
i Z =
NRBRE
;%x200x1205in150°

:100><120><%

|=6000 sq. units

(i) b=37, c=45, o =30°50
Solution: We know that

A ABC =%bcsina

=%><37><45><sin 30°50

|=426.69 sq. units

(iii) a=4.33,b=9.25,
y =56°44'
Solution: We know that

A ABC :%absiny

= % x4.33x9.25sin56°44'

1=16.74 sq.units|

Find the) area; o‘fth‘e |a'ﬂle AB\ \

given me side anj wv an mm
(n t_45’l w' : d41' a =45°17

'QJquon Q a+ [f+y=180°

L =180°—-45°17 —36°41 =98°2'
We know that area of triangle ABC is

b?sinasin ¢

= _"IZIS::ri.‘-B .l | S

&

| (@5.4)\sin(45{17")sin(36°41)
AT 2sin(98°2)

=138.29 sq. units|

(il) c=32, a=47°24", 3 =70°16'

Q a+p+y=180°
y=180°-a—pf

y =180°—-47°24' - 70°16' = 62°20

We know that area of triangle ABC is

Solution:

c’sinasin g
2siny

A=

_ (32)’sin(47°24')sin(70°16")
- 2sin (62°20")

|=400.54 sq. units|

(iii)a=4.8, o =83°42', y =37°12'

Q a+p+y=180°
83°42' + p+37°12' =180°

£ =180°—-83°42"'—37°12'

=59

Solution:

a’sin B siny
ZSina ;

A=

(@) sin(58°6 ) a7y
\ | 25in(83°42)

&

| S |F="—'6._01 sq. unitﬂ
Q.3

Find the area of the triangle ABC,
given three sides:
(i) a=18,b=24,c=30

. a+b+c
Solution: s=
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~18+24+30
Sl —
72
"2
s=36 vy
Now (s} a=32e=18- 18 -
s =26 24512 L
_ G ‘L 30=6
J I'- "l Al’bu o1 trlangle

A= \[s s—a)(s—-b)(s—c)
=4/36x18x12x6
= /46656

|= 216 sq. units|

(i) a=524,b=276, c=315
a+b+c
2
524 +276+315
- 2
1115
2
s=557.5
Now s—a=557.5-524=33.5
s—b=557.5-276=281.5
s—c=557.5-315=2425
Avrea of triangle:

S

Solution: s=

Az\js s—a)(s—-b)(s—c)

=/557. 5><33 5x281. 5x212 5

sy | WA W

(|||) A= 326"' b 1¢ 8j
B c_G’N

'-:J' Solutlon: S= >

| 32.65+42.81+64.92
x| | e
UL RN 4
\ls2-70.19)

' Now s—a=70.19-32.65=37.54
s—b=70.19-42.81=27.38
s—c=70.19-64.92=5.27

Area of triangle:

A= \[s(s—a)(s—b)(s—c)
=/70.19x37.54% 27.38x5.27
|=616.604 sq.units|

Q.4 The area of triangle is 2437. if
a=79, and ¢=97, then find
angle 5.

Area of triangle: A =2437

a=79, ¢c=97, ="

Solution:

Area of triangle: A= %acsin Yo

2437:%x79x97sinﬂ

2437x2 .
=sin g
79%x97
0.636 =sin g
sin* (0. 636\: I
¥ 29’ /5'- V(2D

I_- :___ A

OB '-The area of triangle is 121.34. if

a =32°15, =65°37", the find c

and angley .
Solution:  «=32°15, f=65°37', c="?
y="?

Area of triangle: A=121.34
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Q a+f+y=180°
y =180°—-32°15"—65°37' =82°8'
Avrea of triangle:
c*sina sin g
2\..| 1

A=
- SI"]/3’“’15)‘In(h-p5 o7'

12134._ i

B srnfsf_d)

. mes“ O
1 f 5 [A-Q’T. ‘:- _..
lc=22.24

121.34x2sin(82°8)

sin(3 2°15 )sm(c"‘37 ) __C

| [} &

-
A

Q.6 One side of a triangular garden is 30m. if its two corner angles are 220% and

1120}/ , find the cost of planting the grass at the rate of Rs.5 per square meter.

Solution:

Consider a triangular garden ABC with usual notation.

Suppose: a=30m, ,8:112°%, 7/:22°%

Q a+f+y=180°
a=180°- -y
a =180°-112.5°—-22.5°
o =45°

a’sin g siny
2sina

Area of Garden: A =

~ 30%sin(112.5°)sin(22.5°)

2sin(45°)

Area of Garden =225 sq.meter

Cost of planting the grass at 1 sq. mcinr: R ,

",

Cost of planting the grass a.t 22) o(. nete =Rs 72:><5 P 1125

"y i

Iy - L1 ' 1 ' '\.
11 '. e PR A Lk

A U B | ._x

. \ A .

| 1 1 |1 (A 1 1 S

11 (! L K [
\ B 1! L
\
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Circles Connected with Triangle

Following three kinds of circles related to a triangle ]
(i) Circum-circle (ii) In-circle (iii) Exegircle _ —7 ) | 7~

g A
A

. (i ,M an cle in *1(: same segment are equal, so

| | | | - BSC=m LA=qa
1 right triangle BCD,

mBC —— =sinm«ZBDC =sin«

mBD

Q) Circum-Circle: . . . SR |
The circle passing through the t e e Vtr |c=s of a tne..igl !s'caiie'd a-circum-circle.
Clrcumfent!rr Ay N e
The centn of! the, urcum-“irf‘e IS called circum- centre,which is the /A
pn intof 1 nt= sen an of the right bisectors of the sides of the triangle. In
J. W 'ﬂe hgure, pomt O is called circum-centre. '
gl ' Circum-radius:
The radius of the circum-circle is called the circum-radius and it is denoted by R
Theorem:
With usual notations, prove that
a b c
- 2sino B 2sinf - 2siny
Proof:
A
7N
B v C(D)
Fig (i) Fig(ii) Fig(iii)
(£BAC is acute) (£BAC is obtuse) (£BAC is right)
Consider three different kinds of triangle ABC with m£/A =«
(i) acute (ii) obtuse (i) right
Let O be the circum-centre of AABC. Join B to O and produce BO ] ﬂee, tre crr( le f
again at D. Join C to D. I S N S A | ( o, g
From figure mBD = 2RI (d ametenf the. firtle) -
'Z‘i‘i’:_"-._ mi’ VAN AN
Case- I :
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Case-11: B
In fig. (ii) As sum of opposite angles of a cycllc quadrr“'ra' Is 1;?“’ 500 |
m«BDC +m~/A=180° \

m ZBDC + =180° N\ At
= mLB?.Dk, =+ % Su“ C - . _
In right rian gl Be,D am)

: UL_(_- ='sin mABDC =sin(180° —a) =sina
mBD

Case-l11:

In fig. (iii), As angle inscribed in a semi-circle is always a right angle, so
mZA=a =90°
" m—§= 1= sin90° = sina

mBD

In all the above three cases, we have proved that

mBC .

—=SINo

mBD

a . JR— JR—
—=Sinx (-:mBC:a,mBD:ZR)
2R

= a=2Rsina

a
=>R=—
2sina
- C
Similarly, we can prove that R =———and R = — _
2sin g 2siny ¢ o
- e .'\-..-...-\.I | ..-__.:.:‘.: 1 __'L:_
Hence R=—2 b __c¢ LA DAL OV AN e
2sina Zsmp 2sing, ._'_ ARERIRER ,
Deductions of L gw'of Sines; N

NN Oy

._.-' | '-Iu o AT 1 "'\,\

(.

We knON hat P ~—'—'—"—_:
28 a 25|n,3 23|n;/

=2R

sing sing siny
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Prove that R:a—bc
4A —1¢
Proof: | )
a g
We know that R = — \ -
, 2sina’
i -'——'..—?";__.-._- | S —7 . sina=2sin% cos %
-2-‘2'&:i| % chs % 2 2
“Z 2
T W
, J [ o By half angle formulas
IR \/(s b)(s — c) s(s—a)
bc
4 (s—b)(s—c).s(s—a)
(bc)?
3 a
4\/s(s—a)(s—b)(s—c)
bc
B abc
4\s(s—a)(s—b)(s—c)
abc
=" ( A=\/s(s—a)(s—b)(s—c))
Hence proved
(i) In-Circle:
The circle drawn inside a triangle touching its three sides is called
in-circle or inscribed circle
() . . .-.__. _ml---._ml llh.___.'-_:;_ -\.'\\__
\& { _\.--- |"-'_ .. - .-\.. f I.. [ _:---. .
gl 3 H y IR oA AR | h —
WARSA x SV Y
In-Centre: —~\ VLV N .

The ce.-***e 01 an chr:bed urd“e& el‘eo in- centre which is the point of intersection of

the hise( tore 4 of anﬂlts of the trlangle In the above figure, point O is called in-centre.

eu| R | -
The radlus of the inscribed circle is called in-radius and it is denoted by “r”
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Theorem:
In any triangle ABC, with usual notations r :% I
Proof: 2o W 1ARRR |
Let the interaal bisect_ors ot aroles Cf tranple ABC miectar O, the in-centre.
___f—;.'—". _. N — y
R
B
Draw OD | BC,OE | AC and OF | AB
Let mOD = mOE =mOF =r
From the figure,
Area of AABC = Area of AOBC + Areaof AOCA+ Areaof AOAB
1 1 1
= A==BCx0OD+=CAxOE += ABxDF
2 2 2
1 1 1
=—ar+=br+=cr
2 2
1
==r(a+b+c
> ( )
1
==r(Zs) --2s=(a+b+c)
Z
A=TS
A .
—=r .:._._ .
S — R ..-\,,II_.-"._. ":
A — .. ! .___. ek '. —n 1 ' | |_.. .-.-;-_._:.
r J—— ; ". ._-._u .r. 1 1 '.- ._. 1 .I- ,.I -l. \ |_. %, f —
s YRaRIRY '

(i) EscribggCikele,—~ "\ I
A circl, whidt, toushes)one side-ui the triangle externally and the other two produced
e __si_d.gslint'c-\.rr'i-a"%l_)_;" s katied an escribed circle, or ex-circle or e-circle.
\(T Nt
The centre of the escribed circle are called ex-centre which are the points where the
internal bisector of one and the external bisectors of the other two angles of the triangle

meet.
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Note:
In AABC ; —~(A
Q) Centre of the ex-circle opposite to the vertex Ais usually Tw&&ﬂ |lS i‘ an d Its radiy. i3
denoted by r; ~ - : T
(i)  Centre of the ex-circle OL‘D(bItF‘ el v nex '3 S Jstlally {alen a< I,and its radius is
denotes 6y r AN RIS
(iii))  Centre of 11e ex ‘| iclh Dpposiets-ine vertex Cis usually taken as I,and its radius is
denpled by, I '_ :
o Jhsoishiy
JI A With usual notations, prove that
. A A A
) r=—— (i) nL=—— (ili)) =—
s—a -b s—cC
Proof:

Let I, be the centre of the escribed circle opposite to the vertex A of AABC.
From I, draw 1,D L BC, I,E L AC producedand I,F L AB
produced. Join |, to A,B and C.

Let m,.D= ml,E= mI,F =,

From the figure

Area of A ABC = Areaof A I, AB+Areaof A I,AC—Areaof A I,BC

A= %ABxIlFJr%ACxIlE— %BCxIlD

1 1 1
= Ecr1+ Ebrl_ Ear1

A=%q(c+b—a)

1
A==-r(2s-a-a) w2s=a+b+c
2
2s—a=b+c
1 - .. \ __-
A=Sn(2s—2a) = Zr Z(s a) PR NIZANE
A \ e R T T T A TR TR —
= E=—V} S 0L [
—S_a o .:, "-'...-- ] b
"H“cmce: r""‘vec‘ )
s ) x
Note: | \
In o'*ier tO'}]‘J‘O"G P
N .
|) J S —76 “We take vertex B opposite to e-center |,

'\."'JI
. A

.. A .
(||) r, =—— we take vertex C opposite to e-center I,
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Application of Trigonometry

Q.1

EXERCISE 12.8
Show that

(i) r = 4Rsin EsinZsinZ - e
2 2 2 . :

RH.S =4psin % sin2 sih 2 /7
-.: | ? "?_ ! 2 =,

=._4..1-3£._;.&-.—_'blff—if-\/f@'—a (s-¢) \/(s—a)<s—b)

\ 44 ¥\ Be ac ab

' _a.l$c (s—a)’(s—b)*(s—c)’
A \/ a’b’c?
:abc.(s—a)(s—b)(s—c)

A abc

_s(s—a)(s-b)(s—c)

B SA

AZ
CAs

=r
=L.H.S

4

(i) s=4RcosE cosZ cos”
2 2

RH.S :4Rcosgcos£cosZ
2 2 2

St

azl:lzc:z - .:' | f — !

.

_abe \/SZS(S—a)(S—b)(S 5 NN
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Q.2  Show that:

r:asinésinzsecg:bsinlsingsecé:CSingsinﬁse_c_Z_..-
2 2 2 2 2 20 2__ 2 A\
First we show that r = asirf —smlu Z _
ey 1 -I | l.:-\. g
34 f[" 9 iy L
ZH.S = asin i-.f:;in.’—.;se_c_—% A
1 14 .. 5 < A e 4
= [ \ .'J.'E_u___ _ b
RN ot 9 [c=a)(s—0) [he
Ju '_| N ac ab s(s—a)
B bc(s a)’(s—b)(s—c)
a’bcs(s—a)
\/(s—a)(s—b)(s—c)
:a >
a‘.s
s(s—a)(s—b)(s—c)
-4 a’s?
A
:a—
as
_A
S
=r
=LH.S
Now, we show that
r=bsinZsinzsec£
2 2 2
R.H.S:bsinlsingsecﬁ
2 2 2 y
[(s a)(s- b) !(:’ e cj i (a*\

Pl o '3'.. L 1 i)
'_—’:.¥ __Q_U () _J._._.MGS" \[S{U b)-

1) ]‘&C(o—'a)(‘.— hy*s—c)
J_‘_-.J. A\ ab?es(s—b)

-m_:_:.:_l.___ WA :b\/(s_a)(s—b)(s—c)

b%s
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Chapter-12 Application of Trigonometry

o[

b252 ] I.__IH..-"." ' I..:-.'_'_ = vl '

-_.:SI:-. i \ :I_. .. k\\ A
I RS
J O o, we prove that

. BV

. a
r =csin—sin=—sec-
2 2 2

R.H.S=csin gsin ésecZ
2 2 2

:C\/(S—b)(S—C)\/(S—a)(S—C) ab

bc ac s(s—c)

_ C\/ab(s—a)(s—b)(s—c)z

abc®s(s—c)

Y (I

c’s

S ECICRIICRS

A " (e
_a . sy AT
S ' v W S | e ) by

oA ™) = w [ —

= - ' . ~ A

= r — A _.-" _-.. I'.. % f -

= LHS WA | ) | S ()

. = _ |I 1 i ._. | LR h _-'I L1 --\._ --__.._--

5 1 P N 1%} \ - 1
3 Showihat, |\ — " ~ %1 L
2:{ g

i : L 1 1L 1 ) -:a:ll III .. -II .II
(i)  ha%Rsint .co,,;f;/);_ (g9
= J I'. '-. Loy -‘_7_ e 7 2

J AN ."“'-.'] | “ELFrS = 4Rsin zcosﬁcosZ
[ M 2 2 2

NI - agbe [6BIG=c) (-] =)

4A bc ac ab
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_abc\/sz(s—b)z(s—c)2

A a’b?c?

_abe s(s—b)(s—c)
A abc

-515 a)(< u;\u CJ

—

(i) r, :4Rcos,gsin£cosZ
2 2 2

R.H.S=4Rcos— smﬂcosZ
2 2 2

AW A\S t‘J) ',.'-,. k\-

s(s—c)

_yste 62 [0

T 4A bc ac

_abe [s*(s-a) (s—c)
A \/ a’b?c?
_abe 5(s-2)(s-¢)

A abc
_s(s—a)(s-b)(s—c)

A(s-b)

=0 LH ) A
Ban?

Zsin~
2 2

RH.S=4R cos(zJ cos(ﬁjsin (Zj
2 2 2

N N N G= 4RC°S;C°S

1 L1 ..l' .'I- 1 L
- % Wl I'_ LY
"'\."- ) — i 1 i 1 1%
-\_.-' S‘ F) v A '_ 14 ._"'\.‘ \ A
T L

J

ab

\ '
| 1%, - 5 I. 1
| e 5 ! k
" [ o
s
r Al
{ = i |
A T LY.
o~ ! LY W8 ”
Yos | | -._:H_____. -
- | -
\ A
% | -
| |
| _'
L
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bc ac

4A

A a’h? !

._ .;: E-j.bt.. S(Q_a)(s ~b) | :-' \ W W

o] L srZa)s o) (s—c)
b | % -
AZ
:A(s—c)
__A
—-c

w

= r3
=LH.S
Q.4  Show that

. o
i r,=stan—
(i) ] 5

R.H.S:stan%

. [oG9)

- s(s—a)

\/sz(s—b)(s—c)

s(s—a)

=k ._.-'I

_ I s(s—a)(s— b)(;%.— V7

e — P ¢
,_“l-‘ﬁ VAL ST Y TR

-qte [G-3) iG] G160

ab

g el (b |
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(i) r=stnl _ \/S(_S—a)(s___—._b_)(s—f{z___ ,

R.H.S:stan% TV . ~f LH -r.:ﬁ |

Lol ==L T | g UL . T T T T
ki f 1 1 L X

e\

GO0\ o :

——

Q.5 Prove that:
(i) Lr, + 1,0 + 1L =s°
LHS =+ +rn
A A A A A A
= ) + ) + :
s—a s-b s-b s-c s-c s-a
A? A? A2
+ +
(s=a)(s=b) (s-b)(s=¢) " (s—c)(s-a)
I 1 1 1
+ +
(s-a)(s=b) (s-b)(s=¢)  (s—c)(s-a)
S—Cc+S—a+s-b ]
(s—a)(s—b)(s—c)
3s—a-b-c

(s-a)(sb)(s-0).
_ 2| 3s—(a+b+c)
‘Akﬁwwmwﬂ

.o 35-2s EENTANEO)
(S_a)(s_b)(s_c) — T |. - |_"-'_ .__.. l_. .'\-x " | [ __..--.-:. B -

— 2 -._l. _.I- : 1 Iy F i 1 .. |. N 1 |. j I. L]

St L\ U

=A?

w

|

W T B T |

-k 11 4|,_2 LI 11
& L

NG
. ,J||uJ ) ."%"‘.--- =Azi
L % '-u_hl-.-| -
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(i)

A2
I’I’ll’zl’s—A

LHS=rmr,r,

(iii)

A A A A
s's—a s—b s-ic!
- 1 /\4_-" ¥

R TER

=A?
=RH.S

L+r,+rn—-r=4R

LHS=r+r+r-r

A

A A A
= + +
s—a S-b s-c s

=A

1 1

s—b+s-a

1 1}
+ + -=
' s—a s-b s-c s

s—(s—c)

(s-a)(s-b)"

2s—a-b

(s—c)s

|

a+b+c—a->b c

(s-a)(s-b)

c

+s(s—c)

=AC

_ g LY |_
1 R
L y J | % Il %
[ 1 v

=AcC

1

<s_a)(s_b)+s(s°_c>}

.H'.

(s-2\(s-b)

" —cs+s?—as—bs+ab

Rt

|
|

AZ

+ &jjln?ﬁ f-i%ih
SERYARIIL

=§{2§—s(a+b+g)fab]___ =Ll

14,

o e, .; | -' o !
e By R Y T A WY o YL
- &.‘_I:O Stzu) \lb | e

\ .;.:%[2.52:—552‘4'@]

c
=—|0+ab
A[ +ab]

abc
A
e
4A
=4R
=R.H.S
(iv) rrr=rs’

LHS=rrnr,

_ A A A
s—a s—b s—c
A3
B (s—a)(s—b)(s—c)
_ SA®
s(s—a)(s—h)(s—c)
SA®
TAT
=SA . -
o2 - ™ A [ [ .
g AN Y g |
s A -
.:_ : S‘.': l‘l . |
- =R.H.S

Find R,r,r,r,andr,, if measure of
the sides of triangle ABC are

0] a=13,b=14, c=15
Solution:

Given: a=13, b=14, c=15
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Q.7
(i) r:R: r_1 2 3 (-""? 14
Solution: T | '-.“.

a+b+c
Q s= 2
:13+14+15 :£:21
2 2

s—a=21-13=8
S— b—zi—é‘-l
S—C= 2 1)—b

NN [s—(__a7(? b)(s c)

A=\/21><8><7><6

A=«/7056
A=84
R abc _ 13x14x15
4A 4x84
2730_8125
336
A 84
S 21
q=i=%=1o.5
s—a 8
o d 8,
s-hb 7
=2 _8_y
s—-c 6

(i) a=34,b=20,c=42
Solution:
Given: a=34, b=20, c=42

a'-0+C_a+a+a_3a
2 2 2
3a 3a—-2a a

s—a=—-as= =—
2 2 2

Prove that in an equilateral trlarmfn o '
r 3 l 2' 3

o _a+b+c 34+20+42
T2 0 &

.
ra
i

s & = 48=34-14
's—b=48-20=28

S—Cc=48-42=6
A:\js(s—a)(s—b)(s—c)
= \/48x14x28x6
= 112896

A =336
abc  34x20x42
4N 4x336
:@ =21.25
1344
A 336

s48

R =

r
' "s—a 14

A 336,
b 28

L
e
[ i

_ Letghe length of edcnside of equilateral triangle is “a”.
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Chapter-12

Application of Trigonometry
s—b :3—a—a=E
2 2 ¢ -
3a a
S—C=—-a=—
2

_ -E‘_“?ii = "i"'f:' \
RAAA \
_ Bl B

J AN\ N4 2

A f3a? 3a 32 2 a
= — = - = X— = —
s 4 2 4 3 2B

LA _ﬁazia_ﬁazxz_xﬁa
1= = T = —=—

s—a 4 2 4 “a 2
A «/§a
r2=—=_
s—b 2
A +f3a
h=——=—o
S—C 2
. a a 3a
I rRir=—:—:——
() NN
Multiplying by&

o 26,32 e 2

a
—=X
Z«f 3 a
:3
1:2:

=1 :2 =R H. S . = ’. X1\
(i) r:Ripinin= 3:3:3 — 1A (OB
LHS=r:R:r:r,:vr, =t f' f ’f A

e e R A VWY

—- zri,:l . \/% . .\v7 3 :'IIE ;I;_- _'2_ :I _II '-‘_ q.__,l '.-_..'.\,__._.-.__."-"  — L'

MUItIpI /n gb ' 2_.’_ \

zﬁ.ﬁa 23 V3a 23 V3a 243

J . X . .
AV 2J_ \/_ a 2 a 2 a 2 a
- —1 :2 '3 '3 :3=R.H.S
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Q.8  Prove that:

(i) A=r? cotgcotﬁcotZ
2 2 2

B

RH.S=r’ cot—cot—cot— AW
2 2 r

A4 SL:T @(‘s_\ b} T S5-0)

) :"._,_‘s:‘_..x/k‘._s._F?_)..s,)J\a )(s- c)\/(s a><s-b>

3

| J'J N ZL\_\/ s
' - s? \s(s—a)(s—b)(s—c)

f—f\/s(s_a)(f_b)(s_c)

(i) r:stangtanétanZ
2 2

R.H.sttang.tané.tanZ
2 2 2

=S\/(s—b)(s—c)\/(s—a)(s—c)\/(s—a)(s—b)
s(s—a) s(s—b) s(s—c)

Y (RIS

SS

S CRICRIICRS

4 -
S "
P A {1
_g A ‘_""'._ '.:.--I ~ '_ Lo
" a2 i ~7% N1
S Y NARY d
ey - .. & N I'. i ! A .'l I'!. st 4
TN 1 =4 L 1 o |
A Ve o™, \ -
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b7

@iii)  A=4R rcos cosZ cos”
2 2 2

R.H.S=4chosﬁcosﬁcosZ
272 02

(=

!' i, i
4A 5 \I_Hh tC

/________

ake A .,‘S(S a). [ii_ b\

(5 B)(s- )

2b2 2

s ‘abc
=A
=L.H.S
Q.9 Show that
(|) i:i_ki_ki
2rR ab bc ca
LHs- L
2rR

__ 1

5 A A abc

S 4A
L2
~abc  ahc

2s
_a+b+c

abc

a b C
= + +
abc abc abc

’ | '
|IH | 1
AN N -
k| | =
"y - .-H
—,
o P T L
e F il |
. L -_1‘ L] | WA
P VAN I e L N’
- - %
i L N N )
| Y, =
. N |
1 _I
-
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s—a S—-b s-c
= + + .
A A A TN S
_s—a+s-b+s-c =\ e __::'--_ﬂ. I L
A ) Lo
33_—_(a+b+c)

=L.H.S
Q.10 Prove that:

asinﬁsinZ bsingsinZ
r— 2 2 _ 2 2 _

B /4

o
COS— COS— COS—
2 2

B

. A .
csin—sin-
2 2

Solution: First we prove.

asmﬁsml
272
(04
COS—
2

BV

asinZsin -
RH.S= 2
(04
COS —
2

B v

=asin ESIHESGCE — ) - -,,::\__‘. ."x_| | P '__\‘_ e

A e AW U
i al'. .ll. '.‘.. A_'_.-’)(t'__-'\-a.)-". -

EA

s?a?

SN 'uj J _a\/s(s—a)(s—b)(s—c)

869



Chapter-12 Application of Trigonometry

s.a e \
:é - [ I.-"'.._.- .'x.l:‘ 7
S - \ ! T
=r \ e £ o L I-_ L T T I |
ai?|lﬂ4.s — Ej' / B axﬂul;” el
NOW, We_,-p'{oﬂ-'e -. .1._- :_. -I :I-.\ \\- .-E -. e
)»lr‘rzsné I
W] 3 e
JI | J' "-..I__' ' cosé
! 2
bsingsing
RH.S=
cosé
2
:bsingsinzsecé
2 2 2
:bJ(s—b)(s—c)\/(s—a)(s—b) ac
bc ab s(s—b)
_b (s—a)(s—b)(s—c)
sh?
s(s—a)(s—h)(s—c)
=b s?b?
:b_A
sb
_A
s
=r
=LHS o~
~ ey (UL
Now we prove A~ A o

- a . o I'.ﬂl'. - '.---hll:” ™ MI'. \'\-\. h B l:-_--" .ll_'.h'
csmsmg - () VAL AL OV AN N

r = —-——————_—_—m————e— l_. 'I. ..-_-: ':.__ '-_ f o l'. '... '.I | '.I II. Il_ lll. :II f .I

-

L

1o

1

4

._--.;-_; .
e

&

L

[

5 -
S

il
RN ?(Tl' .|S .:I'-_II'—I'-. ) =
k‘| | ' ka!, b cos%

I

In

| chin

BV

. a .
=csin—sin—sec=
2 2 2
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Chapter-12 Application of Trigonometry

:CJ(S—b)(S—C)\/(S—a)(S—C) ab

bc ac s(s—c)

SC2 ) A P

O\ fEaE R

L sie

Q.11 Prove that:
abc(sinar+sin B+siny)=4As
L.H.S=abc(sina +sin B+siny)

. a b ¢
2sina  2sinf  2siny

sinoz—i sin,B—L sin -~
2R’ R TR

Equation (i) becomes

LHS=abc| 2+ 2+ C
2R 2R 2R

(a+b+cj
=abc
2R

- \ = r | L -".-__._
— abci ! "'. - .':T".I-l _:"'- -_1__ I K | -
~abc WlARY | 4 L
R L A A = Lo - L]
et | \ .A-: -x- A \ e

B \/(s—a)(s—b)(_g__—c) ~ e W/ G2

(i)
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Q.12 Prove that

(i) (r1+r2)tan%=c

Solution:

s—a)(s—b)

. J : e
W :A[@—z)(s—bJ (

s(s—c)

S S

:A[a+b+c—a—b]\/

l>'| B

s(s—a)(s—h)(s—c)

:A[ss+c]J 2(?'_‘-
s*(s-

Ty i -
il ] i

s(sZc)

==

a)(s"b

] —
AN N7~ O

-

™,

T . EV %’-{_5 I"-,.— L‘L)&_S I".—_ .li-l' )

G-0)

(EOA\A

I I'\'\. " 1L '-.-
! |
w | e % %
"y [ o
\ A
e
= P L
il [\
Y, | ; (! N, =
e “ o [ L
b |
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