XERCISE 7.2

Q.1l. Find 0, when:

(1) [ =2cm, r=35cm
Solution : Using rule
| = 10,
2 = 338
5
s J - 6
3.3
0 = 0.57 radian
(11) |=45m, r=25m
Solution : Using rule
| = BB
= B
"
4.5
= #
2.3
8 = 1.8 radian

Q.2. Find |, when

(i) 6 = 180° r = 49cm

Solution: As 8 should be in radians so
B = 180°

_ 3

= 7 radian
Using rule | = 8
= 49cmXx T
= 154 cm
(ii) 9 = 60°30, r = 15mm o736
Solution : As ‘0’ should be in radians, so

radian

8 = 60°30
= 60°+ 99
60
= 60°+0.5°
= 60.5°
= GU.2 T radian
180
9 = 1.056 radian
Usingrule | = 18
= 15mmx 1.056

= 1584 mm

Q.3. Find r, when

(1) | =4 &5, 8 = —411 radian
Solution: Using rule | = 10
- 4cm = 1 !
4cmx4 = 1
r = lécm

(ii) I=52cm , 6=45°
Solution : As 0 should be in radians.
8= 45°

= 45 z radian
180

= z radian
4
Now using rule | =1 0
/4
ens= r —

52cmx4

/1
r =66.21 cm
Q.4.In a circle of radius 12m, find the
length of an arc which subtends a

central angle 0= 1.5 radian.
Solution : Radius= r=12m

Arclength = | 7=
Central angle = 0 = 1.5 radian
Usingrule | = r0
| = 12m x1.5
| = 18m

Q.5. In a circle of radius 10m, find the distance
travelled by a point moving on this circle
if the point makes 3.5 revolution.

Solution: Radius =r = 10m

Number of revolutions = 3.5

Angle of one revolution = 27n radian

Angle of 3.5 revolution = 6

= 3.5% 2% radian
8 = 7mradian

Distance travelled =1 7=
Usingrule| = 16
= 10m x7x
| = 220 m



Q.6. What is the circular measure of the Q.8. In a circle of radius 12 cm, how long
angle between the hands of the watch an arc subtends a central angle of 84°?
at 3 07 clock? 12 Solution: Radius =r=12cm

Arc length=1 7=

i Central angle = 6 = 84°

84— radian
Solution: i 180
At 3 O clock the minute hand will be at 12 = 1.466 radian
and hour hand will be at 3 1ie the angle

| =16
between the hands of watch will be one N by Fle I

quarter of the central angle of full circle = 12cm x 1.466
e = L of360° = 17.6 cm
4 Q.9. Find the area of sector OPR.
= 1 x 360° (a)
4 P R
= 90°
= 90 z radian
150 fem

= % radian. '

Q.7. What is the length of arc APB? & - O
R .
Radius =r=6cm
B _ Central angle =6 = 60°
P

= 60 T radian
80
Solution: From the figure we see that
b4 X
Radius = r = 8cm = g radian

Central angle = 6 Area of sector = ?

= 90° Y
P As Area of sector= — 120
= — radian
2
| 2 /8
Arclength=1 ?= = EX(()cm) X B
Byrulel = r9 ‘

I 6 R
= ape }Gcm”XJI
| = 4,E(cm X% 4

| = dcm x 7«
| = 12.57 cm
So. length of arc APB is 12.57 ¢cm

= Oncm?
= 1885cm?

s




(b)

2%
Radius =r=2
Central angle =

0
=45 7z radian
180

T .

= — radian
4

Area of sector = ?

. 1
Area of sector = 5 2 0

= —1—(2Ocm)2><£
2 4

400cm’
X T
8
= 50 mcm?
= 157.1 cm?

Q.10. Find area of sector inside a central
angle of 20° in a circle of radius 7 m.

Solution: Area of sector =7
Radiis =f="/1
Central angle =8 = 20°

T .
= 20 — radian
80
T )
= s radian

]
Area of sector = E r2g

2 T
= —%(7Tm) x—
2 ( ) 9
(
= 4)”1112
|8
= 855 m?

Q.11. Sehar is making skirt. Each panel of
this skirt is of the shape shown
shaded in the diagram. How much
material (cloth) is required for each
panel?

Central angle = 8 = 80°

Solution:

=80 & radian
180

= ﬂr_ radian
9
Radius of bigger sector =R = (56 + 10)cm
R= 66cm
Radius of smaller sector =r= 10 cm

Shaded area = ?
Area of bigger sector = %Rzé’

‘ . 2
= L><(66cm)'>< %ﬁ

Z

= 4845%56cm2x%7n

= 968 M cm?

Area of smaller sector = %1‘28

—_ 1 2
= z(lOcm) XT
200

= — 7 cm?
0

Shaded area = 968 ®— z?ﬂ'
C

87127 -2007
9

8512
= -
9

= 2971.25 cm?



Q.12. Find the area of a sector with central

. T : . : x
angle of — radian in a circle of
5

radius 10 ¢m.
Solution: Area of sector = ?

. T .
Central angle =08 = — radian

B
Radius = r = 10cm
i 1
Area of sector = — 28
2

1 x 7
= ;(IOcm) ><—5—

- L><100cm2><7r
10

= 10w cm?
= 3L.43 om?

Q.13. The area of sector with central angle
0 in a circle of radius 2m is 10 square
meter. Find 0 in radians.

Solution: Area of sector = 10 m?

Radius =r =2m
Central angle=07 =

]
As Area of sector = 5 2@

10m” = l(2m)2 )

NS

10 m* = %(41712)8

[0m? = 206m?

o - IOm’l
2m”

B = Sradian

Trigonometric Ratios

General Angle (Coterminal angles)

An angle is indicated by a curved arrow that
shows the direction of rotation from initial to
the terminal side. Two or more than two
angles may have the same initial and terminal

sides. Consider an angle ZAOB with OA as

initial side and@as terminal side with vertex
O Let mZAOB =0 radian where 0 £0 <2m.

0 2+ 0

T Jrn+n
e Y
j %

A 4

(
Q) A -

If the terminal side OB comes to its original
position after, one, two or more than two
complete revolutions in the anti-clockwise
direction, then mZAOB in above four cases
will be

(1) Orad

(i) (2n+ ©) rad.

After zero revolution
After one revolution
(iii) (4m+ 0) rad. After two revolutions.
Coterminal angle: Two or more than two
angles with the same initial and terminal sides
are called coterminal angles.

It means that terminal side comes to its
original position after every revolution of 27
radian in anti clockwise or clockwise direction.
In general if 6 is in degrees, then 360°k+6
where k € Z, is an angle conterminal with 6, if
angle © is in radian measure, then 2kn+ ©
where ke Z is an angle coterminal with 6 .
Thus, the general angle 8 = 2(k) m+ 6, where
ke Z
Ul Which of following angles are

coterminal with 120°?

- 240° , 480° | L and
_147t
3
Solution:
e — 240°1s coterminal with 120° as their

terminal side is same

o 480° = 360° + 120°, the angle 480°
terminates at 120° after one complete
revolution.

14 2
. —n:4n+—3§ = 720°+120° then

4 . ; .
angle = 18 coterminal with 120°,



-4 —
=2 720° ~120° So
2 b)

—l4n

- 1s not coterminal with 120°.
3

Angle in Standard Position:

A general angle is said to be in
standard position if its vertex is at the origin
and 1ts initial side is directed along the
positive direction of the x-axis of a
rectangular coordinate system.

The position of the terminal side of a
angle in standard position remains the same 1f
measure of the angle is increased or decreased
by a multiple of 21

Some standard angles are shown in the
following figures:

Y4 YA

e

eIy Locate each angle in standard

position.
(1) 240° (i1) 490° (ii1) — 270°

Solution: The angles are shown in figure.

Yoo
(1) Ao (ii) 0
240° 490°
180° \ 0°, 1807 _3
0 Tx 0
270° 270°

240°= 180"+ 60° 490° = 360° +130°
y

(141) [ ad
180° /' > X
AN

The Quadrants and Quadrantal Angles:

The x—axis and y—axis divides the plane in four
regions, called quadrants, when they intersect
each other at right angle. The point of

intersection is called origin and is denoted by O.

T\
Second First
Quadrant | Quadrant
Third Fourth
Quadrant | Quadrant
. Angles between 0° and 90° are in the
first quadrant.
o Angles between 90° and 180° are in
the second quadrant.
. Angles between 180° and 270° are in

the third quadrant.
. Angles between 270° and 360° arc in
the fourth quadrant.
An angle in standard position is said to
lic in a quadrant if its terminal side lies

in that quadrant. Angles o, B, y and 0

lic in I, 1, Il and IV quadrant
respectively.

Quadrantal Angles



[f the terminal side of an angle in
standard position talls on x—axis or y-axis,
then it is called a quadrantal angle i.e., 90°,
1807, 270% and 360° are quadrantal angles.
The quadrantal angles are shown as below:

},ﬁ\ "1\
N 180
( ‘>‘ ((‘\ >

There are six fundamental trigonometric ratios
called sine, cosine, tangent, cotangent, secant
and cosecant. To define these functions we use

circular approach which involves the unit circle.

Let & be a real number, which
represents the radian measure of an angle in
standard position. Let P(x, y) be any point on
the unit circle lying on terminal side of 0 as
shown in the figure.

A
1B
P y)
C '
< of < e 2"
-‘[D
Y

We define sine of 8, written as sin® and cosine

of B written as cosB, as:
EP y

sinf = = = sin@ = Y
OP |

casl = OE = — cosb = x
OP

i.e., cosB and sin® are the x—coordinate
and y—coordinate of the point P on the unit
circle. The equations x = cosf and y = sinf) arc
called circular or trigonometric functions.

The remaining trigonometric funcuons
tangent, cotangent, secant and cosecant will be
denoted by tan®, cot8, secO and cosecH for any
real angle 0 .

e tanf = EB = 2L tan® = l(xi())
OE X -
As y=sin@ and x=cos® tanf= 1O
cos B
X cos©
e cotB= — (y#0) coth = —
y sin B
1 1
e secl = —(x#0) and cosecO=— (y#0)
X y
® secB= and cosecB=—
cosB sin O
Reciprocal Identities
sinf= L or cosecd = _l
cosecB sin B
cosO = or segl= 1
secH cosB
tanB= or cotB= :
cot O tan 6

Find the wvalue of the
trigonometric ratios at 6 if point (3, 4) 1s on
the terminal sides of 0 . '

Solution: We have x=3and y=4
We shall also need value of r, which is found
by using the fact that

r= Jxryr = J(3)2 @2 = Va5 s

wherer = OP

_vA P(3.4)
r
4
0 >
Ol 3 ik
, 4
Thus  sinB = E . coscch = 2
r 5 4
cosO = Ll —3— © secH = j
r 5 3
4
tan® = g o © cot = 1
X 3 4



he values of trigonometric ratios fo
%5 30°, 60°
Constder a right triangle ABC with mzC = 90°.
The sides opposite to the vertices A, B and C
are denoted by a, b and ¢ respectively.

T g TE

(ERTH|  When mZA = 45°, where 45° = =
4

radian. Since the sum of angles in a triangle is

| 5% S m LB = 45°,

A b=1 C

As values of trigonometric functions depends on
the size of the angle only and not on the size of
triangle. For convenience, we take 3 =h= ],
In this case the triangle is isosceles right triangle.
By Pythagorean theorem

cZ=a2+b? ¢z = (1P +A¥ = 2

g = 2

c = 2

From this triangle we have

. T 1
Sin450 = S1n —= _a,,—_ s
C 2
1
cosec 45° = — =3
sin45°
T |
cosds® =cos-= = —
4 ¢ 2
|
sec45° = =2
cos 45°
. T a ]
tand5°=tan— = = =
b |
) ]
eody” = = 1
tan 45°

Case II when mZA =30°or mZA = 60°

Consider an equilateral triangle with
sides a=h=c=2 for convenience. Since the
aneles in an equilateral triangle are equal and
their sum is 180°, each angle has measure 60°.
Bisecting an angle in the triangle, we obtain

. . 2 O O
two right triangles with 307 and 60° angles.
The height ‘/\D' of these triangles may be

found by Pythagorean thecorem, i.e.,

(mAD) (mBD)+ (mAB)
(mﬁj)zz(mA_B_)z— m@)2
h2 = (2)2-(1)2 = 3

h:ﬁ

. Using triangle ADB with mZ£A=30° we have

. . T mBD 1
sin30° = sin— = T =
6 mAB 2
|
cosec 30° = — = 32
sin 30° -
i mAD ﬁ
cos30° = cos— = e =
mAB 2
2
sec30° = : - =
cos 30° 3
tan30° = tanE = m@ = 1
6 mAD V3
co30° = — L = /3
tan 30°
Now using triangle ABD with mZ/B = 60°
Sin60e ~ MAD _ 43
mAB 2
cosecb0® = — 1 = l
sin 00° 3
cos60° = ml_BE _ 1
mAB 2
sec60°® = l =9
tan60° = m_A_lB — ﬁ
mBD 1
I I

In casc of trigonometric ratios like sin®. cos0
and tanO 1l 0 is not a quadrantal anele. then 0
will lic in a particular quadrant. Since



U= X7+ y? is always +ve, the signs of ratios
can be tound if the quadrant of 0 is known.

() 1t B lies i fust quadrant then a point
P(X, v) on its terminal side has x and vy
co—ordinate positive.

Therefore, all trigonometric functions are
positive 1n quadrant 1.

(i) If B lies in second quadrant then a point
P(X. v) on its terminal side has negative x—
coordinate and positively y—coordinate i.e.,

. 51110 = b 1s +ve or > 0,
r
%
s cosB= —is—-ve or<0
r
_ Y . .
. tanf= = is—-veor<0
X

(iili)When 0 lies in third quadrant, then a point
P(x, y) on its terminal side has negative
x—coordinate and negative y—coordinate.

o i B = y is —ve or<O0,

T

X .
° cosB= — is—ve or<0and
§

e tan® = L is+veor>0
X
(iv)When 0 lies in fourth quadrant, then the
point P(x, y) on the terminal side of 8 has
positive x—coordinate and negative

y—coordinate.

) y .
° sinf= — 1is —ve or < 0,
"

X .
° cos® = = is +ve or >0 and
r

J tanf= 2 is—ve or<0
X
The sign of all trigonometric functions are
summarized as below.

Y,
S0 > 0 sin0> 0
wscc()>0} cosecd >0
cos0 <0 cos0 > 0]
and <0 tan0 >0
col() <0 CO(O)O‘
—» X
tan0 >0 cos0>0}
col0>0 sec0 >0
sin0 < 0 sin0 <0
coseecO < 0| | coseecO<0
cos0 <0 tan0 <0
secO < 0 cot0 <0
b4
sime all
s A
fam pent cosime
T c

If sinB= :f and cosf = —41, then find the

values of tan®, cot0, secB and cosecH .
Solution: Applying the identities that express
the remaining trigonometric functions in terms
of sine and cosine, we have

sinG = ——3
4
cosecO = 41 = —1_: 4
sin O -3 3
4
cosech = _—4
3
cosf = ﬂ
4



sec = TR
) cos 0 J7
4
secH = t o 4ﬁ
47 7
-3
sin O ‘4— -3
Now tanB = PO S
cos 0 J7 J7
4
-3
tan = —
\/7
And coth = L = :\/j
tan O 3
Iﬂ!mu m

It tanB= , then find the values of other

l\)'ﬁ

trigonometric ratios at 9 .

Solution: In any right triangle ABC
tanf = ﬁ TR
2 b

i = \/g b=2
B

a=y5
C)
A. l)=2 C
Now by Pythagorean theorem
a? + b?=c?

(V5) (2% ¢
c2 =5+ 4 =29
B= ¥3 or =3

coth =
tan O
] 2
coth = — coth = —
75 55
2
a5
sing= 2= X2

gosecl= —
sin 6
5 |
cosech = —
Vs
3
3
cosec = —
Js5
2
Also cosf= — = —
3
secO = !
cosB
, 1
secH = —g—
3
secl = g
2

Calculate the values of trigonometric ratios
for’ 0°, 90°,180°, 270°, 360°
An angle 0 is called a quadrantal angle if its

terminal side lies on the x—axis on the y—axis.

Case I when 0 =0°
The point (1, 0) lies on the terminal side of
angle 8°. We may consider the point on the
unit circle on the terminal side of the angle.

P (1, 0)

x=1and y=0

JxE Y2 = A1+0 =1

SO T

o
2
e

¢0

=
e




1

gerl)® s ——— ]
cos0°
tan 0° = B 9 =,
x 1
P | | .
QaLl” = =—=co (Undefined)
tan0°® 0

Case Il when O = 90°
The point P(0, 1) lies on the terminal side of

angle 90°. r  JxE y?
Here x=0and y =1 r=,02 ()% |
y
A
P (0,1)
90°
; X
O
singo°= L = L1 oo
r 1
fE.
sin90° = 1 and cosec 90° = L
y
Using reciprocal identities, we have
cos90° = L L =1 )
r 1
r 1 :
sec90° = —= —= e (Undefined)
x 0
y 1 .
tan90° = == —= oo (Undefined),
x 0
0
cot90° = = = = =0
y 1

Case I11 when 0 = 180°

When 8 = 180° and the point P (=1, 0) lies on
x'—axis or on terminal side of angle 180°

Here x = =l andy = 0
F o= JrEty: =
0
Ginlgoe = L = == 0
r I
cosecl 807 = e o= e (undefined)
y ()

-1
cosl80° = L
I |
r l
secl80° = — = — = -l
X -1
0
tanl80° = Yy - 2 -0
X -1
cot 180° = L i: oo (Undefined)

y
Case IV when 0 = 270°

When 8 = 270° and the point P(0, 1) lis on
y’—axis or on the terminal side of angle 270°.
The point P(0, —1) shows that x=0 and y=-1

sn270° = Yo 2 oo
r 1
iy |

cosec 270°=z — = — = -]
y ],

Cos270° = * 9 = 0
r 1

sec270° = I _ i = o
X 0

tan270° = -X-: _—1 = =5
x 0

cot 270 = L i =0
y 1

Case V_When 0° = 360°

Now the point P (1, 0) lics once again on x—axis
We know that 0+2kn=0 where ke 7.
Now 0 =360°= 0°+(360°)1 =0° where k= |
So  sin360%°=sin0° =0

- g—



| 1 l .
Cosec 300 = ——— =— =— =oo (undefined)
sin360°  sin0° 0
cos360° = cos0° =1
secl360° = l = L = ],
cos0° l
tan3o0® = tan0° = 0
1 | )
cot360° = = —= oo (undefined)
tar D° 0

m Find each of the following without
using table or calculator:
(1) Cos340° (i1) sin315° (iii) sec(-300)°
Solution:
We know that 2kn+ 6 = 0, where k € Z.
(1) 340°=(360° + 180°) =2 (1) + 180°
Cos540° = cos(2m+ 1) =cosm =1

(11) sin 315° =sin(360°-45°)= sin »,_T
4

sin _n sin7t —

= 1 R = — —— e—

4 4 2
(111) sec (- 300°) = sec (-360° + 60°)
= sec [2 (1)1 + 60]

1
= sec 60° =
cos 60°




