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Chapter 3: Trigonometric Functions

NCERT - Class 11 - Maths

Exercise 3.1

Question 1

Find the radian measures corresponding to the following degree measures:
(i) 250

Solution

Ans: As we all know that 180° = 7 radian. So, 25° = T% x 25 radian = 2—g radian.

(i) -47030’
Ans: As we all know that, —47°30" = —47%

—95
= — degree

o . —95 _ 7 —95 . - -19 . —19
Because of the 180" = 7 radian 5 degree = o= X (—2 )radlan = (—36X2) 7 radian = —-7

radian.

So, —47°30" = _7—1297r radian.

(iii) 2400

Ans: As we all know that 180° = 7 radian

So, 240° = = x 240 radian = 27 radian

180 3
(iv) 5200
Ans: As we all know that 180° = 7 radian. So, 520° = % x 520 radian = 26T”radian.
Question 2

Find the degree measures corresponding to the following radian measures. (Use m = %)
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) 35

Solution

Ans: As we all know that 7r radian = 180°. So, 16 L radian = 180 1—é degree = 45211 degree

= 45;211:7 degree = ﬁ degree

= 36% degree

= 39° + 2% minutes  [We know that 1° = 60']

= 39° +22' + % minutes

= 39°22'30" [1' =60"]

(i) -4

Ans: As we all know that 7 radian = 180°. So, —4 radian = 222 x (—4) degree = % degree

2520

degree = —229 T degree

— —9929° + 1;60 minutes

[We know that 1° = 60']

= —229° +5 + = minutes

= —229°5'27" [We know that 1' = 60"
(i) &

Ans: As we all know that 7 radian= 180°. So,

radian = % X == degree = 300°

) 7§

Ans: As we all know that 7 radian= 180°. So, “* radian =

180 . Tm _ °
,6 W><6_210.
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Question 3

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

Solution

Ans: The number of revolutions mades by the wheel in one minute= 360

360 _ 6

As a result, the number of revolutions made by the wheel in one second= )

The wheel rotates at a 27rradian angle in one complete revolution. As a result, it will turn an angle of

6 X 27radian in 6 complete revolutions, i.e., 127 radian

As a result, the wheel rotates at a 127rradian angle in one second.

Question 4

Find the degree measure of the angle subtended at the centre of a circle of radius 100 cmby an arc of

length 22 cm. ( Use 7 = 2—3)

Solution

Ans: As we all know that in a circle of radius 7 unit, if an arc of length [ unit subtends an angle 6 radian

at the centre, then 6 = %

— — _ 22 o 180 22 _ 180x7x22
Hence, for r = 100 cm, [ = 22 c¢m, we have § = {5 radian = == X 5o degree = —o-=oo=
degree
_ 126

J— ﬁ _ o / o __ /
= 7, degree = 125 degree = 12”36 [1 = 60]

As a result, the needed angle is 12°36'.

Question 5

In a circle of diameter40 cm, the length of a chord is 20 cm. Find the length of minor arc of the chord.
Solution

Ans: The diameter of the circle = 40 cm

So, Radius (r) of the circle = % cm = 20 cm
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Let AB be a chord ( length = 20 cm) of the circle.
In AOAB, OA = OB = Radius of circle = 20 cm
Also, AB = 20 cm

As aresult, AOAB is an equilateral triangle.

So, 0 = 60° = % radian

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

centre then 6 = %

71'_@ ADp _ 207
3 = 5, =@ AB="cm

As a result, the length of the minor arc of the chord is QOT” cm.

Question 6
If in two circles, arcs of the same length subtend angles 60° and 75° at the centre, find the ratio of their
radii.

Solution

Ans: The radii of the two circles should be r; and 5. Whereas an arc of length [ subtend an angle of
60° at the centre of the circle of radius 77, while let an arc of length/subtend an angle of 75° at the

centre of the circle of radius 7rs.

Now, 60° = % radian and 75° = % radian. We also know that in a circle of radius 7 unit, if an arc of

length [ unit subtends an angle 6. radian at the centre then 8 = % orl =1r60

— nm _ Tabm
So,l = 3 and [ = T
rm 7‘2571'
3 12
5
==
T1 5
= 5 =3

As a result, the ratio of the radii is 5: 4.

ExameElite - examelite.com Page 4 of 45



ExamElite - Textbook Solutions examelite.com

Question 7

Find the angle in radian through which a pendulum swings if its length is 75 cm and the tip describes
an arc of length.

(i) 10cm
Solution

Ans: We also know that in a circle of radius 7 unit, if an arc of length [ unit subtends An angle 6 radian

at the centre, then 6 = % It is given that r = 75 cm.
Now, [ = 10 cm

_ 10 2 .
0 = - radian = 3= radian

(i) 15cm

Ans: We also know that in a circle of radius 7 unit, if an arc of length [ unit subtends An angle 6 radian

at the centre, then 0 = % It is given that » = 75 cm.
Now, [ = 15 cm
_ 15 o1 .
0= - radian = =radian
(i) 21cm
Ans: We also know that in a circle of radius 7 unit, if an arc of length [ unit subtends An angle 6 radian
at the centre, then 6 = % It is given that r = 75 cm.

Now, [ = 21 cm

21 o T
0 = - radian = oh radian

Exercise 3.2

Question 1
1

Find the values of the other five trigonometric functions if cos x=- 5

,  lies in the third quadrant.
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Solution
Ans:

Here given that, cos x:-%

Therefore we have,

1
cos X

S€C X—

Now we know that, sin?x-+cos?x=1
Therefore we have, sin?x=1-cos%x

Substituting cos xz-% in the formula, we obtain,

R
sin’x=1- (— 5)

sin?x=1-1
4
_3
1
. V3
sin x=+

2
Since x lies in the 3rdquadrant, the value of sin x will be negative.

. 3
S X=—- %

1
Therefore, cosec x=—
Sin X

1

(=)
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And
_ 1
cot x=1_—~
1
V3
Question 2

Find the values of other five trigonometric functions if sin X:% , X lies in second quadrant.

Solution

Ans:
Here given that, sin ng

Therefore we have,

1

sin x

cosecC X=

)

2

Now we know that , sin’z + cos?z = 1

Therefore we have, cos®x=1-sin’x

Substituting sinx = 3 in the formula, we obtain,

5
2
cos?x=1- (3)

5

2¢_1.9

cos“x=1 5
_16
25

CoS x:i%

Since  lies in the 2™? quadrant, the value of cos x will be negative.

COS X=-

(S
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1
cosT

Therefore, secx =

Question 3

Find the values of other five trigonometric functions if cot X:% , X lies in third quadrant.

Solution
Ans:
Here given that, cot x =

Therefore we have,

1
cotx

tanx =

1

(5)

Now we know that ,

ExameElite - examelite.com
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Therefore we have, sec?x=1-+tan?x

4

Substituting tan x= 3 in the formula, we obtain,

2
sec?r =1+ (%)

seczle%—%

sec x=+ %

Since z lies in the 3™ quadrant, the value of sec x will be negative.

5
=2
SeC X 3

1

Therefore, cos & = ey

sin x

Now , tan x= o5 x

Therefore, sin x=tan xcos x

ot

Hence we have, sin x:§ X (—

)

And

COoSeC X— .1
sin x

1
| ot

Question 4

Find the values of other five trigonometric functions if sec x= 15—3 , X lies in fourth quadrant.
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Solution
Ans:

; _ 13
Here given that, secx = 3

Therefore we have,

COSx — Sec T

Now we know that , sec?x-tan®x=1

2

Therefore we have, tan®x—=sec?x-1

Substituting
sec Xx=—
5

in the formula, we obtain,

2. 169
tan X—2—5-
_ 14
25
; n 12
anx— —_—
5

Since z lies in the 4" quadrant, the value of tan x will be negative.

tan x—- %

Therefore,

cot x=
tan x

ExameElite - examelite.com
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sin x
cos X

Now , tan x=

Therefore, sin x=tan xXcos x

Hence we have, sin x=— x (-1—2>

13
_ (2
o 13

And

COseC X——
sin x

_ 1
12

Question 5

Find the values of other five trigonometric functions if tan x—=- >

Solution

ANs:

Here given that, tan x:-%

Therefore we have,

1

tan x

cot x=

Now we know that , sec?x-tan?x=1
Therefore we have, sec2x:1—i—tan2x

Substituting tan x:—% in the formula, we obtain,

2
20 5
sec x—1+(——12)

2941425
sec X—1-|-144

_ 169
T 144

ExameElite - examelite.com
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1 13
sec x=+ B

Since z lies in the 2™ guadrant, the value of sec x will be negative.

_ 13
seC X= B

1
sec x

Therefore, cos x—=

—_12
EE

sin x

Now , tan x=
COS X

Therefore, sin x=tan xcos x

Hence we have, sin x= (-i) X (-E)

12 13
— (X
13

And

CoseC X— .1
sin x

13
5

Question 6

Find the value of the trigonometric function sin765° .

Solution

Ans: We know that the values of sin x repeat after an interval of 27 or 360° .
Therefore we can write,

sin765°=sin (2 x 360°+45°)

—=sin45°

ol
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Question 7

Find the value of the trigonometric function cosec (-1410°)

Solution

Ans: We know that the values of cosec x repeat after an interval of 2 or 360° .

Therefore we can write,

cosec (-1410°) =cosec (-1410°+4 x 360°)
=cosec (-1410°+1440°)

=cosec30°

=2

Question 8

Find the value of the trigonometric function ta;a%r .

Solution

Ans: We know that the values of tan x repeat after an interval of 7 or

180°
Therefore we can write,
19t 1
tan?—tanﬁ 5T
—tan (67r—|— % )
¢ T
=tan—
3

V3
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Question 9

Find the value of the trigonometric function sin (- %)

Solution

Ans: We know that the values of sin x repeat after an interval of 2 or 360° .

Therefore we can write,

sin (— %) =sin (—%r—kZ X 27r)

an 5

V3

2

w3y

Question 10

Find the value of the trigonometric function cot <— %)

Solution

Ans: We know that the values of cot x repeat after an interval of 7w or

180°

Therefore we can write,
cot (— %T ) —cot (— % +47r)
—=cot %

=1
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Exercise 3.3

Question 1
Prove that sin? ~+cos? ~—tan® - — =
rove that sin? — +cos? —-tan® —=-—
6 3 4 2
Solution

T s T
Ans: Substituting the values of sing,cos—,tanz on left hand side,

6
2 2
2 4 cos? ™ tan? T ( L AN
sin 6—|—cos 3 tan 4_<2> +(2> (1)
1 1
S |
4+4
1
2
= R.H.S.

Hence proved.

Question 2
Prove that 2sin?—+ 2 T o2 T3
rove that 2sin” —+-cosec” —cos” —=—
6 6 3 2
Solution
Ans:

. . T I T _
Substituting the values of smg,cosecf,cosg on left hand side,
LHS.=25in? T+ cosec? T cos? T

sin? — +cosec? —cos’ —
6 6 3

=25 eosec (x 7 (&)
)

1
=2 X Z+ cosec <

N
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Since cosec X repeat its value after an interval of 2,
T 7
we have, cosecfz-cosecg

LHS_1 4
H. _§+Z

3
T2

H.S.

Hence proved.

Question 3
T 5% o T
Prove that cot“—-+cosec— +3tan“—=6
6 6 6
Solution
Ans:

. T om s _
Substituting the values of cotg ,cosec?,tang on left hand side,

T 5% T
L.H.S.=cot? E +cosec— +3tan® —

6 6
2 1 2
T
= \/§> +cosec (7T——) +3| —
( 6 V3
T 1
—3—|—cosecg—|—3 X 3

Since cosec X repeat its value after an interval of 2,

5% T
we have, cosec— =cosec 5

LHS=3+2+1

=1
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= R.H.S.

Hence proved.

Question 4
o O o T o T
Prove that 2sin“ — +2cos“ — +2sec* —=10
4 4 3
Solution
ANS:

3 T

. ™ :
Substituting the values of sin—,cos— ,sec§ on left hand side,

4 4

3
L.H.S.=2sin? Zﬁ +2cos? % —|—2sec2§

— {sin (71'—%)}24‘2(%) +2(2)°

T2 1
=2{' —} 2% = +8
SlIl4 +2 X 2—|—

Since sin x repeats its value after an interval of 27,

3 7

we have, sin— =sin—
4 4

LHS =1+1+38
=10
= R.H.S.

Hence proved.

Question 5
Find the value of :

(i) Sin 75°

ExameElite - examelite.com
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(ii) tan 15°
Solution

Ans: We have,

Sin 75°= Sin ( 45°+ 30°)

Sin 75°= Sin 45° Cos 30° + Cos 45° Sin 30°

Since we know that, sin (x+y) =sin x cos y+cos x sin y

Therefore we have,

1 V3 1 1
SinTe — L V3 Xt e Xy
V2 2 V2 2

3+1

Sin75° = AR
2/2

Ans: We have,

tan 15°= tan (45°- 30°)

_ (tan45” — tan30°)

1+ (tand5°tan30)

y . ) _ tan x-tany

ince we know, tan (X‘Y) "~ 1+tan x tan y

Therefore we have,

1
1-——

V3

11 [ =
V3

tanlh® =

S
V3
V3+1

V3
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VE
V31

)
(\/§+1) (\/51)

Further computing we have,
3+1-2v/3
2 2
(v3) ()
4-2V3
31
=2-/3

tanlh°=

Question 6
Prove that (71-) (7r>,<7r),(7r )—'(—i—)
\ cos { ;x| cos { £y ) -sin { z-x ) sin { -y | =sin (x+y
Solution
Ans: We know that, cos (x+y) =cos xcos y-sin xsin y
() con () sin () sin () =eos [ 7]
cos [ —-x) cos ( —-y) -sin | —-x ) sin ( —-y ) =cos | —-x+—-
4 1 1 1 17
=cos [Z_ (x+y)]
2
=sin (x+7y)
L.HS =R.H.S.

Hence proved.
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Question 7
T
tan (‘*X) 1tanx \ 2
Prove that =
<7T ) 1-tanx
tan { —-x
4
Solution
ANS:
tan A+tan B
We k that ,t A+B)=
e Knowtha an( + ) 1-tan Atan B
tan A-tan B
and tan (A-B) = 1+tan Atan B
T
tan (Z+X)
L.H.S.:ﬁ
an | —-x
4

Using the above formula,

T
tanZ+tanX

1—tangtanx
L.H.S=

tan—-tanx
4

™
1+tanztanx
1+tan x
1-tan x
1-tan x
1+tan x

s
Substituting tan 1= 1

B 1+tan x 2
-\ 1-tanx

=R.H.S.

Hence proved.
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Question 8

cos (m+x) cos (-x)

Prove that =cot?x

) s
sin (m-x) cos <§+X>
Solution

Ans: Observe that cos x repeats the same value after an interval 27 and sin x repeat the same value

after an interval 2.

cos (m+x) cos (-x)

LHS. =

T
sin (7x) cos ( 5 —|—X)

[-cos x] [cos x]

- (sin x) (-sin x)
 -cos’x

-sin?

X
—cot’x

Hence proved.

Question 9

Prove that,

3 3
Cos (;—I—x) Cos (2m+x) lcot (?ﬂ.-x> +cot (27T+X)] =1
Solution

ANs:

We know that cot x repeats the same value after an interval 27 .

3 3
LH.S = Cos (% + :13) Cos (2w + x) {cot (771- — :E) + cot (2m + x)}

=sin x cos x [tan x+cot x|
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sin x

Substituting tan x= and
COs X
COS X
cot x=—; :
sin X

sinX CoOSX
L.H.S=sin xcos x ( + )

cosx sinx

, sin?x+cos?x
= (sin x cos x) | —
sin x cos x
=1
= R.H.S.

Hence proved.

Question 10
Prove that sin (n+1) xsin (n+2) x+cos (n+1)x cos (n+2)x=cos x

Solution

Ans:

We know that , cos (x-y) =cosxcosy-sinxsiny
L.H.S.=sin (n+1) xsin (n+2) x+cos (n+1)x cos (n+2)x

=cos [(n+1) x- (n+2) x|

=cos (-x)
—=CO0SX
= RH.S
Question 11
3 3 .
Prove that cos Z+x -COS Z-x :—\/ﬁsmx
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Solution

A+B A-B
Ans: We know that , cos A-cos B=-2sin (%) .sin (T)

CLHS.— 37r+ 3
.. L.H.S.=cos 1 X | -cos 4—x

3 3 3T 3
g )t 7™ g )\
—-2sin .sin

2 2

3
—=-2sin <T7T> sin x

Since sin x repeats the same value after an interval 27,

we have, si S Si ( W)
. sin | — | =sin (7~—
4 4

T
Therefore, L.H.S:—2sinzsin b'e

1
=-2 X —— X sinx

V2
—-4/2sin x
=R.H.S

Hence proved.

Question 12

Prove that sin26x-sin24x=sin 2x sin 10x

Solution
. . ) A+B A-B
Ans: We know that,sinA +sinB=2sin —5 cos —5—
A+B A-B
And sin A-sin B=2cos (%) sin (T)
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. L.H.S =sin?6x-sin%4xa

= (sin 6x+sin 4x) (sin 6x-sin 4x)

= (2sin 5x cos x) (2cos 5x sin x)

Now we know that, sin 2x=2sin x cos X ,
Therefore we have,

L.H.S= (2sin 5x cos 5x) (2sin x cos x)
=sin 10x sin 2x

=R.H.S.

Question 13

Prove that cos?2x-cos?6x=sin 4x sin 8x
Solution

Ans: We know that,

cos A+cos B=2cos <A2LB> cos (%)

And cos A-cos B=-2sin <$> sin %)

L.H.S.=cos22x-cos26x

= (cos 2x+cos 6x) (cos 2x-6x)

2x+6x 2x-6x . 2x+6x
= [2cos< 5 )cos< 5 )] {-25111(

2

Further computing, we have,
L.H.S= [2cos 4x cos (-2x)] [-2sin 4xsin (-2x)]

= [2cos 4x cos 2x] [-2sin 4x (-sin 2x)]

ExameElite - examelite.com

. 6x+4x 6x-4x 6x+4x
2sin 5 cos 2 2cos 5

o

o

6x-4x
2

2x-6x

2

)

)
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= (2sin 4x cos 4x) (2sin 2xcos 2x)
Now we know that, sin 2x=2sin X cos x
Therefore we have,

L.H.S=sin 8x sin 4x

= R.H.S

Hence proved.

Question 14

Prove that sin 2x-+2sin 4x+sin6=4cos?xsin 4x

Solution

A+B A-B
Ans: We know that, sin A+sin B=2sin (%) cos (T)

L.H.S =sin 2x-+2sin 4x-+sin 6x

= [sin 2x+sin 6x] +2sin 4x

2 2x-
= [ZSin ( X;GX) coS < X26X )] +2sin4x

=2sin 4xcos (-2x) +2sin 4x

Further computing,

We have, L.H.S=2sin 4x cos 2x-+2sin 4x
—=2sin 4x (cos 2x+1)

Now we know that, cos 2x+1=2cos2x
Therefore we have,

L.H.S=2sin 4x (2coszx)

—4cos®xsin 4x

=R.H.S.
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Hence proved.

Question 15
Prove that cot 4x (sin 5x+sin 3x) =cot x (sin 5x-sin 3x)

Solution

A+B A-B
Ans: We know that, sin A-+sin B=2sin (%) coSs (T)

L.H.S.=cot 4x (sin 5x+sin 3x)

B cot 4x 9 5x+3x 5x+3x
Tsindx |\ T2 )\ T2

cos 4x .
= ( . > [2sin 4x cos x|
sin 4x

=2co0s 4x cos X

Now also ,we know that, sin A-sin B=2cos (AZLB> sin <%>

R.H.S =cot x (sin 5x-sin 3x)

COS X 5x+3x \ . 5x-3x
=— 2cos sin
sin x 2 2

COS X

=———[2cos 4x sin x]
sin x
—2cos 4x cos x
Therefore , we can conclude that,

LHS=R.HS

Hence proved.
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Question 16
cos 9x-cos Hx B sin 2x

Prove that =-
sin 17x-sin 3x cos 10x

Solution

Ans: We know that,

cos A-cos B=-2sin <A%B> sin (%)

A+B A-B
And sin A-sin B=2cos (%) sin <T)

cos 9x-cos bx

L.HS =
sin 17x-sin 3x

9 9x+5x . 9x-5x
-2sin 5 .sin 5
N (17x+3x> , (17x—3x)
2cos — .sin 5

(Following the formula)

-2sin 7x.sin 2x

- 2cos 10x.sin 7x

sin 2x

" cos 10x

R.H.S.

Hence proved.

Question 17

sin 5x-+sin 3x
Prove that: —tan 4x
cos bx-+cos 3x

Solution

Ans: We know that

. . . (A+B A-B
sin A4+sin B=2sin | —— ) cos | —— |,
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A+B A-B
cos A4-cos B=2cos (%) cos (T)

sin Hx-+sin 3x

Now , L.H.S.=
cos bx-+cos 3x

9 5x+3x 5x-3x
sin 5 cos 5
B 908 ox+3x cos 5x-3x
2 2
(Using the formula)
9 ox+3x 5x-3x
sin 5 cos 5
N 5 5x+3x 5x-3x
cos 5 cos 5

2sin 4x cos x

2cos 4x cos x

Further computing we have,

L.H.S=tan 4x

=R.H.S.

Question 18

Prove that cS;:;(;—Sclzsyy =tan Xéy
Solution

Ans: We know that,

sin A-sin B=2cos (ALB> sin (Aé—B) )

2
A+B A-B
cos A+4-cos B=2cos (%) cos (T)
L Hs— sin x-sin y
COSX-+COoSy
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2cos (%) .sin (
= —
2cos (T) .COS (
. (XY
()
X-y
cos (T)

_ Xy
_tan( 5 )

Therefore L.H.S=R.H.S

"
(5

57

)
)

N ’

™
<
<

M ‘

Hence proved.

Question 19

sin x+sin 3x
Prove that —————  —tan 2x
cos x+cos 3x

Solution

Ans: We know that

sin A-+sin B=2sin <Ai> cos (ﬂ> ,

2 2
A+B A-B
cos A-+cos B=2cos A+D cos | ——
2 2
Now . LH.S — sinx+sin3dx

CcoSs X+cos 3x
o x+3x x-3x
sin 5 cos 5
N 5 x+3x x-3x
cos cos
2 2

( Using the formula)

sin 2x

Cos 2x
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—tan 2x
Therefore, L.H.S = R.H.S.

Hence proved.

Question 20

sin x-sin 3x .
Prove that ———  — =2sin x
sin?x-cos?x

Solution

Ans: We know that,

sin A-sin B=2cos (A2LB> sin (A2;B)

And cos?A-sin?A=cos 2A

sin x-sin 3x
L.H.S :ﬁ
sin?x-cos?x

5 x+3x\ . X-3x
cos 5 sin 5

-cos2x

2cos2xsin (-x)

-Cos 2x

=-2 X (-sinx)
Therefore , we have,

L.H.S=2sin x
= R.H.S.

Hence proved.
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Question 21

cos 4x+cos 3x-+cos 2x
Prove that — - - =cot 3x
sin 4x-+sin 3x-+sin 2x

Solution

Ans: We know that,

cos A+4-cos B=2cos <A2LB> cos (%)

A+B A-B
And, sin A+sin B=2sin (%) cos (T)

cos 4x+cos 3x+cos 2x
Now, L.H.S.=

sin 4x-sin 3x-+sin 2x

(cos 4x+-cos 2x) +cos 3x
(sindx+sin2x) +sin 3x

4x+2x 4x-2x
2cos 5 cos 5 +cos3x

B . 4x+2x 4x-2x .
2sin 5 Ccos 5 —+sin 3x

(Using the Formulas)

2cos 3x cos x+cos 3x

~ 2sin 3x cos x-+sin 3x
Further computing, we obtain,

cos 3x (2cos x+1)
sin 3x (2cos x+1)

LHS =

—cot 3x
= R.H.S.

Hence proved.

Question 22

Prove that cot x cot 2x-cot 2x cot 3x-cot 3x cot x=1
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Solution
Ans:
cotAcotB-1
We know that, cot (A+B) =
(A+B) cot A4-cot B

Now , L.H.S.=cot xcot 2x-cot 2x cot 3x-cot 3x cot x
=cot x cot 2x-cot 3x (cot 2x+cot x)

=cot x cot 2x-cot (2x+x) (cot 2x+cot x)

cot 2x cot x-1

=cot x cot 2x- { ] (cot 2x+cot x)

cot x-+cot 2x
Further computing we obtain,
L.H.S=cot x cot 2x- (cot 2x cot x-1)
=1

=R.H.S.

Hence proved.

Question 23
4tan x (1—tan2x)

Prove that tan 4x=
1-6tan?x-+tanx

Solution

ANs:

2tan A

We know that tan 2A=————
1-tan?A

L.H.S.=tan 4x
—tan2 (2x)

_ 2tan 2x
~ 1-tan? (2x)
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(Using the formula)
4tan x
1-tan?x
1 4tan?x
(1-tan2x)’
Further computing, we obtain,

4tan x
1-tan?x
[ (1—tan2x)24tan2x]

(1-tan2x)’

LHS =

4tan x (1-tan2X)

"~ 1+tan4x-2tan?x-4tan2x

4tan x (1—tan2x)

~ 1-6tan2x-tan‘x

=R.H.S.

Hence proved.

Question 24

Prove that cos 4x=1-8sin?xcos?x

Solution

Ans:

We know that, cos 2x=1-2sin?x
And sin 2x=2sin X cos X
L.H.S.=cos 4x

=cos 2 (2x)

—1-2sin%2x
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—1-2(2sin x cos x)°
Further computing we get,
L.H.S =1-8sin?xcos?x
=R.H.S.

Hence proved.

Question 25

Prove that cos 6x=32xcos’x-48cos*x+18cos?x-1
Solution

Ans:

We know that, cos 3A=4cos3A-3cosA

and cos 2x=1-2sin’x

L.H.S =cos 6x

=cos 3 (2x)

—4cos32x-3cos 2x

=4 [(2cos2x—1)3—3 (2c052x—1)]

Further computing,

LHS=4 [(2cos2x) 3-(1)3—3 (2cos2x)] -6cos’x+3

=4 [(2cos2x)3—(1)3—3 (2cos2x)2—|—3 (2coszx)] -6cos?x+3

=4 [8cosﬁx—1—12cos4x+6cos2x} -6cos?x+3 =32cosbx-48cos*x+18cos?x-1

Therefore we have,
LHS=R.H.S

Hence proved.
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Miscellaneous Exercise

Question 1

Prove that: 2c0s — s fcos T —0
rove that: 2C0OS 13COS 13 COS 13 COS 13—

Solution

X+y X-y
Ans: We know that cos x+cos y=2cos 5 coS (T)

Now L.H.S.=2 " 97r+ 37T—1— o
ow L.H.S.= cosl3c0s13 cos13 cos13

37T+ 578 3r 5w
o i e Dt
:2c0sgcosﬁ—|—2cos 13—213 cos 132—13 (using the formula)

5 T 97r+2 4 -
= c0s13c0s13 c0313c0s(13)

T 9 4 ™
—=2C0S— CcOS—— +2Cc0S —CO0s (—)

13 13 13 13
Simplifying,
L H.S—2c0s— | cos "+ cos -
H.S= cos13 cos13 cos13
[ 97r+ 4 Or 4r
—2cos1 2cos u cosﬁ
- 13 2 2

9 7 5 T 5%
= cos13 _ COS2COS26

7
Substituting cos§:() , We get,

L. H.S=2c0s—— x 2 x 0 o
. .—COSl3>< X ><COS26

=0
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= R.H.S

Hence proved.

Question 2

Prove that: (sin 3x+sin x) sin x+ (cos 3x-cos x) cos x=0

Solution

) . . [ XTY X-y
Ans: We know that, sin x-+sin y=2sin T CcoS (T)

X+ -
And cos x-cos y=-2sin (Ty) sin (%)

Now,

L.H.S.= (sin 3x+sin x) sin x+ (cos 3x-cos x) cos x

2

=sin 3x sin x+sin?x+cos 3x cos x-cos?>x  (using the formula)

2 2

N—"

=cos 3x cos x+sin 3x sin x- (cos X-sin“x
Simplifying we get,

L.H.S=cos (3x-x) -cos 2x

=CO0s 2X-C0S 2xX

=0

= R.H.S.

Question 3

X+
Prove that: (cos x+cos y)+(sin x-sin y)*=4cos> Y

Solution

Ans: We know that, cos (x+y) =cos x cos y-sin xsin y
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and L.H.S=(cos x+cos y)’+(sin x-sin y)’

:cos2x—|—cos2y—|—2cos X CcOS y—{—sin2x—|—sin2y-2sin x sin y

= (cos®x+sin’x) + (cos?y+sin’y) +2 (cos x cos y-sin x sin y)
Simplifying and using the formula,

L.H.S=1+142cos (x+y)

=2 [1+cos (x+v)]

_|_
9 1—}—2cos2(X—2Y)-1

+
5 y) -1=cos (x+y)

since 2cos>

=4cos? (x+y)
Therefore L.H.S= R.H.S

Hence proved.

Question 4
X_

Prove that: (cos x-cos y)’+(sin x-sin y)*=4sin? -

Solution
Ans: We know that, cos (x-y) =cos X cos y+sin x sin y
L.H.S.=(cos x-cos y)’+(sin x-sin y)°
—cos’x+cos?y-2cos x cos y+sin®x+sin?y-2sin x sin y
= (cos®x+sin’x) + (cos®y+sin’y) -2 [cos x cos y+sin x sin y]
Simplifying and using the formula we get,

L.H.S =1+1-2[cos (x-y)]
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=2 [1-cos (x-y)]

=21 {1-2sin (- ) }]

since 1-2sin?

. Xy
it ()
Sin 2

Therefore L.H.S= R.H.S

=cos (x-y)

Hence proved.

Question 5

Prove that: sin x-+sin 3x-+sin 5x-+sin 7x=4cos xcos 2xsin 4x

Solution

A+B A-B
Ans: We know that sin A-+sin B=2sin ( ;— ) .COS (T)

L.H.S. =sin x+sin 3x-+sin bx-+sin 7x

= (sin x+sin 5x) + (sin 3x+sin 7x)

Using the formula and simplifying,

o x+5x X-9X o 3x+7x 3x-7x
=2sin 5 cos | — sin 5 cos 5

=2cos 2x [sin 3x+sin 5x]

=2c0s 2x {2sin ( 3X;5X ) .COS ( 3}25}( )]

=2cos 2x [2sin 4x.cos (-x)]
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Therefore we have,

L.H.S=4cos 2x sin 4x cos x

=R.H.S

Question 6

(sin 7x+sin 5x) + (sin 9x+sin 3x)
Prove that: =tan 6x
(cos Tx+cos 5x) + (cos 9x+cos 3x)

Solution

Ans: We know that,

sinA +sinB=2sin <A%B> .COS <Aé—B>

A+B A-B
And cos A+cos B=2cos (%) .COS (T)

(sin 7x+sin 5x) + (sin9x+sin3x)

L.H.S. =
(cos Tx+cos 5x) + (cos9x+cos3x)

Using the formula and simplifying,

o 7x+5x 7x-bx o asi 9x+3x 9x-3x
sin 5 .COS 5 sin 5 .COS 5

- Tx+5x Tx-5x 9x+3x 9x-3x
2cos 5 .COS 5 + | 2cos 5 .COS 5

[2sin 6x.cos x| + [2sin 6x.cos 3x]

[2cos 6x.cos x| + [2cos 6x.cos 6x]

2sin 6x [cos x+cos 3x|

~ 2cos 6x [cos x+cos 3]
=tan 6x
Therefore L.H.S= R.H.S

Hence proved.
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Question 7

Prove that:

. . . . X 3x
sin 3x-+sin 2x-sin x=4sin XCOS§COST

Solution

Ans: We know that,

sin A+sin B=2sin (A%B) .COS (A;2B>

And sin A-sin B=2sin (?) .COS (A%B>

L.H.S.=sin3x+sin2x-sinx

) [ 2x+x . 2x-x
=sin 3x-+ |2cos sin [ ——
i 2 2
[ 3
—sin 3x+ _2cos (;) sin (;)]

Since we know that, sin 2x=2sin Xcos X

3 3
L.H.S:2sin7x.0057X+2c087xsin§

=2c0s (37}() {sin (%) +sin (%)]

( 3x) N (
=2cos > 2sin

9 3x 9 (X)
=2cos 5 .2sin xcos 5

Therefore

L.H.S=4sin xcos (g) cos (37}()
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=R.H.S

Question 8

X X X 4 o
Find SmE’COSE and tan; Jif tanx:-g , X lies in 2nd quadrant.

Solution

Ans: Here, x is in 2nd quadrant.

Therefore,

™
—XTT
2

_ 7T<X<
|.e,4 5

(ST

X
hence 5 lies in 1st quadrant.

Therefore,

X
and tanE are positive.

Given that tan x:—g

We know that, sec?x=1-+tan%x

sec?x=1-+tan%x

)

As

is in 2nd quadrant, sec X is negative.
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5
Therefore secx:-g

Then cos x=-—
5

X
Now we know that, 2cos? Ezcos x+1

x 2
Computing we get, 2cos2§ = T

Hence

Now we know that, sin?x-+cos?x=1

X 1
Therefore substituting cosaz— and computing ,
5
< 2
sin—=——
2 V5
Hence,
.X
t x sin 5
anE— X
COS—
2
=2
] .X X X
Thus, the respective values ofsmE ,cosE ,tanE
2v/5 /5
are F T 2.
Question 9
. X X X r
Find 51n§,cos§ and tanE ,if cos ac:-g , X lies in 3rd quadrant.
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Solution

Ans: Here, x is in 3rd quadrant.
Therefore,

3T
m_

2

3
4

i.e,

N[N
DO M Do M

hence — lies in 2nd quadrant.

X X X .
Therefore, cosE and tana are negative and sin— is positive.

1
Given that cos x—=-—

X
Now we know that, 2cos? — =cosx—+1

_ G X 2
Computing we get, 2cos®—=—
2 3
H X 1
ence cos —=-——
V3
Now we know that, sin?x+cos’x=1
- X 1 .
Therefore substituting cos—=-—— and computing ,
2 \/g
< 2
sin—=
2 3
Hence,
. X
x B SlnE
tanE— X
Cos—
2
-2
. . X X X
Thus, the respective values of sin — ,cosE ,tanE

/2 1
are 4/ =—,-—,-2.
3" V3
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Question 10

< X X . 1
FindsmE,cosa and tanE ,if sin X:Z , X lies in 2nd quadrant.
Solution

Ans: Here, x lies in 2nd quadrant.

Therefore,

™
—XTT
2

_ 7r<x<
e, — < —
4 2

Ny

X
hence B lies in 1st quadrant.

. X X X »
Therefore, smE ,cosE and tanE are positive.

Given that sin x= 1

Now we know that, sin?x-+cos?x=1

1
Therefore substituting sin X:Z and computing ,

V15

COS X—=-—"

4

since x lies in 2nd quadrant, cos x is negative.

X
Now we know that, 2sm25:1—cos X

V15

X
Computing we get, 2sin2§ :1+T

X 44+4/15

Hence sin —=
2 8

Now we know that, sin?x-+cos?x=1
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4++/15

. X .
Therefore substituting sm§= and computing ,

8
X 4-4/15
COoS 5~ 3
Hence
. X
x Slna
tanEZ X
COS—
2
4++/15
4-4/15
=4++/15
X X X
Thus, the respective values of sin§ ,cosE ,tanE

4+4/1 4-4/1
are \/ +g/_5,\/ S 5,4+\/1_5.
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