CHAPTER Trigonometric Functions

& Equations

- 2 LY. N JEE Advanced/ IIT-)EE

A Fill in the Blanks B True / False

n
xsin3x = z C,, cosmx is an identity in x,

m=0

Suppose sin®

where C, C,, .....C, are constants, and C, # 0. then the

value of n is (1981 - 2 Marks)

. . 2
The solution set of the system of equations x +y = Tn

1.

2.

If tan 4= (1—cosB)/sin B ,then tan 24 =tan B.
(1983 - 1 Mark)
There exists a value of 0 between 0 and 2r that satisfies the

equation sin® 0—2sin20-1=0. (1984 - 1 Mark)

MCQs with One Correct Answer

. Iftan®=— % _then sin® is (1979)
3 ) 4 4 4 4
cosx+cosy =—, wherex and y are real, is (@) — — butnot (b)) ——or—
2 5 5 5 5
4
(1987 - 2 Marks) © 3 but not — % (d) None of these.
. . . . 2 _
The set of all x in the interval [0, = ] for which 2 sin“x—3 2. Ifo+p+y=2m then (1979
sinx+12>0,is (1987 - 2 Marks) o B a B
The sides of a triangle inscribed in a given circle subtend (@) tan 5 + tan 5 + tan% =tan > tan 5 tan
angles o, B and y at the centre. The minimum value a B B y y a
= = +tan— tan— +tan— tan— =1
n n (b) tan 2 tan > tan 2 tan 2 tan 2 tan >
of the arithmetic mean of cos((x + EJ cos (B + EJ and o B Y a By
— +tan — +tan — =—tan — tan — tan —
(¢) tan 2 tan 2 tan ) tan 2 tan 2tan 5
i (d) None of these.
cos (Y + EJ is equal to (1987 -2 Marks) 3. Given A=sin?0+cos*@ then for all real values of @
3
The value of (@ 1<4<2 ®) < 4<1 (1980)
sinlsin3—nsin5—nsin7—nsin9—nsinﬁsin13—1t is equal © E sds<l @ %S A=< E
T VR VR VR VRN VI VI 16 16
to (1991- 2 Marks) 4.  The equation 2cos’ gsirﬁ x=x2+x2. 0<x sg has
If K=sin(n/18)sin(5w/18)sin(7n/18), then the (a) noreal solution (b) one real solution
numerical value of K is (1993 - 2 Marks) (¢) more than one solution (d) none of these (1980)
5. The general solution of the trigonometric equation sin x+cos

If A>0,B>0 and 4+ B=n/3, thenthe maximum value
oftan 4 tan B is (1993 - 2 Marks)
General value of 0 satisfying the equation

tan2 O +sec20=1is (1996 - 1 Mark)

x=11isgiven by :
@ x=2ng ;n=0,%1,£2 .
®b) x=2nn+7w/2;n=0,£1,£2...

(1981 - 2 Marks)

_ n T N
The real roots of the equation cos’ x + sin® x=1 in the interval (© x=nt+(1) Y
(-m,m)are..., ..., and (1997 - 2 Marks) (d) none of these n=0, =+£1,+£2..



10.

11.

12.

13.

14.

The value of the expression +/3 cosec 20° —sec 20° is

equal to (1988 - 2 Marks)
(@ 2 (b) 2sin 20°/sin 40°
(c) 4 (d) 4sin 20°/sin 40°

The general solution of
sin x — 3 sin 2x + sin 3x = cos x — 3 cos 2x + cos 3x is
(1989 - 2 Marks)

4 nm =«

—_ _+_

(@ nm+ 2 (b > t3
© Eprt,r (d) 2nm+cos! 3
2 8 2

The equation (cosp — l)x2 +(cosp)x+sinp=0
In the variable x, has real roots. Then p can take any value in
the interval (1990 - 2 Marks)

@ ©0.21) b) (1.0 (© (‘33 @ O n)

Number of solutions of the equation (1993 - 1 Mark)

tan x + sec x = 2 cos x lying in the interval [0, 27] is :

@ 0 ) 1 () 2 @ 3

Let 0<x <% then (sec2x — tan2x) equals (1994)
T

@ (<) o @G

(c) tan (x +§] (d) tan> (x + %]

Let n be a positive integer such that

. T b n
E ST, 1994

sin o + cos =3 Then ( )

(@ 6<n<8 ) 4<n<8

() 4<n<8 (d) 4<n<8

If » is an imaginary cube root of unity then the value of

sin {(0)10 +m23)n—%} is (1994)
V3 1 1 V3

(@) 5 (b) 2 (© 2 d >

3 (sinx—cos x)4 +6(sin x + cos x)2 +4 (sin6 x+cos® x) =

(1995S)

(@ 11 (b) 12 (c) 13 d 14

The general values of @ satisfying the equation

2sin20 —3sin@—2=01is (1995S)

@ nn+(-1)"n/6 ®) nn+(-1)"n/2

© nr+(-1)"5n/6 d) an+(=1)"7n/6

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Topic-wise Solved Papers - MATHEMATICS

4
sec? 0= —>— istrucifand onlyif (1996 - I Mark)

(x+y)
@ x+y=0 ®b) x=y,x#0
() x=y (d x#0,y=0

In a triangle POR, ZR=m/2 .1ftan (P/2) and tan (Q/2) are

the roots of the equation ax? +bx+c=0 (a#0) then.
(1999 - 2 Marks)
(@ atb=c ) b+c=a
() atc=b d) b=c
Let £(0) = sin6(sinO + sin30). Then £(0) is
(@ >0 onlywhen >0 (b)
(¢) >0 forallreal o (d)

(2000S8)

<( forallreal g

<0 only when <0
sinx COSX COSX

The number of distinct real roots of [COSX SIX COSX|
cosx cosx sinx

=0 in the interval —% <x< % is (2001S)
@ 0 (b) 2 © 1 d 3

The maximum value of (cos a.).(cos a,)...(cos a,), under
the restrictions

0<o,0,,...,0,< g and (cot a).(cota,) ... (cot e, ) =11s

(2001S8)
(@ 1/2"2  (®) 12" (© 12n @ 1
If o+ B =m/2 and B + y= a, then tan a.equals (2001S)

(a) 2(tanf + tany) (b) tanp +tany

(c) tanp+2tany (d) 2tanp +tany

The number of integral values of & for which the equation 7
cos x +5 sin x =2k + 1 has a solution is (2002S)

@ 4 ®) 8 © 10 @ 12

Given both 6 and ¢ are acute angles and sin 6 =

>

| =

cos o= % then the value of 6 + ¢ belongs to
L T 2_"]
@ (E,E} (®) (2 >3

© (27”%”] @ [%”n]

cos(a—B)=1andcos(a+ )= 1/e where a, B € [-m, 7.
Pairs of a, p which satisfy both the equations is/are

(2004S)

(2005S)
(@ 0 (b) 1 (c) 2 (@ 4
The values of @ € (0, 2r) for which 2 sin%0 — 5 sin@+2 >0,
are (2006 - 3M, -1)
T 5w n Sn
0,—|u|—,2 -, —
@ (6) (6 ”J ®) (8 6J

@) o (2
© (*3%)7\6 6 48
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Trigonometric Functions & Equations

25.

26.

27.

28.

29.

Let ee(o, gj and ¢, = (tan®)®n®, ¢, = (tan@)cote,

t;= (cot0)'*"® and ¢, = (cot0)°*'®, then (2006 - 3M, 1)
@ t>5,>t>1, b t,>>1>t
(©) >1,>t,>1, @d t,>t;>1,>1,
The number of solutions of the pair of equations
2sin20 —c0s20 =0
2c0s20 —3sin6 =0
in the interval [0, 27] is
(@) zero (b) one

(2007 - 3 Marks)
(d) four

For x €(0,7), the equation sinx + 2sin 2x —sin 3x =3 has

(JEE Adv. 2014)

(¢) two

(a) infinitely many solutions
(b) three solutions

(c) one solution

(d) no solution

T

LetS= {x e(-m,m):x# O,ig} . The sum of all distinct
solutions of the equation /3 sec x + cosec x + 2(tan x —
cot x) =0 in the set S is equal to (JEE Adv. 2016)

n 2%
@ -5 ® -3

Sn

© 0 @ 3

13 1

k=l . [T (k—l)ﬂ . (TI: kn)
smf —+-———|sm| —+—
4 6 4 6

The value of is equal

: (JEE Adv. 2016)
@ 3-43 ®) 2(3-V3)
© 2(v3-1) @ 2(2-+3)

1 )l MCQs with One or More than One Correct

1.

T 3n Sn i) |
1+cos§ 1+cos? 1+cos? 1+cos? is equal

to (1984 - 3 Marks)
@ > ®) cosZ

2 8

1 1+\/5
© 3 @ S5

The expression 3 [sln ( )+ sin* (Br+a) } -

2[5in6(2 +(x +sin (51t a) | is equal to

(1986 - 2 Marks)

10.

@ 0

(© 3

(¢) none of these
The number of all possible triplets (a,, a,, a;) such thata, +
a, c0s(2x) + a,sin(x) =0 for all x is (1987 - 2 Marks)
(a) zero (b) one (c) three

(d) infinite (e) none

The values of 6 lying between 6 =0 and 6 = /2 and satisfying
the equation (1988 - 2 Marks)

b) 1

(d) sinda +cosba

1+sin2 0 0052 0 4sin 40
sin®  1+cos2®  4sind0 | =0 are
sin’ @ cos20®  1+4sin40

@ 7Tr/24 () 5n24 (© 1124 (d) nl4
Let 2sin?x + 3sinx— 2> 0 and x? — x — 2 < 0 (x is measured in
radians). Then x lies in the interval (1994)

n 5w St
@ |6 () ( 1;)

© 1,2 (d) (g 2}

The minimum value of the expression sina+sinf+siny,

where a, B, v arereal numbers satisfying o+ B+ y=7 is
(a) positive (b) zero (1995)
(c) negative d -3
The number of values of x in the interval [0, 57 satisfying
the equation 3 sin2 x— 7sinx+2=01is (1998 - 2 Marks)
@ O b) 5 () 6 d 10
Which of the following number(s) is/are rational?

(1998 - 2 Marks)
(b) cos15°
(d) sin 15°cos 75°

(1999 - 3 Marks)

(@) sinl15°
(c) sin 15°cos 15°
For a positive integer 7, let

fn(e) =(tan g) (1+sec®) (1+sec20) (1+sec40)....(1+sec2”0).

Then

@ 5(%)- o A(5)-

o 5(g)- @ £ (21

If sin24 x cos*x _ 1  then (2009
(@) tan’x= % ®) SiI;8 x, cozs: x_ é
(¢ tan’x= % ) sinSS X, cozs: x_ %



11.

12.

13.

14.

Topic-wise Solved Papers - MATHEMATICS

For 0<@ <%, the solution (s) of

6 _
Z cosec (0+ (m 41)”) cosec (0+%) =42
m=1

is (are) (2009)
b)
@5 ®F ©5 @3

Let 0, ¢ € [0, 2] be such that 2 cos® (1 — sin @) = sin%0

(tang+coth cos@—1,tan(2n—0) > 0and

-1<sinf < —% , then @ cannot satisfy (2012)
@ 0< I (b) Ic <4—Tt
?=3 2°7°73
ﬂ< <3—1t d 3—n< <2n
© 5 <0< @ <o

The number of points in (—eo o), for which
x2—xsinx—cosx =0, is (JEE Adv. 2013)
@ 6 (b) 4 © 2 d 0

Let f(x) =x sin ntx, x > 0. Then for all natural numbersn, f '(x)
vanishes at (JEE Adv. 2013)

1
(a) Aunique point in the interval (n, n+ EJ

1
(b) Aunique point in the interval (n ot IJ

(¢) A unique point in the interval (n, n+ 1)
(d) Two points in the interval (n,n+ 1)

E Subjective Problems

Iftana=

of (a+P).

" and tanf} = 1 , find the possible values
1 2m+1

(1978)

1
(@) Draw the graph of y= —= (sinx + cosx) fromx=— g to

V2

x=£
3"

() If cos (o + B) = %,sin (o —PB) = %,and a, B lies

between 0 and % , find tan2a. (1979)
Given a.+ f —y=m, prove that
sin?o + sinp — sin%y = 2 sina. sinf cosy (1980)
. T T
Given 4= {x :ES x S;} and
f(x)=cosx—x (1+x); find f(A4). (1980)

For all gin [0, n/ 2] show that, cos (sin) > sin (cos6).
(1981 - 4 Marks)

*

hed

10.

11.

12.

15.

16.

17.

Without using tables, prove that

(sin 12°) (sin 48°) (sin 54°) = % (1982 - 2 Marks)

Show that 16 cos 2—“ cos 4—“ 005(8—7t cos(m—n)ﬂ
15 15 15 15
(1983 - 2 Marks)

Find all the solution of 4 cos? xsinx — 2sin® x = 3sinx
(1983 - 2 Marks)
Find the values of xe(— =, + ) which satisfy the equation

(1984 - 2 Marks)
Provethattana+2tan2 o +4tan4 o +8cot8 o =cot a

(1988 - 2 Marks)
ABC is a triangle such that

1
sin(24 + B)=sin (C—A4)=-sin (B+2C)= 5

If A, B and C are in arithmetic progression, determine the
values of 4, B and C. (1990 - 5 Marks)
If exp {(sin®x + sin*x + sinx + ... o) In 2}
satisfies the equation x2— 9x + 8 = 0, find the value of

&,oq&%. (1991 - 4 Marks)

cosx+sinx

tan x

Show that the value of , wherever defined never lies

tan 3x

between % and3. (1992 - 4 Marks)

Determine the smallest positive value of x (in degrees) for
which
tan(x + 100°) =tan (x + 50°) tan(x) tan (x—50°).
(1993 - 5 Marks)
Find the smallest positive number p for which the equation

cos(p sin x) = sin(pcos x) has a solution x € [0,2x].
(1995 - 5 Marks)

T 7T
Find all values of  in the interval (— =5 —) satisfying the

272
equation (1 —tan 0) (1 +tan 0) sec?@+ Htan>0=0.
(1996 - 2 Marks)

sin x cos 3x

Prove that the values of the function donot lie

sin3xcosx

between % and 3 for any real x. (1997 - 5 Marks)

n-1 2km n
Prove that 121 (n — k) cos — 7 where n > 3 is an

integer.
In any triangle ABC, prove that

(1997 - 5 Marks)
(2000 - 3 Marks)

A B C A B C
cot—+ cot —+ cot — = cot—cot—cot —.

2 2 2 2 2
1-2x +5x2

Find the range of values of 7 for which 2 sin 1= — ,
3x° -2x-1

_rrT
te| =35 |

(2005 - 2 Marks)
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Trigonometric Functions & Equations

I3 Match the Following

DIRECTIONS (Q. 1): Each question contains statements given in two columns, which have to be P qQr s t
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are
labelled p, q, v, s and t. Any given statement in Column-I can have correct matching with ONE OR A Q@@ee
MORE statement(s) in Column-I1I. The appropriate bubbles corresponding to the answers to these B @@G@@
questions have to be darkened as illustrated in the following example : C Q@@@@
If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of DI(@O@OO®
bubbles will look like the given.
1. In this questions there are entries in columns 1 and 2. Each entry in column 1 is related to exactly one entry in column 2. Write
the correct letter from column 2 against the entry number in column 1 in your answer book.
sin3a
1S (1992 - 2 Marks)
cos2a
Column I Column IT
o 131 14z
(A) positive ) 48 48
) 147t 18n
(B) negative @ 48 48
18n 23n
® |28 a8
i
o (03]

| Bl Integer Value Correct Type 1 is (2010)

.2 . 2.1
1.  The number of all possible values of 6 where 0 <0 <, for sin” 8-+ 3sinBeosf+Scos™ O

which the system of equations 4. Two parallel chords of a circle of radius 2 are at a distance
(¥ +z)cos 30 =(xyz) sin 30 3 +1 apart . If the chords subtend at the center , angles of
2co0s30  2sin36
; - T 2%

xsin3f === ~ and ~~, where k>0, then the value of (] is  (2010)

(xyz) sin 30 =(y +2z) cos 30 +ysin 36 [Note : [k] denotes the largest integer less than or equal to £ ]

have a solution (x, ¥y, zy) With y, z, = 0,1s (2010) 5. The positive integer value of n > 3 satisfying the equation

2. The number of values of 8 in the interval, | ——>— | such ! ! !
. ¢ number of values of 0 1n the interval, 27 suc . (n) = ) (2n)+ ) (3n) is (2011)
sin| — sin| — sin| —
n n n

nm 3 _
that 0= 5 forn=0, £1,2 and tan 6 = cot 58 as well as 6.  The number of distinct solutions of the equation

sin 20 = cos 40 is (2010)
3.  The maximum value of the expression

4 4 6

x+sin? x+ cos® x +sin®

%cos2 2x+cos x=2

in the interval [0, 27t] is (JEE Adv. 2015)



e Topic-wise Solved Papers - MATHEMATICS
Section-B 133y VA1 333
The period of sin? g is [2002] 3
@ n2 ®) = () 2n @ =R Ifcos (B—7) + cos (y — o) + cos (o.— B) = —5 then: [2009]
The number of solution of tan x + secx =2cosxin [0,2 &t ) is @) Aisfalseand Bistrue (b) both A and B aretrue
[2002] () both AandBarefalse (d) AistrueandB is false
@ 2 (b 3 © 0 d 1 4 s
Which one is not periodic [2002] 10. Let cos(a+p)= 3 and sin (a—-B)= 3 where
(@ |sin3x|+sin?x (b) cos/x + cos2x .
(c) cos4x +tanZx (d) cos2x + sinx 0<a, p< e Then tan 20 = [2010]
Let o,p besuch that t<o—p<3m. 56 19 20 25
@35 ®5 ©F @ T
. . 21 27 ” 4
If sm(x+sm[3=—g and cosa+cosB=—§, then the 11. IfA=sin“x + cos”x, then for all real x : |2011]
13
_ —<A4<1
value of cos (12 B [2004] @ 16 (b) 1<4<2
- 3 © 3eu ) 3<cusi
6 4 16 4
@ &5 ® 30
12. Ina APQR, If3sin P+ 4 cos Q=6 and 4 sin Q + 3
6 cos P=1, then the angle R is equal to : 12012]
© == @ - 5
65 V130 ™ L n 3n
@ — o 7 © 7 @ -
6 6 4 4
Ifu= \/a2 cos? 0+b%sin 0 + \/a2 sin 0+ b2 cos? O 13. ABCD is a trapezium such that AB and CD are
then the difference between the maximum and minimum parallel and BC L CD. If ZADB=6, BC=p and CD =g, then
vaues of 42 is given by 12004] ABisequalto: [JEE M 2013]
@ (a-b) ®) 2% +p2 @ (p* +¢*)sin® ®) p* +4¢° cosO
a - ~ .~ - - . ~
cosB+¢gsin0 cos0+¢gsin0
© (a+b)? @ 2a®+5?) peosoTa peostra
A line makes the same angle 6, with each of the x and z axis. p2 + q2 ( p2 + q2 )sin©
If the angle B, which it makes with y-axis, is such that © p? c0s0+ ¢ sin® G (pcos®+ gsin )2
.2 2 2
=3 0, then cos“0 equals 2004
sin“ B =3sin” 9, q | ] - - an A . cot A - -
o 5 o 1 o 3 o 5 . eexpression 7" —m- T - can be written as :
a) = - c) — =
5 5 5 3 [JEE M 2013]
The number of values of x in the interval [0,3n] satisfying (@) sinAcosA+1 (b) secA cosecA +1
(c) tanA +cotA (d) secA + cosecA
the equation 2sin? x+5sinx—3=0 is [2006] .
(@ 4 ®) 6 © 1 d 2 15. Let fi (x)= ;(sink x+cosk x) where xe R and f>1.
. 1 .
If0<x<m and cosx+sinx = > thentanxis  [2006] Then f3(x)- f;(x) equals [JEE M 2014]
1 1 1 1
@ @ ®) M—Tﬁ) @5 ®5 ©F @ 3
16. If 0 < x < 2n, then the number of real values of x, which
© - 4+ J7 ) %) da+ V7 ) satisfy the equation cos x + cos 2x + cos 3x + cos 4x =0 is:
3 4 [JEEM 2016]
Let A and B denote the statements (@ 7 ® 9
A:cosa+cosB+cosy=0 © 3 @d 5

B:sina+sinf+siny=0
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Solutions & Explanations

EBD_7202

Trigonometric Functions
& Equations

Section-A : JEE Advanced/ lIT-JEE

LANSE N Ll e
A 1 6 2. o 3. [0’6]U{2}U[6’TC] . —=
5 6—14 6 % 7. % 8. rm,mtig 9. —g,g,o
B L T 2. F
C 1L @b 2 @ 3. () 4. (@ 5 (0 6. (0 7. () 8. (@
9. ©  10. (b 11. d) 12. (¢) 13. (0 14. () 15. (b) 16. (a)
17. ()  18. (c) 19. (a) 20. (c) 21. (b) 2. (b 23. (d) 24. (a)
25. )  26. () 27. (d) 28. (c) 29. (o)
D 1L © 2 O 3. 4. @c 5 (@ 6. (0 7. (© 8. (©
9. (abc,d) 10. (a,b) 1. (c,d) 12. (acd) 13. (o) 14. (b,c)
T 56 1 = ) 3 = n
E 1 nm+gy 2 )3 4 [5‘5(“3)’7‘3(“5]]
8. nn,mt+(-1)”%,nn+(-l)” (%ﬂ) 9, ig,ié—“ 11. 45°60°,75°
V3-1 2 n
12, = — 14. 30° 5. S 16 %
43 1
20. 17570 | 7|10 2
F 1. A)-B)-p
I 1 3 2. 3 3. 2 4. 3 5. 7 6. 8
Section-B : JEE Main/ AIEEE
1. ® 2 O 3. () 4. (d 5 () 6. (0 7. () 8. (©
9. ® 10. (3 11. d) 12. (a) 13. () 14. (b 15. (b) 16. (a)
I Section-A JEE Advanced/ lIT-)EE

A. Fill in the Blanks

| . .
sin3 x sin 3x = 2[3 sin x —sin 3x]sin 3x

n
1. Givensin?x.sin3x= Z C,, cosmx
m=0

= l [22 sinx.sin3x —sin? 3x}
412



M-S-2

Topic-wise Solved Papers - MATHEMATICS

= % [%(cos 2x—cosx)— %(1 —cos 6x)]

% [cos6x+3cos2x—3cosx—1]

We observe that on LHS 6 is the max value of m.
n=6

The equationsarex+y=2 /3 .. (1)
cosx +cosy=3/2 (i)
From eq. (ii) 2cos x+ycosx—y =§
2 2
= 2cos ECOST__ [Using eq. (i)]
1 x-y 3 x-y 3
= 2COS 2 ;= cos 5 5 >

Which has no solution.
.. The solution of given equations is ¢.

Wehave 2sin2x—3sinx+1>0
= (2sin x-1) (sinx-1)20

. 1) .
= (smx—zj sinx-1)20 = sinxS% orsinx >1

But we know that sinx <land sin x>0 forx €[0, ]

y A
y=sinx
/6
51/6 _1
\ > X
0 i

= eithersinx=1 or Ogsinxs%

= either x=m/2 or x €[0,n/6]U[5n/6,7]
Combining, we get x €[0,/6]U{n/2} U[5T/6,7]

We know that A.M. =2 GM.
= Min value of AM. is obtained when AM = GM

= The quantities whose AM is being taken are equal.
A

. T o
L€, cos (a + —) = cos(B + —)
2 2
=co0s (y + E]
2

= sino=sinP =siny

Also a+B+y=360°=>a=B=y=120°

=27n/3

.. Min value of A M.

(215 n) (21‘5 n) ( 21 n)
cos | 2=+ = |+cos| 2=+ = |+ cos| cos ==+ =
) 32 372

3

i 3n 5n In . 9% . 1ln . 13¢n
sin — sin — sin— sin — sin —sin —sin —
14 14 14 14 14 14 14

. T . 3t . 5¢ 2
= | sin—sin=—=sin—
14 14 14
2
oG55 5
=|cos| ——— | cos| ——— |cos| — ——
2 14 2 14 2 14
[ 47

2

21 n} [ T 2n }

COS=— cos——=cos— | =|cos=cos=—cos—
7 7 7 7 7 7

) 8_1'5)2 =(Sin(1t+1t/7)]2

- sin -
8sinm/7 7 8sinw/7

( smn/7) _( )Z_L
8sinm/7/ 64

T St r
K =sin — sin— sin—
18 18 18
(n n) (n 51'5) (n 71t)
=cos|—=——|cos| =—=|cos | =——
2 18 2 18 2 18
i 2n 4 1 . 8¢
= COS — COS— COS— = .sin—
I T
[Using cosocos2a. cos22a ......... cos2™ o

- nl .sin(2" )]

2" sina
-1 gnmo-l
8sinm/9 8
A+B=1/3 = tan(4+B)= 3
LY
tan 4 + tan B _\/— tanA_\/g

l-tan Atan B 1-y
[where y=tan 4 tan B]
= tan?4+3 (y—1)tan4+y=0
For real value oftan 4,3(y—1)2—4y > 0

1
= 3)2—10y+320 :()/—3)(}7—5) 20
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= yS§or >3

But4,B>0and4+B=7n/3 =>4,B<n/3
= tanAtan B<3

noy< % i.e., max. value ofyis 1/3.

8. tan? 0 +sec20 =1

2

=1 where t =tan0
1-¢

L 22 -3)=0 .. tan0=0, +-/3 etc.

which means @ = nt and 0 =nn+n/3
9. cos’x = l-sin*x=(1-sin’x) (1 + sin’x)
=cos? x (1 + sin® x)
socosx=0 or x=mx/2,—x/2
or cos’x=1+sin?x or cos®x—sin?x=1
Now maximum value of each cos x or sinxis 1.
Hence the above equation will hold when
cos x =1 and sin x = 0. Both these implyx =0

Hence x=- ,E,O
2

Nola

B. True/False

l-cosB 2sin2 B/2
1. A= anB/2
tan sinB  2sinB /2cos/2

2tan 4 2tanB/2
Hence tan 24 = an2 = an2 =tanB
l1-tan“4 1-tan“ B/2

.. Statement 1s true.

2.  Given equation is sin*0-2sin?0-1=0
Here, D=4+4=8

+
. sinze=¥=1iﬁ

But sin can not be —ve .. sin2@=+/2 +1

Butas —-1<sin®<1 .. sin29¢\/5+l

Thus thereisno value of @ which satisfy the given equation.
.. Statement is false.

C. MCQs with ONE Correct Answer

1. () tan 9=_—;:>Ge IIquador IV quad .
S 0<sinB<lor—1<sinB<0

.. sin 6 may be 4 or _4
5 5

@

b

@

©

©

p
2

a+Bf+y=2n=> §+

a B Y] y
=t Ll=—tan+
tan(z 2) an(n 7)Yy

tanc/2+ tanB/2
1-tana/2tanB/2

+lon
2

=—tany/2
= tano/2+tanfB/2+tany/2

=tan o/2 tan /2 tan v/2
A =sin?0+cos* 0 = sin? 9+(l—sin2 6)2

2
. 1 3
=sin*0-sin?0+1 = A=(sm29—5) +Z

1V 1
ButOS(sinZG——) <—
2 4
2
3
és(sinze—l) 3<lor 2<ax<l
4 2) 4 4
The given equation is

x) . 1
2cos? (E) sin? x = x? +—5 where O<xsE
X 2

LHS =2 cos2 > 5 sin?x = (1 + cos x) sin?x

. T
-+ 1+cosx<2andsin? x Slfor0<xsz

o (1+cos x) sinx <2
1 T
And RHS.= x2+ —>2 . For0<x < —
x? 2’

given equation is not possible for anyreal value of x.
sinx+cosx=1

= ! smx+\/_cos—T
= sin x cos E+cosxsin£=sinE
4 4 4
= sin(x+n/4)=sin /4
= x+ n/d=nn+ (1) n/4, ne Z(the set of integers)
> x=ng+1D)'"n/d- /4
wheren=0, £ 1, £2 ....

The given expression is /3 cosec 20° —sec20°

31 \3c0s20°-sin20°
"~ sin20° co0s20° sin 20° cos 20°

) M-S-3
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7. O
8 @
9. ©
10. (M)

V3 1 11.

——¢0820° - —sin 20°
2 2

2sin20°cos 20°

4 [ sin 60° cos 20° — cos 60°sin 20°
B sin(2 x 20°)

4sin (60°—-20°) _ 4sin 40° -4

sin 40° sin 40°
The given equation is
sin x — 3 sin 2x + sin 3x = cos x — 3 cos 2x + cos 3x
= 25sin2x cosx —3 sin 2x =2 cos 2x cos x — 3 cos 2x
= sin 2x (2 cos x —3) =cos 2x (2 cos x — 3)
= sin2x=cos2x  (ascosx #3/2)

12. (¢)

=S tan2x=1 = 2x=nn+ n/4d > x=n_27t+§

The given equation is . 13. (©

(cosp—1)x*+(cosp)x+sinp=0

For this equation to have real roots D =0

= cos’p—4sinp(cosp—1) >0

= cos?p—4sinpcosp+4sin’p

+4sinp—4sin’p >0

. . .

= (cos p—2sin p)* +4sinp (1-sinp) >0 4. @

For every real value of p (cosp — 2sinp)®> >0 and
1-sinp 20 D20 ,vpemn)
The given eq is, tan x + sec x =2 cos x

sinx 1
+

COSX COSX
= sinx+1=2cos?x = 2sin?x+sinx—1=0

=2cosx

= (2sinx-1) (sinx+1)=0 = sinx= %,—1

15. (&)

_m 5t 3n

- s~ s o 0’2
x 66 2 €[0, 2]
3

=

But for x = 7“, given eq. is not defined,

.. only 2 solutions.

1—c052(£—x)
4

sin2(%—x)
()

1-sin2x _
cos2x

sec2x —tan 2x =

2sin 2(2 - )
4
25in(£ —x) cos(ﬁ - )
4 4

16. (a)

Topic-wise Solved Papers - MATHEMATICS

n_n

LT
Sin—+¢cos— = —
2n 2n 2
.2 T 7 T . T T n
= sin“ —+cos* —+2sin—cos— =—
2n 2n 2n 2n 4
.M n . T n-—4
= l+sin—=—=sin—=
n 4 n 4

For n =2 the given equation is not satisfied.
Considering n>1and n =2

0 <sin £<1 :>0<n;—4<1 = 4<n<8.
n

. 10, 23 Tl _ . 2y, T
sm{(c) +0°°)T 4} sm{(mﬂo)n 4}

= sin(—n—EJ = —sin (n+£] =sinn/4=1/2

2 4
3 (sin x— cos x)*+ 6 (sin x + cos x)% + 4 (sin% x + cos® x)
= 3(1-sin2x)?+6 (1 +sin 2x)
+ 4[(sin? x + cos2x)? — 3 sin? x cos?x (sin® x + cos? x)]
=3—6sin2x+3sin?2x+6+6sin2x +4 |:l—%sin2 2x:|
=13 +3 sin? 2x -3 sin? 2x =13

The given equation is 2sin® 6 —3sin0—2=0
= (2sin® +1)(sin g —2)=0

= sin G=—% [ sin®—2 =0 is not possible]
= sinB@=sin(—-n/6)=sin (7n/6)

= 0=nn+(-)"(-n/6)=nn+(-1)"Tn/6

= Thus, 8=nn+(-1)"7n/6

4
We have sec? 0 = iz
(x+y)
) 4xy
But sec 621:—221
(x+y)

= 4xy 2x2+y2+2xy

= XX +y?-2<0 > (x—y)2 <0
= x—y=0][ as perfect square of real number can
never be negative]
Also then x#( as then sec? @ will become
indeterminate.
Given that in APQR, ZR=m/2
£0

/P T
LP+/Q0=1/2= —+——=—
= Q=n 2 "2 7%
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17. (¢)

18. (¢)

19. (@

Also tan P/2 and tan Q/2 are roots of the equation
ax? +bx+c=0(a #0)

o tan P/2+tan Q/2= —é;tanP/ZtanQ/2=c/a
a

P+Q) _ tanP/2+tanQ/2
2 / 1-tanP/2tanQ/2

Now consider, tan (

tan ™ = -b/a c_ b
= 4 1-c/a a
= a-c=-b = at+tb=c

f(6) =sin0(sin O + sin 30)

= (sin®+3sin®—4sin> 0). sin 0

= (4sin@—4sin’ 0) sin® =sin> O (4—4sin” 0)
=4sin?g (1-sin?g)

=45in%0 cos20 =(2sin 9 cos §)2=(sin20)? =0
which is true for all 9.

To simplify the det. Let sin x = a; cos x = b the equation
becomes

a b b
b a b|_ . .
=0 Operating C, - C}; C; - C, we get
b b a
a b-a 0
b a-b b-a|=0
b 0 a-b

= a(@a-bP—(b—a)[b(a-b)—b(b-a)]=0
= a(@a-b?-2b(b-a)(a-b)=0
= (a-b)*(a-2b)=0 = (a=b)ora=2b

a a
—=lor—=2
i) b

= tanx=1lortanx=2.Butwehave —g/4<x<n/4
= tan(-n/4) <tanx<tan (n/4) = —1<tanx <1

s tanx=1 = x=m/4 .. Onlyonereal root is there.

We are given that

(cota)).(cota,) ... (cota, )=1

= (cosa,)(cosa,) ... (cos a,)

=(sina,) (sinay,)...(sina,,) (1)
Lety=(cosa,;) (cosa,) ... (cos a,) (to be max.)
Squaring both sides, we get

y?=(cos? a;) (cos? a,).... (cos? )

= COS @, Sin 0; COS O, Sin @, ... COS QL Sin A,

(Using (1))

= [sin 2a; sin 2a, .... sin2 a,, |

20. (o)

21. ()

22. ()

23. @

As 0<ay, 0y,....0, <T/2
s 0204, 20,,.... 20, ST

= 0<sin2a,;,sin20,,.....sin2a, <1

2 1
Yy S—n.1:>y32n/2

. Max. value of y is 1/2"2.
Giventhato+B=72 = a=n/2-f
1

= tana=tan (n/2-B)=cot p=——
tan 3

= tanatanf=1= l+tanatan f=2.

M = tany:ta'l’la;tarIB

1+tano tanf 2

= 2tan Y =tano—tanf = tana=2tan ¥ +tanf
We know that

a +b? SacosG+bsin9S\/a2 +b?
NOTE THISSTEP
= - 74s7cosx+Ssinxs\/ﬂ

o tan(a—B) =

= -

= J74<2k+1<J74 = -86<2k+1<8.6

= —-48<k<38

(considering only integral values)
= k can take 8 integral values.

Given thatsin g =1/2 andcos ¢ =1/3 and 6 and ¢
both are acute angles

1 1
S0= d0<=-<—
0=m/6 an 352

orcos m/2<cosp<cosm/3or m/3<Pp<m/2

T T T T i 2n
=+ —<0+d<—+— or —<O0+Pp<—
3Ot <0re<T
= e+¢e(ﬁ,2—“)

23

Given that cos (o —B)=1and cos (o + B)=1/e
where o,p €[-m,7]

Now,cos(a-B)=1 = a-B=0 = a=p

Now, cos (. + B)=1/e = cos2a=1/e

" 0<1/e<1and2a €[-2m,27]

There will be two values of 2 a satisfying
cos2a=1/ein[0,2n]andtwoin[-2m,0].
There will be four values of o in [-7, ] and

correspondingly four values of . Hence there
are four sets of (a, B).

=

=

o M-S-5
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24, (a)

25. (b)

26. (c)

27. @

2sin? 9-5sin0+2>0
= (sin6-2) (2sin6-1) >0

= sine<l [-1<sinB<1]
2

Va

(=}
<
N
a
=V

St

From graph, we get x € (O, %) u(? 2n]

N 96(0,%)3 tan0 <1 and cot6 >1

Let tan 9=1-xand cot O=1+y
Where x, y > 0 and are very small, then
== = (1)t

=+ 5 =1+
Clearly, ¢, > t; and ¢, > t, also, ; > t; NOTE THIS STEP
Thust,>t;> 1> ¢,
25in? 9 cos20 =0 =1-2c0s20 =0

= CO0S 29:1 329=E,5_R’E,m
2 33" 33

= ¢=X % It I )

6 6 6 6

where 0 [0, 27]

Also 2cos?0—3sin6=0

= 2sin? g +3sin g—2=0

= (2sing —1)(sin g +2)=0 Dsin9=%

[ sin 0= -2]

5w

= e=§,? ..(2), where 0€[0, 2n]

Combining (1) and (2), we get 6 =

O\I?—l
oy

.. Two solutions are there.

sin x + 2sin 2x —sin 3x =3

= sinx+4sinxcosx—3sinx+4sin3x=3
= sinx (-2 +2cosx + 4sin?x)=3

= sinx(-2+2cosx+4—4cos?x)=3

3
= 2+2cosx—4cosix=——
sinx

Topic-wise Solved Papers - MATHEMATICS

P 1 1 1 3
= 2-|4cos“x-2.2cosx.—+—| + —= T
2 4 4 sinx
. 2_(2cosx_1f-i
4 2 sin x
9
LHS SZ and RHS >3
.. Equation has no solution.
/3 secx + cosecx+2 (tan x —cot X) =0
3. 1 ) .5
= ——sIinX +—COSX =CO0S“X —Sin“ X
2 2
T T
= cos(x—g) =cos2x = X_E =2nn£2x
= —2ﬂ+E = onn-Z
X=—mtg orx 3
Forxe$,n=0=x==,~=
orxeS,n= :>x—9, 3
. S
n= X= g7 n=- =>x= 9
b n n St
*. Sum ofall values of x= ———+—-— =0

9399
13 1

E’l. T n|.(n kmn
sin| —+(k—1)— |sin| —+—
4 6 4 6

wfir ()

=kz=;lsin% sin( r(k-1)T J (RJ’I%J
éZ[cot( +(k-1)Z ] (ZN%‘]]
=2Hcotg_cm(g+a
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" ) M-S-7

D. MCQs with ONE or MORE THAN ONE Correct
1. (c) Wehave,
(1+cosm/8) (l+cos31t/8)(l +cos5n/8) (1+cos7n/8)

= (1+cosm/8) (1+cos3m/8)(1+cos(n—3m/8))
(1+cos(nt—m/8))
= (1+cosn/8) (1+cos3n/8)(1—cos3n/8) (1-cosm/8)

= (1-cos®* n/8) (1-cos? 3n/8) = sin® /8 sin? 3m/8

%.[2sinn/8 sin (n/2-m/8)

1.
= %.[ZSinn/S cosm/8)]* = Z.sm2 n/4=—x

N
N | —
0| —

.. (¢) is the correct answer.
2. () The given expression is

=3 [sin4 (37”— a) +sin? (Br+ (x)]
~2 [sin®(n/2+ ) +sin® Gn-a)]

=3 [cos4 a +sin4 a]—2[0056 o +sin® a]

2
= 3[ (cos? ou+sin® o) —2sin® accos? a}

. . 2 . 2
- 2[(c0s2m+s1n2 a)® —3cos? asin? a (cos” o +sin Ot)]
= 3[1-2sin? ot cos? a]—2[1—3c052 asin’ oc:|
=3-6sin® ocos® a—2 +6sin’ ocos? o = 1

3. (@ Sincea,+a,cos2x+aysin’x=0forall x
Puttingx=0andx= n/2,wegeta, +a,=0 ..(1)
anda, —a,*a;=0 (2)
= a,=-a;and a;=-2a,
The given equation becomes
a,—a, cos2x —2a, sinx=0, Vx
= a,(l-cos2x-2sin’x)=0,V x
= a,(2sin?x-2sin’x)=0, Vx
The above is satisfied for all values of a,.
Hence infinite number of triplets (a,, — a,, - 2a,) are

possible.
4. (a,c) Wehave

1+sin% 0 cos2 @ 4sin40
4sin40 |=0
sin? 0 cos’0 1+4sin40

sin?0® 1+cos’ 0

Operating C,—C, +C,

2 cos’@  4sin46

2 1+cos’®  4sin46|=0

1 cos?® 1+4sin40
OperatingR, >R, - R, ; R,—> R,-R,

0o -1 0

1 -1|=0

1 cos?® 1+4sin40

Expanding along R, we get [1+4sin 40+1]=0

— 2(1+2sin40)=0 = sin 4e=_%

EBD_7202

= 40=mn+m/6 or 2n—=w/6
= 40=7n/6 or 11m/6
= 0=7n/24 or 11m/24

@d 2sin?x+3sinx-2>0
2sinx—1)(sinx+2) >0
= 2sinx—-1>0 (v -1<sinx<1)

= sinx>1/2 = x e (n/6,51/6) (D
Alsox?>-x-2<0
= (x-2)(x+D)<0= -1<x<2 (2

Combining (1) and (2) x € (n/6, 2).
(¢) sino+sinfB+sin Y

=2sina—+Bcosﬂ+2sinlcosl
2 2 2 2

= 2sin(£—l) cos a—p +2sin (E_G_-Fﬁ) cos Y
2 2 2 2 2 2

= 2cos Y [cos 0L—_B+cos &B]
2 2 2

=2cosa/2 cosB/2cosy/2

.. Each cos /2, cos B/2, cos y/2 lies between —1
and 1, therefore —1< cosa/2, cos B/2,cos y/2<1
= —2<2cosa/2,cos B/2,cosy/2L2

= —2<cosa+cos B+cos y<2

. minvalue=-2.
(¢) 3sin?x—7sinx+2=0,putsinx=s
= (5-2)Bs-1)=0 = s=1/3
(s =2 is not possible)

. 1
Number of solutions of Sinx = 3 from the following

graph is 6 between [0, 57]
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SV

-1
242

8. (c) Weknowthatsin 15° = (irrational)

3+1
cos 15°= \/2:/5 (irrational)
. 1 .
sin 15° . cos 15° =5 (2sin 15° cos 15°)

= 1 sin30° = 1 (rational)
2 4

sin 15° cos 75° =sin 15° cos (90 — 15°)
1
=sin 15° sin 15° =sin? 15° =3 (1+c0s30°)

1

_ «/5) o
=3 (1—7 (irrational)

sin(0/2)

9. (ab,c,d) E=f,(0)= cos(0/2)

[ 2¢0s2(0/2) 20520 2cos220  2cos> 2”“9}

cos®  cos20  cos40 cos2"0
_ 5in0|2c0s’0 2c0s20 2c0s’2"M0 |, 0.
cosO| cos20  cos40 T c0s2"0
n=2,9=1
16

T Y T
L l-tand.~=tan—=1.
f2(16) e =4y

Similarly, f; (312] S (614) and fs (&) is tan §=1.
10. (a,b) Given that
Yx o1

.4
sin" x cos” x . 6
+ == = 3sin*x+2cos? x=—

2 3 5 5

. : 6
= sin*x+ 2[s1n4 x +cos? x]= 3

4

= sin® x+2[1-2sin” x cos’ x]=g

= sin* x+2—4sin? x(1—sin? x)=g

= 55in4x—4sin2x+2—g=0
= 25sin* x—20sin2x+4=0

: 2
= (5sinfx-2)%=0 = sm%c:g

= coszx=§ and tan2x=z
5 3
Also sin8x+m =i+i=i=L
8 27 625 625 625 125

(¢, d) We have

6
Z cosec[e + (m—%} cosec[e + an} =42
m=1

> [so0-or(0+ |- [0+5) e o
s 22) 0] s

= cot9—cot(9+37n) =4 = cotf+tan0 =4

= cos® 0 +sin” 0= 4sinOcos O

. 1 T 5w T 5n
= 20=—> =—or— = 0=—
SInZH=5 = 2 =ror 12712
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12.

13.

14.

(ac,d)
Astan(2n-0)>0 = —tan6>0=tan 6 <0
6 e Il or IV quadrant (1)

And —1<sin6<%

= 0 e Il or IV quadrant -(2)
Also 6 € [0, 2] -(3)
Combining above three equations (1), (2) and (3); 6 € IV

quadrant and more precisely 3? <0< 5?1':

. 3
o)< < -
(- —1<sinB > )
Now,
2 cos 8 (1 —sin ¢) = sin?6 (tan /2 + cot 6/2) cos p— 1
;.cosd)—l
sin 6/2 cos6/2

= 2cos O(1 —sin ¢)=2sin O cos p— 1
= 2cos0+1=2sin(0+¢)

0 6(3—n,5—n)
23

= 1<2sin(0+¢)<2

= 2 cos O(1 — sin ¢) = sin20 x

©2cos0+1€e(1,2)

1 T 5m
= —<sm®+p)<1 = 0+ (— —)
5 ©+9) de P

or 0+¢ e(2n+ 2n+5—n) or (13—”,17—“]
6 6 6 6
But 0 < (32“ 5"] (as 0+ ¢ e [0, 471])
13n 177 13n 177
—<0+dp<— —__ fabiladi
6 by = 5 O<b<TT0
13n 177
g O <0< O
].3_7[_5_T[<¢<17_7T,_3_7T, n<¢<ﬂ
=6 3 6 2 — 2 3

(¢) Letf{x)=x*-xsinx—cosx
* fx)=2x—xcosx=x(2—cosx)
-, fisincreasing on (0, ) and decreasing on (—o, 0)

Also lim fix)=c, lim f{x)=c0and/f{0)=-1
X—®© X—>—00

y=f{x) meets x-axis twice.
1e., flx)=0has two points in (—o, ©).
(b, ¢) Wehave fix)=xsinmx, x>0
= f1x)=sin x + X7 cos Tx
Sfx)=0 = tan mx =—mx

® M-S-9
Yy
4 | |
I |
| |
| |
| |
I |
X' < >
12/1 3/2
N\ ™\
yl

We observe, from graph of y =tan nx and y = —nx that
they intersect at unique point in the intervals

1
(n,n+1)and (n +5,n+l)

E. Subjective Problems

tan o + tan

Weknowtan(a+5)=m
m 1
m+1+2m+l 2m *2m+

) =1
= tan(Ot+l3)‘1_L #

m+1 2m+1

2m? +2m+1
= o+p=nn+n/4wheren € Z.

@) Given:y=%(sinx+cosx)=sin(x+§) (D

Now, to draw the graph of y = sin (x + %) , we first draw

the graph of y = sin x and then on shifting it by — Z we

will obtain the required graph as shown in figure given
below.

[yz sin(x+%)

|
ol 44
<
RN
B la
L
aa T+
oa T

(b) cos(a+B)= 5

3
= tan(a+P)= Z,O<a,|3<%
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sin (a—p)= 3= tan (@-p)= >

. tan2a=tan [(a+B)+(a—P)]
tan (a+f)+tan (o —pB)
~ 1-tan (a+B)tan (a—B)

3.5
__4 12 _9+5 16 56
(23,5 1211033
4 12

Given o+ B —y= = and to prove that
sin2 o+ sin? B — sin? y = 2sin o sin B cos y
L.H.S.=sin?a + sin? B —sin?y

[Using sin A —sin? B =sin (4 + B) sin (4 — B)]
=sin? o+ sin (B +7) sin (B —7)
=sin? o, +sin (B +7y) sin (1)
=sin? a+sin (B +y)sina
=sin o (sin a.+sin (B +7v))
=sin o[sin [x— (B —y)] +sin (B +7)]
=sin a[sin (B—y) +sin (B +7)]
=sin ot [2 sin 3 cos y] =2 sin a sin B cosy= R.H.S.

(: atp-y=mn)

A={x:£$x$£}
6 3

f(x)=cosx—x(1+x)
f'(x)=-sinx— 1-2x<0, Vxe4
.. fis a decreasing function.

o Sareto (Sl

T T T T T T
— 11 _) < < —_ (1 _]
= COS3 3( +3 _f(x)_cos +

L f(A) = B—g(ng) %—% (1+%ﬂ
We have

1 1
cos0+sin O =«/§ —¢0SO +——=sin 0
[«/5 V2 ]

= v2sin(n/4+6)

2= 1‘414)
n/2=1.57
" cosO+sinB<m/2 = cosO<m/2—sinb (1)
As 0 €[0,7/2] in which sin g increases.
.. Taking sin on both sides of eq. (1), we get
sin (cos 0 ) <sin (7/2—sin §)
sin (cos © ) <cos (sin 0)
= cos (sin 0 ) > sin (cos 0) (D
Hence the result.

. cosO+sin@<~2 <n/2 (

1
L.H.S.=5sin12° sin48°sin 54° = 5 [2 sin 12° cos 42°] sin 54°

— Lain? 540- Lginsae = L[25in2 540 — sin 54°]
2 2 4

Now we know that sin 54° = 1+4‘/§
i 2
. Weget, = — 2(”‘/5] _(1+\/§”
. We get, = 4| 2 2
B 1_2(1+5+2\/§]_(1+\/§ﬂ
4 16 4
1 1
= Zx=[6+25-2-25]
4 8
- L=l rms
32 8
We know that,

1
cos A cos 24 cos 44 ... cos2" A=y sin (2" 4)

2n 2n 2(2n) 3 (Zn)
. — ¢0s2| — [c0s2“| — | cos2” | —
~+ 16 cos 75 (15) 15 15

sin(2* 4)
2*sin4
sin(32x/15)  sin(32n/15)
=16. T6sin2n/15

Given eq. is,
4 cos?xsinx—2sin2x=3sin x

=16. (where A=2m/15)

sin(327w/15) -1
sin(2n+2n/15) ~ sin(32n/15)

4 cos? xsinx—2sin?x—3sinx=0
4(1-sin?x)sinx—2sin?x-3sinx=0
sinx[4sin?x+2sinx—1]=0

uu Y

either sinx=0or4sin2x+2sinx—1=0
Ifsinx=0 = x=nn

= If4sin2x+2sinx—1=0 = sinx= _li;/g
—li\/g . LT
1 = = 18°= —_—
If sinx 2 sin sm10
thenx= nx+(-1)* =
10
\/§+1) ) . (—3n)
1 = — = —540 = —_—
If sin x [ 2 sin ( ) =sin 10

then x = nm+(=1)" (_13—0“)
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W T nf 31 . 1
Hence, x = nn, nn+(-1) m or hn+(-1) 10, Also from (1) sin (C—A)=5 = C- A4=30°,150°
where 7 is some integer For 4=45° C=75° or 195° (notpossible) .. C=75°

— o — (e} —_ o

9.  The given equation is Hence we hang =45°, B=60°, C=175°.
12. Let y=exp[sinx+sin*x+sin®x+.... 0 ]In2
8(l+|cosx|+|cos2 x|+|cos3x|+....) _ 43 2 4 6
- In . 2Sin” x+sin” x+sin® x+....0

= 23(1+|cosx|+|cos2 x|+|cos3 x|+...) = 26
2

= 3 (l1+|cosx|+|cos’x|+|cos’ x| +..)=6 _ 2sin2x+sin4x+sin6x+....oo= sin” x _2tan2x
= 1+|cosx|+|cos?x|+]|cos3x|+...=2 S,
1-sin“ x
! As y satisfies th
S S y satisties the eq.
= 1-Jcos 4 NOTE THIS STEP x2—9x+8=0 Y=y +8=0

> 0-D0-8=0=y=18

1
1- =1/2 cosx|=— 2 2
= COs x = | | 2 = 2tan x=l or 2ta.l'l X — 8

= x=m/3,-n/3,2n/3, -2n/3, .. ..
The values of x € (—m, m) are + /3, £ 2n/3.

= tan’x=0 or tan’x=3

=tanx=0 or tanx=+/3,—3

2tana
10. Weknowthattan2a=7"_5 = x=0 or x=7/3, 2=n/3
1-ten” Butgiven that 0 <x<m/2 = x=m/3
2
= 1hﬁ:ZcotZoc: cota—tana=2cot2 a cosx 1 1 _ﬁ—l
tano Hence cosx+sinx_l+tanx_1+\/§_ 2
Now we have to prove
tana+2tan2o+4tand4a+8cot8a=cota tan x tan x(1- 3 tan’ x)
LHS 13. Let a3k = 07 3tan x — tan> x
tana+2tan2a+4tanda+4(2cot2.4a) yo _ )
=tano+2tan2 o +4tan 4 o+ 4 (cot 4o — tan 4a) = 3y-3tan"x=1-3tan’x
sing (1) -1
=tana+2tan2a+4tan4a+4cot4a—4t[gl4o%( ! = (@-da’x=3y-1= tanzx=3yj
=tano+2tan2a+2(2cot2.2 o) Y
=tana+2tan2 a+2 (cota— tan2 a) 3y-1
=tano+2tan20a+2(2cot2a-tan2 ) [Using(1)] = y-3 >0 (L.H.S. being a prefect square)
=tano+2cot2a
=tan o+ (cot a—tan a) [Using (1)] BGy-D(»y-3)
= cot o =RHS. = o = GrD(-3>0
11. Giventhatin AABC, A, B and Carein A.P. y
LA+C=2B 1
also A+B+C=180° = B+2B=180° = B=60° o Yo 4 Ve | tve > = y<gory>3
-0 1/3 3

. . . . 1
Alsogiven that, sin (24 + B) =sin (C—4) =-sin (B +2()= 2 Thus y never lies between 1 and 3
3 .

. : . 1 14. Given that
= sin(24+60°)=sin (C—4)=-sin (60 +2C)=— .. (1 : >
( ) ( ) ( ) 2 M tan (x + 100°) =tan (x + 50°) tan x tan (x — 50°)
Fromeq. (1), we have o
| fan (41009 _ on (x-+50°) tan (x—50°)
sin(2A+60°)=§ = 24+60°=30°, 150° tan x
but A can not be —ve - sin(x+100°)cosx _ sin(x+50°) sin (x —50°)
24+60°=150° = 24=90° = A4=45° Cos (x+ 100°)sinx COS(X+50°)COS(X—50°)
. . 1 sin(2x+100°) +sin100°  cos100°—cos2x
(o] + P p— =
Again from (1) sin (60° +2C) 2 = sin(2x+100°)—sin100° cos100°+ cos2x

= 60°+2C=210° or 330°
= C=175° or 135°
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15.

16.

17.

Topic-wise Solved Papers - MATHEMATICS

Applying componendo and dividendo, we get

2sin(2x+100°) ~ 2¢0s100°
2sin100°  —2cos2x

2 sin (2x + 100°) cos 2x=—2 sin 100° cos 100°

sin (4x +100°) +sin 100° = —sin 200°

sin (4x + 10° +90°) + sin (90° + 10°) =—sin (180 +20°)
cos (4x+10°) + cos 10° = sin 20°

cos (4x+10°) =sin 20°—cos 10°

cos (4x + 10°)=sin 20° —sin 80°

tydyuuy

1
=—2¢0s50° sin 30° =-2 cos 50°. > =—c0s 50°= cos 130°

= 4x +10°=130° => x=30°
Given that cos 0 = sin ¢
where O=psinx, p=pcosx

. . 5
Above is possible when both 6 = ¢ = % or 6=¢= —I
inx=2 r inx= on
psinx 7 or ps 2

and cosx—E or cosx—S—Tt
p 4 p 4

2 2
Squaring and adding, p2 = 111:_6 2 or 2?76'5 P

n n
p= Z\/E only for least positive value or p= Z\/E

2
Given : (1-tan ) (1 +tan 8) sec?0+ 29" ® =0

or (1-tan20) (1+tan20)+ 2tan29 =0
Let us put tan? 0 = ¢
(I-(1+H)+2=0 or
It is clearly satisfied by £ = 3.
as—-8+8=0 .. tan?0=3
p==1/3inthe given interval.

1-£2+2'=0

n
Let y=s. xcos?uc= tan x
sin3xcosx tan3x

tanx _ tanx(1—-3tan’x) _ 1-3tan® x
tn3x  3tanx—tan’x  3—tan’x
(the expression is not defined iftan x = 0)
= 3y—(tan’x)y=1-3tan’x = 3y-1= (y-3)tan?x
_y-1_Gy-Dr-3)
=3 -3
Sincetan? x>0, weget (3y—1) (y-3)>0

We have y =

= tanzx

y>3

1 1
= (y—g)(y—3)>0 = y<§ or

1
This shows that y cannot lie between 3 and 3.

18.

19.

20.

Expanding the sigma on putting k=1, 2, 3, ...... ]

2
S=(m-1)cos 2—n+(n—2)c052. % +o
n

2
+1.cos (n—1)cos % ()

We know that cos 6 = cos (2 — 0)
Replacing each angle 6 by 2n—0in (1), we get

S=(n—l)cos(n—1)27“+(n—2)cos(n—2) 2% +o

+1.cos 2n by (1) L. 9))
n

Add terms in (1) and (2) having the same angle and take n
common

2 4 2
S28 = n[cos—n+cos—n+ cos6—n+.‘..+ cos (n—l)—n]
n n n n

2
Angles are in A.P. of d= %

sin(n—-1)=
28=n m cos

. T
Sin—
n

2n 2n
Lim-n=
“ | NOTE THIS STEP

2
=n.lcost=-n --sin(m—0)=sin® .. S=—n/2
Wehave, A+B+C=n

= —+—+—=

or cot

coté‘coté—l
= -2 2 =tan—

A B 2
cot—+cot 5

A B C A B C
= cot—+cot—+cot—=cot—.cot—.cot—
2 2 2 2 2
3x% —2x-1
This can be written as
(6sint—5)x?>+2(1-2sinf)x—(1+2sin£)=0
For given equation to hold, x should be some real number,

Given that, 2 sint= , te[-n/2, /2]

therefore above equation should have real rootsi.e., D=0
= 4(1-2sin£)?+4(6sint—5)(1+2sin#) >0
= 16sin?—8sint—4 20 = (4sin?t—2sint-1) 20

= 4(sint—\/§4+l) (sint+\/§_1] >0

4
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J5 J5+1
4

. -1 .
= smtS—T or 9Nr=

= sinz<sin(-n/10) or  sinz2 sin (31/10)
= t<-1/10 or t 2 37n/10

(Note that sin x is an increasing function from — /2 to m/2)
range of tis [-7/2,—n/10] U [37/10, n/2].

F. Match the Following
131 14n 137 14n
<ou<—=> —<3a<

1. (@ If— <
48 48 16 16
and B3n <2a < 4z
24 24
= 3a e llquadand 2 a € Il quad = sin 3o.=+ve
sin 3o
cos 20 =—ve ‘. =-ve
cos2a
.. (B) corresponds to (p).
14n 187 147 181t
(L ) 1o,
48°28) " 16 16
14w 181t
o0 < —
and = <2e<y,

=3a ellorillquad and 2 o € Il quad

= Nothing can be said about the sign of sin 3o

cos2a
over this interval.

18 2
Ifoce(ﬁ B_n} theni<3 B

48 ° 48 16 16
and 18 <20 < 2
24 24
=3a elllquadand 2 o € Il quad
. sin 3a
= sin 3a.=-ve, cos 2a=—ve =+ve
cos 2o

.. (A) corresponds to (r)
If a €(0,m/2)

= 0<3a<3rn/2 and2<2a<m

= Nothing can be said about the sign of sin 3a

over
cos2a
the given interval.
I. Integer Value Correct Type
(3) The given equations are
xyz sin30 = (y+z) cos 30 —()
xyz sin30 =2z cos 30 +2y sin 360 —(2)

xyz sin36 =(y +2z)cos 30 + y sin30 —03)
Operating (1) —(2) and (3) — (1), we get
(cos30—2sin6) y—(cos30)z =0
and sin 36 y+(cos30)z=0

which is homogeneous system of linear equation. But
y#0,z#0

. cos36-2sin36  cos30
sin30  cos30

= ¢0s30 =sin30

= tan36=l:>39=n1t+% = 6=(4n+1)%,neZ

n S 3n
12’127 4
". Three such solutions are possible.

For 6 e(O,n) = 0=

(3) tan6=cot560,0 ;t%

= 050 c0s50-sin50sinf@=0 = cos60=10

— g9 oF 3% % m 3m Sm

2°27°2°2°272
: 9=—)_)_7_7_)_
12°4°12°12°4°12
Againsin 20 = cos40 = 1-2sin’ 20

. 1
= 2sin%20+sin20—-1=0 = sin20= —1,3

2= T LM g TR T ST
2 6 6 4 12712
So common solutions are @ = —_11: 1and5—n
12 12

.. Number of solutions = 3.

0)=——
) Letf(0) (0)

where g(0) =sin” 0+ 3sin0cos0+5cos’ 0
Clearly fis maximum when g is minimum

1-cos20 3

Nowg(O)—T 58 n26+2(1+c0529)
3 ( 9)
=3+2¢c0s20+—=sin20>3+| —, |4+ —
2 V**3)
I B
gmm _2 :fmax_

) M-S-13
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4. (3) From figure, we get 2 2. 3n; C4n . 3
= 2sIn—cos— = SiIn— = sin——sin— =()
n n n n n

= 4cos’ l+2cosl—(3+x/§)=0

2k 2k
2+ [4+16(3+\3) 11 31405
= COS—= =
2k 8 4
S12(2B+1) 5 ()
=———Ft=—o0r—-| ——
4 272
Al' t 1 cosl——3—cos£: k=3
S2k 1S an acute angle, 2% 5 6 =

(7) We have, Ln—— =—F"

. . 3n . 2m
sin— sin—  sin—
n n n
. LT 2 .
sin— —sin— 1 2cos—sin— 1
- n n _ - n n o_
. . .m . 3 2
sin—sin— sin— sin —sin — si
n n n
Section-B JEE Main/ GIEEE
®) sin29=$;Period=27n=ﬂ?

(b) The given equation is tanx + secx =2 ¢os x;
= sinx+1=2cos?x = sinx+1=2(1-sin2x);
= 2sin%c + sinx— 1=0;

1
= (2Sinx_ 1)(S]nx+ 1)=0 = Sinx: E’_l‘;
= x=30°,150°,270°.
®) - cos+/x isnon periodic

. cos/x +cos? x can not be periodic.

d m<oa-B<3n
:>E<a—_B<3—n:>cosa—_B<0
2 2 2 2

. . 21
sma+sm[3=—§

In . =« T LT
2¢c0s—sin— = e A
= 2008, Sy, 0= cosy =0orsing 1 =0

7

= I (2k+1)E or I =2knwheref c 7
2n 2 2n
__7 _1

=0 k1 T 4

1 . .
(n= T not possible for any integral value of k)

Asn>3, fork=0,wegetn="7.

5 . .
@) ZCOSZZX + cos*x + sin*x + cos®x + sin®x =2

5 1 3
= 4cost 1 2sm2x 1 4s1n2x 2

5
= 3 (cos22x — sin22x) = 0 = cosdx =0

= 4x=(2n+1)§ or x=(2n+l)§

For x€[0, 27], n can take values 0 to 7
8 solutions.

:2sin0H-Bcos&_B=—2 ..... (1)
2 65
27
cosa+cosP=——
65
= 2cosa—+Bcosa__B = —E ..... (2)
2 2 65

Square and add (1) and (2)
20-B_ 2D +@27)° _ 1170

4cos =
2 (65)? 65x65
0052 OL—B =i:>cos OL—B =__3
2 130 2 V130

(a4 +b* ) cos® 0sin’ 0

+a’b? (cos4 0 +sin? 0) .

@ u2=a2+b2+2\/ (1)
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Now (a4 + b4)cos2 0sin” 0+ a’b? (cos4 0+ sin* 0)
= (a* +b*) cos? Bsin? 0+ a®b*(1 -2 cos® Bsin ©)
= (a* +b* —2a%b?)cos? Osin? 0+ a*b?

)
— (@ -p?)2 SN0 2

Z Q)

~0<sin?20<1

, sin® 20 . (@® -b%)?

= 0< (a? -b?
(a ) 2 2

-2
= a2p? < (a* —b2)2¥+a2b2

<(a® -b? )2%+ a2t ()
- from (1), (2) and (3)
Minimum value of u? = g2 + b2 + 2Va?b? = (a +b)?

Maximum value of 1

2
—a? b2 2\/(a2 —b2) L a2
4

2
=a? +b? 5 @ +6%) =22 +b?)
.. Max value - Min value

=2a’® +b%)—(a+b*) = (a-b)*

6. (c) The direction cosines ofthe line are cos®, cosf, cos6
.'.c0326+c052[3+c0526=1
= 2¢0s2 0 =sin> B= 3sin2 O (given)
= 2cos?0=3-3cos>0 "'°0529=%
T @ A
N\ N, gL
/A A
\/ y\=sinx

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

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

8. (©
9.
-
-

=

=
=

10. (@)

1. @

12. ()

. 1 . 1
cosx+sinx=— = l+sin2x=—
2 4

= sin2x= —% , SO X 1s obtuse and

2t 3

=2 = 3tan?x+8tanx+3=0
1+tan“ x 4

. —8+/64-36 -4+

- tanx = =—

6 3

as tanx<0 " ta,n_xz_é";\/7
We have

COS(ﬂ— Y)+COS(Y—a)+cos(a_ﬂ)= _%

2[cos(B—7)+cos(Y—a)+cos(a—pP)]+3=0
2[cos(B—Y)+cos(Y—a)+cos(a—p)]

+sin? a+ cos? @+ sin? B+ cos? B+sin?y +cosZy=0
[sin? @+ sin? B+sin?y + 2 sin o sin B+ 2 sin Bsin Y

+2siny sina | + [cos2a + cos? B+ cos? Y + 2cosa cos B

+2cos fcosY +2cosY cos a]=0
[sina+ sin B+ sinY J*+ (cos o+ cos B+cos ¥ )2=0
sing+sin f+sinY =0and cos @+ cos +cos ¥ =0
A and B both are true.

COS(a+B)=% :>tan(a+[3)=%
Sin(a—B)=%:>tan(a—B)=%
3.5
tan2a =t + = Z+E _3%6
an2a = tan[ (o +P) (oc—[?))]_j_33
412

A= Sil‘l2 x+cos4 x = sin2 )C+COS2 x(l—sinz X)
. | 1.
=sin® x+cos’ x —2(2 sin x.cos x)2 =1- Zsm2 (2x)

Now 0 <sin’(2x) <1 = 02—%sin2(2x)2—%

3
= 121—1sin2(2x)21—l = 124>
4 4 4
Given 3 sin P+4cos Q=6 (1)
4sin Q+3cos P=1 .(i1)

Squaring and adding (i) & (ii) we get
9 sin? P+ 16cos2Q + 24 sin P cos O
+16 sin2Q + 9cos? P+ 24 sin Qcos P=36+1=37

) M-S-15
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= 9 (sin2P + cos2P) + 16 (sin2 Q + cos2 Q) 14. (b)
+ 24 (sinP cosQ + cosP sinQ) =37
= 9+16+24sin(P+Q)=37
[ sin20 + cos?0 = 1 and sin 4 cos B + cos 4 sin B
=sin (4 + B)]
= sin(P+Q)=l = P+Q=E 0r5_n
2 6 6
= R=2or™ (P+Q+R=n)
6 6
If R=5—n then O<P,Q<E
6 6
= cosQ<1landsin P <% 15. ()
. 11 L.
= 3sinP+4cos Q<? which is not true.
SoR=
T D <! g
13. (a) From SineRule P o =
Jr+a 0
AB \/pz +q2 P
sind  sin(n — (8 + o)) m—(0+o) &
A
g M B 16. ()
\/p2+q2 sin 0 B (p* +¢*)sin6

sin® cosa+cosOsino  ¢sin®+ pcos

and sino. =

( coso=—2L P J
Vo' +q Vp’+q*

Topic-wise Solved Papers - MATHEMATICS
Given expression can be written as

sin 4 sin A cos A cos A

X — +— X -
cosA sinA-cosA sinA cosA-sinA

( tan 4 = sin 4 and cot 4 = C?SAJ
cos A sin A

1 sin® 4—cos® 4
sind—cosA| cosAsinA

sin? 4 +sin Acos A+ cos® 4
= - =1+secAcosec A
sin Acos A

|
Let f;(x)= ;(smk x +cos” X)

Consider

Ja(x0)= fe(x)= %(sin4 x+cos* x) — %(sin6 x+cos® x)

= %[l —2sin xcos? x] —%[l—3sin2 xcos? x]

cos X+ cos 2x + cos 3x + cos 4x =0
=2c0s2xcosx+2cos3xcosx=0

5x X
2cosx| 2cos—cos— |=0
= ( 2 2)
cosx=0, coss—x=0, cos~ =0

2 2
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