Trigonometric Functions J§

Q.1LetS={1,2,3,4,5,6,9}. Then the number of elements in theset T={AC S:
A # ¢ and the sum of all the elements of A is not a multiple of 3} is

27th Aug Evening Shift 2021

Q.2 Let z1 and z2 be two complex numbers such that arg(zi1-z2) = m/4 and z1,
z» satisfy the equation | z — 3 | = Re(z). Then the imaginary part of z; + z2 is equal to

27th Aug Evening Shift 2021

Q.3 The probability distribution of random variable X is given by :

X

1

2

3

4

5

P(X)

K

2K

2K

3K

K

Letp=P(1 <X <4|X<3).If 5p =AK, then A equal to
27th Aug Evening Shift 2021

Q.4 Let S be the sum of all solutions (in radians) of the equation sin*0 + cos* 0 - sin 6

Numerical

cos 0 =01in [0, 41t]. Then 8S/ m is equal to

27th Aug Evening Shift 2021




Q.5 The number of solutions of the equation

1
sinx

| cot z| = cotz + in the interval [ 0, 27 ] is

18th Mar Morning Shift 2021

Q.6 The number of integral values of 'k’ for which the equation 3sinx + 4 cosx=k +
1 has a solution, keR is

26th Feb Morning Shift 2021
Q.7
If v/3(cos?z) = (/3 — 1) cos = + 1, the number of solutions of the given equation when z € [0, %] is

26th Feb Morning Shift 2021

Numerical Answer Key

Ans. (80)
Ans. (6)
Ans. (30)
Ans. (56)
Ans. (1)
Ans. (11)
Ans. (1)

Nk wh R

Numerical Explanation

Ans. 1



3ntype — 3,6,9=P

3n —1type -+ 2,5=Q

3n—2type +1,4=R

number of subset of S containing one element which are not divisible by 3 =2C4 + 2C, =4

number of subset of S containing two numbers whose some is not divisible by 3

=3Cy x2Cy+3Cy x2Cy+2C,+2Cy =14

number of subsets containing 3 elements whose sum is not divisible by 3

=3C, x 2Cq + (3Cy x 2C1)2 +3C4(3C, + 2Cy) = 22

number of subsets containing 4 elements whose sum is not divisible by 3

=3C3 x *Cy + 3Cy(’Cy + 2Cy) + (*C4?Cy x 2Cy)2

=4+6+12=22

number of subsets of S containing 5 elements whose sum is not divisible by 3.
=3C5(2Cy + 2Cy) + (?CH%Cy x 2Cy) x 2=2+12=14

number of subsets of S containing 6 elements whose sum is not divisible by 3 = 4

= Total subsets of Set A whose sum of digits is not divisible by 3=4 + 14 + 22 + 22 + 14 + 4 = 80.

Ans. 2



Letzy=xq+iy;2Zy =Xy +1iys

Z4 —2Z3= (X1 — X2) +ilyq —y2)

|z1 — 3| =Re(z) = (z; — 3ty =22 ... (2)

|zo — 3| =Re(zy) = (29 — 3)2 + 922 =252 ... (3)

sub (2) & (3)

(21 —3) — (22 — 3)* + y2 — o = 2, — z,?

(xy — za) (2 + 23 — 6) + (y1 — ¥2)(v1 + 12)

= (z1 — @2)(z1 + T2)

l’l+$2—6+y1+y2:$1+$2:?>y1+y2:6

Ans. 3



MNPX)=1=k+2k+3k+k=1

= k= %
2k
kx4 P(X=2) 0k
Now, p = P(X<-3) — P(X<3) ifﬂ -
O 0k
Sp=2
Now, 5p = Ak

= (5) (2) = A(1/9)

= A=230
Ans. 4

Given equation
sin?0 + cos*@ — sinfcosh =0

— 1 — sin®0cos?0 — sinfcosf = 0

[t



= 2 — (sin26)? —sin26 = 0
= (sin26)? + (sin20) —2 =0
= (sin26 + 2)(sin20 — 1) =0

= sin26 = 1 or sin 260 = —2 (Not Possible)

:»%:E‘x—f:mﬂﬂ

Ans. 5

Casel: Whencotx>0, z € [(},%] u[ ,3_;}

cot & = cot & + —— = not possible
5N T

Case Il : Whencotx <0, z € [%,'n] U [3?”,211-}

—cotz = cotx + -1
sin T



—2cosz _ 1
sin x sinx

o
= cosT = —-
= ¢ = 2= 47(Rejected)

373

One solution.

Ans. 6

We know,

—vVa2+ b <acosz +bsinz < Va2 + b2
.‘.—\/m‘f_iScosa:—l—ﬁlsin:r < \/m
—5<k+1<5

—6<k<A4

.. Set of integers = —6, —5, —4, -3, —2,—-1,0,1, 2, 3,4 = Total 11 intergers.

Ans. 7
V3(cos’z) = (V3 —1)cosz + 1
= v/3cos’z — \/3cosz +cosz —1=0

= v/3cosz(cosz — 1)+ (cosz —1) =0



= (cosz —1)(v/3cosz +1) =0

cosr =1

=z =0 [asz € {0,%]]

and cos ¢ = —ﬁ (not possible in z € [0, %]]

.. Number of solution = 1

MCQ (Single Correct Answer)

Q.1. If n is the number of solutions of the equation

2cosx (4 sin(g " :1:) sin(% - :1:) - 1) =1,z € [0, 7] and S is the sum of all these solutions, then the

ordered pair (n, S)is :

O 3.137/9)
0O 2 2r/3)
® 2,87/9)
©® 3,57/3)

1st Sep Evening Shift 2021

Q.2.

The number of solutions of the equation 320°% 4 ggsec™ _ 8l,0<z < Zis:

| =



Q:
(B !
Qo
(D i

31st Aug Evening Shift 2021

Q.3. The distance of the point (1, -2, 3) from the plane x -y + z = 5 measured
parallel to a line, whose direction ratios are 2, 3, -6 is :

Q:

(5 )3

[C i

Q1

27th Aug Morning Shift 2021
Q.4. The value of

2sin( < ) sin an sin i sin( 2X ) sin in sin =) is -
8 8 8 3 8 8 ’

1

4./2
0 ;
0

1

8.2
26th Aug Evening Shift 2021



Q.5. The sum of solutions of the equation

122 —ftan2e].z € (-5,5) — {5, -

e

}is:

11
0

s

10
© -5

m

15

26th Aug Morning Shift 2021
Q.6. If sinB + cosO = 14, then 16(sin(20) + cos(48) + sin(66) is equal to :

0
© 27
® 2
Q 27

27th Jul Morning Shift 2021

Q.7. The value of cot 1t/24 is:
QO V2+V3+2-6
®2+vV3+2+6
©v2-v3-2+6
Q3vV2-3-6



25th Jul Evening Shift 2021

Q.8. If tan (1/9), x, tan (7m/18) are in arithmetic progression and tan (1t/9), y, tan
(5m/18) are also in arithmetic progression, then |x - 2y| is equal to :

0
0:
®o
Q"

27th Jul Evening Shift 2021
Q.9. The sum of all values of x in [0, 21t], for which sin x + sin 2x + sin 3x + sin 4x = 0,
isequal to:

Q sr
QO 1
© 12«
Q or

25th Jul Morning Shift 2021
Q.10. If 15sin*a + 10cos*a = 6, for some a€R, then the value of

27secta + 8cosecta is equal to :

@ 500
© 400
© 250
@ 350



18th Mar Evening Shift 2021

Q.11. The number of solutions of the equation x + 2Ztanx = /2 in the interval [0, 2]
is:

(A
(B I
0©:?
(D I3

17th Mar Evening Shift 2021
Q.12.

If for x € (0, =), logqgsinx + logqgcosx = —1 and logqg(sinx + cosx) = l(Iog n — 1), n >0, then the value of
3 10 10 10 5 10910

nis equal to :
Q 16
(5 ¢
O 12
@ 20

16th Mar Morning Shift 2021

Q.13. The number of roots of the equation, (81)sin2x + (81)cos2x = 30 in the interval [
0, ] is equal to :



16th Mar Morning Shift 2021

Q.14.1f 0 < x, y < and cosx + cosy - cos(x +y) = 3/2, then sinx + cosy is equal to :

1+4/3
Qo —

25th Feb Evening Shift 2021

Q.15. All possible values of 6 € [0, 21| for which sin 26 + tan 20 > 0 lie in :
® (03)v(5%)v (%)

@ (3)v(nT)

U (%1 %) U (‘n’, 7—,;)

© (1)1 (5:%) 0 (~5) (+:9)

25th Feb Morning Slot 2021

—_—
“O
| =



Q.16.

If e(cos’z Heos'zteos’z+...00)log.2 gatisfies the equation t2 - Ot + 8 = 0, then the value of

2sinx Ty
= O0<x < 5)is:
sinx++4/3cosT ( 2)

(A JVE
Q;
® 2/3

0:;

¥

24th Feb Morning Slot 2021

MCQ Answer Key

Ans. (A)
Ans. (B)
Ans. (D)
Ans. (C)
Ans. (A)
Ans. (C)
Ans. (B)
Ans. (C)
. Ans. (D)
10. Ans. (C)
11. Ans. (B)
12. Ans. (C)
13. Ans. (C)
14. Ans. (A)
15. Ans. (D)
16. Ans. (D)

LN AWNRE

MCQ Explanation




Ans 1.

2cosT (45111(% —|—;1:) sin(% - :c) - 1) =1
4

2coszx (4 (Sin21 — sinza*:) — 1) =1

2cosT (4 (% — singx) — 1) =1

2cos (2 — 4sin’z — 1) =1
2cosz(1 — 4sin’z) =1

2 cos x(4cos’z — 3) =1
4cos’x — Bcos =

cos 3r = %

z € (0,7 .. 3z € [0, 37

I | —

in

0] /3 Sn/3 2n Tn/

Ans 2.



(32)tan21‘ 1 (32)5&:23 — 81
= (32)tan2:: 1 (32)1+tan22 — 81
= (32)ta’s — B

33

taking log of base 32 both side,

= tan’x = logs, (8—;)

= tan x = 4 /logs, (8—;)

As value of 4 /log,, (%) belongs to (0, 1).

Ininterval 0 < x < % only one solution.
Ans 3.

A(1,-2,3)

r=(1,-2,3)+2(2,3-6)

/

(1421, -2 +3A,3-61)
X-y+z2=35




(14+2\)+2—-3XA+3—-6A=5

() (e g) (%)

_ 4 9 36
AP—\/(E)+E+E_1
Ans 4.

QSiH(%) sin("%) sin(%’f) sin(?”) sin(%) sin('%f)

s 2w o 22y =2 3w
2sin = sin” ZEsin” <

544

s 2+ 237w
Sl —s1n —
8 8

=2 2T
SN~ —COos™ —
8 8

1 -2 w 1
45111 (4)_8

Ans 5.

COSs T

T = [tan2z|
+sinx

cos’z /2—sin’z /2

(cosz/2+4sinx /2)?

= |tan 2z|



cos%—sin%
——— = |[tan 2z
cos 3 -+sin 3
l—tang
o — |tan2z|
tan%—tan%

= |tan 2z

w I
tan T +tan 3

= tan® (% — %) = tan’2z

:}2:17:7171':|:(Z—E)

_ —3m - 7
L= 10! 6 10
or sum = ‘Eh’_
Ans 6.

sin9+c05n9:%

sin®f + cos?6 + 2sinfcosf = i
. 3
sin 20 = -

Now :

cos40 = 1 — 2sin’26



sin 660 = 3 sin 260 — 4sin®20

= (3 — 4sin?26).sin 24

S IONE

e s
—

Ans 7.
(\ﬁll)
_ 1licos28 23
cot f = sin28 (‘.f’:'l 1)
]
_
0= 24




(2v2+v3+1) y (v311)
(ﬁ—l) (v’§+1)

264 2v2 434 v31v341

2

=v6+v2+v3+2

Ans 8.

1 T T
T =3 (tanE +tanﬁ)

— ™ S
and 2y = tan s tan T

SO, x — 2y = % (tan% +tan%) - (tan% +ta,]1i—g)

cot = —tan =
. 1] [] Sr| 27 2 | __

5w 2. i s
(as tan T cof 5 ;tan 0 cof g)

Ans 9.

(sinz + sin4x) + (sin2z + sin3z) =0

:}25'1115—; 0053—; +cos%} =0

:}25'1115—; {2(;05:0(:05%} =10



3T

— — o 3
cos:n—0=>a:—2, 5

So,sum=6r+7+ 27 =97

Ans 10.
15sinZa + 10(1 — sin‘a)? =6

— 25sina — 20sin?a+ 4 =0

= 25sina — 10 sina — 10 sina+ 4 =0

= (5 sina — 22 =0 = sina =

ot | ba

J.Cos @ =

ot e

\3 3
- 27sec?a + 8cosecta = 2?(%) + 8(%)

=125+125=250

Ans 11.



SIEP
’

x+2tanz = % in [0, 2]

2tanz =T —z

2tanx = %—m

tanx =

'

T

yzta.nmandyz_T—i—%

3 intersection points on the graph.

.". 3 solutions.

Ans 12.

2T



log,,(sinz) + logyy(cosz) = —1
sinzcosz = = ... (1)

10

and log,,(sinx + cosx) = %{loglon —1)

)

= sin’z + cos’z + 2sinz cosz = -+ (squaring)

ba| =

= sinx +cosx — (

=l=

1 . n . .
=1+2 (E) =T (using equation (1))

n _ 12
AT
=n=12
Ans 13.

(Sl)singz 1 (81}1—511121 — 30

(81)%% + —EL_ =30
{Sl]mn 2

Let (81)5n'r = ¢



t+ L =30 = 2+ 81 = 30¢
2 —30t+81=0

2 97+ 3t 181 =0
(t—3)(t—27)=0
t=3,27

(81)51112223}33

3451112: _ 31 33

4sin’z = 1,3

sinz = 1, %

| =

in[0, w]sinx>0

w|§a

i — 1
sinz = 3,

2
Ly

|:n|§"
<;|=|

Number of solution = 4

Ans 14.



Possible when £ = 30° & 3 — 30°

T =1y = 60"

sinx + cosy =

Ans 15.

sin 20 + tan 26 = 0

sin 268

cos 26 >0

= sin 26 +
= sin 29% > 0 = tan 20(2cos?0) > 0

Note : cos26 #£ 0

_ 9gin> ' L
=1 251n97é9:>sm95é:|:v§



Now, tan 26(1 + cos 26) > 0

= tan20 > 0(ascos20+1 > 0)
=20 ¢ (U, %) y (ﬂ,S—;) U (2?1‘, %’T) U (3'}1‘, 7—2‘”)

T a3 B Ir Tmw
=0e(0.5)u(sF)u(=F)u (5 T)
Ans 16.

e(coszz-i—cus‘*z-l-..,..,..,..Dc] In2 _ 2mszz+cos4z+...........-:30

Cﬂ.‘.zi

= 2 1 cos?z

_ 2001:2:

Given,t>? —9t +8=0=1¢t=1,8
— 2°%F _ 1 8 — cot?z = 0,3

U<$<%:>cc-t:£:\/§

2sinx o 2 -
) s'm:+v§cosz 1+\f.§mtz 4

[

b =



Circular System, Trigonometric
{ Ratios, Domain and Range of
‘ Trigonometric Functions,

tan A N cot A
l-cotA 1—-tan A

4.  The expression

: TOPIC
Trigonometric Ratios of Allied
Angles

For any 0 € (%, g} the expression

3(sind — cos0)* + 6(sind + cos)? + 4sin®0 equals:
[Jan. 9,2019 ()]
(@) 13 —4cos?0 + 6sin’0cos?0
(b) 13 —4cos®0
(c) 13 —4co0s?0 + 6¢c0s*0

(d) 13 —4cos*0 + 2sin%0cos?0

Let f; (x) :%(sink x+cosk x) where x e R and k >1.

Then f;(x)— fs(x) equals [2014]
1
@ 7 & =
1 1
© % @ 3

T
If2cos 0 +sin0=1 (eizj,

then 7 cos 6 + 6 sin 0 is equal to:[Online April 11, 2014]

1
@) 5 (b) 2

11 46
© 5 @

can be written as : [2013]
(a) sinAcosA+1 (b) secA cosecA + 1

(c) tanA + cotA (d) secA + cosecA

The value of cos 255° + sin 195° is[Online May 26, 2012]

-1 -1
@55 ® 5
e +

(© ‘[%J (d) \/\5/51

Let f{x)=sinx, g(x)=x.

Statement lzf(x) < g(x) for x in (0,00)

Statement 2: f{x) <1 for x in (0, c0) but g(x) —> coas x — .
[Online May 7, 2012]
(a) Statement 1 istrue, Statement 2 is false.

(b) Statement 1 is true, Statement 2 is true, Statement 2 is
acorrect explanation for Statement 1.

(c) Statement 1 is true, Statement 2 is true, Statement 2 is
nota correct explanation for Statement 1.

(d) Statement 1 is false, Statement 2 is true.

A triangular park is enclosed on two sides by a fence
and on the third side by a straight river bank. The two
sides having fence are of same length x. The maximum

area enclosed by the park is [2006]
3
X
@ 252 (b)
2 8
1 > 2
(©) 5 X (d) mx



10.

11.

12.

Trigonometric Function M-11
——————————————————————————————————————————————————— 13. The value of [April 9, 2019 (ID)]
) Trigonometric Identities, 1o R o reno i
] TP Conditional Trigonometric c0s°10° — cos10° cos50° + cos“50° is :
| ’ Identities, Greatest and Least 3
' Value of Trigonometric Expressions @) e cos20° (b) 3/4
3(1 3n 3(m 3n 2 1+ cos20° d) 32
The value of €0S (g).cos(?] +sin (g).sin [?j is © 2 (1+c0s20%) @
14. Two poles standing on a horizontal ground are of heights
[Jan. 9,2020 ()] . s .
Sm and 10m respectively. The line joining their tops makes
1 1 an angle of 15° with the ground. Then the distance (in m)
(@ NG Q) NG . .
2 242 between the poles, is: [April. 09, 2019 (II)]
! ! @ 52+43) ®) 53+D)
© 35 @ 7
© 223 @ 10(/3-1)
it V2sino 1 g [lmcos2B 1 2
Vl+cos2a 7 2 V1o’ 15. The value of sin 10° sin 30° sin 50° sin 70° is:
T [April. 09, 2019 (ID)]
o,Be| 0,= |, then tan (o + 2P) is equal to .
? (@) 1 (b) :
2) — —-
[Jan. 8, 2020 (ID)] 16 32
1 1
If L =sin?| = —sinz(E) and © 18 @ 36
16 8
16. Ifcos(+B)= >, sin(a—P)= — and0<a, < = th
. Ifcos(a =—,sin(a—P)= —= an o, p<—,then
M = cos? [lj —sin? (E] then: [Sep. 05,2020 (ID)] , 5 13 o4
16 8 tan(2a) is equal to : [April 8, 2019 ()]
11 =n 11 =n @ 2 0 &
(@ L=———=+—cos— (b) L=——=——cos—
22 28 W2 48 52 16
© = (d) -
1 1 9 ¢ ’yy
© M:m+zcosg (d) M:L\/_-r%cos% 16 52
2 17. Ifsin4ot+4c0s4[3+2:4x/§ sinacos B3 ; a, B€[0, w], then
The set of all possible values of 0 in the interval (0, 7) for cos(a + B) —cos(a. — B) is equal to:  [Jan. 12,2019 (IT)]
which the points (1, 2) and (sin®, cos0) lie on the same (@ 0 (b) -1
side of the line x +y=11s: [Sep. 02,2020 (II)] © 2 @ -2
Y k
T n 3n 18. Let fk(x)—— Sm” x+cos” x| fork=1, 2,3, ... Then for
@ [0 ® |37 k
all x e R, the value of f4 (x)— fs(x) isequal to:
3n - [Jan. 11,2019 (D)]
o (03] o 03] ! !
@ 5 ®) 5
The angle of elevation of the top of a vertical tower standing 1 5
on a horizontal plane is observed to be 45° from a point A (© 12 ()] 12
on the plane. Let B be the point 30 m vertically above the 19, The value of [Jan. 10, 2019 (I1)]
point A. If the angle of elevation of the top of the tower T T T .
from B be 30°, then the distance (in m) of the foot of the cos 22 cos P cos Sl0° s 210
tower from the point A is: [April 12,2019 (ID)] @ 1 ®) 1
2) —— -
@ 15G+43) (b) 15(5-43) S12 1024
1 1
© 156-3) @ 150+43) © 2% @3



w12 Mathematics|
20. If5(tan?x — cos’x) =2cos 2x + 9, then the value of cos 4xis  26. Let A and B denote the statements
: A:cosa+cosP+cosy=0
[2017] B:sino+sinB+siny=0
3
@ 9 ®) 5 Ifcos (B—y)+cos(y—a)+cos(a—P)= —% , then :[2009]
1 2
(© 3 (d 9 (@) Ais falseand B is true
21. IfmandM are the minimum and the maximum values of (b) both A and Baretrue
1 (c) both A and B are false
.2 4 : . . :
4+ 5sm 2x—2cos x,x €R, thenM —misequal to: (d) Aistrueand B is false
[Online April 9,2016] 27. Ifpand q are positive real numbers such that pPr+gi=1,
9 15 then the maximum value of (p + g) is [2007]
@ &) “ 1 o 1
) — —
; ! 2 V2
© 5 @
3 | © 2 @ 2
22. Ifcosa+cosfP = 3 and sin a + sinf 5 and 0 is the 1
. 0 inx=— i
the arithmetic mean of a and 3 , then sin 26 + cos 26 28. If0<x<m and cosx+sinx 2’ then tanx is[2006]
is equal to : [Online April 11, 2015]
3 7 (1-+7) (4=7)
@ % ®) 5 ® = ® ==
3 5 4 3
4 8 “+47) (1+47)
© < @ 5 © -£5 @
p+q n 0 29 If u = Va? cos? 0+ b2 sin® 0 +Va? sin® 0+ b2 cos® 0
23. If cosecf="—" (p#q#0), then |cOt 275 is then the difference between the maximum and minimum
values of u? is given by [2004]
1 to: Online April 9,2014
equal to [Online April 9,2014] @ (a—b) ®) 2/a? 4p?
(@) \ﬁ (b) \/i © (a+b)’ ) 2(a®+b%)
4 p 30. Let oP besuch that t<a—P<3r.
© \/ﬁ (d pq If sina+sin[3:—% and cosot+cosB=—%, then the
24, If A=sin? x + cos*x, then for all real x : [2011]
13 value of cos 2P [2004]
@ r-s4sl (b) 1<4<2 2
16
-6 b) 3
@ —= ® T30
© 3ouB ) 3<usi 65 130
4 16 4 6 3
A s © & @ =130
25. Let cos(a+p)=— and sin (o —P)=—,
5 13 31. The function f(x)= log|x+x2+1],is [2003]
where 0<a, B < T Thentan2aq = [2010] (a) neither an even nor an odd function
4 (b) an even function
56 19 (c) an odd function
(@) 33 (b) 12 (d) aperiodic function.
32. The period of sin2 g is [2002]
20 25 2
© 5 @ € = ® =
7 16 (©) 2=n d =2



Trigonometric Function

33. Which one is not periodic? [2002] 39,
(@) |sin3x|+sinZx (b) cos+/x + cosZx
(c) cos 4x +tan%x (d) cos2x + sinx
[ Solutions of Trigonometric o\
“ToPIC HEquaﬁons )

34.

35.

36.

37.

38.

mM-13

If the equation cos* 0 +sin® @+ =0 has real solutions
for O, then A lies in the interval :

1
o3 e[

1 1 3 5
o [-3-4] @ |33 a.

The number of distinct solutions of the equation,

log, |sinx|=2—log, ,|cos x| in the interval [0, 27], is
[Jan. 9,2020 (I)]
The number of solutions of the equation

42.
St 5m
1 +sin*x=cos?3x,x € {—?,?} is : [April 12,2019 (I)]
@ 3 (b) 5
© 7 (d) 4
Let S be the set of all @ € R such that the equation, cos 2x
+a sinx =2a—7 has a solution. Then S is equal to :
[April 12,2019 (II)]
@@ R (b) [1,4]
(©) [B7] (d) [2,6]
43.

If [x] denotes the greatest integer < x, then the system of
linear equations
[sin 6] x + [-cos O] y=0

[cot 0]x +y =0 [April 12,2019 (ID)]

3

44.
a) have infinitely many solutions if 0 e T _2n and
y y >

has a unique solution if 0 e (n, %j .

(b) has a unique solution if 9 (g, 2_3TEJ u(n, E) .

T 2

T
(c) has a unique solution if 66[5’?} and have

46.

T
infinitely many solutions if 6 € (ﬂ?, ?j .

(d) have infinitely many solutions if

T 27 n
Oe| —,— |U|T,—
[2 3] ( 6)

[Sep. 02,2020 AD)] 4.

LetS= {0e[-2m, 2n] : 2 cos?0 +3sin@=0}.
Then the sum of the elements of S is: [April 9, 2019 (I)]

137

— b %
@ ) >

(©) 2r d =

Ifo<x< g , then the number of values of x for which

sin x — sin 2x + sin 3x = 0, is:
(@ 3 (b) 1
(c) 4 d 2
The number of solutions of sin 3x = cos 2x, in the interval

[Jan. 09, 2019 (IT)]

(g,nj is [Online April 15, 2018]
(@ 3 (b) 4
(© 2 @ 1

If sum of all the solutions of the equation

8cosx-| cos| E+x |-cos| E—x _L —1 in [0, nt] is k=,
6 6 2

then k is equal to : [2018]
13 8

@ 5 ® 5
2 g 2

© 5 @ 3

If 0< x <27, then the number of real values of x, which
satisfy the equation

cos X + cos 2x + cos 3x + cos 4x =0 is: [2016]
@ 7 (b) 9
(© 3 (d 5

The number of x €[0,2m] for which

‘\/2sin4 x +18cos? x —\/20054)(+18sin2 X[ =1is

[Online April 9,2016]
(@ 2 (b) 6
(c) 4 (d 8
The number of values of o in [0, 27t] for which
2sina—7sin? o+ 7 sin a.=2, is: [Online April 9,2014]
(@ 6 (b) 4
(©) 3 @1
LetA= {0:sin(0)=tan(6)} and B={0: cos(8) =1} be two
sets. Then : [Online April 25,2013]
(@) A=B
® 4¢B
(© Bz 4
(d AcBand B-A4#¢
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47. T,he number of solut.lons of.the eq.uatlon . 50. The possible values of 6 e(O,Tt) such that
sin 2x —2 cos x +4 sin x =4 in the interval [0, Smt] is :
[Online April 23,2013] sin (0) +sin (46) + sin (70) =0 are [2011RS]
@ 3 (b) 5
() 4 @) 6 @ n St m 2n 3m 8n
a _5 _’ _’ _5 _7 -
48. Statement-1: The number of common solutions of the 41223 49
trigonometric equations 2 sin20 — cos 20 = 0 and
2 cos? 0 —3 sin 0 =0 in the interval [0, 27] is two. (b) 2_759292,2_7[,3_”’35_“
Statement-2: The number of solutions of the equation, 2 9 42 3 4 36
cos? 0 —3 sin © = 0 in the interval [0, ©t] is two.
. ) 2n n © 2n 3m 8n
[Online April 22,2013] (c) 032y
(a) Statement-1 is true; Statement-2 is true; Statement-2
is a correct explanation for statement-1. 2t m 4n 1w 31 8n
(b) Statement-1 is true; Statement-2 is true; Statement-2 @ 9’49’2 4" 9
is not a correct explanation for statement-1. . ) 0.3 o
(c) Statement-1is false; Statement-2 is true. 51. The number of values of x in the interval [0,37] satisfying
(d) Statement-1 is true; Statement-2 is false. the equation 2sin% x+5sinx—3 =0 is [2006]
49. The equation 8" — ¢ SIN"_ 4 = 0 has : [2012] (@ 4 (b) 6
(a) infinite number of real roots (© 1 d 2
(b) no real roots 52. Thenumber of solution of tan x +secx =2cosx in [0,2 1)
(c) exactlyone real root 2:) 5 ®) 3 [2002]

(d) exactly four real roots

© 0 @ 1
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(®) 3(sin 0 —cos 0)*+ 6(sin O + cos 0)> + 4sin®0
=3(1—2sin 0 cos 0)?+ 6(1 + 2sin O cos 0) +4sin’0
=3(1 + 4sin0 cos?0 —4sin 0 cos 0) + 6

—12sin O cos 8 + 4sin®@
=9+ 12sin%0 cos?>0+ 4 sin®0
=9+ 12c0s?0(1- cos?0) + 4(1 — cos2 )’
=9+ 12c0s?0 — 12c0s*0 + 4(1 — cos® 0 — 3cos? 0 + 3cos*0)
=944 —4cos0
=13 -4cos®0

b Let fi(x)= %(sink x +cosk x)

1 .
Consider f3(x)— fe(x)= Z(sm4 x+cos” x)

1
—g(sin6 x +cos® X)

=i[1—2sin2xcos2 x] —é[1—3sin2 xcos’ x]
_1 11
4 6 12

@ Given 2¢cos0+sinf =1
Squaring both sides, we get

(2cosB+sin0)? = 12

= 4cos? 0+sin’ 0+ 4sinOcosd = |
300529+(c0s29+sin2 0)+4sinOcos0 = 1
3c0s26+/1/+4sin600s6:/1/

3cos?0+4sinOcosd = 0
cos0(3cosO+4sinB) =0

3cos0+4sin® = 0 = 3cosO =—4sinb

_—3:tan9: secze—l:_—3
4 4

Uy Ul

U

( tan @ = Vsec? 0 — 1)

or |cosO= % (D)

Hints & Solutions

2
. 4
Now, sin%0 + cos?0 = 1 = sin? 9+[§j =1

4 .2 16 9
in20 + — = sin“0=1-—=—
sin<0 5 1 = 2525

3
nb=+t— (2
s 5 ()

. 3 . 3
Taking | sin6 = +g because | sinb = 3 cannot

satisfy the given equation.

Therefore; 7 cosO + 6 sind
4 3 28 18 46
=t —=—

=Tx—+6x~—
5 5 5 5 5

() Given expression can be written as

sin 4 sin 4 cos A cos A

X — +— x -
cosdA sinA—cosA sinA cosA—sinA

( tan 4 = sin 4 and\
cos
cotAd = C?s 4
sin A

_ 1 sin® 4—cos® 4
sind—cosA| cosAsinA
v ad =b3 = (a-b)(a® +ab+b?)

_ sin? A+sin Acos A+ cos” 4

sin Acos A
=1+ sec Acosec A
(¢) Consider cos255°+ sin 195°
=cos (270° —15°) +sin (180° + 15°)
=—sin 15°—sin 15°

=—2sin15°= —Z{EJ = _(EJ
22 V2

(¢) Letfix)=sinxand g(x)=x

Statement-1: f(x) < g(x) Vx e(O, oo)

i.e., sinx < xVx (0,)

which is true

Statement-2: f(x) <1Vx 6(0, oo)

ie., sinx <1V x €(0,)

It is true and
g(x)=x — o as x — o also true.
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1 5. i T 1
7. ¢) Area= —x“sin0 10. L+M =1-2sin>==cos—=—
© 5 @ ety ()
T
70N and L-M =—cos (i)
From equations (i) and (ii),
Maximum value of sin0 islatezg 101 - 1 1 1
=—| —=-cos— |=—=——cos—
. Z[ﬁ 8] 2z 2% e
Amalxzzx2
1 i 1 b
n T . M :E T+COS§ :T‘FECOSg
8. (b cos® =| 4cos’® = —3cos— 2 N2
8 8 8

11. @ Let f(x,y)=x+y-1
Given (1,2) and (sin6, cos0) are lies on same side.

+sin —{3sm —4sin g}
4 = f(1,2)- f(sin, cos0) >0

—40056——4s1n ——3cos4—+351 I
8 8 8 8 = 2[sin®+cosO—-1]>0
=4 (coszﬁ—sinzz) ) . T 1
8 8 = sinB+cos0>1 =sin| 0+—|>—
4"
. 4T 4T . J2M 2T
sin” —+cos” —+sin“ —cos” —
K 57T R sﬂ S0+ 2e( 22 Socf0l)
4 4 4 2

2T . 2T 27 . 2T . .
=3|| cos e sin 3 cos 3 +s1n 3 12. (a) Let the height of the tower be / and distance of the
foot of the tower from the point 4 is d.

—cos ™ 4(1—sin2 Ecoszzj—3 Bythe diagram,
4 8 8
- N
20 2] 22
\/Esincx 1 l—COSZB 1
9. 1 = == - - 30°
@ V2cosa 7 and 2 10 ? h
\/Esinﬁ 1
— =— 30 m
2 Jio \l, 45° y
1 1
tano =— sinff=— A¢——d—>P
7 and sinf3 70
! t 45°—ﬁ—1
tanB:E an =7
o102 h=d (i)
2tanf T3 3 3 -30
tan2p=—-—=—===== o_
1-tan’ B 1_1 8 4 tan 30 d
9 9 )
B(h-30)=d (i)
M Put the value of / from (i) to (ii
tan(o+2B)= “tanatan2p ut the value o om (1) to (ii),
13 e 3d =d +3043
7 4 28 3043
- - -1 d= =153(\3+1)=15(3+3
13 s S 153 (V3 1) =15(3+43)
7 4 28



Trigonometric Function

13. () cos?10°—cos10° cos50° + cos?50°

1+ c0s20° +(1+c0s100°
- 2 2

=1+ %(cos 20°+cos100°) - %[cos 60°+cos40°]

= (1 - %j + %[cos 20°+c0s100° —cos40°]

j - % (2¢c0s10°co0s50°)

- 3 + 1[2 €08 60° x cos 40° — cos 40°]
4 2
_3
4
14. (a@) [ T
5
L 10 .
o 5
\15°
—d—-
By the diagram,
tanl5°=—=d = ===
d tan15° \/g -1
5(4+243
_ % =5(2++3)

1
» sin(60°+ A).sin(60°~ A) sinA= 7 sin3A

.. 8in10°sin50° sin70° = sin10° sin(60°— 10°)

15. (a)

1
sin(60°+ 10°) = 7 sin30°

1 1
= sin10°sin30° sin50° sin70° = Z sin?30= E

16. () - o+ panda— B both areacute angles.

: 37 4
cos (o + B)= —, then sin (o + )= 1—g =5

Wlhs W

tan (o +p)=

5
And sin (a—B)= 3 then

2
cos (a—B)= 1—(%) =%

= tan(a—P)= %
Now, tan 2a.=tan ((o.+ ) + (a.—B))

4.5
tan(a + B) + tan(o. —B) 3 12 _63

T I-tan(a+p).tan(a—p) 1-+ > 16
312

(d - The given equation is

sin® o, +4 cos* B+2 =42 sin o - cos B, o, B e [0, 7]
Then, by A.M., GM. ineqality;

AM.2GM.

sin* o+ 4cos* B+1+1
4

sinfou+ 4cosB + 1+ 1 >44/2 sino | cos Bl

Inequality still holds when cosp < 0 but L.H.S. is positive

than cosf > 0, then
LH.S.=RH.S

Z(Sin4oc~4cos4[3~1'l)%

1
sin* oo =1 and cos* =2

T T
=—andPB=—
= o= B 2

cos (o + ) — cos (a.— PB)

= cos(gﬂi)—cos(g—ﬁj

=—sinf —sinf=-2 sin% =2
@ fk(x)=%(sink x+cos” x)

4

S0 = i[sin4 x+cos” x]

1|, .
——| (sin® x+cos? x)2
4

1), _(sin 2x)”
4 2

Jx)= é[sin6 x + cos® x]

_ (sin 2x)°
2

:é[(sin2 x+ (cos2 X) —%(sin2 x)ﬂ
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1 3 2
:—‘il——(sian)2:| LYY OIS S I VS
oL 4 4) 1616 16
. 11 (sin2x) 1., 2
Now f(0) ~fig@) =g ===+ (5in 2x) 7, ., (Coszx_l) RN
4 16 2
1
12 17
12 =
4
T T T .
19. (a) A=COS?.COS?...COSF.SIH2T 1
m= —
2
—l(cosl cos = coslsinlj
2T TR Mom=L 2.1
4
i(cosl sinij—LSinE 3
822 2) 222 22. () Letcosat cosp=1
1
=— B 3
512 = 2cos0H_Bcos0L—B == .(1)
20. (@ We have 2 22
Stan?x—5cos?x=2(2cos’x—-1)+9 . . 1
= 5tan?x —5cos’ x =4 cos’ x -2 +9 andsino+sinp =~
= 5tan?x=9cos>x+7
=5 (sec?x—1)=9cos?x+7 i atp o-p 1 -
Let cos”x =t = STy s 2 ()
N §—9t—12 o On dividing (ii) by (i), we get
t +
=92+ 12t-5=0 tan(a B] _1
=92+ 15t-3t—5=0 2 3
= @Bt-1)(3t+5)=0 0t P
1 5 leen:6=T =20=a+p
== 3 ast#- 3" Consider sin 20 + cos 26 =sin (a.+ ) + cos (o + )
1 1 2 1
- 24 _1=9|=|_1=_= fd -
cos2x=2cos“x—1 2£3j 1 3 B 3+19_£+£_z
1y 7 L L 00 s
_ 2 S N R R +— 1+—
cos 4x =2 cos 2x—172( ) = 9 9
3 9
1 . p+tq . pP—q
21. 4+ — sin?2x — 2 cos* 23. cosecO = , sin@=
b) 3 X x ®) p—q p+q
442 (1 —cos*x) cos’x —2 cos* x >
- 2,/
4 Cos4x_cos2x_1+L_i cos © = +\1-sin’0 = 1—[u] = NP4
5 6 16 \ \p+q)  (p+9)
0 0
2 cotﬁcotf—l‘ cotf—l‘
—4{(c052x—%) —%} cot(£+9)‘ = 2 = 2
42 COtE‘FCOtQ cot9+1
4 2 2

6 .0
cos— —sin—
2 2

6 .06
cos—+sin—
2 2

On rationalizing denominator, we get
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M-19

([ 0 0V o 0)
cos——sin— cosf+smf
2 2 2
0 0 0
cos—+sin— || cos—+ smf
2 2 2
_ cos 0 |

sm2 94— cos® 9 + 2Sln90059
2 2 2

_ cos® | |2\/7/(p+q)|
L+sin0] | |, (2=
p+q

@  4=sin®x+cos* x

2 x+cos? x(1- sin’ X)

=sin
. I .
=sin? x+cos® x — Z(Z sin x.cos x)2

1.,
=1-——sin"(2x

1 (2x)
o —1<sin2x<1

= 0<sin?(2x) <1

= Ozflsinz(Zx)Z—l
4 4
1., 1
=121-—sin“(2x)21-—
4 4

=124

W

@@ cos(a+p)= % = tan(a+B) = %

sin(o— ) =% = tan(a.—B) :%

tan 200 = tan[((x+ B)+ (o —B)]

3 5
_ tan(a+p)+tan(a—P) _ Z+E _56
1-tan(o. +B)tan(a —p) - 35 33
412

() Given that

cos(B—7v)+cos(y—a)+cos(a—P)= _%

= 2[cos(B—7v)+cos(y—a)+cos(a—P)]+3=0
= 2[cos(B—7v)+cos(Y—a)+cos(a—P)]
+ sin? o + cos? a. + sin? B + cos? B
+sin?y +cos2 =0
= [sin? o +sin? B +sin2y +2 sin o sin B
+2sin B siny +2 sin ¥ sina ] + [cosZa. + cos2p
+ cos2 ¥ + 2cosa. cosP + 2 cos P cos Y
+2cosY cosa]=0

[ cos(A—B) = cosA.cosB+sinA.sinB]

28.

29.

= [sino.+sin B +siny ]2+ (cos o+ cos p+cos ¥ 2=
= sino+sinf+siny =0andcosa+cosB+cos ¥ =0
. Aand Bboth are true.
(¢) Giventhatp>+4>=1

. p=cosO and g = sin0 satisfy the given equation
Then p+g =cos6+sin6
We know that

—\ja2 +b? Sacos@+bsin6S\/a2 +b?

" —J2 <cosO+sin0 <2
Hence max. value of p + g is /2

1 1
(¢) cosx+sinx:§ = l+sin2x=—

= sin2x= —g,
4

Som<2x<2m
b4 .
= E<x$n (1)

2tanx 3

1+tan? x 4
= 3tan’x+8tanx+3=0

—-8++/64-36

. 447
. tanx = =—
6 3

T
for E<X<TE, tanx < 0

47
3

4 54 202
b Bsin’ 0
@ u=d*+p*+2 (@ +5")cos” Bsin ..
+a*b* (cos* 0+sin* 9)

. tanx =

Now, (a4 + b4)0032 0sin’ 0 +a’h> (cos4 0 +sin* 0)
= (a* +b*)cos® Osin? § 4 425> (1-2cos” Osin? 0)

= (a* +b* —2a°b?)cos? 0sin’ 0 + ab>

-2
S (-2 S0 2 Q)
+0<sin?20<1
.2 2 22
DOS(GZ—Z)Z)Z sin ZSS(a -b )
4 4
20,2 2080720 5,
=a“b” <(a”-b") T+a b
1
<(a® —b2)2.z+ a’b? 3)
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From(1) = as sin 20 [0, 1]
2
a’+b*+2 azb2§uz§az+b2+2 (a2+b2) -1
2 =>Ae|-1, —
+h)? < 232(2+b2 ,
(a+b)”<u a ) 35. (8) log,, [sinx|=2—log,, |cosx|
.. Max. value — Min. value = log,, [sinx cosx|=2
=2(a®> +b*)=(a+b%) = (a—b)? N |Sinxcosx|:%
30. d m<o-PB<3n
- - = sin2x=+
:>E<a—B<3—n:>cosa—B<0 (D 2
2 2 2

sinoH—sinﬁz—ﬂ 1 A /\

5 z A

- T
= ZSinOL—-’_BcosOt—B = _2 A2 1 \« f X\ ,[2”
2 2 65 2 N4 N

27

cosa +cosf = 65 Hence, total number of solutions = 8.
36. (c) Consider equation, 1 + sin*x = cos?3x

= 2cos 2 ;B cos OLT_B = —% -3) L.H.S.=1+sin*x and R.H.S. = cos?3x

~LHS.21andRHS.<1=LHS.=RHS.=1

S i d adding (2) and (3 t
quaring and adding (2) and (3), we ge sinx =0, and cos™3x = |

eos? @B _@D?+27)% _ 1170 = sinx=0and (4cos’x— 3)* cosx = 1
2 (65)2 65x65 = sinx=0andcos’x=1=x=0,+w,+£2n
5 0B 9 o—p 3 Hence, total number of solutions is 5.
- €os =Tz, = cos =" 7=~ [ffom(l)] 37. () Givenequationis,cos2x+ asinx=2a-7

2 130 2 130
1 -2sin*x+ a.sinx=20—7

31. (© Given f(x)=log(x+Vx*+1) 2sin®x — o sinx + (20— 8) = 0

2 2 2
X —xt+1 . otaa”—8(2a+8)
£ (=x) =log{—x+3x* +1 —log{—z} = Smx= 7
x+vVxT+1
. of(a-8) . a—4
— _log(x + /x2+1):—f(x) = sinx= 4 = sinx=—7
= f(x) is an odd function. [sin x =2 (rejected)]
.2 1—cos26 . ) a—4
32. () Weknow that sin” 0= — - equation has solution, then e[-11]
. . 27 = ae[2,6]
Since period of cos 26 = PR T 38. (a) According to the question, there are two cases.
Hence period of sin’@ is also m. b
c0e| =T
33. () weknow thatcos+/x isnon periodic Casel: 273
. cos/x +cos? x can not be periodic. In this interval, [sin 8] =0, [-cos 8] =0 and [cot O] =—1
34. O sin 0+ cos? 0= -2 Then the system of equations will be ;

= (sin2 0+ cos’ 9)2 —2sin?0-cos’ 0 = -\ 0-x+0-y=0and=x+y=0
Which have infinitely many solutions.

=1-2sin’0cos? 0 =—L T
. Case?2: 96[75,—}
(sin 20)> | 6

£ =
= 2 In this interval, [sin 6]=—1 and [-cos 0] =0,
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39.

40.

41.

42,

Then the system of equations will be ;
—x+0-y=0and[cotB]x+y=0

Clearly, x = 0 and y = 0 which has unique solution.
() 2co0s’0+3sin0=0

(2sin® +1) (sin6-2)=0

=sinf= —% or sin@ =2 — Not possibe

a3
o la

The required sum of all solutions in [-27, 27] is

N o

(d) sinx—sin2x+sin3x=0

sinx — 2 sinx.cosx + 3 sinx — 4 sin’x =0
4 sinx — 4 sin’x — 2 sinx.cosx =0

2 sinx(1—sin%x) — sinx.cosx = 0

2

2 sinx.cos*x — sinx.cosx = 0

L e

sinx.cosx(2 cosx—1)=0

sinx =0, cosx =0, cosx ==

2
T T
-0 = --x€|0,—
X O,3 . X |: 2]

(d) sin3x=cos2x
= 3sinx—4sin®x=1-2sin%x
= 4sindx—2sin?x—-3sinx+1=0

24245

= sinx=1,
8

—2+2\/§

In the interval (E, ch ,sinx=
2 8

So, there is only one solution.

@ - SCOSX(COSZE—Sin2X—1j21
6 2
= 8cosx E—l—sinzx =1
4 2

= SCOSX(%—(I—COSZX)) =1

43.

44.

45.

1
= 8COSX(Z—1+C052 xj:l

= E%cosx(cos2 x—%] =1

3 —
N 8[4005 X4 .")cosx}z1

= 2(4cos3 x—3cosx)=1

1
= 2cos3x =1=cos3x :5

(o2, m
- 39
In xe[O,n]:x=E,2—+E,2——E,only
993 93 9

Sum of all the solutions of the equation
(1 2.1 2 1) 13
=l—+-+—+———|T=—7

(@) cosx+cos2x+cos3x+cosdx=0
= 2cos2xcosx+2cos3xcosx=0

5
= 2cosx(2cos—xcos3j =0
2 2

5x X
=0, cos—=0, cos—=0
cosx =0, > s 5

7 3t n 3n Tr 97

(6} ‘\/ZSinA‘x+l8cos2 x—\/2cos4x+18sin2 x| =1

\/ZSin4x+18coszx—\/20054x+18sin2x =+l

\/25in4 x+18cos x = i1+\/2cos4 x+18sin® x
by squaring both the sides we will get 8 solutions
(©) 2 sin3a — 7sin?o + 7 sina— 2 =0
= 2 sin?a (sina. — 1) — 5 sino (sino — 1)

+2 (sina—1)=0
= (sin o — 1) (2 sin? o — 5 sinot + 2) = 0
= sina—1=0or2sin?o—5sina+2=0
. . 5+4J25-16 543
sina =1 orsin o= T:T

2

T . 1
O=— orsmao= —_
2 2’

Now, sina # 2
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46.

47.

48.

1
f 1 = —
or, sin o 2

_n

373
There are three values of o between [0, 27]
() LetA={0:sin0=tan 6}
andB={0:cos0=1}

Now, Az{ezsinesme}
cos O

a

={0:5in0O(cosO—1)=0}
={0=0,7,2m,3m,....}
ForB:cos0=1 = 0=mn,2m%,4n7,......

This shows that A is not contained in B. i.e. A ¢ B. but
BcA.

(@ sin2x—2cosx+4sinx=4
= 2sinx.cosx—2cosxt4sinx—4=0
= (sinx—1)(cosx—2)=0

cosx—2#0, . osinx=1
n St 9%;
X=—y—>
22 2

®b) 2sin?20-cos20=0
=2sin?0—(1-2sin?0)=0
=2sin?0—1+25sin?0 =0

1
=4sin?0=1=sin0= iE

Now 2 cos20—3sin0=0
2(1-sin?0)-3sin0=0
—25in20-3sin0+2=0
—25sin20—-4sinO+sin®+2=0
25sin20-sin®+4sin0-2=0
sinf(2sin0-1)+2(2sin6-1)=0

ududidl

1
= sin@=—,-2
sin 0= 2

But sin 6 =— 2, is not possible

in 0 1 5 0 T S5m
sinb=—-,-2 = 0=—,—
2 6 6
Hence, there are two common solution, there each of the
statement-1 and 2 are true but statement-2 is not a correct
explanation for statement-1.

49.

50.

51.

52.

() Given equation is 5™ — ¢ SIN¥ _4 =
Put ¢S™* = ¢ in the given equation, we get

2P—4t—-1=0
. 4+16+4  4£20
22
+
- 4—22\/5221\/5

N esinx =2i\/g ¢ t:esinx)

= MY =25 and &M = 2445
= &M =2-5<0

and sinx=Imn(2+5)>1

So, rejected.
Hence, given equation has no solution.

The equation has no real roots.
(d) sin 40+ 2sin460 cos36=0

sin40(1+2co0s30) =0

1
sin 49=0 or cos39:—§

40=nm;nel

2
or 36:2mti?n,n el
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Y y=sinx

2sin? x+5sinx—3=0
= (sinx+3)(2sinx—-1)=0
= sinx:% and sinx # -3

. In [0,37], x has 4 values.

() - tanx+secx=2cosux;
= sinx+1=2cos?x

= sinx+1=2(1-sin%x);
= 2sin’x+sinx—1=0;

= (2sinx—1)(sinx+1)=0
= sinx=_,-1;

2
= x=30°,150°,270°.
Number of solution = 3
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