TRIGONOMETRIC EQUATIONS

10.1 SOME DEFINITIONS

TRIGONOMETRIC EQUATIONS  The equations containing trigonometric functions of unknown angles
are known as trigonometric equations.

Cos X = 5 sin x =0, tan x =+/3 etc. are trigonometric equations.
SOLUTION OF A TRIGONOMETRIC EQUATION A solution of a trigonometric equation is the value of the
unknown angle that satisfies the equation.
Consider the equation sin x = % This equation is clearly satisfied by x = g % 5?1! etc. So, these are
its solutions.
Solving an equation means to find the set of all values of the unknown angle which satisfy the

given equation.
Consider the equation 2 cos x +1=0 or cos x =—1/2. This equation is clearly satisfied by

2n 4n
xr=—, —etc.
33
Since the trigonometric functions are periodic. Therefore, if a trigonometric equation has a
ol o Tts 3 n 2
solution, it will have infinitely many solutions. For example, x = 2—;, 2n+ ?, 4n+ —;—t, ..... are

i . : 2
solutions of 2 cos x + 1 = 0. These solutions can be put together in compact form as 2nn + —:—;—[ ;

where 1 is an integer. This solution is known as the general solution.

Thus, a solution generalised by means of periodicity is known as the general solution.

It also follows from the above discussion that solving an equation means to find its general
solution.

10.2 GENERAL SOLUTIONS OF TRIGONOMETRIC EQUATIONS

In this section, we shall obtain the general solutions of the trigonometric equations
sin x =0, cos x =0,tan x =0 and cot x = 0.

THEOREM 1 Prove that the general solution of sin x =0 is given by x =nn, n € Z.

PROOF In AOMP, we obtain YA
. PM P
sin x =——
orP

sin x =0 X 0 X
= @ =0 E (o] M%‘

OP
= PM =0
= OP coincides with OX or, OX’ Y
= x=0, n, 2n,..., — @, —-2%, - 37, ... Fig. 10.1
— x=nm, neld.

Hence, x=nm,neZ is the general solution of sin x = 0. Q.E.D.
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ALITER  In chapter 6, we have learnt that the curve y = sin x cuts x-axis at points (0, 0), (£ =, 0),
(£ 27, 0) etc. Thus, sinx=0atx =nn, neZ.

THEOREM 2 Prove that the general solution of tan x =0isx=nm, neZ.

PROOF By definition,

tan x = Eﬂ [See Fig. 10.1]
oM
tanx = 0
PM
= — =0
OM
= PM =20

= OP coincideswith OX or,0X = =0, T 2% we; —=Tir=2T0 s =x=nm nel.
Hence, x=nm, neZ is general solution of tan x =0. Q.E.D.

THEOREM 3  Prove that the general solution of cos x =0 isx=(2n+1) g , nelZ.

PROOF By definition

OM
coOsx =—— See Fig. 10.1
5P [ g-10.1]
cosx =0
OM
= — =10
orP
= OM=0
= OP coincides with OY or, OY' = x:ig, t%, i%n, ..... = X = (2n+1)g, nel.
Hence, the general solution of cos x =0 is x =(2n + 1) ';_ , neZ. Q.E.D.

THEOREM 4 Prove that the general solution of cot x =0isx =(2n+1) g ,hel.

PROOE By definition,

ot = M [See Fig, 10.1]
PM
cotx =0
oM
= — =0
PM
= OM =0
=  OP coincides withOY or, OY' = x = ig, t?, iS?n' ..... = (2n+1)g, i =
Hence, x =(2n+ 1) g ,neZ isthe general solution of cot x = 0. Q.E.D.

NOTE  Since secx 21, orsecx <-1, therefore sec x =0 does not have any solution. Similarly,
cosec x =0 has no solution.

ILLUSTRATIVE EXAMPLES
BASIC
EXAMPLE 1 Find the general solutions of the following equations:
(i) sin 2x =0 (ii) sin 7" =0 (i) sin2 2x =0
SOLUTION (i) We have,
sin2x = 0
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= 2x = nmn, whereneZ
nr

= X =—, nel.
2

7 . 3%

ii sin— =0

(i) 5

=5 2=n:rt, neZz

2

= X =@,nez.
3

(iii)

s'm22x=0:> sin 2x=0 = 2x=nn = x

10.3

[+ sin x=0= x=nn]

[sin x=0= x =nn]

EXAMPLE2 Find the general solutions of the following equations:

(i) cos 3x=0

; 2%
i B 0
(ii) cos

(iii) cos? 3x=0

SOLUTION We know that the general solution of the equation cos x =0 is x =(2n + 1) -;— ,neZ.

Therefore,
(1)

(ii)
(iii)

c:osE = =
2

w|la o

T
—=x=(2n+1
> ( )

cos 3x = 0= 3x = (2n+1)§ — (2:1+1)E, nez

3x
— =(2n+1
> ( )

, ne’Z

cos®3x = 0 = cos3x = 0 = 3x = (2n+1)g:> x = (2n+1)£, nez.

EXAMPLE 3 Find the general solutions of the following equations:

(i) tan2x = 0

SOLUTION We know that the general solution of the equation

Therefore,
(i)

(ii)
(iii)

tan£ =0
2

3x

=

—, nelZ
2
%=nn:> X =2nw, neZ
3x 4dnm
— =nm = X = —,nel
4 3

tan — =0 =
4

tan2x =0 = 2x =nn = x =

X
ilytan — = 0
(ii) 5

nm

)
tan— =0
(iii) tan 1

tan x=01is x=nm,ne’Z.

THEOREM 5 Prove that the general solution of sin x = sin a is given by: x =nn+(-1)" o0 ,n e Z.

PROOF We have,

sin x =sin o

o sinx-sino =0
L (x—a X+
=9 2 sin cos
2 2
o X
= sin
2
X—0 X+ o
= = mmn, or,
2
& X o=
= X =
L —

J-o

aj=0 or, cos[x;a]=0

= (2m+1)g,mez

=2mn+o or, x = (2m+1l)n—-a,meZ
(Any even multiple of ©) + @ or, x = (Any odd multiple of ) - o
nn+(~1)" o, whereneZ.

Q.E.D.
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REMARK 1 The equation cosec x = cosec o is equivalent to sin x =sin a. Thus, cosec x = cosec o
and sin x =sin a have the same general solution.

THEOREM 6  Prove that the general solution of cos x = cos w is given by: x =2nm+ o, wheren e Z.
PROOF We have,
COs X = COS

= cosx—cosa =0
, (x+a) . (x-a
= -2 sin ]sm[ ]= 0
2 2
L (x+a C(x-a
= sin = 0 or, sin =0
2 2
X+ao & =0
= =nm, or =un, HeZ
= x=2nn—o or, x = 2un+ o, neZ < x=2nnta,nel. 0.E.D.

REMARK?2  Since sec x =sec o <> cos X =cos a. So, the general solutions of cos x =cos a and
sec X = sec o are same.
THEOREM 7  Prove that the general solution of tan x = tan o is given by: x =nn+ o, neZ.
PROOF We have,
sin x _sin o : ;
= <> sin x cos o —cos ¥ sin o =0
COS X  COS @

tan x=tan a <

< sin(x-a)=0 < x-a=nmneZ < x=nn+0o,nNe”l

QED.
REMARK3 Since tan x =tan o <> cotx =cot a. So, general solutions of cotx=cota and
tan x = tan o are same.

In order to find the general solutions of trigonometrical equations of the form sin x =sin o,
cos x =cos ¢ and tan x = tan o, we may use the following algorithm.

ALGORITHM

Step II Find a value of x, preferably between 0 and 2 or between — n and m, satisfying the given
equation and call it o.

Step I If the equation is sin x = sin o, write x =nn + (- 1)" o, n € Z as the general solution.

For the equation cos x = cos o, write x =2nn + o, n € Z as the general solution.
For the equation tan x = tan o, write x =nn + o, 1t € Z as the general solution.

Following examples illustrate the algorithm.

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

Type I ON FINDING THE GENERAL SOLUTIONS OF THE EQUATIONS OF THE FORM
sin x =sin o, COs X =Cos ¢ , tan X =tan o
EXAMPLE 1 Find the general solutions of the following equations:

(i) sin x=l/2§ (ii) 2sin x+1=0 (iii) cosecx =2
SOLUTION (i) A value of x satisfying sinx:?is%.
sin x = —3-_-> sinx = sin &~ = x = mt+(—1)"£,neZ
2 3 3



TRIGONOMETRIC EQUATIONS 10.5

(ii) Wehave, 2sinx+1=0 = sin x=- % A value of x satisfying this equation is — /6.

sinx=—% = sin x = sin(—%)z x=nn+(—1)"[—%] = x=nn+(—1)"+“—6t,nez.

(iii) We have, cosecx =2 = sinxz% = sinx=sin£—=> x=mt+(—1)“g,nez.

EXAMPLE 2  Find the general solutions of the following equations:

(i) cosx = % (ii) cos 3x = —% (iii) +/3 sec2x = 2
(iv) sec x cos5x+1=0, 0<x sg [NCERT EXEMPLAR]

: 1
SOLUTION (i) cos x = 3 =5 g8 X = cos% = %= Zn-n:i-;i, nez

(ii) cos 3x=—%:> cos 3x=c052—3ﬁ = 3x=21mi2—;:> x=2—1;’ft%gf,nez

(i) +/3sec2x=2= cost:? = cost:cos% = 2x=2nni%:>x=nni—£, neZ

12

(iv) We have, sec x cos 5x+1 =0, 0<xsg

5
™ os5x 1 g

cosx
= cosSx+cosx=0
= 2cos(5x+xJ cos{Sx_x)=0
2 2

= 2 cos 3x cos2x =0
== cos 3x =0o0r,cos 2x =0
= Sx:-TE,B—ﬂor,Zx=E [ {)<xsE .'.{)<3x£-3£and0<2xs'm:1

2 42 2 2

T s T T T
= X=—,—0L,X=—=> X=—,—, —

6 2 4 6 2 4
EXAMPLE 3 Solve the following trigonometric equations:

1
i) tan x = — ii) tan 2x = /3 iii) tan 3x = -1
@ 7 (ii) (iii)
(iv) 2 tan? xsec? x+1=2, 0<x<2n [NCERT EXEMPLAR]
SOLUTION (i) tan x = L::>’canx = tanS=x = mr+E,neZ
V3 6 6
(ii) tan2x=x1§:>tan2x=tanrg:>2x=nn+§:x=n—;+£,nez
(iid) tan 3x = -1 = tan 3x = tan[—EJ: 3x = n‘n:+[—£] = x = H—R—i,nez.
4 4 3 12
(iv) We have, cot x + tan x =2 cosec x
cos x sinx 2

= + = andx#nmn,neZ

sinx cosx sinx
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coszx-z-sinzx 2
=5 - =—

sin x cos x sin x

1 2 1 :

= - =— = =2 [+ x=nm o sin x#0]

sin x cosx sin x Cos X

‘ 1 T T
= cos.r=5 =iy cosx=cos§ = x=2m1:i§, neZz.

EXAMPLE 4 Solve the following trigonometric equations:

(i) sin = = -1 B st = L (i) tan (ij =3
2 2 2 3
(iv) cot x +tan x =2 cosec x [NCERT EXEMPLAR]
SOLUTION (i) sin %:-1
= sm%=sm(—§):>—=nrc+( 1)"( n):>x=2nn+(—1)"+ln:,nez
(ii) cosﬁ-:l::'cosﬂ=cos£:>£=2nnizt—:>x=ﬂig,nez
2 2 2 3 2 3 3 9
(iii) tan(g]zﬁ: tan(E]=’tanE 2 i E ~c=3mt+E,neZ
3 3 3 3 3 2
(iv) We have, 2tan? x + sec? x=2, 0<x<2n
= 2tan?x+1+tanx=2 = 3tanx=1= tan2x=l=> tan Jc=i:L
3 V3
Casel  When tan x=L: In this case, we obtainx=£, z‘_n
J3 6 6
Casell When tan x =—L: In this case, we obtain x =5—TE, L
V3 6 6
; ; ; : T Sm 7w 11n
Hence, the possible solutions of the given equation are: x i and e

BASED ON LOWER ORDER THINKING SKILLS (LOTS)
Type II ON FINDING THE GENERAL SOLUTION OF THE EQUATIONS REDUCIBLE TO THE FORMS
sin x =sin o, cos X = cos a, tan x =tan «
EXAMPLE 5  Solve the equation: sin x + sin 3x + sin 5x = 0. [NCERT EXEMPLAR]

SOLUTION We have,
sin x + sin 3x +sin5x = 0 = (sin5x +sin x) +sin 3x = 0
= 2sin 3xcos2x+sin 3x = 0

= sin 3x(2cos2x+1) = 0 = sin 3x=0 or 2cos2x+1=0 = sin 3x=00r,cos2x=—%
. nm
Now, sin3x =0=3x=nt = x=— ,neZ
3
And, c052x=—%=> c032x=cosz—;=>2x=2mn:tz—;=>x =mnig,mez.

= x=(3mil)§, meZ.
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; ; nm ; i
These values of x are contained in x =?, ne Z. Hence, the general solution of the given

i, nm
equationis: x = o neZ.
EXAMPLE 6 Solve the equation: cos x + cos 3x —2 cos 2x = 0
SOLUTION We have,
cos x + cos 3x —2cos 2x =0
= 2 cos2x cos x —2cos 2x =0 < 2 cos 2x(cosx —1) =0 = cos2x=0o0r,cos x -1=0

Now, cos2x=0 = 2x=(2n+1)§:> x=(2n+1)g,nez

And, cosx-1=0= cosx =1 = cosx=cos0 = x=2mn+0= x=2mn,meZ

Hence, x = (2n+1) g or, x =2mn, wherem,ne Z.

EXAMPLE7 Solve the equation: sin mx + sin nx = 0.

SOLUTION We have,
sinmx +sinnx = 0

—] 251n(m+n]x cos(mz_n]x = 0 = sin {m;n] x =0 or cos[mz_an =0

Now, sin(mHTJx:O::- m+n]x=msx= i , TeZ
2 D m+n

And, cos(mz_n] x=0=5 (m;nJ x=(2s+1)g — o £25+1)n,seZ

m-=n

ig)s 2s+1) =
Hence, x = oL, % = !_’ wherer, seZ.
m+n m-n

EXAMPLE 8 Solve the following equations:
(i) sin 2x + cos x =0 [NCERT] (ii) sin 3x+ cos 2x =0 (iii) sin 2x + sin 4x + sin 6x =0
SOLUTION (i) sin 2x + cos x =0

= COsX = —sin 2x = cosx = cos(g+2x):> X = 2)17|:i[%+21’], nel
Taking positive sign, we obtain
.‘C=2?’ITI+§+2I = —x=2mr+g:> .1‘=—2m:—§:> x:2nm—§, where m=-neZ.

Taking negative sign, we obtain

X = 2mr—(£+2x]:» 3x = ZPIK—E =5 g = @—E,nez.
2 2 3 6

b 2nmt W
Hence, x = 2mn—-—, or, x=T——é, where m, ne Z.

(ii) sin 3x+cos2x = 0

= cos2x = —sin 3x = cos2x = cos(g+3xJ:> 2xi= 2n7ri(§+3x), neZ

Taking positive sign, we obtain

T T T T
2= 2nn+§+3x:> -x = 2?’1‘11:-%-5 — S o —Zmr—E — 211111;—5,where—n:m.
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Taking negative sign, we obtain

2% = 2nn—E—3x = 5x = -~ = x = 2nn:_£’ neZz
2 2 5 10
Hence, x = %~£ of: % = ZIT’ITI:—E, where m,ne Z.
5 10 2
(iii) We have,
sin 2x + sin 4x +sin 6x = 0
= sin 4x + (sin 2x + sin 6x) = 0
=% sin 4x + 2 sin 4xcos2x = 0
= sin 4x(1+2cos2x) =0
= sin4x=0o0r,1+2cos2x=0 = sin4x=00r,cos2x=—%
Now, sindx =0= 4x =nn= x = %, nel
And, costz—%
2n 2n be
= cos2x=cos?:>2x=2mnt?:>x=mni§,me2

nm b1
Hence, x=T 0r,x=mr:ig, where m,neZ.

EXAMPLE9 Find the sum of all solutions of cosx cos (x + —g] cos (% —xJ =%, x €0, 67].

SOLUTION We have,

(3] (53
€osx cos| —+x [cos| ——x |=—
3 8 4

1 1 b TI 1
= —cos3x =— " COSX COS| —+X | cos| ——x |=—cos 3x
+ 4 3 3 4
2nn
= cos3x=1 = cos3x=cos0 = 3x=2nn =>x=?,neZ

But,xe[O,Gn].Therefore,x=O,E,éﬁ,-6j—:,ﬁ,...,lg—n.
3" 3 33 3
Sumofallthesesolutions=0+2~;+%T—t+...+1%=2—;(1+2+3+...+9)=2—;xgxlo

=30~

Hence, required sum = 30m.

EXAMPLE10 Solve: sin x —2 sin 2x + sin 3x =cos x — 2 cos 2x + cos 3x
SOLUTION We have,

sin x —2 sin 2x + sin 3x = cos x — 2 cos 2x + cos 3x

(sin 3x + sin x) —2sin 2x =(cos 3x + cosx) —2cos2x
2sin2xcosx —2sin 2x =2 cos2xcosx —2cos2x

2sin 2x (cosx —1) = 2cos2x (cosx —1)

2(cosx—1) (sin 2x — cos 2x) =0

2(cosx-1)=0 or, sin 2x —cos 2x =0

cosx =1 or, sin2x = cos2x

L

n
cosx =cos0 or, tan 2x=1 = cosx =cos0 or, tan 2x=tanz
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T T
= X =2nn or, 2x=mr+z:>x=2mt or, x=mr+§,nez

EXAMPLE 11 Find the general solution of the equation
sin x—3 sin 2x + sin 3x =cos x — 3 cos 2x + cos 3x [NCERT EXEMPLAR]
SOLUTION We have,
sin x — 3 sin 2x + sin 3x =cos x — 3 cos 2x + cos 3x
(sin x +sin 3x) — 3 sin 2x =(cos x + cos 3x) — 3 cos 2x
2 sin 2x cos x — 3sin 2x =2 cos 2x cos x — 3 cos 2x
sin 2x (2 cos x — 3) =cos 2x (2 cos x - 3)
sin 2x = cos 2x [+ 2cosx-3=0]

U L4y

tan 2x =1 = tan 2x=tan%:> 2x=rm+£ = x=%+g, neZ.

EXAMPLE 12 Solve the following equations:
(i) 2 cos® x + 3sin x=0 [NCERT] (ii) 2sin®x = 3cosx, 0 <x <2n [NCERT EXEMPLAR]

(iii) cot? x+ —2—+3 = 0 (iv) 2tan x —cotx = —1
sin x
(v) 4cosx—3secx = tan x (vi) tan2x+(1—J§)tanx—J§=O
(vii) sec® 2x =1 - tan 2x [NCERT]

SOLUTION (i) 2 cos® x+ 3sinx = 0

= 2(1-sin®x)+3sinx = 0
- 2sinZx-3sin §-2 = 0
= 2sin? x—4sinx+sinx-2 = 0
= 2sinx(sinx—-2)+1(sinx-2) =0
= (sinx-2)(2sinx+1) = 0
— 2sinx+1=0 [ sinx=#2 .. sinx-2#0]
/ 1
= sinx = —=
2
= sin x = sin(—gjﬁ x = nﬂ:+(—1)"[—§):> x = nu+ (=11 g, neZ.
(ii) Wehave,25i:12x=3cosx, 0<x<2n
= 2(1—c052x)=3c05x
—= 2cos?x+3cosx—2=0
= 2 cos®x+4 cosx —cos x—2 =0
= 2 cos x (cosx+2) —(cos x+2) =0
= (cos x+2)(2cos x-1)=0
= 2cosx-1=0 [ cosx+2=0]
= cosx=—1—
2
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= x=£,z [+ 0sx<2n7]
3" 3
(iii) cot? x + _3 +3 =0
sin x
= cosec? x -1+ 3 cosecx+3 = 0
= cosec® x + 3cosecx+2 = 0
= (cosec x + 2) (cosecx+1) = 0 = cosecx+2=0o0r, cosecx+1=0
Now, cosecx+2 =0
= _1 +2 =0
sin x
. 1
= sinx = —=
2

= sinx = sin(—%): X = mt+(—1)”(——765),=> X = mt+(—1)”+1 -165, neZ

And, cosecx+1 =0

> —=+1=0
sin x
= sinx = -1
. el n _ m T _ m+ 1R
= sin x —sm(——z-):x = mu+ (-1) (——2—)=>x—mn+(—1) -2—,meZ

Hence, x = mc+(—1)”+lg or,x = mn+(-1)"’+1§,m,nez

(iv) 2tan x —cotx = -1
= 2tan x ~

tan x
= 2tan®x+tanx-1 =0
= 2tan’x+2tan x—tan x-1=0
> 2tanx{(tanx+1)~-(tanx+1)=0 =>(tan x + 1) (2 tan x -1) =0= tan x=-1 or,tan x=%

Now,
T b4 n
tan x=-1= tanx = tan[—ZJ => X = mt+(—zj,=> X = mt—z, neZ

And, tan x = %

=>tanx=tana,wheretana=%=x=mn+a, where tan a = and meZ

N

14
Hence, x = mt-—z or, x = mn+a,wherem, neZ and tan a =

N =

(v) 4cos x—3secx = tan x
3 _ sinx

Cos X Cos X

= 4 cos x -

2

= 4cos“x-3 =sinx

= 4(1—sinzx)—3 = sin x

2

= 4sin“x+sinx-1 =0
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_ ~1+./1+16 _ ~1++17 , -1+417 . -1-417

= sihy=——— = sinyx = ——— = sinx = ——or,8inx = ——
8 8 8 8
. —~1 4417

Now, smx=—8—

; ; : =1 4f17
= sin x = sin a, wheresin a = i
= x = nn+(-1)" a, wheresin a = :%l—zandnez
And, sin x =¢
= sinx = sinf, where sinf = 1_8m
= x =nn+(-1)"p, where sinp = _1_8\/1_7—
(vi) tan2x+(1-«/§)tanx—«f§ =0
= tanx+tan x -3 tan x—+/3 = 0
= tan (tan x +1) —v/3 (tan x +1) = 0
= (tan x +1) (tan x —+/3) = 0
= tanx+1 = Qortanx—+v3 = 0 = tanx = -1 or, tanx = /3
Now, tanx=—1:>tanx=tan[-£):>x=nn—g,nez
And, tanx =

n b1
V3 = tanx =tan— = x = mn+—, meZ
3 3
1Y T
Hence, x = H‘J’E—Z or, x = m1r+§, where m, ne Z.

(vii) sec? 2x = 1-tan 2x

= 1+tan?2x = 1-tan 2x

= tan? 2x + tan 2x =0

= tan 2x (tan 2x +1) =0

= tan 2x = 0 or, tan 2x+1=0

= tan 2x =0 or, tan 2x=-1 = tan 2x =0 or, tan 2x=tan%

— 2x=nm or, 2x=mt+—?’—ﬂ:>x=E or,x=ﬂ+ﬂ,nez
4 2 2 8

EXAMPLE 13 Solve: tan (x+£] =3 tan (x—ij
12 12

SOLUTION We have,

tan(x+£] 3
tan [x+£]= 3tan[x—£] = — 125 0
12 1

tan [x = —15]
12
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= [Applying Componendo and dividendo]

. bl
1 x+12+x—u]_2 . tanA+tanB=sin(A+B)
. n nj " tanA-tanB sin (A-B)
sin| x+— —x+

12 12
= 2x_2=>sm2t—1=> sin 2x = sin =~ = 2x =nm+ (- 1)" =x=-)"Enez
sing 2 2 1’

EXAMPLE 14  Solve the following equations:

(i) tan x + tan 2x + tan x tan 2x =1 (ii) tan x + tan 2x + tan 3x = tan x tan 2x tan 3x

(iii) tan x+tan 2x++/3 tan x tan 2x =3 (iv) tan x + tan [x N %J i [x i 2_;) &

SOLUTION (i) tan x + tan 2x + tan x tan 2x =1

—

(iv)

tan x + tan 2x = 1 —tan x tan 2x
tan x + tan 2x

1 —tan x tan 2x

n
tan3x=1:>tan3x=tanE:>3x=mr+E=>x=—R+£,neZ
4 3 =12
tan x + tan 2x + tan 3x =tan x tan 2x tan 3x
tan x + tan 2x = —tan 3x + tan x tan 2x tan 3x
tan x + tan 2x = —tan 3x (1 —tan x tan 2x)
tan x + tan 2x
—— = —tfan 3x
1 —tan x tan 2x
tan (x + 2x) = —tan 3x = tan 3x = —tan 3x = 2tan 3x =0 = tan 3x = 0
nmn
3x=nn:>x=—?;—, ner.
tanx+tan2.r+«f§tanxtan2x=w/§
tan x + tan 2x = +/3 (1 - tan x tan 2%)
tan x + tan 2x _ /3
1 -tan x tan 2x
AT T
tan3x=\/§:>tan3x=tan§:b 3x—nn+§:>1m?+§,nez

tanx+tan[x+§}+tan(x+2—;j =3

Enoes el danas i r
tan x + 7r+ gn =3
1—tanxtan§ l—tanxtan—g

tanx-&-x/_ tan x —-4/3

tan x + = 3

1-J/3tanx 1+\/_tanx




TRIGONOMETRIC EQUATIONS 10.13

8 tan x tan x — 3tan> x + 8 tan x 3(3tanx—tan3x)
= tanx+—2=3:> 3 =3 = 3 =
1-3tan“ x 1-3tan“ x 1-3tan“ x
= 3tan 3x=3 = tan 3x=1 = tan 3x=tan£ = 3I=?ITL'+E:> x=EE+E~,neZ.
4 4 3 12
BASED ON HIGHER ORDER THINKING SKILLS (HOTS)
EXAMPLE15 Solve: tan? x tan2 3x tan 4x = tan2 x — tan 2 3x + tan 4x.
SOLUTION We have,
tanzxtanZBx tan 4x = tan? x —tan > 3x + tan 4x
= tan? 3x — tan? x = tan 4x — tan> x tan? 3x tan 4x
= tan? 3x — tan? x = tan 4x (1- tan? x tan? 3x)
tan? 3x —tan 2 x
= tan4x:——ﬁ—
1-tan“xtan” 3x
tan 3x + tan x tan 3x —tan x
= tandx = %
l-tan3xtanx 1+tan 3xtanx
= tan4x =tan (3x+x) tan (3x-x) = tan4x =tan4x tan2x = tan4x(tan2x-1)=0
= tan4x =0 or, tan2x—1=0:>tan4x=00r,tan2x=tang
= 4x=mrc>r,2x=:rm+E :x:Eor,x=E+E,neZ
4 4 2 .8
'
EXAMPLE 16 Solve: secx -1 =(~f§—1) tan x, x = (2n-1) 5 ,MeZ
SOLUTION We have,
secx—1=(+/2-1) tan x
= 1 -1 =tan 5 tanx [ tanE=\/5—1:|
cosx 8 8
sinx sinTr
= L-dobe 2 ,81 [ cosx # 0as x = (2n-1) E:l
cusx COSXCOS— E
8
b & 2% . T . . T T oL
= COS— —COS X €0S — =sin xsin — => sin x sin — + COS X COS — = COS —
8 8 8 8 8 8
= cos[x—E]=cos£:> J:—E=2mtiE = x=2m1:+2'E or, x=2nr ,nel
8 8 8 8 4

EXAMPLE 17 Find the value of x e(—=, m) satisfying the equation

81+|cosx[+ cos? x + icos3:ci+ oo _ 43

SOLUTION We have,

2 4

81+|cosx[+ cos x+|cos3x\+ cos” x...to® =43

4

" 2 3
e 81+|c051|+cos x+|cos” x|+ cos

X...tow =64

1
81~[cosx| -g2



10.14 MATHEMATICS-XI

U
2

1 =gr=y 1—|cosx|=%:>|cosx|=%:> cosx=i%:>x=:t—,i

o s wst 2n
1-|cosx| 3

w

10.3 GENERAL SOLUTIONS OF TRIGONOMETRICAL EQUATIONS OF THE FORM

2 2 2

sin“ x =sin20c,cos X = cos” qa, tan? x = tan’ a

THEOREM Prove that:

2 2 2 2

(i) sin“ x=sin“a=>x=nnta,ne’ (ii) cos“x=cos“a = x=nntao,nel
(iii) tan? x=tan? o= x=nnta,ne’Z
PROOF (i) sin?x = sin’
= 2sin? x=2sin? o
=5 1-cos2x=1—-cos2a = cos2x=cos2a=> 2x = 2nn+t 20 = X = unta, neZ
(ii) cos? x =cos® o
= 2 cos? x = 2 cos? a
= 1+cos2x=1+cos2a = cos2x = cos2a = 2x = 2nn+2a = X =nnta,neZ
(iii) tanZ ¥ = tan? o

2 2
1-tan“x —tan“a
g L IR = cos2x = cos20 = 2x=2nnt20 => x=nntq, neZ

1+ tanzx - 1 +tan2c:.
Q.E.D.
ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)
EXAMPLE1 Solve: 7 cos?x+3sinlx =4

SOLUTION We have,

7 cos? x+3sin® x=4 = 7(1-sin2x)+3si112x=4:> 4sin®x=3
2
= 4sin2x=3 = sin2x=~—=£ = sinzx=sinZE:>x=nnj:£,nEZ
4 2 3 3
EXAMPLE 2 Solve: 5 cos® x +7 sin? x—6 =0 [NCERT EXEMPLAR]
SOLUTION We have,5 cos? x+7 sin2 x-6=0
2
= 5(1—si112x)+7 sinx-6=0 = 2sin’x-1=0 = si:tzx:l: —1—)
g Lie

= sinzx:sinzgz:» x=mci§, nelZ.

2

EXAMPLE3 Solve: 2 sin® x +sin® 2x = 2

SOLUTION We have,

2

2sin? x +sin? 2x = 2

2

= 2 sin x+(25inxco:-;x)2 =2
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= 4sin? xcos? x+2sinx = 2
=% ZSi.nzxcoszx+sinzx=1
= Zszxcoszx—(l—sinzx) =:.0
= 2sin? x cos? x —cos? x = 0
= coszx(ZSi.nzx—l) =0
Dl o el . 2 _ a2
=5 cos“x =0 or, 2sin“x-1 =0= cos“x =0 or, sin“x =
n L
Now, c052x=0:>c052x=c052~i = x=nni§,nez
. 1 . . 2T T
And, sm2x=5:>sm2x=smzzz~x:mniz,mez

1" s
Hence, x = nn ii or K = "”‘ig' wherem, neZ

BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE4 Solve: sin 3o = 4sin o sin (x + o) sin (x — ), where o #=nm, ne Z
SOLUTION We have,

sin 3a = 4 sin o sin (x + o) sin (x — o)
= sin 30 =4 sin o (sin? x - sin? «)

= 3sina—4sin3a=4sin2xsina—4sin3a
2
; : : ; d (3 : & o T
= 35ma=4sm2xsma:>sm2x=z=[7 :>sm2x=sm2§:>x=rmi§, nerz

EXAMPLE5 Solve: 4 sin x sin 2x sin 4x = sin 3x
SOLUTION We have,
4 sin x sin 2x sin 4x = sin 3x
= 4sin xsin (3x —x).sin (3x + x) = sin 3x
= 4[sinx(sin2 3x—si112x)] = 3sinx-4sin?x
= 4sinxsin® 3x—4sin® x=3sin x—4sin° x
= 4sin xsin? 3x=3sin x
Y . . " . . 3
= smx(tlzsun:Z 3x-3)=0= sin x=0or, 4sin® 3x-~3=0 = sin x=0 or, sin” 31:2

Now, sinx =0 = % =nm, neZ

And, sin 2 3x=%
2
— sm23x=[£] :>sm23x—sm2—:>3x=mni—:>x=%tg,mez
Hence, x = nm or, x = %ig, where m, neZ.
sinzx coszr
EXAMPLE6 Solve: 81 + 81 *=30,0sx<m
SOLUTION We have,
2 2 2 . 2 s 2
FEILE L GRS & o gy ESINTRL g lositE L g o iR "+8—12=30

815i.f‘l X



10.16 MATHEMATICS-XI
. 2
= y+E =30, wherey =815" ¥
¥

22 2
= y?-30y+81=0= (y-27)(y-3)=0= y=27 or,y=3=> 815" ¥ =27 or, 815" ¥ =3

i
Now, 815" *=27

D
= (34)5m .1=33
- qasin?x _ 53
2
=5 4sin2x=3:> sinzxz—ei: 3/—5- :>sh12x=sinZE: x=nni£,nez
4 2 3 3

and,

Slsin2x=3

D)
= (34)511‘1 .\’=3
- gdsinx _ 41
2

=5 4sin?x=1 = s'mzx=—i—=(%J =5 sin2x=sinzg = x=m'rig,nez

i3 T
Hence,x::tnigor:t':nnig,nEZ

10.4 TRIGONOMETRIC EQUATIONS OF THE FORM
acos x+bsin x=c,wherea, b, c e R such that | c| S\/az + b2

To solve this type of equations, we first reduce them in the form cosx = cosa, or
sin x =sin a.

The following algorithm provides the method of solution.

ALGORITHM
Stepl  Obtain the equation a cos x + b sin x =c.

StepIl Puta=rcosaandb=rsin o, wherer =va? +b% and tan a=b/ai.e. o =tan ! (b/a).
Step Il Using the substitution in step 11, the equation reduces to

recos(x—a)=c = cos(x—a)=£=cos[3(say).
r

Step IV Solve the equation obtained in step I1I by using the formulas discussed earlier.

ILLUSTRATIVE EXAMPLES
BASED ON BASIC CONCEPTS (BASIC)

EXAMPLE1 Solve: \/3 cos x + sin x =+/2 [NCERT EXEMPLAR]
SOLUTION We have, +/3 cos x + sin x =+/2 (i)

This is of the form acosx +bsin x=c, wherea=+/3,b=1and c =+2. Let a=r cos & and
b = r sin o. Then,

J3=rcosa and 1=rsina :>r-—~\/a2+b2=\/(\/§)2+12 = 2 and
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Substituting a = V3 =rcosaandb=1 = rsin ain the equation (i) it reduces to

FCcos oL cosXx+rsinasinx = A2

=5 reos(x—a) = +/2
= 2c05[x—g] =42
= cos(x—E) sl
6) 2
o
= cos| x—— | = cos —
6 4
= x—£=2nnif,nez
6 4
= x=2nni3+f,nez
4 6
= x=2mr+£~1—£0r,x=2rt1t’—E+E ::»szmr-?—E-E or,x=2mr—£
4 6 4 6 12 12
Hence, x=2mt+5—nor,x=2m:—1, where ne Z
12 12
ALITER We have, v/3 cosx + sin x = /2. Dividing both sides by 1/(J§)2+12 =2, we obtain
J3 1. V2
——cosx+—sinx=—
2 2 2
— Ccos X cosE+sinx sinE——l—
6 6 2
n) T
=5 cos| x—— |=cos—
[ 6 4
= x—E=2mr+E,whereneZ
6 4
= ;:c—E=2mr+E or,x—E=2nn—E, nez
6 4
= x=2mr+5—n or, x=2nn—_n~, nez
12 12
EXAMPLEZ Ifsin x+ cos x =1, then find the general value of x. [NCERT EXEMPLAR]

SOLUTION We have, sin x + cos x =1. Dividing throughout by V1% +1% =2, we obtain

1 . 1
—= sin X +—=cos x =

V2 V2 2

i P L
sin x sin Z+COSXCOS—=

18
N

K = Ik L x=(2nntEJ+E =5 x=2r.'1|:+E or,x=2nw, nez
-t 4, 4 2
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BASED ON LOWER ORDER THINKING SKILLS (LOTS)

EXAMPLE3  Solve: +/2 sec x + tan x =1
SOLUTION We have, V2 secx + tan x = 1
V2 sin x
+

Cos x COos x

=1= J2+sinx = cosx = cosx—sinx =2 (i)

This is of the form, a cos x =b sin x =¢, wherea=1, b=1 and c=+2
Leta = rcosa,andb = rsin a.Then,
1 =rcosaandl = rsin a

= r=1{az+b2 =\d12+12=ﬁ and, tana:rmna:l =5 r=ﬁaﬂd,€t=£

¥ COos &

Substituting @ =1 =r cos oo and b =1 =7 sin a in (i), we get
F COS X COS O —F Sin x sin o =+/2

= rcos (x+a) =2
s
= cos(x-i—~)=1
4
/
= cosLx+EJ=cosO°:> x4+ E=2ant 0= x=2nn—£, neZ
4 4 4

ALITER  The given equation reduces to cosx—sinx=+2. Dividing throughout by

J(D)%+(-1)% =2, we obtain

Lc:oss;\:—isi.n:r—l
TR
=% cosxcos%—sn’nxsin%:l::a cos[x+28=coso =5 x+§=2m:io = x=21m—g,nez.

EXAMPLE4 Solve: cot x + cosec x =+/3.
SOLUTION We observe that the LHS of the given equation is meaningful for all x # nn, n e Z.
Now, cotx + cosec x = J3

= SRE, A =3 = cosx+1=+/3sinx = J3sinx-cosx =1 (1}

sinx sinx
This is of the form a sin x + b cos x =¢, where a=+/3,b=-1andc=1.
Let+/3 =r sinaand 1 = r cos a. Then,

r=\/a2+b2 =./3+1 =2 and, tana=3/l-§= 3=tr=2and a = n/3

Substitutinga=\/§ =rsin a andb =1 =r cos « in (i), we get
rsinasinx—-rcosacosx =1

b b 1 T 2T
= —~rcos(x+a)=1= —-2cos|x+—|=1= cos|x+—|=——=> cos|x+— | = COS —
3 3 2 3 3

=5 x=2nn12—;—g:>x=2mz+§0r, x=2mn-n=(2n-1)n, neZ

But, x cannot be equal to (21 —1) nas it makes sin x = 0. Hence, x =2nn + g ,nelZ



TRIGONOMETRIC EQUATIONS g 10.19

ALITER  The given equation reduces to the equation +/3 sin x —cosx =1.

Dividing throughout by /(+/3)% +(-1)> =2, we obtain
NE}

A 1 1 LT b 1} T . VT 1
—sinx——cosx=— = sin — sin X—COS — COS X =— = COSX COS — — Sin x sin — =——
2 2 2 3 3 2 3 3 2

=5 cos(x+£] = cosE: x+£= ZnniE::» X = Zm-c+E or x = 2nm—-m,ne’l
3 3 3 3
:>x=2m'c+§,neZ [- x2(2n-1)m,neZ]

BASED ON HIGHER ORDER THINKING SKILLS (HOTS)

EXAMPLE5 Solve: (v/3 =1) cosx +(v/3 +1) sin x =2. [NCERT EXEMPLAR]
SOLUTION We have, (v/3 —1) cosx +(+/3 +1) sin x =2. ...(1)

Let/3 -1 =rsina and /3 +1 =r cos a. Then, r=\/(\f§—1)2+(ﬁ+1)2 =22

1—-1—- tan ™ —tan =~
and tan a=ﬁ—l = Jlg = 4 6__ tan (E_E}—_-tanﬁ
341 942 1+tnTtan® 4 6 12
V3 4
= r=2v2 and o =—
12

Putﬁngﬁ—l =rsina and /3 +1=r cos a in (i), we obtain
rsino cosx+r cos a sinx =2

rsin(x+a)=2 = 2ﬁsm(r+—)=2:> sin[x+iJ=—1—:> sil*l(;ar-4~£)=s,i1'nE
12 12 2 12 4
= x+—~—mr+( 1) = = x=nn+(-1)" &= ,neZ
12, 4 12
T i T e
T L , if nis even nn+— , ifniseven
e 2o 4 12 el el | 6
A= , if nis odd nn-= , ifnis odd
4 12 3
ALITER  We have,
(¥3-1)cos x+ (V3 +1) sinx =2
Dividing throuhout by \/(«/3 —1)2 +(+3+ 1)2 =2+/2, we obtain
ﬁ:‘é COS X + ﬁil Sinx—,l_
2.2 22 V2
= ﬁxiulx 1 CosX + J§ 1 1 1 sinx=— b
2.2 A2 T2 V2
( n Gl s n] [ T T T rc] 1
= COSX| COS— COS —=SIn — S — |+| SN — CO0S —+COS —SIN— |=—F—
6 4 6 4 6 4 6 4) 2
[n n) . . [n n] 1
= COSXCOS| —+—(+SIN XSIN| —+— |[=—F=
6 4 6 4) 2

5n 5n hid
= COS X COS 1—+smx sin — = cos—

12 4
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=3 cos[:rws—ﬁJ:coser = x—§E=2nnilr,1er = x=2mt+gor,x=2mr+ﬁ,nez
12 4 12 4 3

__EXERCISE 10.1
BASIC

1. Find the general solutions of the following equations:

(i) sin x = % (i) cos x =— % (iii) cosec x =—/2

(iv) secx =+/2 (v) tan:c:—L (vi) V3 secx =2

V3
2. Find the general solutions of the following equations:
(i) sin 2x = g (ii) cos 3x = 5

(iii) sin 9x = sin x
(iv) sin 2x = cos 3x

(vii) tan 2xtan x =1
(x) sin 2x + cos x =0

(v) tan x +cot 2x = 0 (vi) tan 3x = cotx
(viii) tan mx + cotnx = 0 (ix) tan px = cotgx
(xi) sin x =tan x (xii) sin 3x + cos 2x =0
3. Solve the following equations:

(1) sin? x—cosx = —

(ii)2coszx—5cosx+2=0
(iif) 2sin®x+v3 cosx+1 = 0

() tan2x+(l—«/§) tan x-+/3 = 0 (vi) 3 cos? x —2 /3 sin x cos x — 3 sin?
(vii) cos 4 x=cos2x

(iv) 4 sin® x -8 cos x +1 =0

x'=0

BASED ON LOTS
. Solve the following equations:

(i) cos x + cos 2x +cos 3x = 0 (ii) cos x + cos 3 x —cos 2x =0 [NCERT]
(iif) sin x + sin 5x = sin 3x (iv) cos x cos 2x cos 3x = L

(v) cos x +sin x = cos 2x + sin 2x

(vi) sin x + sin 2x + sin 3x=0

(vii) sin x + sin 2x + sin 3x + sin 4x =0 (viii) sin 3x —sin x =4 cos g
(ix) sin 2x —sin 4x + sin 6x =0
. Solve the following equations:

(i) tan x + tan 2x + tan 3x = 0

(iii) tan 3x + tan x = 2tan 2x

[NCERT]

(%11

(ii) tan x + tan 2x = tan 3x

. Solve the following equations:
(i) sin x + cos x =+/2 (ii)«/gcosx+sinx=1
(iii) sin x +cosx =1

(iv) cosecx = 1+ cotx
7. Solve the following equations:

(i) 4sinxcosx+2sinx+2cosx+1=0 (ii) cosx + sinx =cos2x + sin 2x
(iii) sinx tanx -1 =tanx—sinx (iv) 3tan x + cotx =5 cosec x
BASED ON HOTS
Solve the following equations: (8 —10)
8. 3—2cosx—4sinx—cos2x+sin2x =0

9. 3sin? x —5sin xcosx + 8c052x =2
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2 2
10, 2507 %y g e ¥ 0 /3
11. Find the most general value of x satisfying the equations tan x =—1and cos x = %

[NCERT EXEMPLAR]

e e B - ________ ANSWERS

8 (i)x=mt+(—1)"36£,nez (ii)x=2nﬂi-?n,nez

(iii)x=mt+(—1)”+1g,nez (iv)x=2nnig,nez
T . T

(v) x=nn——, neZ (v1)x=2mtig,nez
nm b - 2nt W

2. () x=—+(-1)"=, neZ i) x==—+=, ne’Z
(i) 5 ( )6 (ii) S

(iii) x=%£E or x=(2r+l)%, wherer € Z

(iv) x=(4n+1)% or x=(4n—1)g, wherene Z

(V)A‘:nn—g,nez (vi)x=%+g,nez

(vii)x:n—“+g,nez T it L
m-n
ity e L | o
p+q)2
(x) x=(4n—1)g or x=(4m—1)§, wherem, neZ
(xi) x=mn or x=2nn, wherem, neZ
b n

il) x=(4n-1) — =(dm-1)—=, m, neZ

(xii) ( )10 or x=(4m )2 €
3. (i)x=2mt:t%,nez (ii)x=2mci%,nez
(iii)x=2mti5?n,nez (iv)x=2m:i§,nez

(v) x=mc—g or x:mrc-i-g, wherem, neZ
. T T
(vi) x=mr-§ or x=mn+g, wherem, neZ
(vii) x=m:,x=n?n,nez
4. (1) x=(2n+1)£ or x=2mntz—;,m,nez
(i) x=(2n+1)£ orx=2mnig, mneZ
(iii) xzn_;c or x=mni~—g, mnez

(iv) x=2n+1g or x=mrci§, mnez
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or x=2mn, mnerZ

nm 2n
(vi) x= ?orx nnt—, mneZ
(vii)x=mr+g,x=(2m+1)n,x=%q,m,nrez
(viii) x =nm+ (-1)" E or x= (2m+1)4 mmneZz

(ix) x=?, x=nnig, ner

= T |
5. (i) x="" or x=nmnt o, wherea = tan 1~ and mneZ
3 V2
o n
(ii) x =mn or x=§, wherem, neZ (iii) x =nm, whereneZ

6. (i) x=(8n+)£, neZ
(ii) x=(4n+1)§ or xm(IZm—l)g,m,nEZ

(iii) x =2nn or x=2mn+g, mneZ (iv) x=2m1t+g, mnelZ

n71r 2ln =

2n
7. (i 2nn+—, x =nn+ (-1 x=2 X=—t =, 1
(i) x=2nn 3 T+ (-1) (ii) nmor, X 2 e

(ﬁi)x=nn+x=%,nez (iv)x=2m‘ci%,nez

8. x =nn+(-1)" —,x 2mr+— neZ
2 2

9. x=nn+a, x=nn+f, wheretan o =2, tan p=2,ne Z

s
10. x=mti;,nez

xisx=2mt+%,nez.

in(A-B) _a*-b?
in(A+B)  k

1. Ina AABC, ].f AR K = s nminmini ;

)

. Ina AABC,if c2 +a%-p2 = ac, then the measure of angle Bis .......cccovverevcinence .

cos A cosB cosC

@

b ¢

[1=9

HINTS TO SELECTED PROBLEMS

. Avalue of xsatisfying tan x =—1and cos x = % isx= 7% Hence, the most general value of

___FILL IN THE BLANKS TYPE QUESTIONS (FBQs)

. InaAABC, if = = and a = 2, then area of AABC is equal to .......ccoeveurcuniecns
a

. Inatriangle ABC, ifa=2,b=4and A+ B =2—3n, then area of AABC i8S ..ooveeveveceeeeveecrenrens



TRIGONOMETRIC EQUATIONS 10.23

10.

11.

p b
13.

14.

15.

. The angles A, B,C of a AABC are in AP and the sides a,b,c are in GP. If

22 4ct = hbz,then =T SOUOUR X'V e,

. Ina AABC, if ZC =60°, a=47 cm and b =94 cm, then B2 5 nseiesssonsins

. Ina AABC, if ZC :g, e g, g =BIAREN Bl idoisresmeemmssivessitin

Ina AABC, ifCOSA+ cosB +cosC _

a b c
In a AABC, if ¢? sin A sin B =ab, theti A+ Bi=uussmmingg s

InaAABC,ifa=8,b=9and 3cosC =2, then C = ...coceceeevrevecrcucccccccnc
Ina AABC,ifb=+3,c=1and B-C =g', B & sttt b «

k (a2 25 cz), then k= oo

If angles of a triangle are in AP.and b:c = N3:vV2, then C = oo«
If the sides of a AABC area, b, - % + ab +b?% , then the measure of the largestangleis............ .

Ina AABC, if at 102 + ¢t =24%2 + 262 c2, 4T 1 3 £ i SN

InaAABC,ifa=4,b=3,A nghen side Cis given by ..ocovcoenicneecnennns

ANSWERS

15.

. 10

V3

c 2, 3. /3 sq. units 4. B 5q. units 5. 2 6. 6627

il

3

g 1
2abc

c?-3¢-7=0

10. 7 i, & 29,5 328 i B oy T

g
2 6 4 3 4" 2

VERY SHORT ANSWER QUESTIONS (VSAQs)

Answer each of the following questions in one word or one sentence or as per exact requirement of the
question:

i i
2

3

. Ina AABC, if sin A and sin B are the roots of the equation ¢

Find the area of the triangle AABC in whicha=1,b=2and £c =60°.
InaAABC,ifb=+/3,c=1and £A = 30°, find a.
B

Ina AABC,ifcos A = ﬂ—w, then show that ¢ =a.
2sinC

: InaAABC,ifb:20,c=2landsinA=§,finda.

2xz—c(u +b)x +ab =0, then

find £C.

6. INAABC,ifa=8,b=10, c=12and C = AA, find the value of A
7. If the sides of a triangle are proportional to 2, V6 and v/3 -1, find the measure of its greatest

angle.

A AARE, e “Hos D GeeC

A , then find the measures of angles A, B, C.
a c



10.24 MATHEMATICS-XI

9. In any triangle ABC, find the value of a sin (B—C) +b sin (C —A) + ¢ sin (A - B).
10. In any AABC, find the value of £ a (sin B-sinC)

ANSWERS

1. +/3 sq. units - | 4. 13 5. 90° 6. 2 7. 120°
8. A=B=C=60° 9.0 10.0

MULTIPLE CHOICES QUESTIONS (MCQs)

Mark the correct alternative in each of the following:
1. The smallest value of x satisfying the equation v/3 (cot x + tan x) =4 1is

(@) 2n/3 (b) n/3 (c) n/6 (@) n/12
2. Ifcos x ++/3 sin x =2, then x =
(a) m/3 (b) 27/3 (c) 4m/3 (d) 5n/3
3. If tan px - tan gx =0, then the values of 6 form a series in
(a) AP (b) GP (c) HP (d) none of these
4. Ifaisanyreal number, the number of roots of cot x — tan x =ain the first quadrant s (are).
(a) 2 (b) 0 (1 (d) none of these
5. The general solution of the equation 7 cos?x + 3sinx=4is
(a)x=2mrig,nez (b)x=2mriz—;,nez
(c) x=nnig,nez (d) none of these

2

6. A solution of the equation cos” x + sin x + 1 =0, lies in the interval

(@ (-n/4, n/4) (b) (n/4, 3n/4) (c) (3n/4, 5n/4) (d) (Bn/4, 7n/4)
7. The number of solution in [0, n/2] of the equation cos 3x tan 5x = sin 7xis

(@) 5 (b) 7 (c) 6 (d) none of these
8. The general value of x satisfying the equation +/3 sin x + cos x = +/3 is given by

) x =an+(-)"2+ T nez b) x = ne+ (1" E_L nez
@) U 5 bguie (b) rEal mosie
(c) x =mti~T6£,neZ (d) x :nnig,nez
9. The smallest positive angle which satisfies the equation 2 sin? x ++/3 cos x+1=01is

5n 27 T T
(a) _6_ (b) ? (o) E (d) g

10. If4sin? x = 1, then the values of x are

(a) 2nnig,nez (b) nnig,nez (c) mrir%,nez (d) Zm'cig,nez

11. If cot x —tan x = secx, then, x is equal to

(a) 2nn+%,nez (b)nﬂ+(—1)ngﬂféz

(c) nm+ g ,MelZ (d) none of these
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12. A value of x satisfying cos x + /3 sin x = 2is

13.

14.

15,

16.

17.

18.

19.

20.

21.

22,

5n 4n 2n m

a) — — c) — d) —
(a) 5 (b) 3 (o) 3 (d) 3
In(0, m), the number of solutions of the equation
tan x + tan 2x + tan 3x = tan x tan 2x tan 3x is

(@7 (b) 5 (c) 4 (d) 2
The number of values of x in [0, 2] that satisfy the equation sin? x —cos x =i«
(a) 1 (b) 2 (©) 3 (d) 4
[feSNX _~SN% _4 _ 0 thenx=

(a) 0 (b) sin~ !{log, (2 -/5)}

(01 (d) none of these
The equation 3 cos x + 4 sin x = 6 has .... solution

(a) finite (b) infinite (c) one (d) no
If /3 cos x + sin x = /2, then general value of 0 is

Ann+10)"E nez =g B ety

(a) (=1} T e () (-1) T a
@nu+r-" nez @nr+ 1) E-L nez

4 3 4 3

General solution of tan 5x = cot 2x is

nTt T nm T
a) —+— ,nel p=—t— el
(a) o e (b) 7 g ults
@ 2=l neZ o D AL W B
7 T4 7 14

The solution of the equation cos® x + sin x +1 =0 lies in the interval
(@) (-n/4,n/4) (b)) (n/4,3%/4) (¢) (3n/4,5n/4) (d) (5n/4,7n/4)

If cos x =— % and 0 < x < 2m, then the solutions are

n 4rn 2n 4n 2t 7m 2n 5m
(a')x=3f? (b) R (C)x:?'_é_ (d) 9=?:—3“
The number of values of x in the interval [0,57] satisfying the equation
3sin? x—7 sin x+2=0is
(@ 0 (b) 5 (c) 6 (d) 10
Number of solutions of the equation tan x + secx = 2cosx lying in the interval [0, 2n]is
(@0 (b) 1 (c) 2 (d) 3

[NCERT EXEMPLAR]

ANSWERS

.( 2@ 3@ 4( 5 (@) 6.(d 7.() 8 () 9 (a
10. () 11. () 12.(d) 13.(d) 14.(b) 15 (d) 16. (d) 17. (d) 18. ()
19. (d) 20. (b) 21 (c) 22. (d)
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SUMMARY

1. An equation containing trigonometric functions of unknown angles is known as a
trigonometric equation.

. A solution of a trigonometric equation is the value of the unknown angle that satisfies the
equation.

3. Following are the general solutions of trigonometric equations in standar.’ forms:

]

Trigonometric equation General solution
(i) sin® = 0 ) 0 =nn,neZ
(ii) cos® = 0 B=(2n+1)§,nez
(iii) tan 6 = 0 0 =nn,neZ
(iv) sin 6 = sin « 0 =nr+(-D)"a,neZ
(v) cos® = cos a 0 =2nnta,ne”
(vi) tan 6 = tan o 0 =nn+a,ne Z
sin” @ = sin® o
(vii) cos® 0 = cos® o 0 =nnta,neZ

tan? 0 = tan? «

4. The equation a cos 8 + b sin 8 = ¢ is solvable for| c| < Ja? +b2.



