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Trigonometric Equation

TRIGONOMETRIC EQUATION

TRIGONOMETRIC EQUATION :

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

equation.

SOLUTION OF TRIGONOMETRIC EQUATION :

A value of the unknown angle which satisfies the given equation is called a solution of the trigonometric
equation.

(@) Principal solution :- The solution of the trigonometric equation lying in the interval [0, 21).

(b) General solution :- Since all the trigonometric functions are many one & periodic, hence there
are infinite values of 0 for which trigonometric functions have the same value. All such possible
values of 0 for which the given trigonometric function is satisfied is given by a general formula.

Such a general formula is called general solution of trigonometric equation.

(¢c) Particular solution :- The solution of the trigonometric equation lying in the given interval.

GENERAL SOLUTIONS OF SOME TRIGONOMETRIC EQUATIONS (TO BE
REMEMBERED) :

(@) Ifsin®=0,then 6 =nmx, n I (set of integers)

() Ifcos0=0,then 6 = (2n+1)§,n el

(¢c) Iftan6=0,then®=nm,nel

(d) Ifsin© =sina, then 6 = nm + (—1)"a where o e [%n’g} ,nel
(e) IfcosO=cosa,then0=2nt+a,nel, a e [0,x]

) IftanO=tana,thenO=nn+a,nel, GG(%,gj

(€] Ifsin9=1,then6=2nn+§=(4n+l)g,neI

(h) IfcosO=1then0=2nmt,nel
(i) Ifsin’?0 =sin’ a or cos> 0 = cos’> o, or tan’ O = tan’ o, thenO =nwt+ o, n € |
() Fornel,sinnt=0andcosnt=(-1),nel
sin (nmt + 0) = (-1)"sin O cos (nw + 6) = (—1)" cos O
k) cosnmt=(-1),nel

n-1

Ifn is an odd integer, then sin 2 _ (_1)T’COSE =0,
2 2
n-1
sin (? 4 e) =(~1) 2 cos®
n+l
Ccos (% + 6) =(-1) 2 sinB

) ]



JEE-Mathematics

Hllustration 1 :  Find the set of values of x for which fan 3x — tan 2x =].

1+tan3x.tan2x

tan 3x —tan 2x

Solution : We have, =1 = tan(3x-2x)=1 = tanx =1
1+ tan3x.tan 2x

s T
= tanx=tanz = x=nn+ Z,nel {using tan® =tano < 0 =nn + )

But for this value of x, tan 2x is not defined.

Hence the solution set for x is ¢. Ans.

Do yourself-1 :
(i Find general solutions of the following equations :

30 30
(a) sine=§ (b) cos[;}O © tan[ﬂ:o

0
(d) cos20=1 () +f3sec20=2 (f)  cosec (EJ =—1

4. IMPORTANT POINTS TO BE REMEMBERED WHILE SOLVING TRIGONOMETRIC
EQUATIONS :

(@) For equations ofthe type sin 6 =k or cos 6 =k, one must check that | k | <1.

(b) Avoid squaring the equations, if possible, because it may lead to extraneous solutions. Reject
extra solutions if they do not satisfy the given equation.

(¢) Do not cancel the common variable factor from the two sides of the equations which are in a
product because we may loose some solutions.

(d) The answer should not contain such values of 6, which make any of the terms undefined or
infinite.

(i)  Check that denominator is not zero at any stage while solving equations.
(i) Iftan O or sec 0 is involved in the equations, 6 should not be odd multiple of g .

(iii) Ifcot O or cosec 0 is involved in the equation, 6 should not be multiple of rt or 0.

5. DIFFERENT STRATEGIES FOR SOLVING TRIGONOMETRIC EQUATIONS :
(@) Solving trigonometric equations by factorisation.
e.g. (2sinx—cosx)(1+cosx)=sin’x
: (2sinx—cos x) (1 +cosx)— (1 —-cosx)=0
(1+cosx)(2sinx—cosx—1+cosx)=0
(1+cosx)(2sinx—1)=0

) 1
= cosx=-1 orsmxza
= cosx=—1=cosmt = x=2nm+n=02n+ n,nel

. —kn+ (-)f =, kel
2—S1n6 = x=kn+(-1) g ke

2 -]

or sinx =
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Trigonometric Equation

1
Hllustration 2 :  1f — sinB, cosO and tanO are in G.P. then the general solution for O is -

6
i1 1 1
(A) 2nnir§ (B) 2nnig (©) nﬂig (D) none of these
. . 1 . .
Solution : Since, g sin 0, cos 0, tan O are in G.P.

1 .
= cosze=gsm6.tan6 =  6c0s’0+cos’0-1=0

(2cos 0 —1) (3cos’0+2cosB+1)=0

= cosO= (other values of cos 0 are imaginary)

1
2
= cose=cos§ = 6=2nni§,nel. Ans. (A)
(b) Solving of trigonometric equation by reducing it to a quadratic equation.
e.g. 6— 10cosx = 3sin’x

6 — 10cosx =3 —3cos’x = 3cos’x — 10cosx+3=0

1

= (Bcosx—1)(cosx—3)=0 = COSX = 3 or cosx =3

Since cosx = 3 is not possible as — 1 < cosx < 1

1

COSX =7 = cos(cos1 %} = X = 2n7w + cos’! (gj, nel

W | =

. 1 ) ) )
Ilustration 3 :  Solve sin’0 — cosd = Z for O and write the values of 0 in the interval 0 < 0 < 2.

Solution : The given equation can be written as
1 —cos’0 —cosd =% = cos°0+cos®—3/4=0
= 4cos’0+4cosH—3=0 =  (2cos0—1)(2cos0+3)=0
= cosO= l , —i
2

Since, cosO =—3/2 is not possible as —1 <cosf < 1
cos6:l = cos6:cos§ = 6:2nni§,n€1

For the given interval, n=0and n=1.

5m

b
0=—, — .
= 33 Ans

c ) 3
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Hllustration 4 :
Solution :

Hllustration 5 :
Solution :

Hllustration 6 :

Solution :

Hllustration 7 :

Solution :

Find the number of solutions of tanx + secx = 2cosx in [0, 27].

Here, tanx + secx = 2cosx =  sinx + 1 = 2 cos’x

=

1
2sin’x +sinx—1=0 = sinXZE,—l

3n
But sinx=-1 =>x= ? for which tanx + secx = 2 cosx is not defined.

Thus si T2
uUs SinX = — =>XxX=—, —
2 6 6
= number of solutions of tanx + secx = 2cos x is 2. Ans.

Solve the equation 5sin’x — 7sinx cosx + 16¢cos” x = 4

To solve this equation we use the fundamental formula of trigonometric identities,

sin’x + cos’x = 1

writing the equation in the form,

=

5sin’x — 7sinx . cosx + 16cos’x = 4(sin’x + cos’x)

.2 . 2
sin“x — 7sinx cosx + 12cos” x =0

dividing by cos’x on both side we get,

tan’x — 7tanx + 12 =0

Now it can be factorized as :

-
Le.,

=

(tanx — 3)(tanx —4) =0
tanx =3, 4

tanx = tan(tan '3) or tanx = tan(tan ' 4)

Xx=nt+tan ' 3orx=nt+tan " 4,n e L. Ans.

nm o )
Ifx# —,nel and (cosx)™ ***"*** =1, then find the general solutions of x.

2

nm
As Xi? = cosx=#0,1,—-1

So,

(COS X)sin2 x—3sinx+2 — 1 = Sin2X _ 3Sll’1X + 2 = 0
(sinx — 2) (sinx — 1) = 0= sinx = 1, 2

where sinx = 2 is not possible and sinx = 1 which is also not possible as x = n_21t

no general solution is possible. Ans.
. .4 4 7 .
Solve the equation sin"x + cos” x = - SinX. cosx.
. 4 4 7. ) 2.\2 ) 2 7.
sin X + cos'X = 7 SINX . COsX = (sin°x + cos’x) —2smxcosx=Esmx.cosx

=

=

1. 7,
1—5(s1r12x)2 = Z(sm 2x) =2sin’2x + Tsin2x — 4 =0

(2sin2x —1)(sin2x + 4) =0 = sin2x = % or sin2x =—4 (which is not possible)

"]
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= 2x=nn+(—1)n%,nel

ie, x=2 ()"~ nel
2 12

Ans.

Do yourself-2 :

@i  Solve the following equations :
(@) 3sinx + 2cos’x = 0 (b)
(c) 7cos’0 + 3sin’0 = 4 (d)

(i) Solve the equation : 2sin?0 + sin?20 = 2 for 0 e (-, 7).

sec2a = 1 — tan2a.

4c0s0 — 3secOb = tand

(¢) Solving trigonometric equations by introducing an auxilliary argument.

Consider, asin® +bcos 0 =c

sin O + cosO=

a b c
va’ +b’ va’ +b’ va’ +b’
equation (i) has a solution only if [c| £ /32 4+ 12

L—cosd) L—sinq) =t b
ot e Y g & estn s

by introducing this auxillary argument ¢, equation (i) reduces to

C
sin (0+¢) = W Now this equation can be solved easily.

Hustration 8 :

Solution :

Here, sec x +tanx = 3 =

or /3 cosx—sinx =1
dividing both sides by /52 + b2 i.e. V4 =2, we get

3

l . 1
= —COSX — —SINX = —
2 2

Find the number of distinct solutions of secx + tanx = /3, where 0 < x < 3.

1 + sinx = /3 cosx

cos ™ cosx —sin Lsinx = — m)_1
= 6 o 5 = eos| x+e =2
As 0<x<3n
—<x+—<3n+—
= X+E:£’5_n’ﬁ = x=E 3_1t 13_1t

6 3 3 3 52 6

3n
But at x = BE tanx and secx is not defined.

Total number of solutions are 2.

)

Ans.
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Hllustration 9 :

Solution :

Prove that the equation kcosx — 3sinx = k + 1 possess a solution iff k € (—o0, 4].

Here, k cosx — 3sinx = k + 1, could be re-written as :

3 . k+1
SIn X =

k
k*+9 k*+9 VK +9

cos(x +¢) = ! here t (1)—i
or —m,w ere tang =

k+1
which possess a solution only if —1< <1
k> +9

k+1

ie., ‘W

<1

ie., (k+1’<k’+9
ie, K+2k+1<kK*+9

or k<4
= The interval of k for which the equation (kcosx — 3sinx =k + 1) has a solution is (o, 4]. Ans.

Do yourself-3 :

@  Solve the following equations :

(@) sinx +./2 = cosx.
(b) cosecH =1 + cotb.
(d) Solving trigonometric equations by transforming sum of trigonometric functions into
product.
e.g. cos3x+sin2x—sin4x=10
cos 3x—2sinxcos 3x=0
=  (cos3x) (1 —2sinx) =0
. 1
= cos3x=0 or sinx = 5
b8 . 1 T
= cos3x=0=cos— or SInX = — = sin—
2 2 6
T T
= 3x=2nm £ or Xx=mmu + (-1)™ —
2 6
— _2n1t —|—£ — + 1 m E . I
= Xx= 36 or x =mn + (1) 6,(n,me)

-]
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Hlustration 10 :  Solve : cosO + cos30 + cos50 +cos70=0
Solution : We have cos0 + cos706 + cos30 + cos50 =0
=  2c0s40c0s30 +2c0s40c0s0 =0 = cos40(cos30 +cosB)=0

=  co0s40(2c0s20cos0) =0
=  Eithercos0=0= 0=2n,+1)n/2, n, €1

or c¢o0s20=0 = 6=(2n2+1)§,n261

n
or cos40=0= 0=(2n, + l)g, n, el Ans.

(e) Solving trigonometric equations by transforming a product into sum.
e.g. sin5X. cos3x = sin6X. cos2x
sin8x + sin2x = sin8x + sindx
S 2sin2x. cos2x—sin2x =0
= sin2x(2cos2x—1)=0

1

= sin2x=0 or CcOS2X = E
) ) 1 b8
= sin2x =0 =sin0 or CcoS2X = E = cosg

— 2x=nn+(-1"x0,nel or 2x=2mni§,mel

nw n
= x=7,nel or x=mnig,mel

1
Hlustration 11 :  Solve : cosO cos20 cos30 = 1 ; where 0<0<m.

1
=  (c0s20 + cos40) cos20 =5

N

1
Solution : ) (2c0s0 c0s30) cos20 =

1 1
= 5 [2¢057260 + 2c0s40 cos20]= 5 = 1 + cos40 +2co0s40 cos26 =1

cos40 (1+2c0s26)=0
cos40=0 or (1+2c0s20)=0
Now from the first equation : 2cos40 =0 = cos(n/2)

40 = [n+%jn = 6=(2n+1)§,nel

for n=0, 6:§;n=1, Gz?;n=2, 0="-;n=3,0=— (- 0<0<n)

and from the second equation :

c ) 7
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1
cos20 = Y =—cos(n/3) = cos(n—n/3) = cos (271/3)

20=2kn +2n/3 .. O6=kn+xmn/3,k el
again for k=0,6:§;k=1,9=— ("~ 0<0<n)

n m 3t St 2n TInm
Ty s T s T Ty T T T AnS.

@
(i)

Do yourself-4 :
Solve 4sin0 sin26 sin406 = sin36.

Solve for x : sinx + sin3x + sin5x = 0.

®

Solving equations by a change of variable :

@

Equations ofthe form P (sinx + cos x, sin X. cos x) = 0, where P (y,z) is a polynomial, can be
solved by the substitution :

cosxEsinx=t = 1 £2sinx. cosx=t%

Hllustration 12 :

Solution :

(ii)

Solve : sinx + cos x =1 + sin X. cos X.

put sinx + cosx =t

= sin®Xx + cos’x + 2sinx . cosx = t?

= 2sinx cosx =t2—1 (" sin’x + cos’x = 1)

t?—1
= SINX.COsX = >

Substituting above result in given equation, we get :

t? -1
2
= 2t=t2+1=>t2-2t+1=0
= (t-172=0 = t=1
= sinx+cosx=1
Dividing both sides by /12 +17 i.e. v/2, we get
= 1sin + lcos ! = cos cosn+sinxsinn !
- X —— X = —= X — . —_ = —=
V2 V2 4 4 2

V2

T I s
= COS| x—— | =COS— = X— —
( 4} 4 4 4

t=1+

s s
= x=2nnorx=2nn+5=(4n+l) E,nel

Equations of the form of asinx + bcosx + d = 0, where a, b & d are real numbers can be
solved by changing sin x & cos x into their corresponding tangent of half the angle.

-]
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Hllustration 13: Solve:3cosx+4sinx=15

Solution - 3(1—tan2x/2J+4( 2tanx/2 )_5
otuton - = 1+tan®x/2 1+tan*x/2

3—3tan2§ StanE

2Jr 2 _5
l+tan2§ 1 +tan’ x

2 2

= 3- 3tan2§ + 8tani =5+ 5tan2§ = 8tan2£ — Stani +2=0
2 2 2 2 2

2
= 4tan2§ — 4tan§ +1=0 = (2tan§—1J =0
2

X X 1 1
—_ _ = —_ = — = -1 —_
= 2tan2 1=0=> tan2 > tan(tan 2}

1
= =nn+tan1(%j,nel = x=2nn+2tan’15,n61

X
2

(@) Solving trigonometric equations with the use of the boundness of the functions involved.

Hlustration 14 :  Solve the equation (sinx + cosx)' ™"*=2, when 0 <x <.
Solution : We know, —+/a? +b® <asinO+bcosO<+a>+b? and —1 <sinf < 1.

(sinx + cosx) admits the maximum value as /2

and (1 + sin 2x) admits the maximum value as 2.

Also (\/5)2 =2.

the equation could hold only when, sinx + cosx = ,/2 and 1 + sin 2x = 2

Now, sinx + cos x = /2 = cos(x—gjzl

= x=2m+n/4nel . (1)
and 1 +sin2x=2 = sin2x=1=sin§

- 2x=mn+(—1)m§,m cl = x=%+(—l)‘“§ ...... (ii)

s
The value of x in [0, 7] satisfying equations (i) and (ii) is X = n (whenn=0 & m=0)
Ans.

Note : sin x +cos x = _/p and 1 + sin 2x =2 also satisfies but as x > 0, this solution is

not indomain.

c ) 9



JEE-Mathematics

Hllustration 15 :

Solution :

Hllustration 16 :

Solution :

1

Solve forxand y: 9cos’x vy —y+1/2 <1

1

9 cos’x /yz_y+1/2 <1 e (1)

1 2 2
: 1Y (1
perx [y L) (L) <
\/(y 2) [2)

1
o . 2
Minimum value of 2¢ *=2

inimum value o y > > >
el 1
= Minimum value of 2°'x [y* —y +5 is 1

1 1 2 1 2
= (i) is possible when 2°°52"\/(y—5j +[Ej =1

= cos’x=landy=1/2 = cosx=+1 = x=nn, wheren € L.
Hencex=nn,n el andy=1/2. Ans.

The number of solution(s) of 2cos” (%j sin’x = x2+L2 , 0<x<n/2, is/are -
X

(A)O B) 1 (C) infinite (D) none of these
Let y = 2cos” (%j sin’x = x2+Xl—2 = y=(1+cosx)sin’x and y = x* + Xl—2

when y = (1 + cosx)sin’x = (a number < 2)(anumber < 1) = y<2 ... (1)
andwheny=x2+x—12:(x—§j2+222 = y=2 (ii)

No value of y can be obtained satisfying (i) and (ii), simultaneously
=  No real solution of the equation exists. Ans. (A)

Note:If L.H.S. of the given trigonometric equation is always less than or equal to k and RHS is

always greater than k, then no solution exists. If both the sides are equal to k for same value of

0, then solution exists and if they are equal for different values of 0, then solution does not exist.

Do yourself-5 :
@ Ifx?—4x+5-siny=0, yel0,2n), then -
A)x=1,y=0 B)x=1,y=mn/2 OC)x=2,y=0 D)x=2,y=mn/2
(i) Ifsinx+cosx= |y+—,y>0, x€l0, n], then find the least positive value of x satisfying the
y

given condition.

10
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6.

TRIGONOMETRIC INEQUALITIES :

There is no general rule to solve trigonometric inequations and the same rules of algebra are valid provided

the domain and range of trigonometric functions should be kept in mind.

Hllustration 17 :

Solution :

Hllustration 18 :

Find the solution set of inequality sin x > 1/2.

When sinx = %, the two values of x between 0 and 27 are ©/6 and 57/6.
From the graph of y = sin x, it is obvious that between 0 and 2,

1
sinx > E for /6 <x < 57m/6

Hence, sin x > 1/2
= 2nm+n/6<x<2nm+57/6,n ¢l

v

-2n

5
Thus, the required solution set is - (21175 + 2,21171 + ?ch Ans.

Find the values of a lying between 0 and n for which the inequality : tan ¢ > tan’ o 1S

valid.
Solution : We have : tano—tan’ a >0 = tano (1 tan’a) > 0
= (tana)(tano + 1)(tano — 1) <0 — . — .
So tana <-1, 0 <tana <1
Given inequality holds for a e (O, g} U (g, %J Ans.

Do yourself - 6 :
(i) Find the solution set of the inequality : cosx > —1/2.
(i) Find the values of x in the interval [0, 27t] for which 4sin’x — 8sinx + 3 < 0.
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Miscellaneous Illustration :

Hllustration 19 :

Solution :

Hllustration 20 :

Solution :

Hllustration 21 :

Solution :

12

Solve the following equation : tan’0 +sec’0 +3 =2 (\/5 sec 0+ tan 0)

We have tan? 0+sec? 0+ 3 =2+/2 sec0+2tan 0

=

=

=

tan29—2tan9+secze—2\/§sece+3=0

tan? 0+1—2tan 0 +sec? 0—2+/2secO0+2=0

(tan©—1)> +(sec0—+2)> =0

= tanO=1 and sec@=\/§

As the periodicity of tan6 and secf are not same, we get

9=2nn+£, nel
4

Find the solution set of equation 5(! *logs cos9 = 5/2

Taking log to base 5 on both sides in given equation :

(1 + log, cosx). log5 = log,(5/2) => log, 5 + log, cosx = log.5 — log.2

= log, cos x = —log,2 = cos x = 1/2

Ifthe set of all values of x in (—g,g} satisfying |4sinx+x/§ | < J6 is (

find the value of

a—b‘

3

|4sinx+\/5|<\/g

=

=x=2nm+n/3,nel

Ans.

Ans.
an , E then
2424

= —\/g—\/i<4sinx<\/g—\/§

——<x<1 for X €
12 or

— 6<4sinx+\/5<\/g
~6+\2) . J6 -2 5n
—_— < fnmxx—- -

4 4 12
Comparing with % < x < 2 t.a=-10,b=2
omparing with — oq o Weget,a=-10,b=
'.'|a—b|:|—10—2|:4
3] 3 |

[

T T

b

2°2

J

Ans.

PTT  cde0680AH ANKo\EE(Adonced) \Norkure\Wiaths\Sheei\Trigonometrc Equation\Eng.p85
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Hlustration 22 : The number of values of x in the interval [0, 5t] satisfying the equation
3 sin’x — 7 sinx +2 =0 is - [JEE 98]
(A) 0 B) 5 ) 6 (D) 10
Solution : 3sin?x — 7 sinx +2 =0
=  (3sinx— 1)(sinx —2) =0
sinx # 2
. |
= sinx= 3 =sino (say)
where a is the least positive value of x
such that sina :%.
Clearly 0 <a < g . We get the solution,
X=0o,T—0,2n+ 0o, 3t —a, 4t + oo and 57 — .
Hence total six values in [0, 57] Ans. (C)
ANSWERS FOR DO YOURSELF
11 O @ O-me) el B 0-CninZnel © e:“%, nel
nm T
06=—,nel O=nntx—,nel
@ 0=—.ne © O=nmt—.ne
® o0=2nn+(-D)""n,nel
T
2: ) @ x=m+(CD)rig, nel ® o="Tor :ﬁ%‘, nkel
(c) Gznnig, nel
. V17 -1 . | —1=~17
(d) 0=nn+(—1)0, where a.=sin™ {J_TJ or sin™ LT\/_J, nel

(i)
3: ()
4: @
5: (@)
6: ()

_J.m 3 _mximm
47 4 b 27 47 4 b 2
(@ x=2nn —%,nel (b) 2mn+§,mel
9=nnor6=ﬂi£;n,mel (ii) x:g,nel and kniﬁ,kel
3 9 3 3
D i) x=—
(i) 1
T 2n T 5w
U|2nt——, 2nm+— -, —
nelli 3} (ll) 6 6}
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EXERCISE # (O-1)
1.  The number of solutions of the equation sin 2x — 2cosx + 4 sinx = 4 in the interval [0, 57] is -
(A)6 (B)4 )3 (D)5
2. LetA={0:sin(6)=tan(0)} and B= {0 : cos (6) =1} be two sets. Then -
(A)A=B (B)AcBand B-A# ¢
(CO)AzB D)Bz A

3.  The complete solution set of the inequality tan”® x — 22 tanx +1<0 is-

A nn+££x£3—n+nn,nel B nn+££x£3—n+nn,nel
(A) 8 8 (B) 4 4

T 3n s 2n
nm+—<x<—+nmnel nm+—<x<—+nm,nel
© 16 8 D) 3 3
4.  The general solution of the equation tan?o+2+/3 tano=1 is given by -
(A) o= n—;(nel) (B)a=(2n+l)g(nel)

T nm
(C) a=(6n+1) D (nel) (D)a= I (nel)

5.  If2tan® 0 =sec’ 0, then the general solution of 0 -
n n n n
(A)nm + " (nel) (B)nn — 7 (nel) (C)nr £ " (nel) (D) 2nm + 2 (nel)

6.  Number of principal solution(s) of the equation 4-1 6o X Z pbsinx g

(A1 (B)2 ©)3 (D) 4

7. The general solution of equation 4 cos? x+ 6 sin> x =5 is -

3
(A) x=nrx ig (nel)  (B)x=nn i% (nel) (C)x=nm=+ ?n (nel) (D)None ofthese

8. IftanO +tan40 +tan70 = tan0 tan40 tan70, then © =

N B) = 0) = D
() B) © 4 (D)
wheren € [
9. If 17cos20 3, then the general solution of 0 is -
1+cos20
(A) 2nmt £ /6 (B) nmt £ /6 (C) 2nmt £ /3 (D) nt + 7t/3
wheren € 1

10. The number of solutions of the equation 2cos (%j = 3%+ 3% is-
(A) 1 (B)2 <3 (D) None
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Trigonometric Equation

The number of real solutions of the equation sin(e*) = 5* + 5* is-
(A)O B) 1 )2 (D) infinitely many

If xe [—‘%ﬂ ’5771 , then the greatest positive solution of 1 + sin* x=cos? 3x is -

5
(A)© (B) 2n ©) ?n (D) none of these
The general value of 0 satisfying sin® 0+ sin © =2 is-

T

(A)nn (—1)n% (B) 207 +

T T
©ne+ (DS D))
The number of solutions of the equation tan’x —sec'%x +1=01in (0,10)1s -

(A) 3 (B) 6 (C) 10 (D) 11

The solution set of (5 +4 cos 0) (2 cos 0 + 1) =0 inthe interval [0,27] is :

T 21 T 2n 4x 2n Sn
wES e oF3 o

The equation sinx cos x =2 has :

(A) one solution (B) two solutions (C) infinite solutions (D) no solution

Iftan® 0 —(1+ /3 ) tan® + /3 =0, then the general value of 0 is :

(A) n1t+£,n1t+E (B) n1t—£,n1t+E (C) n1t+£,n1t—E (D) nn—E,nn—E
4 3 4 3 4 3 4 3

wheren e |

If0<x<3m, 0<y<3mand cosx. siny =1, then the possible number of values of the ordered pair (X, y)

is-
(A)6 (B) 12 (©)8 (D) 15
If tan26+tanb = 0, then the general value of 0 is -
1-tan Otan 20
nm nm nm
(A)nt;nel (B) = ;nel (C) — (D) —;nel
3 4 6
wheren € [

The most general values of x for which sin x + cos x = I?Eigl {1,a>—4a+ 6} is given by-

(A) 20 (B) 2n7 + g (C) nrt + (1), g —g (D) None of these

wheren e |
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EXERCISE # (O-2)
1. Number of values of x satisfying the equation log,(sin x) +log, ,(—cosx) = 0 in the interval (—r, 7] is equal
to-
(A)O B) 1 )2 (D)3

n
2. Given a2 + 2a + cosec? (5 (a+ X)J = 0 then, which of the following holds good?

X X
(Aya=1;7¢€l B)a=-1; 7 €l

CaeR;x ed (D) a, x are finite but not possible to find

3. Ifthe equation cot*x — 2 cosec’x + a? = 0 has atleast one solution then, sum of all possible integral
values of'a' is equal to
(A) 4 (B)3 ©)2 (D)o

4.  The set of angles between 0 and 27 satisfying the equation 4 cos?0 —2./2 cos®—1=01is

{TC St 19n 237:} {TC Tn 17xn 237:}

A TR TRRTINTY A R TRRTINTY
St 13n 197 n Tn 197 23n
(C){E’E’F} (D){E’E’U’F}
S.  In which one of the following intervals the inequality, sin x < cos x <tan x <cot x can hold good?
wed el e e
4 4 42 4
6. Ifthe equation sin*x — (k + 2)sin?>x — (k +3) = 0 has a solution then k must li¢ in the interval :
A) (-4,-2) (B) [-3,2) ©) (-4,-3) (D) [-3,-2]
7.  The smallest positive angle satisfying the equation 1 + cos3x —2cos2x = 0, is equal to
(A) 15° (B)22.5° (C)30° (D) 45°

8. Statement-1: If sin?%X coss—y =k8—4k*+ 5, where x, y € R then exactly four distinct real values of

k are possible.
because

X 5
Statement-2: sin Y and cos?y both are less than or equal to one and greater than or equal to — 1.

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for statement-1.
(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.

2
(A) one real solutions (B) more than one real solutions

T
9.  The equation 2cos? (EJ sinx = x>+ x2,0<x< B has

(C) no real solution (D) none of the above
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10.

11.

12.

A N

a

10.

11.

12.

13.

14.

15.

Trigonometric Equation

The number of solutions of the equation sinx = x> + x + 1 is-

(A) O B) 1 (©) 2 (D) None
Number of integral solution(s) of the inequality 2sin’x — Ssinx + 2 >0 in x € [0,27], is-
(A)3 (B) 4 ©)5 (D)6

Iftan0— /2 secO=/3 , then the general solution of 0 is -

TR DT WTLT WTL T
(A) nit + (1) 13 (B) nt + (-1) 372 (C)nmt + (-1) 312 (D) nxt + (1) 173
wheren € 1

EXERCISE # (S-1)

1 1
. = —+log.(sinx) —+log;5 cos x
Solve the equation for x, 52 +52 =152

Find all the values of O satisfying the equation; sin® +sin50 =sin30 such that0< 0 < .

Solve the equality: 2 sin 11x + cos 3x + V3 sin 3x =0
Find all value of 6, between 0 & m, which satisfy the equation; cos0 .cos26.cos30=1/4.

Solve for x , the equation ,/13 — 18tanx = 6 tanx —3, where — 27 <x <2m.

Determine the smallest positive value of x which satisfy the equation, /1 + sin2x —+/2 cos3x =0.

Find the number of principal solution of the equation, sinx —sin 3x + sin 5x = cos x —cos 3x + cos 5x.
| | | o [emeonin) i

Find the general solution of the trigonometric equation 3 -2 =2

Find all values of 6 between 0° & 180° satisfying the equation ; cos 60 + cos40 + cos20 +1=0.

Find the general solution of the equation, sin mx + cos nx = 0. Also find the sum of all solutions

in [0, 100].

Find the range of y such that the equation, y+ cos x=sin x has a real solution. For y=1,

find x such that 0 < x<2m.

cos0+sin O

Find the general values of 0 for which the quadratic function (sin@) x> + (2cos0)x + )

is the square of a linear function.

Prove that the equations

(a) sin X + sin 2x - sin 3x = 1 (b) sin X - cos 4x - sin 5x =—1/2
have no solution.

Let £ (x) = sin®x + cos®x + k(sin*x + cos*x) for some real number k. Determine
(a) allreal numbers k for which f (x) is constant for all values of x.

(b) all real numbers k for which there exists a real number 'c' such that f (c) = 0.
(c) Ifk=-0.7,determine all solutions to the equation f'(x) = 0.

If the set of values of x satisfying the inequality tanx. tan3x <—1 in the interval (0,%) is (a,b), then

1S

36(b—a)) .
the value of T
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L =

10.
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EXERCISE (S-2)

Solve the equation : sin 5x = 16 sin’ x.
Find all the solutions of 4 cos?x sinx — 2 sin?x =3 sin X.
Solve for x, (—m <x<m) the equation; 2 (cosx+cos2x)+sin2x(1+2cosx)=2sin x.
Find the general solution of the following equation :
2(sinx — c0s 2x) — sin 2x(1 + 2 sinx) + 2cosx =0.

3x X
Find the values of x, between 0 & 2, satisfying the equation cos 3x + cos2x = sin; + sinE.
Solve: tan2x + cot®2x + 2 tan2x + 2 cot 2x = 6.

X
sec? =
2

Solve the equation: 1+ 2 cosecx =— 5

Solve: tan?x . tan?3x . tan 4x = tan’x — tan3x + tan 4x.
Find the set of values of x satisfying the equality

2cos7x

sin(x —g} - cos(x +%} = 1 and the inequality > peos2x.

cos3+ sin3

Find the solution set of the equation, log_, _ (sm3x+sinx)=log ,  (sin2x).
10 10

EXERCISE (JM)
Let A and B denote the statements
A:cosa+cosfP+cosy=0

B:sina+sinf+siny=0

If cos (B —17) + cos(y — a) + cos(a — B) = —%, then - [AIEEE 2009]
(1) Both A and B are true (2) Both A and B are false
(3) A is true and B is false (4) A is false and B is true
The possible values of 6 € (0, 7) such that sin (0) + sin (40) + sin(70) = 0 are: [AIEEE 2011]
(1) 22,1 An m 3n Sn () T8 1 2n 3n §n
9 49 2 4 9 4122 3 4 9
(3) 2,1 T 21 3m 35w (4) 2%, T T 2n 3m 8n
9 42 3 4 36 9 42 3 4 9
If 0 < x < 2m, then the number of real values of x, which satisfy the equation
cosx + cos2x + cos3x + cosdx =0, 18 :- [JEE(Main) 2016]
(19 (2)3 (3)5 47
If sum of all the solutions of the equation 8 cos x: (COS(%JFXJ-COS (%—Xj—%J =11in [0, ©] is km,
then k is equal to : [JEE(Main) 2018]
13 8 20 2
Ok @ 3 4 3

"]
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Trigonometric Equation

EXERCISE (JA)
-T T nmn
The number of values of 0 in the interval [7»5} such that 9?&? for n = 0, £1,+#2 and
tan0 = cot50 as well as sin20 = cos40, is [JEE 2010, 3]
The positive integer value of n > 3 satisfying the equation
1 vt v [JEE 2011, 4]

SEGER

Let 6, ¢ € [0,27] be such that

2cos9(1—sin(p)=sin26(tan§+cot§jcos<p—l, tan(2n—6)>0 and —l<sin6<—£,
2

Then ¢ cannot satisfy- [JEE 2012, 4M]
(A) 0<(p<E (B)£<(p<ﬂ (c)ﬂ<(p<3—7c (D)3—n<(p<21t
2 2 3 3 2 2
For x € (0, m), the equation sinx + 2sin2x — sin3x = 3 has
(A) infinitely many solutions (B) three solutions
(C) one solution (D) no solution [JEE(Advanced)-2014, 3(-1)]

The number of distinct solutions of equation Zcos2 2x+cos’ x+sin” x +cos’ x +sin® x =2 in the

interval [0, 2n] is [JEE 2015, 4M, -0M]

Let Sz{xe(—n,n):x;to,ig}. The sum of all distinct solution of the equation

V3 secx +cosecx + 2(tanx —cotx) =0 in the set S is equal to -

[JEE(Advanced)-2016, 3(-1)]
Ay - B) -~ C) 0 D) 2=
A~ B) (©) @ 5

Let a, b, ¢ be three non-zero real numbers such that the equation

T T
\/gacosx+2bsinx:c, X € [_E’E}

T
has two distinct real roots o and 3 with a0 + 3 = 3 Then the value of N is

[JEE(Advanced)-2018, 3(0)]
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ANSWERS
EXERCISE (O-1)
1. C 2. C 3. A 4. C 5. C 6. C 7. B 8. C
9. D 10. A 11. A 12. B 13. C 14. A 15. C 16. D
17. A 18. A 19. B 20. C
EXERCISE (0-2)
1. B 2. B 3. D 4. B 5. A 6. D 7. C 8. D
C 10. A 11. C 12. D
EXERCISE (S-1)
T n o 2n 5m nmw 7 nm In
. x=2nm+ c0, =T, . X=oTo-OrX=— 4
1. x=2nn 6,neI 2 0,6,3,3,6&75 3. x 7 84orx 4+48,nel
2
4. E,E,ﬁ,s—n,z—nj—n 5. ao-27n; a—m,a, o+, where tan o= — 6. x=7/16
838 8 3 8 3
T
7. 10 solutions 8. x=2nn+§ 9. 30°,45°,90°,135°,150°
1
10. x=n-7,nelsum=5025 1L —ﬁSygﬁ;g,n 12. 2nn+§ or 2n+1)x —tan"'2 , ne I
4. (- >: (b)k [—1 —l] - LT 15. 3
c@- 5 ke | LS l@x=" 5 :
EXERCISE (S-2)
_ — E . ni n 737.[ H __TC+
1. x=nxn or x—nni6 2. nm; nm+(-1) 0 °r nn+(—1)( 10) 3. 3 AT
_ — 1y (T = 1y T m Sn 9_n 13_7[
4. x=2nm or x=n7+(-1) ( Zj or x=nm+(-Ip L 5 2320
L AT BT 'S S - _r
6. x 1 +(=1) g or +(-1) 4 7. x=2nmn 5
@n+D)n 37 Bl :
8§, 27" 'kn, where nkel 9. x=2nn+7,nel 10.x=—? 3
4 £
i
EXERCISE (JM) £
L1 2.1 3. 4 4. 1 g
EXERCISE (JA) :
3
1. 3 2. 7 3. ACD 4. D 5. 8 6. C 7. 0.5 2
3
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Important Notes
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