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Topic-1: Trigonometric Ratios, Domain and Range of
Trigonometric Functions, Trigonometric Ratios of Allied Angles

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

(a) sin 15°
(c) sin 15° cos 15°

=3
';gj 1 .5{% with One Correct A IlSWlﬁ‘ ,,E; Match the Following
: tan A cot A ; o S itries in columns 1 and 2.
1.  The expression Ttk 1ot be written as : elated to exactly one entry in
[2013] column II. Write the correct letter from column 2 against
(a) sin AcosA+ 1 (5) -5k Al cosec’A 41 = the entry number in column 1 in your answer book.
a1 A Loot ) ‘d) sec A + cos sin 3a
{c) tan A+ cot A (d) sec cosec A : — i [1992 - 2 Marks]
2. Given both 0 and ¢ are acute angles and sin 6 = > Colniin Columaiil
1 = (13n 14n
cos § = i then the value of © + ¢ belongs to  [2004S] (A) Positive ) |\ LTy
e T 2'n:j (211 5?‘1 [5?[ ] (14n 181\:]
a) |—,—| (b [—,-— o W Rt e 1 1 ) Sl ot e il
(a) l\3 2} (b) 977 (©) W A (d) 6 (B) Negative (q) \ 48’ 48
3. Iftand=- =, then sind is [1979] [13;: 23r)
4 y 4 4 (r) 48 ° 48 )l
(a) — — but not — (b) — — or — <
5 5 5 b hoa]
(c) —5— but not — g (d) None of these 3 . /
wﬁfj 10 Subjective Problems
A E 6 MCEGS wit e than rect ; . £ . . :
=4 s wih Onie st e the Qugtorpecs Apwor 6. Find the range of values of ¢t for which 2 sin ¢
4.  Which of the following number(s) is/are rational?

_1-2x+5x°

n: W
= el 2005 - 2 Marks
3x- —2x -1 [ 2 2} I I

@ www.studentbro.in


H2O TECH LABS
Rectangle

H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Chapter
Trigonometric  Functions


Get More Learning Materials Here : &

Topic-2: Trigonometric Identities, Greatest and Latest Value of
Trignometric Expressions

R ” a on ed by

Al 11 :

x“sin| — |, ifxz0
f(x)= [sz

0, ifx=0

Then which ofthe following statements is TRUE?
[Adv. 2024]
(@) fix)=0 has infinitely many solutions in the interval

1
e
[10‘0’ ]

1
(b) fix)=0 has no solutions in the interval [;co)

1
(c) Theset of solutions of fix) =0 in the interval (0, ;OW)
is finite.
(d) fix) = 0 has more than 25 solutions in the interval
(1 1)
\n? %)

R -5
Let — < x < nbe such that cotx=—. Then
2 N

Lsin %J (sin6x —cos 6x) +(cos %](sin 6x +cos6x)

is equal to [Adv. 2024]
Ji1-1 ® V11 +1
® 5 ) 28
( Ji1+1 - Ji1-1
9 32 ) 32
Th f 13 ]
evalue o i al
v k=t . | T (k—l)‘.‘t . (TI: k‘ﬂ:) SN
smm| —+ sm| —+—
4 6 6
to [Adyv. 2016]
@ 3-3 ) 2(3-3)
© 2(¥3-1) @ 2(2-43)

Let 8<|0, %W and t, = (tan@)=", ¢, = (tan@)ct®,

t, = (cot)™® and 1, = (cot)**®, then  [2006-3M,-1]

10.

11.

@ {>LH>5>Y ®) ,>4,>1>1
@ n,>5>1>1
The values of © € (0, 2r) for which 2 sin?0 — 5 sinf +2 >0,
are [2006 - 3M, —1]

7t 5n . n 5k
(a) (O,EJ\J[?, Zn) (b) (E’?]
pI63) o)
© \*3)"|ls6) @ (a8

Ifa+f=mn/2and B +vy=q, then tan a equals
(a) 2(tanp + tany) (b) tanp +tany
(¢) tanB+ 2tany (d) 2tanp + tany

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

(€) L>1,>1>1,

[2001S]

T
0=<0, 0.0 @y S —2— and (cot a;).(cot ) ... (cota,)=1

is [20018]
(@) 1/2"2 (b) 127
(€) 12n (d) 1

Let /(8) = sinf(sin® + sin30). Then f(0) is
(@) >0 onlywhen >0 (b) <0 forallreal §
(d) <0 onlywhen g <0

[20008]

(c) =0 forallreal @

3(sinx —casx)4 +6(sin x + cos x}2 +4(sin° x+cos® x)=

[19958]
(@ 11 (b) 12
(¢) 13 d 14
Let 0<x< ; then (sec2x — tan2x) equals [1994]
o=y oG

4 4
(©) tan[x+£] (d) tanz[x+£)

4 4

Given A= sin” 0+cos* @ then for all real values of 8

3

(@ 1c4<2 (b) EéAs:l [1980]
13 3 13
—<A4<1 <AL=

© 6 T
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12. Ifa+P+y=2n, then [1979]
a B Y S e
tan— +tan— +tan— =tan— tan— tan —
(D:tng 2 2 3 1 2 20.
- ¥

() 1S i + e Bl el S =
Jras, TaRg E e 2 o

a p ¥ e
(::)I;am2 ta.n2+tan2 tanzl:m:lzan2

(d) None of these

@ 2 oF Va

13. Let o and B be real numbers such that

i 1
—;<B<0<a<z. If sin (o + B) - and cos (a.— B)

2
=3 then the greatest integer less than or equal to

[sma cosp it sinﬁ]z
cosfp sina sinf cosa
is : [Adv.2022]

cosa

14. The maximum value ofthe expression

1

[2010]

= ; 5 is
sin“ 0+3sinBcosB+5cos~ 6

f:[0, 2] > R be the function defined by

f(x) =(3 —sin(2nx)) Sil‘l(ﬂ:t vg] —sin (?mx-i- %J

23.
If o, B €[0, 2] are such that
{x€[0, 2]: f(x) =0} =[a, B], then the value of p—a is
[Adv. 2020]
24,
16. If 4>0,B>0 and 4+ B=n/3, thenthemaximum value
oftan A tan B is [1993 - 2 Marks]
17. IfK =sin(rn/18)sin(57/18)sin(7x/18), then the
numerical value of K is [1993 - 2 Marks]
18. The value of
25,
sin Esinﬂsin 5—nsin7—ﬂsin ?-Esin H“'-t—sin i is equal
14 .18 18, A4 18 T .14
to [1991 - 2 Marks]

n
19. Suppose sin’ xsin3x = Z C,, cosmx is an identity inx, 26

m=0

where C,. C,, .....C_ are constants, and C, #0. then the
value of n is [1981 - 2 Marks|
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Let f{x) = x sin 7x, x > 0. Then for all natural numbers »n,
J'(x) vanishes at

cnrene €

If tan A= (1-cosB)/sin B ,thentan 24 =tan B.

[1983 - 1 Mark]

[Adv. 2013

1
(a) A unique point in the interval (n, ﬂ"'E)

1
(b) A unique point in the interval (n +E’H+IJ

(¢) A unique point in the interval (n, n+ 1)
(d) Two points in the interval (n,n + 1)
Let 8, ¢ € [0, 2n] be such that 2 cos8 (1 —sin @)

=sin’0 [mg+oot—g—Jcos‘p—l,m(Zn—9} >0and

-1<sin® {-—"'; , then @ cannot satisfy [2012]
T b3 4n
OD<p<— - —_
(a) $=> (b) 5> S8R
4n 3 3n
(c) ?((p<? (d —<¢<2n
. 4 4
7 "+°°s3 x%, then [2009]
. 8 8
A 2 sin®x cos®x 1
a) tan“x=— bl e T
@ 3 ®) 8 27 125
1 . 8 8
© tan2x=§ d sin"x cos'x 2

+ —_——
8 20E o125
For a positive integer n, let 1,(0) [1999 - 3 Marks]

=(tan -g—] (1+secB) (1+sec26) (1+sec40)....(1+sec2"0),

@ f [i]=1 ® % (%] <1
T

© 5(Z]-1 @ £ (%)=

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

where o, B, y arereal numbers satisfying o+ B+ y =1 is
[1995]

(a) positive (b) zero

(c) negative (d) -3

Let 2sin®x + 3sinx —2 >0 and x2 — x— 2 < 0 (x is measured

in radians). Then x lies in the interval [1994]
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AB

5n
(b) (‘ L —6—J

|4
@ (32

© -L2)

a3 ;
27. The expression 3 [sm“(—zﬁ— o [+sin® Bn+ O‘.)J =
2[sin6(g+m)+sin6(5n-a) is equal to
[1986 - 2 Marks]
@ 0 (b) 1
(¢ 3 (d) sinda +cosbq
(¢) none of these
1+ cos = 1+cos 31?] i cosﬁ‘rhoos?: | s
28. 3 8 \ g A g | Isequal
to [1984- 3 Marks|
1 s 1 1442
(a) > (b) s © 3 (d) NG
£ bjoctice Problam = . S S e
29. Inany triangle ABC, prove that [2000 - 3 Marks]
A B 4 4= B
cot—+cot—+ cot— = cot—cot—cot—.
2 2 2 2 2=
n-1 2%k
30. Prove that kEI (n — k) cos —£=—£, where n > 3 isan
= n
integer. [1997 - 5 Marks]
31.  Prove that the values of the function wdo not
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sin3xcosx

lie between % and 3 for any real x. [1997 - 5 Marks]

34.

36.

37

38.

Find the smallest positive number p for which the equation
Cos(p sin x) = sin(pcos x) has a solution x e [0.27].

[1995 - 5 Marks]

Determine the smallest positive value of x (in degrees) for
which tan(x + 100°) = tan (x + 50°) tan(x) tan (x— 50°),

[1993 - 5Marks]

Ifexp {(sin’x + sin% + sinx + ... ) In 2}
satisfies the equation x2- 9x + 8 = 0, find the value of

i+ S [1991 - 4 Marks]
COSX+sinx 2

ABCis atriangle such that

I
sin(24 + B)=sin (C—A4) =—sin (B+20)= 3"

If4, Band Care in arithmetic progression, determine the
values of 4, Band C, [1990 - 5 Marks]
Provethattana+2tan2q +4tan 4o +8cot8a =cot o

[1988 - 2 Marks]
Show that 16005(37—{}05(&]005(&5)::05[16—“] =]
15 15 15 15
[1983 - 2 Marks)

Without using tables, prove that

(sin 12°) (sin 48°) (sin 54°) = é . [1982-2 Marks]

Topic-3: Solutions of Trignometric Equations

LetS= {x e(-mm):x# O,ig} . The sum of all distinct

solutions of the equation -ﬁ Sec x + cosec x + 2(tan x —
cot x) = 0 in the set S is equal to [Adv. 2016]

In 2n Sm

@-3 ®-F @0 @3
For x €(0,7), the equation sinx + 2sin 2x — sin 3x = 3
has [Adv. 2014]
(a) infinitely many solutions
(b) three solutions
(c) one solution
(d) no solution
The number of solutions of the pair of equations

2sin’0 — c0s20 = 0

2c0s%0 — 3sinf =0

in the interval [0, 27] is [2007 - 3 Marks]
(a) zero  (b) one (c) two (d) four

cos(a - B) =1 and cos(a + B) = /e where a, € [-n,
). Pairs of &, B which satisfy both the equations is/
are M][2005S]
(a) 0 (b) 1 (c) 2 (d) 4

The number of integral values of k for which the equation
7¢0s x + 5 sin x = 2k + | has a solution is [2002S]
(a) 4 (b) 8 (c) 10 (d) 12

In a triangle POR, /R=7/2. Iftan (P/2) and tan (02)
are the roots of the equation ax® +bx+c= 0 (a+=0)

then,
[1999 - 2 Marks)

(@ a+tb=c (b) b+c=a
(c) atc=5h d b=c
sec? 6= 7 is trueifand onlyif [1996-1 Mark]
(x+y)
) %t 0 ®  x=px=0
&N www.studentbro.in
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(c) x=w (d) x#0,y20
8. The general values of @ satisfying the equation
2sin?0 - 3sinf -2 =0is [1995S]
(a) nx+(-1)"n/6 (b) nm+(=1)"m/2
© nm+(-1)"51/6 (d) nn+(=1)"Tn/6
9. Let n be a positive integer such that
Sin——+ cos— =~ Then [1994]
2n 2n 2
(a) 62n<8 (b) 4<n<8
(c) 4<n<8§ (d)4<n<8

10. Number of solutions of the equation
tan x +sec x = 2cosx lying in the interval [0, 27] is :
[1993 - 1 Mark]
(@) 0 (d) 3

(b) 1 © 2

11. The equation (cos p — 1}:!52 +(cosp)x +sinp=0

In the variable x, has real roots. Then p can take any
value in the interval [1990 - 2 Marks]

@ (0,27) (®) (-x.0) (©) [—%%] @ (0, %)

12. The general solution of
sinx—3sin2x+sin3x=cosx— 3 cos 2x + cos 3x i

[1989 - 2 Marks]
b nn N
8 = —_
(&) nrt Ul=cs
3
O o ) L (d) 2nm+cos ' =
< 2 8 2
13. The value of the expression /3 cosec 20° —sec 20° is
equal to [1988 - 2 Marks]
(a) 2 (b) 2 sin 20%sin 40°

(c) 4 (d) 4 sin 20%/sin 40°
14. The general solution of the trigonometric equation
sinx +cosx =1 is given by : [1981 - 2 Marks]

(8) x=2nm ;n=0, 1,2,

(b) x=2nn+w/2;n=0F£LF2..

(€) x=nn+(-1)" E—E, where n=0, £1,£2...
(d) none of these

15. The equation 2c052§sin2

B LI T
=" tx 2; O{JrﬁE has

[1980]

(2) no real solution

(b) one real solution

(c) more than one solution
(d) none of these

16. The number of distinct solutions of the equation

Ly , i
:1- cos> 2x+cos* x+sin? x+cos® x+ sin® x=2

in the interval [0, 27x] is [Adv. 2015]

cornne €)

A7
17. The positive integer value of n > 3 satisfying the equa-
tion
1 1 1

‘ mz . [21{]+ . [311] is

sin| =| sin| ==| sin| =

n n n
18. Two parallel chords of a circle of radius 2 are at a distance
\/3 +1 apart . If the chords subtend at the center . angles

[2011]

>
?’t, where k > 0, then the value of [£] is
[2010]

[Note : [£] denotes the largest integer less than orequal to & |

f
{

19. The number of values of @ in the interval, [*

i3
of -A: and

"
-:) such

= L

SHF]

that 9*1’5’5 forn=0, +1,+2 and tan 8= cot 50 as well

as sin 20 = cos 40 is [2010]
20. The number of all possible values of @ where 0 <0 < 1,
for which the system of eguations
(¥ + 2) cos 38 = (xy=) sin 38

= :
e | 200530 2sm30

+

¥ z
(=) sin 38 = (y = 2=) cos 30 + ysin 30
have a solution (xg- ¥p- Sp) With yy z = 0, s [2010]

:,:31 3 B L il '---.---:-: ;_‘__é

21. Leta, b, ¢ be three non-zero real numbers such that the
e

equation : \fiacosx+2bsmx=c,x e[ >

= . has two
2
distinct real roots a and B with a-i-B:gAThen,the value

[Adv. 2018]

22. The real roots of the equation cos’ x + sin* x=I in the
interval (-, ) are ..., ..., and ;
[1997 - 2 Marks|
23. General value of 0 satisfying the equation
tan’ @ +sec20=1is [1996 - 1 Mark]|
24. The sides of a triangle inscribed in a given circle subtend
angles a, ff and y at the centre. The minimum value

of the arithmetic mean of cos(a - g-] cos [[3 + 2] and

cos (7 + g] is equal to [1987 - 2 Marks]
25. The set of all x in the interval [0, r] for which 2 sin® x —
3

sinx+1 2= 0,is

[1987 - 2 Marks]

@g www.studentbro.in



A8

26. The solution set of the system of equations x + v =

-

w|§

3
COSX +Cosy = 2’ where x and y are real, is -
[1987 - 2 Marks|
S e ; SRl oy gy L S b R e St )
@ 2 True/False »'::v’}gﬁﬁm”‘- 2
27, There exists a value of 6 between 0 and 27 that satisfies

the equation sin® 8-2sin0—-1=0. [1984-1 Mark]

28. Let o and B be non—zero real numbers such that
2(cosp — cosa) + cosa cosp = 1. Then which of the
following is/are true? [Adv. 2017]

() Tﬂn[%}ﬁtaﬂ[g) =0

o in(5) ol
}=

(c) tan[%)—\ﬁtan g 0

(d) V3 tan [%J—t&n(%} =0

33. Consider the following lists:
List-I

(I {-"E[‘i—n,%}cosx+sinx=l}
(1) {x E’:_?—;=%}:ﬁtan3x= 1}
(I11) {x el:—ﬁs—n,%]:%og(‘?x) - ﬁ}

av) {x E[—'E,?—HJ :sinx—cosx = 11
4’4 i

The correct option is:

(a) (I) = (P); (II) — (S); (IIT) — (P); (IV) — (S)
(b) (I) = (P); (I1) —(P); (III) — (T); (IV) — (R)
(©) () = (Q): () — (P); (II) — (T); (IV) — (S)
(d) (D) — (Q); (1) = (8); (II) — (P); (IV) — (R)

34. Letf(x)=sin (n cos x) and g (x) = cos (2n sin x) be two
functions defined for x > 0. Define the following sets
whose elements are written in the increasing order.
X={x:f(x)=0}Y={x: f'(x)=0}
Z={x:g(x)=0L,W ={x:g'(x)=0}

Column - [ contains the sets X, Y. Z and W. Column - 1
contains some information regarding these sets.
[Adv. 2019]

Get More Learning Materials Here : &

29.

30.

31.

cornne €)

The number of points in (—= x), for which
x’-xsinx —cosx =0, is

() 6 (b) 4

[Adv. 2013]

(©) 2 (d) 0

For 0<B< ; the solution (s) of

6

D cosec (9+ (m; l)ﬂ)cosec (B +£;EJ =42

m=1

is (are) [2009]
T Fid T Sn

(a) = (b) 6 (c) 2 (d) B

The numbser of values of x in the interval [0, S7] satisfying
the equation 3 sin> x - 7sinx+2=0is

[1998 - 2 Marks]
(b) 5 (c) 6 (d) 10

The number of all possible triplets (a,, a,, a,) such that
a; + ay cos(2x) + a;sin’(x) =0 for all x is [1987 - 2 Marks]

(a) 0

(a) zero (b) one (c) three (d) infinite
[Adv. 2022]
List-11
(P) has two elements
(Q) has three elements
(R) has four elements
(S) has five elements
(T) has six elements
Column I Column 11
@M x (p) = {;,%ﬂ,%,?ﬂ}
Iy (q) an arithmetic
progression
(IINHZ (r) NOT an arithmetic
progression
@& www.studentbro.in



Trigonometric Functions
. 3{1 7x 13%]
(V)W ) 27666 |
S L
(1) __.13. 3 e
[ 3=
® g af

?

Which of the following is the only CORRECT combina-
tion?

(a) (IV), (p). (1), (s) (b) (I, (p), (). (u)

(c) (IID), (1), (u) (d) (IV). (q). (1)

Let f(x) = sin (7 cos x) and g (x) = cos (2= sin x) be two
functions defined for x > 0. Define the following sets
whose elements are written in the increasing order.

X={x:f(x)=00Y ={x: (x)=0}

Z={x:g(x)=0},W ={x:g'(x)=0}
Column - I contains the sets X, Y, Z and W. Column - i

contains some information regarding these sets.
[Adv. 2019]

Column I Column II
n 3x
o5—,—. 4, Tn
M X v) —{2 5 }
(InyY (q) an arithmetic

progression

Answer Key

A9

(IINHZ (r) NOT an arithmetic
progression
@) €)=l ¢ |
_{z 2x _'
t =2 373 *)I

(u)
Which of the following 1s the only CORRECT combina-

tion?
(a) (1. (q), (u) (b) (D, (p), (1)
(c) (), (r). (s)

(d) (1), (g). (V)

E@’ 10
36.

n

n . -
23 satisfying

Find all values of 0 in the interval ('

the equation (1 — tan 0) (1 +tan ) sec? 0 + zmz 0=0,
[1996 - 2 Marks]
Find the values of xe(— r, + ) which satisfy the equation

[1984 - 2 Marks]

37.

Topic-1 : Trigonometric Ratios, Domain and Range of Trigonometric Functions,
Trigonometric Ratios of Allied Angles
1. (b) 2. (b) 3. (b 4. (0
5. (A->rB-p)
Topic-2 : Trigonometric Identities, Greatest and Least Value of Trigonometric Expressions
1. (d) 2. () 3 ) 4. (b) 5. (a) 6. (¢ 7. (8) 8. (o) 9. (c) 10. (b
1. & 12.m. 1) o) s 16 - 1T % 18. é 19. (6) 20. (True)
21. (b.e) 22.(a,c.d) 23 (ab) 24 (ab,c.d) 5 e 26. (d) 27. (b) 28. (c)
Topic-3 : Solutions of Trigonometric Equations
R e 3. (© 4. @ S5 ® 6@ 7.0 8@ 9 @ 10 @
. @ 12 1@ 4@© 15060 166 11L008Wm0 1.0 2 0
21. (05) 22. -%E,O 23. mr.mri% 2. —? 2. [O,E}U[g}kﬂ{%,ﬂ] 26. ¢
27. (False)28. (a,c) 29. () 30. (cd) 3. (© 32. (d 33. () 34 (@ 35
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Topic-1: Trigonometric Ratios, Domain
and Range of Trigonometric Functions,
=] Trigonometric Ratios of Allied Angles

(b) Given expression can be written as
sin 4 sin 4 cos 4 cos A
=

+ x

cosA sinA-cosd sind cosAd—sinA
1 sin® A—cos® 4

sind—cosA| cosAdsind

wa —b° =(a—b)a* +ab+b?)

B sin A +sin 4 cos A+ cos> 4

- =] +secAcosec A
sin Acos A

(b) Given:sin @=1/2 and D is acute angle
~0=n/6

1
Also given, cos$ = 5 and ¢ is acute angle.

-.0<-1-<l
)

= cos T/2<cosp<cosm/3orm/3<h<n/2

T X 2n
G L Tco+p<<l
56 b<3%% o2 53

(b) tan 9:? = 0 e [Iquador IV quad .

= 0<sinB<lor—-1l<sinB<0

- 4 4
= sin 0= — or ——
5 5

B

= ——— (irrational)

22

(¢) We know, sin 15° =

15°=J§+1 irrational
c0S ) \5 (irrational)

sin 15° . cos IS"ZE (2 sin 15° cos 159)

=% 1 ;
=— s5in30° = — (rational)
2 4
sin 15° cos 75° = sin 15° cos (90 — 15°)
1
=sin 15° sin 15° =sin? 15° ='£ (1—cos30°)

r’

1 \1"3 ]
SR E S
5 \ 5 (irrational)

Learning Materials Here : &

A=r;B-p)
1 14w 13n 4=
(p) F—< ——then — < 3 —
48 48 16 16
i 0m =AAE
24
= 3a € llquad and 2 o € I quad = sin 3a = + ve
sin 3o
cos2a=-ve .. =—ve
cos 2a.

. (B) corresponds to (p).
[14:: 18::] 14n 187
(@) If ael—, then.-—— <30.<——

48 ' 48 16 16
dm—x<2a 1ox
oy 24

= 3a € Il or Il quad and 2 a e II quad

in3
= Nothing can be said about the sign of ——

over this
cos2a
mterval.
18 23n 18n 2371
If then — < 3a
0 ae[ 43] T 16
18
and ] <2a< E’E
24
= 3o €lllquadand 2 o € II quad
sin 3o
= sin3a=-ve cos2a=-ve, .. =+ve
cos 2o

*. (A) corresponds to (r)
(s) Hoe(0mn/2),then 0<3a<3n/2 and2<2a<n

= Nothing can be said about the sign of over the
cos2a
given interval,
2
: ; I-2x+53
Given:2sint=——— "~ te[-n/2, n/2]
3x° -2x-1

= (6sint—5)x2+2(1-2sinf)x— (1+2sin ) =0
The given equation will hold, if x be some real number, and hence.

D20
= 4(1-2sinfP+4(6sint—5)(1+2sins) 20
=> 16sin’t—8sint—4 20 = (4sin®t—2sint—1) 2

= 4[51':1!—@] [sim‘+\64_]] 20

V5-1 J5+1
4
= sinf < sin(-n/10) or sin f

= s'mrg-[ ] or sintz

= $t=<—q/10 or r = 3=
[Note that sin x is an increasing fumction S -
range of tis [-a/2,—x10] _ F= 0 =0

"
W
i
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Least Value of Trigonometric Expressions

] | .
x“sin| — |, ifx=0
(@ Given, f(x)= [xz)
0, ifx=0
f(x)zﬂ:;»sin(iz]=0
X
=>£_ﬂﬂ=>.x2“l=?.x—“—l—‘
x2 n \/;

1
(a) Ifxe[ﬁ,ao]
LE[; m]
vn 10"
Jne(010]
RE(O,(I(}]O)E:[
Finite values of n are possible, so has finite solution.
(b) If xe ;,w] e i
\/;e(o,n]:ﬂe(omz]::m=1,2,3,,...9
1
(© IfIG(O,W] = Jn e 10", x)
n is infinite
(d) If xe i = 2
s ne(nn”)

ne [:tz.n"'):n £(9.8,97.2...)

More than 25 solutions

5 11x hLLX
(b) LetE=| smﬁxcos-z-—cos&xsmT iy
Mx, . 1 1x
cosbx 0057 +sin 6xsin —2—

\
= (sin [ﬁx—ﬂx + cos[6x —ﬁJ]
e 2

Sk x
=sin—=+cos—
2 2

Now, E2 =1 + sinx i)

cnrene €

cotx=—\/ﬁ
6
V11
X
5
E2=1+\/—rl—

_Ez\{&\/ﬁ_‘flzafz\/l_l_\/ﬁﬂ
& 6l = 12 hlady

13 1

Esﬁn[fﬂk—l)gjsi"[%*%)

B i )

kulsin g sin (£+(k-1)g) Si“(%+k_;]

é:’.[co{%*’(k‘I)EJ_mt(%+%J:|

=2[{cot%—cot[§+ﬂ}+{mt[§+gj_co{%+z—:)}
e () a2 ]

RERA

A B i) <o

(b) Given : Be(o,g—]: tan® <1 and cotd > 1

(©

Let tan @=1—x and cot O=1+y,
where x, y > 0 and are very small, then
5= =03 Is = (l—xl]"' X
=+ )%, 1 =10+ )1
élearly, t, >ty and t; > ¢, also, 3>
ChEhEhh

(@) 2sin®> B-5sinB8+2>0
= (sin6-2) (2sin0-1)>0
w—=1<sinB<1,= (sin®-2)<0,50(2snO-1)<0

“ sin B < 1
2
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Trigonometric Functions ABY9
Va =5 --H R |
i \Z“x, (= ]
- —————=tan| —-x
o i = 4 \ \ 4
*/,4‘ < me Sl : ~sm| I—I:'Cﬁslz“_‘r_
< e AT . > r =gy
G 2 1. (®) A=sin"B+cos B=sin"B+(1-sin’0)°
% 0 3 2= x
Nt a’ o-1)".2
i =sin B—sin~H+1 = 4A=|sm"” 5 *-4
3§ : .
5% gt S
o i e IE[O J L? s ) Now 0<.Ism 8 >) 24
(¢) Given:a+B=n2 = a==n/2-f = i Slﬂza-é..:-*%ﬁl ~ :-;‘_5‘451
1 -
=t =tan (n/2-B)=cot f=——
an o = tan (1/2-PB)=cot B e B @ Q,B‘?zqzzrtg_;ﬂ
= tanatanf=1 = l+tanatamf=2. o \ .(- ';'. = -
Now, tan(oy ) = -t ot E =iz 2) 2 2
1+tana tanfp 3
tana/2+tanf /2
tan o — tan § =—tany/2
:>tany=T l-tana/2tanB/2
= 2tan ¥ =tana—tan = tana=2tan ¥ +tan P = tana/2+tanPB/2+tany/2 =tan o2 tan B2 tan y/2
(a) Given: (cot o). (cot @, )....(cota, ) =1 13. (1) Rearrange the given expression
= (cos a,) (cos a,) ... (cos @) —F 5
= (sin o) (sm Ji: (sma kD) Lsma cosa+cosﬁ+sinﬁ]
Let y=(cos a,) (cos a (cosa) (to be max.) p -
=>y2_(ms ‘]‘1) {mgz o cosza] cosfp sinf  sina cosa
ﬁoisal sin @, Cos @, sin d, ... COS &, s'u:l a, (From(i)) =(c-os(a—|3}+ ekl =) T
= z—n[sin 2q, sin 2a, ... sin2 a, ] sinBcosf S'll'la.cozsa
4 1 1 2
Now, 0 <0y, ty,....0 nﬁﬂfz =[;{ " = : }J Ii"'cos(“_ﬁ):'—}
50220, 20,0 20, % ismaf  sinla 3
= 0<sin2ay,sin2da;,.....,sin 2a, <1 _16| sin20 +5in 2B
9 [ sin2o.sin2f
Bl _E(ZSin(a +B). cos(c.—P) -
: 9 2sin20..sin 2B
‘. Max. value of y i.e. (cos a,).(cos a,) ....(cos @) = 2,17 2
1 2
(© f(6)=sin0(sin6+sin30) 64 233
- sin6(sin 0+ 3sin - 4sin> ) 9 | cos(2a — 2B) —cos(2a + 2B)
\
— sinB(4sin 6 —4sin> 0)=sin” 0 (4—4sin” 0) - 2
=4sin*@ (1-sin*Q) 64 5
cda2 o 3t 2 =
=45in?0 cos?’0 =(2sin G cos P =(sin29)* 20, 9 | ZoosP (@ —B) = 1—1+ 25 (@+B)
which is true for all §.
(€) 3 (sinx— cosx)*+ 6 (sin x + cos x)2 + 4 (sin® x + cos® x) 5
= 3 (1 —sin 2x)°+ 6 (1 +sin 2x) 4 $
+ 4[(sin? x + cos?x)® — 3 sin® x cos?x (sin’ x + cos? x)] _64 9 _64( 1 } [16} 17)=1
=3—6smzx+3sin22x+ﬁ+6sin2x+4[I—%sin Zx] 9 g 2 ; 9 \-2 9
=13 + 3 sin? 2x - 3 sin® 2x = 13
ool & = 4. Q) mf(e)_—
{-sin2x | 1 cos(2 ZxJ 20)’

10.

Get More Learning Materials Here : &

(b) sec2x—tan2x=" OnOx

sin[E—Zx]
2

where g(0) =sin” 0+ 3sin0cos 0+ 5cos’ 0
Clearly f is maximum when g is minimum

1—cos20 3.

Now g(0) = 29+—(1+cos 20)
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15.

16.

17.

18.
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( 9) smi—sini sin—- 51n3—1lE and sin—= sin-SE
—3+2c0528+—sm293>3+L ZJ 1 12 14 14 14 14
3.1 A T 3n r sm\|
Eoin =3-7=7 = =2. = oos[————) cos[———jcos £
i 22 S [ 214 2 14 2 14
- Tr
(1) Let x——=0e| —,— o 2 AR
4 4 = | cos— cos——cos—] =| cos—cos—cos—
fix)=0 s
(= i ; [ coso cos2a  cos2a ... cos2" o
So, 3-5111[—+28J sin® 2 sin(m+36) ;
= (3 — cos 20) sinf > —sin30 = [ sm{Z"u):l
P sind [3 - 4 5in%0 + 3 — c0s20] 2 0 sina

=> 8inB (6 — 2 (1 — cos28) — cos20) 2 0
= sinb (4 + cos20) 20 = sinB 2 0

4 4

15
o] [4 4] b “hg_%‘l

Given:4+B=n/3 = tan(4+B)=f3

5
:>Be[0n]:>0<rcx—§<n :xe[ }

tanA+L

tan 4 + tan B i tanA:@
l1-tan Atan B 1-y
[Lety =tan A tan B]
= a4+ 3 (p-Dtand+y=0

Forreal value of tan 4, 3(y - 12 -4y 2 0

1
IHp-3)=20

= W -10y+320 = (y- 3
1
= j'SgOl’ >3

ButA,B>0andA+B=n/3 =4, B <=n/3
= tandAtanB<3

3 yﬁ% = Max. value of y is 1/3.

K:sirl—s1ns—7r3111E
1 18 18
[ﬂ: n] [n: SnJ [n ?nj
=C0S| ——— |CO8 | ——— |cOS | —=—
2. 18 2 18 2 18
n 2 4x 1 . 8m
= COS — COS — COS— = . sin—
9 9 9 Bin 9
9
"' COSOLCOS2GL  €OS220L vurerns cos2™ g = : sin(2" a)]
sina
=—{l-—~.simza’9=l
8sinm/9 8
S e U
$in— sin— sin— sin — sin—sin —sin——
14 14 14 14 14 14
[. T . 3. 5n)?
= | sSiIn—s8in—sin— | x]
14

19.

20.

[ e ] _[sin(rrHr/?)]z
851:11:/'? 8sinm/7

( smm‘?) _(Dz_l
8sinm/7/ 64
n
Given sin® x. sin 3x = ZDCM cos mx
o

LT : ;
sin® x sin 3x= 1[3 sinx —sin3x]sin3x

=i [:%2 sin x.sin 3x —sin? Sx}

=% {%[ms 2x—cos 4x) —%(l —cos 6x):l

1
-3 [cos6x +3cos2x—3cos 4x 1]

Max valueof m=6 .. n=6
1-cos B 2sin’ B/2
2 = =tanB/2
(ree)end="cnB  2snB/2cosB/2
2tan 4 2tanB/2
Now, tan 24 = S 3 =tanB Hence,
1-tan" 4 1-tan“ B/2
statement is true.
(b,c)Given: fix)=xsinmx, x>0
= f{x) = sin mx + xn cos mx
Now, f1x) =0 = tan mx = —mx
y
A
x < >x'
0\1;2 I BB o
! N

!

From graph of y = tan rx and y =—mx, it is clear that they intersect
each other at unigue point in the intervals
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22.

23.

24.
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A71

1 <
(n,n+ 1)and [” +Eaﬂ+1J
(a, ¢, d)

-

Astan(2n-0)>0and —I <sin9<—“?—’. 8 < [0, 2x]

3n S5n
Hence — <B<—
2 3

“ 5] 0
Now 2cosB (1 —smtpj=sinﬁ9[tan;+cot: fcos@—1

25.

= 2cosB(l —sinp)=2sinBeosp—1
= 2cos0+1=2sn(0+09)

- ?].1<25in(8.'¢|)<3

13x 175
As B+QE[—E,S—;J or(B+o)= (?‘n:?'cj

We have @ e [—%,—E]u(iﬁ,‘?—nj

3 Gl
(a, b) Given :
4 AL oy

R = 35‘1114;(+2c054x=E
2 3 5 5

Yy 2[sir14 x+cos? xj=—

= sin
e, <2 2. 4. 19
= sin” x+2[1—-2sin” x cos x]=§

= sin® x +2—4sin? x(1 - sin? x)=§

= 55in4x—4sin3x+2—% =0

= 25sin® x—20sin x+4=0 27.

; 2
= (Ssinzx—2)2={) —- sm2x=g

= 'K}()Ep2

)c=E and tanj‘x=2
5 3
sin8x+cosax =i+i=i=L
8 27 625 625 625 125
(a, b, ¢, d) Note that multiplicative loop is very important
approach in IIT Mathematics

il
Ltang] (1+sec) =

_(sin8/2)2co0s”0/2
(cos0/2)cos0O
(251n9!2)005912

cosf " cosf
[(0) = (tan 6/2)(1 + sec B)
+ sec 20)(1 + sec 22 G) (1 +sec2" @)
= (tan 0)(1+ sec 23)(]+ sec 22 B) A1 teec2' )
= tan 20.(1+ sec 22 9).... (1 + sec 2” 0) = tan (2" 0)

o (el )

Also

sin® — tan®

26.

5in6/2 14 1
cosB/2” cosb 28.

Therefore, (3) is the correct option.

[ m) - i) (m)
Al |—tan'2-’.—J=tan —i=1
v Sk 4)

Th-n'efare (b) is the correct option.

)l )l
‘ % 4
Therefore, (c) is the correct option.

15[123] a“[zs'é}*‘m(%):l

Therefore, (d) is the correct option.
(¢) sing+sinp+siny

=25ina;Bcos ;B+2sm l::i:lsY
( = ; -
= 251:‘1L£—1] cos |3+251n (E—u) cos Y
z 2 2 =z 2 2

i o= o+
= 2¢0s = [cos 7B+cos = B]

= 2 cos (/2) cos (B/2) cos (y/2)
. Each cos ((@/2),cos (B/2),cos(y/2)lies between
-1 and I.
= -1<cosa/2.cosB/2.cos y/2<1
= —-2<2coso/2.cos B/2.cosy/2<2
= -2<cosa+cos f+cosys2

Min value of sina + sinf} + siny =— 2.
d 2sin’x+3sinx—2>0
(2sinx—1)(sinx+2) >0
= 2smx—1=0 (=1< snx<1)
= sinx>12 = xe (W6, 51/6) ....(1)
Alsoxt-x-2<0
= (-2)x+tD)<0= -1<x<2 (1)
On combining (i) and (ii), we get x € (6, 2).

(b) 3 [sin4 [E‘_—F—a}k sin? (3n:+0.)]

2 [sin®(n/2+ o) +sin® (5 —a)]

6

=3 [c054 a+sin? a] —2[0056 o +sin a]

4
o 2 L T “ )
= 3[(cos‘a+sm' a) — 2sin? acos? a]
: - 2 1550
- 2[(C052a+sm2 a)j—Scoszusmza (cos™ o +sin 0‘-]]

= 3[1-2sin? et cos? t::t]—Z[1—3(:052££si::|2 (1]

2

= 3_6sin” oLcos> o —2 + 6sin” o,cos> o =1

(¢) Given,

(1+cosm/8) (1+cos3n/8)(1+cos5n/8) (1+cosTn/8)

= (1+cosm/8) (1+cos3n/8)1+ cos(m—3n/8))
(1+cos(n—m/8))

= (1+cosn/8) (1+cos3n/8)(1-cos3n/8) (1-cosn/8)

2 (1—(:052 n/8) (1—(:,052 In/8) = sin’ /8 sin” 37/8

- i_[zsinms sin (n/2-n/8)
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A72
1 : 2 1 2 R g
=—.[2 /8 / =—.s8n n/d=—x—=—
4[ sinmt/8 cost/8)] 45 PR
29, -+ A+B+C=nm
A 8L AL R
R T
= cot [—-+£]~cot(£ﬁ£)
2 TAr
cot—.cotz-ln C
= 1 —'[8.1'1-2—
cot—+cot —
2 2
A B C A B c
= cot—+cot—+cot— =cot—. cot—. cot—
2 2 2 2 2
n—-1
30. LetS=Z(n—k)cos&
k=1 rt

2n 2n
= S=(n-1)cos —+(n—2)cos2, — +....
n n

M )

+1 cos

n
We know that cos 8 = cos (2 — 0)
Replacing each angle ® by 2n— 0 in (i), we get

2n 2
S=(mn-1)cos(m—1)—+@m-2)cos(n—-2) — +.....
n n

0 e
+ l.cos —..(i1)
n
On adding terms in (i) and (ii) having the same angle and taking n

common, we get

2 B 6 >
e r:[cos—n+cos—ﬂ+cos~£+....+ cos (n—l)—n}
n n n h

2n
Angles are in A.P. with common difference (d)= —
n

; T 2n 2n

sin(n—1)— —+(m-1)—

28=n % cos L

.7 2
Sin—
n
=n.lcosm=-n - sin(x-0)=sind, . S=-ni2
e it =smxcos3x_ tan x

sin3xcosx tan3x
2
_tanx(l-3tan’x) 1-3tan”x

o 2
3tan x—tan> x 3-tan” x
= 3y—(tan’x)y=1-3tan’x = 3y-1I= (y—3) tan’x

g o dp=l. Gy (sz—3)
y=3 (r-3)
Since, tan® x>0, Gy-1) #-3)>0

1 1
= (y—a—](y~3)>0 SR A

1
2. y cannot lie between E and 3.

32. Given : cos 6 =sin ¢, where 6=psinx, ¢=pcosx
5n

i
Above is possible when both 8= ¢ = > 9——-¢=T

Get More Learning Materials Here : &

33.

34.

35.

= ]
]
=
g
=
]

psinx=

d T
an Cosx= —
4 4

or pcosx=—
4

2572
16

22

2
On squaring and adding, p2 =-J:—6- A

P =‘§\E only for least positive value
Given : tan (x + 100°) = tan (x + 50°) tan x tan (x — 50°)
tan (x +100°)
tanx
sin (x +100°) cos x _ sin(x+350°) sin (x—50°)

= cos(x+100%sinx  cos(x+50°)cos(x—50°)

sin(2x+100°) +5in100°  cos100°—cos2x

sin(2x+100°)—sin100° cos100°+ cos2x
By componendo and dividendo,
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°

= tan (x+50°) tan (x - 50°)

—

URUR VR TRR

1
=—2m5(}°si1130°=—2ms50°,5
=— s50°=cos130° = 4x +10°=130° = x=30°
Let y=exp [sin® x +sin® x +sin x+ .. ..a0 ] In 2

In - 2Si.l'12 x+sin? x-t—s:i,n6 X400

=Zsin2x+sin4x+sin6x+,,.m_ sin” x =2t8n2x
zl—sinz.r

Asy satisfies theeq. x>~ 9x+8 =0

L -9 +8=0

= -1) y-8)=0= y=1,8

2 2
= 2 F=] or 2MF =g
= tan’x =0 or tan’x=3

=tanx=0 or tanx=+/3,—3
= x=0 o x=xn/3, 2n/3
But given 0 <x<nl2 =x=n3

cos x 1 1 V3-1

cosx+sinx l+tanx 1+y3 2
Given : In AABC; A, B and C are in A.P.
LA+C=2B
AlsoA+B+C=180° = B+28B=180° = B =60°

1

Also given that, sin (24 + B)=sin (C— 4) =—sin (B + 2C) = E
1

= sin (24 + 60°) = sin (C — 4) = — sin (60 +20)=7 ..6)

1
From eq. (i), sin (24 + 60°) = 5 = 24 +60°=30°, 150°
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36.

37.

38.

E—J

1.
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But 4 can not be —ve
24+60°=150° = 24=90° — 4=45°

1
Again from (i), sin (60°+20) =~ >
—  60°+2C=210°

or 330° = C=75° or 13%°
1
Also from (i), sin (C— 4) =‘£ = C- A=30°,150°

For 4=45° C=75", 195°
But C = 195° is not possible.
s C=75°" A=45° B=60° C=75

2tana
Weknowtan2 o= — 5 2
l-tan“a
:
l—m-(—:-=2c012u::- cota-mma=2ctla
tan o
—AD
Now, we have to prove
tana+2tan2g+4mnda+fcnia=cota
IHS=tana+2tan2a+4tnda+4(2cot2.4a)
=tana+2tanla+4tand a+4 (cotda-t=n 4a)

[From (1)j
=tana+2tan2a+4tanda+4cotda-4tmda
=tanac+2tan2a+22cot2.2 a)
=tana+2tanla+2(2cot2atanla) [From (i)]
=tana+2cotla
= tan o + (cot a—tan a) [From ()] 3,
= cot o« = RHS.

We know,
= 1

cosAcos24cosd44d ...cos2" A= sin.(2"7" 4)

S 2"* gin 4

2n 2n 2(21:] 3[21:)

. — cos2| — [cos2°| — | cos2” | —
R T [15) 15 15

sin(2* 4)
=16. —3 —,where A=2n/15

27 sin A4

sin(322/15) __sin(32x/15)  sin(32x/15) _,
=16. Y6sin2n/15  sin(2n+2n/15) ~ sin(32n/15)
LH.S. = sin 12° sin 48° sin 54°

1
. —2‘ [2 sin 12° cos 42°] sin 54°

= ]Esinz 54°—isin54°=%[25in2 54° —sin 54°]

ALHS= %{2[”4\{5_]2 ‘(1 +4J§J] 4.
[ asare 1+J§}
4

{2[11»5;»62\/5] _[1+4J§J]

1 1 1
= -2-2+5|= —x4=—=RHS.
x8[6+2J§ 2-245] s
Topic-3: Solutions of
Trigonometric Equations

1
4
1
P

(c) \/'gsecx+cosec:c+2{tanx-cotx)=0

‘/i - 1 2 . 2
=>—§-sz+5(:05!£ =COs°X—Ssin“ X

A73
| x) n
— WS..X‘E;' =cos2x = X—E =2nm+ 2x
_2ox = s
=SR=—= orx= ad
For S, 0 2
b — B=EUODDXI="—y——
9 3
L e S
oW, D =X= 9’ n=-]1=x= 9
H f all values of o TII+71'E o
sum o e e
ence, iR

(d) smx+2sin2xr—sin3x=3

= s x-4sinxcosx— 3sinx+4sind x =3
= smx(-2+4cosx+4sin’x)=3

= smx(-2+4cosx+4—4cos?x)=3

2+4cosx—4cosix=—

[0 < sinx < 1]
sSinx

3
sin x

=2-4 I.roos: x—2005x-l+i]+l =
2 4

7 2

{ 3

:3-4Lcosx—l) =—— - LHS<3andRHS23

2 sinx

Hence, the equation has no solution.

(€) 2sin°f-cos20=0 =1-2c0s20=0

= cos 29:1 a.ZB:E’S_E’E.’HE
2 Qi g s ANy

n 5t Tn lix

= 9=_s""':_9_

6 6 6 6

where 9 [0, 2n]

Also,  2cos’0-3sin0=0
= 2sin? @ +3sin9-2=0

ereil)

= (2sin @ -1)(sin § +2)=0 :>stn9=%

[+ sin B -2]
5_1':
6
where 8 €[0, 2x]

=0 = wee (i1)

oA

Combining (i) and (i), we get 0 = %' o

6
Hence, there are two solutions.
(d) Given: cos (o — )= 1 and cos (a + ) = l/e,
where o, E[-—f:,'n]
Now,cos (0 ~B)=1 = a-pB=0 = a=p
and cos (o + B) = /e = cos 2a = 1/e
Y 0<l/e<l
Now 2a €[-2m,27]

=> There will be two values of 20 in [- 2 T, 0] satisfying
cos 20, = 1/e and two values in [0, 2 1t ] .

= There will be four values of o in [-m,7] and
correspondingly four values of . Hence there are four sets of

(a, B).
(b) Weknow, —va? +b? <acos0+bsin® <+va? + b

= —J/74 <7cosx+5sinx <74
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= —J14<2%k+1<714 = -8.6<2k+1<8.6

= -48<k<38
Hence, k can take only 8 integral values.
6. (a) Given:In APOR, ZR=7/2

P T
= AP-'-AQ:T”‘Z:}_Z’"‘-TQ:I
Also tan P/2 and tan Q/2 are roots of the equation

a’+bx+c=0(a #0)

11.

b
<. tan P/2 + tan 0/2 = ——;tanP/2tanQ/2=c/a
a

P+Q]“ tanP/2+tanQ/2

2 I-tanP/2tanQ/2

n -bla c b

tan— = =2]l-—=—

B 4 l-cla a a
= a-c¢c=-b = a+b=c

7. (b) Given: sec? B = i

Now la.n(

(x+ ) 13.

4xy
(x+y)
— x2+y2—2xy£0 = (x—y)zsﬁ

= x =y, because perfect square of real number can
not be negative.

Ako x# 0, otherwise sec? § will become indeterminate.
8. (d) 2sin’6-3sin0-2=0

Butsec? 6>1= 21= 4 2x° + )% +2xp

2

= (2sinB +1)(sin g -2)=0 14,

= sin 9_—.—% [sin8-2 =0, is not possible]

= sinB =sin(—x/6) andsin (7n/6)
= B=nn+(-1)"(-n/6)andnn+(=1)"7x/6
= Thus, 8=nn+(-1)"Tn/6

n_n

9. (d) Bt i o e
2n Zn 2

15.

2

.2 W 2
= sin” —+cos
2n

T L D
—+28in—cos—=—
2n 2n 2n 4
| o H . m n-—4
= l4sin—=—=sin—=——
] n o}
For n = 2 the given equation is not satisfied.
o
Consideringn>1and n# 2, 0<sin —<1
n

:>0<-”;—4<1 = 4<n<8.

10. (¢) tanx+secx=2cosx

sin x 1
+
COSX COSX

= sinx+1=2cos?x = 2sin’x+sinx—1=0

=2cosx

1
= (2sinx-1) (sinx+1)=0 = sinx= E,—l
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12.

16.

5 3n
6’2
But for x = —ZE , given eq. is not defined,

= x=%, €[0, 2m]

[¥5)

Hence, there are only 2 solutions.
(d) (cosp-1)2+ (cosp)x+sinp=10

For real roots D=0

= cos’p—-4sinp(cosp—1) 20

= cos’ p—4sinpcosp+4sin’p +4sinp—4sinp =0
= (cosp—2 s‘mp}2+4sinp(1—sinp} =0

Since, (cosp — 2sinp)® 2 0 and 1- sinp > 0

2 D20,vp e(0,n)

(b) sinx—3 sin 2x + sin 3x = cos x— 3 cos 2x + cos 3x
=> 2 sin 2x cosx— 3 sin 2x = 2 cos 2x cos x — 3 cos 2x
=> sin 2x (2 cosx—3) =cos 2x (2 cos x— 3)

=> sin 2x = cos 2x [: cosx #3/2]
= tan2x=1 = x=nw + 14 = x:n—;+%
(©)  B3cosec 20°—sec20°
V3 1 JBeos20°—sin20°
 sin20° cos20° sin 20°cos 20°
V3 eI~ Lgin20°
=4 2 2
25sin 20° cos 20°
- sin60°c0s20° —cos60°sin20° | _ 4sin40°
L sin(2 x 20°) sin 40°

(¢) Given:sinx+cosx=1
: 1 1
—SsiNX+—cos=—

V2 B2, o2

i n+co sinZ = sin =
Sin x cos — 53X St LIl =
4 4 4

U

sin (x + 1t /4) =sin T /4

x+ w/d=nn+ (~1)"n/4, n< Z (the set of integers)
x=nw +(-1) n/d- n/4;
wheren=0, =1, +2 ...,

(a) Given :

Lsy U

A

X 1
2{:052 (—-] sm2 x=xz+— where Q<x<—
2 x? 2

x
LHS=2 COS25 sin® x = (1 + cos x) sin® x

vy
]+cosx<2ands§n2xslf0r0<x55

2 (1+cosx)sin?x <2

1
And RHS. = 2%+ —222
X

o s
Thus for 0 <x < —, given equation is not possible

2

8) S cos?2x + cosx + sinx + cos®x + sinx = 2

sin?2x =2

|

= 22x + 1 = 22x+1
— =g FA
= 4 COS™.LX 2 S

Mathematics
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Trigonometric Functions

17.

18.

19.

Get More Learning Materials Here : &

5
> 2 (cos*2x — sin®2x) = 0 = cosdx =0

n i
= 4x=(2n+1)- or x=(2n+1)§

For xe[0, 2n], n can take values 0 to 7
Hence, there are 8 solutions.

o 1 LTy
W L . 2K
sin— sin—  SIn—
n n
i T K. n
sin— —sin— 2cos—sin— i
= n i A 1 A n Nl
A . e VL IR AT
sin—sin— sin — sin —sin — sin—
n n n n n n
B 2n . 3= — A% il 3n
= 2sin—cos— = sin— — sin——-sin— =9
M n n n n

2cos L sin - 0 i3 0 in— i}
= —SIN— =0 = C0OS— =0 or Sin— =
2n  2n 2n 2n

n T n
— = (2k+D)— or — =
— D ( )2 or 2kn, where ke Z

i 1

= B= 1

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

Asn>3;fork=0,wegetn=7.
(3) From the figure,

2005%+ 20082_1;5 =\3+1

= Onliod £ o) © D
2% 2%
=+3+1

2 W T x:
= 4cos ﬂ+2005-2——(3+\/§)—0

k
. -2t -:u,n’.(z,w‘i):_li (32483
8 4

= COS—=

2k
:_1i(2ﬁ+1):£ if _{JEH]

4 2 2
m T \/5

is an acute angle, cos— =

a7 2k

—=c05£:> k=3
2 6

(3) tanB=cot56,0 = %

= cos0cos50—sin50sinB=0 = cos68=0

St 3n —n n 3w 5n
= 69=_|_‘_|_|_1_

2 2 22 2D
= 9__)_l_I_!_l—

2= =122 -4=12
Againsin 20 = cos 40 = 1 —2sin® 20

. 1
= 2sin?20+sin20-1=0 = sm29=-1,5

20.

21.

22.

23.

24.

cnrene €

A75

ot XL gt LR

26 6 41212
So, common solutions are 0 = m—n,iands—ﬂ

4 12 12

.*. Number of solutions = 3.
(3) Given equations are
xyz sin30 = (y +2z) cos30 1)
xyz sin36 =2z cos36+2ysin36 ..(ii)
xyz 5in30 =(y +2z)cos 36+ y sin30 ...(iii)
On subtracting eq. (ii) from (i), we get
(cos30—2sin36)y—(cos30)z=0 (i)
On subtracting eq. (i) from (iii), we get
sin 30 y+(cos30)z =0 o(¥)

Eq. (iv) and (v) from homogeneous system of linear equation.
Buty=0,z#0
. ©0s30-2sin36  cos36
' sin30  cos30

= cos30=sin30

= tzm39=1=>36=m:+£ = 9=(4n+l)%.ﬂ eZ

T 5m 3m

For 68 €(0, B=—,—,
o) = 0= 3

-+ Three such solutions are possible.
(0.5) Given : /3 acosx+2bsinx=c

n
which has two roots a and B, such that @+ =

. 3 acosa+2bsna=c  ..()
and /3 acosP+2bsinB=c ... (i)
On subtracting equation (ii) from (i),

J§ a(cosa—cosP)+2b(smna—sinP)=0

= 3 a25i115+—ﬁsina—_ﬁ+2b.2msa—wsinﬂ=0
2 2 2 2

= —23a sinZ +4bcosE =0 ['-'Siﬂa—_ﬂioj
6 6 2

o 1
= —Zﬁax%+4b§=0 =1 ‘=E=0-5
a
cos’ x = 1-sin*x = (1-sin®x) (1 + sin® x) = cos® x (1 +sin’ x)
Lcosx=0 = x=70R2,-n/2
or cos’x=1+sin’x = cos®x—sinx=1
Now maximum value of each cos x or sinx is 1.
Hence the above equation will hold when
cosx=1andsinx=0.
Both these imply x = 0
T R
__5_50
22
tan” 0 +sec20 =1
1442
2 +—""_ =1, [but ¢ = tan @]
1-12

= :2(:2 -3)=0 = lanB=0,:i:J§
= O=nnand B=nrn+tn/3

We know that AM.=GM.
= Minimum value of AM. is obtained when AM = GM
=> The quantities whose AM is being taken are equal

L ox=
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25.

26.

217.

28.

Get More Learning Materials Here : &

e, con (0+3)-cox(p ]
ie, cos| a+—|=cos| f+—
2 2
=cos(y+EJ '-!

2
= sina=sinf =siny

Also a+B+y=360°=a=Pf=y=120°=2n/3
- Min value of AM.

(21( n'] [21‘: Tt] ( 2n TE]
cos | —+— [+cos| —+— |+cos| cos—+—
_ Apie 5 3 2 £ ) 29,
3
—3s.ir1E
R R
3 2

Given:2sinx-3sinx+12 0
= (2sn x-1) (snx-1)20

: l] : 1

sinx——| (sinx=1)=z0 inx<— i
::»[ S (sinx-1)20 = 51nx_2orsmx21 »

But we know that 0 <sinx<1forx €[0,n]
V4

n/6 y =sinx

0 8

- 1 .
- OSSmxSE orsmx=1

= xel[0,n/6]u[5n/6,n]or x=m/2
On combining, we get x €[0,n/6]U{rn/2}U[5n/6, ]

(i)
...(ii)

Given equations :x+y=2 1/3
and cosx+cosy=3/2

x+ x— 3
From eq. (ii), 208 ——2 cos—2 = =

2 e

T, X
— 2c08 —COS——=

3 2
1 xX—y x—y
2. —cos == cos ——
ST g AT 2
which is not possible because —1 < cosB <1,
Hence, solution of given equations is @.
(False) Given : sin*0-2sin?0-1=0
: 2++8
D=4+4=8 - sin’ 0= 2‘/_ =1++2.
.+ value of sin?@ is +ve, ~ sin2@=+2+1
v —1<sin@<1, .. sin29¢ﬁ+l
Hence, there is no value of 8, which satisfy the given equation.
Hence, the statement is false.
(a, ¢) If we consider tan o/2 = x and tan /2 = y, then

3
5 [From eq. 9]

31.

cnrene €

2(cos P —cos o) +cos acos =1

2[i_1__ﬁ}1_(1—x2](1—y2)
1+y* 1+x? (l+x2](1+y2)
= 2[(1+x)(1-y)-1-xD) (1 +y)]
=1+ (1 +yY)-(1-xD)(1-y)
= 4x-y)=22+y)

= x¥=3Y=x=% f3y= m%iﬁtaﬂ% =0

(¢) Letf{x)=x>-xsinx—cosx

o f1x)=2x—xcosx=x(2 — cos x)

.~ fis increasing on (0, ) and decreasing on (-, 0)

Also lim flx)=e, lim Jfix)=wand flo)=-1
X—»00 X—»—00

y = fix) meets x-axis twice.
ie., flx)=0 has two points in (-, o).

ST
Zﬁ: smE
= = =4
m=1 sin 9+(m—1)n]s. [B —n}
i 4 4
6 Sin [B_’_ﬂf_t)_[e_'_(m—l)n)]
4 4
>

6
4 4
-3
m=1 sin[ﬁ +szin [B+%J

- oo o33
+...+f:cot[9+ -%"-J-cm[e»f%fﬂ =4

3
= cotB—cot[9+?n] =4 = cotB+tanf=4

= ©0s” 0 +sin® 0 = 4sinOcosd

. 1 TSt % Sn
= s8in20=—= 20=Lor2C = 0=—or—
3= Hea 12012

(c) 3sin1x~?sinx+2=0,putsinx=s
= (5-2) 3s-1)=0

: 1
§ =2 is not possible, .. s=1/3 = smx:;
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: 1 <. xhas 6 elements — (T)
Number of solutions of smx=§ from the following graph is 6 We have (IV)
between [0, 571 xe —_h.lﬁ :sinx—*cosx=11r
I i 4 4 J
y== sinx—l:osx-l
< Z, 3 Lsin(x) — cos(x) = =
o RV B Vi RIS
sin| x —= =
v el
32. (d) a,+a,cos2x+aysin’x=0, Vx x——=nn+( ])"E
Forx=0andx= m/2,wegeta +a,=0 ..(i) 4
anda, — a,t a; =0 ---(1) x=m+(-)" 2+ E
= a,=—a; and a;=-2a, 4 4
The given equation becomes P
al—alcos2x—2alsinzx=0, Y x IE{E-T-"‘-“}
= a,(I-cos 2x~2sin’x) =0,V x - xhas4eclements —R
T W For Q 34 and 35,
= a (2sin°x-2sin°x)=0, Vx fix)=0 = sin(zxcosx)=0 = mcosx=n=x
Theabovemsat:sﬁedfora]lvahesofa] = cosx=n = cosx=-1.0,1
Hence, infinite number of triplets (a,. — a,, — 2a,) are possible.
3. () Wehave (D e E R L IR
{xe[_zn Zn} COSx +sin x = 1} b - . 2
» iz 5n Tn
353 .‘.X:{E,m—,Zn—S i }
cosx+sinx=1 2 2 ,2,Tt,2,='!,
! 1 ~D=-PQ
ﬁcosx+7§—smx=7§ f(x)=0 = cos(mcosx)(-nsinx)=0
(= 1 = cos(meosx)=0, sinx =0
sin Z+I =$
= ncosx=(2n-l)E, X =nm
b Wt 2
z+x=mr+(—1) 2 1
S = cosx=(2n—1)5, X =, 27,3, ......
x=nﬂ+(-—1)nz—z .. x has 2 elements — (P) 5
We have (II) = COSX _7 E
-5n 5n 2n 4n 5t 7m 8x 10w 1im 13
xe|——,— :ﬁtan?ux:l : = e B e e A R B L S
{ {18 18] }"5‘“"3" = g ey Sy
1 n2x _4n 5
tan3x=— Y= S —— 2 2 M eeeerenns :
- e ket T
.. P (I - Q, T
= x=(6ﬂ+I)E;ﬂEZ=>3I="“+g gx) =0 = cos(2nsinx)=0
i T ; 2n-1
o x—%+% . ¥l 2 cleeits — (P} = 2nsmx=(2n—l)5 = sinx=
We have III : 1 -13-3
) b e P e
{xe[_ﬁn :2cos2x = .,@} Al
Z:{—sm_li,—sin‘l ,sin 12 sin 13}
20052x=-J§ 4 4
(I - R
= cos2x=?3 = 2x=2mti%;ne2 g (x)=0= —sin(2rsinx).2xcosx =0
Ti = sin(2nsinx)=0, cosx=0
or, xznniE;nEZ T
= 2msinx =nm, x=(2n—1)5
:i:— s
e { 2 " 12} el g BIE
2 Q=2
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a7

L et 0,l,l. It is clearly satisfied by ¢ = 3.
2 As—-8+8=0 . tan® 0=3
n oS5t 3nllx 13n 2 8==a/3 in the given interval.
= X=—,—,—, T,—,—, 2, —,ereue :
62 6 2508 6 37. 8(l+|cosx|+|ccs x|+|cos® x}+....) =4
TSt 3 lln 13 = 23{1+|cosx|+icuszx}+|ca53x[+....) =26
. W= E,E,“g‘, ?,?,ZE,?, ...... ¥
= 3(1+|cosx|+|cos? x|+ |cos® x| +..)=6
Eyi=tis = I+|cosx|+|cos?x|+]|cos3x|+..=2
34. (a) Option (a) is correct. )
35. (d) Option (d) is correct. 2 —
1-|cos x|

2

36. Given : (1 —tan6) (1 +tan 0)sec2@+ 297 9 _ )
= (1-tan?8) (1+tan?6)+ 20’ _ o = l-cosx=12 = |c0sx|=5

Put tan2 0= ¢ = x=n3,-w3,2w3, —-2n3,....

(=H(1+H+2'=0 or 1-£+2=0 The values of x € (— &, n) are £ /3, £ 2n/3.
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