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Introduction

Irigonometry is a branch of mathematics
that deals with the relationships between the
:ngles and sides of a triangle, especially
nght-angled triangle. It plays a vital role in
arious fields such as physics, engineering,
architecture and astronomy.
Angle S
* plane figure which is formed by two rays
:haring a common end point is called an
:ngle. The two rays are known as the sides
I the angle and the amount of rotation or
‘pening between these rays is called an angle.
1 the figure OA and OB are rays and angle

: AOB. Written as ZAOB or AOB .
' A

/Initial side
B

dentifying Angles in _Standard

Position (Degrees and Radians)

“he angle is said to be in standard position
if:
Its vertex is located at the origin of the
coordinate plane.
*1 One of its rays (the initial snde) lies
along the positive x-axis.
The other ray (the terminal side)
determines the direction of the angle.
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Types of angles are:
* Acuteangle 0<

: Obmw
~ Right = 90°

* Straight angle 6 = 180°
Reflex angle 180° <0< 360°

el

An angle is measured from the initial side to
the terminal side. It is usually represented
by Greek symbols 6, a, B,y etc.

Positive angles
The angle will be positive if the terminal side

is rotated counterclockwnse from the initial
side.

Positive
(D) @@@ angle
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Negative angles

The angle will be negative if the terminal 51de
is rotated clockwise from the initial side.
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rminal Angles

Co- terminal angles are angles that share
the same initial side and terminal side in
standard position, but they may have
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different measures. These angles differ by) &@W
a multiple of 360° : 0

or 21t 13
45°, 405° and -315°

Degree Measurement
Degree

A degree (°) is a unit of measurement of angles. It

represents one

~of a full rotation around a point.
360°

In simpler terms, a degree is the measure of an angle
with a complete circle being 360°.
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Why 360° Historically? The choice of 360° to divide 2
cirtle dates back to the Babylonians, who used a ba
60 number system (sexagesimal system). They were
among the first to formalize the concept of angle
measurement, and 360 was chosen likely because it is &
highly composite number (it can be divided by 2, 3, i
aking calculation
i oughout ancient times
cntrenched in various cultures ar

Full Circle

A full rotation around
360°.
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Right Angle :
One-quarter of a full rotation, or a 90° angle,
called a right angle.
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Half Circle

A straight angle, or half of a full rotation,

measures 180°. The degree measure is further
divided into minutes (") and seconds 'y
1° =60’ (60 minutes)
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1'= 60" (60 seconds)
1° =3600" (60 x 60 seconds)

Converting D

Seconds

To convert decimal degreg,

and seconds (DMS)§

+ Separate the ~ whole
(degrees) of the decimal.

+ Multiply the decimal part by 60 to get
the minutes.

+ The whole number part of the result is
the minutes. Multiply the decimal part
of the minutes by 60 to get the seconds.

Example 1: Convert 73.12° to degrees,

minutes, and seconds. 09306001

Solution:

Degrees: The whole number part is 73°.

Vlinutes: Take the decimal part (0.12) and

- multiply by 60: 0.12 x 60 = 7.2. The whole

~umber part is 7, so it's 7 minutes.

number part

:nd multiply by 60: 0.2 x 60 -O

-=conds are 12 seconds.

inal result: 73°7' 127

£xample 2: Con

—unutes, and seconds.

Solution:

Degrees: The whole number part is 109.

Viinutes: Take the decimal part (0.42) and
~ultiply by 60: 0.42 x 60 = 25. 2. The whole

~mber part is 25, so it's 25 minutes.

seconds: Now take the decimal part (0.2) and

T uply by 60: 0.2 x 60 = 12. So, the seconds
= 12 seconds. ,

; ‘al result: 109° 25' 12

0 degrees
09306002

Seconds: Now take the decimal part (0. 2%3

Converting from Degrees, Mmutes

Circular Measure (Radlan)

~-- radian, denoted by the symbol rad, is the unit of angle

e Keep the degrees as they are.

e Convert minutes to decimal degrees:
Divide the number of minutes by 60.

e Convert seconds to decimal degrees:
Divide the number of seconds by 3600.

e Add all the values together.

Example 3 Convert 45°45' 45" to decimal

degrees. 09306003
Solution:
Degrees: Keep 45°.
Minutes to declmal %56 = 075"
= 0 0125°

Seconds to decimal:

' mple 4: Convert 94° 27' 54" to decimal
degrees. 09306004
Solution:

- Degrees: Keep 94°

Minutes to decimal: 2—;’)‘ — 0.45°

Seconds to decimal:

54 _0.015°
0

Add them together: 94°+0.45°+0.015°=95.465°

Final result: 94.465°

There is another system of angular measurement called circular system.

@\m

gonometry It is defined

* radian is a unit of angular measure in
= “the angle subtended at th n arc whose length is equal to the radius of

e circle’é, Ul’I%@@§lM
=~=rently related to the circle's geometry and arc length.

are based on dividing a circle into 360 parts, the radian is




-The concept of r:
mathematicians in t

Scottish mathematician James

Although the name and formaliz
relationship between arc length an

adian” comes from the radius of a circle, as the radian is fundamentally
@10 the ratio between the arc length and the radius.
The first known use of the term radian in the context of an

Thomson
also known as Lord Kelvin, was a promi

establishing radians as a standard unit.

ation of radians occurred in the 19th century, the

d angle (which is the core concept behind radians)
was understood by ancient Greek mathematicians like Euclid and Archimedes.

it today, was first formalized by
e principles behind it had been understood

gular measurement was by
in 1873. His brother, William' Thomson,
nent physicist and both were influential in

1

A circle with a radius r, and an arc length ¢

is equal to the radius of the circle, then the
angle 0 subtended by that arc is 1 radian: e

A complete circle has an arc length equal to

the circumferenCe, 2nr, so the angle

subtended by the entire circle (the full

rotation) is 27 radians. This means;

¢ One full revolution of a circle is 2x
“radians, or 360°.

» Therefore, 1 ‘radian is approximately
57.2958¢. !

Conversion between degree and
radian

Radians to Degrees: 1 rad 5 o

abelrd S :
(1) —rad 09306006

N |
:
4
A
|
k|
4
N
1

(1) 5T”rad 09306005

< =300°
3
(1 rad =,1800)
b1
zE‘rad
(i) ©
_/m 180 ~210°
6 s
i L
zlﬂ-x 180 3300
6 n
(iv) 1.2 rad =1.2x 139 _ ¢ 750
i
Example 6: Con\@ﬁree to radia
O@(ii) 75° 0930608

(iv) 15° 15'09306011
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rad or Q.262

rad or 1.309 rag




4111)315° =315 x —=—rad or 5498 rad
" 180 ‘@
(wv)15°15' =15°+ W m — or 0.266rad :

o\
Turns 'A\J :)t:mv — tum | —l-tum lturn lturn lturn l.tum
12 8 6 4 ‘ 2
Radians | 0 rad —g— rad % rad -g- rad % rad 7 rad 2n rad
| Degrees 0° 30° 45° 60° 90° 180‘f : 360°

Arc Length and Area of sector |
T ris the radius and O(rad) is the angle
zzt?::getil?}ﬂfxc (;f;l{‘engrth § e ‘ £=r0=10x %z 10.47 cm
Area of sector = A=~ rz 0 The arc length is approximately 10.47 cm

Example 8: Find the area of

Proof: 516\ =450,
E 5 09306013
#e know that: 45° to radians
0
= x2nr
360°
= —e—x 2nr .1c' '
2n A..—rz(-)-— ><—=—x647r 25. 12cm.
=r0 4 2 4 8
Froof: We know that - The area of the sector is approxnmately
= Sehr , 25.12 cm?.
3605 o ' Example 9: If arc length of a sector of
5 radius 7 cm is 11 cm, find the angle
& qx s (27 radians = 360°) subtended by the arc in radians and degrees. -
. : - : 09306014
P 4= 1 20 i Solution :
2 e r=5cm ; /=11cm, ; 0=2
=ence arc length, /=0 and area of sector P
= %rz 0 : :
Lxample 7: Find the arc length of a sector =50 el =

% radius » =10 cm and central angle 6 =60°,

0930601 @@m ;i =1261° = |
E'2_-1t'«l-u":;(:111 o ‘60° i radians w “ e angle subtended by the arc in radians
e 2.2 rad and degrees is 126.1° ' '
-0 = 602 radi ans , S
Wﬁ%@%ﬂ |
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Q.1Find in whlch quadra

angles lie. Write a co-ter

(i) 65°
Solution WW

0

180°

“ﬁﬁoms

2t )/ 3

0

X €

kot

The angle 65° lies in I quadran

- The coterminal angle
(if)135°
Solution:

425°

I\x

A360°

\m

09306016
0°4
135° !
X'+ $ : (2;
180° L 360°

o7 “@M
The angle of 135° lies i KB

The coterminal
(iii) —40°

—135° +360°=495°
09306017

—180°%¢—

4-270°

3@@37

'
feoil
“liesinQIV.
The coterminal angle of —40° =¥40°+360°~320° ‘

(phe

cotermmal

(iv) 210° 09306018
Solution: :
90°4
g i
= 5709 \ S
180°«X /z E s
210°

= 210° +360° = 570°

2™

2710° lies i 1n Q III
angle of 210°

— | 1=il| -




(v) —-150°
Solution:
-150°

i

360°
WO

_180%

v

—90°
The angle of-150° lies in Q.III.
The coterminal angle of —150°
=—-150°+360°=210°

Q.2 Convert the follo %
degrees, minutes, and secon m

i) 123.456°
Solution:
| 123.456° = 123°+0.456°
= 123°+(0.456x60)
= 123°+27.36'
= 123427+ 0.36' ,
- = 123°427'+ (0.36x60) "
= 123°+27'+21.6"
= 123°%27216"
i) 58.7891°
solution: :
73.7891° = 58°+0.7891°
= 58°+(0.7891x60) "
= 58°+47.346'
= 58°+47'+0.346'
= 58°+47'+(0.346x60) "
= 58°+47'+21"

= 58°4721"

09306020

- 09306021

1) 90.5678°
slution:
= 90.5678°=

KMM

(i) 65°32' 15"
- Solution
e ot B

(i) 42° 18' 45"

@@W e

90°+34'+(0.068x60) "
90°+34'+4.08"

90°34'4.08"" .
Q.3 ~ Convert the following into decimal
degrees. '

09306022

65°+ 25 bl J

60 3600
65°+0.5333°+0. 0042°
65.5375°

09306023
Solution
400 184 48"

o™

(s o

42°+0.3°+0.0125°

09306024

Q4
(i 36°
Solution:

36°=36x1"

42.3125°
78° 45' 36"
78°+0.75°4+0.01° = 78.76°

(iii) 78° 45' 36"
Solution:
78°+[£) % (16_}
. 60 3600
Convert the following into radian.
09306025

| 010 =2_rad
( 180 )

36x ——rad

09306026
Solution: :
22.5°=22.5x1°

225 x ——rad
180

g

1159 |



S ; | Solutl @ .
s R e

(iii)67.5° : = %ﬂ(

Solution : “%@ r=6cmand == rad

67.5° = 67.5x1° 2 ; 3
o 67-5X‘£Md Arc length= ¢ =10

it o 6% T o
- Q5 Convert the following into 3
degrees. £=6.28 cm
(i) ;’% rad » 09306028 Area of sector = A = %rze
Solution: 5 lx(6)zx—7-[~ ..
X rad E 3
16 : 1 |
: oo . = —x36x7
( n 180] B
= i S :
16 & ; = 61: cm’
GE e O BT '
i in d B central angle g~ 30
(ii) e 09306029 3@ 6

Solution: ’ e k@ radians. 09306032
lx - me | Solution: _ : :
—Ta ‘ : ;

5 WWO | r=£cmand9=§£rad. i
11z B ‘ T 6 |

T |  Arclength= ¢ =18
(mz 180)" , o p= 38 5
: _5'“>< SR ; . : 6
‘ 4 ' =4cm
= 396° :
Tn Area of sector= A = — 1’0
(iii) ?,rad 09306030 2
. S .
Solution; - l(ﬁ) é.’ﬂ
I d ‘ 2\ 7z 6
Slnig
6 o _1_>< 23 04)< 5”
(7n 180)
—_x —
6 T

e w1th 60° and the radius of the circle is 12 cm,
(i r= 6cm anw 09306031 find the area of the sector and the

- percentage of the total area of the circle it

= 210° @ E / :
=5 056 cm®
Q.6 Find the arc length %%W@@ If the central angle of a sector is




ircle ber unlts

represents. 09306033
Solution S O ﬂ@@ﬂa 1@@
Now area of sector = E 1’0

g e
X —é— square unit

=

2
i) &

= ——r" square unit
16 )

Area of circle =mr’ square unit

Percentage = Ik ofse.ctor x 100%
Areaof circle
Radius =r = 12cm | = 2 2+ 1'% 100%
Central angle =0 = 60° ' 16 i
: ’ = 2 2y X 100%
T /4 beosomr

0 =60x —rad= — rad 1

180 3 x 100% = 6.25%
Area of sector = A = %rle | @s r=12cm

150° This sector is

O
= -;-x (lzcntbz - K“(O t an then bent

. to form a cone. What

o OKB is the slant height and
radius of the base of
= 24n ("o m=~3.1416)

cone.
=24 x 3.1416 ;
= 75.39~ 75.4cm’ el ‘ © 09306035
Area of circle =A=n1 ‘ 15{01(‘11,“0“; e ’ iy
La e iy adius o =r=12cm
_g 1416:(1443;1) Angle of sector = 150°
= 452.39 = 452.4.cm’ 4 = 150x —rad
& 180
Percentage of sector area = —-x 100% _ S5z
A T -6—rad :
S el 100% (i) The radius of sector is slant height of
452.4 cone, SO
- =16.67% Slant height of cone =/ = m

Q.8 Find the percentage of the area of :
sector subtendmg an angle radn:S;: ;;“(
Solution: _ %

Angle of sec ——rad




(ii) We know that '
: The area of sector = curved surface area O
: ' : sigioLofeona s e Q

T i O

Now area of sector = —r? “
5 ‘
—(1 2)2 Bl :
! 5

Let radius of cone = R=7
Curved surface area of cone = nR /
" using eq. (i) :
=R L =60 -
Hl
R0
12
R=5cm

Trigonometric Ratios

O
The functions that relate anglds! to %
W U
sine

(:+ £ = 12cm)

right-angled bW

triangle a
trigonometric i (stne, cosine,
tangent etc.) : '

Trigonometry has since been extensively
used in various scientific disciplines such as
physics  (especially wave theory)
engineering, and computer graphics.

History of sine, Cosine and tangent :
Hipparchus of Nieaea (c. 190-120 BC) is

considered the “father of trigonomety.” He
was the first to compile a trigonometric
table for solving problems related to
astronomy, using chord functions.
Hipparchus divided a circle into 360 degrees
and used this system for measuring angles.
In Islamic golden age, Al-Battani (e. 88-929
CE) was among the first to replace chord
functions with the modern sine function a
calculated tables of sines and t

Al-Khwarizimi (c. 780-850 %& W o
his work in algebr. rKhayyam (c.
104-1131CE) r on  spherical

¥4 AH oﬂe’i

il 2.1\0 :

- 1(‘*& pn —and  Gottfried Wilhelm
gibniz (17" century) developed calculus,
which further expanded the wuse of|:
trigonometric functions beyond geometry
into more abstract field of mathematics.

- problems

X@xgt it is yery much useful. It also plays

trigonometry, which has applications in

- Application of Trigonometric Ratios

When we make use of a ruler or measuring
tape to measure the thickness of book, the 3
length of a pencil, the height of a chair or -

table or dimensions of a classroom, we are

making direct measurements.

In some cases, it is not possible to obtain

direct measurements, because these are
difficult and dangerous. For example, it is
difficult to climb upon a flag pole to
measure its height. To measure the height of
a cliff is also difficult and dange

@@ by indirect
elp of trigonometry.

easurements of distance or

an important role in the field of surveying,

- navigation, , engineering and many other -

branches of physical sciences. We make use.
of these concepts of trigonometry to solve
many of the problems in these fields.

- Trigonometric ratios of an acute =

angle

The trigonometric ratios are applied to acute
angle in a right-angled triangle, but the

. concepts extend to angles greater than 90°
and are widely used in many areas of
mathematics and science. '

B

Pependicufar’

a=




Let us consider a right-angled tn'anglé ACB
with respect to an angle 0 (theta) =

with mZACB = 90°. In t
the side BC is called pemeﬁ

opposite to an angle ‘07

Bl

angled triangle ACB the trigonometric’
* ratios of an angle “0” defined as:

N
s1n6 o Perpendxcular _a L S Hypote.nuse _cl
Hypotenuse ¢ " Perpendicular a
A Base ZP_ N Hypotenuse _ ¢
Hypotenuse ¢ Base - b
e Perpendicular _ a . e Bas? il
L - Base b : Perpendicular a
The six trigonometric ratios described with ~ then, mAB TR ) LR Using ‘the

-reference to a right-angled triangle ACB
are: sine (sin), cosine (cos), tangent(tan),
cosecant (cosec), secant (sec) and cotangent
(cot). :

We note that: tan®

cost

Similarly, cot® = —
sin@

We note that;

i) sec D =
(i1) cos@

§ 1
i) cosecQ =.——
(.) ' - sin@

1
tan@

(iii) cot B =

Tngonometrlc ratms of

complementa an les

We consider a righ iil
ACB, in \M

,mzC=90°

5%

e

trigonometric ratios of ZB, we get.

}@@%ﬁ@ﬂ@w mc-t

Using ratios of ZA, we get

Cos mZA = cos 9 = —IEA—C—E

c

LG

mAB

- From (i) and (ii),_ we get,

(90°-0)

@




Ndnory’

si_I_1(90°v— )=costl| . ‘ IWW@Y@@D@

“ cotf; cot(90°—9) = tand

cos(90°-0) i‘.
N\}WQ 1) = cosech ; cosec(90°-0) = sech
\ G

A

Bk xercise 6.2

Q.1  For each of the following right-angled triangles, find the tngonometrlc ratios

(1) sin@ (i) cos 0 (iii)  tan 9‘ e ﬁ
(iv) sec 0 (v)cosec®  (vi) cot ¢ (vii) tan3¢ ‘ 09306042
(vii) fan ) (viii) cosec ¢ (ix)sec ¢ tan 6= % = -
(x) cos A - . (viii) cosec ¢ 09306043
(Sao)lution: _ cosec ¢ = _5_

k-

(ix) sec ¢ @ @©m 09306044

o A

cos = —
4 ¢ 5
Solutions:

(b)

3 A

(i) sin @ ' 09306036
sinf = i

5 : _ . ,
(ii) cos 0 3 09306037 -
cosO = i

e
(iii) tan 0 7 09306038
tan 0 =f1-

3 : ‘
(iv) sec 0 09306039
seed = £ :
il

(v) cosec e 0930k
i W\

cosec 0 = T M o :

(vi) cot ¢ ; 09306041




8 | o | o
Z:i:g - -o“ @% ﬂ@@w@ o

‘secd = % : : “ cosec 0 =

(v) cosec 0 W 3 (vn) cot ¢
cosec O = — e cot ¢ _%
(vi) cot ¢ : (vii) tan ¢
c01‘¢ ——ls-g ' . tan ¢ = .l_.Sz.
(vii) tan ¢ v (viii) cosec ¢
tan¢=1—8-5— : RS cosec ¢ = —
(viii) cosec ¢ ‘ (ix) sec ¢
coseccb = -i—: ! | : sec = —

(ix) sec ¢ | ' (x) cos ¢

cosec ¢ = 1_87. e cos m@ @@XS
‘ o)

(x) cos ¢ ' (3 the following right-angled
= 8 (N ngles ABC find the trigonometric ratios

i Q for which mZA = ¢ and mZC=0
Solutions: WW o

B g :
| | 8 ¢

A
B = o | : (i) sin© 09306046
: ' e Solution:
M s sin 0
: 5 :
sinf = —
_ sind = Perp

(i) cos® '
osd = 12 b AR m@ @w 09306047
. 0 -

(iv) sec O




s

(iii) tan 0 09306048
Solﬁtion:
tan© K“(
W Perp. _ mAB “m
Base
(iv) sm¢ 09306049
‘Solution:
sing
- 2
() cosp 09306050
Sd‘lution: ‘
cosd 7
(vi) tang mk
Solution: WW “
}.téncj)' _ ‘
e
‘-Q.3 ‘ Considering the ad]ommg trlangle
Verlfy that:

sinB.cosech =1
From.right angled - triangle ABC

s1n6 == i
3 ARG )
: o
cosech= = (u)
i Mulﬁplymg (i) and (i)
sin@.cosecH = Ek 2
?5 ‘5,

‘sinflsecd = 1 = R.HS
(ii)cos 0 sec 0 =1

ool

Solutlon

: L oh e
sech = — 1i
f=2
Multiplying (i) and (ii)
c0s0.sech = e
S g

cosB.sech. = 1 = RH.S

(iii) tan 0 cot 0 =1

Solution:
‘tanB.cotd =

iangle ABC

gled - triangle ABC

P

09306052

09306053




Multiplying (i) and (ii)
- tanB.cotb = 3>< i

tanB.cotd = 1 RHS
306055

Q.4 Fill in the blan
Solution:
(i) sin 30? in (90°- 60°) = cos 60°

(ii) cos 30° = cos (90°- 60°) = sin 60°
(iii) tan30° = tan (90°- 60°) = cot 60°
(iv) tan 60°° = tan (90°- 30°) = cot 30°
(v)sin60° = sin(90}’— 30°) = cos 30° .
(vi)cos 60° = cos (90°-30°) = sin 30°
(vil) sin45°  =sin (90° —45°) = cos 45°
(viii) tan 45° = tan (90° — 45°) = cot 45°
(1x) cos 45° . =c¢0s (90° — 45°) =sin 45° |
Q.5 Ifin a right angled triangle 4BC,

mZB =90° and C is an acute angle of( 60"
Also sin mZA = 2 ,then ﬁl%

trigonometri W
Solution

09306056

09306057

\@i&

(111) tan 6%0@ @@m 09306059

C o) B

.4 s
(iv)cosec ? = cosec60° - 09306060

Solutlon

i&@m@ @‘m‘)") '

09306061
cot 60°= =

(vi) sin 30°

sin 30° s v

09306062

(vii) cos 30° - 09306063

C

cos 30°

o

(viii) tan %— 09306064

tan 30° =

Solution:~ @ @ :
mAB \ @ ° 09306065
mBC _ a %@ Q Qi
i “@ - |
(ii) cos 60° 09306058 (x) cot30° 09306066
cos 60°= < . Cot 30°==
b ' he a
Y
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Trigonometric Identities

Fundamental Trigonometric Identities
We shall consider some of the fundamental
identities used in tngonometry The key to
these basic identities is the - Pythagoras
theorem in geometry.

“The square of the length of the hypotenuse of a
right triangle is equal to the sum of the squares
of the lengths of the other two sides”. (Fig. 1)
Note: Remember that the sum of the lengths
of the two sides in a triangle is not equal to
the length of the third side, but the sum of

length of the two sides is greater than th@

length of the third side and this reali
base for the construction of .
=+ %

G2 a2 42 =
25= ‘

a 3
i e b
S e

In figure (1) the %uals to the
length ‘a’ adj equals to the length
‘b’, and hypotenuse equals to the length ‘c’.

<Mmg equation (i) by b we have -
3 .
a

2y Pythagoras Theorem we have

+b? =2 wseli)
AT F '
s "[')T =— (Dividing by ¢?)
& e

16K (J—-l

ia
—=sin#

Wa @© = cosd

sin20+cos 0=1

a* + b?

b2 c?

B 5
aY ¢ ¥ a
(~—J +1=(——) —=tan9
b b b
tan” 0+ 1=sec? 9 %- sec6’

2 2 2
a_2 + b_z B —C— Dividing equation (i) by a )
g a g

2 2
1% (R)=(£J '.'E:coté?
a a a

C 2
" —=cosecld
a

TcOm

..(iv)

that (sec’  — 1) cos’ B = sin® O 09306067
Solution:
LH.S —(sec 6—1)cos N

=tan’ 0. cos’ 0
(~ 1+ tan® 0 = sec’ 0)




sinH(lﬁ;é&_O@@)m _

el ] .
E . cos” 0 ( tan 6 = st ) O
cos” 0 \ cosé 7“ 1
= sin’0 =RH.S O m N sin@  sinf
Hence, (sec2 6-1) cos® 6 =sin70 : oo cosf -1
Example 11: - N sin@
Show that tan 8+cotd'=secl cosec 6 09306068 cos@
Solution: = sind oo
LH.S =tan 6+ cot 0 1 1
: RHS= =
_sin® c?se sin@ cosecd +cotd
cosO sinB 1 1
=sin9-sin9+c9se-cos9 - ey T
cos0-sinb sind sind
Han : s 1 sind
=§M sin@ o +cosé
sin® cos® e sin@(1-cos®)
o : , sin (1 +cos@)(1-cosf)
o e (opin’Btcos’§=1) :
sin® cos®
= e 5 __1_.
cos® sin®

= secO: cosecH=
Hence, tan 0 + ¢

Example 12: Show that
1 o
cosecl —cotf sind

= 1 ¥
sin@

1
cosecl —coté

09306069
solution:
LHS= -

cosecl —cotd
1, g
1 _cosf sing
sin@ sind
sin@

sind

1
cos@ siné
sm9(1+cos6) =

(1- cost9)(1+cos€)

sm9 1+ cosB

T
1

il

HW

sin@

1-1+cosé
siné

cosd

= cotd

sind@

Hence, LH.S=RH.S

'Example 13:

Show that sin°0+cos’0 = 1-3sin’0cos 0

S 09306070

Solutlon L.H.S = sin®0+cos®® '

(sin 9y’ + (cosze)
= (sm29+cos 0) (sin *9+cos 9—sm *9cos’0) -

=1, [(sm29+cos29)2-—251n29 co sm29c0526]

1-3sin’6 .;@
@@ ‘# 35in Ocos’®
P

el4: If tan © =%,
remaining _trlgonometric ratios, when 0 lies
in first quadrant. 09306071

find the




Therefore,
sin 6 = —=g : coses9=£=—5-
B , a3
cos 0 = E=i : sec9=—b-=£ ‘
b3 c 4
ey cot=S4
A c=4 B e
Solution: Given: tan 9 = i= E,
; 4 ¢
. Where, a=3,c=4
By Pythagoras theorem, we. have
Exercise 6.3 @ @ m
Q.1 If 0 lies in first quadrant, fi W
remaining trlgonomemc r jos of (
. 9=4 + c
(i) sin6 = 72 94= : o
; Solutlon: : S=c¢
: 5
sind = 2 (1) e
3 c=4/5
Remaining ratios:
c 5

A< 5 B
Let AABC be a right angled trlangle in
which m£B = 90°, and mZA =0
In right-angled AABC,
a 9
- ii
e

sinf =

OM\@ .

cosf =

Let AABC be a right angled tnangle in

From (i) and (i) & = 2
B Pythagoraﬁﬂm
g |

‘which m£B =90°, m/A = 0,
- In AABC, :

==

e T P oy
IR LS SR PR







anor

Let AABC be a right-angled triangle 1n \ a @ S
which m<B = 90°, m£A@ @@
In AABC m !
sec (u) Q“m cotd = \/— ootk
WN Let AABC is a right angled in which m/B
: =90°m£B =6
In AABC
coth = £ (ii)
2 a
From (i) and (ii)
R
&k
=b=3.c=1
Bzy Pythagoras theorem
a +¢? Q d
32 &+ Gy “ Q p ing (1) and (iif) -
9 =g? +1 O%m o NS
9-1= OQ a \/:7:
<2
B W\«NJ\\MU =
Lol s ;
4_x - By Pythagoras theorem
a=2J2 b’=c’+a :
Remaining R\a[ti_qs e ( \/5)2-+ ( \/5)2
sin9=%=~23—2 B=3+2=5
e | ‘\/b—z= \/g
cosf = —=—
b 3 b=+/5
B 2 242 =22 Remaining Ratios e
s s Sln9 = ..‘.l_ - ﬁ — \/§ m .
cosecH 'E=2—3—2~= - | 2 @
| : 1 v 2 Qm Na oo
cot0=S=_"_ “ ) hds s
a 2+2 k) m 0
(V) cotf = ‘!— UQ[R NN] o 09306076 e 3 3
Solution: : ‘ |
i
=)=




Q5 cos’0- 20 @@@@S— 1 09306080
COSCCB= E=_‘\/..._5...=\[§ .
: g s D 2od 2¢cos"0-1
secO=E=[5— ;& EH. —cosze—sme
c 3 ’ = cos’0- (1-cos29)
Prove the nometrlc [ sin’0+cos’0=1)
Identities. = 00529 1+cos’® :
Q.2  (sin O + cos B) =1+2sin0 cos O : = 2¢0s°0-1
: EHs =RHS - ,
A il Q.6 cos’0—sin’0=1-2sin*0 oo306081
olutio :
£51}r;(;+(cose(i)J)r = t); 2sin@ cos 6 cos? B — sin?0=1-2sin’0
. sinf +cos : ‘ , S Tl fiz
[ (a+b) = a*+b%2ab] L.H.S =cos -9 — sin 0 _ ‘
: = |-sin’0—sin’0 [ sin0+cos’6=1]
= (sinB)*+(cosB)*+2 sinb cos e
% L8 2 2 = 1-2Sin"§
= sin“0+cos“0+2sinf cosO i
= ; LHS = RH.S
= 1+2sinbcos® 3 1—sin® 0
= R.H.S [+ sin"B+cos™0 = 1] Q.7 i cos. 09306082
Hence proved ; o n cos@ 1+sin0 :
0 1 oution:
3 st 09306078 &S 5
Q sin® tan® o@©
Solution d
cos
sin O tanG ; KX OOBM sy
el - 2 1—sm6’xl+sm9
LHS= 8 Cos@ 1+sin@
= ool 3 (1)2 ~(sing)’
vl cosf(1+siné)
LHS=}t{uIl-IBS b
0.4 sin__ cos 0 _ g qosﬂ(1+2sin0 )
3 cosec O secO = cos’& S ient 20=1
Solution: cosd(1+sind) L cdmeneoe
sin@  cos O
5 5 = _ _cos@
cosec sec : itsm 9
LS = sin© 4+cos9
e cosec 0 secB ;}1118 RHS
‘ ; ence prov.
= sinf. +cos0. @@nﬁ
cosed Sec 1 —— 09306083
= sinf. sinf.+cos0. cos lon
= sin“0+cos’0 fiva
= 7o 83 (secﬂ—tane) = .
=R.H.S 1+ sin 249
Hence proved ' ‘L'H'S = (secO—tand)

A { 173 ©



; [ 1 sin@

1

cos@ cosé

(. cos’0=1-sin’0)

[ a’~b’= (a+b) (a-b)]

4 (l—sinﬁ)(l—sinﬁ)
(1+ sinﬁ)(l—siné)
_ l-siné

- 1+sin@
Hence proved.

- Q.9 (tanb+cotd)? = sec?
Solution

(tan6+cot9w&mj§sﬂec 0
LHS = (tanB+coth)? |
2
cosé
= + T
[ cosd sind J
sin’@ + cos’@

[

cos@sinéd
1 2
(cosé’sine )

(secG cosec)’
= sec’0.cosec’®
=R.H.S

Hence proved
tanO +secO-1

=R.HS

sin@

Q.10 tan9+sec6 0930608
tan0 —secO+1 “(
Solution: ,
"LHS ‘tané +secd -1

——

NgHorY”

X tan6 - sec9+1

*1+tan’ @ = sec? @
1 =sec’d —tan’0 :
(tan0+sec9)—(sec26¥tan20)v

tan@ —secd + 1
~ (tanf+sechd)—(secH+ tan@)(sect - tan @)
(tané —secH+1)

(tan6+secﬂ)[l—(se06’—tan9)]
] (tand —secd +1) |
(tan0+sec':6)[1 'sece9+tan0]
(tan6 —secd +1)
(tan6?+sec(9) tané — sect9+1

(tanH sec6’+1!

i B—cos 0= (sme—cose)(1+sm9cos0)
- 09306086

“fise

Solution:

-sin 9—00336 (smﬂ —c0s0)(1+sinBcos0)
LH.S =sin 9—cos 0

@b’ = (a-b)(a*+ab+b?)

= (sinB—cos0)[sin’0+cos> 9+sm6cos9]

= (smB—cosG) ( 1+sin®. cos)
LHS =RHS ‘

Q.12 sin®0—cos®

~ =(sin®0—cos™0)(1-sin%0cos’0) :
09306087
Solution:

sin 9—00369—(sm29-—cosz(-))( 1-sin’0cos? 0)

LHS = s1n(’9——cos %@@
3@@ a’)tb Z(a-b) (a+ab +b2ﬂ

(sin’0—cos’0)
[(smze) +(cosZO)2+sin29.cos26]
= (sinze—cosze)

—‘ tanww

[(sinz‘e)2+(cosze)2+2sih29.cosze—sinzﬁ




cos’0]
= (smze—cosze)[(sm26+cos29] sm2900s 0]
= (sin’0—cos %9) [(1)*-sin %9.cos”
= (sin’0— cos’0) (1-sin’0.cos ’9)

s

=RHS

Hence proved. W

Values of Trigonometric Ratios of
Angles 09306088

Trigonometric ratios of 45° (E—radian]
: 4

Consider a square -ACBD of side length 1
unit.

We know that the diagonal bisect the angles.
So in the triangle ABC

mZA=msB=45° and m£C = 90°.
InA4BC,

Usmg Pythagoras theorem
2. _+b2
d=1+1 e
i 2 o“m 3
a0 )
W 28
I
/450
g N
S
dan
A b=1 8
The trigonometric ratio are:
5in45°= --=—1— : cosec45°=—c—=\/5
c 2 a
Sl c
0845 =—=— 2 sec45° "=‘[2_C
¢ 2 b ‘
a ' Q
=n45°=—=1 - ¢
b a

i

Tri

W@ (g@@@adwn

—radian
3

Consider an equilateral triangle ABD of side
2 units. Draw a perpendicular bisector BC
on AD The point C is the midpoint of AD.

So, mAC= mCD in which mZBAC = 60°,
mAABE_ 30°, mZACB = 90°. :

Let m BC = x units.
B

Using Pythagoras theorem in the AABC.
2=1%+ x
4=1+x2
x*=4-1
= x*=3
= x=13
mBC = \/'3: units -k
Trigonometric ratios of 30° (g radian):_
In the triangle, ABC with ZABC =30°

sin 30°= . : cosec 30°=2

cos 30°= sin 30° =

W@ cot 30°

Tngonometrlc Ratios of 60°

(—— radlan)
3

In right angled triangle ABC, with mZA=60°

JEY DTN
f#m.——



B3
e

sin 60°" ; cosec 60° =

JE cosec 60° = .-

; tan 60° =

@@\@

These resulwmi? a table can be written as:

B ol .
sin | 0 - L 1
: 5 > 5 :
cos 0 1 -J—E —1— - 0
2 2 2
1
tan 0 0 z 1 U3 e
Q.1 Find the value of the followmg @O@C@
trigonometric ratios without usi ‘ @ :
calculator. Q) = 1x 1_ 2
(i) sin 30° “ : 2
Solutmn “ ‘Sec60° =2
sin 30°= (vi) cosg - 09306092
Solution: ~
(ii) cos 30° 09306090 X gl o
Solifion: cos —= cos 60 P (' —=60°)
" sl (vii) cot 60° 09306093
e 2 Solution:
| 1
L3 cot 60° = —— =] + tan60°
(iii) tan > tan 60°
Solution: : | = o
Sl | i ey \/?:
tan 30 _f 3 ( . —6——‘30 ) cot 60°
(iv) tan 60° ot 60° =
Solution . a @@ :
tan 60° (@@ 09306094
tan 60°=\/§ “C on:
(v) sec 60° sin 60°
Solution: _
sin 60° = —
sec60° = - =1+ cos60° 2 3
cos60° (ix) sec 30° 09306095
176

| E







&
&

4
g
4

(vn) sin 60°
“Solution:
sin 60° cos 30° - COoS 60° sin 30°

V33

23

— cos 60° sin 30° 09306103

i e

09306104

(vil) cos 60°

SOlllthll.
- cos 60° cos 30° + sin 60° sin 30°

1v3 31

TTE

N |

+

Sel&

3

.&_hl&

ey

(viii) tan Ecot AT

Sqlution:

@m\\@é %

o

S

i a0 ° R
Q.3 If sin 45° and cos 4? equal to 5 |
each, then find the value of the
followings: ' =
(i) 2 sin 45° - 2 cos 45° 09306106
Solution:
2 sin 45° — 2 cos 45°

T J’
~2_0 _
T
- (ii) 3 cos 45° +4 SEOO
l Solutlowé :

x—+4x——

09306107

4
o n

:SI

S~ g

& :
- (iii) 5 cos 45° — 3 sin 45°
Solution:
5 cos 45° — 3 sin 45°

09306108

tan Zr--cot
6

!H i




Solution of a Triangle
We know that there are three sides and three

mZC =msiB-msA

Solution: :
% a, c and mZC
angles in a triangle. Out of these s Q
elements, if we know t ‘?\ =90° |

including at least one side ‘
the measures W -
Finding the m of the remaining
elements is called the solution of a triangle.
Case I: When measures of one side and
one angle are given.

Example 15: Solve triangle ABC, in which
m4LB=90°=msLA=30°%a=2

Solution:

We are required to find b, c and mZA.
Now mZLC =msLB-mZtA
= 90° - 30°

- =60° ...

and b S 30°
b
2 :
— 325“1300 {a=2)
— z=l (.‘sin30°= )
b2
= e (i)
and 2= tan30° ;
c
2 g
p— —_——— a= 2 tan30° = —
c 3 ( J_
fus  c=23 .(iii)

1), (11) and (ii1) are the required results.
Case II: When measure of th
and an angle are given.
Example 16: Solv
n/A=60°b=

=90° - 60°
=30 ...(1)
o G D

- ( b=5,sin60° =

O

=a=—
2

=a=433cm..

v | &
Nl

.(i1)
and% = cos 60°

el d
509

( b= 500560° 1)

e @@@

E\%&;@c ..-(1il) |
and (iii) are the required results.

Case ITII: When measure of two sides are

given.
Example 17: Solve tnangle ABC, when

Y

{1/



a={2cm,c= l‘cm‘ and mZB = 90° 09306109 &
Solution: We are required to find b,
By Pytha%oras theorem, we
b'=c’+a m
BE= (12 + (@W e
b’ = 142 N
b2=3 . 8 3
B
A o c= 2cm B
a=Pcm We are require to find m£A4, m£C and c.
By Pgrthagqras theorem, we have
=q + C
»or c el
: (2\F 2=
: 8
AL c=lecm @
Now sin m.éA— —= f@@%&“( Now _= Bl
= mZLA=si = —2— = cos mZA
e 22
= mZA= 54.’7° k1) : S S e s
and mZC =msB-msA ' e e ‘\/‘
i =90°-54.7° ; méA= 45°
S d S Eeaa ) . Thus, mZC =ms/B-mZA
(1), (ii) and (iii) are the required results. = 90° _ 45°
v e | mZC = 45° ....(ii1)
Case IV: When {neﬂsure of one side and Honos (i), (i) and (111) oAl requlreei
. hypotenuse are given. tesnits »
Example 18: Solve triangle ABC, whena
a=2cm, b =22 cm and mZB = 90° 09306110

Q.1  Find the valués of

the following right I
(i) '




'From the figure in right angle AABC
m«£B =90°

mZA =0 =30° %@@\@
e Q tan——— :
y=4cm £
=9 = ‘
x=%andz= WNM tan 45° = _X » [..._75-_2450}
: : 5 4
Using tan@ = B :
o oo (- tan45°=1)
X » '
tan 30° = — '
. S Ew
= x =ytan30° now, sin@ = S
: Hyp.
X = 4 b S Yy
sin—==
: V3 , 4 z s
X il cm sin45°=2 -+ 8in45° = s
3 oz A 2
Now, | . 4 @@K@
Base N ﬂ@o
cosb = —
* Hyp. o %&“ Q) xJ3
y m = z=+/2x3
o . = z=+6cm.
’ (iii) 09306113
_‘/_5. = i [ cos30° = ﬁ] Solution:
2 z 2 ) In right angle AABC
‘mZB =90°
= e et mZC = 60°
= ZJE =8 z=2cm
8 x=%andy="7?
=Z=—=Cm Base
J3 Using cosB =
Hyp.
(ii) 09306112 e ;
Solution: =z cos 60° :
In right angle AABC C
m/B = 90° . @ d )
g - @m- ¢
s O Pe
or - now, sinf = SR
TS ah
m/A =45° > il
yt | | - sin60°= <
x=%andz=?7 A x B ' Z
=




ey %]@a%@
= y, g Kﬂéx ma ras theorem
= y=+3cm ““ b2—0+a

(iv) : 09306114
Solution: WW ,/ 13 \/

bi= 13+3
b’=16 -
I =E
=16 =4cm|
: e Inright AABC,
: A y—4cm . B : S
. Innght angled A ABC, R tan mZA = -(-;
cosd5°= L
" Z

: - tan méA = :
il ‘ &
ﬁ e il ‘ ( c0s45° = —— e %%
@X\ &g& =25.658°
= z=42cm %@ ‘
e In right-angled AAB [m/A =25.7°]
tands°®= —W e Inright-angled AABC,

mZA+ mZC = 90°

ok -
4 | m£C =90°- msA
= (- tands5°=1)  mZC=90°-25.7°
=X = dom | mzc=643°

Q.2 Find the unknown side and angles

f the following tri - (i) o Sl 09306116
o. e following rlangles. i 3
@ e ; 09306115 ‘

Solution: :

R\@@@@W _
A c¢=dem B
. In‘ri'ght angle AABC by Pyghgora’s}‘_‘f

o $
—(182 =




theorem (Hyp.)* = (Base)’+(Per.)*

2 apty?
b = (@4 M
b’ =16+16 “%m
bf =32 W
Takmg square
b
b = Jﬁ’z |
b =4+2cm
e In right AABC,
tanmZA = —= et 1
c 4
tanmZA = tan"'(1)
ZA=45°
We know that in right AABC

mZA+ mZC =90 =90°
45°+ m«C =90°

mZA =90°-45°=45 .
Q.3  Each side of a r%
long, Find thwwmu% diagonals of
the field. oo 09306117
Solution: .

Let ABCD be the square filed with each
side 60m long. Let AC is the one of

diagonals.

D .60cm

i

60 m
60 m

: O

A 60 m o B KX}
“pplying Pythagora’s I angle
A\ABC :

Hyp.)'z = (Base)’ + (Per.)?

= 3600 + 3600
= 7200

el

- Taking square root

(AC) = V7200

AC =.3600x2
AC =602m

as length each diagonal of sqliare is same.
So length of each diagonal is 60+/2 m

Q.4  Solve the following triangles when
m£B = 90°; —

(1) mn/C=60° ¢= 3( cm

‘ W 3J' 3cm

09306118

0] H

14‘

In right angle AABC
mZB = 90° and
mZC = 60°
¢c=33cm :
g=7h=%

and msZA="7

mZA
- 80°
150° = 180°

mZA=180°-150° = 30°
mZ A=30°
- Now, using




tan @ = i @@
Base
‘tan 60° = “@ ‘4
i a & Now, using
- Perp.
ta 9=
\/5— & 5 Base ‘
= \/_a 3 3 tan‘45°'=£‘
; a
e R R
)ﬁ v 8cm
a=3cm b ° =8cm
| v Base
Nowe e o o Now,cosf =
: Hyp. yp.
sin60° = = cosd45°= =
b , | b _
f5_5i T Mitess r
= b= a0 @@W@
= \/— 3b =2x 3\/_ 1 : @ o
) @ : ,
= b_ V3 “Kﬁ“%“( m<B=90° a=12cm, ¢c=6cm
b= 6cm

(@ moC= W
Solution :

m<£C=45° g=8cm

C a=8cm

o In right angle AABC

m£B =90° and mC = 45°

a=8cm
mZA=?
b=?andc=7?
We know that in a AABC

mZA+ MBW
MA+90°+4

09306119 tlgeorem 7
3 b*=c?+4?
bz—(6) + (2)°
b’ =36+ 144 :
b*= 180
T
E.
Q
-
: I
B

- a

45°

Q“mi\)&“ é&ia‘-’é%j&m 5

* Inright angled AABC,

tanm/A =2
) o

’ oy

(" tan45° = 1)

09306120

e In right angled AABC by Pythagoras :

‘A c=6c%?@]:©m

~qnues o

1184 +




| taanA— %=2
= m/A=tan"'(2)
mZA =63.4°

e Inright-angled AAB
mZA +m
=909

mZC = 90° - 63. 43°
= 26.6"

(iv) m<4=60°% c=4 cm
Solution

mzA =60° c=4cm

e
A  c¢c=4cm
* Inright angl@WE
m<LA=60° .
c =4cm
mzZC=7?
a=%andb=7?
We know that

As mZA+ mZB+ mZC =180°
50°+90° + mZC = 180° :
150°+ m£C = 180°
mZ/C = 180°-150°
mZC =30°
*» Now using
1anf L
Base

a

C

= tan 60°
= 3=

a—4x/§cmW“

- tan

@@R&@

@K@%

09306121

tan® =

wv) mZA =30°% c= 4cm
Solution:

09306122

mzA =30°,

c=4cm

e In right angle AABC m<B = 90° and
m<A = 30°
¢ =4cm
msZC=7?
a=%andb="?
We know that
mZA+ mZB+ mZC = 180°
30°+90°+ mZC = 180°
120°+ mZC = 180°
mZC = 180°-120°

m£C =60°
- Now using

Per.




S 4
= 4= — Ctn
N

Now cosf =

Base

cos 30° =

_JE_&
SN
= 3b=2x4

J3b=38

b:icm

NE)

(vi) b=10 cm,
Solution: '
b=10cm,

a=6cm

a=6cm

o Inright - angled AABC,
Bzy Pythagoras theorem
=a’+¢?

(10)* = (6)* + ¢*

100 = 36 + ¢

100 - 36 = ¢

64 = ¢?
= ’=64

Je? =64

e Inright angled AABC,

mZA =36.9°

mAA—mW %
mZA =36

09306123

'c

° Inn
%mLA

LS00 - 3500
msZC = 53.1°

Q.5 LetQ and R be the two points on
the same bank of a canal. The point P is

~ placed on the other bank straight to point. :

R. Find the width of the canal and angle
PQR in radians. 09306124

]
/"\J\

Solution
From the figure width of canal =

mPQ— 13m and m QR S5m

In right angle A PQR By Pythagora’s

theorem ( mﬁi)z + ( n~r1Q_R)2 = ( mﬁ)2
(mPR) +(5)’ =(13)’

(mﬁ)2= 169-25

‘ (mPR)'= 144

Taking square root of both sides
mPR =12cm

0= 67.38° =
o — rad
TR
9= 1.8rad

b foaby bl

PR=w=2




So, width of canal is w = 12m

Q.6 Calculate the length x in the
adjoining figure. 0930612%
B X V\Y\m
S :
9
$ ;
oe}
A 17cm
Solution:

In right angle AABD By nyhagora’s
theorem. :

(mBD) +(mAB)’ =(mAD)
(mBD) +(10) =(17)"
(mBD) +100=289

(mBD) =289-100=1 K}“@K
= (mBD) 189WW

Now in ABCD, by Pythagoras theorem

(mBC) + (mCD) = (mBD)
+(8)° = 189

< =189 - 64

=125

Vi = 125 = 25x 5= 55em
Taking square root

125
=11.18cm

Q.7

Solution

A Ddm B
Let length of ladder = mAC = 8m

Distance of ladder from wall = AB =2m

Height of wall = mBC="?
In right angle A ABC
By Pythagora’s theorem

(B (A5 (mAc)m
ch 8) @©
g

(ch) =60
- Taking square root

: /(mBC)2= J60
mBC=7.75m
~ So, height of wall is 7.75m
Q.8 The diagonal of a rectangular field
ABCD is (x + 9)m and the sides are
(x + 7)m and x m. Find the value of x.

09306127

D R
0 @G@ S
ey
A (x+7)m B

vl
iway from the wall ength
ladder is 8 m, eight of the wall?

: 09306126




Solution:
ABCDis a rectangular filed.

Diagonal =
Sides are

Applying PMeomm in right

angled AABC.
—_2 _\2 —\2

(mAB) (ch) = (mAc)
(x+7)2+(x) = (x+9)°
x) +2(x)(7)+(7)2+x = )+ 2(x)(9)+9)
X +14x+49+x% = x *+18x+81
2x*+14x+49-x*—18x—81=0
x—4x-32=0
X—8x+4x-32=0
x(x-8)+4(x-8) = 0
(—8) (x+4) =0

= x-8=0orx+4=90

=

x=8 or

- Q
Since x is a length of a side, of r ( Sl 3
- which cannot be negative, i’i@ ; mBD =25-16 | ]

. . So required values is\f|= ‘ E
Q.9 Calcwmg of ‘x’ in each mBD i
case. . _ 09306128 leen that :

L B 12cm . mAB=mBC }
: So, mAB=4cm '
In right angle AABD By Pythagora’s
- theorem
2 2
(nAD) = (mAB) +(mBD)
Solution: X =@yP+9
In right angle AABC By Pythagora s =16+9
theorem ¥ =25
S e o Taking square root
+mBC] =mAC |
A Y v Lo
: x'2+(12) =(20) x= 5cm @ @
x> =400-144 S o @W 2
The Ang ) presswn

AC = (x+9
: , m (x )C m%“( 7 (i)
mAB= (x+7)cm a ;

S Eae™

m=AB = BC

Solution
In A DBC
(wBD) 2+(ch)2= (mCD)2

(mBD) +(4) gl @@@

ST RS .

The angle between th
(B) the is call




Eyes lea_)/

Angle of clevation |

1 Fop @@mg

) [~ Building

The angle made between the horizontal line
AD (eye level) and of line from the eye o I
to the bottom of the b\iilding (C) is called
the angle of depression. '
Example 19: The angle of elg{ati

top of a pole 40 m high i

/O

from a point fevel. Find the
d1stance of the point from the foot of the
pole. 09306129
Solution:

40 m

A

= the triangle W K}“KE@K“

Angle of depression

C  Foot of building

mZA= 60°
Let mIE =%

(- tan 60°= ¥3)

= 23.09m
Hence, distance of the point from the foot of
the pole = 23. .09 m

Example 20: From the top of a lookout

0

tower, the angle of depression of a building

has on the ground level of 45°. How far is a

man on the ground form the tower, if the
09306130

height of the lower is 30 @@
Solutj @%@ , we have

3
mZCAD = mZC = 45°
mBC =xm=? L
Let x be right angled triangle ABC,

=189 =




Ll

2, o

450="48 . (ianase= 1) f
QI
i oﬂ@@&%@ {iimtin
45°Angle of delg@“%“\l\l » Hence, man is 30 m far from the tower.
O :
£
(381
- 45°

B Fs

Q.1

The angle of elevation of the ¢
a flag post from a p_oinb’ :
level 40 m away from the-flag
Find the height of t
Solution

| Height of flag post = mBC=?

Distance of point from flag post = mAB = 40m
Angle of elevation = 0 = 60°
In right-angled AABC,

= mBC= 40 x tan60°
mf3—C= 40x \/gm

=69.28 m

So height of flag post is 69.28m

Q.2  An isosceles triangle bas a vertical
- angle of 120° and a base 10 cm long Find

the length of its altitude. 09306132

Solution:

ok

lg

10cm

tand = EB_E AABD is an isosceles triangle with vertical
mAB e angle 120° and base :
mBD = 10cm.
=190 =

s




AC s the altitude which bisects vertical
angle, as well as base so mBC mCD "5%

(IR

m AC=? :
e Inright angl
mBC ‘ ‘
tan 60° = —— atan ot
mAC ( \/5 )
ey
mAC
mAGs
V3
mAC =2.89cm
Q.3 A tree is 72 m high. Find the angle |

of elevation of its top 100 m away on the
ground level. 09306133
Solution

100m

A B
Height of tree = mBC= 72m

Distance of point from tree = mAB=100m-
Angle of elevation =0 = ?

As tane = m_BC
m
tand . — E
100
3 =tan ! 2
100
B =35.75° :

o angle of elevation is 35.75°

0.4 A ladder makes an an le of.
with the ground and reachés
10m along the wall Find
adder. :

solution:

09306134

N

Length of ladder = mAC="?

Height of wall = BC = 10m
Angle made by ladder with ground

=0 = 60°
As sinb = @9
: mAC
e

mAC X sin60° =

mAC ‘

@@m
=11. 55m :

‘So, Length of ladder is 11.55m

Q.5 A light house tower is 150 m high
from the sea level. The angle of

depression from the top of the tower to a
ship is 60°. Find the distance between the

ship and the tower.
09306135

Solution:

;\elght of light house tower = mBC= 150m
Angle of depression to boat = 60°

" Distance of boat from tower = mAB =
As alternate angles of parallel lines are

Fana)

1191}

Mo



equal, so mZA = 60° :
Now tan 60° = m—EE S
mAB “ O
J3 =150 e m
mAB Al
=
— 15
mAB= —
SN
=86.60m

So, required distance is 86.60m :
Q.6  Measure of an angle of elevation of
the top of a pole is 15° from a point on the
ground, in walking 100 m towards the
pole the measure of angle is found to be
30°. Find the height of the pole. 09306136
Solution: .

A

: ‘ h=? o
15° 30&;\5 (\&F%%
100m - B “ _

‘Height of p\ = h=c‘>?
Angles of elevation are
-mZA =15° and m/B = 30°

mAB = 100m
Left mBC = x
mAC = (x+100)m

e Inright angle ABCD

tan30° = 91(3*_12

mBC
bl
o |

: : Q

p=ua3 R G %@(
e Inright angle A ACD Q“@ _
tan 15° ol . -

m

elevation of the Sun, if a tower
high casts 3 shad @iﬂong.
° |
i ‘ :
e -

7

x@mﬁ%@@m

© 0.268 =

tanO =

A

00l
0.268 (100++/3h) = h
26.8+0.464h =h
26.8=h-0.464 h

26.8 = (1-0.464) h
26.8=0.536 h

e 26.8

—————

0.536

“h=50m

So, height of tower is 50m.
Q.7  Find the measure of an angle of
300 m

09306137

300m

S _450m B
Height of tower = mBC= 300m

®BC_ 300
%@@sm 33.69°

of angle of elevation of
of-a cliff is 25° on walking 100
metres towards the cliff, measure of angle
of elevation of the top is 45°. Find the
height of the cliff. e

0 =33.69°
So, a

09306139

=192 —




Solution:

100m B - X

From the figure

Height of cliff= CD = h =?

Angles of elevation are:

mAA =23

m/B = 45°

Let mBC =x

mAC = 100+x

¢ Inright angle A BCD
o)

BC

s

X

tan45° =

1= S
R

C=hk.i L6 “

- Innghta:Wo

tan 25° = i '
AC
iy

100+ x

0.466 = .
100+

tan 25°=

from (i
= (1)

0.466° (100+h)= h
46.6°+0.466h =h
46.6°=h - 0466 h
46.6° = (1- 0.466) h
46.6°=0.534 h

_ 466

0.534
h=8727m . :
So, height of cliff is 87.27m.
Q.9 From the top of a h

depression of a point, directly across the

the measure of the an f sston of
a point on th &of the river is
70° and measure of the angle of

0

Lanor%

J @(@@m of the ri\;er

€ river from the foot of the
09306140
Solution:

riv

Height of hill = CD=300m

Angles of depression of two shores from
top of hill are 70° and 50° respectively. :
As alternate angles of parallel lines are

equal S0 mL A 5 70°

e In right angle A BCD

CD
BC
300

tan 70° =

AL e
3
300

 tan70°

(x+y) tan50°'= 300°

: 193




e
S
x+y=2517 o
x=2517-y Q%
x=2%MO
x=142.51

= mAB=14251

. 2
1. The value of tan”' (%Jin radians is: Eg 21;;2% Eg; (1: otz 0
W : 3 oot v. Ifsin@= - , and 0 is an acute angle,
i b) % s
4 : 2 cos’0 = 09306145
() 04636 (d) 0.4636 7 24 ‘
ii. In a right triangle, the hypotenuse is 13 (@) 75 (b) 25
- units and one of the angles is 6 =30°. 16- 4
What is the length of the opposite (€) — 8
side? , 09306143 25 25
(a) 6.5 units (b) 7.5 units egrees. 09306146
(c) 6 units (d) 5 units
lii. A person standing 50 m : (Y3752 i
building sees the top,0f the . : : (d)52.5%
an angle of elevatioﬂg& 0 vii. 292.5°= _rad. 09306147
~ the building i 09306144 17n 17n 3
@5 R S o= -
(c) 35m ‘ (d) 70 m :
—( 194

So, width Qf river»is_ 142.5m and distance of
rive from cliffis 109.19m

Q.10 A kite has 120 m of string attached
to it when at an elevation of 50°. How far
is it above the hand holding it? (Assume
that the string is tight. 09306141
Solution

Sin50° = ——

BC

Assin 50°= —

AC
h i
120

120xsin50° =h
120x0.766 = h S
91.92=h

Length of string = A = 1_2()m
Angle of elevation =0 = 50°
Height above = BC=h=?

required altitude is 91.92m.

e

e

Q.1  Choose the correct option.

Review Exercise 6

1v.

~ Sec’0—tan’0 =




Viil.

—

© 16% (d) 1.625 | @@m |
Which of the followmg is a vah@ ( =cosec 0
~ identity? ) )
- “@ §in 60°=. - ok 09306149
g - 1
(a) cos 2 =sin ﬂ “ Gk (b) _2_
LR Sy 3
(b)vcos : 8 =cos 0 ©) G (d) 7
n : : £ + sin’ = _
() cos 5_ L site X.. cos” 100w+ sin 100 1 s
(a)l (b) 2
(c)3 (d)4
Answer Key
S B TN T 'a iv i | v ]e
Avil b |viil d |vii|alix|d]|x
&d: 5 09306158
T o
(a)an angle % §aree (a) 30° (b) 45°
(c) triangle 2) adian (cy el (d) 90°
. In sexa of measurement , 9, T d" 4
the angleis measured in: 09306152 o e T
Ea; ‘ i{gdlan Eg§ ggla\g’lgl;};, (a) 30° (b) 45°
C : ~0 o
v et TS R 09306153 : (©) o W
(@) 360 (b) 630 10. Eradians: ' 09306160
() 1500 d) 9000 6.
5w ; : :
— radians = 09306154 (@) 30° (b) 45°
(a) 125° (b) 135° : : (C) -2 600 (d) 90°
(€ 150% . (@ 235° 11. 2T radians - 9306161
. 27 radians = 09306155 2 _
(@ 0° (b) 90° @) .90 (b) 180°
(c) 180° (d) 360° (¢) 60°
. T radians = 09306156 ' @@
(a) 0° (b) i @@ Trigonometric ratios
i “C) —Funda ental trigonometric ratios are:
(c) 180 mﬁ 09306162
& o vl (b) 4
radlaW : (C) 5 (d) 6.
(b) 45° :

1195 =



aHor

13. sinfx cosfx sechx cosect =---- %@ @@i) i
e YA el
(a)  sinBxcosh (b) tan+ “ mﬂﬁ Drhnasy i
(c)  secHx cosech (d) ‘;‘ ; 5 1 :
s (a) (b)) —
14. 1 ¢ = V3
+ tan ‘
(a) . (b) sec’6 = fc). -\/12_— (d) izg— 7
o) ool (d) cosec® 21. sec45°cosec45’ = i 09306169 -
15. 1- 1_ 6 —|-1 1‘ 5 09306163 \4 21 (b) \/15
+sin —sin ,
| , L b} ——
(a)2sec?0 (b) 2cos® ke V2
(¢)2cosec (d) 2tan’0 22. Cot45° + tan45° = ——— 09306170
' 16. % cosec45°= 09306164 @ \/15 -
— gy 1
Gt h et -
2J_ 2 23. Sin30°Cos3 =~——© 09306171
: N _ 3
oo & oﬂ@i@ o 2
17. secB coth = @ %Q V3 d b
L e (b) % o B
4(0) o . 24. tan30°sin60° = — — — 09306172
18. cot?0 — co 09306166 5
@ -1 by (a) . (b) A
) 0 (d). _tan@ : 2 2
© 3 (d) f
19. 5ind5° cos45° = ———= i 25.1f tane V3, then 6 is equal to: 09306173
: : : (a) 90° (b) 45°
@ 1 (b) 2 (©) 60° d) 30°
Answer Key ‘
1ial 2 Al 3ieldlol 5 idlelel 7 7dl 3 ¢l 9 b0 ta
11jec|12]d|13|d]|14|b|[15lal16[b |17 Db 18|a|19|d|20]|d
121]/a]22|bj23|c[24][a[25]¢ : . @@L\N
Q.2  Convert the given angles from: %@%/ e
‘(a) degrees to radians g1v1ng answer @ -
terms of 7. (X CodRdiath i 1—7£rad
(i) 255° “ 36 .
“Solution (i) 75° 45’ 09306175
20N Solution:
75° 45’

=196 =




] 75%{45)
60 )

= 75.75°

= 7575x—rad

_ s _W

100 180
= —1~(—)~1—r d

240
(iii) 142.5°
Solution:
142.5°

142.5x % rad :
180

@E@K\/g

- 09306176

]

1425 =«

= Xw—sirad -
10 180 P
- 197 4
24

'b) radians to degrees giving answer in
degrees and minutes.

 17n %@
| l) BAEL DN

24 K&E@
Solution: WW
17 -

——1ail
24
: (_17/X§9J = 127°+0.5°
24
= 127.5°=127° + (0.5x60)
= 127°30'
- At .
m) — 09306178
12 :
solution
> |
3 —nrad
12

(7, ”MJ

A G’Uo“

= (7x15)°

[

E 105°

: (ﬁx “5180.}
B, w

=5123.75° =12 £ 0.7%
123°+(0.75x60)
= 123°+45" = 123°4%
Q.3 Prove the following trigonometric
identities: : 09306180
.. sin@
® 1-cos0

5 1+ cos0
sin@

Solution

‘1—coséd
sin@ 1+cos6’
1 cosH 1+ cosé@
= smt9(l+cost9)
(1)2—(00509)2
sin@(1+cos@)
1-—cos’ @
i 1 e R
= sme(' tcos ) [+ sin’0+cos’0=1]
sin” @ :
sin@(1+cosf)
sin@sinf
__l+cosé

sin@
=RHS

%@@

09306181

sinB(cosec 8 — sin 6) =
sec’ 0

L.H.S = sinB(cosecH—sind)




= sinf.cosecH—sin6.sind
(.- siné.cosecl = 1)

== l—sm GEd ‘2
~» sin“0+cos9=1
" 00329 ﬁé& sinfcosd [ ]
=R.H.S
W Hence proved.
= ) cos0 +sin0 cosﬂ sinf _ 2
Hence proved. ) c0s0 — sin@ cosB sin 1-2sin’0 3
(i) cosecO—secO _1-tan® e e 09306184
cosecO+secO 1+tan0 ‘ 3 3
' ; cosf +sinf , cosd —sinf _ 2
Solution —+ — = =
chsec o Rect: 14558 cosf —sind cos@+sinf 1-2sin’6
cosecO+secO 1+ tan6 L.H.S COSB*_S?HQ 008‘9*8?116-)
o cosf —siné cosé +sind
cosecl — . :
EHS = SR N (cosl9+sin9)2+(c059 sinH)zr
1 1 (cosH siné) (cosH+sm19)
s si1116' c01549 (a+b +(a @m_l_bz)
. + '
sin@ cosé

Multiplying and d1v1d1ng by sin -
[ o
, sin@| —

sin@ - cosH
sin@ (Wl\ﬁjﬂ
si cosd

sind sin@
- sin@ cosé
sind

sin@
sin€  cosé
1-tan@
1+tané@
R.H.S

Hence proved.

s

1

(iv) tan® +cotd = ——
sin@ cos0

09306183

Solution
1

sm 0 cosB

L.H.S =tanf+cot
_ sin# cos(9

tan0 +cotO =

mﬂ@

Qs

i@%ﬁoyﬂ +(sin9) ]
(c‘;osﬁ)z—(siné’)2

- 2(cos2 6 + sin’ 49_).

cos’ @ —sin’@
2(1)

(1—sin29)-sin20 :

(v cos’0 = 1—sin’f

2
1-sin’@ -sin’@
; 2 %
1-2sin*@
R.H.S. Hence proved.
l +cos0
1 cos0

olutlon ?

1— cosf -
= (I+cosB) + (1-cos0)

I

= (cosec O + cotd)?

2o

osec 0 + cot@)

09306185

dividing by sinf

— 198




_(1+cos8) - ( fcoéﬂ)

sin@ sin@

=( 1 +coseH 1 %05 K
sind sinf ) 0@

( o

= (cosecB+cotf) + (cosecO—coth)

_ cos ec + cotd
cosecd —cotd

=(cosect9+coté?)>< (cosecd +coth)
(cosecd —cotd) (cosech +coth)

(cosecd + cotlﬁ’)2
cosec’d — cot2 6

(cosecd + cot6)2
1

! A
[ 1+ cothlg Micon etk
= (cosecO+cot)’ \l\l\) U
=RH -
Hence proved..

Q4 If tanO ke thep find the
remaining trigonometric ratios when &
lies in first quadrant. 09306186
Solution :

C

Let AABCi é@@mwhich T
<é§%§g ; =9 =tand =< (ii)

Comparing (i) and (ii),
E—-?’—ﬁ.a='3,(‘.‘,=\/—2_ ‘ t

¢ 2

| B Pythagoras, theorem
b2y= c2 + a2
2
b? = (JE ) + (3)?
b°=2+9
b’ =11

| o=

b=\[1_lcrr{

Remaining ratios
f Sing=£=_3_b
B
C& b it Yl
cosec(9=-b—=£
a3
b i
geclh = —= = o
e oafd )
cote___—_—'ﬂ. <
a 3

Q.5 From a point on the ground, the
angle of elevation to the top of a 30-
meter-high building is 28°. How far is the

point from the base of the building?
09306187

Solution: .




Nanory
Angle of elevatlon 0= 28°

Distance of pomt from bu11d1ng =mAB=? X . W@ o@m

 . M i &@Q@é

o lan 28T

= X =

tan 28°
X =56.42m
So,  required distance is 56.42m
Q.6 A ladder leaning against a wall
forms an angle of 65° with the ground. If
the ladder is 10 meters long, how high

st il de il bt il

does it reach on the wall? e ' o '
. ¢ o @@T&@
e
DG
o

Solution:

Lengtfn of ladder = mAC =10m :
Height of wall = mBC=h = ?

Angle made by ladder
With ground = 0 = 65°
Asuing | BBC

- mAC

Sin65° = % ‘ | - W@o@@)x
=h=10x8in65° . Qﬂ@Kﬁ ‘
h=9.06m ‘
So, height of wall is 9. 06@ “




