TRIGONOMETRIC EQUATION

1.

EXERCISE - 1
Single Choice
2 cos X =4/2 + 2sin2x
2cosx =+/1+sin2x = |sinx+cosx|

=

1 .
— COSX =|—=(SInX+CcOSsX
‘\/E( )

y

= COSX =

. n
sin| x +—
( 4j‘

= see from graph or we can put values given in
options to verify.

4sin0.cosO — 2cosO — 2 \/5 $ind ++/3 =0
— 2c0s0 (2sind —1) — /3 (2sin6 -1) = 0
= (2sin —1) (2cos0 — /3 )=0

3

1
= sinb= —,cos 0= —
2 2
tan’x —sec'’x +1=0
= secx—1-sec’x+1=0
= sec’x (1 —sec®’x)=0 = secx=1
= x=m2m 3%

= cosx=x=lI

Since tan 6 <0 and cos 0> 0, 0 lies in the fourth quadrant.
Then 0= "7m/4
Hence, the general value of O is 2nn+ 7n/4,n € Z

For the given relation
cos 0= (2 sin O cos 0) sin 0, sin 6 = 0

1
or sin@=+-—F=or cos0=0
2

g3
or = 4: 4 ) 2
Then the sum of roots is 37/2

HINTS & SOLUTIONS

7. sinx + 3sin2x +sin3x = cosx + 3¢0s2x + cos3x

= 2sin2xcosx + 3sin2x = 2¢c0s2xcosx + 3¢c0s2x
= sin2x [2cosx + 3] =cos2x [2cosx + 3]
= tan2x=1
2x=nm+ 7n_n+£
= 2x=nm =Xx= > '3
E 5= 13nggn
*Tgrg 8 8
g cos30 3 l
" 2cos20-1 2
= 2(4cos’0—-3cos0)=2(2cos*0-1)—1

= 8¢0s’0—-4cos’0-5¢c0s03=0
= (4cos’0-3)(2cosO-1)=0

1
= cosez—,iﬁ

2 2

Na

But when cos 6 = iT then 2cos20-1=0

rejecting this value,

1
cos 0= —

> is valid only

= 9:2nni§,nel
9. cosx+cos2x+cos3x+cosdx+cosSx=0
2 cos3xcos2x+2cos3xcosx+cos3x=0
cos3x[2cos2x+2cosx—1]=0
x=@n-nE = I 32T _g
6 6 6 6

132 _
4

2

27 equation gives cos x =

10. We know that
tan X - tan 2x - tan 3x = tan 3x — tan 2x — tan X
hence tanx+tan 2x +tan 3x =tan 3x —tan 2x —tan X
= tanx+tan2x=0

tan 2x =tan (— x)

2X=nm—Xx
nrw
X= ?, nel

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141

B3



MATHS FOR JEE MAIN & ADVANCED

1 )
= Yy
cosx l-cosx
1 i S T
= COSX=—=coST; X=2nm+ —
2 3’ 3 2
12. f(x)=cos’x +cos?2x + cos?3x
=1+ cos*x + c0s22x —sin?3x = 1 + cosx + cos5X - cosx X

=1+cosx[cos x+cos5x]=1+2 cosx - cos2x - cos3x

1
=> cO0sX - c0s2x - cos3x=0 if xe(0,1)then X +— € (2,0) forx>0
— 1 — - = X
now f(x)=1 if cosx=0 or cos2x=0 Hence there are infinite solution
or cos3x=0

. . 15. 2sinx+ 7 cos px =9 is possible only if sinx=1
x:(anl)E or x:(anl)Z and cos px=1

n
=@n+1)= L
or x=(2n-1) % x=(4n+1) > and  px=2mn

2mn
{n n3nm Sn} = x=—— (mnel
= Xei-,—,—,—,— p
24 4 6 6
= number of values of x=15 (4n+1)g:2ﬂ
( 2 _1)2
13, f(0) cosec” X _ 4m
(cosec’ x —1)+1-cotx +cotx ’ =~ PT un1

defined forR—nm,n e 1 p € rational

f(x)= M 16. 22+4sin2x _ 26sinx
1+cot” x = 2+4sin’x=6sinx
b in?x —3sinx+1=
fx)=0 = cotx=0 = x=Cn-1)= = 2sinx-3sinx+1=0
2 = (2sinx—1)(sinx—1)=0
n 3n S5n 1997 1
X:E,T,T, ~~~~~~~~ ', sinx:z or sinx=1
L T Stom
sum= —[1+3+5+.... +199] == = =
2 6062
(100 solutions)
100 17. sinfx+acosx+a?>1+cosx
s
= ?7200 =50007 Putting x =0, we get
or a+a?>2
| or a?+a-2>0
14. COSX-Sin(X-l-;j =0 or (a+2)(a-1)>0

or a<-2ora>1

cosx=0 = X TC/ 2 Therefore, we have the largest negative integral value of
1 1 a=-3.

sin(x-i——j =0 = x+—=nm,nel + -~ +
X X —_—
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TRIGONOMETRIC EQUATION

EXERCISE -2

Part # I : Multiple Choice

1.

sinx + cos®x = a?

= (sin’x+ cos?x) (sin*x + cos*x — sin’x cos?x) = a?
= (sin’x+ cos?x)?—3sin*x cos? x = a’

= 1-3sin*xcos’x =a?

4(1-a
= I—Zsinsz:a2 (—a):sinZZX
4
= 0< 3 (1-a)<l
1-a2>0 and 4 -—4a’<3
a’< 1 and l<a2
1 S
1<a<1 d >l < 1
— a an a> 5 or a<— 5
1 1
L,—= -1
ae[ 2}\)[2 }
sin? X — cos 2x =2 —sin 2x
= sin’x—(1-2sin’x)=2-2sinx cos X
= 3sin’x+2sinxcosx=3
Case-l :cosx#0
3
o 3tan’x +2tanx =3 (1 +tan’x) = tanx=5

Case-Il :cosx=0
T
= 3(1)+2(£1) (0)=3 which is true ... x:(2n+1)5

sin*x — cos?x sinx + 2sin?x + sinx =0
or sinx [sin®x —cos?x +2sinx + 1]=0
or sinx[sin®*x—1+sin’x +2 sinx +1]=0
or sinx[sin®x + sin*x + 2 sinx] =0
or sin’x=0orsin’x +sinx+2=0
(not possible for real x)
or sinx=0
Hence, the solutions are x =0, 7, 27, 37.
c0s’x + c0s?2x +cos?3x = 1
= cos*x —sin?2x + cos?3x =0
cosXx cos3x +cos?3x=0

cos3x (cosx +cos3x) =0

U Uy

cos3x cos2x cosx =0

U

T
x=(2p+1)g

I
x:(2q+l)z, 56l

T
x=2r+ I)E,nel
e

3

= x=nn+ L also satisfy the equation.

6
1 f 1
y+—22 = |y+—2=2
y y

Butsinx +cos x < \/5

1
= y+ ; =2 and sin x +cos x = /2

y—landsin(x+%j :loryZIandx:%

3 —2c0s0 —4sind — cos26+ sin20 =0
sin20 — 2¢0s0 + 3 — 4sin6 — (1 — 2sin?0) =0
2¢0s0 (sinf — 1) + 2sin’0 — 4sinf +2 =0
cosO(sin® — 1)+ (sind - 1)>=0
(sin® — 1)(cosO +sinf—1)=0

1

in0 =1 (e—ﬁj - 7=
sin! or cos 4 \/5

0=2nm+ — or O - — =dmu+ — .2 z
fnnzor 47m1t 4,mn—4

T
0=2mn+ E,Emn

30=nn+(-1)"(3a)
30=30; 30=n-30a; 30=—7n—3a
or 30=2n+3a; 306=-2n+3a

—a; 6—(E+aj;
3

2
e—(z—“mJ; 0=— T 13q
3 3

Hence 0=a; 0=

w|3a

= cose—cos(giaj or cose—cos(z?nioc)

= (A),(B),(C)and (D) all are correct

B3
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10.

11.

13.

14.

Squaring and adding the given equations,
4+9+12sin(x+y)=25

= sin(xty)=1 :sing

x+y=2nn+ g :(4n+1)§ nel= (A

i i
if x+ty=— = y=—--x
Y72 72
i . 3 4
S5sinx=3 = sinx=_ or CosX= T
5 5
3 . 4
alsocosyzgandsmy:g; hencey>x = (D)

lyx= "2 and - in (0, 7) satisf
only x = 4 an 2 in (0, 1) satisfies

2¢0s°30 + 3¢c0s30 + 4 = 35in?30

= (cos39+%)(20052 39+2cos39+2)=0

2
= cos39:—% = 36:2nni?7C

= ezzﬁiz_n

3 9

sino. — cosa - tanf = tan(a. — B)
sinacosp—cosasinf  sin(a—p)
B cos(a —P)
sin(ot — B) cos(a— B) = sin(a. — ) cos B
sin(o. — B)[cos(aa—B)—cos B]=0
© sin(a—P)=0 or cos(aa—B)=cos B

cosf

o—B=nn a—B=2mn+f
oa=nn+f () a=2mn+2
) a=2mn
A, B, C are correct
. c0s360 = cos3a put n=0,1

30=2nn+ 30

30=30 or —3c or 2n+ 3o or 230

2 2
O0=o or —a or =—=+4+q or ?—oc

3
= (A),(C), (D) are correct

16.

17.

18.

ifn=-1
30=-2n+3a
21
=_ —=xa
0 3

sin® = sin(—ﬁi(xj =— sin(ﬁia]
3 3
——sin(n—zi(xj ——sintn—(ﬁian
3 3
——sin(ﬁiaj
3

hence (B) is not correct.

cos4x cos8x — cos5x cos9x =0

= 2c0s4x cos8X =2c0s5x cos 9x

= cosl2x+ cos4x =cosl4x + cosdx
= 14x=2nm = (12x)

= 2x=2nmor 26x=2n7

nmw
= X=nm or —
1
. sinx=0 or sin13x=0

LetE=sinx—cos’x—1
= E=sinx—1+sin?x—1=sin’x+sinx—2

(. 1T 9
=|SInx+— — —
2) "4

1 3 N
> = x=nn+(-1) —g .

assumes least value

whensinx= ——

cosx.cosbx =—1

= Eithercosx=1 and cos6x -1

or cosx=-1 and cos6x=1

= x=2nm and cos6x=-1

or x=2n+1)n and cosbx=1

If x=2nmthen cos6x cannot be —1

However ifx =(2n +1)n then cos6x=1
x=Cn+1)n
x=(2n-1) m is also as above.

B3
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TRIGONOMETRIC EQUATION

I
Part # I1 : Assertion & Reason EXERCISE -3
Part # I : Matrix Match Type
1. (sinx+ cosx)!"inx=2

: (sinx+cosx)’ — m m m
= (sinx+cosx) 2 1. (A) |tanx]= — = tanx=— & tanx=-—
n n n

Now we know that the maximum value of

. . . In [0, 27] it has 4 solutions
sin X + cos X 1S \/5 which occurs at [0, 27] u

x=T7/4 for 0 <x < m/4. (B) cosxtcos2x+ cos3x + cosdx +cos5x =5
Also, the given equation has roots only if = COSX=C0S2X=C0S3x=cosdx=cos5x = 1
sinx+cosx= \/5 = X720,T,X=N,T,
Hence, there is only one one solution for 0 < x < /4.
. T n,m 2n57
Thus, the correct answer is (A). x=2n, ? ,X :T ,X= 5
2. We know that sin®x < 1 and cos?y < 1, then = x=0,2mare common solutions.
sinx + cos?y <2 1
Also, sec’z > 1, then 2 sec?z > 2. © 2l-leosx — 4
Hence, the given equation is solvable only if 1
in2 2y = 2, = i = ———— =2=1-|cosx|=
sin? X + cos?’y =2 and 2sec” z = 2, for which 1| cosx| | | )
sin’x, cos?y, sec’z = 1
. _ 1 1
Then sin z, cos y, sec z ==*1. = |cosx] :5 — CcOSX :if

Hence, statement 1 is false and statement 2 is true.

) ] In (==, ) there are 4 solutions
3. Draw the graph of y = sin x and y = 1/x and verify.

(D) tan® + tan26 + tan36 = tan6 tan20 tan30

X y =1/ = 0+20+30=nt = O=nn/6
o T 2n
/ , yosmXx = 0= 33 satisfy equation only.

2. (A) sin’0+3cos0=3 = 1-co0s%0 + 3cos0 =3
= c0s’0—3cos0+2=0 = cosO=1,2
=cosb=1 (> cosO#2)= 0=0in [-7, 7]

.. No. of solution =1

sin4x

(B) sinx.tan4x =cosx = sinx. =C0sX

cos4x
= sin4dx sinx —cos4x cosx=0 = cos5x=0
= 5x=2n+1)12 = x=2n+1)7/10

_ & 3moSm Tm Om o
=X=10°10° 10> 10° 10 (O™
y

X

y=2

So there are five solutions.
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(C) (1—tan’0)sec’d + 2tan’0_ )

= (I—tan*0)+ 22°0=¢
= (1-x)+2*=0 where x=tan’0
= 2x=x*-1 = x=3

= tanezix/g

T . T T
=+ Ty
= 0 3 1n( > Zj

Number of solutions = 2

= tan’0=3

(D) [sinx]+ [\/Ecosx] =-3
[\/Ecosx] =-2
and —2<+[2cosx <1

= [sinx]=-1 and

= n<x<2rn

= —2<cosx<—L
- V2
= 71<cosx<—L
B 2
5n
= TCSX<T for x €[0, 2x]
Snt
RSX<T,X€[O, 27]

5T 5w
<X <— 2T <2X < —
4 = 2

— 0<sin2x<1 = [sin2x]=0

3. @A)

o~

—3TEU-2TE - \40 “UZT{ 3r

Number of solutions = 6

+
(B) sinx= 2_2\/8_ =12

=sinx=1- \/5
As sin x takes at least four values
4y

(@) 27:/\37[ 4
12l X RS

in[0,nm] . n>4

(C) 1 +sin*x=cos?3x
LHS.>1andR.H.S.<1
LH.S.=RHS.=1
= sin*x=0andcos’3x=1 = x=nmand3x=mn

mm

= x=nmandx= ——

= x=nmand3x=mn 3

= X=nNn
5 0.1 27 -5t Sm
= =4, T, U, T, B -
X T, —TT T, 2TTIN 2 5

.. Number of solutions = 5.
(D)A,B,CareinA.P. = B=60°

1
Assin (2A+B)= 3 = 2A+B=30°0r 150°

= 2A=-30°0r90° = 2A=90°
= A=45°

5m
C:180°—A—B:75°:E Sop=12.

Part # II : Comprehension

Comprehension 1

1.

i

X’ — (1 + cos0 + sinB) x* + (cos0 sind + cosd + sinf)x
—sinBcosB=0
Given cubic function is
f(x)=(x—1) (x—cos 0) (x—sin 0)
Therefore, roots are 1, sin 6, and cos 6
Hence, x> +x,” +x,=1 +sin’ 0+ cos’ 0=2
Now if 1 =sin 0, we get 0 = 7/2
If1=cos0,then0=0, 27
and if sin 0 = cos 0, we get tan 0 = 1.

_mm
Therefore, 6 = 12
Therefore, the number of values of 0 in [0, 27t] is 5.
Again the maximum possible difference between the two
roots is 2.
1 —sin =2, when 0=3n/2

or 1-cos0=2 whenO=n

Comprehension 2

1.

4sin3 x + 2 sin?x — 2sinx — 1
=(2sinx+1)(2sin?x-1)=0
sinx =— —, % L
27 2

there are 6 solutions.

B3
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TRIGONOMETRIC EQUATION

10tanx

2. 3=cosdx+ 3
1+tan” x

=cos4x + 5 sin2x
ie 3=1-2sin%22x+ 5 sin2x

i.e sin2x= —

ie x=7

5

i
6’ 6
Thus there are two solutions.

2x =

3. (i) when tan x > 0, then the equation becomes

1
tan X =tan x + i.e =0 (not possible)
cosX cosX

(ii) when tan x < 0, then the equation becomes
1

l.e sinx=-—=
2

—tanx =tan x +
COSX

i
6

X = is the only solution.

Comprehension 3
. 7 . 7
1. sin®x +cosblx < — = 1-3sin’x cos?x < —
16 16

) 3 ) 3
= sin?x cos’x > — = sin?2x > 1

16
1—cos4x 3 3
= Y > 1 = 1—cos4x>§
1
= cos4x < )
o 2n 4n
= Principal is value 4x G(T, ?j

/\\2,@3 4,'1/3/_\

S

= General value is 4x € (2nn +2—;, 2nmw+ % j

nct W NT T
= x€|—+—,—+— |,nel
(2 6 2 3)
2. cos2x+5cosx+32>0
= 2cos?x+ 5cosx+2 =0
= (cosx+2)(2cosx+1) =0

= 2cosx+12>0 (¥ cosx +2>0)
1 [2n2n

= COSX > —— = Xe€|— —
2 33

T
3. 2sin2(x+zj+ 3 cos2x>0

/\7“/2 /6 76 | 3112
\/ =12 \_/

T
= 1-cos (2x+5j + +3cos2x> 0

= \/gcos2x+sin2x2 -1

B

= —cost+lsin2x2——
2 2 2
. ( n] 1
= sin| 2x+— |=>——
3 2
T b T
— €|2nt——, 2nw+—
=W+ 3 [ 6 6}
T 5w
= 2x€|2nn——, 2nn+—
2 6

[ T 57‘[:‘
= xe|nt-=, nrt+—
4 12

T n 5w 3n n
_Tc, T T ]
= Xe€ D o 4’12 o 4

in [— T, TC]
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EXERCISE - 4

Subjective Type
1 sin“(ij + cos“(ij > l(n e’Z)
’ 3 3 2
or 1-2sin? (EJ cos? (Ej > 1
3 3 2
1 2x 1
17 —qin?|l — |>—
or 5 sin ( 3 J 2

or sin’ (ﬁj <1
3

which is always true except when sin?(2x/3) = 1.

This means 2x/3 = nn £ (7/2)

or x=03nn/2)£(3n/4),neZ

Hence, solution set of the inequality is
R—{x:x=0C3nn/2)+ (3n/4),n € Z}.

2. sinx+siny=sin (X +Yy)

or 2sinx;ry[cosx_y—cosx+y}=0

2 2
or 4sinx+ysin§sinzz
2 2
(a) sinx+y:0 = xty=2nn,ne”Z

= x+ty=0
> +y=1 =>-1<x,y<1)

(b) sine=0 = x=2mn,me Z
2
= x=0
(©) sin%: = y=2pn,pe’Z

From [x| +|y|=1

If x=0, thenly|=1

If y=0, then|x|=1

If y=-x, then|x|+|-x|=2
= Hence, solutions are

= y::I:I
= x==I

(0,1),(0,-1),(1, 0), (-1, 0), (%, —%) ,and (—l, l)

3. tan(ﬁcos 6) = cot(ﬁsin Gj =tan (E—Esin 9)
2 2 2 2

= Teoso=nn+ L _T sinf,n € Z
2 2 2

T . IS 1
or —(sin@+cos®)=nn+ — =N+ |7
2 2 2

or sin®+cosf=2n+1)
. i
= 2s1n(9+2) =2n+1)

Hence, n =0, —1 are the only possibilities.

However, for the values of m =2k, k € Z, the equation
is not defined.

Hence,6:(2k+1)g, where k € Z
N ] . Y -
sin’x + Zsm 3x =sin x sin® 3x
- . - 1 .,
or sin®X —sin X sin 3X+Z sin®?3x=0
1 2
or (sinx ——sin’ 3xj *2 sin® 3x(1 — sin? 3x)
2
. 1., 1
or s1nx—551n 3x +Z sin?3x cos?3x=0
1 |
or (sinx——sinZSXJ +E sin? 6x=0
. 1. .
or s1nx7551n23x:03nds1n6x:0
or 2 sinx=sin?3xand sin 6x=0
From sin 6x=0,x=kn/6,k € Z

From here, we choose those values which satisfy the
equation 2 sin x = sin? 3x .Now,

. 2. km o km |1, if kis odd
sin“ 3| — [=+sin?—= ) )
3 2 0, if k is even

= sinx=0 or =
2

X=NTorx=nm+ g D" ,neZ
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TRIGONOMETRIC EQUATION

) ) 3. 8.
sin* x + cos* x — 2 sin’x + Z sin?2x=0

or (sin?x + cos?x)?—2 sin®>x cos? x — 2 sin’ x
3
+—.4sin’x.cos’x=0
4
or 1-2sin?x+sin’x.cos’x=0
or sin*x+sin2x—-1=0

J5-1
2

or sin’x=

cost:2—\/§

= x:nni%cos”@f\/g),nez 9.

. . . 3
Given sin’x cos3x + cos’x sin3x + 3 =0

= sin’*x(4cos*x — 3cosx)

3
+ cos’x (3sinx — 4sin’x) + 3 0

. . 3
or 3sinx cosx(cos’x — sinx) + 3 0

or §(sinx cosx) cos2x+1=0
or 2sindx=-1

or sindx= ,l
2

x:ﬂ-ﬁ-(—l)“*1£ ;neZ
4 6

29
sin'®x + cos'’ x= 16 cos*2x

1-cos2x ) l+cos2x) 29 A
+ =— cos*2x
2 2 16

Let cos 2x =t. Then,

1-t) (1+t) 29,
4] == ==
2 2 16
or 24t*—10t2-1=0
or 22-1D(12t2+1)=0

el
or 5
-5 (g5) (3]
or cos?2x=—=|—=| =|cos—
2 V2
or 2x:n7tﬂ:E
4
or X:Eiﬁ,nez
2 8

13 -18tanx =6tanx—-3 .. (i)
= 13 - 18 tanx = 36 tan’x + 9 — 36 tanx
= tanx:z —l

3’ 6

2
Put in (1) = tanx = 3 is correct

= X:nn-lrtan*lg

=nmt+aoa=a, 7‘+0%—7T+01,—27r+ain(—2n, 27r)
2
(sin26+\/§cos 26) -5 =cos (%—29]

1 3 ’ n
= 4 Esm29+700526 _005(3_29)_5:0

= coSs (%—29) =—-l=cosm

T 20 —nns 20== 2
= 6 =2nw+mn = s nm o
2w nm _In 1o
=9 T TV
—seCZEXj
1+ZCosecx:—2
’ 2
2 -1
= 1+ = =
sinx 14+cosx
= (2+sinx) (1 + cosx) =—sinx
= 2 +2cosx + sinx + Sinx cosx =—sinx
= 2(sinx +cosx)+sinx cosx +2=0

Put sinx+cosx=t
= 1+2sinxcosx=t>

2

2t+ +2=0

= t+4t+3=0
= t=-1,-3

B3
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-1

. Y
= sinxtcosx=-1 =>cos|X——|=—= =cos—
4) 2

R 13—71 =2nn+m,2 =
4—mc 4:>x— nm -+, nnf2

= x=2n7+ n at which cosec x is not defined

= X—

o ©
X= IlTC—2.

11. sin?4x + cos’x =2 sin 4x . cos*x

= sin*4x — 2sindxcos*x + cos’x =0

= (sindx —cos*x)? + cos’x —cos®x =0
= (sindx — cos*x)>+ cos’x (1—cos®x) =0
= sindx—cosx=0
and cos’x (1-cos®)x) =0

From (2) cos’x =0, 1

Case-I cos’x=0

= 4x = 4nnt2n

sin4x=0
= equation (1) is also true
Case-II cos’x=1 = sin%x=0

= X=nm equation (1) becomes

T
0—-1=0 false solution is X = nﬂia

3n

EXERCISE - §

Part#1 : AIEEE/JEE-MAIN

1.

Clearly, given equation is defined for x = 7/2, 37t/2.

Now,  tanx +secx=2cosx

= 1 +sinx=2co0s’x
= 2sinXx+sinx—1=0
= (2sinx—1)(sinx+1)=0

1

= sinx= E,sinx=—1
_" g
: X_67 6 2 2 : X_67 6

Given equation is 2sin’x + 5sinx —3=0

= (2sinx—1)(sinx+3)=0
1
= sinx = 5 (> sinx #-3)

y

Ol /6

It is clear from figure that the curve intersect the line at

four points in the given interval.

Hence, number of solutions are 4.

We have,
sinf = sin40 + sin70 =0

= (sinB +sin70)+sin4d0 =0

= 2sin40 cos36 +sind0 =0
1
= sind0=0 or cos36 275

2n 4n 8n

= 40=mx,2mn, 31 or 39:?,?,?

2n n © 4n 3n 8=

B3
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TRIGONOMETRIC EQUATION

4. cosz(x+

T s LT
) + cos? x — 200s(x+—) cos— =sin?=
6 6 6

o la

i ) b1
:>cos2(x+—j+cos2xsm2£2005 x -2 lcos X =
6 6 6 6

= cos{x+£j + cos(x+£j COS(X_EJ
6 6 6

:>—200s(x+£jcosE =0
6 6
b T i b
:cos[x+—j cos[x+—j+cos[x——j—2cos— =0
6 6 6 6
= cos(x+Ej{2cosxcos£—20082}:0
6 6 6
T i
= 2cos(x+gjcos5(cosxl)—0

T
= COS(X+gj (cosx—1)=0

b b
= x+ g :iz or,x=0
T 2n
:ng’,?’o
T T T
= XZO’E [ XG(—?EH
5. cosx+cos2x + cos3x +cosdx =0

20055—X .cos2 +20055—X .cosi =0
2 2 2 2

200s5—X X 2COSX.COS£ =0
2 2

n+Dn (2k+1
x:(n; )m ( ;)n,(Zr-l-l)Tt,

wheren, ke Z or

0<x<2m
n 3%

Hencey - % 3% 5 27 9n 3
enCeX*Sssa & 5559252

Part # II : IIT-JEE ADVANCED

1.

Then the equation becomes

a b b
b a bl=0
b b a

To simplify the determinant, let sinx =a; cos x =b.

Operating C, - C, - C,; C, » C, - C,, we get

a b-a 0
b a_b b_a :0
b 0 a-b

or a@—b)2—(b—a)[b(a—b)—b(b-a)]=0
or a(a—b)>-2b(b-a)(a-b)=0
or (a—-b)*(a—-2b)=0

or a=b or a=2b

or =1 or =2

a
b
= tanx=1 or tanx=2

But we have — ESXSE
4 4

= tan i <tan x < tan il
4 4

= —1<tanx<1
tanx =1 = x=n/4
Therefore, there is only one real root.

We know that

—Ja?+b? <acosO + bsind < \/a?+b’

= —J74<2k+1<74

= —-8<2k+1<8 = —4.5<k<35
Considering only integral values, which means k can
take eight integral values.

N SN

oa—pB=0,-2r or 2n

1
a-Bf=0 = a=pf = cos2P ~ e
This is true for '4' value of 'al', 'B'
Ifa-B=-2n
= o=-7n and B=mn and
= (No solution)
similarly ifa—p =2n

cos(a+B)=1

= oa=mnand3=-m again no solution results

B3
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2sin%0 — 5sin@ +2 >0
= (sinf-2)(2sin6-1)>0

Aky
0 = n/6
0 = 51/6 12
/ >
7 “\/Qn
. 1 :
= sinb< 5 [ -1<sin0<1]

From graph, we get g ¢ (0, Ej U [S—R, 275)
6 6

We have,
2sin0 + sin?20 =2
= 1-c0s20+1-cos20=2
= c0s20(1 +c0s20)=0 = c0s20=0 orcos20=-1

0= L or cosdm= o= =T
= qu or cos2m=m = =12
We have
(y+2) cos30 =xyz sin30 ...(i)
. 2cos30 2sin30 .
xsin30 = +— ...(ii)
z
xyz sin30 = (y +2z)c0s36 + ysin36 ....(iii)

From (i) and (ii), we get
y(cos30 —2 sin30) —z cos30 =0
From (ii) and (iii), we get
y(cos30 —sin30) =0
Since the given system of equations have a solution
(X ¥ Z,) such thaty , z, = 0
cos30—-sin36=0—= tan30=1

39= &% 0" _ T
= VT, 12’1274
Hence, that are three values of 6.
2sin’0 —cos20=0 L. (i)
1
= sinb= = ) = 2c0s0—-3sin0=0 ... (i)
1
—2sin’0 —3sin@ +2 =0 = sin0 = 5 -2
So sind = ~ s the only solution at 0= =,
osind = - is the only solution  at 6=, ~
tan6 = cot50
sin®  cos560

cos0 - sin 50 = c0s60=0

11.

T

T
= 697(2n+1)5 = 0=2n+1) 12,neI

5

m oon .
41y (i)

Stoom T T
12° 47 12°12°
sin20 = cos40
= sin20=1-2sin?20

= 0=-

= 2sin?20 +sin20—-1=0

1 T
= sin20=-1,= = 29=(4m—1)5,107f+(—1)p

2

T T pr T
5 = 6:(4m71)z, 7+(—1)P5;m,peI

T m 5m .
= e:_Z’E’E ...... (i)
From (i) & (ii)

Number of solution is 3.

Astan(2m—0)>0, 1 <sin6<§,9 e [0, 2]

31 g 38
=2 B

Now 2co0s0(1 — sind) = sin’0( tan 6/2 + cot 6/2)cosd — 1
= 2co0s0(1 —sind) =2sinb cosdp — 1
= 2cos0+ 1 =2sin(0+ ¢)

As O e (37“,5?%) = 2cosb+1€(1,2)

1
= 1<2sin(0+¢)<2 = 5<sin(6+¢)<l

As 0+¢e[0,47]
3% 17

= 0+pe (E%"J or 0+¢e (?’t?ﬂj

5m 131 17n

6
- gfe<¢<? 0 or —— —0<¢<—— -0

( 3 Zch (27: 7ch
= ¢e|——— Y| ——
23 3 6

3n Sm o
Q06e 73 )| - correctoptionis (A, C, D)

/3 secx + cosecx + 2 (tanx — cotx) = 0

= /3 sinx+ cosx + 2 (sin*x —cos’x ) =0
. . T
= 3 sinXx +cosx—2c0s2x=0—= s1n(x + 5) =C0s2X

cos(m/3—x)=cos2x = 2x=2nn+(n/3-x)

_2m, o &
X= 3 9 or X=2ZNT— 3

—100°-60°+20°+140°=0
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TRIGONOMETRIC EQUATION

B MOCKTEST oy

1
coth =— = tanf=- —=
\/g \/g
) 1
cosecH =—-2 = sinb =-— 5
.. T
0 liesin IV quadrant .. 0=2nm-— s

2.2co0s0/2.cos0/2

_ 2
2sin©/2 .cos0/2 (1+cotd)
2
w = cosec?0 + 2cotO
sin©

or 2+ 2cosO = cosecH + 2cos0O
e
or sinf=12 = 9:nn+(71)“g

©

We have tan® = — 1 and cos® = 1/~/2

The value of 0 lying between 37/2 and 21 and satisfy-
ing these two is 7m/4. Therefore the most general so-

lution is ® =2nw + 7n/4 wheren € Z.

12c08?0 —6+ 1+ cosO+2 —2co0s’0=0
or 10cos?0+cos6@—-3=0
or (5¢c0s0+3)(2cos0—-1)=0

b 31
= cosh=— 505
972 -1 é E
= 3,15 cos 5) 3
D)
Since sin® — cosO = 0
tand = 1
T 3n
and also to define tan0 , 0 # 2
n St ® 3n
ei_,_:_a_
44 2 2
Now

sin?0 + cos?0 + sinBcos — [sinb|cosO — 2 tand cotd = —1
= 1+cosO(sinf —|sinB) —2=—1
= cos0(sind — |sin 6]) =0

8.

10.

cos6x (1 +tan’x)=1—tan?x

1—tan’ x
Oor Cos 6X = ———5—
1+tan” x
orcos6x=cos2x or 6x=2nmw+2x
_mm o
= Xy
_o T 3 Sn gl ,
= X= s 4 b} 4 , T, 4 D 4 5 &TC
n 3w )
(At,x= R 7,tanxdoes not exist)
B)
note : sin 6 # cos 0

3 3
— 0¢ (O,g)u(n,%j : eig,jn, 0.7 27

and equality holds if 6 € (g , n)

(B)
o1 T
—ESOSE = -1<sin6<1
Here 0 <sinf <1 log,  cos20 =2
= co0s 20 =sin?0 = 1—2sin’0 =sin%0
1
= 3sin’0=1 = sin’0= 3

. 1 . . .
sin=— { 0<sinB< 1} a unique solution.

NG

1

1+sinx _ 1—cos2x

1 1+ cos2x
1-sinx

l-sinx  1-cos2x

l+sinx  1+cos2x

_ sin’x .
l+sinx  (1-sin’x) —smx=

(7 sinx#zx1)

©

Given equation sec* (a+2)x+a’—1=0

= tan’(a+2)x+a*=0

= tan’(a+2)x=0 and a=0

1-—sinx

N | —

= tan’2x=0 = x=0 r.z
2702
(0,0), (0, n/2), (0,— n/2) are ordered pairs satisfying

the equation.
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11. 4sin*x + (1 —sin?x)*=1 and lsinx +cosx| < +/2
5 sin*x —2 sin’x =0

1
sin’x (5 sin’ — 2) = 0 Hence, y + ; =2 and sinx+cosx= \/5

b
= sin’x=0; sin’x= % which is possible fory= 1, x = e
— x=nn:nelor cos2x=1-2sin>x=1— % 18. The given equation is equivalent to
tan(0+20+30)=0
L or tan60 =0
COS2X = = =CoSa
5 Then, 606=nn
2x=2nm+a
) nm
~ :I:l l(lj | o 6:?,ne1
x=nn+ o cos'|g)ine
) ) T m2n 5w
12. 7 2sin2x cosx + sin2x = 2¢0s2X cOSx + c0os2x In(0,t) wehave 8= 532376
= sin2x (1 +2cosx) = cos2x (2cosx + 1)
. 5
= (2cosx +1) (sin2x—cos2x) =0 However tanf and tan30 are not defined at g,%,%
1
= cosX=-— 7 or tan2x =1 T 2n
2 33 are the only solutions.
2n
= x=2nn+ —_—,nel ) )
3 19. sin(cosx) = cos(sinx)
nm 7 T
or x="r-+g.ne I = cos(sinx) = cos (E—cos xj
15. sin*x —cos2x =2 —sin2x n
= sin’x — (1 — 2 sin®x) = 2 — 2sinx cosx = sinx=2nm=+ (E —cos XJ ;nel
= 3sin?x + 2sinx cosx =3
Case-l :cosx#0 = sinx+cosx= (Zn i%) i

3tan’x +2tanx=3 (1 +tan’x) = tanx=

N | W

Squaring

Case-II :cosx=0 1
= 1+sin2x= (znigj o

. 3(1)+2(£1)(0)=3 which is true .- x:=(2n-kl)%§

2
= [sin2x|= (2ni%) T—1

16. 2°+27>2
= sinx>2 (impossible) s
7 [sinx|<1 But [Zniéj w>2forall nel

17. y+ ; >2  (AM>GM) |sin2x|> 1 which is inadmissive.

Hence, the given equation does not possess real roots.
and sinx>0

1
— [y +;j 22 (x lies in I and II quadrant)
2nr<x<(2n+Dmnel
or sinx+cosx:=> \/5
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TRIGONOMETRIC EQUATION

20. sin’A =sin’B and cos’A = cos’B Tn 1ln
Lox=E—,— (i)
cos2A =cos2B 6 6
— 2A=2nn+B.nel from eq. (i) and (ii), It is clear that
or A=nn+B a:m :5_75 y:7_n
or A=nn+B,nel 6’ 6’ 6
= B+y=21(T),0—PB=n(P
(7 Both sides square given) Bry=2n(D), a=p=n(P)
Now, sinA=sin B (©) sinx=-— %
= A=nn+(-1)'B,nel _on
If n is even, then TSy
A=nrn+B . I o (o
and cos A=cos B TSy T 6 )" N 6
= A=2nn+B,nel
. . Tn 1ln .
Hence, Assertion is true but Reason is false. D & ?, ? ()
22. (A) si ! dt !
. =— = and tanx = —=
(A) sinx 7 ﬁ
T I T
= _gin— inl T+=1| gin| 2n—— = tan T
sm6 = sm( 6)’5111( 6) tan6
_Tn lln
66 @ = tan ,tan(n+—j
3 T
and cosx = —£: —Cos i3 . n Tn (i)
2 .. 6 b 6 ceee
( n} ( nj from eq. (i) and (ii), It is clear that
=cos| T—— |, cos| m+—
6 n B 11x s
a=——, =T, Y =~
_sn T ; 67 6T 6
=766 (i) = a+B=3m(5).p+y=2n(T),a—y=m(R)
From eq. (i) and (ii). It is clear that 24
qeF poln NG 1. AM>GM
6" 67 6
S 3x=37>2
= ot+B=3n(S),-y=n(Q)
2cos Xl 2
(B) cotx=— 3 - 2)°
T
=—coty or  cos (ij >1
2
b T
:cot(ﬁ——j,cot(%t——j X X .
6 6 S cos 5 = Q cos—is never > 1
st lin 0 2
X=—")— . X
6 6 = by =2nm,nel
T
and cosecx = -2 =— cosec 5 S x=4nn
Hence (A) corresponding to n =0,
= cosec (ﬂJr%j , cosec (2ﬁ—%) because other values of n do not satisfy the equation.
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2 Lety=2cos? (%J sin’x =x*+x 2
y=x*+x?22
- y>2 i)
and y = 2cos’ (%) sin?x

= (1 +cosx) . sin’x

= (anumber <2).(anumber < 1) <2

e, y<2 ..(ii)

No value of y can be obtained satisfying eq. (i) and (ii)

simultaneously.

= No real solution of the equation exists.

3 AM>GM
S5X+5%>2
= sine*>2

(> sine*=5%+57%)

But the value of sin(e*) can never be > 1.

Hence, the given equation has no solution.

25.
1. Letcosx —sinx =t
1 —2 sinx cosx = t?

Then, the given equation can be written as

2=t
= t(t—1)=0
t=0,t=1

= cosx—sinx =0, cosx —sinx = 1

1 1
tanx =1, —= cosx — —= sinx
V2 2 2

b1 s b
Xx=nn+ —,X+— =2nn+ —
4 4 4

T T
Hence, x=2nm,2nt— —,nt+ —,nel
2 4
2. Let sinx+cosx=t

1 +2 sinx cosx = t?

Then, the given equation can be written as

t? -1
2

= t=1+

(> AM>GM)

3.

26.

= 2t=2+t-1
= (t-1)>=0
or t=1

= sinx+cosx=1

1 1 1

= ECOSX-F E sinx = >

T i
= cos|X—— | =cos—,
4 4
i i
or x—— =2nn+ —,nel
4 4

X =2nm, 2nm+ g

sin*x + cos*x = sin X cos X
= (sin®*x + cos?x)? — 2 sin’x cos’x = sinx cosx
= 1-2sin?x cos? X = sinx cosx

Let sinx cosx = A, then

1-2A2=2A
= 2M2+A-1=0
= A+DE2.A-1)=0
oy
2
= sinxcosx=-—1, —
2
= sin2x=-2,1
= sin2x#-2
= sin2x=1

1
or 2x=2nm+ E’HEI

T
x:(4n+l)z,nel

()
lsinx cosx|+ [tanx + cotx| = /3

. 1
= |[sinxcosx|+ —— =
[sinx cosx|

[sinx cosx| + ——— >
[sinx cosx|

Hence, there is no solution.
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TRIGONOMETRIC EQUATION

27. (6)

sinx sin3x  sin9x
+ + =
cos3x cos9x cos27x

2sinxcosx  2sin3xcos3x

or
2cos3xcosx 2cos9xcos3x

+ —_—
2c0s27x cos9x

2sin9x cos9x

sin(3x —x) N sin(9x —3x)
2cos3xcosx 2cos9xcos3x

sin(27x-9x) 0
2c0s27x cos9x

or (tan3x—tanx)+ (tan 9x—tan3x)+(tan27x —tan 9x)=0

or tan27x—tanx=0
or tanx=tan27x

= 27x=nmn+x,nel

nw
or x:2—6,nel

n 2n 3n 47 Sm 6m
OF X= oo v s s

©26726726°26°26°26

Hence, there are six solutions.

28. (1)
Adding given equations, we get
2
2 = 3_a + a_
2 2

or a’+3a-4=0
or (a+t4)a—-1)=0

or a=1 (asa=—4isrejected)

29. (6)
asinx + 1 —2sin’x=2a—7

or 2sin’x—asinx+(2a—8)=0

at\a’-8a-8) az(a-8)

or sinx=
4

a—4
2

=2 or

a—4
2

For a solution—1 <

<1,wehave2 <a<6.

30.

0
sin*x — cos?x sinx + 2sin’ x + sinx =0
or sinx[sin’x —cos’x +2sinx + 1]=0
or sinx[sin*x + sin’*x + 2sinx] =0

or sin’x[sin’x+sinx+2]=0

or sinx=0,where x=0,m, 27,31
Hence, there are four solutions.
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