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s\ Trigonometric Equation
(Phase-lII)

Learning Objectives
After studying this chapter, you will be able to:

4-1. learn solution of trigonometric equation 4-2. learn solution of quadratic equation

A solution of trigonometric equation is the value ;({f: the L1 wmlution

unknown angle that satisfies the equation. [ = . 1 solution.
1 n 3r 9 1z - Gﬁ )
eg,ifsihnf=— = 6O=——,—,—, ... & cipal Solutions
£ V2 47474 4 (a P
e solutions of trigonometric equation which lie in the

of solutions (because of their periodic nature) and

Thus, the trigonometric equation may have infinite 9% interval [0, 27) are called principal solutions.
can be
classified as:

EXAMPLE 1
Sz z
Find the principal solutions of the equation sinx = % . \ 6 6
SOLUTION 0 ”
sin x = % .+ there exists two values
. T S .o . . ot . o1
Le., 3 and 3 which lie in [0, 277) and whose sine . Principal solutions of the equation sinx = > are
T 5w
is— 6 6
> 6 6 J
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General Solution

The expression involving an integer ‘n’ which gives all
solutions of a trigonometric equation is called General

Solution.
_rr
272

2. If cos @ = cos « = =2 n m+ o where « € [0, 7],
nel

1. Ifsin@=sina= @=nr+(—1)" o where ae
nel

2
Solve: sec 20=——.
V3

SOLUTION

3

sec 26’=—i =  coS 20=—7

V3

= 00520=cos% = 26=2n7r:|:5?ﬂ,nel

= O=nr+ S—E,nel.
12

EXAMPLE 3

Solve: tan 8= 2.
SOLUTION
tan 6=2

Let 2tana =  tan O=tan «
= 0=nnm+ o, where x=tan' (2),n € L.

EXAMPLE 4

Solve: cos’0 = %

0]

Solve: (2 sin x — cos x) (1 + cos x) = sin’ x.
SOLUTION

% (2 sin x — cos x) (1 + cos x) = sin® x

MO4 IIT-JEE-MATHS_XXXX_C04.indd 2

. Iftan 6=tan @ = @ =n w+ o where ae(—ﬁ,z),
nel 22

4. If sin? @=sinr o= O0=nrm+ .
5. Ifcos?@=cos?a= O=nrm+ .

6. Iftan2 @=tan> = O=nrn+ .

2

ais called the principal angle.

SOLUTION
1 1Y T
cos’ 0=— = cos’0=|—=| = cos’f=cos’—
2 ) 4

= 6=n7t:|:%,nel

Solve: 4 tan*6 = 3sec? 6.
SOLUTION
4 tan*6 = 3sec? 6
For equation (1) to be defined 6+ (2n+ 1), n € I.
dsin0 3
cos’@  cos’ O

0]

equation (1) can be written as:

9#(2n+1)§,nel

= 4sin?0=3 cos? 0#0
2
= sin’? 6= ﬁ =  sin® §=sin? z
2 3
= 9=n7ri§,nel.

= (2sinx—cosx)(l+cosx)—(l—cosx)
(1+cosx)=0
= (I+cosx)(2sinx—1)=0
= l+cosx=0 or 2sinx—1=0
: 1
= cosx=-1 or sinx=-—

28-Dec-24 6:51:15 PM



= x=0Qn+l)mnel or sinx=sin(%),ne]
T
= x=nﬂ'+(-1)”€,nel

Solution of given equation is

T
Cn+1)mnel or n7r+(—1)"g,nel.

EXAMPLE 7

. . . 1
Solve the equation: sin’® x cos x — sin x cos’x = T

SOLUTION

The equation can be written as 4 sin x cos x (sin® x —
cos’x) =1,
= —2sin2xcos2x=-sin4x=1

o =% +keZk=0,+1,+2,.).
2 2

EXAMPLE 8

Find the general solution of the equation

1+sinx+sin® x+...+sin" x+...o0

1—sinx+sin® x—sin’ x+...(=1)"sin" x +...c0
_ 4
1+tan’ x

wherexikﬂJr%, kel

SOLUTION

! ; D" of LHS = !

N" of LHS = - -
1—sinx 1+sinx
1+sinx _ 4

hence, =4 cos’x

sec’ x
=4(1 — sin x)(1 + sin x)

1—sinx

1
hence, 4(1 —sinx)’=1 = (1 -—sinx)’= 7

EXAMPLE 11

Solve the equation

sin? x(tan x + 1) = 3 sin x(cos x — sin x) + 3.

MO4 IIT-JEE-MATHS_XXXX_C04.indd 3

Trigonometric Equation (Phase-II) _

= (1—sinx)=lor—l
2 2

. 1 . 3.
sin x = 2 or sinx= > (rejected)

T

. . T
s1nx=smg = x=nﬂ+(—1)”g,nel.

Find the general solution of the equation
sin’x(1 + cot x) + cos’x(1 + tan x) = cos 2x.

SOLUTION
sin*x(cos x + sin x) + cos*x (cos x + sin x) = cos 2x
(cos x + sin x)(cos*x + sin’x) = (cos x + sin x)
(cos x — sin x)
(cos x +sin x)[cos x —sinx — 1)] =0
either cosx +sinx=0 (6))
or cosx —sinx=1 ?2)

sin2x=0

from (1) tanx=-1 or 1 —sin2x=1 =

Iftanx=-1= tan(—z)
4

Ifsin2x=0=2x=nr=x= % this is to be rejected

T
x=ng——,nel
4

‘2 because of the tan x or cot x will not be defined so
»

l) x=(n7r—§),nel.

EXAMPLE 10

Find the solutions of the equation, log ; . (1+cosx)
= 2 in the interval x € [0, 27].

SOLUTION
2sin’x=1+cosx;2cos’x+cosx—1=0
1 T Sw
= cosx=— or -1 = x=—1m—
2 3 3
5 . V4
but x=mwand — arerejected = x= 3

SOLUTION

The given equation makes no sense when cos x = 0;
therefore, we can suppose that cos x # 0. Noting that
the right-hand member of the equation is equal to 3

28-Dec-24 6:51:17 PM



sin x cos x + 3 cos? x, and dividing both members by
cos’ x, we obtain tan® x (tan x + 1) =3 (tan x + 1),

= (tan’x—3) (tanx+1)=0

T T T
= x,=—— tkmx,=—tkmx,=—— tkr
4 3 3

EXAMPLE 12

Find the general solution set of the equation log (2
+4 cos’x) = 2.

SOLUTION

2 +4 cos’x = tan’x

= 2 +4 cos’x = tan’x

= 4cos'xt+3cosix—1=0

letcos’x =t = 4°P+3t-1=0

T
t=—ort=-1

= @H-Hir+1H=0 = 7

T .
= cosx= £l or cos’x = — 1 (not possible)

T
= cos’x = cos? = =

EXAMPLE 13

The equation cos’x — sin x + a = 0 has roots when
T
xe 0,5 find ‘a’.

SOLUTION

1 —sin’x —sinx+a=0

T
x=nﬂ'+§,nel.

= sin’x+sinx—(a+1)=0
+t—(at1)=0,1€(0, 1)

_-lE1+4(a+1)

(let sin x = )

= t
2
—1tV4a+5 . .
= t=f(reject—ve sign)
—1+~4a+5 —1++4a+5
t:f now O<f<l

= 0<-1++4a+5<2 or 1<+4a+5<3
1<4a+5<9 = —4<4a<4
ae(-1,1).

U

= -1<a<l1 =

MO4 IIT-JEE-MATHS_XXXX_C04.indd 4
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EXAMPLE 14

. 17
Solve the equation sin® x + cos® x = o
SOLUTION
Using the identity (sin x + cos? x)> = 1 we get sin* x +
1 .
cos*x=1——sin® 2x,

2
. 1. 1 .
whence, sin® x + cos® x = (1 - Esm2 2x) = g sin* 2x

= 1—sin22)c-i-lsin42x=1—7
8 32

= sin42x—85in22x+175=0.

. . . 1
Solving we get sin* 2x =4 + %, sin? 2x = > 2x = % +
2k+1

T
k —; whence, x =

EXAMPLE 15

Find all solutions of the equation (tan’> x — 1)' =1 +
cos 2x, which satisfy the inequality 2* *! — 8 > 0.

SOLUTION

Let us reduce the initial trigonometric equation to the

1
)=o.
2cos2x

The following values of x are solutions of this equation

form (1 + cos 2x) (1+

T /4
xX=——-+m,x=+—+7mk,n keZ

2 3
By the hypothesis, we must choose those values of x
which satisfy the inequalities

/4
2¢71-8>0,cosx#0.The values weneed arex=+—+ 7,
nehN. 3

EXAMPLE 16

Determine all the values of a for which the equation
sin* x — 2 cos? x + a*> = 0 is solvable. Find the solutions.

SOLUTION

1—cos2x)2 R
———|,cos’x =
2

Applying the formula sin* x = (

1+cos2 .
STeossx and putting cos 2x = ¢

28-Dec-24 6:51:21 PM




Trigonometric Equation (Phase-II) _

we rewrite the given equation in the form 2
26+ dd—3=0 ) -1<3-2+3-a" <1. 3)
Tl}e original gquatiog has solutions for a given value of From (3) we find — 4 < — 2 [3—a? <— 2,
a if and only if, for his value of a, the roots #, and ¢, of
the equation (1) are real and at least one of these roots 2
>\3-d* >
does not exceed unity in its absolute value. Solving = 2= 2l @
equation (1), we find 7, =3 — 2 3-a’, t,=3+2 Since the inequality 2 >+/3 — a* isfulﬁlledfor|a|£x/§,
[3_a?. the system of inequalities (4) is reduced to the inequal-
Hence, the roots of equation (1) are real if ityv3—-a* =1, = |a|< V2.
|a|< V3 Q) Thus, the original equation is solvable if | a | < 2, and
If condition (2) is fulfilled, then 7, > 1 and, therefore, its solutions are
this root can be dicarded. Thus, the problem is reduced 1
to finding the values of a satisfying condition (2), for x== B arc cos (3 —2+3-a’)+kn.
which | 7 [<1,1ie, J

SOLUTION

. .. 1 3.
Solve: sin x + cos x = /2. (Y Rewrite the equation in the form 3 cos 7x + S sin 7x
Al
1 .
SOLUTION y = ﬁ cos S5x +— sin 5x
. 2 2
sin x + cos x =~/2 @
or

Here,a=1,b=1

. T T . . T T
. . . sin — cos 7x + cos — sin 7x = sin — cos 5x + cos —
divide both sides of equation (1) by x/E, 6 6 3 3

. 1 1 b4 T
we get sinx-—=+cosx-—==1 sin 5x, i.e., sin | =+ 7x | = sin| =+ 5x |.
V2 V2 (6 ) "(3 )
= sinx-sinZ +cosx-cos — = | But sin o= sin fif and only if either oc— = 2kmor o
4 4 +B=Cm+ 1) wlh,m=0,+1,+2,.).
T
- COS(X_Z)_I Hence,z+7x—£—5x=2kﬂorz+7x—£—5x
6 6 6 3
= x—%=2n7r,ne[ = x=2nn+%,ne[ =C2m+1)

. . .. T Thus, the roots for the equation are
Solution of given equation is 2n7z + o nel

x =2 (12k+1)
(ym=0,£1,£2,.).

T
Solve the equation cos 7x — sin S5x = B (cos 5x — LE ﬁ(“m + 1)

sin 7x). J
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EXAMPLE 19

Solve the equation 2 sin 17x + V3 cos 5x + sin 5x = 0.

SOLUTION
Dividing both sides of the equation by 2, we reduce it

to the form sin 17 x + sin (Sx + %) =0,
. . T n
whence, we obtain 2 sin (1 Ix+ g)cos(&c - E) =0

n _kx r  (2k+)rx
= X, =—— LG

= 3, = =—r
! 66 11772 36 12

EXAMPLE 20

. 1 .
Solve the equation sin® x + cos* x=1 — 5 sin 2x.

Solving Equations by Transfofming a

Functions Into a Product

EXAMPLE 21

Solve: cos 3x + sin 2x — sin 4x = 0.

SOLUTION

cos 3x +sin 2x —sin4 x =0

= cos3x+2cos3x-sin (—x)=0
= cos3x—2cos3x-sinx=0
= cos3x(1-2sinx)=0

Solving Equations by Transforming a

Functions Into a Sum

)

s

SOLUTION

Using the formula for the sum of cubes of two members
we transform the Left-hand Side (L.H.S) of the equa-
tion in the following way: (sinx +cos x) (1 —sinx cos x)

1
= (1 . sin 2x) (sin x + cos x).
Hence, the original equation takes the form
1. .
(1 —Estx) (sinx+cosx—1)=0.

The expression in the first brackets is different
from zero for all x. Therefore, it is sufficient to con-
sider the equation sin x + cos x — 1 = 0. The latter is
reduced to the form

T 1 T
sinf x+— |[=—= = =27k, x, = — + 27k.
(x 4) N nmTR R

of Trigonometric
T

= cos3x=0 or 1-2sinx=0
1
= 3x=(2n+l)%,ne[ or sinx=5
/4 b4
= x=(2n+1)g,nel or x=n7r+(—l)”g,nel

Solution of given equation is

Qn+ 1)%,nel or nn’+(—1)”%,ne].

y

Product of Trigonometric

EXAMPLE 22

Solve: sin 5x-cos 3x = sin 6x-cos 2x.

SOLUTION

sin 5x-cos 3x = sin 6x-cos 2x
= 2sin 5x-cos 3x = 2sin 6x-cos 2x
= sin 8x + sin 2x = sin 8x + sin 4x

MO4 IIT-JEE-MATHS_XXXX_C04.indd 6

sin 4x —sin 2x =0
2 sin 2x-cos 2x — sin 2x =0
sin 2x (2 cos 2x— 1)=0

sin2x=0 or 2cos2x—1=0

2x=nm,nel or cos2x=%

L L

x=%,ne[ or 2x=2n7z::l:§,ne]
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b4
= x=n7rig,nel

Solution of given equation is

nw b4
7”161 or nﬂig,nel.

Solve the equation cot x — 2 sin 2x = 1.

SOLUTION

1. The equation becomes senseless for x = k7. For all
the other values of x it is equivalent to the equa-
tion cos x — sin x = 2 sin 2x-sin x we obtain cos
X — sin x = cos x — cos 3x, sin x = cos 3x,

whence, sin x = Si“(g - 3x). Consequently,

1. Equations of the form P (sin x £ cos x, sin x - cos x) = 0,
where P (y, z) is a polynomial, can be solved by the

change cosx £ sinx=¢ = 1 +2sinx-cosx=1¢>.

2. Equations of the form of a-sin x + b-cos x + d.=
a

where a, b and d are real numbers and a, b
be solved by changing sin x and cos x into their
responding tangent of half the angle.

Solve sin x + cos x = 1 sin x- cos x.
SOLUTION
sinx + cos x = 1 sin x-cos x 1)
Let sinx+cosx=t¢
= sin’x + cos’x + 2 sin x-cos x =

i =1l
= Sinx-coSx=

2

Now put sin x + cos x = ¢ and sin x-cos x = in

-1

(1),wegett=1+

= £-2t+1=0 = =1 (- t=sinx+cosx)

MO4 IIT-JEE-MATHS_XXXX_C04.indd 7

Trigonometric Equation (Phase-II) 4.7

2 sin (Zx—z)cos(x—z) =0
4 4
4

k”x=—”+k7:-
4

PR

= X1=

|

2. Putting tan x = £, we get the equation
£+32+t-1=0.
Factoring the left member, we obtain
¢+ @E+1-2)E+1+V2)=0.
hence, (tan x,) = 1, (tan x,) = = 1, (tan x,)
=-1-2.
3 e NG
= X —T+k7t,x2—arctan( 2—1) +knm,

x, = —arc tan (1 + \/5) + k.

3&my equations can be solved by introducing a new
&variable. e.g. the equation sin* 2x + cos* 2x = sin 2 x-
“

1 .
cos 2x changesto 2 (y + 1) (y ——) = 0 by substitut-
ing, sin 2x-cos 2x = y. 2

= sinx +cosx=1 ?2)

divide both sides of equation (2) by ) , we get

. 1
= Ssinx-— +TCOSX: — = —

2 2 2

(a) if we take positive sign, we get x = 2n7x +Z ,
nel

(b) if we take negative sign, we get x =2nm, n € I.

y,
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Solve the equation sin 2x — 12 (sinx — cos x) + 12 =0.

SOLUTION

Putting sin x — cos x = ¢ and using the identity (sin
x —cos x)*>=1 — 2 sin x cos x, we rewrite the original
equation in the form 7> + 12¢ — 13 = 0.

This equation has the roots #, = —13 and £, = 1.

But t = sin x — cos x = \/Esin(x—g), and thus,

| 2] < V2. Consequently, the root t, = —13 must be
discarded. Therefore, the original equation is reduced

. . T 1
to the equation sin | x " =—

L

= X =7t+2k7t,x2=§+2kﬂ'.

5 3%
sec” —
Solve the equation 1 + 2 cosec x = — 2

SOLUTION

. . X
Transform the given equation to the form 2 cos* —
(2 +sinx) + sinx = 0. N =
Using the formula 2 cos? — = 1 + cos x and opening
the brackets, we obtain

2+ 2 (sinx + cos x) + sinx-cos x =0 @

By the substitution sin x + cos x = ¢ equation (1), is
reduced to the quadratic equation #* + 47 + 3 = 0 whose
roots are ¢, = —1 and ¢, = —3. Since | sin x + cos x |
<2 , the original equation can only be satisfied by the
roots of the equation

sinx +cosx=—1 ?2)

Solving equation (2), we obtain x, = — g + 2k and
x,=Q2k+1)m

Here, x, should be discarded because sin x, = 0,
and therefore, the original equation makes no sense
for

X=X = x=—§+2kn’.

Solve the equation sin x + cos x — 24/2 sin x cos x = 0.

MO4 IT-JEE-MATHS_XXXX_C04.indd 8

SOLUTION

Designating sin x + cos x = ¢ and using the equation

-1

equation with respect to 7: /22 — t —~/2 = 0.

sin x cos x = , we reduce the equation to a new

1 .
The numbers ¢, = \/E, t, = ——= are roots of this qua-
- 7
dratic equation.

Thus, the solution of the initial equation reduces to

the solution of the trigonometric equations:

. . 1
s1nx+cosx=\/5, sinx tcosx=——.

V2

Multiplying both sides of these equations by the num-

1 . .
ber —, we reduce them to two simpler equations:

V2

1 . 1
—sinx+—=cosx=1

N AN

. T . T . V3
= smxcosz+smzcosx=1 = sm(x+z)=1.

1. 1 1 n( n) 1
—smx+—cosx:—5 = sinl x+— |=——.

V2 V2 4) 2

The solutions of the equations sin (x + —) =1 and sin

T 1
xX+—|=——are
[(+5)-3

x=%+2ﬂk,keZ;x=(—1)”“%— +mn,ne Z.

18

Solve the equation

1 . . .

> (sin* x + cos* x) = sin? x cos® x + sin x cos x.
SOLUTION

We obtain the equation sin? 2x + sin 2x — 1 = 0.
J5-1

Solving it, we get sin 2x =

J5-1 +k—”.
2 2

= x= (—l)k% arc sin
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Trigonometric Equation (Phase-II) _
EXAMPLE 29 = tan§=nﬂ'+a = x=2nr+2a

Solve: 3 cos x + 4 sin x = 5.

SOLUTION

3cosx+4sinx=15

where o= tan™ (%), nel

1—tan> > 2tan
cosx=——2 andsinx=——2 1)

1+ tan? X 1+ tan> > —
T Ty . :? CHECK YOUR UNDERSTANDING-I

equation (1) becomes

1. Find the number of solutions of the trigonometric

0% X
_ 4 1-tan” > i 2tan§ s @) equation 4 cos® x + tan® x + cot? x + sec? x = 6 in
1+tan® = 1+tan® = 19 2
2. Consider the trigonometric equation tan x(sin 2x +
X 1) = sin x (2 + tan x). Find the number of solutions
Lettan —=¢

of the equation in (0, 47).

) l=¢* 2t .
equation (1) becomes 3 (1 +42 J 4 (1 +t ) e 3. Find real values of x for which, 27 2. 815 2 g
= 4P _4+1=0 minimum. Also find this minimum value.

4. Solve the equation: 2 sin x = 3x> +2 x + 3.

¥ 1 5. Solve: 2 + 7 tan? 6= 3.25 sec? 6 (0° < 8<360°).
= tan — = tan o, where tan o= — \_ Y,
2 2

AN

»

1 X
= Q2t-12=0 = (t=— . t=tan —
( ) > ( 2)

= tan

N | =
N | —

of the Functions sin x and ¢

EXAMPLE 30 SOLUTION

Solving Equations with the U SPthe Boundness
Q@x ;

. l—tanx ) \ Let us transform the equation to the form
Solve the equation =1+ sin 2x.
1+tan x |- 1 _ .
— sinx + —=c0sx = —— orsin
SOLUTION 2 2 2sinx cosx
. T
The equation makes no sense for x = 5 + km and for (x T ) 1
3 G 4) sin2x’
xX=— a + k. For all the other values of x it is equiva- St ex
. . . T .
. Ccosx—sin . B — = 1.
lent to the equation # =1+ sin 2x. B sm(x * 4) sin2x =1 M
cos x +sinx

e o .
Afer sl imretrmen e e SnsEr We have [sin o < 1, and therefore (1) holds if either sin

; _ T . . T .
sin 2x + cos 2x) = 0. o (x+—)=1 and sin 2x =—1 or sm(x+—)= 1 and sin
It is obvious that the equation sin 2x + cos 2x + 4 4
3 =0 has no solution, and therefore, the original equa- 2x=1.
tion is reduced to the equation sin x = 0 = x = k7 But the first two equations have no roots in common

while the second two equations have the common
[ IR E £ roots x = % + 2kr. Consequently, the roots of the

Solve the equation (sin x + cos x) V2 =tan x + cot x. given equation are x = I + 2k

4
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Solve the equation sin*" ~!

nen.

2n — 1

x + 2 cos x =2, where

SOLUTION

Obviously no solution is possible if AR x <21 as
LHS <2 2

If 0 <x<§, then LHS = sin” - x + 2 cos” ! x <
sinx+2cos’x=1+cos’x<2whenneN-—{1}.
Obviously, a solution exists only when x = 0

= The general solution is x = 2mz, m € 1.

Whenn=1,sinx+2cosx=2 sinf(Zsinf—cosg)
=0

. 1
= either x =2k worx = 2k,r+ 2 tan™' > k, kel

. T
Solve the equation cos? |:Z(sm x++/2 cos’ x)] —tan’

(x+£tan2 x) =1,
4

SOLUTION
T, i1

cos? —(smx ++/2 cos? x) —tan’| x+—tan’ x |=1
4 4

since square of the cosine of any argument doesn’t
exceed 1, the given equation holds true if and only if
we have, simultaneously

cos? [%(sinx ++/2 cos’ x):l =1 0))

and
tan (x + %tan2 x) =0 Q)
from (1),  sinx ++/2 cos?x =4k ?3)

M04 IIT-JEE-MATHS_XXXX_C04.indd 10

Vs

Vke I but |sinx+x/§cos2x| <| sinx|+x/z| cos’x|<1

+2<4

so, equation (3) has no solution for k#0 for k=0

sin x ++/2 cos’x = Oor,«/isinzx—sinx—\/i=0 or,
. -1

sin x = E,\/E

but sin x =+/2 is not possible. So only solution to the

equation (1) is

— 5
x1= ﬂ+2nﬂl"xz:_n+2nﬂl’n=0’:|:1’:t2...
4 4

=17 . S
forx, = vy + 2nr, equation (2) becomes an identity

butx, = ST” + 2 nmwdoesn’t satisfy equation (2)

. . . 7T
s0, solution to the original equation x = e +2nx ¥V
nel

Find the general solution of the equation, sin 3x +
cos 4x — 4 sin 7x = cos 10x + sin 17x.

SOLUTION

(sin 17x — sin 3x) + cos 10x — cos 4x + 4 sin 7x =0
= 2cos 10x sin 7x + 2 sin 7x sin 3x + 4 sin 7x =0
= sin 7x (cos 10x —sin 3x +2) =0

Hence, sin 7x =0

= x=g,nel or cos l0x—sin3x+2=0

= cos 10x=—1andsin3x=1 givenx = (4n + 1)%

6 6 6 6 6 6 6
33w
T....
Those starred also satisfy cos 10x = — 1, the general

term of which is
x=3(4k—1)%ke[. Hence,x=g or3(4k—1)%

where n, k€ I.

y,

28-
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Trigonometric Equation (Phase-II) 4.11

Solve the system of equations form ‘ J3
sinx = cscx +sin v, Solve the system of equations sin x sin y = = COS X
COS X = SEC X +COS y} 3
CosSy = T
SOLUTION
Transform the system to the SOLUTION
sin® x = 1+sin xsin y, Adding up the equations of the system, we arrive at
2 M an equation
cos” x =1+cosxcos y. 3 B
Adding together the equations of system (1) and sub- sin x sin y + cos x cos y = 5 & cos(x—y)= B
tracting the first equation form the second we obtain
the system Subtracting the first equation of the system from the
cos 2x —cos(x +y) =0, second. we arrive at an equation
1+cos(x+y):0. @ cosxcosy—sinxsiny=0 & cos(x+y)=0,
The first equation of system (2) can be rewritten as Thus, the initial system is equivalent to the system
_(3x+y) . V3 L
cos 2x —cos (x +y) =2 s1n( x2 y)sm(y—x) =0. COS(X—y)T,x—y—ﬂ:g+2ﬂ'n,<:>n,ke Z,cos (x+
T T
If sin (x — y) = 0, then x — y = k7. But from the second »=0,x+y= E+ nk, whence, x = E +E 2n + k),
equation of system (2) we find o
=4 +
cos(x—y)=—lL,x—-y=Qu+ 1) "2 7% 2(2” k),
Consequently, in this case we have an infinitude of |/
solutions: x ~x=(2n+ 1) . = +§ (k—2n),y=2 +§ (k — 2n).
Ifsin(‘ ij=0,then3x=y=2kn'.Butx—y= 9 .
T T T T T T
= —+—=Q0Qn-k),—+—=(k-2n);—+—2n+k),
@n+ D S5 QT (=2 T T Qn )
x=2k+2n+1 =2k—6n—3ﬂ: o
4 ’ 4 ’ E+5(k—27l)(k,l’l€2).

EXAMPLE 37

Solve the equation: 2 cot 2x — 3 cot 3x = tan 2x.

This equation has sense if the condition sin 2x #
SOLUTION 0, sin 3x # 0, cos 2x # 0 holds. For the values of x
The given equation can be rewritten in the satisfying this condition, we have 3 sin x cos 2x = sin
3x. Transforming the last equation, we obtain sin x (3 —
4 sin? x — 3 cos 2x) = 0 and thus, arrive at the equation
2 sin’ x =0, which is equivalent to the equation sin x = 0.
3sinx 1 Hence, due to the above note, the original equation has

cos2x cos3x sin2x cos2x
form 3 = + or

sin2x  sin3x cos2x sin2x

sin2xsin3x  sin2xcos2x J no solutions. J
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Solve the equation

T pis 4cos’ x
tan| x—= [tanxtan| x+ = |=———
4 4

SOLUTION
The right-hand side (R.H.S.) of the equation is not

. b4
determined for x = k7 and x = — + mu, because for x

2 ) X . 2
= = the function cot = is not defined, forx = —+1
T 2 T

. X . b4
7 the function tan E is not defined and for x = 5 +

m7 the denominator of the right member of the right
member vanishes. For x # k7 we have

. 2 X 2 X
SIn” ——CoS™ —
2  Cosx

X
tan— —cot— = -
2 .X X sinx
sin — cos —
2 2

i1
Hence, for x # kmrand x # = + mm (where k and m are

arbitrary integers) the right member of the equation is
equal to —2 sin x cos x.
The left member of the equation has no sense for x =

§+ krrand x :% + 1% (I=0, £1, +2,...), and for all

the other values of x it is equal to —tan x because

el -l

T T
=—tan| x—— [cot| x—— |=—1
( 4J ( 4]

Thus, if x # &7, x ;% + mmand x # % +1 g st e

original equation is reduced to the form
tan x = 2 sin x cos x.

This equation has the roots x = kz and x = % + l%.

It follows that the original equation has no roots.

Solve the equation (1 + k) cos x cos(2x — @) = (1 +

k cos 2x) cos (x — ).

SOLUTION

Let us rewrite the given equation in the form

(1 +k)cosxcos(2x— ) =cos (x — ) +
kcos2xcos (x — ). (1)

MO4 IT-JEE-MATHS_XXXX_C04.indd 12

1
We have cos x cos (2x — &) = — [cos Bx — a) +
cos (x — a)] 2

1
and cos (x — &) cos 2x = > [cos B3x — @) + cos (x + )],
and therefore, equation (1) turns into [cos (x — &) —
cos (x + )] = cos (x — &) — cos Bx — ),
that is k sin x sin o = sin (2x — ¢)sin x. ?2)

Equation (2) is equivalent to the following two
equations:

(a) sinx=0;x=Ir and
(b) sin (2x — @) =k sin o

1 . .
Thus, x = %, (=1)", — arc sin (k sin @) + z n.
2 2 2

For the last expression to make sense, £ and o must
satisfy the condition | & sin o/| < 1.

1
Solve the equation (cos x — sin x) (Ztanx + ) +
2=0. COS X

SOLUTION
. X .
We designate ¢ = tan 5 and, using the formulas of the
universal trigonometric substitution, write the equa-
3t +61° +87 2t -3

tion in the form 5 5 = 0, its roots
" +D(A-¢")

1 1
are t, = —=, t, = —=. Thus, the solution of the equa-

V3 V3

tion reduces that of two elementary equations

X X

> = 1)

2 B2

Verification shows that the numbers zn which are
. /4

roots of the equation cos > = (, are not the roots of

the given equation, and consequently, all solutions of
the initial equation can be found as solutions of equa-
tion (1)

= x=i%+2ﬂ:k, (ke 2).

y,
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Trigonometric Equation (Phase-II) 4.13

Solve the equation, 5 sin x + —>— — 5 = 2 sin’x + \ Let A_ jand B_ be acute. positive al.lgles satisfying the
: 2sin x equalities 3 sin’4 + 2 sin?B=1; 3 sin 24 —2 sin 2B=0.
: T
2 sin’x ifx e (0, m). Prove that 4 + 2B = PR
SOLUTION SOLUTION 3
1 1 From the given relations, we get sin 2B = — sin 24,
S(Sinx+ - )—5=2(sinzx+ — ] ) . 2
2sin x 4sin“x 3 sin’4 = 1 — 2 sin?B = cos 2B, hence, cos (4 + 2B) =
. . 1 : cos A cos 2B — sin 4 sin 2B = cos A-3 sin’4 — 3 sin A
=2||sinx +— =1 . 2
2sinx sin 24 = 0. J
Let sinx+——=¢t = 5t-5=2(t>-1)
sinx —
= 22-5t+3=0 = (2t-3)(t-1)=0 p :_g CHECK YOUR UNDERSTANDING-II
— ¢t=1 or t= 3 1. Solve the following system of equation for x and y
2 (cuseczx—?sseczy) (Zcosec x+\/§‘secy‘)
=1 2 =64.
Ift=1,2sin>x —2sinx+ 1=0= D <0 hence, no 5, and. ,6
solution 2. Find the general solution of the equation, 2 + tan x-

X X
B cot — + cotx-tan — = 0.
If ¢=22sinx—3sinx+1=0 2 2

2 3. Solve for x, the equation v13 —8tanx = 6 tan x — 3,

= sinx=1 or sin=l where 27 <x <2r.
2 : o o o
P = 57 e a S ‘,2 4. Find all Yalues of 6 between 0° & 180° satisfying
X=— o —— = XEj—,—,— the equation;
2 6 6 6 2 6

cos60+cos40+cos20+1=0.
5. Find the general solution of the following equation:
2(sin x — cos 2x) — sin 2x (1 + 2 sinx) + 2 cos x = 0.

6. Solve: tan’x . tan?3x . tan 4x = tan’x — tan3x + tan 4x.

. J

(PJE ] PRACTICE EXERCISES

1. What are the most general values of @ which satisfy the 7. Find all the angles between 0° and 90° which satisfy

equations, the equation sec’*6- cosec*6 + 2 cosec’0= 8.
(a) sin 9=L (b) tan (x—1)=\/§ 8. Solve: 4 cos 8— 3 sec =2 tan 6.
2 2 9. Solve: cot 8 —tan =2
(c) tan 6=—1 (d) cosec =— ’ ' '
V3 10. Solve: sin 6+ sin 36+ sin 50= 0.

(e) 2 cot?6= cosec?d
11. Solve: cos 6+ sin 8= cos 26+ sin 26.

2. Solve: sin 96 = sin 6.
3. Solve: cot O+ tan =2 cosec 6. 12. Find gll values of @ between 0° and 180° satisfying the
equation; cos 60+ cos 46+ cos 26+ 1 =0.
4. Solve: sin 26 = cos 36.
Sol 0 %0 13. Solve: cos’x + cos?2x + cos?3x = 1.

5. :cot 8=t .

ove: co an 14. Solve: sin’z6 — sin’(n — 1)8 = sin? 6, where n is con-
6. Solve: tan?@— (1 ++/3) tan 6+ /3 =0. stant and 7 % 0, 1,
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15. Solve: 3 sin 6 cos 6=+2. 31. Solve the inequality sin 2x > V2 sin?x + 2- \/5) cos?x.
. : = ++/3. . . .
16. Solve COS'CC 6= cot 6+/3 32. Find the set of values of ‘a’ for which the equation,
17. Solve: 5 sin 6+ 2 cos 6=5. sin* x + cos*x + sin 2x + a = 0 possesses solutions. Also
18. Solve: tan 20tan 6= 1. find the general solution for these values of ‘a’
19. Solve: tan @+ tan 20+ +/3 tan Htan 20=1/3. 33. Find the set of values of x satisfying the equality
2 . b 3r . .
20. Solve: tan x-tan (x + %)'tan (x + ?n) =3. sin (x _Z) — cos (x + T) = 1 and the inequality
. 3 7
21. If tan @ + sin ¢ = = tan’0 + cos’¢ = — then find the _2cos7x > Deos2x
2 4 cos3+sin3

general value of 6 and ¢.
22. Solve the equation for 0 < 6< 277: (sin 20 + 3 cos2 oy 34, If °S’ is the solution set in [0, /2] of the ';rlgonometn-

5= (E 3 29) cal equation cos® x +sin® x —cos’ 2x = 7 Then the

6 | set S’ is
—+1logs (sinx) —+log;5 cos x

23. Solve the equation for x, 52 +52 = =157 " 35. Solve the inequality sin 3x < sin x.
24. Emd all th.e values of @ satisfying the equation; sin @+ 36 Find all values of ‘a’ for which every root of the equa-

sin 56=sin 3@ such that 0 < 6< 7. tion, a cos 2x + |a | cos 4x + cos 6x = 1 is also a root
25. Solve the equality: 2 sin 11x + cos 3x + /3 sin 3x = 0. of the equation, sin x cos 2x = sin 2x cos 3x — L gin 5x,
26. Find all value of 6, between 0 and , which satisfy the 2

and conversely, every root of the second equation is

equation; cos 8-cos 26-cos 360=— also a root of the first equation.
27. Given that 4, B are positive acute angle, solve: V3 sin? 37.~,S'olve the equality: 2 sin 11x + cos 3x + J3sin3x=0

24 = sin 2B and \/3 sin?4 + sin?B = Q . 38. Find the general solution of the equation, 2 + tan x - cot

, x X
28. Find the general solution of the equatlon tan?(x A+ y) +/ Py *cotx-tan Pl 0
x+y)=1-2 .

cotlx +) = X 39. Solve for x, the equationv/13—18tanx = 6 tan x — 3,
29. Prove that the equations where —21t < x < 27.

(a) sinx-sin 2x-sin 3x =1 .

) . ) 40. Solve the equation for x,
(b) sin x-cos 4x-sin 5x = —— have no solution
. 2sin| 3x+ 2 | = \/1+8sin2x- cos’ 2
30. Find all the solutions of, 4 cosx sin x — 2 sin*x = 3 sin x. e 4 ) S £X7C0S 2x
£Z) ASSESSMENT
JEE Main
Level I 3n In T 5w
(A) {T’T} (B) {;,7}
1. The general solution of the equation, 2cos2x = 3.
2cos’x — 4 is ©) 3 EES_R D) n St 1z
(A)x=2nmynel (B)x=nmnel 477373 666
nrw nrw
(C) x= i nel (D) x= 5 nel 3. Total number of solutions of sin x-tan 4x = cos x

The solution set of the equation 4 sin 8-cos 8— 2 cos 6
— 23 sin ++/3 = 0 in the interval (0, 27) is

MO4 IIT-JEE-MATHS_XXXX_C04.indd 14

belonging to (0, ) are
(A) 4
(©) 8

B) 7
D) 5
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Trigonometric Equation (Phase-II) 4.15

4. If2 cos? (r+x) + 3 sin (7 + x) vanishes then the values ~ 10. sin 36=4 sin 6-sin 20-sin 401in 0 < O< rhas
of x lying in the interval from 0 to 27 are (A) 2 real solutions (B) 4 real solutions

S (C) 6 real solutions (D) 8 real solutions

Ay="or® B x=Tor "
6 6 3 3 11. General solution of the equation, cot 36 — cot 8=0 is
Sr n Sm

/4
©x=For= @ x=Tor (A) 6=@n-1) 7 nel

T
5 Ifxe [O,%:|, the number of solutions of the equation, (B) 6=(@2n-1) "€ 1

sin 7x + sin 4x + sin x = 0 is (C) 9:(2,1_1)2,”61
(A)3 (B) 5 3
©) 6 (D) None of these (D) None of these

6. The general solution of sinx +sin Sx =sin 2x +sin4x 12, The principal solution set of the equation, 2 cos x

is : .
(A)2nmnel B) nmynel =4/2+2sin2x is
nrw nr 13w r 137
C)—;nel D) 2—;nel A= =2 B) {Z,
()3n ()3n (){88} (){48}
1 1
" 2cos20-1 2

13/ Thenumber of all possible triplets (a,, a,, a,) such that:

T
= + —
(A) O=nm 3’n61 @, +a,cos 2x + a, sin’x = 0 for all x is

n (A)0 B) 1
(B) 0=2nw+=,nel (©) 2 (D) infinite
T 14. The arithmetic mean of the roots of the equation
C) 6=2nmt—,nel . .
© nr "e 4cos’x — 4cos’x — cos( + x) — 1 = 0 in the interval
. [0, 315] is equal to
(D) o=nz+ - nel (A) 497 (B) 507
(©) 51x (D) 1007
8. Ifcos 20+ 3 cos 8= 0 then . 2 .
15. The general solution of tan | =6 [= /3 is
J17-3 3
(A) 0=2nm+ o, where ot = cos™! 3nk 1@
4 (A) —+—;nel
2 2
17 - ni T
(B) 6= 2nm+ o, where or= cos™ \/f 3) (B) EX tonel
/4
+ _ C)nn+—;nel
(C) 6=2nn+ o, where or= cos™! ﬁJ 2
4 (D) None of these
(D) None of these )
0 16. Find the general value of 6, when cos (7) =0
9, If sin @+ 7 cos 6 = 5, then tan (E) is a root of the A)(m+mnel
equation (B)nm;nel
(A)x>*-6x+1=0 (B) 6x?-x-1=0 (C) 2n+ Dm;nel
C)6x*+x+1=0 (D) x*-x+6=0 (D) 2nm;ne l
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17.

18.

19.

20.

21.

22,

If tan a6 —tan b0 = 0, then the values of 6 form a series
in

(A) AP
(C) H.P

(B) G.P
(D) None of these

The general solution of equation sin? Osec 6+ V3 tan @
=0is
(A) 6=nm + (1) %
(B) 6=nm
(C) 0= nm + (-1 %
D) 6= "~
(D) 6=
If (1 + tan) (1 + tan ¢) =2, then O+ ¢ =
(A) 30° (B) 45°
(C) 60° (D) 75°
The general solution of sin x + 3 sin 2x + sin 3x = cos

x + 3 cos 2x + cos 3x then in the interval 0 < x <2,
x=

m St 2«;
(A) S0 o 0 A
8 8 3
n St 9m 13
(B) TS 0 o 0 o
8§ 8 8 8
47 9 27 13w
(C) SN
33 3 8
n 5t 97 4w
(D) 5% o ° A 0 A~
8§ 8 3 3
The general value of 0 satisfying the equation sin?6
—2cos 9+l =0
4
T T
(A) 2nm+ — (B) 2nm+ —
3 4
T
(C) 2nm + 3 (D) None of these

Iftan O+ tan 40+ tan 70 =tan Otan 460tan 70, then 6=

(A)

nmw

4

nmw

(B) S

nw

©) B ;n#6(2k+1)

(D) nm
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23.

24.

25.

26.

27.

28

29.

30.

31.

If 3 (sec? O+ tan? ) = 5, then the general value of 6 is

/9
(A) 20+ (B) Znﬂ:i%
T /9
C) nm+ = D) nn+—
©)n 0 (D) n 3

Smallest positive x satisfying the equation cos®*3x +
cos*Sx = 8 cos*4x - cos’x is

(A) 15° (B) 18°

(C) 22.5° (D) 30°

The solutions of the equation, (1+ cos x) tan% -2+

sin x = 2 cos x are identical to the solutions of the

equation
(A)sinx=1 (B) cosx=0
(C) sin 2x =0 (D) sec (x/2) =2

sin 360 =4 sin Osin 20sin 40in 0 < 6 < 1 has
(A) 2 real solutions (B) 4 real solutions
(C) 6 real solutions (D) 8 real solutions.
The equation, sin” x —— 34 -4
sin” x—1

(B) one root
(D) infinite roots

has

sin’ x—1
(A)moroot
(C)two roots

The number of solutions of tan (57 cos ) =
cot (57 sin 6) for O in (0, 27) is:

(A)28 (B) 14

(©) 4 (D) 2

The value of x satisfying the equation +/1+sinx —
- X
VJl=sinx = 251n5 are wheren € 1

(A) 2nt<x<2(n+ )m

(B) 2nt— /2 <x <2nm+ /2
(C) nm—m/4 <x<nm+m/4
D) 2n—-DHr2<x<(2n+

nw . . . X X
If x= BE satisfies the equation sin 5 cos 5 =

3

1 — sin x and the inequality R P —ﬂ, then:
2 2| 4
(Ayn=-1,0,3,5 B)n=1,2,4,5

(C)n=0,2,4 (D) n=-1,1,3,5

There is a formula that says that
sin 7x = A4 sin’x + B sin®x + C sin’x + D sin*x +
E sin’x + F sin’x + G sin x + H.
The value of the sum (4 + B+ C+D+E+F+ G+ H),is
(A)0 B) 1
(C) -1 (D) not possible to determine

28-Dec-24 6:52:04 PM



32.

33.

34.

35.

Number of solutions of the equation

cos® x + ( \/§2+ 1) sinx = g +1 in the interval

[-m, ©], is
(A)2 B) 4
©) 6 (D) 8

The expression sin x — cos*x — 1 assumes the least
value for the set of real values of x given by

n+l Z
(A) x=nr+(-1) (6)

N
(B) x=nr+(-1) (gj

3

(C) x=nmr+(-1)" [—j

w

3

(D) x=nmz—(=1)" (Ej

where n € 1

The number of roots of the equation, sin x + 2 sin 2x =
3 +sin3xis

A0 B) 1

(©) 2 (D) infinite

The smallest positive root of the equation /sin(1~<%) =

\Jcosx is

37 1 Tr 1
A) —4+— B) —+—
&) 4 2 ® 4 2
11z 1 T 1
C) —+— D) —+—
© 4 2 ()4 2
Level II
1. All solutions of the equation, 2 sin 6 + tan 6 = 0 are

obtained by taking all integral values of m and » in

2
(A) 2n7+ Tﬂ nel
2r
(B) nwor2mm+ 3 where n, m € [

(C) nmormr + % where n, m € 1

T
(D) nor2mm + 3 where n,m e [

The most general solution of tan 8=—1 and cos 8=

1
i 2
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7
(A) nﬂ'+%t, nel (B) nz+(-1y f, nel

(C) 2 nrm+ %, n el (D) None of these

3. A triangle ABC is such that sin(24 + B) = % If4,B,C

are in A.P. then the angle 4, B, C are, respectively

Sm mow A Y4
A _7_7_ B _5_7_
( )12 4°3 (B) 4312
T T 5w T St om
C AT R D e
( )3 412 D) 312 4
sin 360 1.

L ———=—1
2cos20+1 2

(A) 9=nﬂ+%,nel
(B) 9=2n7r—%,ne]
) 9=n7r+(—1)"%,ne]
D) 0=nﬂ—%,ne[

tan3x —tan2x

. The set of values of x for which ——  —=11is

1+tan3xtan2x

(A) ¢

of2)

©) {nﬂ+§|n=1,2,3....}

(D) {2n+%|n=1,2,3....}

. The value ‘@’ for which the equation 4 cosec’(7(a + x))

+ a? — 4a = 0 has a real solution is:
A)a=1 B) a=2
(C)a=3 (D) None of these

. The solution of |cos x| = cos x — 2 sin x is

(A)x=nmnel

T
(B)x=n7r+z,nel

/4
C)x=nr+ (71)”2, nel

(D) n+1)m+ %, nel
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8.

10.

11.

12.

13.

The number of solutions of sin 8+ 2sin 26 + 3sin 36
+4sin46=101n (0, x) is

(A)1 (B) 2

€ 4 (D) 0

Total number of ordered pairs (x, y) of real numbers
satisfying | tan 1y | + (sin mx)> = 0 and x* + > < 2 is

equal to
(A)3 (B) 6
©)9 (D) 12

The solution of the equation 5¢in 2~ t@nx) _ 4(Scos2x—tanx) —
501 —tanx) (0.04) sin 2 x is

Ve Vg

A) Cn+1)—; mr +—

A) ( )2 4
T

B) mr+—

(B) 4

T
©) 2n+1 1

(D) all of these

where m,ne I

If Y cos™ 6 =4, then the most general values of are

n=0

given by

(A) 0=nz+Z (B) 0=2nr+"
3 4

©) 9=nni% (D) 9=2mri%

wheren e [

General solution of the equation sec x = 1 + cos x +

cos*x + cos’x + .......... oo, i
(A) nz+Z (B) 2nm+2
3 3
0 P
C) nm+t— D) 2nm+—
© s (D) p

where 7 is an integer.
Let
J(x)=

cosec’x —2cosec’x +1

sin x —Cos x

cosecx(cosecx —sinx)+ +cotx

sin x
The sum of all the solutions of f(x) =0 in [0, 1007] is

(A) 25507 (B) 25007
(C) 50007 (D) 50507
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14.

15.

16.

8

18.

If 32 tan®* @=2cos> 0. — 3cos o and 3cos 20 = 1, then the
most general values of o are

(A) nr—2 B) 2n7+2%

3 3
(C) nrx +% (D) nr i%
wheren e

Let X be the set of all solutions to the equation
cosx-sin(x+l) =0. Number of real numbers con-
X

tained by X in the interval (0 <x <m), is

(A)O B) 1
<€) 2 (D) more than 2
If tan® x = 5\/33?/% , then the general values of x are
+
P P/
A) nmt+— B) nm+—
(A) B (B) g
S 3r
C) ng+t— D) nm+—
© T (D) 2

where'n € [

The general values of x satisfying simultaneously the
equations 2 sin 2x +V3=0and V3tanx+1=0is
given by

(A) 2n7r+5?7[,nel

B 2nﬂ+£,ne]
6

© n7r+5?ﬂ,nel

(D) n7r+£,ne[
6

The true solution set of inequality log,(sin 6) > log,
(cos 0) is equal to

T hY4
| )| 207 +=, 20 +—
(A) ( nw 4 nr 4}

nel

(B) U 2n7r+— 2n7r+2)

nel

E
© U[z,m 2+ j
(

nel

o) U

nel

2n 7z+— 2n7r+%rj

28-Dec-24 6:52:11 PM



19. In AABC, ifcosA+sinA—;, =0, then a+h
. cosB+sinB c
is equal to
(A) \2 (B) 1

1
C) — (D) 242
V2

20. If 0 < 6 < 2m, then the solution set of the equation
sin O — sec O cot® O — cosec =0, is

(A) ¢ (B) {0}
© {Z (D) {5 3—”}
2 272

Integer-type Questions

1. Find the principal solution of the trigonometric
equation

\/cot3x +sin’x —i + \/\/gcosx +sinx —2

3x 2

2. Determine the smallest positive value of x which sat-
isfy the equation, v/1+sin2x — V2 cos3x =0.

JEE Advanced

Single Correct Option-type Questions

1. If 20 sin’@ + 21 cos 0—24:Oand%r < @< 2rmthen

the values of cot g is

V15

(A)3 (B) ==

&‘

15
© BEN (D) 3

2. The general solution of the equation tan x + tan (x + %) 4

( 27r] .
+tan| x+— |=31s
3
AZrE ner @22 E el
4 12 3 6

© % + %, nel (D) None of these
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. Find the number of solutions of the equation sin 2x +

cos 2x +4 sin x = 1 + 4 cos x lying in interval [ 6, 6].

. Find the number of solutions of the equation

12
Hsin rx =0 lying in the interval (0, xt].

r=1

. Sum of all the solutions in [0, 4%t] of the equation

T
tan x +cotx+1=cos (x + Zj is At then the value of
kis

. If the quadratic equation x> + (2 — tan 6)x — (1 + tan 6)

= 0 has two integral roots, then sum of all possible val-
ues of 0 in interval (0, 27) is kn. Find the value of £.

. If the values of y satisfying the equation x> — 2x sin (xy)

+ 1 =0 is expressed in the form of kn (k € R) then find
the sum of all possible values of & in (0, 48).

. Find the number of ordered pairs (x, y) satisfying the

equations sin x cos y = 1 and x> + * < 9w,

. Find/the number of solutions of the equation sin*2x —

3 1 o : n
€O0s 8x=5cos10x lying in the interval O,E .

. The general solution of the equation tan’¢r + 23 tan &

=1 is given by

A a="" ner

2
(B) (x=(2n+l)§,nel
(©€) a:(6n+1)%,nel

(D)a:%,nel

. The number of integral values of a for which the equa-

tion cos 2x + a sin x = 2a — 7 possesses a solution is
(A)2 B) 3
©) 4 D) 5

. The number of solution of the equation [sin x| = |cos 3x]

in [27, 27] is
(A) 32 (B) 28
(C) 24 (D) 30
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6.

10.

11.

12.

If 2 tan’?x — 5 sec x — 1 = 0 has 7 different roots in

[0,%], n € N, then greatest value of n is

(A) 8
(©) 13

(B) 10
(D) 15

The values of x between 0 and 27 which satisfy the

. . 2 .
equation sin x- /8cos’x =1 are in A.P. The common

difference of the A.P. is

Vg T
A) — B) —
( )8 (B) 1

3 kY4
© r} (D) vE

Number of solution of the equation

3s1nx—sm3x+3cosx+cos3x :4ﬁcos[0+%j

1+ cos@ 1—-sin6

in the interval (—10m, 8] is equal to
(A)8 B) 9
(©) 16 (D) 18

If the system of equations x —y = 2 and cx + y = 3 have
a solution (x, y) where x > 0 and y > 0, then the true set
of values of ¢ is

(A) c>-1 (B) c<%

3 3
C) O0<c<— D) —-l<ec<—=
(©) 0<c 2 (D) €<

The number of ordered pair(s) (x, y) of real numbers
satisfying the equation 1 + x? + 2x sin (cos™'y) = 0, is
(A)0 B) 1

© 2 (D) 3

Number of solution of the equation 2+/cos®0—sin®0
=1+ cos 20 in [-x, ] is

(A) 1 (B) 2

©)3 (D) 4

The true solution set of the inequality sin x + sin 2x >
0in (0, 2m) is

o] o]
(A) 19 '3
o352
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13.

14.

15.

6.

17.

18.

o[ ] [z .x)
373 37
(D) [O,E]U{%,Zﬂj

The values of x for which min.(sin x, cos x) > min.
(—sin x, —cos x) where x € (0, 21) equals

3z

(A) (0, ) ®) |27

Sm T 3n

0, — —, 2n V| 0, —
(C)( 6] (D)(4 ”)( 4j
General solution of the equation | cos x | = sin x, is
(A) nr+(-1y' 2 (B) 2mr
4 4

bis T
C) nr+— D) 2nm+—
(©) n 4 (D) 2n 4

wheren e [

Number of solutions of the equation 2 tan’x — 5 sec x =1
in(—, 27) is equal to
(A) 2
(©) 4

(B) 3
D) 5

General solution of the trigonometric equation,

[2sin4 X 1) !
2 4 X

COS

=2 is

(A) nn+%” (B) nﬂi%

(C) 2nm + ZTE (D) 2nm+ ZTE

Let ABC be an acute triangle with all sides unequal.
D, E and F are the feet of the perpendiculars from the
vertex A, B and C respectively. The circumcircle of the
triangle AEF passes through the

(A) centriod of the AABC.

(B) orthocentre of the AABC.

(C) incentre of the AABC.

(D) circumcentre of the AABC.

Number of ordered pairs (x, y) of real numbers satisfy-
ing the system of equations sin x = sin 2y and cos x =
sinywhere 0<x<mand0<y<m,is

(A1 B) 2

©)3 D) 4
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19.

20.

21.

22.

23.

24.

25.

-T T
The true set of values of x€| —,— | satisfying
i ; 22
| 4sin x — 1] <5 is equal to

o35 w(F
(A) 107 10 (B) 10’10

o [F.3% b [Z2E X
©1575 D) | 573
If 2(\ sin? x—2sinx+5 —2sin® y)

(x, ) in [0, 2m]
(A)0 B) 1
©) 2 (D) 3

< 1then number of ordered pairs

Complete set of values of ‘@’ for which a sin’x +
|cos x| — 2a = 0 has atleast one solution, is

-1 1
w[2o) o]
1 1
© (0, 5] (D) (O, E)

If the equation p sin 2x + cos x = p has a solution, then
the range of p is

(A) (—oo’ oo) (B) [_ 1’ 1]
(C) (===, 0] (D) [0, =)

Given 0 < 0 < 2x, the number of possible solutions
satisfying the equation 8 cos®260 — 7 cos’26—1 =0, is
(A)S5 (B) 6
© 7 (D) 8

If the expression E = sing NE) cosg(e € R) attains

its maximum value then the most general values of 6
are given by

(A) 4km+ on (B) 2km+ on
3 3
(C) dkm+ on (D) 2km+ on
6 6
(where k € I)

Sum of all the solutions of the equation cos 2x + sin*2x
= 1, which lie in the interval [0, 27t] is equal to

(A) 4n (B) 5w

(C) Tn (D) 8n
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cos’ O —sin’ 0

26. Given ————— = 2—/3 then the value of 0 €
2cos” Otan©O
0, T/2) is
b4 RY4
A) — B) —
) 24 B) 12
Ry T
C) — D) —
© 24 (D) 12

27. Let 6 € [0, 4m] satisfying the equation (sin 6 + 2)
(sin 6+ 3) (sin 6+ 4) = 6. If the sum of all value of 6
is of the form km then the value of ‘k’, is
(A) 6 (B) 5
(C) 4 (D) 2

28. Number of solution of the equation, sin*x —cos?x sin x +
2sin’x +sinx=01in 0 <x < 3m, is
(A)3 (B) 4
©)5 (D) 6

Multiple Correct Option-type Questions

1. sinx, sin 2x, sin 3x are in A.P. if
(A)x:%,nel (B) x=nmnel
(C©)x=2nm,nel (D) x=Q2n+l)mnel

2. sin x — cos® x — 1 assumes the least value for the set of
values of x given by

(A) x = nz+ (—1y"! (%) nel

(B) x=nﬂ+(—1)”(% nel

(©) x—nn’+(—1)”(§ ,nel

(D)x=nﬂ—(—1)"(% nel

3. sinx +sin 2x + sin 3x = 0 if
1
(A) sinx:E (B) sin2x=0

(C) sin 3x=£ (D) cosx=—l
2 2
4. cos 4x cos 8x — cos 5x cos 9x =0 if
(A) cos 12x = cos 14x
(B) sin 13x=0
(C) sinx=0
(D) cosx=0
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5.

10.

The general solution of the equation cos x-cos 6x = —1,
is

A)x=Q2n+Nmnel

B)x=2nmnel

OC)x=Q2n-Dmnel

(D) None of these

If sin(x —y) =cos (x +y) = % then the values of x and

v lying between 0 and 7 are given by

b4 3 b4 b4
A)x=—y=— B) x=—,y=—
(A) AL (B) 2712

hY/3 Sr 11n 3
O)x="y=" D =—— y=""
Ox="pry=9, O ==y

. .X . X
The equation 2 sin E-coszx + sin’x = 2 sin 5~s1n2x
+ cos’x has a root for which

(A) sin 2x = 1 (B) sin2x=—1

(C) cosx= % (D) cos2x=—

N | —

cos 15x = sin 5x if

(A)x=—£+ﬂ,nel

20 5
(B)x:l+ﬂ,nel
40 10
3t nw
(C)x:%+?,nel
(D)x:—3—+%,n 1
5 sin?x ++/3 sin x cos x + 6 cos®x =5 if

-1
(A) tanx=—=
B
(B) sinx=0

(C)x=nn’+§,ne]

(D)x=nn’+%,ne]

sin?x + 2 sin x cos x — 3 cos*x = 0 if
(A) tanx=3
(B) tanx =—1

(C)x:nﬂ-i-%,ne]

(D) x=nm+tan’'(-3),nel
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11.

12.

13.

14,

15.

16.

sin*x — cos 2x =2 — sin 2x if
(A)x=ﬂ,nel
2

(B) tan)c:i

2 T
OC)x=Q2n+ I)E,nel

2

(D) x=nx+ (=1)"sin™" (g), nel

Which of the following equation(s) have NO solution?
(A) sinx +sin 9x =2
(B) cos x —sin 3x =-2

(€) sin(s—x)— sin (f) =2
2 2
(D) cos x cos 6x =—1

Let2sinx + 3 cos y =3 and 3 sin y + 2 cos x = 4 then

(A)x+y=@n+1n/2,nel

B)x+y=Qn+1)n/2,nel

(C) x and y can be the two non right angles of a 3-4-5
triangle with x > y.

(D) x and y can be the two non right angles of a 3-4-5
triangle with y > x.

The equation cosec x + sec x = 24/2 has
(A) no solution in (0,%)
(B) a solution in E,E
42
(C) no solution in 2,3—7[
2 4

(D) a solution in [3%, ﬂj

In which of the following interval(s) the value of the
expression y = 2(\/7 —1)sinx—2cos 2x + 2 — V2 is

negative?

w(es) @)
62 6

(©) [5—”5—”j (D) (7—”, ZﬂJ
6 4 4

The equation sin o = tan(o. — B) + cos o - tan 3 holds
true if

(A)o=nrt+p

(B) ao=2vm + 2

(C) a=2nmand B e R

(D)B=2vwando.€ R

n is an integer
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17. If cos 360 = cos 3o then the value of sin 6 can be given

by

(A) £sino (B) Sin(%iaj

©) sin(z—ﬂJra] (D) sin[z—n—a]
3 3

18. Which of the following sets can be the subset of the
general solution of the equation 1 + cos 3x =2 cos 2x?

T T
A) nr+— B) nm+—
(A) 3 (B) o

(©) mr—% (D) 2nn

19. Which of the following equations have no solution?
(A) 2*1 = sin x2 (B) 3"V =|cos x|
(C) x*=—cos x (D) 3x*=1-2cosx

20. Which of the following equations have their general
solution equal to 2nmt where n € 17
(A) sin 3x + 3 sin 4x + sin 5x =0
(B) 2tan* x+3= 3
cosx
(C) cosx-cos2x-cosdx=1

.3 1.
(D) sin X . cos S = —sin2x

Comprehension-based Questions

Paragraph for question nos. 1 to 3

Equation of the form P(sin x + cos x, sin x cos x) = 0 where
P(y, z) is a polynomial, can be solved by the change:

cos x =sin x = £, 1 + 2 sin x cos x = 2. Reduce the given

2
.. -1
equatlonlntoP(t, 3 )=0.
1. sinx +cos=1 +sinx cos x is

(A) %+ 27 and 2n7

(B) §+ 27 and (2n + 1)1

(C) 2nrm
(D) None of these

2. If(cosx—sinx)(2tanx+ )+2=0,thenxis

COSXx
(A) nnig (B) 2n7zi§
T /9
C) nw+— D) 2nm+—
© 5 (D) :
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3. sin*x + cos*x = sin x cos x then x is

(A) (6n+ 1)% (B) nx

(C) An+1) % (D) None of these
Paragraph for question nos. 4 to 6
Consider an equation sin x + sin y < 2 (1)
We know that sin x < 1 and sin y < 1 for all x, y.
So sin x + sin y <2 for all x and y.
Therefore, sin x + sin y = 2 if and only if sin x = 1 and
siny=1
= x= 2n7z'-i-E andy = 2m7z’+£.

2 2
Which is the required solution of given equation. To solve
the equation (1), we have used the boundedness of sin x
rather than using conventional methods of solving equa-

tions. In general we employ one or more of the following
extreme value conditions.

(a) -1 <sinx<1

(b) -1<cosx<1 = |cosx|<1andcos’x<1

(c)*Na’ —b* <asinx+bcosx<va’+b’
= |a sinx + b cos x | <Nat +b?
4. The minimum value of 2752 815" jg

1
®) 3

= |sin x| < 1 and sin’x < |

(A) 1

1 1
C) — D) —
© 81 D) 243
5. Number of roots of the equation cos’x + sin‘x = 1 in the
interval [0, 27] is
(A) 0
©) 2

B) 1
(D) 4

6. The smallest positive number of p for which the equa-
tion cos(p sin x) = sin(p cos x) has a solution in [0, 27] is

n
(B) 3

D)

2\2

T

A) =

(A7
T

©) —=

42

Paragraph for question nos. 7 to 9

Let o, B, y be positive integers in arithmetic progression
such that o® < 3° <y° < 180°.
Also sin o° + sin B° = sin ¥° and cos 0.° — cos ° = cos 7°.
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7. The value of (tan o° + tan ° + tan °) is equal to
(A) 3 (B) 2-3
©)5 (D) 242 +1

8. Common difference of an arithmetic progression lies
in the interval
(A) (2, 10) (B) (10, 1)
(©) (20, 25) (D) (25,35)

9. Number of solutions of the equation cos x + cos 2x +
cos 3x = tan o° + tan y° — tan ° in the interval [0, 47]

is equal to
(A)2 (B) 3
© 4 D) 5

Paragraph for question nos. 10 and 11
Let f{x) = cos x + sin x — 1 and g(x) = sin 2x — 2.
10. Number of solutions of the equation f{x) = g(x) in
T | .
xe —77:,7 is equal to
(A) 4 B) 5
© 6 (D) 8

11. If the equation f{x) = k has atleast one real solution
then the number of possible integral values of k is

equal to
A1 (B) 2
©) 3 (D) 4

Matrix Match-type Questions
1. Match the following

3. Match the following

Column - I Column - 11
T
(A) If xe {0, E}, the number of (P) 4
solutions of the equation,
sin 7x + sin 4x + sin x = 0 is
(B) Letf(x)=cos’ + cos*2x + cos*3x. | (Q) 5

©

D)

(E)

Number of values of x € [0, it] for
which f (x) equals the smallest
positive integer is

Number of principal solution of
the trigonometric equation tan x +
tan 2x +tan x - tan 2x = 1, is

The number of points P(x, y) lying
inside or on the circle x> +)? =9
and satisfying the equation tan*x +
cottx +2 =4 sin?y, is

Let 0 <6 <6, <6 < ...
denote the positive solution of the
equation 3 + 3 cos 6 = 2 sin?6. If
0, + 6, = am, where a is an integer
then ‘a’ equals

®R) 6

S 7

(M) 8

4. Match the following

Column -1

Column - II

(P) 2

Column - I Column - IT
(A) (2 §ir;x —cosx) (1 +cos x) (P) sinx = 1
= sin’x 2
(B) 1+ sin2x=cosx + sinx (Q) tanx=-1
(C) 4x* + x5+ sin*5x =0 (R) x=0
1 197
D) tanx= —= S) x=—
D) NG ) s

2. Match the following for number of solutions in [0, 27]

Column - I Column - IT
(A) sin’6—tan’0=1 (P) 2
(B) sin O+ cos 0= 1 Q0
(C) tan B+ sec 6=2 cos 6 (R) 3
(D) 3sin*0—-4sinO+1=0 S) 1
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(A) If solution of the equation
x* tler = 32 (where base of
logarithm is 2) are x, and x, (x,

> x,) then the value of Mg
divisible by %2

(B) Let cos(a+ )= %;
sin(ae — B) = % and o, B lie
between 0 and % If the value

of tan 20t is ﬁ, then £k is
divisible by

(C) The difference between
maximum and minimum
values of sin?> x — 20 cos x + 1
is divisible by

Q3

R) 8

(5) 11

28-Dec-24 6:52:28 PM



5.

Match the following

Column - I Column - II

(A) sinx - cos’x > cos x -

(B) 4sin>x—8sinx+3<

(C) |[tanx | <1 and x €

(D) cosx—sinx=1and0

sin’x, 0 < x < 2m, is

gEs
4 474
UF_” ﬂ}
4 b
Q [z,zﬂ}u{o}
2
®) (O,EJ
4
(S) [E 5_”}
66

0,0<x<2m,is

[-m, ] is

<x<2n

Integer-type Questions

1.

For 0 < x, y < m, find the number of ordered pairs
(x, y) satisfying the system of equations cot’(x— )~

(1+\/§)cot(x—y)+\/§=Oandcosy=§.

Find number of solutions of the equation
(log, cos0)’ +log , (16cosO) = 2,in interval [0, 21).

cosf

. For a e[%,ﬂ)andﬂ eR—(2n+1)%,neI, find

number of ordered pairs (o, B) satisfying the equation

1 l+cota
sin’ a Jtanﬁ'

Find the number of principal solutions of the trigono-

2cota +

cos3x+sin3x

- =cos 2x + 3.
1+2sin2x

metric equation 5 (Sin X+

Find the number of points of intersection of the curves

- Vs
=cosx, y=sin3x, if —<x<—.
Y y > 5

Let N be the number of triplets (x, y, z) where x, y, z €
[0, 2] satistying the inequality (4 + sin 4x) (2 + cot?y)

(1 + sin’z) £ 12 sin’*z. Find the value of %
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10.

11.

12.

13.

14.

15.

Trigonometric Equation (Phase-II) m

LetA={A, A, Ay A3 B= {1 Moy By U}
are two sets of values of A and u where (A, <A, , 1, <
., Viandjand A, i e (0, 100n]) such that for the
ordered pair (A, ) the equation x* (sin Ax + cospx) —
2(sin(A + Wx + sin(A — W)x)x + sin Ax + cospx = 0 has

m n 5
a positive solution. If D4+ u, = Ek” then find
the value of k. = =

Consider an equation with x as a variable 7 sin 3x — 2
sin 9x = sec? O + 4 cosec2 0, then find the value of

15 .. o . .
— ((minimum positive root) — (maximum negative
T

root)).

. Find the sum of the first 100 rational terms of the

increasing sequence of the positive roots of the equa-
tion sin (7x?) — sin(m(x? + 2x)) = 0.

If the sum of all the angles which lie in [0, 27t] and
satisfying the equation (8 cos 40— 3)(cot 8+ tan 6—2)
(cot 6+ tan 6+ 2) = 12 is km, find the value of £.

Findithe'number of solutions satisfying the equation

b 3z
€0Ss——sin— =sinx—1, where | x — 7 | < —.
2 2 2

Let U: denotes the value of 4cos % —4cos 2% +

4 sin%cos% and V: denotes the number of values of

0 € [-2m, 2n] satisfying the equation cosec 8= 1 + cot
0. Find (U + V).

Find the number of solutions of the equation 2 cos 3x
(3 —4 sin’x) =1 in [0, 27].
If the sum of all values of x satisfying the system of
equations
tanx+tany+tanx-tany =35
sin (x +y)=4cosx-cosy

is ]%T, where x € (0,%) then find the value of £.

Find the number of values of 6, 0 < 6 < 27w such that
. ,0) 0

the graphs of /'(x) = | 2sin > )* + COtE x—1 and

g(x)= [2 cos’ %j x° —(tangjx+ cot’0 has exactly

one point in common.
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16.

17.

18.

Let x,, X, X;5 coovee. x_be all solutions of the equation
(sin 3x) (sin 3x — cos x) = sin x (sin x — cos 3x) where

0<x <2mVilf in =% (where a and b are
i=1
coprime) then find the value of (a + b).

If the sum of all the principal solutions of the equation
.k

2x— tan%cos 2x=11is %, then find the value of k.

Find the number of distinct solutions for the equation

cos x cos 2x cos 3x cos 4x cos 5x = 0 in the interval
[0, «].

20.

21.

22.

. Find the number of solutions of the equation sin 26

+cos 20+ 4 sin =1 + 4 cos 0 lying in the interval
[~ 2m, 2m].

Sum of the principal solutions of the equation, sec x +
tanx =2 cos x is

Find the smallest positive number p for which the
equation: cos (p sin x) = sin (p cos x) has a solution x
e [0,2m].

Determine the smallest positive value of x which sat-
isfy the equation, v/1+sin2x — V2 cos3x =0.

. Find the number of roots of the equation tan x +secx

=2 cos x in the interval [0, 27]
(A) 1 (B) 2
©3 (D) 4

[AIEEE-2002]

General solution of tan 56 = cot 20is [AIEEE-2002]

) o="7+ T ~Z)"
7 14 )
nmwo T

B) 6=—+—

(B) -3
nmwo T

C) 6=—+—

© 7 2

@) =" +% sz
75

. The number of values of x in the interval [0, 37]

satisfying the equation 2 sin’>x + 5 sinx — 3 = 0 is

[AIEEE-2006]
(A) 6
©) 2

(B) 1
(D) 4

. 1 .
If 0 <x < &, and cos x + sin x = —, then tan x is
[AIEEE-2006]

(4+ﬁ)

3
(1+7) (1-v7)
(©) —— (D) ——
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The equation e*** — ¢ — 4 = () has
) [AIEEE-2012]
(A) exactly one real root

_.(B) exactly four real root
{C€) infinite number of real root
. (D) no real root

InAPQRif3sin P+4cosQ=6and4sin Q+ 3 cos P
= 1, then the angle R is equal to [AIEEE-2012]

T kY4
(A) " (B) o

Ry T
© ra (D) o

If 0 <x < 27, then the number of real values of x, which
satisfy the equation cosx + cos2x + cos3x + cosdx = 0,

is [JEE-2016]
(A)S (B) 7
(€) 9 (D) 3

A man is walking towards a vertical pillar in a straight
path, at a uniform speed. At a certain point 4 on the
path, he observes that the angle of elevation of the top
of the pillar is 30°. After walking for 10 minutes from
A in the same direction, at a point B, he observes that
the angle of elevation of the top of the pillar is 60°.
Then the time taken (in minutes) by him, from B to

reach the pillar, is [JEE-2016]
(A) 10 (B) 20
©)5 (D) 6
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10.

11.

12.

13.

14.

If 5(tan’x — cos’x) = 2cos 2x + 9, then the value of
cosdx is [JEE-2017]
3
@A) -7 ®) ->
9 5
© 3 o) 2
3 9
If sum of all the solutions of the equation

T T 1
8cosx~(cos(—+x)-cos(——x)——)=1
6 6 2

in [0, 7] is km, then £ is equal to [JEE-2018]
20 2
(A) — (B) 3
8
© D) §

Let f,(x)= %(sink x+cos* x) fork=1,2,3.... Then

for all x € R, the value of f(x) — f,(x) is equal to

™ [JEEZ2019)

(C) —1/12

(B) 1/4
(D) 5/12

If sin* o + 4 cos* ﬁ+2:4\/Esina cos B;a, B [0,

then cos(a + ) —cos(a — B) is equal to

[JEE-2049]
(A) -1 (B) 0
(©) -2 (D) 2
3
.2 . 2
l+sin— +icos—
9 9 | s [JEE-2020]

. 2n . 2r
l4+sin——icos—
9 9

(A) _%(1—1'«5)
(©) %(1—:’6)

(B) —%(1—1\/5)
(D) %(\/S—i)

If the equation cos* @ +sin* @ + A = 0 has real solution

for 0, then A lies in the interval [JEE-2020]

w1 Wit
o3
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15.

16.

17.

18.

19.

Trigonometric Equation (Phase-II) 4.27

If a AABC has vertices A(—1, 7), B(-7, 1) and C(5, -5),

then its orthocentre has coordinates [JEE-2020]

33
o (43)

D) G,-3)

(A)(-3,3)

3 3
of2,-2
()(5 5)
If L=sin?| = |—sin?| Z | and

16 8
M =cos® (lj —sin? [Ej , then
16 8

(A) M =

[JEE-2020]

L+lcosE
2\/5 28

1 Vs
+— cos—

f 4

B) M=—=

1 T
+—Ccos—

1
C) L=———
© 22 2 8

1 b4
——CoS—

1
42 48
A ray, of light coming from the point (2, 243) is inci-
dent at an angle 30° on the line x =1 at the point A. The
ray gets reflected on the line x = 1 and meets x-axis at
the point B. Then, the line AB passes through the point

(D) L=——r

[JEE-2020]
) (4.-5) ®) (3,—%]
©) (3,-3) (D) [4,—%

The angle of elevation of the top of a hill from a point
on the horizontal plane passing through the foot of the
hill is found to be 45°. After walking a distance of 80
meters towards the top, up a slope inclined at an angle
of 30° to the horizontal plane, the angle of elevation of
the top of the hill becomes 75°. Then the height of the
hill (in meters) is [JEE-2020]
The angle of elevation of the summit of a mountain
from a point on the ground is 45°. After climbing up
one km towards the summit at an inclination of 30°
from the ground, the angle of elevation of the summit
is found to be 60°. Then the height (in km) of the sum-

mit from the ground is [JEE-2020]
\/3 +1
o B
f !
C D) =
© NCES| ®) V3-1
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20.

21.

22,

If0<0,0< g x= cos™0, y= Y sin¥ ¢ and
n=0 n=0

z= cos™0-sin®" ¢ then [JEE 2021]
n=0
B) xy+tyz+tzx=z

(D) xy+z=(x+y)z

(A) xy—z=(x+y)z
©) xyz=4

A man is observing, from the top of a tower, a boat
speeding towards the tower from a certain point A,
with uniform speed. At that point, angle of depression
of the boat with the man’s eye is 30° (Ignore man’s
height). After sailing for 20 seconds, towards the base
of the tower (which is at the level of water), the boat
has reached a point B, where the angle of depression is
45°. Then the time taken (in seconds) by the boat from
B to reach the base of the tower is [JEE 2021]
(A) 10 (B) 1043

(©) 10(v3+1) (D) 10(v3-1)
If for x 6(0,2], log,sinx + log,cosx =1 and

. 1
log, (sinx + cosx) = E(loglon—l), n > 0, then the

value of n is equal to [JEE 2021]
(A) 20 (B) 12
©) 9 (D) 16

JEE Advanced

Single Correct Option-type Questions

1.

The number of integral values of k for which the
equation 7 cos x + 5 sin x = 2k + 1 has a solution is
[JEE-2002]
(A) 4
(©) 10

(B) 8
(D) 12

cos(ox— B)=1and cos(ax+ ) = é, where o, f e [,

7], number of pairs of ¢, B which satisfy both the

equations is [JEE-2005]
(A)O B) 1
©2 (D) 4

. If 0 < 6<2rx, then the intervals of values of 8 for which

2sin’6—5sin@+2>0, is [JEE-2006]

MO4 IIT-JEE-MATHS_XXXX_C04.indd 28

23.

24.

25.

264

If 15sin*or +10cos*ar = 6, for some o € R, then the

value of 27sec®cr + 8cosec®exr is equal to  [JEE 2021]
(A) 350 (B) 500
(C) 400 (D) 250

A spherical gas balloon of radius 16 meter subtends an
angle 60° at the eye of the observer A while the angle
of elevation of its center from the eyes of A is 75°
Then the height (in meter) of the top most point of the
balloon from the level of the observer’s eye is

[JEE 2021]
(A) 8(2+2+-3) (B) 8(6+2+2)

(C) 8(2+233++/2) (D) 8(6 —v2+2)

Two poles, AB of length a metres and CD of length a
+ b (b # a) metres are erected at the same horizontal level

1
with bases at B and D. If BD = x and tan £ACB = 5,
then [JEE 2021]
(A) x*+2(a+2b)x—bla+b)=0
(B) x>+ 2(a+2b)x+a(a+b)=0
(C) ¥2—2ax+bla+b)=0
(D)*x* =2ax ta(a+b)=0
The number of solutions of the equation
|cot x| =cotx+— in the interval [0, 27| is
sinx
[JEE 2021]
5
(A) 0,5) U (—”,27:)
6 6
TS5
B)| =, >~
(B) 2
©[oZ]o[Z2
8 6 6
41

D)|—.,m
®) 48 )
The number of solutions of the pair of equations 2 sin’6

—¢0s260=0 and 2cos®> @ — 3 sin 8= 0 in the interval

[0, 27] is [JEE-2007]
(A) zero (B) one
(C) two (D) four
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. LetP={60:sin 8—cos 6=/2 cos 6} and Q= {O:sin O
+cos @=+/2 sin 6} be two sets. Then [JEE-2011]
(A)PcQandQ—-P#

B)Qger

©)PzQ

D)P=0

. Forx € (0, m), the equation sinx + 2 sin 2x — sin 3x =3
has [JEE-2014]
(A) infinitely many solutions

(B) three solutions

(C) one solution

(D) no solution

Trigonometric Equation (Phase-II) m

®) V3 tan(%] . tan(gj o
(©) tan( j \/_tan[ ]

(D) \/gtan[%j —tan(gj =0

(E) None of the above

. Let x, y and z be positive real numbers. Suppose x,

y and z are the lengths of the sides of a triangle

opposite to its angles X, Y and Z, respectively. If

2y
X+y+z

7. LetS= {x € (—n,n) IX# O,ig}, The sum of all distinct

tan% +an= = , then which of the following

solutions of the equation /3 sec x + cosec x + 2 (tan

x —cot x) = 0 in the set S is equal to [JEE-2016] statements is/are TRUE? [JEE-2020]
(A)2Y=X+Z B)Y=X+Z
) -~ ®) -2~
9 9 © fans =—— D) ¥*+22—-y*=xz
51 2 y+z
©0 D) 5
13 | MatrixMatch-type Questions
8. The value of )’ is
equal to =  (n (k—l)n (o e 1 Let A(x) = sin(ntcosx) and g(x) = cos(27 sinx) be two
d s 6 s1n(4 + 6) functions defined for x > 0. Define the following sets
( whose elements are written in the increasing order
[JEE-20163y e o - =0
(A) 3_\/3 (B) 2(3_\/?) —{x.f(x)— }a _{x-f (x)_ }s
Z={x:g(x)=0},  W={x:g'(x)=0},

(© 2(,3-1) (D) 22+3)
Column-I contains the sets X, Y, Z and W. Column-II
9. Let < x < 7rbe such that cot x = __5 Then contains some information regarding these sets.
2 Vit [JEE-2019]

. . 11 .
[sm% 1(sm 6x —cos6x) +(c057x ](sm 6x +cos6x)

Column I Column IT
is equal to: [JEE Advanced 2024] T 31
J1-1 Ji+1 O X P) 2 5,7,471',771'
(A) N (B) 5
2 2 an v (Q) an arithmetic progression
(©) \/—+1 (D) i {my z (R) NOT an arithmetic progression
EZ 32
V) W g) o112 br
Multiple Correct Option-type Questions V) ® 21%"7% "6

1. Let oo and B be an nonzero real numbers such that
2(cos B —cos o) + cos o cos B = 1. Then which of the
following is/are true?

(A) tan (%) +3 tan@ =

(T) Q{Z,z—ﬂ,ﬂ}
3°3

U {z 3_ﬂ}

) = 6 4

Which of the following is the only CORRECT combination?

[JEE-2017]
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(A) (ITD), (P), (Q), (U) 2. The number of all possible values of @ when 6 € (0, x)
(B) (IV), (P), (R), (S) for which the system of equation [JEE-2010]
(C) (), (R), (U) ( _ -
y+z)cos30=(xyz)sin 30
(D) V), (Q), (T) ,
. L . 2cos360 2sin360
2. Consider the following lists: x sin36= ) +
z
Column I Column IT (xyz) sin 360=(y + 2z)cos 30+ y sin 30 have a solution
D . (P) has two (Xp ¥y 2,) With y, 2, # 0 is
I yxe [—?,?} 1 cosx +sinx =1 elements
3. Leta, b, ¢ be three non-zero real numbers such that the
St S (Q) has three equation /3acosx+2bsinx=c,x¢e |:— T , £:|,
an xe _ﬁ’ﬁ : \/gtan3x =1 elements 22 pu
has two distinct real roots o and B with o + = 3
61 6 (R) has four b .
(111) {x € [_?n,?n} :2c0s(2x) = NE) } elements Then, the value of a s
T Tn (S) has five 4. The number of distinct solution of equation
V) (XE| = | sinx —cosx =1 elements 5
Zc0s?2x +cos* x +sin® x +cos® x +sin® x = 2 in the
(T) has six 4
dlemaiis interval [0, 27] is. [JEE-2015]
The correct option is: [JEE Advanced 2022] 5. Let f:[O, 2] — R be the function defined by
(A) (D) — (P); AI) = (S); (III) — (P); (IV) —(S) . . ) . T
) = (3 - s1n(27rx))s1n Tx—— |—sin| 3wx+—
B) () — (P); (1) — (P); (III) — (T); IV) — (R) 4 4
(C) () = (Q); (I1) = (P); (IIT) — (T); (IV) = (S) If o, B € [0, 2] are such that {x € [0, 2]: /' (x) =2 0}
(D) (1) = (Q): (IT) = (S); (ITT) = (P); (IV) — (RN [a, B, then the value of B — o is [JEE-2020]
Integer-type Questions
T
1. The number of values of € in the interval (—5,5)

such that 6 # % forn=0,+1, £2 and tan &= cot 56 as

well as sin26 = cos40is [JEE-2010]
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Trigonometric Equation (Phase-II) 4.31

@ ANSWER KEYS

Check Your Understanding-I

1. 4 2.7
3. Min. value = 37 for x = (4n — 1)% - % tan’%, n € I; Max. value = 3° forx = (4n + 1) % - tan’%, nel
4. ¢ 5. 30°, 150°, 210°, 330°

Check Your Understanding-II

% 2
L x=nz+(-1)"¢ and y=mm+ % where m and n are integers. 2. x=2nmw+ Tn, nel

3. a-2rm; a— m, o, o+ 7, where tan a=§ 4. 30°, 45°,90°, 135°, 150°

2n+ 1
n el

5. x=2nmorx=nx+(-1)" (—g)orx = nx+(—1)n% ,km,wheren, kel

Practice Exercises

% T T & T
1. (a)nﬂ+(—l)"z,nel (b)nn’+§+1,nel (c)nn'—z,nel (d)nﬂ+(—1)“§,nel (e)nﬂiz,nel

Z.E,nelorw,nel 3.2n7ri£,nel
4 10 3

4. 2n+l E,ne[oanﬂ—z,neI 5. n+l z,ne[ 6. nﬂ+£,ne[ornﬂ+£,ne]

2)5 2 2)9 3 4

1
7. 45° and 60° 8 nrt (1Y o nelornm— -1y Ener 9. (n+2|Enel
10 10 4)2

10. %,ne[or(ni%)ﬂ,ne[ 1. 2n7r,ne]or2nTﬂ+%,ne[ 12. 30°, 45°, 90°, 135°, 150°

13. x=(2n+l)%,ne[orx(2n+1)%,ne[orx=nﬂ':t%,nel

14. mﬂ,melorm—”,melor m+l E,me[ 15. n7r+z+(—1)"£,nel
n—1 2 6 4

n

21 b4 3
16. 2n7r+?,nel 17. 2n7r+5,n € [ or 2nmr+ 20c where o = tan 17,}16[
18. nz+tZ nel 19. [n+ ) ner 20 x="F_ZF ner 2. 0=nz+ = o=nnt 1y nel

6 3)3 39 4 6

1

2. 9=1% = 3. x=2mm+ZEner 24 0552 T ndn

12712 6 6’373 6

MO4 IIT-JEE-MATHS_XXXX_C04.indd 31 28-Dec-24 6:52:50 PM



2
25. x=ﬂ—lorx=ﬂ—5—n,nel 26. 2,5,3—7{,5—”,—”,7—”

27. A=15° B =30° 28.x=—1,y=n7r:t%+1

30. nm nzt -1y Z o nmt (-1 [ —2F 3. nx+ L <x<nm+l
10 10 8 4
1 . 31 3n
32. 5[n7z+(—1)” sin! (1 —+/2a+3)] wherene [and a s 33. x=2nﬂ+T,n el
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