| TRIGONOMETRIC EQUATION PH-II|

Page # 15

Sol.1 sin 5x = cos 2x

. T
= sin 5x — sin (——ZXJ =0

2
3X+ = 7x- =
= cos 2 | sin > 2|=0 Sol.3
3X+— X ——
= COS > =0 orsin =0

3x+g:(2n+l)n,neIor7x—§:2nn,neI
3x:2nn+g,nelor7x:2nn+g

T I
x—(4n+1)g,nelorx—(4n+1)ﬂ

90° 450° 810° 1170°

x=30° 150°x = , , ,
7 7 U 7 Sol.4

Sol.2 log_.2 o (sin3x+sinx) = log_ 2 ¢, (sin2x)
10 10
= sin3x + sin x = sin 2x
= 2sin2xcosx—sin2x=0

=2cosx—1=0 + sin2x>0
cosx—l x=2nm+ = nel )
= _2 = = Tl:_3 (S
—x? - 6x
'T>O:> X(X+6)<0=xe(-6,0)
) -5n —4n -2n -1
soby () , x=1"37"3 " T3 g
. _ ). 5n _2n
butsin2zx>0 = x= 373

& sin 3x + sin x > 0 = 3 sinx —4sin3x + sinx >0 gg|.5
= 4 sinx (1 — sin?x) >0 = 4 sin x cos?x > 0

EXERCISE - 1V HINTS & SOLUTIONS

=sin>0 Only when x = _—37:
-2 5n

iNnx<0ifx= —(/ SXE—
sin x if X 3 X 3

3-2cos0—-4sin6—cos20+sin20=0

=2-2cos0—-2sind+sin20—-2sin6
+(1—-co0s20)=0

=2(1-cosf) (L —sinB)—2sin6 (L -sinB)=0

= (1 -sinB) [1 —cosb —sin6] =0

=sind6=1 or sin@+cosb=1

— T (e_fj_i
6—2nn+5,nel or cos 4 _\/E

T

or G—Z:2nni

r
4
T
or 6:2nn+50r6:2nn

.'.Xee=2nn,2nn+g,nel

sinnx + cosnx = 0 X € [0, 100]

TE
= cos(“X—ZJ: 0

X——=(2n+ 1)%

T
4

1
+_
4

Alw NR

nelorn ln I
€ 2 €

3 3 3 3
=|0+— 1+— 24+— 99 + —
5“'“‘[ 4)*[ 4H 4]“'*[ 4]

3
=(1+2+3+99)+ , x 100

99x100
== +75=4950 + 75 = 5025
2 (cosx + cos2x) + sin2x (1 + 2 cosx)
= 2sinx, X € [-x, 7]
= 2 (cosx + cos2x) + 2 sinx cosx (1 + 2cosx)
—-2sinx=0
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Page # 16 TRIGONOMETRIC EQUATION PH-I

= 2(cosx + c0s2x) + 2sinx [cosx + (2 cos?x — 1)] = 0

= 2 (cosx + cos2x) (1 + sinx) =0 6=2ntt - -0 0+a=2nn

T
2

3x
=22cos— cos— (1+sinx)=0 n
2 0=nnt —
4
3X
= cos — =0 1
2 sine:cose:i—2
X

orcos — =0
2

f 1, in (ilj
- o oy et *1
or sin x = —1 ©0)=2 V2 X 2 o V2

wla
wln

with () sign not in square of linear
1
=+ = 1
2
X=z7

T
O=nx+ —
Ty

Sol.6 y+ cosx =sin x
0 =2nt—tan~12

= sinx—cosx =y = —,[p <sinx—cosx< /2 tan (r — o) = tano. = 2

j_ﬁgygﬁ n—a=tan 12
a=n—tan~12
- 1 0=2n+1)n—tan~12
y=1 sin (X_Zj =5
Sol.8 tan? (x +y)+cot? (x +y) =1 —2x — x?
_F_x 38 o _T 1
444 T X7 LHS.=tan? (x +y) + oac
min value is = 2
. cos6 +sind LHS.>2
Sol.7 (sinB) x2 + (2 cos0) x + 5
_ __Db _A4+9)
b2 —4ac =0 R.H.S. = max. value =- Za " 4C1) "
cos 0 +sind R.H.S.<2
4 c0s20 — 4 sind 5 ]=0 ~LHS.=RHS.=2
tan? (x +y) + cot? (x +y) = 2
= 2c0s20 — sind (cosO + sin 0) =0 = tan (x +y) = cot (x +y)

= 2 c0s260 — sinB cosh — sin26 = 0
= 2 cosb (cosb — sinB) + sind (cosO — sinB) = 0 — tan? (x +y) = 1 + tan2 [Ej
= (cosO —sinB) (2 cosb +sinB) =0 4

T T
:cose—cos[ jor\/fcose+\/—sm6 0 :>(X+Y):nﬁiZ:> y:nﬁiz*'l.

nel
&1-2x—-%x2=22 = x2+2x+1=0

TE H — —
0=2nm+ (——ej sin (0 + ) =0 {tana = 2} o X+1)2=0= x=-1

2

M 0 .I.i> 0 N‘l:":%i““ e 394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671, 93141-87482, 93527-21564
Nurfuring potential through education | | VRSNO. 0744-2439051, 0744-2439052, 0744-2439053, www.mationiitjee.com, email-info@motioniitjee.com




TRIGONOMETRIC EQUATION PH-II

Page # 17

Sol.9 sinx.sin2x.sin3x=1
LetO<sinx<1=sin2xsin3x>1
But it is not possible

= sinx=1&sin2x=1&sin3x=1
But It's not possible = no sol.

Sol.10 sec 40 —sec20=2

= €0S260 — cos46 = 2 cos 20 cos 46
= €0S20 — cos40 = cos66 + cos20
= c0s660 +c0s40=0

= 2cos56cos6=0
= cos50=0 or cos0=0

56:(2n+1)g,nel e:(2x+1)g,ne1

or Se:Znni—g,neIore:Znni—;neI Sol.12
2nm s b4
= — + — = + -
0 5 _1O,neIore 2nn_2ne1

.. sec 40 & sec 20 defined at that angles.
Sol.11 f(x) = sin® x + cos®x + k (sin?x + cos*x)
= (sin?x + c0s2x)3 — 3sin?x cos2x (sinx + cos2x)
+ k [(sin®x + cos?x)? — 2cos2x sin?x]
=1 — 3 sin?x cos?x + k — 2k sin?x cos?x
f(x) = (k + 1) — (2k + 3) sin®x cos2x
@ f(x) is constant V x € R

-3
= 2k+3=0= k= —

2
(b) f(c)=0
k+1
in2 2y —
SIN“X COS<X ok 13
o Ak+1)
= 0<sin“2x = —(2k+3) <1 Sol.13
4k +1) 4(k +1) =c0S3X {
oy > <1
(2k +3) 2k +1

= ke (_OO!TJ U [-1, )

k=-0.7

(©) fx)=0

4-0.7+1) 4x03 3
2(-0.7)+3 ~ 16 4

o (2]
sin?2x = | =~

sin22x =

2

2Xx=nn+ —,nel

wila

sinx — cosx = cos2x

N |6

= /3 sinx = 2 (cosx + cos?x)

= 3 sin?x = 4 (cos?x + cos? x + 2 cos3x)

squaring

= 3 - 3c0s2x = 4 cos2x + 4 cos?x + 8 cos3x
= Letcosx =t

=44 +83+7t2-3=0

= (t+1) 43 +4t2+3t-3)=0

1
=t=-1 ort=50r2t2+3t+3¢0 - D<0

1
= cosx=-1 or cosx= By

T
X=2nmxn,nel or Xx=2nnz E,nel

cos 3x . cos3x + sin3x . sin3x = 0

cos3x+3cosx | 3sinx —sin3x
T4 |rsindx| T4

= cos? 3x + 3 cos 3x cos X

+ 3 sin3x sin x — sin23x = 0
= €c0s6x + 3cos 2x =0
= 4 c0s32x — 3 cos2x + 3c0s2x = 0

& 4k +4 -2k -3 = cos2x =0
2k+3
2k +1 T
<0 =2x=2nt+ <
2k+3 -4 Wil 2
Wi/
3 -1 -3 a0
kEE_??} ? 2 X=n +£n I orx—ﬂ+E
—x=nmEysne T2 %%
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Page # 18 | TRIGONOMETRIC EQUATION PH-I

Sol.14 4 cos?x sin x — 2 sinx = 3 sinx )
; e 241 = .. . . ¢ —-a
s!nx[3+_223|nx 4cos x]=0 (ii) sinasinB= ———
sin x[4 sin“x +2sinx—1]=0 a“+b
=sinx=0 = x=nx, nel

acosO+bsind=c

or 4sin?x+12sinx—1=0
o —24420 _ -1+45 a[l—tanzej 2btan?
sin x = = 2 2
8 4 = + =cC

1+tanZE 1+tanZg
2 2

i . T i . (—3TE
SINnX = sIn ﬁ or sin X = sin 10

, 0 0 , 0
3 = a-—atan E+2btanE:c+ctanE
T —OoT

x=nu+(-1)" (E) orx=nm+ (1) (WJ nel

a
Aliter : ,0 0 ) tan—
sin x [(4cos? x — 3) — 2 sinx] = 0 =(a+c)tan®s —2btan 5 +(c-a)=0 B
tan—
i cos3x —2sinx
= sinx | ~oo % =0
iytan < +tan B = 2
. [cos3x —sin2x] 2 2 a+c’
= SIn X T =0
. a p c-a
tran — tan - = ——
T iv) 2 2 c+a
sin x = 0 or cos3x = cos (E— 2x
on S Sol.16 2(sinx—cos2x)—sin 2x (1+2 sin x)+2 cosx=0
& cosx =0 10 10 = 2 (sinx — cos2x) — 2 sinx cosx (1 + 2sin x)
+2cosx=0

= 2 (sinx — cos 2x) — 2 cos x [sinx + (2 sin?x — 1)] =0

Y
Xx#(@2n+1)-
( ) 2 = 2(sinx — cos2x) — 2 cosx [sinx — cos2x] = 0

13n

But 10 175 _an = 2 (sinx — cos2x) (1 —cosx) =0
N N 10 "0 - =cosx=1 = x=2nm, nel
x:nn5x:2nn+5orx:2nn—E:(4n—1)E or sin X —cos2x =0
2sin2x +sinx — 1 =0
nt w T (sinx +1) (2sinx—1) =0
= —+4+ — = + —_
i TR ST L
sinx = —1 or sinx = —
" = 2
=nr+ (- —
x=nn+ (-1) 10 )
— _q\n | ——
i _3n X =nm+ (1) [ 2],nel
x=nm+ (-1) 10

T
or x=nx+ (-1)" (EJ nel
o
Sol.15 acosO + b sind = C<
B

= a cosb = ¢ — bsinb squaring
— a2c0s20 = ¢2 + b2 sin20 — be sind Sol.17 sin2x > ,[7 sin?x + (2 - ,/2) cos?x
2 _ 526in20 = 2 + b2 sin20 — i

= a‘ — assin“0 = ¢~ + b* sin“0 — 2bc sind 2sinx cosx > /2 Sin?x + (2 — 2 ) COS2X
sino

= (a2 + b?) sin20 — 2bc sind + (c2 —a?) = 0< sinp divided by /2 cos?x - cos?x > 0
oh {~ cosx#0, Ifcosx=0=0> /o sin?x which is false.}

c

0 sina+sinp="5""73 o2 tanx > tan?x + (2 - 1)
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Page # 19

Sol.18

Sol.19

= tan®— fz tanx + (/2 —1)<0

= (tanx — 1) [tanx — (/2 - 1)] <0

(J2 —1)<tanx<1

n+n<x<n+nn1
=N+ — n+ — Nne
8 4

3x X
C0S3X + €0Ss2X = sin > + sin o x € (0, 2m)

2 cos oX cos X 2 sinx cos X
= - . — = —
2 2 2

X cosS—X—sinx
= 2COSE 2 =0

= cos ﬁ—Oorcos X = cos [E—XJ
2 2 2

x_m3m
27272 -n
5x oL 5x oL
— = + — — — = - — +
5 2nm 5 X or 5 2nm 5 X
7X oL 3x T
—_— = + —_ _— = — —
> (4n +1) > or > (4n-1) >
T T
=(4n+1)— =(4n-1)=
X =(4n )7 X=(4n )3
=l om 9 3n __m o Tm
77707 T3 "3
7
?TE>2TE

sin 3a.= 4 sinasin (X + o) sin(x — a),ouis constant.

sin a (3 — 4 sina) = 4 sin a [sin?x — sin2q]
= 3 —4 sina = 4 sin?x — 4 sinZa

2
V3 n
2y = | — | = <in2 =
:>smx—(2] = sin 3
X=n +E nel
—TC_3 S

Sol.20 [2tanx—1]|+ |2 cotx— 1| =2

1 1
points tan x = 2 & cot x = 2 ortan x =2

(0] 1 2
2
Case-l: tanx>2
2tanx — 1 — +1=2
anx
1 2
=tanx—- —— =1 =tan“x—-tanx—-1=0
tanx
1++5 .
= tanx =-— 2\/7 ¢ [2, ) (reject)
1
Case-ll : Estan<2
2
2tanx—1 + -1=2
tan x
T
= tanx + =2 Dtanx=1=>x=—
tanx 4
1
Caselll: 0<tanx< —

2

2
—2tanx+1+ -1=2
tanx

1
= -tan x + =1
tanx

= tan?x +tanx—1=0

:tanx:#

(-) sign reject

Js-1 1
> —, reject

t =
anx 5 2

CaselV: tanx<0

2
—2tanx+1— +1=2
anx

1
= tanx + =0

not possible
tan x

T
tanx =1 :>x:nn+z,nel
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| TRIGONOMETRIC EQUATION PH-I

Sol.21 sin*x + cos?x + sin2x+a =0

: . n
= (1)% — 2 sin?x cos2x + sin2x +a =0 or X = Tn + (=) g
2
:>1—M+sin2x+a:0 1
2 or tan 2x + =-4

= sin2x — 2sin2x—2(a+ 1) =0
= (sin2x—1)2=2a+3
.+ 0<(sin2x—1)2<(2)2 = 0<2a+3<4

-3 1 -8 1
73&353&6 29

sin2x—-1=%.2a+3

sin2x =1 ,/2a+3 (+) will not be consider
-1<sin2x<1

=

sin2x=1- ,/2a+3
2x=nn+(-1)"sin"' (1- J/2a+3)

X = % [nTC+ (—1)n Sin_1 (1_ Vv2a+3 )]

tan22x + cot22x + 2 tan2x + 2 cot2x = 6

1
tan2x =
]+2( thaanj_6

Sol.22

2
tan“ 2x +
=
[ tan? 2x

tan2 1 ’ tan2x + L
= X an2x —2+2 tan2x ) 670

tan2x

tan22x + 4 tan2x +1 =0

(tan2x + 2)2 =3

tan 2x=—(2- 4[3)ortan 2x=— (2 + /3)

=tan [_

T
2X=ng— — or

T
12

_ -5r
=tan 12

57
2X=nNn— —

12 12
LU S _hm_5m
T T X= % T,

= 2+2t-8=0 = (t+4)(t-2)=0
(where t=tan 2x + 1/tan 2x)
o tan 2x + =2 = (tan2x-1)2=0
tan2x
T
= tan2x=1 = 2x=nn+ —,nel
4 nel
nmw Y nrw TC
=—+—=,nel = — 4+ (=11 —
= x== g ne X 4+(1) 4

3
So0l.23 sin“x + cos?x — 2 sin?x + " sin22x = 0
= (sin?x + cos¥)2 — 2 sin?x cos?x — 2sin?x
+3sin?x cos?x = 0
= 1 + sin? x cos2x — 2sin2 x = 0
8n = 1 + sin?x — sin®x — 2sin?x = 0
4 = sin*x +sin?x-1=0
L, —1x41+4 _ -1x45
= sin2x — =
2 2
sin?x >0, (-) reject
. 5-1
sinzy = ¥5-1

MoTioN
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TRIGONOMETRIC EQUATION PH—II| Page # 21

2sin’x = /5 -1

= 1-cos2x = \[5 —1

. 29
So0l.25 sin1% + coslOx = o cos#2x

= cos 2x = 2—,/5 =cos a . [1—c052xjs+[1+c052xj5:§COS42X
2 2 16
2x=2nnta {a=cos'(2- 5)} Let coS2X = t
1 = 1-t+ @1 +1)°=(29).2t4
x:nntEcos—1(2—\/§)neI = U1+ 5t + 10t2 + 10t3 + 5t4 + t°

+1—5t+10t2 - 10t3 + 5t4 — 5= (29) 2t4
= 2(1+10t2 + 5t%) = 2. (29) t4
Sol.24 tan®x . tan?3x . tan 4x = tan®x — tan?3x + tan4x =244 _102-1=0 = (22-1)(122+1)=0
= tan?3x — tan?x = tan 4x (1 — tan?3x tan?x)

2
‘andx = (tan3x+tanx)  (tan3x —tanx) =t2 = % C0s22x = % = (%j (~12t2+120)
= " (1-tan3xtanx) ° (1+tan3xtanx)
= tandx =tan 4x . tan 2x - nt
= tan4x (tan2x—1)=0 =X =md o = X= kg nel
= tan4x =0 or tan2x =1
= 4X=nn or 2x:nn+%:(4n+1)%

nm I
:>X:T.nel or x:(4n+1)§nel

4x = (4n + 1)%

but x # (2n + 1) g tan 4x = N.D.
n 4
tanx = N.D. x¢(4n+1)§
or x—n—n+E nel
~ 4 T8l <
3 o ) T 3n
ST = Sol.26 sin X_Z — cos X+T =1
4 4
olx-X Tox+ I
= sin 4 )= Cos |5 4 =1
8n
4 x=Z) 4 (x4 2
= sin 4 + sin 4 =1
on n = 2sinxcos = =1 = isinx:l
vy vy 4 V2

1
= sinx:ﬁ

I I
Xx=nmt nel or x:nniz or x:(2n+1)z
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Page # 22 | TRIGONOMETRIC EQUATION PH-II |

b4 3n
X=2nT+— Oor X =2nmw +——
"4 Ty

Checkx:%
1 ()L ()
. 2% :>\/§sm2+\/§cos 5 | =sin Jx
cos 7x 2
—_>20032X —N£ 590
~ cos3+sin3 - (-ve) Wiong
3 = sin| 75 T,/ | =sin
Checkx:—1T 2 4 X
4
1 \/; T
Zcosé cos®T 2 N = 7+4—2nn+&
=>4 >2 4 D——>2%True
(~ve) (—ve)
Vx
3 3—7—2nﬂ?—_
Xx=2nt+ —,nel
4
2
i =|ann-L
Sol.27 sin. [y =-1 x>0 :>X—( 2) ynel
= sinE—sinﬂ X # I
2 2 2 or §+%:2nn+n—&
3
x/;=2n75+—1T nel
? 3Vx 3 4n
X T T T
3z 7z 1l 157 19n 23m = ot s =5ty
\/; - 2 ’ 2 1 2 ) 2 1 2 ) 2 y e
2
X:£'49n2 '1211'52 '2251'52 ,3617:2 , ___529n2 — = (4”” +£j nel
4’ 4 4 4 4 4 3 2

Sum of root which are less than 10072

on? 497° 1217° 225q7° 361n® 76512
= + + + + = C(2x+1) [ 2x+1 2x+1
4 4 4 4 4 4 Sol.29 sin| — — |+sin — 3 cos? =0

3X 3X
Sum of square root of these roots

_3n, 7n, 1t 15t 19 _ 55 o 6 it
) 2 2 2 2 2 :{S'n9+5'”§}—3c032§:0 (Let =0)
Now, cos ,/x =0 x>0
26 0 0
n = 2sin —cos — —3cos?— =0
= CO0S ,/x =C0s 5 3 3 3
T 3n . 0 56 5 0 _
= X:2nn+50r&:2nn+7 :>2.25|n§cos 5—3005 5—0
2 2
T 2n 0 .0 2x+1
=|2nmt+— =|2nm+— 2 ~ |4sin—-3| = 2 —
= X [ 2) X [ Zj :coss[ 3 }—03003(3)()—0

So we can conclude the all the roots of cos \/x =0

Xt on+ 1) T = 4x+2 = 6nnx + 3
are not also the roots of sin ,/y =—1 = 3x @n+1) 2 = AXF2 =bnmX + onX
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TRIGONOMETRIC EQUATION PH—||| Page # 23

2 tan —l—tan

= X= (6nn+3n—4) nel - =32 - *
n 222 3 g =nn +tan™! [lj nel

or sin | T3y ) =4 =sina = y=nn o) Ne
241 _ L 1 1 2

=nn - o = — i = - = —_

3x tany= - =siny=# J5 s cosy =% &

= 2x+ 1 =3nmx + 3(-1)"a x
1
3nt-2+3(-1)"sin!

= X=

Sol.30 sin 5x = 16sin°x

= sinbx = sin (2x + 3x)
= sin 2x cos 3x + cos2xsin 3x
= 2 sin x cosx (4cos3x — 3cosx)

+ (1 — 2sin2x) (3sinx — 4sin3x)
= 2 sinx(1 — sin?x) (4cos?x — 3)

+ sinx (1 — 2 sin2x) (3 — 4sin?x)
= 2 sinx (1 — sin2x) (1 — 4sin?x)

+sinx (1 — 2sin?x) (3 — 4 sin?x)
= 2sinx — 10sin3x + 8sin®x

+ 3sinx — 10sin3x + 8 sin®x
= 16sin®x — 20 sin3x + 5sinx
= sin5x = 16 sin®°x = — 20sin3x + 5sinx = 0
= 5sinx [1 —4sin?x] = 0

2

1
2y = | =
sin?x (ZJ

X n+nnI
=nNmx — S
6

= sinx=0 or

= X=nm,nel or

Sol.31 x cos3y + 3x cos y sin?y = 14
xsindy + 3x cos?y siny = 13
divide

..(i)
...(ii)

cos® Y+ 3cosysin2 y 14

sin®y+3cos?ysiny 13

Applying components & dividendo

(cosy+siny)®  14+13
(cosy—siny)® ~ 14-13

. 3
cosy+s!ny —27=(3)
cosy -siny
Cosy +siny _ 1+tany _
cosy-siny 1-tany ~

Sol.32

Case-I: yin ISt quadrant

1 2

-.osiny = 75 cosy = E

, 8 ;2.1
from (i), = x % 5\@ JE 5 =14

=>x=5 JE
Case - II: yin llird quadrant

1 2
" siny:—ﬁ,cosy:—ﬁ

from (i), = x=-5./5

cotx — 2 sin2x = 1 sinx =0
COSX .
- — 2.2 sinxcos x =1
sinx

= cosX — 4sin?x cosx = sinx

= cosx — 4(1 — cos?x) cosx = sinx
= c0osXx — 4cosx + 4 cos3x = sinx
= 4 cos3x — 3cosx = sinx

7I
= C0S3X = sinXx => c0S3X = coS [E— XJ

TE
=3Xx=2nn + [E—Xj

:>3x:2nn+g—x or 3x=2nn—g+x

T T

4Xx=2nmt+ — or 2Xx=2nm——

= T 2 T 2
x—ﬂ+£n I or x=n En 1
= - 2 8 S =N 4, S

3n
or x:nk+T,neI
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