Trigonometric Equations

Exercise 17

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

V3

(1) sinx ==
2
(i) cosx =~
2
(iii) tanx = /3
(iv) cotx =+/3
(v) cosec x =2
]
(vi) secx =—

J3

Answer : To Find: Principal solution.

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



(i) Given: ¢inx :£
2

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

By using above formula, we have

. . W T i
SINX = :SIF'IE =}x=I"‘I‘JI+§{-1}

2
1T Tr
PUtﬂZDZ}KZUX?T+§{-1}D=}x:E

2
Putn=1=x= 1}<?r+g{-1}l=}x:1><?r + g{—1)1=}x::¢ — g:?“

. . . . i1 2
So principal solution is x= 3 and ?“



(ii) Given: cosx =

bd | —

Formula used: cosg =cosag = 8=2nr+a,.nel

By using above formula, we have

COSX = :cosg = 0=2nttanel

b | —

T
F’utHZD:}x=2nﬁig = X =—

3

5m 7 5m 7
Putn=1=}x=2HiE=}x=?“,—“ L

[?1T > 21 So it is not include in principal solution]



L L T 5T
So principal solution is x= 3 and 5

Formula used:tan@ =tana = é=nnt+a,nel

By using above formula, we have

T
Putn:D=}x:nH+g =}sz

L . . T 41
So principal solution is x= 3 and 5



We know that tang x coté = 1

1
So cotx =3 = tanx = =

The formula used: tang =tana = 6=nm+a.nel

By using the above formula, we have

1 T
ta”x_ﬁ_ta”a = f0=nmn+ a,.n€El

F’utnzﬂz}x:mr+g = X = —

o | =



So principal solution is x= % and %ﬂ

(v) Given: cosecx =2

We know that cosecd x sing = 1

So sinx = i

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

. 1 - (L
sinx=-=sin- = & =nm+—(-1)"
2 & 5

Putn=0= 6 =0xn+-(-1)°= 5:%



T
Putn=1= @ = 1><?T+E{-1}l=} f=1xm + g{—ljlz} 6=m —
L . . T 5T
So principal solution is x= 5 and =

(vi) Given: sec x =

wl

We know that secg x cosg = 1

So cosx = e
2

Formula used: cosf@ =cosa = 8=2ni+a.n€l

By using the above formula, we have



LCOSX = y3
2

T |
= cos_ = xXx=2ntta NE|

T
F’Utrl:U::-xzznﬁig :”,(:E

11m 13m 11m 13
F’utn—l=}x—2ﬁ+— = A= — — = X = — —
6 6 6 6 6

13
[?T[ = 21 So it is not include in principal solution]

T 11w
So principal solution is x= p and =

Q. 2. Find the principal solutions of each of the following equations :
Iilsinx:;z:£

(ii) 2 cosx +

(i) tan x = -1

(iv) 3 cosecx «2=0
(v) tanx = —3

(vi) 3secx +2=0

Answer : To Find: Principal solution.



-1

(i) Given: sinx = —
.

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

By using above formula, we have

. -1 . . .7 7w
SIMX =— = -sm% = sin(m+ E): sm?”:} X = N7 +€[-1}n

Put HZDZ}XZUXH+?{-1}D=}XZ%

T

i T T
F’utr‘l=1=}x=l><?r+€{-l}l=}x:1><?r+ %{—nlz}x:n— —=—

_m un
[NOTE: 6=6 ]



L. . . T 11
So principal solution is x= = and =

(ii) Given: 42 cosx +1=0 => cosx =—

il

Formula used: cosg =cosqg = 6=2nt+a,nel

By using above formula, we have

1 3m
COSX = :CDST — x=JZnmta neEl

N

3m
PUtﬁZDZ}XZZKOX'ﬂ_’i:{Tﬂ:}}(:T



11 _ _ . . _
[T'IT > 2m So it is not include in principal solution]

L L 3m 5T
So principal solution is x= " and o

(iii) Given: tan x = -1
Formula used: tan@ =tana = é=nnt+a,n€l

By using above formula, we have
3m
tanx:-lztanT:}x:nﬁ+ a,nel

3m
F’utnzﬂz}xznn+%ﬁ =}sz



PUtﬁzlz}X:H+3—H —_= M= — = X = —
4 4 4

L. . . 3m T
So principal solution is x= " and o

(iv) Given: .\/?_,cgggcx 12 =() = cosecx= _Fi

We know that cosecd x sing =1

So sinx = _Tﬁ

Formula used: sing =sing = é=nn+(-1)"a.ne

By using above formula, we have



smsz“rzsm = :nn+%ﬂ{-1}”

F’utrl:[]=}>:m:=E]':u:alr+d’?ﬂ{-l}':'zm=%‘T

4 —
PUt”:1=}XZ1X?T+?ﬂ{'1}l=}x=1><?r+ %n(—ﬂl:}x::w— %HZ?H

[ NOTE: = 53”

L ) . 41 T
So principal solution is x= 5 and 5

(v) Given: tan x = -3
Formula used:tang =tang = 6=nn+a.nel

By using above formula, we have



2m
tanx:-ﬁ:tan?z}x:nn+ a, nel

21
Putn=0=x=ng + 2?“ =X ="

ST
F’utr‘lzlz}x:n+2?“ = X = —

L . . 21 5T
So principal solution is x= > and >

(vi) Given: -\/ggecx 12=() =secx= ﬁ

We know that secd x cos@ = 1

So cosx = -3
2



Formula used: cos@ =cosa = 6=2nmr+ta.nel

By using the above formula, we have

wal

v

5T .
COSX = :cos? = x=2nt+a neEl

o

o1

Putm:[}:}x:ZHHi%sz:?
BT 7m 171 7m 171
Putn=1=x=2r+ - =2Xx=—— =2X=—,—
-6 6 6 6 6

17 " _ . . .
[?ﬂ > 2@ So it is not include in principal solution]

. . 5T 7T
So principal solution is x= = and —

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



(i) sin3x=0

e . 3
(i) sin>> =0
2
(iil) sin| x —EJ =0
5
(iv) cos 2x =0
q
(V) cos—= =0
2
(vi) cos| x —lJ =0
10
(vii) tan 2x =0
(viii) tan| 3x + EJ —0
6
(ix) tan QX—EJ =0
4

Answer : To Find: General solution.

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

(i) Given: sin 3x =0

Formulaused: sin6=0= 6=n" n&|

By using above formula, we have



nmw
sin3x=0=3x=nm =}n-ac:?’«.n.rherer1E|'

nm
So general solution is x= Y where n € |
. . . 3x
(ii) Given: sin—-= 0

Formulaused:sinf=0= 8 =nw.nel

By using above formula, we have

. 3x 2ni
SmE:D:} %x:rm — X =—— where n e
3

. . 2nm
So general solution is x= —~ where n € |



(iii) Given: SIH(x + ;) =0
Formula used: sinf=0= 6 =nw.,n €l

By using the above formula, we have
. T T T
5|n(x+ E):DZ} x+g=nm :xznn-gwherenef

X i s
So general solution is x= nm - E where n € |

(iv) Given: cos 2x =0
m
Formula used: cosf=0 = 6 = {2n+1}5, nel

By using above formula, we have



cos 2x=0= 2x = {2n+1]§ = X = [2n+1}g wheren € |
m
So general solution is x= (2n+ 1}; where n €|
. Sx
(v) Given: cos = 0

s
Formula used: cosf=0 = @ = {2n+1}5, nel

By using the above formula, we have

cos —=0= = =(2n+1)— = x=(2n+1)—wherene€|l
2 2 2 5

m
So general solution is x= (2n+ 1}; where n € |



N T
(vi) Given: cos (x + ﬁ) 0

mw
Formula used: cos6=0= &8 = {2n+1}5, nel

By using the above formula, we have

Y _ I i _ T s 2T
coa(x+ ﬁ)—f}:} x+ 1,:}—{2n+1]2 =}x—[2n+1]2-1u = X=Nm + -

wheren g |

. 2w
So general solution is x= nm + ? where n € |

(vii) Given: tan 2x =0

Formula used: tang=0= 6 =nm,nel



Formula used:tang=0= #=nm.n €|l

By using above formula, we have

nmw
tan2x=0=2x=nm #xz?wherenef

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

HiH H & T —
(viii) Given: tan (3x+ E) =0

Formula used:tan=0= @8 =nnm.n¢€ |

By using above formula, we have



T T
tan (3x+ E): 0= 3x+ g: ne = 3x=nm-— =:~><:E-—Wherer‘1e I
6 6 3 18

. . nt T
So general solution is x =— - — where n € |
3 18
. : T
(ix) Given: tan (2x— E) =0
Formula used: tanf=0= 8 =nm,n €|
By using above formula, we have
T T
tan (2x— E): 0= 2x— %: nm = 2x=nmg-— =:->-::E+—wherenE.'
4 4 2 8

L ng T ,
So general solution is x = > + Ewhere nel

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

V3

(i) sinx ==
2

(i) cosx=1

(i) secx =+/2

Answer : To Find: General solution.



(i) Given: sin x _V3
2

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

By using above formula, we have

i i)
5IHX=E=SIHE = x=nm+ (-1)".

2

. . T
So general solution is x = nr + (-1)". 3 where n € |

(i) Given: cos x =1
Formula used: cosg =cosg = 6=2nm+a.nel

By using above formula, we have



cos x=1=cos(0°) = x=2nm,n€E |

So general solution is x = 2nr where n € |

(i) Given: sec x =4/2

We know that sec8 x cosg@ =1

S 1
O COSX = —
V2

Formula used: cosg =cosqg = 8=2nmt+a.nel

By using above formula, we have

1 T i
COSX=—=C05— = X=2nm+—-,nel
vz 4 4

So general solution is x = 2nm + E where n € |

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

(i) cosx _ !

2
(ii) cosecx = —/2
(iii) tan x = -1

Answer : To Find: General solution.



Formula used: cos@ =cosa = 6 =2nmn+ta,n€El
By using above formula, we have

-1 T m 2m - 2m
COS X =— = coa[g}—cns{n 3}—c05[3}=}x—2nni?.ne|'

So general solution is x = 2ng + %ﬂ where n € |

(ii) Given: cosec x = —/2

We know that cosec@d x sing =1

So sinx = —

V2



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

By using above formula, we have

_ -1 . bm om
S5INX =—F= SIHT = X =N+ {'1}”T

V2

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

(iil) Given: tan x = -1
Formula used:tang =tang = 8=nm+a.nel

By using above formula, we have

3m
tanx:-lztanTz}x:nn+%T“,nE|'

So the general solution is x = ng + %“ where n € |

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

(1) sin2x =

bd | —

(ii) cos3x = i

V2

.
(iii) mn“_; -3



Answer : To Find: General solution.

(i) Given: sin 2x :%

Formula used: sin@ =sina = 8=nm+ (-1)"a,n€el

By using above formula, we have
. 1 . T T mni T
sin2x==—=sin— = 2x=nn+(-1)".— = x=—+(-1)".—.ne€|
2 6 6 2 12
) ) nim T
So general solution is x = ? +(-1)". ) where n € |

e 1
(ii) Given: cos 3x = 7

Formula used: cosg =cosg = 6=2nm+a,.nel



By using above formula, we have

1 T
CUSB){:_:CDSI—}:}3){ZZHH+E=}x:_+_,nEJ
. 4 3 1

L 2nm T
So the general solution is x = —~ + o where n € |

(iii) Given: tan E?X ~ 3

Formula used: tan@ =tana = 6=nm+a,n€|

By using above formula, we have

2% oy 2% 3nm B
tanZZ =yV3=tan—- —» Z-nr+s =>x=21"1 2 nel
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
(ii) cot 4x = -1

-2
B

Answer : To Find: General solution.

(ili) cosec3x =

(i) Given: sec 3x = -2



We know that secf x cosg =1

1
So cos 3x :?

Formula used: cosg =cosqg = 8=2nmr+a,nel

By using above formula, we have

-1 L T 21 M 2nm 21
cos3x=—=-cos—=cos|{T — —)=cos— = 3x=2np+°" —m x=—+ —,
2 3 3 3 3 3 9

nel

. . 2nm 2w
So the general solution is x = - + > wheren €|



(il) Given: cot 4x = -1

We know that tané x coté = 1

Sotan4x =-1

Formula used: tang =tane = 6=ng+a.nel

By using above formula, we have

3m ni 3m
tan 4x = -1=tan’= s 4x=ng+ & s x="2 1 2T he|
4 4 4 16

. . 1
So general solution is x = {4n+3}E wheren€ |



(iii) Given: cosec 3x =

-2
\3
We know that cosecg x sing = 1

V3

Sosin3x=_"2
2

Formula used: sin@ =singa = 8=nm+ (-1)".a,nel
By using above formula, we have

. — . 4w 4 nm 4
S|ﬁ3x=£25|ﬂ? =}3X:nﬂ'+{'1}n.? =,nx=;+{-l}”.?,l‘l'5|'

2

. . nm 4
So general solution is x = Y + (-1)". ry wheren e |

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

(ii) 4sin?x-3=0

(iiiytan®x =1

Answer : To Find: General solution.



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

T
s C052 X = CDSEE

Formula used: cos? = cos?a = 6=nm + a,n€ |
By using the above formula, we have
X =N i;—r .NE|

So the general solution is x = nmw i;—r where n € |

o . . 3 . o
(ii) Given: 4sin?x -3 =0=>sin’ x = e 5|r‘12§



) . T
s sin?x = sng

Formula used: sing =sin‘a = 8=nt + a.nel

By using the above formula, we have

So the general solutionis x =nm + ;—E where n € |
.. . m
(i) Given: tan? x =1 = tan? x = tan2 "

tan2 X= ’[an2 T

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

x:nﬁil—r,nef

So the general solutionisx =nm + - wheren € |

T
4



. . nm 4
So general solution is x = Y + (-1)7. > wheren e |

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

(i) cos 3x =cos 2x
(if) cos 5x =sin 3x
(iii) cos mx = sin nx

Answer : To Find: General solution.

(i) Given: cos 3x = cos 2x = cos 3x - cos 2x = 0 = -Zsin

[NOTE: cos C—cos D = -ZEIH{CJ;D) sin{c;m ]

(5%) ® _,

So, sin—==0 or sin—= =

2 2
Formulaused:sind=0= 8 =nm,n€El
(5x) _

= nir or & = mm where n,mel
2

x =2 na/5 orx=2mmg wheren, m € |

(5x)

2

So general solution is x = 2 nit/5 or x = 2Zmm where n, m € |

sin

®_
2



(ii) Given: cos Bx = sin 3x = cos bx = CDSG — 3x)

Formula used: cosf@ =cosa = 8=2nt+a,ne€l

By using the above formula, we have
bx =2nm + (;—r— 3):) or 5x = 2nw — (;—r— SX)

8x =2nm + ;—ror 2x = ZH?T—;—E

nmw m T
x=—+ —orx=nm — —wherenel
4 16 4

T

. . nm T
So general solution is x = S T porx=nm — wherene |'

. . T
(iii) Given: cos mx = sin NXx = CoS Mx = cos(; — nx)

Formulaused: cos@ =cosa = 0 =2knw +a,kel



By using the above formula, we have

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

(m+n)x = 2k + ;—r or (m-n)x = 2k — ;—r
2km T 2km T

X = + or x = + where k € |
(m+mn) 2(m+n) {m—mn) 2{m—n)

_Wktm s BRI erek e |

2{m+n) 2(m—-n)

(4k+1)m (4k—1)m
— X =—
2{m+mn) 2{m—mn)

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 + €OS X

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

Formulaused:sing=0= g =nmg,nelandcosg =cosqg = 0=2knrta, kel

X =nmor x = 2k where n, ke |

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



Q. 11. Find the general solution of each of the following equations:

4sin Xx cosS X +2sin x +2cos x+1=0

Answer : To Find: General solution.

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

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

-1 2w _ -1 . 7w
COSX=—=cCcosl—)orsinx=—=sin—
2 3 2 6

Formula used: cosg =cosa = @=2nmt+aorsing =sing = 6=mn+ (-1)"a
where nme€ |

x:Zrm-iz?norx:mn+(—l]m.?whcrc n, mel

) . . . N 7T |
So the general solution 1s x =2n7 + 23—” orx =mm + (-1)" .f where n, m € |

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



So,tan 2x =0 ortan 2x = -1 = tan (?%]

Formula used::tang=0 = 6=nm,nelandtang =tana = é=kn+ta.kel

By using above formula, we have

mnmw
Ix=ngor2x=kr+3 = x=— orx :_H_|__°'r
4 1
2 2 8

. . nm
So the general solution is x :?o _ fem -+ 37 \where n kel
2 — 8

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

Answer : To Find: General solution.

Given: tan® x — 3tan x = 0 = tan x(tan? x - 3) = 0 = tan x = 0 or tanx = +v/3
= tanx =0 or tanx = tan{%} or tan x = tan{?}
= Formulaused:tang=0= g =ng.,nel,tangd =tang = =kn+a.kel

2
Soxzr‘mrorx:kn+gnrx=pn+?"wherer‘|,k.pel

So general solution is x = nr or x = kit + = or X = p1t + == where nk,pel
2 2



Q. 14. Find the general solution of each of the following equations:
sin X +sin 3x +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]

L . 1 2m
= sin 3x =0 or cos 2x z?z CDS[?]

Formula used:sing=0 = @8=nw.n€l cosfd=cosa = 6=2kn+a.kel

- - - nm
:-jX:ﬂHDFZX:ZkHi%I:-XZ?Drx:kHigWh{JrC n,k el

- . _ nm .
So general solution is x = S5 orx= kt + 3 where n, k, €|

Q. 15. Find the general solution of each of the following equations:
sin xtan x =1 =tan X —sin x
Answer : To Find: General solution.

Given:sinxtanx—1=tanx—-sinx=>sin x(tanx + 1) =tanx + 1



So sinx =1 =sin () or tan x = -1 :tan[?]

Formula used: sing =singa = #=nm+ (-1)"a,neland tang =tana = 6=k
T+a. kel

T 3
=}x=mr+{-1}”Eorx=knifwhere n, k €l

. . T 3
So general solution is x = n + (-1)" S orx= kT if where n, k, €1

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

Answer : To Find: General solution.

. . T 1 T
Given:cos x +sinx =1 = cos(x - -) = — = cos —
4 42 4

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

Formula used: cos@ =cosa = 6 =2knta,kel

T T T T
—x-—=2kntt Sx=2krtT +— = x=2kn+5+—or=x=2kr—2+—
4 4 4 4 4 4 4+ 4

=}x=2k?r+gorx=2kﬁ

. . m
So general solution is x = 2nm + 7 or X = 2nw where n € |



Q. 17. Find the general solution of each of the following equations:
cosx—-sinx=-1

Answer : To Find: General solution.

-1

s s T

Given:cos x - sin x = 1 = cos(x +1} = 5 = C0s —
‘u’

[divide /2 on both sides and cos(x-y) = cos x cos y - sin x sin y]
Sosinx=0o0rcosx=0

Formula used: cosf =cosa = 8=2knta.k€El

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

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

Q. 18. Find the general solution of each of the following equations:
V3cosx+sinx=1

Answer : To Find: General solution.



) . T 1 TC 5T
Given: V3 cos x + sin x = 1 = cos (x - E} =3= CGSI{E) or CDS[?,'I

[Divide v2 on both sides and cos(x-y) = cos x cos y - sin x sin y]
Formula used: cosg =cosa = 8=2nmt+ a

By using above formula, we have

— X -

o
I
M
-
|
I+
Wi =
e
I
M
o
=
[+
WA
+
oA

I T
= X = 2N7 +Eorx:2nﬂ-—wherenE.'

So general solution is x = 2nxr + - or x = 2nyr - ~ where n € |

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



= (2tanx-1) (1+ tanx) =0 = tan x :gztan_ 2 ortanx=-1 :tanj

Formula used: tang =tanae = 6 =nm+a.n€l

—11 3
X =nm+ tan 15 GI’XZHH-F?

11

- . . — 3
So the general solution is x = n + tan Z0rx=nm+ ?ﬁ where n € |

Q. 20. Find the general solution of each of the following equations:
sin x tan x =1 =tan x — sin x
Answer : To Find: General solution.

Given:sinxtanx—1=tanx—-sinx=>sin x(tanx+ 1) =tanx + 1

Sosinx=1=sin [S] ortanx=-1 ztan(a—f]

Formula used: sing = sing = 8=nm+ (-1)"a.nelandtang =tana = 8=k
n+a,.kel

n ™ 3n
= x=nm+ (-1) 50rxzkn+:whcren,k€l

N . T 3; ,
So general solution is x = nt + (-1)" 5 orx= ki + f where n, k € |

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 = C0S2X + sin?x = 2 sinx cosx cosec X = 1 = sin 2x
cosec X

= COSeC 2X = CoSecx = sin X = sin 2Xx = sin x = 2 sin X cos x = sin x = 0 or cos

1
x=—=-cos( )
2

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

By using above formula , we have

mw
x=nmworx=2mm+=wheren,m |

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



