Trigonometric Equations

Exercise 17

Q. 1. Find the principal solutions of each of the following equations:

B

(i) sinx =~—
2
.. 1
(i) cosx =—
2
(i) tanx = w@
(iv) cotx = \/3
(v) cosecx =2
2
(vi) secx =—

J3

Answer : To Find: Principal solution.

[NOTE: The solutions of a trigopnometry equation for which 0 < x < 2  is called
principal solution]



(i) Given: ginx =£
2

Formula used: sin@ =sina = 6 =nn+ (-1)"a,n€ |

By using above formula, we have

™
SINX =£ = sm— =X =NT + ;(-1)"

Putn=0=>x=0xn+§(-1)0=;x=g

=>x=1g:nlg—‘§—§2=ﬂ.c=n DE_ =

Putn=1=x

- . . . 2
So principal solution is x= 7 and =°



(i) Given: cosx = L

Formula used: cosg =cosa = 6=2nmr+a.n€l
By using above formula, we have

cosx=l=cos§ = 0=2nt+ta nel

2

wclags?24

Putn=1=x

['%“ > 2m So it is not include in principal solution]



L S n 5
So principal solution is x= 3 and ?"

(iii) Given: tanx = /3
Formula used: tanf =tana = 6 =nmnt+a,n€l

By using above formula, we have

tanx:.\lg =tan§ =x=nn+ a ne€l

Putn=0=x= x:g
class24
Putn=1=x A =;.><=4—1I
3 3

L N ™ 41
So principal solution is x= 3 and 5



We know that tané x coté = 1
1
So cotx =3 = tanx = =
The formula used: tang =tana = 6=nm+a,n€l
By using the above formula, we have

1 m
tanx—‘/—i—tans = 60=nn+ a,nel

Putn=0=x= x=2
class24

Putn=1=x =—



L . . s 71
So principal solution is x= . and -

(v) Given: cosec x = 2

We know that cosec@ x siné = 1

So sinx = %

Formula used: sin@ =sina = 6 =nn + (-1)"a,n€

By using above e have

class24

sinx =~ = si (-1)"

6

Putn=0= 9z0><1r+§(-1)0=> 9:%



Putn=1= e=1xn+§(-1)1=> o=1xm+2(-Dt= 0

L L L 5T
So principal solution is x= . and o

(vi) Given: sec x =

v

We know that secg x cosg = 1

So cosx = ?

Formula used;

rociass24

By using the a , we have



:cosg = x=2nt+anel

b1
Putn=0=>x:2mrig = X=—
11m 13m 11m 131
Putn=1=x=21+ = =5 Xx=—,— —x=—"—r —
6 6 6 6 6

13 o . . L .
[Tn > 2x So it is not include in principal solution]

L ) . T 11w
So principal solution is x= . and e

Q. 2. Find the principal solutions of each of the following equations :

(i) sinx = —-
]

(ii) v2cosx +1=0
(i) tan x = -1

(iv) 3 cosecx +2=0
(V) tanx = —/3

(vi) 3secx +2=0

Answer : To Find: Principal solution.



(i) Given: sinx = —

Formula used: sin@ =sina = 6 =nm+ (-1)"a,n€l

By using above formula, we have

) ) X .7 n
sinx = — = -sin¢ = sin(m+ 2)=sin- = x = nm + —(-1)"
B 6 6 6 6

7

Putn=0=>x=0x1r+%(-1]°=>x=?

Putn=1=x

rAyclags2g -+

o |5
[

[NOTE:



71 11m
So principal solution is x= s and e

. . -1
(ii) Given: -\Iicosx +1=0 = cosx = 7z
Formula used: cosg =cosa = 86 =2nmr+a.neEl

By using above formula, we have

COsX =

-1 3m
E—COST = x=2nt+a n€El

Putn=0=x

Tvelass24

St 11m 5m 11w
— X EF—,— X =F—,—

Putn=1=x=2x¢
4 4 4 4 4



[—11“ > 2m So it is not include in principal solution]

. L 3 5
So principal solution is x= Tﬂ and Tﬂ

(ii) Given: tan x = -1
Formula used: tanf =tana = 6 =nnt+a,né€l

By using above formula, we have

tanx=-1=t + ane€

class24

Putn=0=x=n = X =—



71 7m
Putn=1=))(=n'-|-?%t =;.:¢(=T =)sz

L. . . 3 7
So principal solution is x= Tﬂ and Tﬂ
(iv) Given: \f3 cosecx +2 =0 = cosec x = %

We know that cosecé x sinf =1

So sinx =

=

Formula used

o= C1AMRGE 24

By using above , we have




. . 4 4
sinx =¥ = sm?’r = 0=nn +?(-1)”

Putn=0=>x=0xn+4?ﬂ(-1)°=>x:%[

F’utn=1=>x=1xn+4?ﬂ(-1)1=>x:1xn + %"(—1)1=>X=1r _ %:;—“

[NOTE: =X =32
3 3
So principal solution is x= 4?“ and 5?“

class24

(v) Given: tan

Formula used: ta a = 6=nm+ta.n€el

By using above formula, we have



21
tanx:-J§=tan?=>x:nn+ a, nel

27
Putn=0=x=nr+ 2?“ =>x:?

5T
Putn=1=:»x:1pz+%1t =;x=?

L L 21 5t
So principal solution is x= 5 and 5

(vi) Given: \Esecx +2=(0 =secx=

_Tz
Mvclass24

We know tha

So cosx = %



Formula used: cos@ =cosa = 6 =2nmrta,n€l
By using the above formula, we have

V3

5t
cosx:?:cos? = x=2ntta ne€El

5t
F’utn:0=>x=2nni5—“ =X =—
6 6
7m 171 7m 171
Putn=1=x=2n+ 5—“=:;x=—.— = X =—, —
6 6 6 6 6

17m . ) . - .
[T > 2m So it is not include in principal solution]

.. - 51 7T
So principal solution'is x=? and r

Q. 3. Find the general solution of each of the following equations:



(i) sin 3x = 0

o . 3X
(i) sin—=0
2

)

(iii) sin| X +— }:O
)

(iv) cos 2x = 0
(v) cosE =0
~

(vi) cos[ x—iJ:O
10,
(vii) tan 2x =0

(viii) mn}' 3x+ 2 |=0

oA

f' T
(ix) tan; Ex—z ] =0

Answer : To Find: General solution.

[NOTE: A solution of a trigopnometry equation generalized by means of periodicity, is
known as general solution]

(i) Given: sin 3x =0

Formula used: sin#=0= 9 =n" , nef

By using above formula, we have



nmw
sin3x=0=3x=nm =>x=?wherenel

. . nt
So general solution is x= Y where n € |
o . 3x
(ii) Given: sin— = 0
Formula used: sing=0= 8 =nr,nel

By using above formula, we have

. 3x
sm?=0=)

wneede1 S 24

L 2nm
So general solution is x= = wheren € |



T . . . E —
(iii) Given: sm(x + 5) 0
Formula used: sinf=0= 8 =nm,n€l

By using the above formula, we have

. T T s
sun(x+ ;)=0=> X+ g =N =>x=mr-;wherenel

o T
So general solution is x= nm - E where n € |

(iv) Given: cos

class24

Formula used: 6 = (2n+1)§ ,NEI

By using above formula, we have



cos 2x = 0 = 2x = (2n+1)§ o x= (2n+1)§ where n € |
T
So general solution is x= (2n+ 1): where n € |
. S5x
(v) Given: cos S - 0

w
Formula used: cosé=0= 6 = (2n+1); ,NE |

By using the above formula, we have

Jyclass2s

Sx
cos S 0=

/4
So general solution is x= (2n+ 1); where n € |



(vi) Given: cos (x + £) =0

/4
Formula used: cos6=0= 6 = (2n+1);, nel
By using the above formula, we have

T _ o T _ T s 2T
cos x+ﬁ)—0=) Jr+-1—ﬁ_(2n+1)2 =:»x—(2n+1)2-10 = X=nm+ -

where n € |

L 2m
So general solution is x= nm + ? where n € |

class24

(vii) Given: ta

Formula used:tan=0= 6 =nm.nel



Formulaused:tan=0= @8 =nm,nel

By using above formula, we have

nmw
tan2x=0= 2x=nm =>x=?wherenel

o nmw
So general solution is x= ? where n € |

T . m\
(viii) Given: tan (3x + E) =0

Formula used

velass24

By using abov e have



T T
tan (3x+ E):O=> 3x+ g:nn = 3X=nmw-— :xzﬂ-—wherenef
6 6 3 18
. . nrt T
So general solution is x = — - _8 where n € |
. . ) T\ _
(ix) Given: tan (Zx - Z) =0
Formula used:tan6=0= @ =nm,n€ |
By using above formula, we have
T T
tan (Zx— E)=Ci=!' 2x — %=nn = 2X=nmg -— =>x=E+—wherenef
4 4 2 8

" . nmw T
So general solution is X = <3 - E where ne |

Q. 4. Find the general solution of each of the following equations:

B

(i) sinx ==
2

(i) cosx=1

(iii) secx =2

Answer : To Find: General solution.



(i) Given: sin x = V3

2
Formula used: sin@ =sina = 6 =nn+ (-1)"a,n€l
By using above formula, we have

. . T m
smx=£=sun§ =>x=mr+(-1)".§
2

. . F3
So general solutionis x = nm + (-1)". 3 where n € |

(ii) Given: cos

class24

Formula used: = 60=2ntt+ta.nel

By using above formula, we have



cosx=1=cos(0°) = x=2nm,n€ |

So general solution is x = 2nm where n € |
(iii) Given: sec x =42

We know that secf x cos@ =1

1
So cosx =—

V2

Formula used: cosg.=«¢0sa = 6=2nt+a.n€l

By using above formula, we have

1 1 m
COSX=—=C05— = xXx=2nt+-,nel
V2 4 4

. . i
So general solution is x = 2nm + z where n € |

Q. 5. Find the general solution of each of the following equations:

(i) cosx = —

2
(i) cosecx = —2
(i) tan x = -1

Answer : To Find: General solution.



Formula used: cos@ =cosa = 6=2ntr+a,n€l

By using above formula, we have

_ -1 T _ M 2 B 2
cosx=—= cos(s)— cos(m 3)—cos( 3)=>x—2nni?,nel
So general solution is x = 2nmr + %’I where n€ |

(i) Given: cosec x = —/2

We know that

class24

So sinx = E



Formula used: sin@ =sina = 6 =nm+ (-1)"a,n€

By using above formula, we have

sinx -1 sinsn x=nm+ (-1)" ST
— —_— # — - . —_—
V2 4 4

L 5
So general solution is x = ng + (-1)". anhere nel

(iii) Given: tan x = -1
Formula used: tang =tane.— 6 =nn+a.n€l

By using aboveformula, we have

3
tanx:-lztan—ﬂ=>x:nn+%“,n€.'

4

So the general solution is x = nr + %T“where nel

Q. 6. Find the general solution of each of the following equations:

(i) sin2x =

| 1
N
(i) tan“%x=\5

12| =

(i) cos3x =



Answer : To Find: General solution.

(i) Given: sin 2x =%
Formula used: sin@ =sina = 6=nm+ (-1)"a,n€l

By using above formula, we have

1 T T nm T
i =—=sin- = = - n_— > Y = — - l"l'_,
sin 2x ;= sing 2x=nm+ (-1) . X > +(-1) T nel

nm T
=—+(-1)".—wheren€|l
12

class24

So general solutio

(ii) Given: cos

Formula used: cosg =cosa = 6=2nr+a,neEl



By using above formula, we have

1 m
cos 3x=—=cos(—) = 3x=2nm+2> =>x=""4 " nhe|
V2 4 4 3 T 12

. 2
So the general solution is x = ? + % where n€ |
e 2x
(iii) Given: tan 5 - V3

Formulaused:tang =tana = 6=nn+a,n€l

By using above formula, we have

2xX ™ 2xX 3nm T
tan—:vfsztan—=> —:mH—E = X=——4+— NE|
3 3 3 3 2 2

T
So general solution is x :(3n+1)5 wherene€ |

Q. 7. Find the general solution of each of the following equations:

(i) sec 3x = -2
(i) cot 4x = -1

-2
(iii) cosec3x =—

NG

Answer : To Find: General solution.

(i) Given: sec 3x = -2



We know that sec@ x cos@ = 1
-1
So cos 3x = >

Formula used: cosg =cosqg = 6=2nr+a.neEl

By using above formula, we have

-1 s T 2m 2nm 2m
Cos 3x =—=-cos—=cos|{ T — — )=cos— = 3x= 2nn:|:_=;x——:|:—,
2 3 3 3 3 9

nel

.,wh enel

class24

So the general




(ii) Given: cot 4x = -1

We know that tané x coté =1

Sotan4x =-1

Formula used: tang =tana = 6=nn+a,n€l

By using above formula, we have

3 nrt 3
tandx=-1=tan— = 4x=ng + ?T“ =;x:T+ R,nel

lvclass24

+3)— wheren€ |
16

So general so



(ii)) Given: cosec 3x =

-2
V3
We know that cosecf x sing =1

V3

So sin 3x = Y=
2

Formula used: sin@ =sina = é6=nn+ (-1)".a,n€l
By using above formula, we have

4m A nm 4
=sin 3x=nm + (-1)" — Xx=—#(-1)".— ne€l
7 = (-1) Na | (-1) 5

V3
2

sin 3x = —

. . nm 4m
So general solution is X = - + (-1)". o wheren e |

Q. 8. Find the general solution of each of the following equations:
(i) 4cos? x =1

(ii) 4sin2x-3=0

(iii) tan2 x = 1

Answer : To Find: General solution.



(i) Given: 4cos? x = 1 = cos? x = G)

m
l.l COSz x — COSZ';

Formula used: cos?6 = cos’a = 6=nmw + a,n€ |
By using the above formula, we have

X=nn :I:g’ne[

T
=nm £ wheren€ |

class24

. 3 4
Slnz X=—-= S|n2_
4 3

So the general

(ii) Given: 4sin



. LT
sosin?x = sunzg

Formula used: sin?g = sin‘qa = 6=ntr + a,n€l
By using the above formula, we have

X =N ig,nel

So the general solution is x = nm ig where n€ |

T
x:tanz—

tlass24

(i) Given: tan?

2)<=tan

s tan
The formula used: tan’6 =tan’a = 6=nm + @ ,n€ |
By using the above formula, we have

X=nmT += neEl

—4!

So the general solution is x = nm ig where n € |



. nm 4
So general solution is x = 3 +(-1)". ?n, wheren € |

Q. 9. Find the general solution of each of the following equations:

(i) cos 3x = cos 2x
(ii) cos 5x = sin 3x
(iif) cos mx = sin nx

Answer : To Find: General solution.

(5x) . (%) _

(i) Given: cos 3x =cos 2x = cos 3x -cos 2x =0 = ZSIHT sin—

[NOTE: cos C - cos D = -2sint&+2) 5in¢=P)

(5x) (x)

So, sin—==0eorsin—=0
2 2

Formula used: sin@=0= 86 =nm,n€ |

?—nnor(z)—mnwheren.mef

x=2nm/5o0rx=2mm wheren, m € |

So general solution is x = 2 na/5 or x = 2mm wheren, m € |



(ii) Given: cos 5x = sin 3x = cos 5x = cos(g — 3x)

Formula used: cos@ =cosa = 6 =2nt+a,n€l

By using the above formula, we have

5x = 2nm + g— 3x) or 5x = 2nm — (g— 3x)

w

8x =2nm + ;—ror2x:2n1r—§

X=—+ —orx where n € |

class24

m (3
+ —orx=nm — -wherene€ |l
16 4

So general so

. " m
(ilf) Given: cos mx = sin NX = €O0S MX = cos(; — nx)

Formulaused:cos 6 =cosa =2 6§ =2km ta,kel



By using the above formula, we have

mx = 2k + (g—nx) or 5x = 2k — (rz—r—nx)

(m+n)x = 2km + Iz—t or (m-n)x = 2km — =

2
2km T 2km T
X = - or x = - where k € |
(m+n) 2(m+n) (m—n) 2(m—n)
4k+1 4k—1
=uorx=uwhere kel

2(m+n) 2(m—n)

(4k+1)m g = (4k—1)m
arn CMOIES

So the general solution is x = where k € |

Q. 10. Find the general solution of each of the following equations:
sin x = tan x

Answer : To Find: General solution.

Given: sin x =tan x = sin X = sin X + cos x

Sosinx=0orcos x=1=cos(0)

Formulaused:sing=0= @ =nm.nelandcosg =cosag = 6=2kn+a.kel

X =nmor x = 2kmwr wheren, kel

So general solution is x =nm or x = 2kmr where n, k € |



Q. 11. Find the general solution of each of the following equations:
4sinxcos X+ 2sinx+2cosx+1=0

Answer : To Find: General solution.

Given: 4sin x cos X + 2sinx + 2cos x+1=0=2sinx(2cos x+ 1)+ 2cosx+1=0

So(2cosx+1)(2sinx+1)=0

-1 2m . -1 . 7n
COS X = — = Cos(—) orsin x =—=sin—
2 3 2 6

Formula used: cosg =cosa = 8=2nr+aorsing =singa = 6=mnr+ (-1)"a
where nm € |

X = Znniz?norx: T E=1)" .?where n,mel

- . . n 073 .
So the general'solution is X =2nm + % orx=mm+ (-1)" .f where n, me€ |

Q. 12. Find the general solution of each of the following equations:
sec? 2x = 1-tan 2x
Answer : To Find: General solution.

Given: sec? 2x = 1- tan 2x = 1 + tan?2x+ tan 2x = 1 = tan 2x (1+tan 2x) =0



3
So,tan 2x=0ortan 2x=-1 =tan (T”)

Formulaused::tang=0 = @6=nm.n€landtang=tana = 6=kn+a,kel

By using above formula, we have
nmw
2x =nmor 2x = kn + 2= ='.><:—:;;.r><:'lc_"_|_3_’r
¢ 2 2 — 8

. . nm k 3
So the general solution is x Ty orx =% + 27 where n, k€ |

2 8

Q. 13. Find the general solution of each of the following equations:
tan®*x - 3tanx =0

Answer : To Find: General solution.

Given: tan® x — 3tanx=0 = tan x(tan? x - 3) = 0 = tan x = 0 or tanx = +V/3
T 2

=tanx =0 or tanx = tan(;) ortan x = tan(?)

= Formulaused:tang=0= @ =nm,n€el,tang =tana = 6=kn+a. kel

T 2
Sox:nnorx=kn+30rx=p1r+?"wheren.k,pel

. . T 2
So general solutionis x =ngorx=km +=-orx =pn+=wheren, k,pe |
3 3



Q. 14. Find the general solution of each of the following equations:
sinX+sin3x+sin5x=0
Answer : To Find: General solution.

Given: sin x + sin 3x + sin 5x = 0 = sin 3x + 2sin 3x cos 2x= 0 = sin 3x (1 + 2cos 2x) =
0

[NOTE: sin C + sin D = 2sin (C+D)/2 x cos (C-D)/2]

_ 2m
= sin 3x=0o0r cos 2x = 5 COS[?)

Formulaused:sing=0= 8=nm,n€l, cosf=cosa = =2kn+a.kel

nm
=>3x:nnor2x:2kni23—n=>x:?orx:kni%wheren.kel

- B nm
So general solution is X == Oorx= km + g-whc:re n,k, €l

Q. 15. Find the general solution of each of the following equations:
sinxtanx-1=tan x-sinx
Answer : To Find: General solution.

Given: sinxtanx—1=tan x—sinx=sinx(tanx + 1) =tan x + 1



Sosinx=1=sin (%] ortanx =-1 :tan(%)

Formula used: sing =sing = 6 =nr + (-1)"a,.n€land tang =tana = 6=k
mn+ta,kel

n 3
=>x:mr+(-1)”Zorx:knifwhere n kel

. . w 3
So general solution is x = nm + (-1)" ~ or x = km +— where n, k, €

Q. 16. Find the general solution of each of the following equations:
cosx+sinx=1

Answer : To Find: General solution.

. . 1 T
Given: cos x + Sin X =1 =3 cos(x - 1) = —= = cos —
st 2 4

[divide /2 on both sideés and cos(x-y) = cos x cos y - sin x sin y]

Formula used: cos@ =cosa = 8 =2knt+a, k€l

T T T T T T T T
=x-—=2knts =2x=2kt+t-+— =2x=2kn+-+—-or=x=2kn——-+—
4 4 4 4 4 4 4 4

=>x:2kn+%0rx=2kn

. . 14
So general solution is x = 2nmw + S Oorx= 2nm wheren € |



Q. 17. Find the general solution of each of the following equations:
cos X—-sinx=-1
Answer : To Find: General solution.

. . -1 3m
Given: cos x - sin x = 1 = cos(x + =) = —— = cos —
4 W2 4

[divide /2 on both sides and cos(x-y) = cos x cos y - sin x sin y]

Sosinx=0o0rcosx=0

Formula used: cos@ =cosa = 6 =2knt+ta, kel

U 3m 3am T 3am T 3
X + —= 2k 2. x = 2k - =x=2k - —or=x=2kg-==-
2 ni4 =) n-_i-4 4 rr+4 2 m—

& | 3 ﬂ

=>x:2kn-norx:2krr+g

So general solution is x = 2nm + g or x = (2n-1)mr where n € |

Q. 18. Find the general solution of each of the following equations:

V3 cos x+sinx=1

Answer : To Find: General solution.



. . T 1 1] 5T
Given: V3 cos x + sinx =1 = cos (x - E) =3= cos(;) or cos[?)

[Divide V2 on both sides and cos(x-y) = cos x cos y - sin x sin y]
Formula used: cosg =cosa = 6=2nm+ a

By using above formula, we have

Il
)
3
=S|
+
o
X
Il
)
o]
=
I+
W=
+
N

TT TT
=>x=2nn+—2-orx:2nn-gwherenel

So general solutionis X = 2nm + = or x = 2nw - — where n € |
2 6

Q. 19. Find the general solution of each of the following equations:
2tanx-cotx+1=0
Answer : To Find: General solution.

Given: 2tanx—cotx + 1 =0 = 2tan’x — 1 + tan x =0 = 2tan?x — 1 + 2tan x — tanx =
0 = 2tanx(tanx +1) — (1+ tanx) =0



_11 3T

= (2tanx-1) (1+ tanx) = 0 = tan x :%:tan > ortanx=-1= tanT

Formulaused:tan =tana = 6 =nn+a.n€|

1% or x = nm + &

X =nm+tan~ 2

1 3
1—or><:mrr+ Tﬂwheronel

So the general solution is x = n + tan™ 5

Q. 20. Find the general solution of each of the following equations:
sinxtanx-1=tan x-sinx
Answer : To Find: General solution.

Given: sin x tan x— 1 =tan x — sin x = sin x(tan x + 1) =tan x + 1

Sosinx=1=sin (%) ortanx = -1 =tan(?)

Formula used: sing =sing = 8=nn+ (-1)"a,.n€elandtang =tana = 6=k
m+a,kE |

ntt 3n
=x=nm+ (-1) ;orx:k}r+zwhoron.k€i

. . m 3n
So general solution is x = nmt + (-1)" 5 OrXx= km + Iwhere n, kel

Q. 21. Find the general solution of each of the following equations:
cot x + tan x = 2 cosec X

Answer : To Find: General solution.



Given: cot x + tan x = 2 cosec X = cos?x + sin?x = 2 sinx cosx cosec x = 1 = sin 2x
COSEecC X

=) COSecC 2X = Cosecx = sin X = sin 2x = sin X = 2 sin X cos X = sin x = 0 or cos

=%=cos( )

Formula used: sin@ =0 = 6 = nm, cosf = cosa = 0 = 2n

By using above formula , we have

¥4
Xx=nmworx=2mm+5wheren m |

. . m
So general solution is x = nm or x = 2mm + 7 where n, me |

class24




