Trigonometric
Functions

NASA scientists utilise the knowledge of trigonometry to build and launch rockets and

space shuttles. Without trigonometry, humans would not have been able to travel to
the moon.

Topic Notes

——aa
Basic Concepts of Angles

Trigonometric Transformation Formulae
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BASIC CONCEPTS OF ANGLES

TOPIC 1
ANGLES AND THEIR MEASUREMENT

Angle

An angle is the figure formed by two rays sharing a
common end-point. The two rays are called sides of
the angle, and the comman end-point is called vertex
of the angle.

The word angle is also used to designate the measure
of an angle of a rotation. Alsg, the sides of an angle are
called initial sides and terminal sides.

Vertex Initial Side

Clockwise

Terminal Side

We have the following conventions:

Positive Angle: If the direction of rotation is ant-
clockwise, then the angle is taken as positive.
Negative Angle: [fthe direction of rotation is clockwise,
then the angle is token as negative.

Units for Measurement of Angles

The two most commonly used units for measurement
of angles are the following:

Degree Measure

An angle is said to be of 1 degree (denoted by 19) ifit s

th
1 ;
(—) part of a revolution.
360

So, one revolution is of 360°. One advantage of this unit
is that many angles common in simple geometry are
measured as a whole number of degrees. Fractions of
a degree may be written in normal decimal notation
(eg. 7.5° for seven and a half degrees) but the 'degree-
minute-secand system is also in use.

Some of the common angles are shown below.

@360“ A ,/15@\ -
>

I
> g |
B

2705
B

45°

Minutes
Each degree is divided into 60 equal parts called
minutes. A measure of an angle in minutes is denoted
by a single prime ().

1° =680
So, 7.5° can be called 7 degrees and 30 minutes, written
as 7°30".
Second
Each minute is further divided into 60 equal parts called
seconds. A measure of an angle in seconds is denated
by a double prime ().

‘ll‘ = 60”
So, an angle of 2 degree 5 minutes 30 seconds is
written as 2° 5" 30"
The division of degrees into minutes and seconds of
angle is analogous to the division of hours inta minutes
and seconds of time.
Radian Measure
An angle is said to be 1 radian (denoted by 1 rad) if the
length of arc is equal to the radius of the circle.

But the radian notation is frequently omitted. So, any
measure of angle without units means that the angle
is in radian.

The angles that measures 1 radian (1% and -1 radian
(-19 are shown below:

B
1
A A
A \/
1
B

Relation between Degree and Radian

Cansider a circle of radius r. Then, the angle (in radian)
subtended by the circle at the centre is given by

1 2nr
Bz =—==— =210
r ! i

Also, the angle (in degrees) subtended by the dircle at
the centre is 360° which implies.

360° = 2n radian

L

L L o s s o
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We now list same frequently used angles in degrees
and radiana

: s . :
Degrees 0° | 30° | 45° | 80° | 90° | 120° | 135°
‘ ! |
y ol & [ E 28 | G
Radians 0‘ 6 2 ‘ 3 | 5 3 ‘ 4 ‘

180° | 22%5° 270"_‘ 315°
Sk 3 ‘ /n

Degrees  150°

. Sn - on I
Radians 5 4 5 2

m Important

T
= Radlan measure = 180 * Degree measure

180
- Degree measure = —— = Radlan measure
n

Conversion from Degree Measure to
Radians

Step I. Convert the seconds (if given) into minutes by
using the relation

1 second = i minutes or 17 = [i)
60

60

Step Il. Convert the total minutes (given minutes +
minues obained in step I) into degrees by using
the relation

1 1)°
1 second= — degreeor1'= | —
60 4 (60]
Step lll. Convert the total degrees (given degree +

degree obtained in step Il) into radians by using
the relation

Redian measure = i
180

x Degree measure

Illustration: Convert 240° into radions.

T

240° = %240 rad
180

= 4—Hn:u:L
3

Conversion from Radian Measure to
Degree

Step |. Convert given radian into degree by using the

relation (Use = g]

x radian measure

Degree measure =
N

Step Il. Convert the fraction part (obained in Step )
into minutes by using the relation

1°=60" or 1 degree = 60 min.

Step lII. If fraction is again obtained in step Il then
convert it into second by using the relation

1' = 60" and 1 min = 60 seconds

Example 1.1: Find the radian measures
corresponding to the following degree measures
-47°30. [NCERT]
Ans. As we know that

180° = = radian

S(J_ 1°= .L
180°
and 60'=1°
30¢°
= [ 60 ]
Given,-47° 30" =-(47° + 30
=- [47°+£]
60
=- [47°+£]
2
B (94°+1°)
- 2

Il
I
—
(s}
M
o
S’

bid

180

& (o5
180 "\ 2

-19
72

-19r
72

Example 1.2: Find the radian measures
corresponding to the following degree measures:

A 25°

(B) 240°

(C) 520° [NCERT]
Ans. (A) We know that 180° = n radian

Radion measure = x degree measure

Fige s

radian

192 —

= radian
180°

25° x 25 radian

_ =

T 180

= S—ﬂ radians
36

(B) We know that 180° = = radian

ki

1°=

= radian
180°

L
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b1d

180

240° =

- x 240 radian

411 di
= 3 raaians

(C) We know that 180° = & radian

1°= ’ radian
180°
b1

2 _

520°= 180 x 520
26
s ESX radians

9

Example 1.3: If in two circles, arcs of the same
length subtend angles 60° and 75° at the centre,
find the ratio of their radii. [NCERT]
Ans. We know that. [=r©

There are 2 circles of different radiua.

So, the radius be denoted by r, and r,.

Length of anarcof  Length of an arc of

1% circle 2" circle
I=rIB !=r29
=r, % 60" =r,x75°
=l"1x60°x 7: =!‘2x75°x i
180° 180°
. L.
—rlx 3 —rzx 12

It is given that arcs are of same length.

Hence,
Length of 1% arc = length of 2™ arc
. b 5 Sr
X - = o —
N
n.5c 83
—_— e 3
r, 12 =
a3
r 4
Hence, rir,= 5:4

So, ratio of their radii= 5: 4

Example 1.4: Find the degree measure of the
angle subtended at the center of a circle of radius

22
100 cm by an arc of length 22 cm. (Use n = 7)
[NCERT]

Ans. We know that in a circle of radius r unit, if an arc
of length [ unit subtends an angle 6 radian at the
center, then

@
]
N |-

Therefare, r= 100 cm, [ = 22 cm, we have

22
6= — degree
100
As we know that
1°= —~_ radion
180°
1 radian = 180
r
0= 22, degree
100
180 22
radlan= — x —— degree
I 100
180x7x22 d
B B
126 4
= 7o degree

12% degree = 12° 36’

(1° =60
Thus, the required angle Is 12° 36'.
Example 1.5: Find the angle in radian through

which a pendulum swings if its radius is 75 cm and
the tip describe an arc of length.

(A) 10cm
(B) 15cm
©) 21cm [NCERT]

Ans. We know that in a circle of radius r unit, if an arc
of length [ unit subtends and angle 6 radian at
the center, then

e 4
F
It is given that, r = 75cm
(A) Here, [ = 10cm
0= Er|:|di|:|n = — radians
75 15

(B) Here, [ = 15cm

15 : 1 :
0= I< radian = < rodions

(C) Here, = 21cm
= E radian = -7— radians
75 25

Example 1.6: A wheel makes 360 revolutions in
one minute. Through how many radians does it

turn in one second? [NCERT]
Ans. Number of revolutions made by the wheel in 1
minute = 360

L
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~. Number of revolutions made by the wheel in

36
1 second = 6_00 = 6 revolutions per second

In one complete revolution, the wheel turns an

angle of 2z radian.
Hence, in 6 complete revolutions, it will turn an
angle of 6 x 2n radian, Le., 12x radian

Thus, in one second, the wheel tums an angle of
12r radian.

(OBJ ECTIVE Type Questions)

[ 1 mark |

Multiple Choice Questions

1.

A wheel rotates, making 18 revolutions per
second. If the radius of the wheel is 49 cm,
what linear distance does a point of its rim

travel in three minutes? (Take 7 = 22/7)
(a) 9.97 km (b) 9.90 km
(c) 9.80 km (d) 9.85 km

Ans. (0) 9.97 km

2.

Explanation: Radius of the wheel = 49 cm
Circumference of the wheel
=27x49cm=308cm
Hence, the linear distance travelled by a point of
the rim in one revolution = 308 cm.
Number of revolutions made by the wheel in 3
minutes Le. 180 seconds = 18 x 3 x 60 = 3240
The linear distance travelled by a point of
the rim in 3 minutes
=308 x 3240
=997920cm =997 km.

The angle of a triangle are in A.P. and the
ratio of angle in degree of the least to the
angle in radians of the greatest is 60 : 7, find
the angles in degrees.
(a) 307 60° 90°
(c) 30°, 30°, 120°

(b) 407, 60°, 90°
(d) 207, 130° 30°

Ans. (@) 30° 60° 90°

Explanation: Let, the angles of the triangle are,
(a-d)°aand (a+d°
Then,a-d+a+a+d=180°

= a=60°

So. the angles are (60 - d)°, (60°, (60 + d)°,

Here, (60 - d)° s the least angle and (60 + d)° is
the greatest angle.

Now, greater angle = (60 + d)°

= {(eom)-l.ga}

Alés number of degrees in the least angle
" number of radians in the greatest angle

60
T

Ans.

L

60-d 60
= —c = —
T
b
6 .
{( 0+d)180}

180(60-d) _ 60

- (60+d) - 1w
= 4d = 120
= d=30

Hence, the angles are (60 - 30)°, 60° (60 + 30)°
Le, 30° 60° 90°

The large hand of a clock is 49 cm long. How
much distance does its extremity move in 30
minutes?

(o) 154 cm (b) 80 cm
() 75em (d) 77 cm
(@ 154 cm

Explanation:

The large hand of the clock makes a complete
revolution in 60 minutes.
Angle rotated in 60 minutes = 360°
- Angle traced out by the large hand in 30
minutes (of time)
2 360x30
60
= 180°
" s r radian
180

= radian

Hence, the distance moved by the extremity of
the large hand

L=rnc®
49 x 7 =49 x -2?2- =154 cm

The radius of the circle whose arc length

3
15t cm makes an angle of £ radian at the

4
centre is:
(@) 10 cm (b) 20 cm
1 1 :
© 11Z cm d) 225 cm  [Diksha)

L

s s o
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Ans. (b) 20cm

Explanation: Given, arc of length = 15z cm and
angle

4 3r
T4
Length of an arc of a circle is given by
=i
Where, [ = length of arc
r = radius of a circle
B = angle
3r
15n=rx T
15nx4
r= ——
n
r=20cm

Hence, the radius of a circle s 20 cm.

The radius of the circle in which a central
angle of 30° intercepts an arc of length

22cmis: (Use k= %)

(@) 43cm
(c) 42cm

(b) 41 cm
(d) 40 cm

Ans. c) 42cm

Explanation: Here, [ = 22 em and 8 = 30° = g

We know that length of an arc of a circle is given
by

l
==
8
22x6
B
_ 22x6x7
T 22
=42 am
6. The angle in the radian through which a
pendulum swings its length is 80 cm and tip
describes an arc of length 20 cm is:
1 2
@ 7 ® 52
3 4
© > @ %
- 1
s. (a) 2

Explanation: Given, length of pendulum = 20 cm
Radius (r) = length of pendulum = 80 cm
Length of arc ([) = 20 cm

|
As we know that, 0:;

22

= 1 radian
4

7. The angle between the minute and hour
hands of a clock at 8 : 30 is:
(a) 80° (b) 75°
(c) 60° (d) 105° [Diksha]
Ans. (b) 75°

Explanation: We know that the hour hand of a
clock completes one rotation in 12 hours.

. Angle traced by the hour hand in 12 hours
= 360°

Now,

Angle traced by the hour hand in 8 hours 30

360
minutes, Le., [EXBOD]=IBDD =955°

We also know that the minute hand of a clock
completes one rotation in 60 minutes.

. Angle traced by the minute hond in 60
minutes = 360°

Now,
Angle traced by the minute hand in 30 minutes

360

I [Foietii ° |= o
= ( 50 x30 ] 180

~. Required angle between two hands of the
clock = 255° - 180° = 75°.

Assertion Reason Questions

Direction: In the following questions, a statement of
Assertion (A) is followed by a statement of Reason (R).

Choose the correct answer out of the following
choices.

(@
(b)

©
G}

8.

Both (A) and (R) are true and (R) is the correct
explanation of (A).

Both (A) and (R) are true but (R) is not the correct
explanation of (A).

(A) is true but (R) is false.

(A) is false but (R) is true.

Assertion (A): The radius of the circle in
which a central angle of 60°
intercepts an arc of length 44
cm is 42 cm.

Reason (R): Length of an arc of a circle is
Il = 9, where r is non-italic

angle.

Ans. (a) Both (A) and (R) are true and (R) is the

correct explanation of (A).

Explanation: Here, [= 44 cmand 8 = 60° = %
As we know that
[=r0
[
r=—
(<]
_ 44x3
T o=
44 x3x7

= ———"_=42cm

L
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(CASE BASED Questions (CBQs) )

[ 4 & 5 marks ]
Read the following passages and answer the
questions that follow: Central aongle = @ = 60° = o radian
9. Nitish is playing with a Pinwheel toy which -
he bought from a village fair. He noticed that = — radlans
the pinwheel toy revolves as fast as he blows 3
it Consider the Pinwheel toy that makes 360 We know that,
revolutions per minute. |
r=—
]
s
X . ® .
by _ (374)
= A \ ( 22 ]
“\! 7x3
f =357 cm

Ans.

I. g, W A y N - _' 7 :
O R R e P i W
e I ¥ ,"a‘ 3 | N

(A) Find the number of revolutions made by
Pinwheel toy in 120 second.

(B) Find the number of revolutions made by
Pinwheel toy in 1 sec and angle made by
Pinwheel toy (in degree) in 6 revolutions.

(C) Find the radius of the circle in which a
central angle of 60° intercepts an arc of

22
length 37.4 cm. (Use it = 7)

(A) Since the number of revolutions made by
Pinwheel toy in 1 minute = 360

And 1 min = 60 seconds

So, the number of revolution made by
Pinwheel toy in 60 seconds = 360

The number of revolution made by Pinwheel

toy in 1 second = 260
60
Number of revolutions made by Pinwheel
toy in 120 seconds = M:no
60
(B) The number of revolution made by Pinwheel
. 360
toy in 1 seconds = 50 =6

Since. angle made by Pinwheel toy in 1
revolutions = 360°.

Thus, angle made by Pinwheel toy in 6
revolutions = 360° x 6 =2160°

(© Given,
Length of the arc = [= 37.4 cm

Hence, the radius of the circle is 35.7 cm.

10. Consider a unit circle with centre O. Let A be any

point on the circle. Consider O A as the initial
side of an angle. Then the length of an arc of the
circle will give the radian measure of the angle
which the arc will subtend at the centre of the
circle.

A circle subtends an angle at the centre whose
radian measure is 2 n and its degree measure is
360°

r

(A) The radian measure of 240° is:

4n 2r
€l ®3

Sk s
(© = (d) 3

B) A wheel makes 360 revolutions in one
minute. Through how many radians does
it turn in one second?

(a) 6n (b) 4=
(©) 3n (d) 12n

L
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(C) The degree measure of 1.2 radian is:
(a) 68° (b) 68°43'37.8"
(c) 68°45'36" (d) 58°4627"

(D) The radius of the circle in which a central
angle of 45° intercepts an arc of 132 cm,
is:

(Use n) = %
(a) 168 cm (b) 50 cm
(c) 160 cm (d) 148 cm

(E) The minute hand of a watch is 35 cm long.
How far does it move in 9 minutes?
(@) 15cm (b) 30 cm
(c) 46 cm (d) 33cm

4r
Ans. (A) () 3

Explanation: As we know that
180° = n radian

10

radian

T
180°

940% T
180°

Radian measure of 240°

4

3

®) (@ 12=
Explanation: Given that a wheel makes 360

revolutions in 1 minute.
te, a wheel makes 360 revolutions in 60
seconds.

- In 1 secand. no. of revolutions = %

= 6 revolutions
In 1 revolution, the angle made by the wheel

=360°
- Angle made by the wheel in 6 revolutions
=6 x 360°
= 2160°
Rodian made in 6 revolutons
s
= 2160°
*180°
=12

(C) (b) 68°43'37.8"
Explanation: As we know that,
180° = n radian

1 radian = 180

= 68.7272°
=68°(0.7272 x 60)
= 68° 43'(0.63 = 60)”
= 68° 43" 378"
(D) (@) 168 cm
Explanation: We have.

[=132cmand 8-45°=45 x — =1
180 4
[ 132
Now, B = —=—
r r
5_192
4 r
132x4
= r=
T
132x4
= r= =168 cm
22
7
() (@) 33 cm

Explanation: The aongle maode by minute
hand in 9 minutes = (9 x 6)°

= % n 3
=24"=54"* 13610
[
0= -
o
3rt_i
10 3§
35x3rn 21x
= I= = —
10 2
= {:2—1><2=33cm
2 7

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark |

11. Convert the following decimal-degree to
degree minute second measures: 15.5757°
Ans.  155757° = 15° + 0.5757°
=15° + (0.5757 x 60)’
=15%+ 34.542’
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=15%+ 34’ + 0542’
=15°+ 34" + (0542 x 60)"
=15°+ 34" + 32.52"
=15%+ 34"+ 33’

= 15° 34" 33"

L L o s s o



( SHORT ANSWER Type-I Questions (SA-I) )

[ 2 marks |

12. Convert following radian measure into degree

-2
measures —.

Ans. :—2- radian = -_—2x-1—89
9 9 s

= - 2)(2)
s

20x7]
22

=—|2x

L 20><7)
= 11

__w)
11

=-127272°

13. Find the radius of the circle in which a central
angle of 30° intercepts an arc of length

22
66 cm. (Uset= '7"“)

Ans. Given that, length of arc, [ = 66 cm and central
angle, 8 = 30°

- (3025 ) rac
Angle () [ xlBO radian

[ lo= e radian]
180

oo radion

6
We know that
[
B (where 0 is in radian)

66x6 66x6x7

= = =126 cm

1o 22

(SHORT ANSWER Type-Il Questions (SA-1I))

[ 3 marks |

14. The circular measures of two angles of a
: 1 1 : :
triangle are 3 and 3 find the third angle in
the degree measure.

1 1
Ans. As two angles are given as = and 3 radian so.

& it [},XEQ] - (lx-l_a_gﬁ] -2866
3 2 =x « 32

1 1 180)“ [1 180 ]
Zradian= | =x— | =| =x—x7 |=19.10°
3rcl:han [3X = 3)( 22 X

Now as we know that sum of all the angle can

as
2866 + 19.10+x =180
(Let the third angles be x)

23x60

x= 13?_23":132“[ ) =132°153%

x=132°15"126"

( LONG ANSWER Type Questions (LA) )

[ 4 & 5 marks ]

15. The moon's distance from the earth is 360,000
lom and its diameter subtends an angle of 31'
at the eye of the observer. Find the diameter

of the moon.

Ans. Let AB be the diometer of the moon and let £
be the eye of the observer. Since the distance
between the earth and the moon is quite large,
so we take diometer AB are arc AB. Let d be the

diameter of the moon. Then, d = arc AB.



We have, and r=360000 kms

arc
A=

" radius
31 T d
=5 —X—=
60 180 360000
> dis | 21 ® A HO00 | s
60 180
= 324762 kms
31)° (31 1
0=31'=|—]| =| —x - Hence, the diameter of the moon is 3247.62 km.
60 60 180
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TRIGONOMETRIC TRANSFORMATION

FORMULAE

TOPIC 1
TRIGONOMETRIC FUNCTIONS

In earlier classes, we have studied trigonometric ratios
(for acute angles) as the ratio of sides of a right-angled
triangle. To recall. there are slx trigonometric ratios
defined as follows:

; P
[ 6= —
(0 sin -

=

1]

S
8
3
o

Il

ol

(i) cosB =

(iv) secB=

(v) tanB =

TI® m|v T I|m

(v) cot@=

Where 8 is the acute angle, P is the perpendicular,
B is the base and H Is the hypotenuse of the right-
angled triongle. We will now extend the definition of
triganometric ratios to any angle in terms of radian
measure and study them as trigonometric functions.

Consider a system af coordinate axes with origin at O.
Also, consider a unit circle with centre at O. For each
realnumber 8, let P (a, b) be the point on the dircle such
that OP makes an angle 8 (measured anticlockwise)

with the positive direction of x — axis, as shown in figure.

Y
B8

Pla. b)

We define,

Sine Function
(denoted by sin)as

sin @ = y - coordinate of point P.

Cosine Function
(denoted by cos) as
cos 0 = x - coordinates of point P.

From figure, it is clear that the coordinates of the point
A B CandDare (1,0), (0, 1). (- 1. 0) and (0. -1).

We observe the following:
sin 0 = y - coordinate of pointA=0

cos 0 = x - coordinate of pointA=1
sin = y - coordinate of pointB=1

cos = x - coordinate of pointB=0

NlA A

sin © = y - coordinates of point C=0

cos it = X - coordinate of pointc=-1

3n
sin = 2~ coordinate of point D =-1

37
cos TT = x - coordinated of point D =0

We abserve that, y - coordinates of the points A and C
are 0.
So, SinB=0. for8=0,%+x+ 2, +3x,...
ie, sin® =0, when 8ls an integral multiple of n
Also, we observe that, x - coordinates of the points B
and D are 0.

3r  Sm

T
So, cosB=0, forB=4% E'i ?.i TR

hid
ie, cos0=0,when 8isan odd multple of 3

sinB=0
= 8=nx,wherene ”Z
cos0=0
s
= 0=(2n +1}5.whereneZ

We now define other trigonometric functions in terms
of sine and cosine functions:

Cosecant Function
(denoted by cosec) defined as

1
sin@  y-coordinates of point P’

Where, 8 2 n z (form € 2)

cosecO =

L L o s s o
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Secant Function
(denoted by sec) is defined as
i

gecB = = -
cos8 x-coordinate of point P

Where, 8= (2n + 1) % (form e Z).

Tangent Function
(denoted by tan) is defined as

5in@ - coordinates of point P
tan @ = =4 P

cos® x-coordinates of paint P’
Where, 0= (2n + 1) g (form € 2)

Cotangent Function
(denoted by cot) is defined as

cos® x-coordinates of point
catd = =

sin@ y - coordinates of point

Where, 82 n x (form e 2).
From above definitions. we can have the following
table:

0° 30° | 45° 60° 90° 180°|270° 360°

sin 0

tan 0

2
3
cos 1%72'|
1
NG

gac 1E\E2nd..—l ru:i_nl

cot ruiﬁ‘l 750 nd. [0 |nd

Here, 'nd.’ means that the trigonometric function Is not
defined at that value.

We know that, one complete revolution subtends an
angle of 2z radian at the centre of the circle. If we take
one complete revolution from the point P we again
came back to the same point P. Thus, we observe that if
B increases (or decreases) by an integral multiple of 2z,
the value of sine and cosine functions do not change.

Hence, sin(2nm+0) =sin®,forallne”Z
And cos(2nm +0) =cos B, farallne Z

By definition of other four trigenometric functions, we
have

11
Ein(2nrt + B) " sinB

cosec (2nn + 6) = =cosecH

1 1

sec (2nn +0) = = =cotB
cos(2mr+ B) cos @

B sin(?nn+3] a sin® —
cos(2m+6) cos 6
cos|2nr+8 %)

cot (2nn +6) = ( )—CDE te

Hence, we can summarise the results as follows:
sin(n x 360°+0)=sinBforalln e Z
cos(n x 360°+0)=cosBforallne Z
cosec(n x 360°+0)=cosecB foralln e Z
sec(n x 360°+0)=secBforalln e Z
tan(n x 360°+0)=tanBforallne Z
cot(n x 360°+0)=cotBforallne Z

Periods of Trigonometric Functions

We shall now understand the meaning of a periodic
function. In simple words, a periodic function is a
function that repeats its values in regular intervals or
periods.

Periodic Function

A function f: D — R s said to be periodic if there exists
a non-zero real number a such that f(x + @) = f(x) for

all xe D.
Period of a Periodic Function

Let f: D — R be a periodic function. The least positive
real number p such that f(x + 0) =f(x) forallx e D is
called period of £

From the discussion in the previous subsection, itis clear
that all trigonometric functions are periodic functions
with period 2r.

Signs of Trigonometric Functions

Let us now find the signs of the trigonometric functions
for different values of 6 in their respective domains. We
observe that the signs of these functions depend on the
quadrant in which 0 lies.

For example. in | quadrant (e .0.< g) ond Il quadrant
(Le. % < 0 < m), the y-coordinate of point P is positive.
So, by definition, sin x is positive.

3n
But. in lll quadrant (L e .t <8 < 7) and IV quadrant

3r
(e, > < 0 < 2n), the y-coordinate of point Pis negative.

So, by definition, sin x Is negative.

Similarly, we can find the signs of other trigonometric
functions in different quadrants.

L



table:
| [}

sin @,
cosecH

tan 6,
cot@ X e

cos 8,
secO

1 |

The final result has been summarised in the following

]| v

Quadrant Quadrant Quadrant Quadrant

quadrant.

y4

One way to remember which functions are positive
and which are negative in the various quadrants is to
remember a simple four-letter acronym, ASTC.

This acronym can remind you that All are positive in
the | quadrant, Since is positive in || quadrant, Tangent
is positive in lll quadrant and cosine ig positive in IV

This acronym could standfor After School To College, or(
Add Sugar To Coffee) some other four-word expression
that will help you remember the relationships.

Y

second quadrant.

Ans. Since, x is in I" quadrant.

Example 2.1: Find the values of other five

3
trigonometric functions if sin x = —, x lies in the

5
[NCERT]

So. sin will be positive but cos and tan will be

sin?x+cos?x=1

32
[—] +cosix=1
5

i i e |
75 +CO0E X =

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

negative.
sy | A
T | cav)
Here, sin x= 2
5
We know that,

cos?x = 1—i

25

g 95-9

008" x = —=—
coslx = 46
T 25

16

=%, |—

cos x o
=t—
cos x .

As, x lies in the I quadrant and cos x is

negatve in II" quadrant.

-4
CO8 X ===
5
3
sin x 3
tan x = = S
COB X -4
5
3 -5 -3
= e K — o —
5 -4 4
1 1
CoseCX = = —
sinx 3
5
1x5 5
T 3 T3
1 1
secx = = —
COB X i
5
1x5 -5
~ =4 T 4
¢ 1 1
cotx = tanx -3
4
-4

Example 2.2: Find the value of the trigonometric
function cosec (- 1410°). [NCERT]

Ans. Given, cosec(- 1410
As, gsin (-x) =-sin x,
So, cosec (-x) = - cosec x

cosec (- 1410°) =- cosec (14109

= — cosec (14 10x L]
180

47w
=-CcogeC ——

6
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S
= - 7_'1
CDSEC[ 6'{]

= - cosec (BH-—R]
6

1
=—00S€eC | 4x2x—=
[ X 21 Eﬁ]

=y

Values of cosec x repeats after an interval of 2z,

Hence, ignoring 4 x (2 n).

(&)
= — COB8EeC 6

1
o - =x180°
COBEC( 6 X )

= - cosec (- 309
= — (- cosec 309
cosec 30°

1
sin30°

|H

o
il L
S

N

Example 2.3: Find the value of the trigonometric
function tan }%E [NCERT]

19x
Ans. Given, trigonometric function is tan 3

It can be rewritten as

1
=tan 6—rx
3

1
= 6R+—
tan{ b 3rt]

1
= tan [3(2 Ir]+ 3 rt]
Values of tan x repeats after an interval of 2n

Hence, ignoring 3 x (2r)
=tan | -1
3
= tan [}- x 180“]
= 3

= tan 60°

-\3 [.-.tan60°=\6]

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

Example 2.4: Find the value of the trigonometric

. (11w
function sin 3 ) [NCERT]
11
Ans. Glven, sin (_Tn‘]
It can be rewritten as
11w ; :
= -gin = [As sin(=x) = - sin x]

2
=—ginl3<
sm[ 3“)
i)
Rl [
sm( i 31:]

Values of sin x repeats after an interval of 21
Hence, ignoring 4 = ie., 2 x (2n)

=-sin (:jl- ]
(=)

[As sin (- x) = - sin x]
sin (%ﬂ]

Ein[180“]
3

sin 60°

_B

2
Example 2.5: Find the values of other five

13
trigonometric functions if sec x = ?, x lies in fourth

quadrant. [NCERT]

Ans. Since, x lies in the IV" quadrant, cos will be
positive. But sin and tan will be negative

We know that

2 2
1+tan"x=8ec” x

2
1+tan?x= [E]
5

2
13
2
= Fe=ad
tan” x [5]

tan® x = -@—1
25
2, 169-25
*= "Tag
fit A
T 25

L
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144 Based on the above information answer the
I tanx = % S following questions. |
I (A) The value of cos A + sin Bis: |
12
=t—
tan x 7 @ o 2
13 65
I Since, x is in IV quadrant. |
20 9
I tan x is negative in V"' quadrant. (© 65 (d 13 l
I i -52 (B) The value of sin (A + B) is: |
17 29
I 1 1 (@) 13 (b) E |
cotx= anx - 12
| F & 2 @ = |
65 17
I = g (C) The value of cos (A + B) is: |
11 33
I I @ -75 ®) -5 l
e = 19 65
5 W o |
| . @ -3 @ -= |
| =5 (D) The value of sin(A - B) is: |
; -16 -39
_ sinx @ == ®) =2
ta =
I X CO5 3 65 40 |
sin x = (tan x) x (cos x) —65 d —40
I () 16 (d) 39 l
- 12 5
I =< 13 (E) The value of cos(A - B) is: |
65 63
) 2 @ 75 ® & |
| 1 |
73 72
1 -13 @ 2 @ 2
I cosecx= —— = > 65 65 l
Example 2.6: Case Based: Ans. Given, sinA:%.O(A(%
I In the school project Pankaj was asked to construct a |
I triangle and name it as ABC. cosA = V1~ ﬁinzA |
- Aliesin 1st quadrant]
) = |
P LS
I = CO8 25 3 |
and cosB = i(3!»’.5(E
I T 13 2 |
I h :-. I L . sinB = .-mEIB |
I { L. 4 - Blies in 1st quadrant] |
Consider sinA= E and COSB=E' where 0 < A and d \‘
| b , {&_2 |
I ) 169 13 |

L L o s s o
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A O z=

-16
(D) (@) E

Trigonometric function of Compound Angles

1. sin(A + B)=sin AcosB + cos AsinB
2. sinfA-B)=sin AcosB-cosAsinB

3

cos(A + B) = cos Acos B-sin Asin B
4. cos(A-B)=cosAcosB+sinAsinB

r
Explanation:
Explanation:
cosA+sinB=3+£ : : :
I LT i) sin (A + B)=sinAcosB-cosAsinB
I LR 39 4 5 312
= e e e
I 65 6 5 137513
56
) " 65 65
I Explanation:
sin (A + B) =s8in A cos B + sin Bcos A _16
I 4.3 1.3 65
I 5 13 13 5
20 36 56 63
S e — — —_—
| 65 85 65 ST
-33
C =i s Explanation:
| ©6 = xp
I Explanation: cos(A-B)=cosAcosB+sinAsinB
I cos (A + B) = cos A cos B-sin Asin B _§x5+ix12
3,3 4,12 E13 5 1
I 513 5 13
I _ 15 48 -33 _15+48_83
" B85 65 65 65 65 64
I TOPIC 2 |
| GRAPH OF TRIGONOMETRIC FUNCTION
I Trigonometric Functions of Sum and Difference of Two Angles
Trigonometric Function of Some Allied Angles In Terms of 6
I T-Ratios i
|Allied Angles sin cos tan cot Sec cosec
I i -0 -6in0 coE 0 -tan® -cot@ secB - cosecB
| "
(Eiﬂ] cos @ +5in 0 +cot@ +tan @ +cosec © secO
I (r+06) +5in0O -cosB +tan® +coto +secB +cosec @ -
I 3rn
I Tie —-cos B +6in0 FcotB Ftan B FcosecH Fsech
I (2a+0) +sin® coe® | *tan® +cotB sec@ + cosec®

L
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8 Foldlie e tTons
l-tanAtanB

A-tanB

6‘ th(A—B): tan tan
l1+tanAtanB
AcotB -1
T cot(A_i_B):w
cot A+cotB
AcotB+1
8. ent{A-HeSinotatl

cotB-cot A

Transformation Formulae

In this topic, we deal with mainly two types of
transformation.

1. Transformation of product into sum or difference.
2. Transformation of sum ar difference into product.

Transformation of Product into Sum or
Difference

e 2sin A cosB=sin (A +B8) +sin (A -B)
e 2cosAsinB=sin(A+B)-5in(A-B)
o 2cosAcosB=cos(A+B)+cos(A-B)
o 2sinAsinB=cos(A-B)-cos(A+6)

Transformation of Sum or Difference Iinto
Product

sin A+5inB=25in[A;B]C05[A;BJ

sinA—sinB:?cos[A;B]sin[A;BJ

co5A+cosB=2cos(A;B]cos[A;B]

coaA—cosB=-—25in[A;B]sin[A;B]

Trigonometric Functions of Multiple
Angles

e c0s2A=cos’A-sin?A=1-2sin?A

2
l-tan® A
=2|:|:>52A—1=_n
1+tan? A
. Sl Akt
1+tan’ A
° tanA:ﬂ
1—tan’ A

e sin3A=2sinA-4sin*A
o cos3A=4cosA-3cosA

3tanA-tan?® A
1-3tan’ A

e tan3A=

Trigonmetric Functions of Sub-Multiple
Angles

1 cosx=cos’ X —sin? ol
2 2

2 sirlx—Qsirlicu:»si
- 22

X
2tan—

1+ tcm2

M| X

)
zmn[g]

1—tan? [i
2

Trigonometric Ratios of Some Specific
Angles

3. tanx=

1. sinl8°=cos72°=

J5 =1
4

10+ 245
2 coslB°=sin72°= m (

V541

3. cos36°=sin54°= "

4. sin36°=cosS54°= @

L
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Domain and range of trigonometric functions

(" Yy =sin x i Y =cosx 3 ( Yy =tanx \
Domain=R Domain=R *
Range = [-1, 1] Range = [-1, 1] Damain = R-{{Qn + I}T'HEZ]
¥ i 4
o3 N O TN y -33/-\-3,01{ T~ 3x
X = RN el L /_gﬂu_ii%u N
N *; J L T j
| [
DOMAIN AND RANGE OF \
TRIGONOMETRIC FUNCTIONS
[ T !
I |
/"y =cosecx \ ('y=secx N\ - N\
Domain =R - {nx, neZ} = T y=cotx
Ronge=R={-1, 1) Domuln_R—1(2n+1)2,nEZl
1 y4 : ! Range=R-(-1.1)
: I I iYa 1
| 1 1 H I 1
Vs )
-x! 2 I?K 2 I21‘[ ! 1 I
X' b - ! -
A2 A X+—g ot
ﬂ -2° [\: i %l'z‘
] I 1 1 1 1
I 1 1 1 1
! . B
N r J\ 1 e J

Value of T-Function for some Particular Angles

-Functions i
Angles L

cos tan cot sec cosec

0 0 1 0 not defined 1 not defined

= J3-1 B+
= - ] 5443 VB=-1 | VB +1
12 - ‘ TZ 5 ( ) ( )
T 1 JE 1 2

: : | T | F | F 3 2

— R

e 1 1

4 N | = 1 1 V2 2

L3 V3 1 Y 2

3 7 2 3 93 - V3

% 1 0 not defined 0 not defined 1

T 0 -1 0 not defined -1 not defined
3a

2 -1 0 not defined 0 not defined -1

2% 0 i 0 not defined I | not defined

L
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Signs of Trigonometric Functions in

Different Quadrants

Il Quadrant (% <f< rt)

sln 0 and cosec 6 are
positve

(90° + 6) and (180° - 6)
Xf

180° 1120°

| Quadrant (0 <B< -;—)

All rigonometric functons
are positve.
(360° + 8) and (90° - )

1l Quadrant (l‘[ <B< 225

tan 0 and cot 0 are positive.
(180° + 0) and (270° - 6)

270°L_{d360°

X

v Quudmnt(a—;I <B< 2n)

cos 0 and sec 0 are positve.
(270° + 6) and (360° - 6)

Y’
uadrant

T FuincBen | [} n v
sin x | * | % - -
Ccos x | &« | = = +
tan x + - + -
cot x + | = + =
sec x |+ | - | - +

e i 1 I I
cosec x + ‘ + ~ =

1 1

sin 5x + sin 3x

Example 2.7: Prove that: —————=tan4x.
cos 5x + cos 3x
Ans. Given,
sinSx +sin3x
—_——————————=tan4x
cosSx+cos3x
LHS < sinSx +sin3x
cos Sx +cos 3x
. Sx+3x Sx-3x
2sin cos
= 2 2
B Sx+3x DsSx-—Bx
2 2
+ sinC+sinD=2sin kil cos C;D and
D -D
cosC+cosD=2cos A cos £
2 2
sin4x cos x

= —m——— =tan 4x=RHS.

cos4xcos x

Example 2.8: Prove that:

sin x — sin X =
sinx-siny _ x-y
cos x +cos Yy 2

X+ X=
2cos d sin d

sinx—siny 2 2

Ans. LHS =

COS X +COS Y

+ -
2cos uu':t:n\sx—é’—
2 2

—  sinC-=sinD=2cos sin

C+D C-D
2 2

cosC+cosD=2cos

C+D C-D
cos
2 2

xX-y

= tan =RHS

Hence, proved.

i +8in3
Example 2.9: Prove that: Sl L L SRS
cos x +cos 3x

sin x +sin3x sin3x +sin x
Ans. LHS. = =
cosx+cos3x cos3x+cosx

3x+x 3x-x
cos

74 2

3x+xCQ53x~—x
2 2

C+D _ _C-D
cos

2sin

2cos

sinC+sinD=2sin and

c-D

cos C +cosD=2cos >

cos

in2
_ sin2xcosx Sharidie R
€Os 2 COS X

Hence, proved.

Example 2.10: Prove that: M =2sin x
sin® x - cos® x

sinx—-sin3x sin3x-sinx

sin® x—cos? x cos? —gin’ x

Ans. LH.S.

3x+x . 3x-x
sin
2

cos2x

2cos

cC+D ,  C-D
sin 2

x =cos 2x

sinC-sinD=2cos and

2

cos? x —sin?

_ 2cos2xsinx
cos 2x

Hence, proved.

=2sinx=RHS

Example 2.11: Prove that:

cos 4x +cos 3x +cos 2x

sindx +sin3x +sin2x sakax,

Ans. LHS = €90 4x+cos3x+cos2x

sin4x +sin3x +sin 2x

_ (cos4x+cos2x)+cos 3x
" (sin4x +sin2x) +sin3x

L
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4x+2x 4x-2x
cos

2cos + cos 3x
- 2 2
. Ax+2x 4x-2x
2sin cos +5in3x
2 2
cosC+cosD=2cosc+Doosc_D and
sinC+sinD=2sin cosC;D
. 2cos3xcos x +cos3x
~ 2sin3x cos x +5in 3x
3x (2 1
_ cos x (2cos x + )—mt3x=RJ—LS_

sin3x(2cos x+1) -
Hence, proved.
Example: 2.12: Prove that: cot x cot 2x - cot 2x cot
3x-cot3xcotx=1
Ans. Take, cot 3x = cot (2x + x)

cot3x cot2xcotx-1

1 cot2x+cotx

[ cot(A-}-B):mtAcotB_l]

cot A+cotB

= oot 3x cot 2x + cot 3x cot x = cot 2xcot x - 1

= cotxcot 2x - cot 2x cot 3x-cot 3xcotx=1
LHS =RHS

Example 2.13: Prove that

g2
- 4tanx(1-tan” x)

1-6tan? x+tan? x

Ans. LHS = t0ﬂ4x=tctn2(2x)= 2tan2x
1—tan? 2x

Pt

1-tan® x

2
2t
e an;
1-tan” x

l:_-_ tan 2x = %

1-tan? x

4 tan x & (1-tan? x)"’
2

2

1-tan” x {l—tonzx)z—lltan x

4tanx(1- tan® x)
2

2

1+tan? x =2tan? x =4 tan? x

2
4 1-ta
- 1:(:m.=c(2 n :) —RHS
1-6tan” x+tan x

Hence, proved.

Example 2.14: Prove that:

cos 4x = 1 - 8 sin’ x cos® x.
Ans. LHS. = cos 4x = 1 - 2 sin? 2x = 1 - 2(sin 2x)2
[+ eos 2x=1 -2 sin® 2x cos?]
=1 - 2(2 sin x cos x)?
=1-8sin2xcos’x =RHS
[+ sin 2x =2 sin x cos x]
Hence, proved.

Example 2.15: Prove that: cos 6x = 32 cos® x - 48
cosix+18cos?x-1
Ans. LH.S. = cos 6x = cos 2 (3x)
=2 cos?3x-1=2(cos 3x)?-1
(- cos20=2 0570 - 1)
=2(4cos® x-3 cosx)?-1
(v cos 30=4c08°0-3 cos 0)
=2(16 cos®x + 9 cos® x- 24 cos® x) - 1
=32 cos® x-48 cos® x + 18 cos 2x -1
=RHS.
Hence proved

Example 2.16: If x sin® 0 + y cos® 8 = sin © cos 0
and x sin 8 = y cos 0 then find the value of x? + y%

Ans. Given, x sin® 8 + y cos” 0 = sin 6 cos 6 -
And, xsin®=ycosO
in@
—_— sin @
cos@

o , sin@
Puttingin (i). x sin” 8+ x ——-cos” B=sin@cosO
cos

= xs8in’ @ +xsin 0 cos’B=6in O cos O
x 8in 0 (sin® © + cos” 6) = sin 0 cos 8
X (sin2 0 + cos? 0)=cos @
[ sin® 8 + cos” 6 = 1]
=5 x=cosB
Putting the value of x in (ii), we get
y=sind
= xX¥+y’=sin08+cos’0=1
Example 2.17: And the value of sec? 8 + cosec” 6.
Ans.

1 1
+

cos?e sinle

sec? 0+ cosec? 6=

sin? 8+ cos’ @
sin” 8 cos O
1

sin’ @ t:cas2 0

= r:c:sr:*c2 0 53:2 3]

L
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Example 2.18: If x sin Ecosz z

3
tcln2 £ cosec E
3 6

= then, find the value of x.

=T

Ans. x sin45°cos? 60° =

tan? 60° cosec 30°

sec45° cot? 30°
11 32
X = = ——
V2 47 \23
= x=8

(OBJ ECTIVE Type Questions)

Multiple Choice Questions

1. Ifsin 0 + cosec 0 = 2. then sin® 0 + cosec’ 0 is

equal to:
(@1 (b) 4
(c) 2 (d) None of these
[NCERT Exemplar]
Ans. (c) 2

Explanation: According to the question,
sin O + cosec =12

On squaring both sides we get.

= (sin B + cosec El)2 =22

= sin? 0 + cosec” 8 + 2 sin O cosec 0 = 4

1
=5 s'ij+cnsec29+25inB[,—]=4
sin

3]
= sin? 0 + cosec’d +2=4
= 8in% 0 + cosec’f =2

2. IftanB= % and tan ¢ = %, then the value of

0+¢is:
@ ¢ ®)
g
© 0 @ 3
[NCERT Exemplar]
Ans. (d) %

Explanation: According to the question,
tan © : dt .
an B = 5 and tan ¢ = 3

We know that,
tan B+ tan¢g

tan (6 o ———
an @-+4) 1-tanBtang

On putting the values, we get
s M |
-t =

. 2 8

1=

=1

X

| |@D|n

N =
Wl

ton (@ +¢)=1
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[ 1 mark |

= tan(0+¢)=tan§ [ ton%: ]
T
= 0+¢= Z
3. Whatis the value of tan 75° 7
\/5—1 \/§+1
(b
(0) \G+1 ) \/5_1
V3 J3
(© @
341 J3-1
[Delhi Gov. QB 2022]

Explanation: tan 75° = tan(45° + 307

Expand the above exprassion using

tan A+tanB
identity t =
lasatiy tani -« H) l1-tanAtanB

So, tan 75° = tan(45° + 309

i TR0 tan 45°+tan 50°
1-tan45°tan30°

1+ 1

__B

1- 1

3

_ \/§+1

3-1

4. What is the value of sin 75° ?

@ 22 @ 21
33—1 232
Y311 ¥3-1

(© (d)

2\/5 \f§+1

[Delhi Gov. QB 2022)
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Ans. (c) 7311

Explanation:
sin 75° = sin(45° + 30°)
sin(x +y) =sinx cosy + cos xsiny
Putting x = 45° and y = 30°
= gin 45° cos 30° + cos 45° sin 30°

vt

@{n—-
& “|S
MT'—‘
—

Kt

]
vy A
—

2[p

5. The value of tan 61_11: is:
64

3 4 1
© - & =
© 1 @ 0
1
Ans. () T

6lrn i
lanation: tan| — |=tan| 10n+ =
=2 ( 64 ] ( 6]

T 1

(e

6. K cosx= _2—1 and 0 < x < 2n, then the solutions

are:
© X=2—;,7?“ ©) e=23_‘-,5_3“_ [Diksha

1
Explanation: Given, cos x=— =

T
Then, cosx:—msg

COS X =C0s J'!.‘—-E
- 3

2n
cos X =cos —
2

o
and COS X = COos [rr+§-]

4n
CO8 X =C0s ?

liein0 <x< 2

4
X=—
3
So, both liein0O<n<2n
Hence, X=2_1:'4_rc
3 3
24c0
7. The value afﬂis
1+tan?15°
(@ 1 ®) V3
3
c) — d) 2
(© 2 (d)

[Delhi Gov. QB 2022)

V3

Ans. (C) 7

Explanation: Let 8 = 15°
= 26 =30°
Now, since we know that,

2
l-tan® 6
cos 20 = ——
1+tan?@
1-tan® 15°
=5 cod 30 ———=.
1+tan?15°

\E _ 1-tan?15°
T 1+tan?15°

8. Find the value of tan (a + ), given that

oota:%,ae(rt, S?H] and sec[ﬁ- ,Be[z,n]
1 2
(a) i (b) 11
5 3
() i1 d 11
Ans. (b) 11

Explanation: Given,

tana = - =2.a isinlll guadrant
cota
and secfl=—
P <]

3
cosfl = -z pisin lll quadrant

L
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= y25-9
=4
Thentgnﬁ:ﬂ:ﬁ:i
cosp -3/5 3
4
tanP=+—
= tanf 3

- Bisinll quodrant.

But, tanﬁ=? [ tan B s -ve in Il quadrant]
Now,

ol e
tana+tanf 3 2

1-tanu-tanf ; (2)[“4]=H
3

tan (o +f) =

9. Ifsin 0 + cos 8 = 1, then the value of sin 20 is
equal to:
1
1 =
(@) ® 3
() O (@) 2
[Delhi Gov. @B 2022)
Ans. (c) 0
Explanation: Given,sin® +cos 8 =1
= (sin © + cos 6)% = (1)*
= sin’0+cos’0+2sinBcosB=1
— 1+sin28=1
= sin20=1-1=0
10. If cos x+ 3 sinx = 2, then the value of x is:
IS 2r
@ 3 (b) 5
& == @ X [Dikshal
3 3
s
Ans. (0) —
@ 3

Explanation: Given, cos x + J3sinx=2

1 3
— cosx+—sinx=1 -
2 2

This equationis of the formacosx + bsinx=c¢

Wherea=1.b= \E andc=2
leta=rcosuandb=sina
Now,

l=rcosa. \E =rsina

!'=\|'a] + b2 =v1+3

r=2

and. tan a =

tana=

hlgy olT

wim

Onputtinga=1=rcosa

and b= J3=rsina
In eq. (i) we get
= rcosxcosa+rsinxsna=2

= rcos (x-a)=2

ZCOS[X—E-) =2
3
cos| x——| =
3
cos[x—-]z] =cos0
3

x—E =2nr+0
3

x= 2ne+ X
forn=0, x=E
k|
i
X = =
3

11. The value of tan 75° - cot 75° is:

@ 23 ®) 243
© 2-V3 (d) 1 [NCERT Exemplar]

Ans. (@) 2.3

Explanation: We have, tan 75° - cot 75°

sin75° cos75°
cos/75° sin75°

sin’ 75° - cos® 75°

cos 75°sin75°
= 2(sin® 75° - cos? 75°)
2cos75%sin75°
_ —2cos150°
§in150°
= 2 cot 150°
=-2cot(180° - 309
= 2 cot 30°

=23

L
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12. fa+B= E,then value of (1 + tan a).(1 + tan f3)

is:

(@ 1 (b) 2
(c) -2 (d) Not defined
[Delhi Gov. QB 2022]
Ans. (b) 2
Explanation:

tan(a + B) = tan%

tl:lﬂ[l’.+tl:l|"|E
= =]

l-tonatanf

= tanac+tanP+tanatanp=1
= l+tana+tanf+tanatanp=2
= (1+tana)(l +tanp)=2

Assertion Reason Questions

Direction: In the following questions, a statement of
Assertion (A) is followed by a statement of Reason (R).

Choose the correct answer out of the following
choices.

(a) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) and (R) are true but (R) is not the correct
explanation of (A).

(c) (A)is true but (R) is false.

(d) (A) is false but (R) is true.

13. Assertion (A): Value of sin (- 270)°is 1.
Reason (R): sin (180° + 8) = - sin 6.
Ans. (a) Both (A) and (R) are true and R is the correct

explanation af (A).
Explanation: sin(- 270° = - sin (180° + 90°)

We know that
sin (180°+8)=-sin B
=(-sin 909 =1
T 2n
i14. Assertion (A): The value of 0 = -é- or = T

when 0 lies between (0, 27) and
sin?@ = 2 s
4

Reason (R): sin 0 is positive in the first and
second quadrant.

Ans. (d) (A) is false but (R) is true.

3
Explanation: Given, sin‘9= Z
oo Y3, B3
=sin@= 7~ or- —==.
3 a
Case |I: When 5mB=T =Ein 3

i5.

; o : \ bid
= sin@=s8n — arsn(n- —
3 ( 3)

hid =

= ﬁ=§m-ﬁ_§'
27
Le. B=£or—
3 3

3
Case ll: Whensin 8= - %, then 0 lies either in
the third ar fourth quadrant

. o
Now, 8inB =- — =-8in —
2 3

T T
=sin (Tt+—) or sin (211:—--—»]
3 3

0= E+E ar 211:—E
3 3

3
Hence. sin?0 = Z,O <B<2r

n 2n 4m Sn

Letsec B+ tan®=m, where0<m < 1.

i m?+1
Assertion (A): secB= and
. o |
sin @ =
m-°+1

Reason (R): 0 lies in the third quadrant.

Ans. (c) (A) is true but (R) is false.

Explanation: Given, secB + tan 6 = m,

where,0<m<1 ()}
We know that, sec’f-tan0=1 _(m
dividing (ii) by (1). we get
secO-tan 0= ) _(iii)
m
1
Note that —>1 (- 0<m<cl)

m
On adding (i) and (iii). we get

m?+1

>0

secl=
2m

And subtracting (i) fram (i), we get

)
1
a <0

tanB=

AsgecB>0andtan® <0
0 lies in the fourth quadrant.

L
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i6.

Ans.

i7.

tc:nB_mz—l]Qm
sec® m?+1/2m

Also. sinB=tanB® cos 0 =

_mi—l

m?+1

Let « be a real number lying between 0 and

n S
) and n be a positive integer.

Assertion (A): tan a + 2 tan2a + 2%tan2%a +
wt2tan 2™ g+ 2" ot 2% &
=cota

Reason (R): cot w - tan u = 2 cot 2a.

(a) Both (A) and (R) are true and (R) is the

correct explanation of (A)

Explanation:
2
Given, cota—tana = —tana:ﬂ
tana tana
2
l-tan” «
= 2| ————— |=2cot2a
2tana

From here, we get tan a = cot a - 2 cot 2a

Making repeated use of this identifu, we shall

obtain

tana + 2tan 2a + 22tan 22 @ + _ + 2™ tan 271

a+2"cot2’a

= (oot a - 2 cot 2a) + 2(cot 2a - 2 cot 22 a) + 22
(ot 2?a-2c0t22 @)+ ..+ 2" (cot 2" -2
cot2"a)+2"cot 2"a = cota

Assertion (A): The value of sin (-690° cos
(-300°) + cos (-750°) sin (-240°)
=1

Reason (R): The value of sin and cos is
negative in the third and fourth
quadrant respectively.

Ans. (c) (A) is true but (R) is folse.

Explanation: sin (-690°) = - sin 690°
= —gin (2 x 360° - 309

1
= —(-gin3 i
(-sin30°) 3
cos (-300°) = cos 300° = cos (360° - 60°)
1
i— 6 ==
cos 60 5
cos (-750° = cos 750° = cos (2 x 360° + 309

3

cos30°=—

sin (=240 = - sin 240° = - sin (180° + 60°)

V3

—(-sin60°) =sin60° = =

sin (-690) cos (-300° + cos (-750°) sin

) G]G]*[g)[%} 1,3, (- 240

18. fA + B+ C=180° then

Assertion(A): cos? %+ cos? g -cos? %

2cos : cos g sin G
- 2 2 2
Reason (R): cos C+ cos D

=2cos sl cos )
- 2 2

Ans. (@) Both (A) and (R) are true and (R) is the

correct explanation of (A).

Explanation: Given, cos? %H:os? B cos? €

2

_1+cosA+1+cosE 1+cosC
-3 2 2

_ 1+(cos A+cosB—cosC) 0
2

Now, cos A + cos B-cos C

A+B A-8B &
= 2cos cos| ——|-cos| 2-—
2 2 2

= QEiHECDS[A_
2

[ COS(A;B}m(goo_g}:sm(g]]

. C A-B . (c
25|n§{cos[ > ]+sm(§J}—1
—1+25in%{cos[A;B]+cos[A;B]}
—1+4sin [%Jcos {g] cos(g—] —(ii)

From (1) and (ii). we get

LHS of the given identity

le{g=(g4)

1
)
n
o]

(1]
—_——
(SIS
L
n]

o]
wn
i
(ST v}
N —

m.
5
P ——
~|
A —

L

o o
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(CASE BASED Questions (CBQs) )

[4 & 5 marks ]

Read the following passages and answer the
questions that follow:

19. Sudhir who is a student of class XI got a Maths
assignment from his class teacher.
He did all the questions except a few. If the value
of sfnx:% and cos y=-—'—;§-, where x and y

both lie in the second quadrant, then help Sudhir

in solving these questions.

(A) What will be the value of cos x?

4 -3

(a) 35 (b) <
=4 3

© 5 @ <

(B) What will be the value of siny ?

5 g 12

@ = ®) T3
-5 5

(9 ~ (d) T

(C) Which of the following options is correct?
(a) sin (x-y) =sin x cos y + cos x sin Yy
(b) sin (x + y) = cos x sin Yy — sin x cos Y
(c) sin (x+u) =sinxcosy + cos xsiny
(d) sin(x - y) = sin x sin y - cos x cos y

(D) The value of sin (x + y) is:

-56 56
(a) o5 (b) E
55 -55

(E) The value of sin 75° is:

1-y3 1+43
5 (b) =

)1+\/?_,
2

(@

1-+3
© ——— d
PN

-4
Ans. (A) (©) <

Explanation: Given, sinx = %

As we know that

cos’x = 1 - sin’x

]

el
25
_25-9 16
T 25 T 28
Thus, coax::tg

Since x lies In second quadrant
cos x is negative

cosx = —=
-5
5
®@ =
Explanation: Given,
BT -12
T
As we know that
sinfy=1-cos’y
WS 25
169 169 13

Since, y lies in second quadrant
sin y is positive
siny= —
13
(@) () sin (x + y) = sin x cos Y + cos x sin y
Explanation:  Trigonometric  function  of
compound angle
sin(x + y) = sin x cos y + cos x sin y

L
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-56
©) (@ 55
Explanation:

As we know that

sin (x + y) = sinx cos y + cos x siny

Explanation: Given,
sin 75°= sin (30° + 459

= sin 30° cos 45° + cos 30° sin 45°

; 4 5
20. Consider ElnA=; and C°93=E where

0<AB<Z.
2

(A) Find the value of cos A + sin B.
(B) Find value of cos (A + B).
(C) Find the value of sin (A - B).

4
Ans. (A) Given, smA=§,0<A<g
cos A=,/1-sin? A

[ Alies in 1st quadrant]

1 cosA= i=E
25 §
And cosB= 0<E<K
13’ 2

[+ Blesin 1st quadrant]

2
= LS 25
13 169
o i 12
=  Sn8= 155713

cosA+5inB=§+£=3—g+60=§

(C) sin (A-B)=sin Acos B-cos AsinB

4 5 3 12

" 13 % 13

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark |

21.Ifacos8+bsin6=mandasinB-bcosB=n

then show that a®+ b% = m? + n®

[NCERT Exemplar]

Ans. Given, acos0 + bsin8=m 0]

and asinB-bcosB=n (0]

On squaring and adding of egs (1) and (i), we get
m?+n*=(acos®+bsin8)?+ (@sinB-b

cos 6)?
= m*+n’=a’cos’0+b*sin?0+2abcos B
sin 0 + a’sin? 0 + b? cos? B - 2ab sin 0 cos 0

= m’+n’=ad (me.2 0 + gin’ 0) &b (s.in2 0+

cos’ 0)

> mi+n?=a?+b?
Hence, proved.
22. Find the value of sin(- 240°).
Ans. sin® (- 240° = - sin 240°
= —sin (180° + 60°)
= - (-sin 609
= 6in 60°

i

2

L
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23. Find the value of tan 22° 30",

[NCERT Exemplar]
0
Ans. Let, 22°30'= 3
8 =45°
. 0
sin—
tan 22°30'=tan = = 2
2 3]
cos —
2
2si 2] e
sin 5(05 5 B sin@
- 2 cos? @ " 1+cosH
2
sin@ sin 45°

1+ccsB=1+cos4S°

i
k1
1+L_.
V2

J2+1

i 1x(v2-1 i3
V2+1)(V2-1
Hence, tan 22° 30’ = \E— 1
24. Find the value of cos? 75° - cos® 15°.

Ans. Given, cos” 75 - cos” 15 =
= (cos 75° + cos 15°) . (cos 75° - cos 159)
= (2 cos 90°. cos 607 (2 sin 90° . sin 607

-(03)(er7)

=0

25. Prove that sin (n + 1)xsin(n + 2)x + cos(n + 1)

x.cos(n + 2)x = cos x.

[Delhi Gov. SQP 2022)
Ans. LHS. = sin (n + 1)x sin(n + 2)x + cos(n + 1)x
cos(n + 2)x = cos x
= cos|(n + 1)x - (n + 2)x]
[-- cos (A= B) = cos A cos B + sin A sin B]
= o8 [nx + x = nx - 2x]
=cos(-x) =cosx=RHS.
[ cos (-B) = cos 8]
26. Find the value of 2 sin 45°. cos 45°
Ans. We have,
2 sin 45° cos 45°

5 1 1
= 2x—p=x
22
=1
27. fcosx +sinx = \E,then find the value of x.

Ans. cosx+sinx= 2

1 1
cosx+—=6inx=1
Bz -
sin 45° cos x + cos 45°sinx=1
sin (45°+x) =1
sin (45° + x) = sin 90°
45° £ x =90°
x = 45°

A

(SHORT ANSWER Type-I Questions (SA-I) )

[ 2 marks ]

28. Solve tan 4x= —cot [x + :—:-]

Ans. tan © = cot [90° - 6]

n
tan 4x = —cnt[x + :i-:l

_ m[LHE]
2 4

tan 4x = tan X+T

4 x= |:x+3—x:|
4

4 3rx
X=Nn+x+ —
' 4

Wherene Z

In
3 = [4 b e
X nmx+ 4



29. Prove that 1-1-51"19—_‘:@58—t:clne

1+sinB+cosd 2
]
2tan—
Ans. sin 0 = g
1+tan? =
2
2]
1-tan® =
cos 8= 5
1+tan? =
2

Substituting this in the above equation we get.

1+4tan? E+2 tcmg—l+|:cm2 g
2 2 2

(5] 5] 5]
1+4+tan® —+2tan—+1—tan® —
2 2 2

2tc:[ng+2t¢:|r:29 0
= #=tan5

2+2tan9-
2

30. f m sin 6 = n sin (0 + 2a) then prove that

m+n

tan (8 + d) cota = [NCERT Exemplar]

m-=n

Ans. Given, m sin 8 = n sin (6 + 2a)

sin(6+2a) m
sin8  n

Applying componendo and dividendo. we get

sin(8+2a)+sin@ m+n
5in(B+2cv.)—5inB_m—n

. [0+2a+80 0+2a -0
26in| ——— |-cos| ——
2 2 m+n

= =
0+20+0)| . (6+2a-0 m-n
2cos -sin
2 2
sinC+5inD=25inC+DcosC;Dand
sinC—ﬁinD:E(:osC“'-DsinC;D
. sin(8+a)-cosa_m+n
cos(B+a)-sine m-n
= mn(6+u)-cnta=m+n
m-n
Hence, proved.
31. Prove that tanA+secA—-1=1+5|nA
tanA-sec A+1 cos A
[NCERT Exemplar]

tanA+sec A-1

i LS = tanA-secA+1

B (tan A + sec A) - (sec? A—tan? A)
(tan A—sec A+1)
[~ sec? A-tan’A=1]
_ tanA+sec A—{(sec A—tan A)(sec A +tan A)}
(tan A—-sec A+1)
[. a®-b*= (a-b)(a+b)
_ (sec A+tanA)(1 -sec A+tan A)
l-secA+tanA

=gecA+tan A

1 sin A 1+sinA
+

= =RHS.
cosA cosA cos A

Hence, proved.

(SHORT ANSWER Type-Il Questions (SA-Il))

32. Find the value of:

., = 14 2n . 5w
sin — + sin — + sin — + sin —.
iB 9 9 18

Sk

Ans. sin£+5inE+5in2—n+sin—
18 9 9 18

v B = BRI s P
= BIN s+ §IN ===+ 5N =+ 51N —
18 18 9 9

_ s m—e—e—-——————r——_—-—-r—_-r-:G—--_-Gr-:r-_-—-—|,:r-r-—rGr—-—:-—-r-—-rr-—-—-—r—-:—r-.-_,,-—-—----—-—--— "7

[ 3 marks ]

[5_“+£] [5_“_1
13213 coc 1818

2

2 2

=2sin

|:U5ing identity:

sin A +sin B =2 sin (A+B

L
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33

Ans.

.3t 2x C3n It 34. Prove that:
=25|nﬁcos-1—8-+2smﬁccs 8 " . ,
coa® Ereos? 2 oo 2E pem? 1

8 8 8 8

Nw

, 3x( 2x n]
=2sin—| cos —+cos —

18\ 18 18 aln

Ans. LHS. = cos? gﬂ:c:s4 ?'?“H:cnsa‘{i 58—H+ cos Y
cos“[E]+cos“(3—z)+cos‘l(n—3—“]+
8 8 8
4 T
COos -
['.'SihE:i] [ 8}
6 2 Y .
COS(j [g) + COE" [—B-E-] + COSd{—8£]+ COSd(g)
2[cas"(£)+cusd[3—n]]
. [n n} _ [r: n) 8 8
=sMN| —m—=— sin| = = =
2 9 2 18 2 2
e 3x
1+cos— 1+ cog —
4.1 i 4
2 2

o] AT
4] -3

RHS

—2sin5[casE+cos£ ]
6 9 18

—2xl[cosE+cosi]
T 9 18

T i
=Ccos—+cos—
9 18

2

1]
[0}
=
e ——
A
I
il
A
m—
+
L3
2
—
©w
=lA
||
=]
h ——
I

RIW AN

-y
canf 22 o 22

If2sin?0=3cos @ where, 0 <08 <286, then find
the value of 6. [NCERT Exemplar]

Given, 2sin?0=13cos 0

b
35.f tanx=—, then find the value of

a
kD ; (28 NCERT Exempl
a-b \a+b’ [ emplpr]
i

Ans. Given, tan x =—
a

2(1-cos’8)=3coso

atb a—b=J(a+b)2+J(a—b)2
2-2cos?0-3cos0=0 a-b Va+b J(a—b)(a+b}
2008’0 +3c0s0-2=0 _ (@+b)+(a-b)
2cos’0+4c050-cos0-2=0 \/ﬂ
2cos0 (c0s8+2)-1(cos0+2)=0 _ 2a
(cos0+2)(2cos0-1)=0 :]aﬁ-bz
2a

So, either cos0+2=00r 2c0s0-1=0

But,cos @ =-2 [F1scosbs1] ! (bT
a p— —
2c0s0-1=0 a
it 2 b
cos O = = and cos 6 = -2 is not possible because = < —=tanx
2 1-tan? x g
cosbz-1

2cos x

cos? x —sin? x

n hid
cos B = coa; orcos 8= ccs(21r—§)

2cos x

5 =
= 0= g'?n \/cos 2x

[ cos 2x = cos” x - sin” ]

s e s o o o



36. Find the value of m sin x + n cos x, if

I:cmx—m
2 n’
X m
Ans. We have, tan—=—
2 n
x m
_ 2r.|:|n-5 Y T
and, sinx = = s 3
1+tan? X 1+m_2 m-+n
n

(m"’+|".~2)2
m? —n?
m? +n?
: 2mn m? —n?
- msinx+ncosx=m +n| —
m? +n? m? +n?
2m?n i nm? n? 3m?n -n?
m?+n? m?+n? mi+n?  mP+n?

37. Evaluate tan (]f—;] [Delhi Gov. SQP 2022)

Ans. Ll:lnﬁ — tcm[ R+-£]
12 12

Since (n + 0) is in third quadrant. By ASTC rule
tan 0 is positive in third quadrant.

tcm(rH-E-) tun.rt_
12 12

I

T

[s]

3
—_
w|=a

|
=lA
S’

Using compound angle formula.

tan A+tanB

ton(4 +8) = —4m8M —=—
G+3 l-tanAtanB

T s
tan—+tan—

1—i:an§tcm£
] 4

We know that tan%: 1 and tan %:ﬁ we have

J3+1

1-y3x1

1+V3
1-3
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1}
X

—2-2{3

- 2sina
iB. ¥ ——— =y, then prove that
l+cosa+sina

1-cosa+sing ,
———  is also equal to y.
1+sina

[NCERT Exemplar]

2sina

Ans. Given, ——— =

"1+cosa+sina

1-cosa+sina
Now, ———
1+sina

(1-cosa+sing) (1+cosa+sina)

1+sing (1+cosa+sinag)

. {(1+sing)—cosa} ) {(1+sina)+cos a}

1+sina 1+cosa+sina

(1+sina)? —cos?a

= (1+sing)(1+cosa+sina)

(1+sin? a+2sina)—cos? a

- (1+slnag)(1+cosa+sinag)

(1+sin? a+2sina)—(1-sin? a)

(1+sinag)(1+cosa+sina)

_ 1+sina+2sina—1+sin’a

(1+sing)(1+sinag +cosa)

2sinfa+2sina
" (1+sina)(1+cosa+sina)

2sina(sina+1)
~ (1+sina)(l+cosa+sina)

2sing

— =Yy
1+cosa+sina

Hence, proved.

39. cos 46° cos 14° - sin 46° sin 14° + sin 75°.
Ans. We know, cos (A + B) = cos A cos B - sin A sin B
So using this formula,
cos 46° cos 14° - sin 46° sin 14°
= cos (46° + 149
= cos 60°

L
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And cnsGD":% -
Now, sin 75° = sin (45° + 309
= gin 45° cos 30° + cos 45° sin 30°
[~ sin(A+ B)=sin A cos B + cos A sin B)

1

V2

1

"R

§in30°= %,cos 30°= 73 and

N &

K=

5in45°=cos45° = —1—

J

_B, 1 341 i
T2 22 22 )

On adding eq. () and eq. (i), we get

cos 47° cos 13° - sin 47° sin 13° + sin 75°

1 3+1
= -+

2" 283
1 (3+1)xV2

- ———
2 Q\EX\E
i 2(\3+1)
) 4
40. Ifacos 8+ bsin ®=m and a sin ® - b cos
0 = n, then show that a? + b% = m* + n%
[NCERT Exemplar]
Ans. Given,acos 0+ bsind=m (@
Andasin@-bcos8=n (i)

Squaring and adding of eqs (i) and (i), we get

m2+n2=(acm9+bsinﬁ]2+(asin B—bcosﬁ)z

= m?+n’=a’cos’ 0+ b?sin?0+ 2 abcosb

sin 0+ a’sin?0 + b? cos?0 -2 absin 6 cos O
On solving
= m?+n’=d? (1:(352 0 + sin® a) + b? |{sin2 0 +
cos? 0)
= m?*+n?=a*+b?
Hence, proved.

41. Prove that:sina +sin b+ sinc-sin (@+b +¢)
. a+b b+c . a+c
= 4sin sin sin
2 2 2

Ans. LH.S = (sin a + sin b) + (sinc -sin (@ + b + 0))

sing+sinb+sinc-sin(a+b+¢c)

= [25inwcas H}+
2 2

[2‘:':‘5(r:+n:n+Jl':v+t.':)m,-ﬂ (c—a—b—c)]

2 2

ein (a+b) = (a_b)—2c05(0+b+ 2c)
2 2 2
sinw
2

(a+b)[  (@a-b)  (a+b+2c)]
5in 5 cos 3 Cos 5

[_2Ein(a-—b+a+b+2c)]

=2

2
i (a-b-a-b-2c)
4

[Qsmwﬁin (b;)]
2 2

= zsin.(a;b)_

=25iﬂ[a+b
3
= 4sin @b sin P sin be =RHS.
2 ) 2 2

CLONG ANSWER Type Questions (LA))

(4 & 5 marks ]

sinc—cos
42.If tan 0 = —m8m8 8 ——,
sina +cosa

sina + cosa = \E cos 8.  [NCERT Exemplar]

" sinc—-cosa
Ans. Given, tan@= "C(—OS
sina+cosa
Dividing by cos o

sina cosa

tanf= £OSa__cosa
sina cosa
gL

cosa cosa

then show that

= tnnB:mnu_l
tana+1
K
tana —tan —
= tanB= [ tan =f4 = 1]

1+tun%tﬂna

T
=5 tan 8 = tan [a—z]
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= l:[=8+E
4

LHS. =sina+cosa

= sin 8+E +Cos B+IE
4 4

. 18 . K
sin@ cos —+cosBsin— |+
4 4

cos 0 cos S sin@sin z
4 4

= [sinB--\;‘—5+c058-%]+[cu59%—5in8%]

ol

[(sin 8 + cos B) + (cos © - sin )]

2cos @
V2

= V2cos8 =RHS.

43. If x =sec ¢ - tan ¢ and y = cosec ¢ + cot ¢, then
show thatxy + x-y+1=0.

[NCERT Exemplar]
Ans. Given, x = sec ¢ - tan ¢ and y = cosec ¢ + cot ¢
LHS. =xy+x-y+1
= (sec ¢ - tan ¢) (cosec ¢ + cot ¢)

+(secd-tan ¢) — (cosec ¢ + cot ) + 1
=[ 1 _5in¢](i+cos¢]+
cos$ cos¢)\sing sing
( 1 _sinq}]_(.L_ch.:lscp]_Fl
cos¢ Ccos5¢ 8ing sing
1-sin¢ |[1+cos¢ M
cos sing
(1—5in¢]_[1+.cos¢]+1
cos sing

1—Em¢+cas¢—sm¢cus¢+

cos ¢ sin¢

sin ¢—5in2¢—cos¢—cosz¢+sin¢cos¢
sin ¢ cos ¢

1-sin? ¢—cos? ¢
cos ¢ sing
1-1
cososing

= RHS

44, l'Ftunx:-s—,ﬂ-()((ﬁﬁnd the value of
12 4
sin i, cos X and tan X.
2 2 2
Ans. Since < x < 32_11 cos x is negative

[r - 32—H shows third quadrant]

Also,

3n
4

b

X« [Second quadrant]
2 2

Therefore, sin % is positive in second quadrants
whereas cos % is negative.

Now,

sectx =1+tan?x

21, [5)
sec X = + 1

23

144

144+25 169
144 144

2, _169_, 13

sec x=——=1t—
144 12

1+

[Asin third and second quadrant cos is negative)

Now,

2 sin? ;—:1—.:05)(

2Siﬂ2i=E
2 13
sinzx—é
2 26

snXo 2
2 \26

[In second quadrant sin is positive]

x
2 cos? 5=1+cosx

L
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45.

2 X 1
cos” —=—
2 26
x =1
cos —=
2 26
) S
sin
Hence, tan —= 2 _ 26
c:c;si =
2 6
tanX=-5

: . -4
Find sin X, cos X, tan X, when tan x = X
iy 2 7 a

lies in quadrant Il. [Diksha]

Ans. Here, x is in quadrant |l

I.E.,-I—t-(XC.T[

A
N
A

I
[SYE

Therefare, sin Xcos X and tan X
2 2 2

all Ue in the first quadrant

It is given that tan x = —%.

sec’x =1+tan?x

9 9
2y 23 aS
sec’ x = g g
3
= cosx=1t—
5

As x is in quadrant ll, cos x I8 negative.

Thus, cnsx:-_—g
)

Now, cosx=2cos? %- 1

-3 2 X
—=2cos" —-1
= S
3
2cos? Z=1-=
= 5
= 2(:{:|L52£=2
2 5
0K 1
= CO8 —=—
2 5

X -
[‘.’ CCIEEI.E POSIUUE]

X
C05§ —=— -- On rationalisin
== | gl
sin £+c052—=1
2
= sin £+[ > ] =1
275
= sin’ ——1_l=-ﬂ—1
55

Thus, the respective value of sin % cos % and

tan X are & £ and 2.
2 5 S

1

46. cos 20%cos 40°%cos 80° = —-

8

[Delhi Gov. SQP 2022]

Ans. LHS. = cos 20° cos 40° cos 80°

= %[2 cos 20° cos 40°] cos 80°

1
== [cos (20° + 40°) + cos (20° - 407)]
cos 80°

i b
= 5 [cos 60° + cos(-20°)] cos 80°
= %CDE 80°[ %+CDS 20° ]
il ik
= —cos 80°+—cos80°cos 20°
4 2

’ %cus 80°+ % [2 cos 80° cos 20°]

= %cos 80°+§- [cos(80°+20°)

+ cos(80° - 20°)

L
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47.

Ans.

48.

% cos 80°+% (cos 100°+ cos 60°)

l cos80°+1l: cos(180°—80°)+-];:|
4 4 2

—1- c0580°--1- cos 80°+ l
4 4

[+ cos (180° - 80°) = - cos 807]

2] 90
Prove that cos®cos E —cos 36 cos ? =

sin 70 sin 86. [NCERT Exemplar]

LHS = cosﬁcos%—cosBBcos%

= l 2cosecosg—2cus38cos%
2 2 2

cos{39+%]-—

= l cos B+E +cos B—E —
2 2 2 99
cos 39—?

[ 2cosA cosB=cos(A+B)+ cos (A - B)

=& cos —+cos — ct:\aE C 3—8
T2 2 2 2
1 t] 158
= —| cos ——cos —
2[ 2 2 J
i s 0+150) . (8-158
= —=|2sin sin
2 2 2
[ cosC—cosD:—?sinC+DsinC;D:|
= - |sin 86 sin (- 70)}
=s5in 80 5in 70 [ sin(-8)=-sing]

=RHS.

Hence, proved.

If cos(a+|3)=% and sin(ﬂ—B)=%n where

a, p lie between 0 and E, then find the value

of tan 2a. [NCERT Exemplar]

Ans. Given, cos(a +f) =§ and sin(a-f)= %

| 186 9 3

i =l-—=,—=+—

= sin (a + ) 3¢ T g
3

sin(a+f)==

' 5
25 [144 12
Aﬂd B=1-—=,/—=t —
cos (¢ —P)=\1-T55 =160 ~ 13

cos(a—ﬂ)=%

Now, tan(a+p)= sinfgp) [ 0<a<£]
cos (a+f) 4
3
B
= i_‘l
5

5

_gy=Sn@-P) _13_5
Al ey m'cos(a-m'g'n
13

tan2a=tan(@a+p+a-f)

_ ton(a+f)+tan(a-B)
~ 1-tan(a +p) tan(a-B)

3 5  (36+20)
it e b ilioniced

_ __ 48 _56
T ,.3 5 (48-15 " 33
4 12 48

49, Show that 1+5m8=tun2[5+2]-
1-sin@ 4 2

[Delhi Gov. SQP 2022]

. 1+sinB

Ans. = -
1-5inB

sin 2x = 2 8in X cos x
8inB = EsinE2cosE
2 2

2

sin®x + cosZx = 1

sinz(E ]H:c:s.z[E ] =1
2 2

1+sin@
1-sin@

sin? ( L4 )—M:os2 ( ]+ 2sin Ems 2
2 2 2

8

2
sin?(9 )—}-c:os2 (E ]—25in2|:r:t5E
2 2 2 2

L

L L o s s o



8 oY 8 [
sin—=+cos— l+tan—
= 2 2 e —_2

2 %]
[ 0 9] l-tan—
o5 ——6in— 2
2 2
tt:mE = 1
2 4
5] , B 5
c055+5m5 = 0
= —2 < . tan—+tan —
e .0 1+sinB _
005 ——5in— - =
2 2 1-sin® y O .
4 2
_ o 2 [ tan(A+B)= tan A+tanB ]
T l-tanAtanB
1+—% >
= 1+sin® 2]
= —_— 1-sin® 4 2
sin =
1"_‘2' = tanz[E+E]
cos — 4 2

- b Hence, proved.
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