CHAPTER

Trigonometric
Equations
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Trigonometric Equation, Solution or Root of a Trigonometric Equation, Method for Finding Principal Value
(Solution), Solution of an Equation of the Form, Working Rule to Solve an Equation of the Form Acosq + Bsin&

= C, Solutions of Basic Trigonometric Inequalities.

TRIGONOMETRIC EQUATION

An equation involving one or more trigonometric ratios of
unknown angles is called a trigonometric equation.

For example, 2cos6 +3cos20 =0, cos’0 +sinf =

>

W | =

etc. are trigonometric equations in unknown angle 6.

CAUTION

A trigonometric equation is different from a trigonometri-
cal identity. An identity is satisfied for every value of the
unknown angle e.g., cos?x = 1 —sin?x is true Vx € R, while a
trigonometric equation is satisfied for some particular values
of the unknown angle.

SOLUTION OR ROOT OF A TRIGONOMETRIC
EQUATION

A value of the unknown angle which satisfies the given
equation is called a solution of the equation. For example,

consider the equation V2 sing = 1. Clearly, 0 :% and

3 . . .
g="" satisfy this equation. Therefore, 7 and 377{ are

solutions of the equation V2 sinf=1.

Since all trigonometrical ratios are periodic in nature,
generally a trigonometric equation has more than one solu-
tion or an infinite number of solutions. There are basically
three types of solutions.

(i) Particular solution: A specific value of unknown
angle satisfying the equation.

(ii) Principal solution: Smallest numerical value of the
unknown angle satisfying equation (Numerically
smallest particular solution).

(iii) General solution: Complete set of values of the
unknown angle satisfying the equation. It contains
all particular solutions as well as principal solutions.

METHOD FOR FINDING PRINCIPAL VALUE
(SOLUTION)

(i) First draw a trigonometrical circle and mark the
quadrant in which the angle may lie.

(ii) Select anticlockwise direction for 1st and 2nd quad-
rants and clockwise direction for 3rd and 4th quadrants.

(iii) Find the angle in the first rotation.

(iv) Select the numerically least angle. The angle thus
found will be principle value.

(v) In case two angles one with positive sign and the
other with negative sign qualify for the numerically
least angle, then it is the convention to select the
angle with positive sign as principal value.

For example, if sinf =——, 6 lies in 3rd or 4th quad-
rant. For 3rd and 4th quadrant, we select clockwise direc-
. T Sn
tion. So we get two values a3 and o Between these
two, ~T has the least numerical value. Hence principal

. T
value is ——.
6
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General Solutions of Trigonometric

Equations

sind=0 O=nr
cosf=0 O=nr+ /2
tan6=0 O=nr
sinf=1 O0=2nr+ /2
cosf=1 0=2nr
tan6=1 O=nr+ /4
sinf=-1 0=2nr- 12
cosf=-1 O=@2n+1)rm
tanf = -1 O=nr- /4

sinf=k,-1<k<1
cosf=k,-1<k<1
tanf=k, -0 <k < oo
sinf = sina
cosf=cosa
tanf=tana

sin?6 = sina
tan?6 = tan’a
cos?0 = cos?a

6=nx+ (1) sin"k
6=2nr+ cosk
0=nr+tank
O=nr+(-1)a
0=2nnt o
O=nr+ o
O=nrta
O=nrt o
O=nrta

SOLVED EXAMPLES

1. If sin@ = k for exactly one value of 6, 6 [O, %{}

then the value of k is

(A)1
©) 142

Solution (A, B)

(B) -1
(D) 0

Clearly —1 < k < 1. For any value of & other than 1 and

—1, sin@ has two value

s (in quadrant, [ I or I, IV).
k=1or-1

2. Number of ordered pairs (a, x) satisfying the equation
sec?(a+2)x+d®—-1=0;-w<x<mis

(A) 2
©)3

B) 1
(D) infinite

I

Solution (C)

Given equation is
secl(a+2)x+a*—1=0

= tan*(@+2)x+a’=0

= tan*(a+2)x=0anda=0

= tan’2x=0 = x=0,-,-%

22

= (0,0), (0, i/2), (0, —m/2) are ordered pairs satisfying

the equation.

¢ sin’0 —cos’0  cosf
sind —cosd [+ cot’0

0 e [0, 27], then

—2tan6 cotd = -1,

T
D) 60, 7r)—y—,—
(D) 0 (0,7) {4 2}
Solution (D)
Since sin@— cosf # 0
tan@ =1 .. O#—,—
4 4
Now sin’0+ cos?0 + sinf cos O
— |sinf|cosf— 2tanf cotf=—1
= 1+cosfO(sinf—|sinf|)—2=-1
= cosf(sinf—|sinf|) =0

96(0,7‘[)—{%,%}

. General solution of the equation

(V3 -1)sinf + (3 +1)cosf =2is

A) 20+ 2+ 2 B) mr+-1yEr L
4 12 ( )4 12

(C 27‘[i£—£ D) nr+ A X
) 2n e (D) nm+( )4 T

Solution (A)
Let \/§+1 =rcosa, and \/3—1 =rsina

P =WB+1) +(B-1) =8,
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and tana = = = tan(z—zj
NCES R 4 6

T . T
=tan| — |,i.e.,a = —
(12) 12

From the given equation, we get rcos (60— &) =2

= cos 9—1 —L—cos 2
12) 2 4

00— /12 =2nr+ /4
or 0=2nr+ /4 + n/12

. For m # n, if tan m0 = tan n6, then the different values
of Qare in

(A) AP

(B) H.P.

(C) GP.

(D) no particular sequence

Solution (A)

We have, tan m@=tan n@ = mO0=n0+ kr

kz , Where ke Z.
m—n

0=

These values of @are in A.P. with first term

m-n
and common difference

m-—n

. The number of the solutions of the equation

cos(nxlx —4) cos (ﬂ\/;) =11is

(A)>2 (B) 2
1 (D) 0
Solution (C)

Clearly, x = 4 (Since vx—4 is real) so that Jxois
also real.

Again, if cos (7+/x) < 1 then cos(z+/x —4) > 1 and
if cos (77:\/;) > 1 then cos(m~/x—4) <1 (since their
product = 1).

But both of these are not possible (since cos can-
not be greater than 1).

cos(rvx—4)=1and cos(n\/;) =1
x—4=0andx=0

But x = 0 is not possible, .. x =4 is the only solution.

. The number of all possible triplets (a,, a,, a,) such that
a, +a, cos2x + a, sin’x = 0 for all x is

(A)O B) 1

)3 (D) infinite

Solution (D)

We have, a, + a, cos 2x + a, sin’x = 0
a

= a +a, 0052x+?3(1—cos2x) =0

which is zero for all values of x,

. a
lf al :—?:—az

k k
or al:—E,azza,aSZk
for any k € R.

Hence, the required number of triplets is infinite.

. The least difference between the roots, in the first

quadrant (0 Sxﬁg , of the equation 4cosx (2 —

3sin’x) + (cos 2x + 1) =0, is

INg B) ~
(A) . (B) 1
o X D) =
©) 3 (D) 5
Solution (A)

We have,

4cosx (2 — 3 sin’x) + (cos 2x +1)=0

= 4cosx (3cos>x — 1) +2 cos’x =0

= 2cosx (6¢cos’x + cosx —2) =0

= 2cosx (3cosx +2) (2cosx — 1) =0

= either cosx = 0 which gives x = /2

or cosx=-2/3,

which gives no value of x for which 0 < x < /2
or cosx = 1/2, which gives x = 7/3

So, the required difference = 7/2 — /3 = 7/6.

. Solution of the equation 4cot 26 = cot?6 — tan?6 is

(A)gznﬂi% (B) Oznnig

©) 6=nrn J_r% (D) none of these

Solution (C)

We have, 4cot 26 = cot?6 — tan’6
4 p—

tan20 tan’0

—tan’0

Put tan260 = ﬂ
1-tan°0
4(1-tan’0) 1—tan'0
2tanf tan’6
= (1 —tan?6) [2tanf— (1 +tan’6)] =0
= (1 —tan’6) (tan’6—2tanf + 1) =0
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10.

11.

12.

= (1 -tan?0) (tanf—1)>*=0

= tanf=1-1. G:nﬂi%

Let «, B be any two positive values of x for which
2cosx, [cosx| and 1 — 3 cos?v are in G.P. .The minimum
value of | — B is

T b
A) — B) —

(A) 3 (B) 2

©) % (D) none of these
Solution (D)

Since

2cosx, |cosx| and 1 — 3cos?x are in G.P.
cos*x = 2cosx(1 — 3cos’x)
= 6cos’x + cos’x — 2cosx =0
= cosx(2cosx — 1) (3cosx +2)=0
1 2 T g 2
= cosx=0,—,—— .. x=—,—,c08 |——
273 2°3 3
If a = %, B = %, (*+ o, Bare are positive)

then o — _T
loc = B o

The most general values of 6 for which sin@— cos@=
ae R(1,a*— 6a+ 10) are given by

T T

(A) o+ (-1 =T (B) nm +(~1)" %+%

©) 2nn +% (D) none of these

Solution (B)

We have,

sing— cos@= "p {1,@—6a+11}.

Since a> —6a+ 11 =(a—3)*+2>2foralla

sin@ —cosf =1 = sin(@—%j:L:sinz

2 4

= 0-Zonr+(-1y L
4 4

0 =nx+(-1)" %+%, where n € Z.

The least positive non-integral solution of the equation
sin/(x* + x) = sin ¢ is

(A) rational

(B) irrational of the form \/;

(C) irrational of the form \/; —1 , where p is an odd
integer 4

13.

14.

15.

(D) irrational of the form \/; 1 Where p 1s an even
integer 4 7

Solution (C)

We have, sinz (x* + x) = sinzm?

= (X +x)=nm+(-1)ym?
Either x>’ +x=2m +x* = x=2me Z

or x*+x=k—x? where kisan odd integer

14148k

= 2x*+x-k=0 = x= 2

For least positive non-integral solution,

L8k Jp-1

4 4

, Where p is an odd integer.

In the interval [—Z, E} , the equation log; (cos26) =
2 has 22

(A) no solution

(B) a unique solution

(C) two solutions

(D) infinitely many solutions

Solution (B)

We have, _r <0 gﬂ
2 2
—1 <sinf< 1, here 0 <sinf< 1
Now, log c0s20=2
= c0s26 = sin’6
= 1 —2sin’0 = sin*0
= 3sin’0=1 = sin’0 :%

= sinf —L
NE)

The given equation has a unique solution.

(- 0<sinf <1)

The number of solutions of the equation sinx = cos 3x
in [0, 7] is

(A) 1 (B) 2
©3 (D) 4
Solution (C)

The given equation can be written as
sinx = 4cos’x — 3cosx
ie., sec’x tanx + 3sec’x —4 =0
In terms of tanx, this leads to the equation
tan’x + 3tan’x + tanx — 1 =0
= (tanx + l)(tan’x + 2tanx — 1) =0
= tanx =-1 or tan2x = 1
3r m 5w

i.e., X = , ,
4 8 8

The number of values of x in [0, 27] satisfying the
equation |cosx —sinx | > V2 is,



16.

17.
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(A)O (B) 1
©) 2 D) 3
Solution (C)

Given equation is | cosx —sinx | > 2
Since |cosx —sinx |<vI1+1 = V2

We must have |cosx—sinx |= V2

T T
cos| x+— ||=1 = cos|x+—|=1-1
4 4

x+%=0,2ﬂ,4ﬂ,6n,

=

or m3m 5. ..

3 I

>

47 4

3.
2 x—Zsinx

sin +— .
If |cos x| 2 2 =1, then possible values of x are:

(A) nrornn +(—1)"%,n el
(B) nr or 2n7r+%or nm +(—1)"%,n el

©) nr+(=1) %,n el
D) nmynel

Solution (C, D)
The equation holds if [cosx| =1
ie,ifx=nm,nel

If |cosx| # 1, then sinzx—%sinx+%:0

. 1
= sinx=1lor—
2

sinx # 1, as in that case cosx =0

sinx:l = x:n7r+(—1)"E
2 6

A set of values of x satisfying the equation

1 1
cos’| = px |+cos?| —gx |=1
2p 261

form an arithmetic progression with common
difference

2 2
(A) B) ——
p+q pP—q
©) T (D) none of these
pr+q
Solution (D)

The given equation can be written as
1 +cospx + 1+ cosgx =2

= cos(erqjxcos(u)x:O
2 2

cos[p+qjx:0 = x:M
2 pP+q

which forms an A.P. with common difference = 2—”

n=0,+1,+2,. ..

ptq

cos(p_qjx:o ST A0 T
2 P—q

which forms an A.P. with common difference = 2—7[

pP—q

CAUTION

In each of the above cases, n € Z, where Z is the set of
integers

SOLUTION OF AN EQUATION OF THE FORM

acos@ + bsinf=c

The given equation is acos8 + bsinf = c. (1)
Divide throughout by va’ + b’
i.e., by \/(coeff. of cos@)” + (coeff. of sinf)*, we get

cosd + §ing = — (2)

\/az+b2 \/c12+b2 \/c12+b2
Let o be the least +ve angle such that

a b
—= cosaandﬁ
Na + b a+b

(2) becomes

=sina

cosa cosO +sina sin O - <
Na* +b*
= cos(0— 0) = cosf3 (say),

__°

Na* +b*

. 0—a=2nmtf

= 0=2nnmt B+ o, where n e Z.

where cosf} =

WORKING RULE TO SOLVE AN EQUATION
OF THE FORM acos8+ bsin=c

1. Divide throughout by \a*+ b
ie., by \/(coeff. of cosf)* + (coeff. of sinf)’

. Write L.H.S. as a single cosine.
3. Use the formula

[ ]

O=2nrtro,ne Z forcosf =cosx
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CAUTION

Check that |c| < +a® + b®. If it is not satisfied, no real solu-
tion exits.

TRICK(S) FOR PROBLEM SOLVING

m Squaring should be avoided as far as possible. If squaring
is done, then check for extra solutions.

For example, consider the equation sin@+ cos@= 1.
On squaring, we get
1+sin260=1orsin20=0

= 9:”?”, n=0,+1,+2, ..

3
The values of the angle, 6= mrand 6 = 2% 4o not satisfy
the given equation. So, we get extra solutions. Thus, if

squaring is must, verify each of the solutions.

m Never cancel a common factor containing ‘@’ from the two
sides of an equation.
For example, consider the equation tanf = J2sin6. If

"
—, which
V2

is clearly not equivalent to the given equation as the

we divide both sides by sin6, we get cosf =

dividing an equation by a common factor, take this
factor out as a common factor from all terms of the
equation.

m Make sure that the answer should not contain any value

of unknown ‘@’ which makes any of the terms undefined.

m [f tan@or sec@is involved in the equation, @ should not be

an odd multiple of 7/2.

m If cotf or cosec@is involved in the equation, 8 should not

be a multiple of 7 or O.

m The value of 4/ f(0) is always positive. For example,

\Jcos? 0 =|cos@ | and not + cos 6.

m All the solutions should satisfy the given equation and lie

in the domain of the variable of the given equation.

m Check the validity of the given equation, e.g., 2cosé +

sin@ = 3 can never be true for any 6 as the value (2cosé
+ sin@) can never exceed V22 + ¥ =+/5. So there is no
solution for this equation.

solutions obtained by sinx = O are lost. Thus, instead of

CAUTION
X
If the argument in inequalities is not x but x + a or ax or a

then always write general solution first in terms of the argu-
ment and then find x.

SOLUTIONS OF BASIC TRIGONOMETRIC INEQUALITIES

sinx > o, where |of < 1
sinx < o, where |of < 1
cosx > o, where |of < 1

cosx < a, where |¢f < 1

tanx > o, where —o < @< o0

tanx < o, where —o < @ < o0

cotx > o, where —o < r < oo

cotx < o, where —o < r < oo

sin'a+2nr<x < r—-sin"'a+ 2nw
—-m-sin"'a+2nr< x <sin"'a+2nx
—cos'a+2nnm<x<cosa+2nx
cos'a+2nwr<x<2m-cos'a+2nw

_ z
tan'g+nz< x< E+n7z

7 o
_E +hr< Xx<tan a+nrx

nr<x<cot'a+nr

cot'a+nr<x<m+nm

SOLVED EXAMPLES

18. If 0 < x < 2mand |cosx| < sinx, then

T T T
(A) X e |:0,Z:| (B) X e |:Z,Ej|
©) xe {%%}u[%%} (D) none of these

Solution (C)
We have, |cosx| < sinx = sinx =0
(v |cosx| = 0)
=x¢ (m 27
If x =2, |cos2 x| < sin27 which is not possible,

x e [0, p]

T . .
If xe [0,5} then | cosx |[<sinx = cosx <sinx



19.

20.

21.
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If xe (%,ﬂ'j, then

—cosx < sinx = tanx < —1
(v cosx <0)

T 3w T T T 3w
= xe€|l—,—|. .. xe|—,—|U|—,—
R L v

The equation (cosp — 1) x* + (cosp) x + sinp = 0, in the
variable x has a real root. then p can take any value in
the interval

|cosx| < sinx =

-T T
(A) (0. @[73)
(B) (-, 0) (©) (0,2m)
Solution (A)

Discriminant = cos’p —4 (cos p — 1)sin p
For equation to have real roots,
cos’p —4(cosp — 1) sinp =0
= cos’p = 4(cosp — 1) sinp
= cos?p = -8 sin? g sinp

For p = 37” or _%, RHS. > 1but LHS. <1,

.. the choices (B), (C) and (D) are ruled out. The cor-
rect alternative is (4)

The equation sin*x + cos*x = a has a solution for

(A) all of values of a B) a=1

©) 4= D Leaci
2 2

Solution (B, C,D)
The given equation can be written as
1 -2 sin*x cos’x = a
= sin2x=2(1-a)=>2(1-a)< 1
and 2(l-a)z0=12<a<1
The equation sin*x — (k + 2) sin>x — (k + 3) = 0 pos-
sesses a solution if
(A) k>-3
(B) k<-2
(C)3<k=<-2
(D) k is any positive integer
Solution (C)
We have, sin“x — (k + 2) sin®x — (k+3)=0

, o (k+2) £ (k+2)* +4(k+3)

= sin‘x=
2

_(k+2)%(k+4)
2

22.

23.

24.

= sin’x =k + 3 (. sin’x =—1 is not possible)
Since 0 <sin’x <1, .. 0<k+3<lor-3<k<-2.

The equation cos2x + asinx = 2a — 7 has a solution for

(A) alla B) a>6
(C)a<2 (D) ae [2,0]
Solution (D)

Given equation is cos2x + asinx = 2a — 7
= 1 —2sin’ + asinx =2a — 7
= 2sin’x —asinx +2a -8 =0

at\la’ —16(a—4) _ax(a-98)

= sinx=

4 4
. a—4 . .
= sinx = 3 or sinx =2 (not possible)

. a—-4
sinx =

2

. a—4

—1<sinx <1, -1< <1 = 2<a<6

The set of all x in (-7, 7) satisfying |4sinx—1|< J5

is given by
W5l
{10 10 ® ("0
3z
©) (- m (D) (—ﬂ, Bj

Solution (A)
We have, |4sinx—1/<~/5
= —5<4sinx-1<+5

J5-1 . J5+1
- 4 <Ssimx <

4

=

T T
= —sin— <sinx <cos—
10 5

. (-7 . . (m =«
= sin| — |<sinx <sin| ———
(IOJ (2 5)
. (—r . . (3
= sin| — |<sinx <sin| —
(5 J<sme<snl 5

n 37w
el-——,—| ["xe(-n,x
(-5 txeemm)
The number of values of x in [0, 27] satisfying the
equation \cosx—sinxlzﬁ, is

(A)0 B) 1
© 2 D) 3
Solution (C)

Given equation is | cosx —sinx | > V2.
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Since |cosx —sinx [<V1+1 = V2,

*. 'we must have |cosx —sinx|= V2

=

cos x+£ =1 = cos x+£ =1,-1.
4 4

x +% =0,27, 47,67, ..., 7,37, 57, ....

3 T
X=—,—

>

47 4

25. The set of all x in (—7, 7) satisfying |[4sinx —1|< J5 s

given by

n 3w
(A) (_E’EJ

o) (7 37
U(w’wj

Single Option Correct Type

1. The equation 2cos? (g)

has

(A) one real solution

(B) no solution

o (i)
(B) 10710

(D) none of these

Solution (A)
Since |4sinx—1|<+/5
= =45 <4sinx—1<\/§

J5-1 . J5+1
= - <smmx <
4 4

LT T
= —sin— <sinx <cos—
10 5

. Y . . T T
= sm|—— |<smx<sin| ———
( 10) [2 5J

. T . . 3r
= sin| —— |<sinx <sin—
( 10) 10

T 3w
el ——,—
( 10 10)

EXERCISES

. 1
sinfx =x*+ — 0<x<
X

(C) more than one real solution

(D) none of these

2. The general solution of the equation sin’x — cos®’x = 1

1S
(A) 2m+%

T
C) nc+—
© >

(B) 2n77:+§

T
D) nm+—
(D) 3

3. General solution of the equation
(3 =1)sin6 + (3 +1)cosO =2 is

(A) 2nm+ L T
4 12

®B) nz+(-1y L4 L
4
T T
C) 2nm+ = ——
© 4 12

T
D) nzr+(=1) e

T
12

T

12

i
2

4. The number of all possible triplets (a,, a,, a,) such that

a,+a,cos2x+a, sin?x =0 for all x is
(A)O B) 1
<3 (D) infinite

. The equation sin*x — (k + 2) sin’x — (k + 3) = 0 pos-

sesses a solution if

(A) k>-3

(B) k<=2

(C) -3<k<s-=2

(D) k is any positive integer

. The least positive non-integral solution of the equation

sin 7 (x? + x) = sin 7x?* is
(A) rational
(B) irrational of the form \/;

-1
(C) irrational of the form pT, where p is an odd

integer

+1
(D) irrational of the form pT, where p is an even

integer

. If sin’x — 2sinx — 1 = 0 has exactly four different solu-

tions in x € [0, nx], then minimum value of n can be

(ne N)



10.

11.

12.

13.
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(A) 4
©) 2

(B) 3
(D) 1

A set of values of x satisfying the equation

1 1

2 2

cos’| —px |+cos’| —gx |=1
(2[)) (2(])

form an arithmetic progression with common
difference

2 2
(A) —— B) ——
p+q p—q
© = (D) none of these
pPtq

If0<x<2rand |cosx| < sinx, then

T T T
A 0,— B -, =
( )xe[ 4} (B) xe[4 2}
©) xe[%,%{} (D) none of these

The general solution of the equation

I—sinx+---+(=1)"sin"x+--- 1—cos2x

1+sinx+---+sin"x+--- 1+cos2x

x¢(2n+l)%, ne Zis

(A) (~1)" (%j +nm (B) (-1)" (%) -

n+l E _ 1yl E
©) (-1 (6j+nﬂ D) - [3j+n7r

The general solution of the equation

- . 1.
Zcos r*0sinrf = 3 is

r=1

_ 2k+1
(A) —4k ! E, e’/ (B) Z, e’z
n(n+1) 2 n(n+l) 2
©) ﬂz, ez (D) none of these
n(n+1) 2

The solution of sin®x + cos®x = ;—Z is

&) 2 8 ®) 4
(©) nr i% (D) no solution

The general solution of the equation
200 4 1 =3280 g

14.

15.

16.

17.

18.

19.

A ZnNiZ,nﬂ,neZ

( 2

B nﬂiz,Zmr,neZ
2

(C) nm i%, nwt,nez
(D) none of these

The solution of the inequality
log, , sin@> log,  cos@in [0, 2p] is

T T T
@(05) ® (+5)

©) (O, %) (D) none of these
. T
If cos3x+ s1n£2x —?j =-2 thenx =

(A) §(6k+ ) (B) §(6k— )

© §(2k+ 1) (D) none of these

where k€ Z

2
Iftan2[7r (x + )] + cot? [ (x + )] = 1+ /1—)‘2 where
+x
X,y € R, then least positive value of y is
1
A B) —
(A) (B) 1

© D) 2

Blw Alw

The general value of y satisfying the equation 1 — 2x
—x2 =tan’(x + y) + cot’(x + y) is

(A) 2nr £~ (B) nr+l
4 4
(Cc) ", (D) none of these
2 4

If [sinx] + [\Ecosx] =-3,x€ [0, 27x] ([ . ] denotes
the greatest integer function) then x belongs to

(A) [5%, 27[} (B) [5777’ 277:]

of%) o[

The number of solutions of the equation

sin( X ]:x2—2\/§x+4
2

V3
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20.

21.

22.

23.

24.

25.

More than One Option Correct Type

31.

32.

(A) forms an empty set
(B) is only one

(C) is only two

(D) is more than 2

The number of solutions of the equation | cosx | = 2[x],
where [ - ] is the greatest integer, is

(A) one (B) two

(C) infinite (D) nil

The general solution of sin x — 3 sin 2x + sin 3x = cos
X — 3c0s2x + cos3x is

nw T
(A)nﬂ+%

® 7%

Q) (- Mm ., *
()(1)2+8

sin x + 2 sin 2x = 3 + sin 3x, 0 < x < 21 has

(D) 2nrm +cos™

N | W

(A) 2 solutions in I quadrant

(B) one solution in II quadrant
(C) no solution in any quadrant
(D) one solution in each quadrant

The solution of the equation 1 + sin’ax = cos x, where
a is irrational, is

(A)x=0 B) x= =
a
(C) x=2nrm (D) none of these

The values of « for which the equation

sin“x 4+ cos*x + sin 2x + or= 0 may be valid, are
1

A) S<as<i (B) 0<a< +
2 2
3 1

©) _Es as — (D) none of these

If zand [ be two distinct values of 6 lying between 0
and 27, satisfying the equation 3 cos @+ 4 sinf =2,
then the value of sin (x+ f) is

12 24
A) = B) =—
(A) 55 (B) 55
13
©) 55 (D) none of these

26.

27.

28.

29.

30.

|tanx + secx | = [tanx| + | secx|, x € [0, 2p], if and only
if x belongs to the interval

(A) (7, 27]
(B) [0, 7]

© o545 7]
o [+ 552
D) |7, 2 27

|cosx| = cosx — 2sinx if
(A)x=nr
(B) x=2nmor 2n+ 1) m+ %

T
CO)x=nr+ —
©) 1
(D)x=nmornr+ %

A solution of the equation (1 — tan6) (1 + tan6) sec’ 9
T T

+ 2 @0 = (0, where 6 lies in the interval —E,E is

given by
bid T

A) 0=0 B) 6=—or——

(A) (B) 3 3

(© 0=" D) §=-=

If \/ p cosx —2sinx = 2+ 2- p has asolution, then
pE

A) [V5+1,4]
© [V3+1,3]

The value of ‘b’ such that the equation
bcosx b+sinx

®) [V5-1,2]

(D) none of these

2c082x—1 (cos® x —3sin’x)tanx
possess solutions, belongs to the set

1 1
@ [-=3) ® (3]

(C) (—oo, o) (D) (—oo, %)u(l, )

%
3

If sin@ = k for exactly one value of 6, 6 €
then the value of & is

A1 B) -1
©) 12 D) 0
The equation sin*x + cos*x = a has a solution for
(A) all of values of a B) a=1

1 1
C)a=— D) —<a<1
©a= (D) 5 <a

33.

5 3.1
SN x——smnx+—

If [cosx] 2 2=1, then possible values of x are
(A) nn’ornn’+(—l)"%, nel

B mtor2nfc+Z or nw+ (-1 "z, nel
2 6

©) n7z+(—l)"%, nel
D)nmnel



34.

35.

36.

37.

38.

39.
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The equation 3sin2x+2coszx+3lfsin2x+25in2x — 28 iS SatiS—
fied for the values of x given by

(A) cosx=0 (B) tanx=-1
(C) tanx=1 (D) none of these

The general value of 6, satisfying the equation 2cos 26
+ +/2sin @ =2, is

(A) nx (B) nr+ (- 1)'1%

(C) nm+ (—l)"% (D) none of these.

The value of 6, lying between 8 =0 and 6= T and
satisfying the equation 2

l+cos’@  sin’0 4sin 40
cos’@  1+sin’@  4sin40 |=0, is
cos’0 sin’0  1+4sin46
@) Uz ®) -
24 24
©) SZ_Z (D) none of these

Solution of the system of equations 25" 4 < = [,
16sin2x+coszy =4 iS

T 27
(A)x=nr+(-1) g,y=2n71'iT

(B) x=nm+ (-1) %,yz 2nﬂi§

(©) x=nr—(=1y & y=2nz+2"
6 3
(D) x=nr—(-1) %,yzZmri%

Solution of the equation 4sin*x + cos*x = 1 is
(A)x=nr

(B) x=2nm+ cos‘(\/g]

(C)x=Q2n+1) %
(D) none of these

. . 3 .
The solution of the equation g Sinx — cosx = cos’x
is

(A)x=Q2n+rx (B) x=2n7ri§

(C) x=2nr+ % (D) none of these

40.

41.

42.

43.

44.

45.

Solution of the equation sin?@ + sin6 cos@ + cos’6 =1
is

T T
A) 0=2nm+— B) 6=2nr-=
(4) . (B) ;

(©) 9=2n77:+% (D) 0=2nx

Solution of the equation \/§(c0s9 —3sin 0) = 4sin
20cos 30is

A) 0="" 4+ ifniseven
6 18

B) 0=""1" ifpnisodd
412

©) 0 =%—%, if n is odd

(D) none of these

The values of x in (-, 7) which satisfy the equation

81+\c05.!c\+c052)r+|cos3 x|+...to infinity — 43 are
A) +Z B) +=
() £ B) +2
2
(@) iTn (D) none of these

Solution of the equation sin6x + cos4x +2 =0; 0 <x <
2ris

T T

(A) X = g (B) XZ
4r hY4

© r=— (D) x=

Jeos 2x ++/1+sin2x = \fsinx +cosx if

(A) x=2nm (B) x=nm— %

(C) sinx + cosx=0 (D) x=nx

If [x] denotes the greatest integer less than or equal to
x, then the equation sinx =[1 + sinx] + [1 — cosx] has

no solution in
T T

|34 ® [37]

(D) R

o [=3]
© |73
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Match the Column Type

46. 47.

Column-I Column-I Column-I Column-I

I. If 2sin%x + 3sinx — 2 > 0 and P I. The least difference between
x> —x—2<0 (xis measured (A) (0,7) _{Z’ E} the roots, in the first quadrant (A) 5
in radians), then x € T .
®) ©.1 0<x< 2 ) of the equation
s 3 3 , 7T
II. If Sn,l 2 cos90 __cosf 4cosx(2 — 3 sin’x) + (cos2x +
sin6 —cos 1+ cos20 1)=0,is
;2 te;lnB ((:90'(0: -1, 6 ¢ [0, Il. If o, B be any two positive p
7], then &€ values of x for which 2cosx, (B) g
C T 31 |cosx| and 1 — 3 cos’x are in
_B’ E G.P, then the minimum value
of |aa— f| is
III. The set of all x in (-7, 7) sat-
. e.se 042.1 xin 1( " \/)_Sa. (D) (E, 2) III. The values of x between 0 and .
ISfYIH% |[4sinx — 1] 5 is 6 27 which satisfy the equation © 3
given by
sinx+/8cos’x =1 are in A.P.
with common difference
IV. The solution of the equation
i D) =~
(sin@+ cosb) 4
[(sin@ + cos@) 7520 = 2 —7r
<0<m,is

Assertion-Reason Type

Instructions: /n the following questions an Assertion (A) is ~ 48. Assertion: The general solution of the equation 25"6 +
given followed by a Reason (R). Mark your responses from - L P
the following options: 209=2 " is @=nx+ 2
(A) Assertion(A) is True and Reason(R) is True;
Reason(R)isacorrectexplanation for Assertion(A)
(B) Assertion(A)isTrue, Reason(R)isTrue; Reason(R) 49, Assertion: Solution of the equation 4cot?0 = cot?6 —
is not a correct explanation for Assertion(A) . T
(C) Assertion(A) is True, Reason(R) is False tan*@is 0= nm+ 7
(D) Assertion(A) is False, Reason(R) is True

Reason: For any two numbers ¢ and b, AM. > G.M.

Reason: tanf@=tanox = O=nrw=+ .

Previous Year's Questions

50. If 0 < x < 27, then the number of real values of x, (A9 B) 3
which satisfy the equation cosx + cos2x + cos3x + )5 (D) 7
cosdx =0, is: [2016]
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ANSWER KEYS

Single Option Correct Type

1.(B) 2. (C) 3. (A) 4. (D) 5. (0) 6. (C) 7. (B) 8. (D) 9. (C)  10. (B)
1. (C) 12.(A) 13.(C) 14.(C) 15.(A) 16.(B) 17.(D) 18 (C) 19. (B)  20. (D)
21. B) 22.(C) 23.(A) 24.(C) 25.(B) 26.(C) 27.(B) 28.(B) 29.(B) 30.(A)

More than One Option Correct Type

31. (A, B) 32. (B,C,D) 33. (C,D) 34. (A, B) 35. (A,C) 36. (A, B) 37. (A, D) 38. (A, B) 39. (A, B) 40. (C,D)
41. (A,C) 42. (B,C) 43. (B,D) 44. (A,B,C) 45. (A, B,C,D)

Match the Column Type
46. 1> (D), I1 <> (A), Il > (C), 47. 1> (B), Il &> (B), Il <> (D), IV <> (D)

Assertion-Reason Type
48. (A)  49. (A)

Previous Year's Questions
50. (D)

HINTS AND SOLUTIONS

1. Since > +x?2=(x—-x"")?+2>2

4. We have, a, + a,cos2x +a, sin’x =0
X . a
and, 2cos? 5 sin®x <2, = a,+acos2x+ 53 (1-cos2x)=0

the given equation is valid only if which is zero for all values of x,

X .
2cos® = sinx =2 ifa=_% —_
2 ifa=--2 =-qa,
= cosE = cosecx = 1, which cannot be true. ora = _ﬁ a4 = E a =k
2 1 2 s Yy 2 2o U3
2. We have, sin®’x — cos*’x = 1 for any k € R.

11504 — 50 . . e .
= sinx=1+cos™x Hence, the required number of triplets is infinite.

Since sin®’x < 1 and 1 + cos*’x > 1, therefore, the two sides 5. We have, sin‘x — (k +2) sin® — (k+3) =0
are equal only if -
sinx = 1 =1 4+ cos¥x i.e., sin*>x = 1 and cos®x =0 = sin’x = (k+2)+y(k+2) +4(k+3)
T 2
x=nrx+ 5, neZ.
(k+2)+(k+4)
. Let x/§+1 =rcosa, and \/g— 1 =rsina = 5

=B+ +(\3-1)7 =8,

VB-1 1-143 —tan(ﬂ 71:]
VBl 14143

=tan(/12), i.e., = 7/12.

From the given equation, we get rcos(6— o) =2
= cos(6- 12)= 1/\2 = cos(7/4)

. 00— /12 =2nr+ n/4

or O=2nr+ 71/4 + n/12.

and, tana =

= sin’x=k+ 3 (" sin’x =—1 is not possible)
Since 0 <sinx <1, .. 0<k+3<1lor-3<k<-2.

. We have, sinz (x? + x) = sin/m?

= a1 *+x)=na+ (-1)ym?

o Either x>’ +x=2m+x*=x=2me Z.
or, x> + x = k — x*, where £ is an odd integer
—-1++1+8k

4

= 2X%+x-k=0=x=
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10.

For least positive non-integral solution,

x_—l+\/1+8k_\/771

4 4

, where p is an odd integer.

We have, sin’x — 2sinx — 1 =0

= (sinx—-1y=2=sinx—-1= +2

= sinx=1-+/2 assinx # 1.

There are 2 solutions in [0, 27z] and two more in [27, 47].
Thus, minimum value of 7 is 4.

The given equation can be written as

1+ cospx+1+cosgx=2

= cos praq Xcos P-4 x=0
2 2

_@2n+Dr
ptq

cos(p;qjx:O = x =0,%£1,%2 ... which

27
forms an A. P. with common difference = ——
P

+q
cos(p_qu:O = x:M, n=0,+1, £2,..
2 P—9q
. . . 2
which forms an A. P. with common difference =
P—q

We have, |cosx| < sinx

= sinx>0 [ |cosx|=0]

= x¢&(m2m)

If x=2r, |cos 27| < sin 2, which is not possible
x e [0, 7]

Ifxe [O, %}, then | cosx | < sinx

. T
= Ccosx<sinx=xe |—,—
[4 2}
Ifxe |:£,7'L':|, then |cosx| < sinx
2

= —cosx <sinx = tanx < -1 (. cosx < 0)

n 37
= XxX€|—,—

2 4

Combining two results, we get

T n 3n
xe|l—,—|u|l—,—
42 2 4

I—sinx +---+(=1)"sin"x +--- 1-cos2x
1+sinx+---+sin"x +--- 1+ cos2x
1 1- sinx 2sin’x

as—1 <sinx< 1

. X - 2
1+ sinx 1 2cos” x
. sin’ x (1+ sinx)
= 1-—sinx= —_—
1-sin" x

11.

12.

13.

14.

= (1 -sinx)’=sin’x=1-2sinx=0

. 1 LT T
= sinx= —=sin— =x=n7+ (-1)"—
2 6 6

We have, ZcoerG sinr@ :%

r=1

= ZZcoerQSinrO =1

r=1

= Z”:[sin r(r+10 —sinr(r—1)0] =1

=1

. 4k +1
= sinn(n+1)0=1= 0 = ket ~£, eZ
n(n+1) 2
G' s + 8 _ll
iven, sin’x + cos’y = =5

. . 17
= (sin*x + cos*x)? — 2sin’x cos’x = »

= (1 —2sin’ cos®v)* — 2sin*x cos*x = ;—;

17
= 1 —4 sin’*x cos*x + 2sin*x cos*x = EY)
. 1. . 17
= 1 —(2sinx cosx)*+ —(2sinxcosx)'= —
8 32
= 1-—sin®2x+ lsin“ 2x— ll: 0
8 32

= 4sin*2x — 32sin*2x + 15=0

. . 1
= 2sin?2x-1=0 [ sin® 2x # ?5}
. 1 . . LT
= sin2x= — = sin*2x = sin’ —
2 4

T
= 2x= nﬂiZ’ nel

s

= x=""1% qel

8
We have, 2¢°5°0+ 1 =3.2-5"9
= 21—2sin?9+ 1= 3.2%“,29

= 2223z+1=0,wherez=2""0 = z=—,1.

N | =

1 - . T
If z= > then 2°"@=2" = sin’6=1 = 0= nr iz
If z =1, then 27"0=2° = sin*0=0 = sinf =0
= 0O=nx
b
Thus, 6 =nr, nw J_r?

sin@>0= O¢ (0, ) (1)

c0s8>0= 0el0,Z|u[ 3, 2z )
2 2



15.

16.

17.

Trigonometric Equations 26.15

From (1) and (2), 9 (0, %]
Also, log, ,sinf> log , cos8

= sinf< cosfin O,E = 0e O,E.
2 4
. r
We have cos3x + sin 2x7? =-2

= 1l+4+cos3x+1+ sin(fo%T] =0

2
= (1+cos3x)+1— cos(Zx—?nJ =0
2 3x .2 T
= 2cos"—+2sin"| x—— |=0
2 3

3
= coslz 0 and sin[x—ﬁjzo
2 3

o X ﬁ,3—7T,...and x- 220, 7 2m...
2 2 2 3
n
= x=—
3

Therefore, the general solution of
3
cos== 0 and sin| x -2 | =0 is x = 2kn + =
2 3 3
T
= 5(61{ +1), where ke Z

Minimum value of L.H.S. is

2

<2
1

x+—
X

2(x+l form where x >0j and 1+
X

Equality is possible only when both sides are 2 at x = 1
ie, tan [T(x+)] =1 = 7(x+y)=nr+ %
= n(x+y)= 57” (for least value of y)

1

4

The given equation can be written as
3-2x—x*=1+tan’(x +y) + 1 + cot? (x +y)
= 4—(x+1)>=seckx+y)+ cosec’ (x +y)
= cosM(x+y)sin*(x+y)[4—-(x+1)Y]=1

y

= sin’2x+2y)[4—-(x+1)]=4 (1)
Since sin’(2x +2y) < land 4 — (x+ 1)*<4

(1) holds only if sin*(2x + 2y) =1 2)
and, 4 — (x+1)’=4 3)

From (3), we get x =—1
Putting in (2), we get sin (2y —2) = +1

= 2y—2: nﬂ'i%, ne ZzZ

19.

20.

21.

22.

= y= 1+(2ni1)%, nez

x=4,y=1+(2nil)%, nez

. We have, [sinx] + [\/Ecosx] =-3

= [sinx] =-1 and [x/zcosx] =-2
= -1<sinx<0 or x<(m, 2n)

and, -2< \/Ecosx <-1

-1 (3;: 571']
or, COSxX<—= Or x €

/2 4° 4
Soxe(n'—
’4

.| omx )

sin| —— |=x*-23x+4
(N? ]

= (x=B)y+1

*» RH.S > 1. So, the solution exists if and only if

x=v3=0 = x=+3 and then equation is obviously
satisfied.

From the graph, |cosx| and 2 [x] do not cut each other for
any real value of x. Hence, number of solutions is nil.

y

DWW B

A N N

ol 1 = 2 3 i

I
2

sinx — 3sin2x + sin3x = cosx — 3¢0s 2x + cos 3x
= 2sin2xcosx — 3sin2x — 2c0s2xcosx
+3cos2x =0

= sin2x(2cosx — 3) — cos2x (2cosx —3) =0
= (sin2x — cos2x) (2cosx —3) =0

= sin2x = cos2x (*.r cosx # 3/2)

= 2x=2nm+ Efo i.e.,x=x=ﬂ+£
2 2 8

From the given equation we have

sinx — sin3x + 2sin 2x =3

= 2sinx cos2x — 2sin2x +3 =0

= (sinx + cos2x)* + (sin2x — 1) + 3

= sin’x + cos?2x + sin?2x + 1

= (sinx + cos2x)? + (sin2x — 1)* + cos’x = 0
which is possible only if

sinx + cos2x = 0, sin2x = 1 and cosx =0

which is not possible for any value of x.
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23.

24,

25.

The given equation is
1 + sin’ax = cosx (1)
We have, 1 + sinax > 1 and cosx < 1
The equation (1) has a solution only if cosx = 1
and, 1 + sinax=11i.e., sinfax=0= sinax=0
Now, cosx =1 givesx=2nm,ne [

. . mm
and, sinax =0 givesax=mnx = x= —, me [
a

The equation (1) has a solution only if for some values of m
and n, we have

mm a=2nmw or 2na=m. 2)
But a is irrational and m and n are integers.
(2) is possible only if m = 0 = n. But then we have x = 0.

Hence, x = 0 is the only solution satisfying the given
equation.

Given equation is
sin“x + cos’x +sin 2x + =0
= (sin®x)? + (cos*x)* + 2sin’x cos %x — 2sinx cos*x

+sin2x+ =0

. 1 . .
= (sin’x + cos’x)* — 5 (4sin’x cos*x) +sin 2x + =0

1- % (sin2x)? + sin2x + =0

2 —sin®2x + 2sin 2x + 20c=0

sin?2x — 2sin2x — 2 - 20=0

2+\[(2)" —4x1(=2-2a)]
2x1

244 +8+8a) 2%./(12+8a)

- - 2

2

=
=
=
=

sin2x =

If sin2x =1++/(3+2a) >1 which is not possible

If sin2x=1-,/(3+2a) (@)
= -1<1-J3+20) <1
= 2<-J3+20) <0=0<(B+20)<4

= 3220l = —ESasl,
2 2

Since o, B satisfy the given equation,
3coso+ 4sinar =2 and 3cosf + 4sinff=2
On subtracting, we get 3(cosor — cosf)) + 4 (sinor— sinf)) = 0
B-a a+p . a-f _ 0
2 2 2

N 3-2sin¥sin

= 2sin p-a 3sina+ﬂ—4cosa+ﬁ =0
2 2 2

p—a

+4-2cos sin

Here, sin # 0 because B # ovand

[ﬂ%aj < mwand [ﬂ;a) >

26.

27.

28.

29.

30.

3sin +ﬁ—4cosa+'8=0
2 2
a+p 4
tan =—
or, > 3
2tana+ﬂ 2><i 24
sin(a + ) = = 3=
1+tan2a+ﬁ 1+E 25
2 9
[tanx + secx| = |tanx| + |secx| iff secx and tanx both have
sinx

same sign. = secx. tanx >0 = > 0, butcosx #0 =

e )i

| cosx | =cosx — 2 sinx

cos’ x

= cosx =cosx — 2sinx if cosx >0

= sinx=0=x=2nm(ascosx>20)ne [
Also, |cosx| = cosx —2sinx

= —cosx =cosx —2 sinx if cosx <0

= cosx—sinx=0=tanx=1

Now, cosx < 0 and tanx = 1 = tanx =tan R
= Xx= 2nﬂ+(5—n] =2n+ 1+ z

4 4
We have, (1-tan6) (1 + tané) sec’6+ 2 “26=0
= (1 -tan*6) +2tan’0=0
Put tan’@=x, . (1 —x*) +2°=0
= 2x=x*—1=y (say)

y=2%and y=x*-1
By inspection, x =3, .. tan’6=3
T

= tan =3 = 0= t3
The given equation has a solution if p 20,2 - p 20

and, ‘\/;cosx— 2sinx‘ <\p+4

= p20,2-p=20
and, [V2 +\2-p|<Jp+4 =p20,2-p>0
and, (\/5+\/27p)2 <p+4=p=20,p<2

and,2+2-p+2 J4-2p <p+4

= 0<p<2and 2\4-2p <2p

= pPP+2p-420

= 0<p<L2and(p+1)°<5

= 0<p<2andpe (—o0, =5 —1]U[5 =1, )
= pe [\/g -1,2]

For the domain of definition of the given equation, we have,
. b
(1)2cos2x—1¢0:>x¢n7rig

. nr . b4 .
(i) tan # 0 = x # +— [For odd multiples of —, tanx is
not defined] 2

. b
(iii) cos’x — 3sinx # 0 =>x#n 7w ig,
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_ 1= 2y Gnly) 2 1020 — 2 _

Also, ;(;os2x 1 = 2(cos’x — sin’x) — (cos*x + sin’x) = cos - 2b—-1 >0 and 1 <0
X — 3sin’x b-1 b-1
Now, the given equation reduces to

1
bsinx = b + sinx = bs§orb>landb<1:> b<

N | =

= sinx= L, 1
b-1 When b= > sinx = 1, which is not possible

-1 <sinx<1 . —ISLSI 1
b—-1 bl
2

= L+1£0 and bL—ISO

More than One Option Correct Type

31. Clearly, —1 < k£ < 1. For any value of & other than 1 and —1, = +/2sinf =4sin’0 = +/2sinf —4sin’6 =0
sin@ has two values (in quadrant, I, II or III, IV).

3
k=1 or -1. = /2sinf [172\/551&9}:0

32. The given equation can be written as

1 — 2sin’ cos’x = a If V2sin =0,8in0 =0 [+ Vz=0 = z=0]
= sinf2x=2(1-a) = 2(1-a)<1 = O=nmnel

2(1—a)> 12<a<l. 3 3
and o(1-a)20 = 12<a If 1242 sin? 0 = 0, sin? 0 = ——

33. The equation holds if [cosx| = 1 22
ie, ifx=nmw,nel

o2 (1) . 1
If |cosx| # 1, then sinzxfgsinerl:O = (sin 0)2:(fj = sinf= —=sin—
2 2 2 2 6

1

= sinx=1or = = O:nn+(—1)”%,nel.

sinx # 1, as in that case cosx = 0 0=nr n7z:+(—l)”£ nel
2 65 .

1 T
Losink= — = x=nz+(-1)" — ) ) )
2 6 36. The given equation can be written as

34. We have, 2 . .
3sin2x + 2c0s%x + 31 —sin 2x + 2sin’x _ 28 l+cos”0 sin"0 4sin40
= 3sin2x + 2c0s%x + 33 — (sin2x + 2c0s%x) — 28 -1 1 0 =0
Lety — 3sin2r + 2cos’x 0 -1 1
o 27 _ 28 [Applying R, > R, — R, and R, > R, —R|]
y 2 sin’6 4sin40
= y-28+27=0 = y=27orl - lo 1 0 |=0
Ify — 27’ then 3 sin2x 4 2cos2x — 33 1 -1 1

in2x + (2cosxx — 1) =2
= sin2x + (2cos’x — 1) [Applying C, = C, + ()]

= sin 2x +cos2x =2 (1)
Dividing both sides by \/E, we have = 2+4sin40=0 = sind0 = _%
b
sin| 2x+— |=+2
( 4] = 40 =nz+(-1)" T - 9:E+(71)n+]£'
L . 6 4 24
which is not possible
Now, if y =1 We have to choose values of s.t. 0<60 < %
= Jsinvples=1=30 = gin2x+2cos’x =0
2 inx + =0 I ln
= 2cosx (sinx + cosx) = YR
cosx = 0 or tanx =-1 37 We have, 2" s
. e aVe, sinx + cosy = = o
35. We have, 2c0s26 ++/2sinf =2 .
= sinx+cosy=0 (1)

= +/2sin 0= 2(1- cos26) and, 167 + 520 = 4 = 16!
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38.

39.

40.

= sin*x+cos?y=1/2

(@)
Eliminating cosy from (1) and (2), we get

. 1 . 1
2sin” x—, or sinx = +—.
2 2

When sinx =

cosy = — — =—cos (7/3) = cos(w— 7/3)

x=nm+ (-1y (7/6), y = 2nxw+ (27/3)

= =

When sinx = —l, cosx = l
2 2

x=nr— (1) (n/6) and y = 2nm+ (7/3).
We have, 4 sin*x + cos*x =1
4(1 — cos>x)* + cos*x =1
4(1 + cos*x — 2cos’x) +cos'x — 1 =0
4 4+ 4 cos*x — 8 cos’x + cos'x — 1 =0
S5cos’x—8costx+3=0
Scos*x — 5 cos’x —3 cosx+3=0
Scos*x (cos’x — 1) =3 (cosx — 1) =0
(cos’x — 1) (5Scos>x —3)=0
If cos’x=1,x=nmnel
If 5cos’x —3=0= cos’x=(3/5)

= cosx =%,/(3/5)

Therefore, x =2nm +cos™/(3/5).

L A A

3.
We have, TSlnx =CosX + cos’ x.

Squaring both sides, we get
3(1 — cos’) = 4(cos’x + 2cos’x + cos*x)
= 4cos’x + 8cos’x + 7cos’x —3=0
= (cosx+1)(2cosx—1) (2cos’x + 3cos x +3) =0
Whencosx=—1=cos m,x=2nm+n=2n+1) .

When cosx = 1 = cosz, x=2nw iz.
2 3 3

When 2cos’x + 3cos x +3 =0,
the discriminant=9— 4 -2 -3 <0.
This factor does not give any real values of cos x.

42.

Hence, x=(2n+ 1), 2nn i%, nel.

We have, (sin*6+ cos*6) — (1 —sin & cos 6) =0

= (sin 6+ cos 6) (sin*6+ cos?’0— sin 6 cos 6)

— (1 —sinfcos ) =0

= (sin 6+ cos 6) (1 —sin Ocos B) — (1 —sin Hcos ) =0
= (1 —sin Ocos ) (sin O+ cos 6—1)=0

If 1 —sinfcosf=0,

then, 2sinf cos@=2 or sin 260=2

which is not possible because sin 26 can never be greater
than 1.

If, sin@+ cosf=1

41.

! sin@ + ! cosf = !

(2 (2)
(Divide by +/2)

T 1 T
= cos|O—— |=—=—=cos—
( 4] 4

then,

= 97£=2nﬂ'i£.
4 4

0=2nn+£+£,2nn—£+£
4 4 4 4

ie., 0=2nm+ 1/2, or 2nr.
We have,

x/g(cose — x/gsine) =4sin260 cos360

= +/3cosO —3sinf =2(sin50 —sinH)

= +/3cos6 —sinf =2sin50

Dividing by v3+1=2, we get

3

1
——cos — —sin 6= sin560
2 2

3 T . .
= smgcos 60— cos;sm 6= sin560

= sin (%—9) =sin560
= 50 =nx+(-1) [%—9)

= 50= nn+ g— 0 if n is even

and, 56— nn—(g— j if nis odd.

9=E+£ if n is even
6 18

and, O:ﬂ—l if n is odd.
4 12

We haVe, 81 + |cosx| + cos2x + [cos3x| + .. to infinity — 82.
= 1 +]cosx|+ cos’x + |cos’x| + ...to infinity = 2 )
This is an infinite geometric series with first term 1 and com-
mon ratio |cosx|.
We know that |cosx| < 1.
Here, |cosx| # 1. because when |cosx| = 1, equation (1)
becomes meaningless (« = 2)

|cosx| < 1.
Hence, the equation (1) reduces to

1

_=2 =
1—|cosx|

1
1-|cosx|= 5 = |cosx|=

= cosx==

= =
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1 T
When cosx= 5= cos—, x= 2nnt g = xznn—z(ne])

1 2 o, Jcosx— sinx + Vcosx+ sinx = 2
When cosx= — E: cos?,

= 2cosx+2+cos’x —sin’x =4

x=2nr+ 2z wheren=0,+1... = cos’x — sin*x = (2 — cos x)
3 2.
The val f 2 in the e it . = cos’x+4cosx—5=0
e values of x in the given interval (- 7, 7) are _ 4+ V163 20
T 2m = cosx=————=—S5orl
“EET .
B # =1 =2
43. Given: sinbx + cosdx +2 =0 ut cosx 5380 cosx = =
or, sinéx + cosdx = — 2 (1) 45. At x= —%7”
= sinbx=-1 [1+ sinx] =0, [1 — cosx] = 1
and, cos4x = —1 both should be satisfied simultaneously. . sinx=0+1= —1=1 (Absurd)
[ minimum value of sin 6x and cos 4x is — 1] Atx=0
Now, sin 6x:—1:377r = 6x:2nn’+3§ (1+sinx)=1,(1— cosx)=0
sinx=1+0= 0=1 (Absurd)
x= 3 T wherene I T
3 4’ . Atx = 2
= Values of x between 0 and 27 are [1+sinx] =2 .[1 —cosx] =1
E lr M 157 197 23w sinx =2+ 1=3 (Absurd)
47127127 47127 12 Atx=r1
Also,cos4x=—1=coswr = 4x=2nm+r [1+sinx]=1.[1—cosx]=2
LN 77:’ where n e Z sinx =1 + 2 =3 (Absurd)

n 3 Snm In
= Values of x between 0 and 2w are —, —,

In (_Z’Oj [1+ sinx] = 0, [1 — cosx] =0
4> 4 4 4 . sinx=0+0=0 (Absurd)

Hence, Values' of x lying between 0 and 27 and satisfying 0. [1+ siny] = 1, [1 — cosx] = 0
both the equations are
m 5w sinx=1+0=1 (Absurd)
4 4
44. The given equation can be written as ( o |, [1+ sinx] = 1, [1 — cosx] = 1
Jeos? x— sin’x + \/(cosx+ sinx)? = 24/cosx+ sinx sinx =1+ 1 =2 (Absurd)
— JJcosx +sinx [\/cosx —sinx ++/cosx + sinx] In (ﬂ', j [1+ sinx] =0, [1 — cosx] =1
= 2+/cosx+ sinx Soosiik=0+1=1 (Absurd)
—= Eithercosx +sinx=0 = tanx=-1 . all the four results hold.
Match the Column Type
46. I We have, 2sin%x + 3sinx —2 >0 — [sin@| cos@ — 2tanf cotd=—1
= (2sinx—1) (sinx+2)>0 = 1+ cosfO(sinf—|sinf]) —2 =—1
= 2sitx—1>0[.. sinx+2>0~x € R] = cosf(sinf—[sinf|)=0
= sinx>1/2 = x e (w6, 57/6)
Also, x> —x—-2<0 S 0e(0,m)— {Z Z}

= @X-2)(x+1)<0 =>-1<x<2.

5 inxy —
As, 2< ?ﬂ, we obtain that x must lie in (%, 2), III. We have, |4sinx —1| < \/g

11. Since sin@— cos8 # 0 = —5< 4sinx—1< /5

tan@# 1 .. (#ESJ -1 . J5+1
4> 4 = - < sinx<
Now, sin?6 + cos?6 + sinf cosO 4 4
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LT T
= —sin— <sinx <cos—
10 5
(-7 . . (m =
= S| — [<Ssmmx<sm| ———
(55 Jesne<sn( -5
. [T . . (37
= SsSm| — |<Ssmx<Ssin| —
10 10

T 3w ... =
= xe(—m,ﬁJ [ xe (-m m)].

47. 1. We have,
4cosx (2 -3 sin’x) + (cos 2x + 1) =0
= 4cosx (3cos’x — 1)+ 2 cos’x=0
= 2cosx (6¢cos’x + cosx —2) =0
= 2cosx (3cosx +2) (2cosx—1)=0
= either cosx = 0 which givesx = 7/2
or, cosx = —2/3,
which gives no value of x for which 0 <x < 7/2
or, cosx = 1/2, which gives x = /3.
So, the required difference = /2 — /3 = 7/6.
II. Since
2cosx, |cosx| and 1 — 3cos?v are in G. P.
cos?x = 2cosx (1 — 3cos’x)
6c0s’x + cos’x — 2cosx =0
cosx (2cosx — 1) (3cosx +2) =0

1 2 T o 2
= cosx=0,—,—— .. x= g,cos ——

I}

273 T2’ 3
T T »
If &= 3 B :g, (" o, Bare are positive)

bia
then, |a — Bl=—.
lo — B g

III. We have, sinx+/8cos’x= 1

. 1

= sinx|cosx|=—=
s 1=37

Case I: When cosx >0

. . 1
In this case, sinxcosx= —=
22

1
= sin2x= —
NG

Assertion-Reason Type

© 3n 9n 137
= 2x=—,—,—(,——
4" 4 4 4
n 37 97 137
= X= o, o T s o
8 8 8 8
As x lies between 0 and 27 and cosx > 0
n 37
x=—,—
8 8

Case II. When cosx < 0

. . -1
In this case sinx cosx =——

-1

22

= sin2x =

= X= T, T s o
8§ 8 8
Sz Irn
= —,— ascosx<0
8 8

Thus, the values of x satisfying the given equation which lie
between 0 and 27 are

. . . T
These are in A. P. with common difference Z

IV. We know that the maximum values of sin@+ cos@ and 1

+ sin 260 are \/5 and 2, respectively. Also, (JE )2 =2.

The given equation can hold only if

sin@ + cosb = \/5 and 1 +sin20=2.

Now, sinf +cosf =2 = cos(@—%}:l
= 0=2m+>
4

Also, 1+5in20=2 = sin20=1 = 9=%+(—1)"%

Thus, the value of @in [, p], satisfying both the equations

. T
1S —.
4

48. Since AM. > G.M.

sin 6 cos @
2 + 2 > IzsinO. 2(:050

2
[The equality holds only if 25n0= 2¢0s9)

- 25in0+ 20050> 2 }Zsin()wtcos{)

But the minimum value of sin@+ cos@is — V2 .

1

25in9+ 200592 2 27\/5 — 217\6

The equation holds when the equality holds.
ie., 2%"0 =20 = sinf= cosO



= tan¢9:1:tanZ = 0=nn’+£
4 4

49. We have, 4cot 20 = cot’0 — tan’0

Trigonometric Equations

26.21

4(1-tan’0) 1—tan‘6

2tan6 tan” 0

= (1 —tan’6) [2tan6— (1 +tan’*6)] =0
4 —tan’0 = (I -tan?6) (tan’6—2tanf+ 1) =0
tan20  tan’0 = (1 —tan’6) (tanf— 12 =0

2tan6 T

Put tan20 =— = tanf=1,-1. .. O=nrt—.

Y 1—tan’0 4
Previous Year's Questions

50. 2cos2x cosx + 2 cos3x cosx=0 =£,3_”, ,2,3_”,7_”,9_”

272 5757575

= 2cosx (cos2x + cos3x) =0
= 2cosx 2cos5x/2 cosx/2 =0

7 Solutions
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