Trigonometric Functions and Identities Exercise 1:
Single Option Correct Type Questions

10 2 TC
. The value of 2(sm
11

(a) 2 (b) 1
(©)0 (d)-1

2nm | .
— cos — |is equal to
11

n=1

. 5, TC .
. Given, a’® + 2a + cosec’ [2 (a+ x)) =0, then which of

the following holds good?

X
a)a=1—€1
(a) 5

x
b)a=-1;—€1
(b) 5
(c)aeR xe¢
(d) a, x are finite but not possible to find
. The minimum value of the function

f(x)=(3sin x — 4 cos x —10) (3sin x + 4 cos x — 10), is

(@) 49 (b 193 —zeoﬁ
(c) 84 (d) 48
. The value of expression 2; equal is to
01 +tan’(100)°
5 b) —
(a) b2 .
14 9
- d) 2
(©) 3 (d) .
. The value of 4/1—sin®110° -sec 110° is equal to
(a) 2 (b) -1
(¢) -2 (d) 1

. If tan o, tan 3 are the roots of the equation
x? + px + q =0, then the value of
sin?(o + ) + psin (o +B) cos(ar +B) + g cos®(ar +P)is
(a) independent of p but dependent on ¢
(b) independent of ¢ but dependent on p

(c) independent of both p and g
(d) dependent on both p and ¢

. The value of the product

. T T T
sin (22009 ) cos (22009 j cos (22008 )
T T T T .
Ccos (22007) cos [220%) ... COs (23) cos (zzj , 18

1 1
(@) 22007 (b) 22008

1 1
(©) 22009 (d) 22010

10.

11.

12.

13.

14.

15.

nsin A cos A

. Iftan B= , then tan(A + B) equals to
1-ncos’ A
(@) sin A ) (n— .1)cosA
(1—-n)cosA sin A
©) sin A (d) sin A
(n—1) cosA (n+1)cosA
3'0)
, If P=(tan(3" *'0) — tan0) and L then
(tan( ) )and Q = ;}COS 31 0)
(a) P =20 (b) P =3Q
(c)2P=0Q (d)3P=0
The value of

(cos* 1°+ cos® 2° + cos* 3° +... + cos* 179°)-

(sin® 1° +sin* 2° +sin” 3° + ... + sin* 179°) equals to

(a) 2cos1° (b) —1
(c) 2sin 1° d)o
Suppose that ‘@’ is a non-zero real number for which

sin x +sin y = a and cos x + cos y = 2a. The value of
cos(x —y), is
3a” -2 7a* —2
a b
(a) 5 (b) )
9a* —2
2

Let P(x) =

\/(cos X + cos 2x + cos 3x)* + (sin x + sin 2x + sin 3x)?,

(©)

then P(x)1is equal to
(a)1+ 2 cosx
(¢c)1—2cosx

(b) 1 + sin2x
(d) None of these

If the maximum value of the expression
1

5sec’ 0 —tan’ 0 + 4 cosec’0

is equal to p (where, p and

q are coprime), then the value of (p + q) is

(a) 14 (b) 15
(c) 16 (d) 18
Let f,(a) = sinol +sin 30 +sin 50 + ... +sin(2n — 1)

cos @ + cos 30 + cos5a + ... + cos(2n — 1)

Then, the value of f, ( 2) is equal to
@)~2 +1 (b)~2 -1
(©)2++/3 d)2-+3

. cosx +sinx |,
sinx+cosx+ ————|is

4 s 4
COS X —SIn X

()2 @)1

The minimum value of

(a) 2 () g



16.

17.

18.

19.

20.

21.

22,

If a = cos(2012 1), b = sec(2013 ) and ¢ = tan(2014 7),

then
(aa<b<c
(c)c<b<a

(b)yb<c<a
(dya=b<c

In a AABC, the minimum value of
2 A 2 B 2 C .
sec” — +sec” — +sec” —is equal to
2 2 2
(a)3 (b) 4
(©5 e
The number of ordered pairs (x, y) of real numbers

satisfying 4x° — 4x +2=sin’ y and x> + y° <3, is equal

to

(@) 0 (b) 2

(c) 4 (d) 8

InaAABC,3sin A+ 4cosB=6and3cos A +4sinB=1,
then ZC can be

(a) 30° (b) 60°

(c) 90° (d) 150°

An equilateral triangle has side length 8. The area of the
region containing all points outside the triangle but not
more than 3 units from a point on the triangle is :
(2) 98 + 1)

(b) 8(9 + m)

T

I
(d) 8(9 + 5)

Ifacos® o +3acosa sin® oo = mand

asin® o +3acos’® o sino = n. Then,

(m+n)"” +(m—-n)*” is equal to
(a) 2a° (b) 2a'"
(c) 2a*" (d) 24°

As shown in the figure,AD is the altitude on BC and AD
produced meets the circumcircle of AABC at P where
DP = x. Similarly, EQ = y and FR =z. If a, b, c respectively

denotes the sides BC, CA and AB, then 4 + i + < has

2x 2y 2z
the value equal to
A Q
y
R
F E
B P c
X
P

(a) tan A + tanB + tanC
(b) cot A + cosB + cotC
(c) cosA + cosB + cosC
(d) cosec A + cosec B+ cosecC

23.

24

25.

26.

27.

28.

29.

One side of a rectangular piece of paper is 6 cm, the
adjacent sides being longer than 6 cm. One corner of the
paper is folded so that is sets on the opposite longer side.
If the length of the crease is [ cm and it makes an angle 0
with the long side as shown, then [ is

0
/
D S R
3 6
sin® cos’ 0 sin® 0 cos0
3 3
c)———— d) ——
( )sin6c056 ( )sinze

The average of the numbers nsinn® forn =2 4,6,...180
(a)1 (b) cot1°
(c) tan1® @é

A circle is inscribed inside a regular pentagon and
another circle is circumscribed about this pentagon.
Similarly, a circle is inscribed in a regular heptagon and
another circumscribed about the heptagon. The area of
the regions between the two circles in two cases are A,
and A,, respectively. If each polygon has a side length of
2 units, then which one of the following is true ?

5 25
(a)A1 _;Az (b)A1 _EAZ

49
(C)A—EAZ (d) A =4,

18
The value of 2 cos’ (5r)°, where x° denotes the x

r=1

degrees, is equal to

7

(a) 0 ®)
17 25

(©) = &)=

Minimum value of 4x* — 4x |sin x | — cos? 0 is equal to
(a) -2 (b) -1

1
@—5 (d)o

If in a triangle ABC, cos 3A +cos 3B+ cos 3C =1, then

one angle must be exactly equal to

(@~ () 2?“ ©n @2

3
If| tan A|<1land| A|is acute, then
\/(1 +sin 2A) + \/(1 —sin 2A)

is equal to
\/(l—i-sin 2A) —\/(l—sin 2A) 1
(a) tan A (b) —tan A
(c) cot A (d) — cot A



30.

31.

32,

33.

34.

35.

36.

37.

38.

For any real 0, the maximum value of
cos’(cos 0) +sin’(sin 0) is

(a) 1 (b) 1 +sin® 1

(c) 1+ cos® 1 (d) does not exist

Minimum value of 27 € ** . 81%" ** ig
1
a)—5 b) —
(a) ( )5
1 1
- d) —
© 243 @ 27

ABCD is a trapezium, such that AB and CD are parallel

BC 1L CD.If ZADB =60, BC = p and CD = g, then ABis

equal to

@ (p* +q*)sin O
pcos O+ gsin O pcosO+gsind

(©) — P tq @ (p* +q°)sin 0
p’ cosO+ q’sin O (p cos 0 + g sin 0)°

b p’+q° cos O

If 4no = 7, then cot o cot 20t cot 30t ... cot(2n — 1)at is
equal to

(a) 0 (b) 1

(c)n (d) None of these

If in a triangle ABC(sin A +sin B+ sin C)
(sin A +sin B —sin C)=3sin A sin B, then angle C is

equal to

(a) 30° (b) 45°

(c) 60° (d) 75°

If o, 3, y are acute angles and cos 0 = s.1n B ,
sin o

sin

¥ and cos(B — ¢) =sin P sin y, then

sin o

os O =

tan’ o0 — tan® p — tan® y is equal to

(@)-1 (b) o

()1 (d) None of these

Iftan 3 = M, then tan(o. — ) is equal to
1-nsin” o

(a) n tan o (b) (1 — n) tan o

(o)1 +n)tan (d) None of these

cos® sin0 a

If . then + is equal to
a b sec20 cosec 20
(@) a (b) b
(@% da+b
The graph of the function cos x cos(x +2) — cos®(x + 1)

is

(a) a straight line passing through (0, —sin® 0) with slope 2
(b) a straight line passing through (0, 0)

(c) a parabola with vertex (1, — sin® 1)

(d) a straight line passing through the point (% —sin’ 1) and

parallel to the X-axis

39

40.

41.

42.

43.

4.

45.

46.

47.

. f(0) =|sinB|+]|cosB| 6 € R then

(a) £(0) €[0,2] (b) £(6) € [0, V2]
() f(®)€[0,1] () £(0) € [1,+2]

If A = cos(cos x) + sin(cos x) the least and greatest value
of A are

(a) 0 and 2 (b)—1and1

(c)— J2 and 2 (d) 0 and V2

IfU, =sinnB sec” 6, V, = cos nB sec” 0 # 1, then
Vn - Vn—l 1 Un
7.1-*

U nvV

n-1 n

is equal to

(b) tan 6

tan nf (d) tan 6

(c)—tan 0 + +M

fosx< g then range of f(x)= sec(g - xj

T .
+ sec( + xJ 1s
6

4 4

—=, b —=,

w( 5] ‘ )[ﬁ )
4 4

0, — d)| 0, —
o \@} @0 )
If A =sin® 0 + cos™ 0, then for all values of 6,
(@ A>1 b)0<A<1
(c)1<2a<3 (d) None of these

The expression 3{Si1’14 (3; - oc) +sin* (31 + 0()}

- Z{Sin6 (: + (xj +sin° (51 — (x)} is equal to

b) -1
(d)3

. . I ).
The maximum value of sin (x + j + cos (x + j in the
6 6
. T ). .
interval (0, 2) is attained at

(a) —

T
12 () 6

T
(©) 3 (d)—~

2

If cot? x = cot(x —y)- cot(x — z), then cot 2x is equal to

3

(a) % (tan y + tan z) (b) % (cot y + cot z)

(c) % (sin y + sinz) (d) None of these

The minimum value of the expression

sin o + sin 3 + sin y, where o, 3, y are real numbers
satisfying ot + B +y =, is

(b) zero

(d) None of these

(a) positive
(c) negative



48.

49.

50.

54.

55.

56.

. . X .
If cos x —sin . cot P sin x = cos @, then tan = is equal to
2

p p

o o
(a) cot — tan — (b) cot — tan —
2 2 2 2

p

(c) tan % tan 5 (d) None of these
1 . .

If cos* O sec’ o, —andsin® 0 cosec? o are in AP, then
2

1 . .
cos® Osec’ o, ~ and sin® 0 - cosec’a are in
2

(a) AP (b) GP
(c) HP (d) None of these
The maximum value of
COS O, - COS O, - COS O, -...- cos O, under the restriction
T
0<a,,o,,..o,<—andcota, -cota, -...-coto, =1
2
is
1 1
a) — b) —
(a) : ( )2"
22
© @1
o

51. If x (0, ) and sin x- cos® x > cos x-sin’ x, then

complete set of values of x is

T T 37
(a) X € (0, Z) U[E, 7)
(b) x € (E, E) v [3—75 nj
4 2 4
T T
(C) X € (Z, E]

(d) None of the above

52 Ifu= \/a2 cos? 0 +b*sin” 0 + \/a2 sin® 0 + b* cos® 0
then the difference between the maximum and
minimum values of u® is given by
(a) 2a* + b?) (b) 2:Ja* + b
(c)(a+b) (d)(a - b)*

tan O

53. For a positive integer n, let f, (0) = (1+secH)

(1+sec20)...(1+sec2"0), then
n n
(a)fz(g)—o (b)ﬁ(ij__l

(c)ﬁ(i) ——1 (d)fs(l"gj =1

Trigonometric Functions and Identities Exercise 2 :
More than One Option Correct Type Questions

Suppose cos x =0and cos(x + z) = 1 Then, the possible
2

value(s) of z is (are).

T 5T
(@) g (b) ?

7T 111
(c) ? (d) 7

Let f,(0) =Zsingsin£ +Zsin9
2 2 2

sin@ + Zsin9 sin@ +...+ 2sin95in(2n + 1)9, ne N,
2 2 2 2 2
then which of the following is/are correct?

(a)fg(%)=% (b)ﬁ(%)zO,nEN
oAZe s

Let P = sin 25° sin 35° sin 60° sin 85° and

Q = sin 20° sin 40° sin 75° sin 80°. Which of the following
relation(s) is (are) correct ?

(@P+0Q=0 (b)P-Q=0

() P?+Q* =1 dPrP-Q° =0

57. For0<9 <§, if x= ZCOSZ” 0,y= Zsinz" 0,
n=20 n=20

z= ZCOSZ" Osin® 0, then
n=0
() xyz=xz +y
(b) xyz =xy + z
C©)xyz=x+y+z
(d) xyz =yz + x

2
58. Let P(x) = cot’ x(l + tan x + tan XJ

1+ cotx + cot® x

N cos X — C(.)S 3x +sin3x —sin x 2. Then, which of the
2(sin 2x + cos 2x)

following is (are) correct?

(a) The value of P(18°) + P(72°)is 2.

(b) The value of P(18°) + P(72°) is 3.
(c) The value ofP(%[j + P(%T) is 3.

(d) The value ofP(%tj + P(%T) is 2.



59.

60.

61.

62.

63.

64.

65.

J1—sin4A +1
66 1ry=Y__°"

4
It is known that sinf3 = 5 and 0 < 3 < m, then thes value

V3 sin(ar +B) -

of - is
sin o

(a) independent of o for all § in (0, T)

5
(b) 5

V3(7 + 24 cotal
15
(d) zero for tan3 > 0

for tanf3 > 0

for tanf3 < 0

In cyclic quadrilateral ABCD, if cot A = % and

tan B = _—12, then which of the following is (are) correct?
5

12 16
a)sinD = - b) sin(A + B) = —
(a) sin 5 (b) sin( ) =

—-15 -16

D=—— d)sin(C + D) =—
(c) cos 5 (d) sin( ) =

If the equation 2 cos® x + cos x — a = 0 has solutions,
then a can be

-1 -1
a) — b) —
(a) . (b) .
()2 (d)5
If A =sin 44° + cos 44°, B = sin 45° + cos 45° and
C =sin 46° + cos 46°. Then, correct option(s) is/are
(a) A<B<C (b)C<B< A
(©)B>A A=C

If tan(200 + B) = x & tan(o + 2B) = y, then [tan3(c + B)].

[tan(or — B)]is equal to (wherever defined)

x2+y2 xZ_yZ
a b
()1—x2y2 ()1+x2y2

x2+ 2 xz_ 2
@2 @

1+ x%y 1-x%y

If x =sec ¢ — tan ¢ and y = cosec ¢ + cot ¢, then

@x=2"1 b x=2"1
y—1 y+1
(c)y=l+x @xy+x-y+1=0

If tan (Z) = cosec x — sin x, then tan® (;j is equal to

()2-+5 (b)~5 -2
(©) 9 - 445) (2 ++/5) (d) 0+ 4/5) 2 —+5)

~——————, then one of the value of y is
J1+sin4A -1

(a)—tan A
m
(c) tan(z + A)

(b) cot A
(d) - cot [% + AJ

67.

68.

69.

70.

71.

72,

73.

74.

If 3sin B = sin(20 + P), then

(a) [cot a + cot(ar + B)][cot B —3 cota + P)] =6

(b) sin 3 = cos(ot + 3) sina

(c) 2 sin B =sin(aL + PB) cos o

(d) tan(ot + B) =2 tan o

Let P,(u) be a polynomial is u of degree n. Then, for
every positive integer n, sin 2nx is expressible is

(a) B,,(sin x) (b) P,,(cos x)

(c) cos x P,,_,(sinx) (d) sin x P, _,(cos x)

sin ot — cos O

Iftan6 = , then

sin o + cos O
(a)sinoc—cosoczi«/gsine
(b) sin o + cos o=+ /2 cos O
(c) cos 20 =sin 20
(d)sin 20 + cos 200 =0
Ifcos50 =acosO+ bcos® O +c cos® O +d, then
(a)a =20
(b)b=-20
(c)c=16
(d)d=5

x=\/a2 cos’o +b*sin® a =\/(12sin2 o+ b° cos’ o

then x* =a® + b* +2\/p(a® + b*) — p*, where p is equal

to
(a) a® cos® o+ b® sin® a
(b) a’sin® ot + b* cos® o

© % [a + b +(a® — b*) cos 20(]

(d) % [a + b —(a* — b*) cos 2a1]

(cosA+cos BJ" +(sinA+sinB

(n, even or odd) is
sin A —sin B

cos A—cos B

equal to

(2) 2 tan’ (A_B) (b)zcot"(L ‘B)
2 2

(c)0 (d) None of these

Let P(k) = (1 + cos nj (1 + cos (Zk_l)n)
4k 4k

(1 + cos (2k+1)n) (1 + cos Mk—l)nj Then
4k 4k

1 2-42
P@)=— b) P(4) =
(a) P(3) " (b) P(4) "
3-5 2-43
PG) = d) P(6) =
(c) P(5) " (d) P(6) "
2 2\p
Ifx=acos3esin29,y=asin39coszﬁandw
(xy)*
(p, g € N)is independent of 0, then
(a) p =4 (b) p=5
(c)g=4 (d)g=5



Trigonometric Functions and Identities Exercise 3:

Statement | and Il Type Questions

= This section contains 11 questions. Each question contains
Statement I (Assertion) and Statement II (Reason).
Each question has 4 choices (a), (b), (¢) and (d) out of
which only one is correct. The choices are

75.

76.

77.

78.

79.

(a) Both Statement I and Statement II are individually true
and R is the correct explanation of Statement I.

(b) Both Statement I and Statement II are individually true but
Statement II is not the correct explanation of Statement L.

(c) Statement I is true but Statement II is false.

(d) Statement I is false but Statement II is true.

Statement I tan o0 + 2 tan 20 + 4 tan 40 + 8 tan 8

+ 16 cot 160t = cot O

Statement II cot o0 — tan o0 = 2 cot 200

Statement I If xy + yz + zx =1, then
X 2

) = .
(1+x%) T+ x%)

Statement II In a AABC sin 2A +sin 2B — sin 2C
=4cos A cos Bsin C

Statement I If o and 3 are two distinct solutions of the

. . oa+p).
equation a cos x + bsin x = ¢, then tan T is

independent of c.
Statement II Solution of a cos x + bsin x = ¢ is possible,
if—+/(a®> +b*) <c <4(a® +b?)

Statement I If A is obtuse angle in AABC, then
tan Btan C > 1
tan B+ tanC

tan BtanC—1

Statement I sin Z—TC + sin 4—n + sin S—TC :—1.
7 7 7 2

2n . 2T .
Statement II cos o +isin o is complex 7th root of

Statement II In AABC, tan A =

unity.

80.

81.

82.

83.

84.

85.

Statement I The curve y = 815" * +81° * —30
intersects X-axis at eight points in the region
—M<x<TL

Statement II The curve y =sin x or y = cos x intersects
the X-axis at infinitely many points.

Statement I The numbers sin 18° and — sin 54° are the
roots of a quadratic equation with integer coefficients.
Statement II If x = 18°, cos 3x =sin 2x and if y = — 54°
sin 2y = cos 3y.

Statement I The minimum value of the expression

sin o + sin § +sin ¥ where o, 3, y are real numbers such
thata + + Y = m is negative.

Statement IT If o + B + vy = 7, then o, B, y are the angles
of a triangle.

Statement I If 2 sin (2) = \/1 +sin 6 + \/1 —sin O then %
lies between 2nT + % and 2nT + 3%
Statement IT If g <0< 3% then sin% > 0.

Statement I If 2 cos O +sinf = 1(9 * g) then the value
of 7 cos 0 +6sin 0 is 2.

Statement IT If cos 20 —sin O = é, 0<0< g, then

sin 0 + cos 60 =0.

Statement IIf A>0, B>0and A + B= E, then the
3

maximum value of tan A tan Bis 1

Statement I If g, +a, +a, +... +a, = k (constant),

then the value a,a,a,...a, is greatest when
a,=a,=a,=...=a,



Trigonometric Functions and Identities Exercise 4 :

Passage Based Questions

Passage I
(Q. Nos. 86 and 87)
If a, b, c are the sides of A ABC such that
32(12 _ 2'311' + b2+ 2 + 321)2 + 2¢2 — 0’ then
86. Triangle ABC is

(a) equilateral
(c) isosceles right angled

(b) right angled
(d) obtuse angled

87. If sides of APOR are a, b sec C, ¢ cosec C. Then, area of

APQRis
(a)?az (b)?bz (c)?cz (d)%abc
Passage 11

(Q. Nos. 88 to 90)
ForO0<x< %, let P, (x)=mlog,, (sinx)+nlog,. (cotx);

where m,ne {,2,...,9}
[For example :

P,y (x)=2log,,, (sinx)+9log . (cotx)and

P, (x)=Tlog,, (sinx)+ 7log.. (cotx)]
On the basis of above information , answer the following
questions :

88. Which of the following is always correct?
(@ P, (x)ZmV m=n (b) P, (x)Z2nVm=n
(2P (x)<nVm<n (d)2P, (x)<mV m<n

89. The mean proportional of numbers P, (Zj and P,, C:)

is equal to
(a) 4 (b) 6
©)9 () 10

90. If P,, (x) = P,,(x), then the value of sin x is expressed as

5

} then (p + q) equals

()3 (b) 4
(c)7 (d)9
Note Mean proportional of a and b(a > 0, b > 0) is «/E]

Passage 111
(Q. Nos. 91 to 93)
If76 =(2n+ 1)m, where n =0, 1, 2, 3, 4, 5, 6, then answer the
following questions.

. b 3n 5T .
91. The equations whose roots are cos —, cos —, cos — is
7 7 7

(a)8x” + 4x* + 4x+1=0
b)8x® —4x* —4x—-1=0
(

€)8x’ —4x* —4x—-1=0
(c)
(d)8x* + 4x* +4x—-1=0

T 31 5T .
92. The value of sec - + sec7 +sec o is

(a) 4 (b)-4

(c)3 (d)-3

93. The value of sec? * +sec? 3n +sec? R is
7 7 7

(a) - 24 (b) 80 ()24 (d) - 80

Passage IV
(Q. Nos. 94 to 96)
If 1+ 2sin x + 3sin® x + 4sin”* x + ... upto infinite terms = 4 and

number of solutions of the equation in {—jn , 41'5} is k.

94. The value of k is equal to

(a) 4 (b) 5 ()6 (d)7

95. The value of M is equal to
sin 2x
(a) 1 (b) 3
1
2-+/3 d)—

96. Sum of all internal angles of a k-sided regular

polygon is

() 51 (b) 4

(c)3m (d) 2

Passage V

(Q. Nos. 97 to 98)

Let a is a root of the equation (2sin x — cos x)
(1+cos x)=sin’ x, B is a root of the equation
3cos® x—10cos x + 3= 0and y is a root of the equation

. . i
1—sm2x=cosx—smx,0SOL,B,ySE.

97. cos o + cos P + cos y can be equal to

336 + 242 + 6 3v3 + 8
O—F ®=
(c) 3€+ 2 (d) None of these

98. sin(ao. — P) is equal to
(a) 1 (b)o
o= 246
6 6




Trigonometric Functions and Identities Exercise 5:
Matching Type Questions

99. Match the statement of Column I with values of 101. Match the statement of Column I with values of
Column II. Column II.
Column I Column IT Column I Column II
A) The number of solutions of the equation no
(4) Ifo+ ¢ =£, where 6 and ¢ are () 1 ) 1 d ) ® solution
2 |cotx [=cotx + — (0 <x <m)is
- ) ) (m). sin x
positive, then (sin 0 + sin ¢) sin (Z) is 1
(B) If' sin 6 +sin ¢ = —and cos 6 + cos ¢ @
always less than 2 3
(B) Ifsin@—sino=aandcosO+ cos¢ (q) 2 = 2, then value of cot (m) is
= b, then & + b* cannot exceed 2
(C) If3sin 0+ 5cos O=>5, (0 0)then the (1) 3 (C)TNHQMem1m2a+ﬁn(E—a] @® 1
value of 5 sin 0-3 cos Ois 3
) 4 sm(%+a)s
() 5 .
(D) Iftan 0 =3 tan ¢, then maximum value (s) 2
p .
100. Match the statement of Column I with values of of tan”(8 - ¢) is
Column II. ® 4
Column I Column Tl 102. Match the statement of Column I with values of
. . Column I
(A) If maximum and minimum values of  (p) A+u=2
7+ 6tan O —tan” 0 Column I Column II
I+ wn’6) for all real values " . T
n (4) In a AABC, sin (—j (p) -1+4 sin(n jsin
of 6 ~— are A and pu respectively, then 2
2 .(B) . (Cj (n+3) (n+C)
+sin| — |[+sin|—|= cos
(B) If maximum and minimum values of (q) A-u=6 2 2 4 4
T
50056+3cos(6+§)+ 3 for all real (B) lnaAABC,sin(gj (q) 4003(“""4)005(“13)
values of 0 are A and p respectively, B cC n—-C
then + sin (—j — sin (—) = cos ( j
2 2 4
(C) If maximum and minimum values of (r) A+u=6 _
(T b © Ina AABC, cos é ) 1+ 4 sin m-4
1+ sin Z+6 +Zcosz—6 for all 2

B . -B) . -
real values of 6 and A and u + cos (EJ — cos (%) sm(7T 1 ) sin (n Cj

(s) A-u=10

respectively, then
s) -1+ 4 cos(TE ;A)

) A-p=l4 cos(n;B sm(n;C)
© 1+ 4 cos TEZA)




103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Trigonometric Functions and Identities Exercise 6:
Single Integer Answer Type Questions

In a AABC, ! + ! + !

B
1+tan®’— 1+tan’—
2 2

=k

1+ tan’ ¢

2
[1 + sin é sin E sin C:|, then the value of k is

2 2 2

sin(a - Bj cos(Oc * B) -cos
2 2 .
then 5 5 is
sin (_yj sin (”) -sin 3
2 2

Find the exact value of the expression

[ Sine _ cosy

sinf cosd
equal to

T T 5T 7T Im
tan — — tan — + tan— — tan— + tan —.
20 20 20 20 20
44
Zcos n°

=1
Letx="——
44

Zsin n°
n=1

exceed.

, find the greatest integer that does not

Find 0 (in degree) satisfying the equation,
tan 15°- tan 25°- tan 35° = tan 6, where 0 € (0, 45°)

Find the exact value of cosec10° + cosec50° — cosec70°.

If cos 50 = cos® o, where oL € (0, ﬂ:), then find the
2

possible values of (sec” o, + cosec’at + cot® o).

Compute the value of the expression

, T , 21 3m 7n
tan’ — 4+ tan®’ == + tan’ == + ... + tan® ——.
16

Compute the square of the value of the expression
4 +sec20°

cosec20°

sinA _cosB _tanC

In AABC, if 3 , then the value of
( sin A cos B taan,
+ is
cot2A  cot2B cot2C

Let f and g be function defined by f(0) = cos® 6 and
g(0) =tan” 0, suppose o and f satisfy 2f(a) — g(B) =1,
then value of 2f () — g(a) is

114. If sum of the series 1+ x log, _

cos X

. 1/2
1+sinx
COS X

B 1+sinx)"
+xlog, . |—| +..
P cos x
(wherever defined ) is equal to k(zl — x)’ then k is equal
-x

to

115,162+ .5y —56and 251 O Sycos8_ 0 then the
cos6 sin cos’6  sin’@

2 2?3
value 0{(99()3 +(5y)° } is

116. The angle A of the AABC is obtuse.
x =2635 — tan Btan C, if [x] denotes the greatest integer
function, the value of [x]is

117.1f4cosgﬁo+cot(7;o):ﬁ+¢z+@+@+¢z

6
+ /1, , then the value of an must be
i=1
4
118. If sin®? A =x and IT sin(r A)=ax® + bx> + cx* +dx°,
r=1
then the value of 10a — 7b + 15¢ — 5d must be
119. If x, y € Rsatisfies (x +5)° +(y —12)?=(14)° , then the

minimum value of \/x* + y* is ..........

120. The least degree of a polynomial with integer coefficient
whose one of the roots may be cos 12° is
sin 2A +sin 2B + sin 2C A

121.1f A+ B+C =180°, =k sin —
sin A +sin B+sinC

sin g sin % then the value of 3k* + 2k’ +k + 1is equal to

122. The value of f(x)=x" +4x’ +2x* — 4x +7, when

123. In any AABC, then minimum value of

sin A
2020 ( ) must be

(/(sin B) +4/(sin C) — \(sin A)

124. 1f sin 0 +sin® 0 +sin’® O = 1, then the value of

cos® 0 —4 cos* B +8cos’ O must be




125. 16(005 0 — cos gj (cos 0 — cos ?)(cos 0 — cos 5:)

(cos 0 — cos 7::) = A cos 40, then the value of A is

126. If +

1 1
sin20° /3 cos 20°
18k* +162k* +369 is equal to

=2k cos 40°, then

Trigonometric Functions and Identities Exercise 7 :
Subjective Type Questions

127. Prove that tan 82%O = (V3 +2)(2+1)

128.

129.

130.

131.

132.

133. If

134.

135.

or cot7%°=ﬁ+«/§+ﬁ+«@.

If msin(a + ) = cos(or — P), prove that
1 + 1 2

1 — msin 20 l—msinZB_l—m

-
Ifoo+B+y=mnand
tani(ﬁ+y—a)tani(y +0 —B)tani(oc +B-v)=1,

then prove that 1+ cosa + cosP + cosy =0.

Find the value of a for which the equation

sin® x + cos’ x = ahas real solutions.

If a and b are positive quantities and a 2 b, then find the
minimum positive values of asec® — btan®.

If a, b, ¢ and k are constant quantities and o, 3, ¥ are

variable subjects to the relation
atano + btanf + c tany = k, then find the minimum
value of tan® ot + tan® B + tan” y.

r— x> - )

= = z , prove that :
tan(0 +o0) tan(0 +B) tan(® +7v)

Zx+ysin2(0( -B)=0.
x—y

Leta,,a,,...,a, be real constants, x be a real variable

1 1
and f(x)=cos(a, +x)+ 5 cos(a, + x) + " cos(a, + x) +

1
...+ ——cos(a, + x)
znfl

Given that f(x,)= f(x,)=0, prove that x, — x, =mn
for some integer m.

Eliminate 0 from the equations
tan(nb + o) — tan(nd + ) = x and
cot(nd + o) — cot(nd + ) =y.

136.

137.

138.

139.

140.

141.

142.

If {sin(ot — B) + cos(or + 2B)sinB}* = 4 cosarsinPBsin(a + B).
tan

(V2 cosp - 1)2;

Then, prove that tano + tan 3 =

o,Be(m/4)

If A, B, C are the angle of a triangle and
sin A sinB  sinC
cosA cosB cosC |=0, then show that AABC is
cos®A cos’B cos’C

an isosceles.
In any AABC, prove that
+/sin A
h) >3
\/sin B+ \/sin C - \/sinA

and the equality holds if and only if triangle is
equilateral.

If 2(cos(ar — ) + cos(B —y) + cos(y — ) +3 =0, prove

that da. + b +
sin( +0)sin(y +0) sin(o + 0)sin(y +0)
dy

= 0,
sin(a. + 6)sin(p + 6)
where, ‘0’ is any real angle such that
o +0,B+6,y +6 are not the multiple of .

If the quadratic equation

2 1
4% % x? +2x + (BZ -B+ ) =0 have real roots, then
2
find all the possible values of coso. + cos™ f.

Four real constants a, b, A, B are given and

f(O®)=1-acosO —bsinB — A cos20 — Bsin26. Prove
that if £(0)>0,V 0 € R thena® +b° <2and A + B* <1.

cos 0, +sin91 cosO, sin0,

If

=1, where 0, and0

cosO, sin@O, cosO, sin0O,

do not differ by an even multiple of , prove that

cos0, -cos0 N sin@, -sin0,

=—1

cos’ 9, sin’ 0,



143.

144.

145.

146.

149.

150.

151.

152,

Prove that

n—1
Z"Ck [cosk x.cos(n + k)x +sin(n — k)x.sin(2n — k)x] =
k=1

(2" —2)cos nx.
Determine all the values of x in the interval x € [0, 27]

which satisfy the inequality
2cosxS|\/1+sin2x —\/1 —sin2x|£ﬁ.

Find all the solutions of this equation

b
x? - 3|:sin(x - 6)} =3, where [.] represents the greatest

integer function.

In a AABC, prove that

ZnCra’b" “"cos(rB—(n—-r)A)=c".

r=0

147. Resolve z° + 1into linear and quadratic factors with real

148.

coefficients. Hence, or otherwise deduce that,

4sin r -cos(n =1
10 5

Prove that the roots of the equation

m 3n 51
8x°® —4x? —4x +1=0are cos > cos PR cos7and

T 3n 5T
hence, show that sec — + sec — + sec — = 4 and deduce
7

, 31

. , OTC
the equation whose roots are tan® =, tan® —, tan® —.
7 7

7

Trigonometric Functions and Identities Exercise 8 :
Questions Asked in Previous 10 Years Exam

Let o and B be non-zero real numbers such that

2(cos — cos @) + cos o cos B = 1. Then which of the
following is/are true?
[More than one correct option 2017 Adv.]

@5 tan £ ]-tan () -0
tan( j ftan( ):

@ tan( 2]+ VBtan 2] -0
(d)ftan( )+tan() 0

Let — g <B<- E Suppose o, and 3, are the roots of

the equation x° —2xsec® +1=0, and o, and 8, are the
roots of the equation x° +2x tan6 —1=0.Ifo., >3, and

o, >p,, theno, +B, equals to
[Single correct option 2016 Adv.]

(a) 2(sec 6 — tan 0) (b) 2sec 6
(c) —2tan® (d)o
13
The value of 2 ! is equal
= . (n (k—1)1tj , (n kn)
sin| — + sin| = + —
4 6 4 6

to [Single correct option 2016 Adv.]

@3-3  (1)23-B) (23 -1) (d)22+3)

Let f :(—1,1) = Rbe such that f (cos 40) = oz for
2—sec’0

0e (0, Zj v (Z :) Then, the value(s) of f() is/are

[More than one correct option 2012]

153.

154.

155.

156.

3 3 2 2
(a)l—\g b)1+\g (C)l—\g (d)1+\g

The number of all possible values of 6, where 0 <0 < T,
for which the system of equations
(y+2z)cos30 =(xyz)sin30
2cos30 + 2sin30,
y z

and (xyz)sin360 =(y+2z)cos30 +ysin30 have a
solution (x,, y,, z,) with y z, #0,is ......
[Integer Answer Type 2010]

xsin30 =

For0<0 < g the solution(s) of

6 _
2 cosec (9 +(m41)7'c] cosec (9 + rr;n) = 4+/2 is/are
m=1

[More than one correct option 2009]

T I T 5T
a) — b) — c) — d) —
(a) . ( ) (c) o (d) o
s 4
sin* x cos* x
If + - then
3 5 [Single correct option 2009]
2 in® ¥ 1
(a) tan’x = 2 b) sin"x  cos'x 1
3 8 27 125
1 s 2
(0) tan’x =+ ) sin® x, cosx_ 2
3 27 125

Letee( Z)andt =(tan0)*°,t, = (tan )"°,

t,=(cot®)™? andt, =(cot0)’, then

[Single correct option 2006]
(b)t, >t, >t >t,
)z, >t, >t >1,

a)t, >t,>t, >t
o) t, >t >t,>1,

(
(



157. The number of ordered pairs (o, B), where o, B € (-, 7)

satisfying cos (o0 —f3) = 1and cos (a0 + ) = 1 is
e

[Single correct option 2005]
(@)0
(c)2

(b) 1
(d) 4

I1. JEE Mains and AIEEE

158.

159.

160.

161.

162.

5(tan® x — cos® x) =2 cos 2x + 9, then the value of
[2017 JEE Main]

7
(d)—g

cos 4xis

3 1
(a)—g

2
(b) g (c) 5

If f, (x)= % (sin® x + cos® x), where x € R k > 1, then

f. (x)= f, (x)is equal to [2014 JEE Main]
1 1 1 1
d b) = il 4 —
(a)6 ()3 (C)4 ()12
tan A t A
The expression an €0 can be written as
1-cotA 1-tanA

[2013 JEE Main]
(a) sinA cos A +1 (b) sec A cosec A + 1
(c) tanA + cotA (d) sec A + cosec A

In a APQR,if3sin P+ 4 cos Q =6and
4 sin Q +3 cos P =1, then the angle R is equal to

[2012 AIEEE]
5T T
(@) ? (b) g
TE 3n
() Z (d) 7

If A=sin’® x + cos® x, then for all real x

@2 <a<t (b)1<A<2
16 [2011 AIEEE]
3 13 3

2<A<= d><A<1

()4 6 (d)

163.

164.

165.

166.

167.

Let cos(o +p) = % and sin (a0 —f3) = li where

T .
0<a, B £=.Then, tan2a is equal to
4 [2010 AIEEE]

25
(d) E

(@) —

56
b) —
16 ()33

19
o) —
(c) 2
Let A and B denote the statements
A:cosa +cosP+cosy=0

B:sino +sinf3 +siny =0
If cos (B — ) + cos (Y —at) + cos (0 —B)=—g,then

(a) Aistrue and B is false
(b) A is false and B is true
(c) Both A and B are true
(d) Both A and B are false

[2009 ATEEE]

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 AIEEE]

3

(a) % (b) é ¥ (0 () % e
If0 < x <mand cos x+sinx=1,thentanxis
2 [2006 AIEEE]
4 — /7 4 7
w 4D oy -4
3 3
A ++7) 1 =+7)
- d
(c) 2 (d) .
Ina APQR, ZR= g If tan (5) and tan (S) are the roots
ofax® + bx + ¢ =0,a # 0, then [2005 AIEEE]
(a) b=a+c (b) b=c
(¢) c=a+b (d) a=b+c



Chapter Exercises

Answers

1. (b) 2.(b) 3.(a) 4. (a) 5.(b) 6. (a)

7. (b) 8. (a) 9. (a) 10. (b) 11.(d)  12.(d)
13.(d) 14.(b) 15. (a) 16. (b) 17.(b)  18.(b)
19.(a)  20.(a) 21. (¢) 22.(a) 23.(a) 24.(b)
25.(d)  26.(c) 27. (b) 28. (b) 29.(c)  30.(b)
31.(c) 32.(a) 33.(b) 34.(c) 35.(b)  36.(b)
37.(a)  38.(d) 39.(d)  40.(c)  41.(c)

42.(b)  43.(b) 44. (c) 45. (a) 46.(b)  47.(c)
48.(b)  49.(a) 50. (a) 51. (a) 52.(d) 53.(a)
54. (a,b,c,d) 55. (a,b,c) 56.(b,d) 57.(b,c) 58.(b,c)
59. (b,c) 60.(a,b,d) 61.(b,c) 62.(c,d) 63.(d) 64.(b,c,d)
65. (b, ¢) 66.(a, b, c,d) 67.(a, b, c,d) 68. (c, d)
69. (a, b, c, d) 70.(b,c) 71.(a,b,c,d) 72. (b, ¢)
73.(a, b, ¢, d) 74.(b,c) 75.(a) 76.(b)  77.(b)
78.(d)  79.(d) 80. (a) 81. (a) 82.(c)  83.(b)
84.(b)  85.(b) 86.(b)  87.(a) 88.(b)  89.(b)
90.(c) 91.(b) 92. (a) 93. (¢) 94.(b)  95.(d)
96.(c)  97.(b) 98. (¢)
99. A—(p, q, 1, s, t); B—(s, t); C—(1)
100. A—(r, s); B—(r, t); C—(p, q)
101. A—(r); B—(p); C—(p); D—(q)
102. A—(r, t); B—(p, s); C—q
103.(2) 104.(1) 105.(5)  106.(2) 107.(5) 108.(6)
109.(5) 110.(35) 111.(3) 112.(2) 113.(1) 114.(2)
115. (3136) 116. (2634) 117.(91) 118.(3448)
119. (1) 120.(4)  121.(1673) 122.(6)  123. (6060)
124.(4) 125.(2) 126. (1745)
130. % <a<l1 131. Minimum value is V@’ — b’
132. Minimum value is (2]
a+b+c
135. cot(at+ PB) = L
X

140.

144.

— 1, when 7 is an even integer

wla = =

coso.—cos 'B = -
—+ 1, when 7 is an even integer
3

145. Only two solutions, x = 0, \/3
148. Required equation is, z° — 212> + 35z— 7 = 0 whose roots are
2 TC 2 3n 2 ST
tan” —, tan” —, tan” —
7 7

149. (b, ¢) 150.(c)  151.(c) 152.(ab) 153. (3)
154. (c,d) 155. (b)  156.(b)  157.(d) 158.(d) 159. (d)
160.(b) 161.(b)  162.(d) 163.(b) 164.(c) 165.(b)
166. (b)  167. ()


user
Typewritten text
Answers


5. Clearly, /1 —sin®110° Bec110°

o
=] cos110°| sec110°
= —c0s110°sec110°=—1

6. tana + tanP = —p

1. Given series tana tanp = g
%11’17 — COS T@ % n— - COS*’E tan(o( + B) = p — p
11 11 1-qg gq-1
1
. 6Tt 6 . 20T 20 - [tanz(o( +B) + p tan(@ +B) +q]
+ QIHH COSHT%'F ot %H’IT COST 1+ tanz(a +B)
1 O p? 2 0O
:%inzj+sjn£[+...+sin&]§ _ : % P - P ol
! ! H 1+ P g-1)° (¢-1) O
2T 4TT 20 - 1)2
_QOSH + cos; +...+ COST@ :
107 107 S TP a D e ]
sin Tt BinT cos T[Binﬁ q p
- - 1
) =—————[p’g+qlg ~1)’]
sinE sinE rq-1)
11 11

— DiDq

qu+(q_1)ZD
. T
sm@'l—ll . +(@-1)°Q

=0+
sinﬂ 7. Let A be the expression. Multiplying A by 2°°® and using
11 2 sin® cosO =sin26,
T 1
2. (a +1)* + cosec? + ¥H =g we have 22008 4 = sm— =1LA=——
5 5 2008

TT.
or  (a+1) +cot? Q’% + 7’“ -0 Alternatively sin %2009@ @W@ sin %TO%Q
1 Tt Tt
Tt Tt _ .
From option [b], ifa = — 1 and cot? Q_z— + Txg =0 T @sin %zoos @COS %2003@
1 . T
ad tan® g.%@ =0 = ?Sln %TOWQ

. ™ . Similarly, continued product upto,
E ) cos E}E -_L sin QL‘U@_ L
2" 52008 = 52008
3. f(») =9sin’x —16cos’x —10(3 sinx —4cosx) 2 2 2
. +
—103sinx + 4cosx) + 100 8. tan(A + B) :M
1-tanA tanB

=25sin’ x —60sin x + 84
nsinA cosA

=(5sinx —6)* + 48 tanA +
1-ncos’A
O f(x)yn 0ccurs whensinx =1 E sin A cos A
Minimum value = 49 1~ tand 1 -ncos’ A
1 1 1
4.5= 1+ tan®0° " 1+ tan®10° Tt m = sinA(1 = nCOSZA) +nsind cos’ A
1 1 cosA(l — n cos® A) —nsin® A cos A
Now, + inA -
1+tan®0 1+ tan®(90 —0) = SmAz 0 2
. ) cosA(l —ncos®A —nsin“ A)
_ + in A
1+tan’0 1+ cot’0 =2
, (1-n)cosA
_ 1 + tan”0 n 0
= in(3
1+tan’0 1+ tan’0 9. We have, Q= Z _sin@'0)
r+ le
_1lttan I =ueoss )
e . . . . n
1t tan’e _ sinB® N sin30 + sin90 _— + sin(3"0)
Hence,§ =1+ (1 +1 +1 +1) =5 cos30  cos90  cos270 cos(3"*'0)



i i i A B
As, sin@ _ 2sin cos® _  sin20 17. IAABC, z tan Gan 2 =
cos30  2cos0 cos30  2cosB cos30 2 2

. A A B
l[lsln(39 6) 0 O z tanzg > z tan;tan; =1
2 EOSG cos30
) H [ a®+b®+c® —ab —bc —ca 20, Oa, b, c0 R]
= —(tan30 - tanB) ,A
2 O 3+ z tan o >4
1
a 0 :5[(tan39 —tanB) + (tan90 O 34+ tanzé . taan N taan o1 +3
2 2 2
- tan30) +... +tan3" '8 —tan3"0)] A B c
P g sec’ = +sec’ = +sec’ = 24
O O=—0 P=20 2 2 2
2 18. The given equation can be rewritten as
. Expression (2x —1)? +1 =sin’ hich ble onlv wh _1
(cos?1° + cos*2° + cos?3° + ... + cos* 1799) x =sin“y, which is possible only w enx—z,
s 2
—(sin*1° +sin*2° +sin*3° + ... +sin*179°) sin"y =1
=c0s2° + cos4° + cos6° + ... +cos(358 °) O y:j,l-[ [asx2+y2 <3]
o o 2 2
+358°0] s
@ 5 @Bm(lw x1°) Thus, there are only two pairs (x, y) satlsfymg the given
- cos sin1°® equation. They are % gand %
= cos(180°) = —1.
. L . 19. Given,
. sinx +siny =a (1)
B . 3sinA +4cosB =6 (1)
) cos?c * cosy‘— 2a B -+ (i) 3cosA+4sinB =1 ...(ii)
On squaring and adding Egs. (i) and (ii), we get On squaring and adding Eqs. (i) and (ii), we get
—c, 2
2+ 2cos(x —y) =5a 9 + 16 + 24sin(A + B) =37
50% -2 24sin(A + B) = 12
cos(x —y) =
2 sin(A + B) =
P(x) = \/3 +2(cosx + cosx + cos2x) 2
. 1
2\/3 +2(2cosx +2cosx’x —1 O smC—E

2\/4coszx+4c052x +1 C =30°or 150°
If C =150° then even of B=0and A =30°.

=[2c0sx +1] The quantity 3 sin A + 4cosB
e quantity 3 sin cos
. Consider y =5secc®® — tan®@ + 4cosec’d q Y d 1
+4=5-<
O y =5 +5tan’0 —tan’0 + 4 +cot’ 0 3 2 4 52 6
y =9 + 4(tan® + cot?) Hence, C =150°is not possible
=9 + 4[(tan® — cotB)* +2] O 0 = %30 only
- 2
O Vmin =9 +8 =17 1 20. Area—3|185)+3|%r6
0 Maximum value of the expression is — = P 120°
17 ¢
3 X3
0 ptq=1+17 =18
TT Tt
. fy(@)=tanna and f, %Q—tang— 2 -1 A 8
. Letsinx + cosx =¢
1 60°
O y =it +; 8 3

Hence, minimum value of y is 2.
. a =cos(2012 M) =1 =72+§|3E?J‘E
2 3
b =sec(2013 M) =—1
¢ =tan(2014 1) =0
0Ob<c<a

=72 + 9T
=98 + )



21. m+ n =a{(cos’a +sin’a)+ 3 cosa sina(cosat + sindt )}

m + n =afcosa +sina}’

Similarly, m-n =a {cosd - sina }’
(m + n)?? =a*(cosa +sina )? (1)
Similarly, (m —n)** =a**(cosa —sina)? (i)

On adding Egs. (i) and (ii), we get

(m + n)2/3 +(m_ n)2/3 = a2/3 (2)

a = 24a°°
22. BD = x tanC in APDB
and DC = x tan B for APDC A

a BD + DC =a =x(tanB + tanC)
a_ tanB + tanC
x

.. b B C
Similarly, — =tanA + tanC '
Y y \E/
X

= tan A + tanB
z

t
0 i+i+i=1%+é+£BtanA+tanB+tanC
2x 2y 2z 2 y z

23. sinb :§ ...(Q)

- X

Also, cos20 =

1+ cos20 =g;
x
2cos?0 =
[ sinB
[substituting x = [ sin0 from Eq. (i)]
3
I=———
sinB cos” 0O

24. S =2sin2° + 4sin4° + ... +178sin178 +180 °sin180 °
S =2[sin2° + 2sin4° +3sin6° + ... +895in178 °| (1)
S =2[89sin178° +88sin 176° + ... +1 [8in2 °] ...(ii)
On adding Egs. (i) and (ii), we get
[converting in reverse order]
25 =2[90 (sin2° +sin4° +sin6° + ...+sin178 °)]

_90sin(89°)
sin1°
S =90 cot1®

[3in90°

90cot1° o
——FF =cotl

Average value =
Tt Tt
25. In 1st case,r = cotg; R= cosec;

Tt Tt
2nd case, r, =cot 7; R = cosec;

0 A =T(R* -r?)= T[Etoseczg - cotzgn@: T

AT =B
Pentagon

Heptagon

M Ay = T[(Rlz - ’iz)

_ 20 o _
=Tl cosec"— —cot"—[|=Tt
7 7

O A = A,
18
26. z cos?(5r)° = cos? 5° + cos® 10°
r=1
+ cos? 15° + ... + cos” 85° + cos? 90 °
=(cos? 5° + cos? 85°) +(cos® 10° + cos” 80°)
+ (cos? 15° + cos? 75°) + ... + (cos® 40° +cos® 50°) + cos? 45°
=(cos® 5° + sin® 5°) + (cos® 10° + sin® 10°)
+ (cos® 15° +sin® 15°) + ... +(cos® 40° +sin? 40°) + cos® 45°
1 1 17
S1+1+1 4. +1 +-=8+- ="
2 2 2
27. 4x* — 4x|sin@| —(1 —sin® B)

=-1+(@x —|sin@])*

[OMinimum value = — 1

28. s cos3A + cos 3B + cos3C =1
g cos3A + cos3B + cos3C -1 =0
O cos3A + cos3B + cos3C + cos3TT =0

A+ 3B A -3B TT+3C
a 2c:os§B Qcos@3 §+2cos g;g
2 2 2
Tt —3C§
Cosg; =0
2
m -3cg0 A —3B T+ 3CH
a ZCOSEP Q[{:oséP §+ cos él;@]=0
2 0 2 2 09

+ + -
a 2c05§?—%@@cos§n 3C43A 3B

T+3C -3A +3B
E\Eosg3 . §=0




29.

30.

31.

0 2cos QE —£§Q cos gl-[—ﬁgllos gﬂ —ﬁ§=0
2 2 2 2 2 2
0 —4sin gﬁgsin é‘ggsin §£§= 0
2 2 2
0 sin gﬁgsm gggsin §£§= 0
2 2 2

3A 3B 3C
a — =Tlor —=Tlor — =TI
2 2 2
21T 2TT 2TT
g A=—orB=—orC=—
3 3 3
tan A| <1
TU
g - ¥ tan A& 1 and OS\A|<E
0 “Meam
2 2
2tanA
Ja+sinza) = 1+ =00
1+ tan” A
[1+ tan A | (1+tanA)

B \/(1 + tan® A) B \/(1 + tan® A)

0 a
and /(1 —sin2A) = [1 - 2tanA

0 + tan® AQ
_ |1-tan A|
B (1 + tan® A)
_ (1-tan A)
) (1 - tan® A)

J0+sm2A)+JO-1m2A): 2

=cot A
J@ +sin2A4) - /1 —sin2A) 2tan A

Let f(8) =cos?(cos 0) +sin®(sin 8)
—1<cos@<land-1<sinB<1

0  cos1<cos(cosB)<1and-sinl <sin(sin 8) <sin 1

O cos®1<cos’(cosB)<1and 0 <sin’(sin B) <sin’ 1

0 Maximum value of f(8) =1 +sin® 1

Let f(x) - 27cos 2x 81sin 2x :33 cos 2x + 4 sin 2x

3 4
S@CQS 2x+751n2x§
—3 5 5

3 4
Let — =sin@and — = cos @
5 5
Thus, f(x) - 35(5111 @ cos 2x + cos @sin2x) — 35[(sin((p + 2x)]

For minimum value of given function, sin(¢ +2x) will be
minimum.

ie. sin(@ +2x) =-1
- 1
0 xX) = 35( 1) =
f(x) 13
Alternate Method
Let f(x) - 27(:05 2x Slsin 2x — 34 sin 2x — 33 cos 2x + 4 sin 2x

For minimum value of given function, 3 cos 2x + 4 sin 2x will

be minimum.

O =432+ 42 <3 cos2x+ 4sin 2x <4/3% + 4

a - & 3cos2x 4sin2x 5
[JMinimum of 3 cos 2x + 4sin2x = =5
_ 1
So, min f(x)=3"° =—
fx) a3

32. Let AB =x and OBDCG= «

In ADAM, tan(TT =0 - Q) =
-

P
q-

O tan(@ + a) =

0 g—x=pcos@® +a)
x

0 x=q-pocot® +0)=q pDcothotO(—lﬁ
cota + cot
_q(cota + cot®) + p(cot B cot a) + p
- cota + cot@

cos 60 Dq cos 60

_ B}? sm@H B];smeﬁ-'— 0. _qU
i q, cos® SR
p sin®

q +qcose _ cosB

_; sin 0 sin ©
- qsinB + p cos O

_ (¢° + p*)sin B
qsin® + psin©

psin®

Tt
33. Given4na =1t O 2na =E

Now cot O [kot(2n — 1)d = cotd cot QZE —a@

=cot 0 [fana =1
Similarly, cot 200 cos(2n —2)a =1,
cot 3a [kot(2n—3)a =1, ..., cot(n — 1)a cot(n +1)a =1
Thus cot O cot 20 cot 3 ... cot(2n — 1}
={cot a cot(2n —1)a} {cot 2a cot(2n —2)0}
.. {cot(n = 1)a cot(n + 1)a} Ocot na

O

0 T
=100..10 = cotnd =cot — =1
H 4+ B

=1
34. We have (sin A +sin B +sinC)(sin A +sin B —sinC)
=3sinAsin B
(sin A + sinB)? —sin® C =3sin A sin B

sin? A + sin® B —sin® C =sin A sin B



O sin? A + sin(B + C) sin(B —C) =sin AsinB

a sin A [sin(B + C) + sin(B —C)] =sin A sin B
[FA+B+C=m1

g sin A(2 sin B cos C) =sin A sin B

a cosCZéD C=60°
35. From the third relation we get

cos 0 cos @ +sin Bsin @ =sin Bsiny
O sin?Bsin® @ <cos Bcos @ -sin PBsin y)°

0 0o 0 Ghin Bsi i
0 o- sin® B _ sin® vH %mﬁsmy —sinBsin y0
O sin® GEIEI sin® GEI O sin’a a

[from the first and second relations]
O (sin®a —sin?B)(sin® a —sin®y)
=sin? Bsin® y (1 —sin® o)’
O sin* a(1 —sin® B sin? y)
—sin® a(sin® B + sin® y —2 sin® Bsin® y) =0

sin? B —sin® y —2 sin® Bsin® y

O sin®a= — [sina # 0]
1 —sin” Bsin” y
deos’a _1-sin’ B —sin® y +sin® Bsin® y
and cos” O =
1 —sin? Bsin® y
0 tan® o sin® B —sin® B —sin® y +sin® y—sin® Psin® y
an“ a =

cos? B —sin® y (1 —sin® B)

_sin® B cos® y + cos® Bsin® y

cos® B cos® y
=tan® B + tan® y
0 tan’a —tan’p —tan’y =0

n tan

36. tan =

1+ tan’ o —n tan’a
n tan o
_1+(1 -n) tan® a
n tan a
1+ (1 —n)tan®a
tana [h tana
1+(1 -n)tan’a

tana —

O tan(a —B) =

_tano + (1 —n) tan’ o —n tana
1+ (1 -n)tan’a +ntan’a

(l —n) tan o1 + tan®a) _
1+tan’a

=(1 —-n)tana

cosB) _ (SLG)
a b

a cos 20 + bsin 20 =a(1 —2sin® 0) + 2b sin 6 cos O

=a -2ab’k* +2b [bk [dk

=a -2ab’k* +2ab** =a

37. Le t( =k, so that cos @ =ak and sin 8 = bk. Then

38. Lety =cos x cos(x +2) — cos’(x + 1)

1
= 5 [cos@x +2) + cos 2] —cos’(x +1)

1
= 5 [2 cos’(x +1) —1 + cos 2] — cos’(x +1)

1 1
=--(1-cos2)=-=(2sin’1)= —sin* 1

2 2
This shows that y = —sin® 1 is a straight line which is parallel

to X-axis and clearly passes through the point @g, —sin® IQ

39. f(6) =|sinB| +|cos 6], 8 O R Clearly, f(6)>o0.
Also, f%®) =sin* @ +cos’ © +|2sin B [dos 6|
=1+|sin20|
0<|sin20| <1
O 1< fA@)<201< fO)<~2

40. A = cos(cos x) + sin(cos x)

=\/EDOSCOSX COSE"‘SinCOSX Sinlﬂ:|
g: ( ) . ( ) 4%
:\/5 E{:os @:os X —EQE
0 AR

Tt
—1<cos @:osx—1§51

0 - <a<2

41. We have, — Uy = tan n

_ cosnBsec” B —cos(n —1)Bsec” '8

sin(n — 1)@ sec” '

_ cosnBsec B —cos(n —1)0
- sin(n —1)0
_cosnB — cos(n —1)0 cos O
- cos O sin(n —1)0
cos(n—1)0 cos © —sin(n —1)0sin 6
_ —cos(n —1)8 cos O
- cos Bsin(n —1)0

=-tan0
V,=-V, 1U
Tl S Sh - —tan @+
Un—l nVn
42. Ifa, b>0

Using AM. = G M we get

tan n@

So, that £0

n

O f()\/

=]

H@

f
- oo
e

_ 2
\/ ) TT 3 1-cos2x
cos® — —sin® x _
6 4
_ 2
1 cos2x
—+
4 2



43.

44.

45.

46.

m -1

Now for0 < x<—, — <cos2x <1
3 2
0 0< l_'_costSi
4 2 2
4

Since ‘f’ is continuous range of “f” is Sﬁ, 00@
3

+0<sin0<land0<cos’O<1

a 0 <sin® B <sin’? Band 0 < cos' B < cos® O
ad 0 <sin® O + cos' 0 <sin® O + cos® 0
Hence, 0<A<1

. T .
sin é’;——()@:—cosu,sm %+ 0@: cosQ

sin(3TT + 0) =—sin O
sin(5TT — ) = —sin O

o 3 %in4 E‘E —a§+ sin*(31 + O()E
g 2 O

D. 6 6 D
-2 sin +a g+ sin®(5TT — A)
B H
=3{cos* o +sin’ a} —2{cosa +sin‘a}

=3{1 —2sin* a cos’a}- 2{1 - 3sin’ a cos*a}=1

sin@x+§@+ cos@x+£@
:ﬁéin@+g+£§§

5TT
= Zsin§><+E S«/E

Equality holds when x + m_T ie, x = I
12 2 12
Therefore, maximum value of given expression is attained at
_n
12

cot? x = cot(x — y) [kot(x —z)

kot x cot y + 10Ckot x [tot z + 10

2 —
oot X_Bcoty—cothB cot z — cot x

O cot? x [kot y [kot z — cot® x kot y — cot® x cot z + cot* x
= cot?® x [kot y kot z + cot x [Eot y + cot x [Eot z + 1
0 cot x cot y(1 + cot? x) + cot x cot z(1 + cot? x)
+1-cot! x=0

O cot x(cot y + cot z) (1 + cot? x)

+(1 —cot? x) (1 +cot? x) =0
O cot x(cot y + cot z) + (1 —cot® x) =0

cot? x -1

1
a ———  =—(cot y + cot z)
2 cot x 2

1
a 5(c0t y + cot z) = cot 2x

47. Given that,a +f3 +y =T

48.

49.

Taking O :—g;B:—gandy =2Tt

0 sina +sinf3 +siny =-1 -1 +0 =2
butsina +sinf3 +siny = -3 foranyd,f3,y
Hence, minimum value of sin o +sin 3 +sin Y is negative.

cos x —sin d cot Bsin x =cos

O sin 3 cos x —sin A cos 3sin x = cos O sin 3

O sinB@—tan2 g@—sinu cosBDBtang

. x
=cosd sinf3 Q + tan® EQ

X . . . X
0 tan® E(—sm B—cos asinB)-sind cosP [2 tang

+sin 3(1 —cosa) =0

4 [sin® o cos’B
—2sina cosP * |+ sin® B(1 + cos Q)
(1 = cosa)]
2sin B (1 + cos Q)
—sina cosf
_* \/sin2 a(sin® B + cos®B)
- sin (1 + cos Q)
_—sind cosP £sina _sina(l —cosf 1)
~ sin B(1 + cos0) "~ sin B + cosa)

g, «a a B

= tan — tan — or — tan — cot —
2 2 2 2

x
a tan — =
2

1 . .
-~ cos? Osect a,~ and sin® 0 cosec? o are in AP
2
= cos® B sec’ o +sin’ O cosec? a
y 1_cos“e_'_sin49
- 2 .2
cos’d sin“d
4 .4
O (sin® B + cos® ) =M + 2 0
2 2
cos“d sin“a
a0 1 o ., 01 U
O cos 9B72—1[I+sm GDT—H:I
[kos” a a [4in“ a a
-2sin*0 cos’ B8 =0
a sin® o cos® B + sin* O cos* @
- 2sin” 0 cos® Bsin® a cos’ o =0
(sin o cos?® — cos® a sin®0)* =0
O tan® 0 = tan® a
O0=mza ,nl0Il
8 60— .8 6 — 2
Now, cos® B sec” 0 = cos® A sec” O = cos”
and sin® 8 cosec® o =sin® o Ctosec® a =sin’a

1 .
Hence, cos® 0 sec® , -, sin® 8 cosec® a
2

. 2 1 . 2 .
ie, cos” O, —, sin“ O are in AP.
2



50. Given,(cot a,) [(tota,)...(cota,) =1 =tan 40 (1 +sec 80)... (1 +sec 2" 0)
O M cosa, 1 sina, =..=tan2" 0

i=1 i=1

T , T T
n ) n " gin 200 1 Now, f =tan[2° —[=tan — =1
O M cos’a; £1 sina, cosa, =T L<— 6 16 4

i=1 i=1 i

o=
n =tan —=
g r cosalsin Jg% 32
22 A= an B -
fi 4 64

l
Hence, maximum value of I'I cos 0, is —

i=1 = Tt Tt
2 and %—szn— =
2 f5 28 4

. 3 .3
51. sin x [tos’ x > cos x $in” x

54. cosx=0 0 x:(2n+1)§

a sin x [tos x(cos® x —sin® x) >0
i Tt 1
a sin x [tos x [tos2x >0 0 COS@ZH"‘ Hn +z§=7
ad cos x [tos2x >0 2 2
- - 1 1
I hi I I i I I a sinz =— or sinz = ——
0 L _n 3m n 2 2
4 2 MSM7TIl T
0 Z=— —
o On s 66 6 6
o X D@ Q % T@ 55. f,(0) =cos® —co0s20 + cos20 —cos360 +... +
52. > =a% + b? cos(n) —cos(n +1)0
£,8) =cosB —cos(n +1)0
P 2 . 2 P 2 2
+ 2\/(1 cos“ 0 + b”sin“ O X\/a sin“ © + b cos” O Now, check options.
=q’ +b% + 2\/sin2 0 cos® Ba* +b*) +a*b*(sin* O +cos* 0) 56. P =sin25°sin35°sin60° sin85°
=a? +p? +2\/a2b2(1 -25sin’0 cos?0) +(a* +b*)sin®O cos’ O =sin25°sin(60° —=25°) sin60°sin (60° +25°)

=sin60° sin25°sin(60° —25°) sin (60 ° + 25 °)

=(a® + b?) +2\/azb2 +(a® —-b*)?sin® O cos® O

1
0 P =sin60° ><Zsin75°

Q =5in20°sin40°sin75° sin80°
=sin20° sin (60°—20°) sin75 °sin (60° + 20 °)

2 _ 12\2
=(a® + b?) +2\/a2b2 +%sin2 20

2 _ 1212
-b
Max. u? = (a? + b%) +2,/a’b’ +% =sin75°sin20° sin(60° — 20 °) sin (60 ° + 20 °)
. o l : o
Min. u? = (a® + b?) +2ab O Q =sin75 XZ Xsin60
2 _12\2 =
-b Hence, P =Q
O Difference 2 a2b2+(a ) —2ab 1 1 1
57. x= STy = P
:\/4a2b2 T a4 b —2a% —2ab 1—-cos“® sin“O cos“B
1
(a® +b%)" —2ab 1 —sin?0 cos’0
=a® +b* -2ab =(a -b)* 0 1,1
0 Ui + cos 60 x Yy
53. - %an @(1 + sec 9)—tan%§ 17
1 1
2 cos © O xy=x+y 0 —=1-—
z xy
sin — 2 cos® 2sin — [tos —
- 2 0 2 _ 2 2 O xyz =xy +z=x+y +z

8 " cosB cos 0 +t + tan? x0
cos 9 58. Given P(x) = cot®x MD +

01 + cotx + cot®x0

_sin@® _ 0 0
= =tan
cos 0 Ceos x — cos3x + sin3x —sinxl
OBy repeated use of Eq. (i), we have 2(sin2x + cos2x)
£,(6) =tan B (1 +sec 20)(1 +sec 46)...(1 + sec 2" 0) _cot® + cotx +1 . [P sin x (sin2x + cost)D2

=tan 20 (1 + sec 40)...(1 +sec 2" 0) 1+ cotx cot’x 2(sin2x + cos2x)



=1 +sin’x
O P(18°)=P(72°) =(1 +sin’18°) +(1 +sin®72°)
=1+1 +(sin®18° + cos*18°) =3
3sin(0 + ) —4cos(@ +B)

59. E=
/3 sina
_ 3(sina cosP + cosa sinfB) — 4(cosd cosP + sina sinf3)
/3 sina
5 T
=—for0<fB<—
NG 2
3 (7 + 24 cota Tt
and E :M for—<B<T1
15 2
3
60. cotA ==
4
-3
g cotC =—
4
5
4
3
0 Cis obtuse angle.
. 4 3
0 sinC = g, cosC = ——
13
12
O (N
5
-12
tanB = —
12
a tanD = —
5
U Dis an acute angle
12 5
g sinD=— cosD =—
13 13

Hence, sin(C + D) =sinC [dosD + cosC [sin D

= EiH s H s

_20-36 _-16
65 65

Also, sin(A + B) =sin(21 —(C + D))
= —sin(C + D) =E.

65

64. We have x =

0 8a+1 DE)’QD
16 16H

O 8a +1 0[0, 25]
o1 0

0 all=,3
Hs " °H

62. A =sin44° + cos44°

=c0s46° +sin46° =C

B =sin45° + cos45° =\/5[sin90 °]

1 1
A= «/ED— sin44° + —cos44°|:|

B2 V2 H
=2 [sin44°[kos45° + cos44°[din45°]
=+/2 sin89°
U B>A

63. tan(20 +B) =x

tan(a + 2B) =y
O  tan@3(a + B)). tan(@a —f)
=tan[2a +B) +(@ +2B)].
tan[2(@ + B) - (@ +2B)]
_ tanQa +B) + tan(a +23)
1 —tan(2a +B).tan(@ +23)
tan(2a + ) —tan(@ +2B)
1+ tan(2a +B).tan(@ + 2P)

2 2
- x+y Dx—y _X "y
1-xy 1+xy 1—xzy2
1-sin@® _1+cos@®
cos(p’ sin @
(1 —sin @)(1 + cos @)
cos @sin @
1 —sin @ + cos @—sin @cos @

+ sin @ cos @

Multiplying, we get xy =

O xy+1=

cos @sin @
_1-=sin@+cos @
"~ cos @sin @
_ (1 —sin @)sin @—cos @( + cos @)

and x
~ cos @Psin @

_sin@-— sin® (p—cos @— cos? [0}

cos @Psin @

_sin@—cos -1 _ +
=2 r PV =-- 1
cos @sin @ (xy )

Thus, xy + x -y +1 =0.
. _y-1 1+x

andy = .
y+1 Y 1-x

65. The given relation can be written as

.2 2
1-sin”" x _cos” x

tan = - =—
sin x sin x



O

2 Bff= Row B o B
2on B= - B+ wnBE

O 2ya+y)=@1-y)

O

O 2 x[
here y = tan® —
greeY 2H

d yi+4y -1=0
—4*,16+4
0 =Tt e

Since y > 0, we get
2+5

. _G5-2)7
y=Vs-2= 2 ++5

5 +2
=9 -445) @2 +5)

\(cos 2A —sin 2A)* +1

66. y =
\(cos 2A + sin 24)% —1
0 _ *(cos2A —sin2A) +1

Y- + (cos 2A +sin2A) -1
which gives us four values of y, say y;, v, , y; and y, We have,
_cos2A —sin2A +1 _ (1 + cos2A) —sin2A

cos2A +sin2A -1 (cos2A —1) +sin2A

1

_ 2cos® A-2sinA cos A
h -2sin® A +2sin A cos A
cos A(cos A —sin A
- sin AEcos A- sinA)) =cot 4
_ —(cos2A —sin2A) +1
Ve~ —(cos2A +sin2A) —1

_ (1 —cos2A) +sin2A
- —(1 + cos2A) —sin2A

_ 2sinf® A+2sinAcos A _

= 5 - =—tan A
—2cos” A —2sin A cos A

_ (cos2A —-sin2A) +1

—(cos2A +sin2A) -1

(1 + cos2A) —sin2A

—(1 +cos2A) —sin2A

2 cos® A —2sin A cos A
-2 cos’ A —2sin A cos A
_cos A —sin A

cos A +sin A

1—tan A
=—$=—tan§E—A§=—cot §E+AQ
1+ tan A 4 4

_ —(cos2A —sin2A) +1
- (cos2A +sin2A) —1
(1 —cos2A) +sin2A
—(1 —cos2A) +sin2A
2sin® A —2sin A cos A
—2sinA +2sin A cos A

67. -; 3sin B =sin2a + )

68.

69.

0 2sin B =sin2a +f) —sin
=2 cos(0 +B)sina
g sin 3 = cos(a + ) sin A (1)

[0 Alternate (b) is correct
Also, sinf=sin(a +B)-a)
=sin(@ +f) cosa —cos@ +f)sina
From Egs. (i) and (ii)
sin B =sin(0 + ) cosa —sinf3
O 2 sin B =sin(a + ) cos A
@ Alternate (c) is correct)

(i)

Alternate (a)
LHS =(cot a + cos(@ +f))(cot B =3 cot2a +))
_U sin@a +B) OlkosP 3 cos2a +p)U
- Esin o Gin@ + B)HE&m B sin(a +B) H
_ o 3sin 3 UOlcos B 3 cos(2a + )0
_aind Gin(@ +B)HE€inB 3sin 3
(3 sin B =sin(2a + P))

_ o 3sin 3 Ulkos B — cos(2a +B)UJ
_aina Gin(@ +B)HB sin 3
_ 0 3sin 3 O sin(a +B) sina 0
_Esina Gin(@ +B)HB sin B
=6
Alternate (d)
v tan(a + ) =2 tana
T sin(@ + ) _2sina
cos(@ +B) cosa
O sin(@ + ) cosa = 2 cos(@ + ) sina

O sin(d + B) cosa — cos@ + ) sin0 = cos(@ + ) sina
sin 3 = cos(0 + B) sina
[Alternate (b)]
P (u) be a polynomial in u of degree n.
0 sin 2nx =2 sin nx cos nx

=sin x P,, _,(cos x) or cos x P,, _;(sinx)
sin 0 —cosd

tan © = —
sina + cosO
_tana -1
tana +1
Tt
tan9=tan§l ——@
4
T
O O=nn+a-—n0I
4
a
or 20 =2nTi+ 20 _E

. . Il
sin 20 = sin @G - EQZ - cos 20

Tt
and cos 20 = cos @0( - E@ =sin2a



1 1
and sinO —cosd =J§sin@( —EQ 0 P(3)=7EY1—=—
4 4 4 16
=2 sin {0 —nT} = £ V2 sin 8 0 P4y = Tgin? = Lgnz I
- 4 2k 4 8
andsina + cosO Zﬁsin@( +— 1 o 2-+2
4 =f§—cos—§=
ar g 8 4 16
=42 sin [}~ + 0 —nm]
2 O O P(5) = lsin2 n.1 @sm2 EQ: 1 (1 —cos36°)
4 10 8 10 8
=42 cos (B —nTr)=+ /2 cos B
70. cos 50 =cos(40 +8) =cos 48 cos O —sin 40sin 0 SRS R R 1R
A = + = - =— - =
cos 50 = cos( ) =cos 48 cos O —sin 48 sin s O T 0 32

=(2 cos® 20 —1) cos B —2 sin 20 cos 20 sin O

=[2(2cos?’® —1)* =1 ]cosB® —2 [2 cos O O P(6)=lsin2£=l§sinz—n@=l§—COSEQ
78 (205t 6 1) 4 12 8 120 8 6
sin cos” B —
=[2(4 cos*® —4cos®B +1) —1] cos O :lg_ﬁm_z_\@
2 1
—4cosB(2cos®B—1)(1 - cos® B) 81 . 6
=cos 0O (8cos* O -8 cos’ B +1) 74. x* +y* =a*sin* B cos* @
—4cosB(3 cos’ @ —2cos* B-1) xy =a’sin® O cos® O

= cos 0 (16 cos® 8 —20 cos® 8 +5) (x* + )P _ a*(sin O cos 8)*?

O
q 4(gi 59
71. x= \/a2 cos’a +b*sina + \/a2 sin®a + b? cos’a (xy) a”(sin 8 cos 6)
which is independent of 0 if 4p =5
s o g 2 (a® cos® o + b®sin” ) . _ P _ 7
g x“=a" +b" + ie. p=5q=4
(a* sin® a + b? cos®a) 75. LHS
a? + b? + 2k, =tanO +2tan20 + 4 tan 400 + 8 tan 84 + 16 cot 16 O

= - - +9
[(@® + b%) —(a* sin® & +b? cos’ )] cot 0 —(cotd —tanq) tan 2
where k= + 4 tan 40 + 8 tan 8 + 16 cot 160

2 .2 2 2
x(a”sin” @ + b” cos" ) =cot 0 —2(cot 20 —tan2) + 4 tan 4 O

| x =a® +b* +2,(@® +b%)p —p* + 8 tan 801 + 16 cot 160

(. cot 0 — tana = 2 cot 1)

where p=a’sin®a + b® cos’ o
) ) =cot 0 —4(cot 400 —tan 40) + 8 tan 8 + 16 cot 160
:a—(l—COSZO()+b—(l+c0520() (- cot 20 — tan 20 = 2 cot 401 )
2 2 = cot o —§(cot 8o —tan &) + 16 cot 160
72 [kos A + cos Bl . Osin A +sinB [ =cot 0 —16 cot 160 + 16 cot 160
HsinA —sinB H 0os A —cos B (" cot 80 — tan 80 = 2 cot 160)
ngﬂ@ n ng =cot 0 =RHS
= + t
cos 2 o 2 76. Let x =cot A,y =cot B,z =cot C
-B O t A cot B+ cot BcotC + cot Ccot A=1
If neven, 2 cot” ELQ if nodd, O cot A co cot beo cottco
2 v A+B+C =180°
A
nod g | o s X -y cot
73. P :§+ 7@ + @E—f% + §E+f%
3. P(k) cos m El cos > E cos >t (1+x%) (1+ cot? A)
1 2tan A 1
D+cos§T—£% 272#272sin2A
El 4k 2 (1+tan" A) 2
1
= Q + cos EQQ + sin EQQ —sin EQ@ —cos & =—(sin2A +sin 2B +sin 2C)
4k 4k 4k 4k 2
1
- Q — cos? EQQ —sin? T =—(4sin Asin BsinC) =2 sin A sin B sin C
4k ak 2 ,
.2 TT 2 TT =
_ 4sin 4k Ctos 4k \/(1 + cot? A) (1 + cot® B) (1 + cot? C)
4 2 2

Pty = sin® F uedhaeyha ez N



77. -

78. -

79.

and sin 2A + sin 2B —sin 2C
=2sin(A + B) cos(A —B) —2sin Ccos C
=2 sin C{cos(A — B) —cos C}
=2sin C{cos(A —C) + cos(A +B)}
=2sin C(2 cos A cos B)
=4 cos A cos BsinC

acosx+bsinx=c

Al - tan’ %Qa I 2 tan %Q 5.
+tan %QD + tan® %QD

a (a + ) tan® %Q—% tan%§+ (c—a)=0
g tan §§+ tan %Q

(a + c)
and tan @@ tan %@2 c-a
2 atc
tan §§+ tan %Q
+
Now, tan Ep BQZ 2
2 1 —tan g@ tan %@
2
2b
+
—_are 0 = independent of ¢
e—ald a
E"‘CH
Also, (a* +b*) < a cos x + bsin x < +/(a® + b?)
0 — @ + %) <c < J@® +b?)
A+B+C=180°
d A =180°—(B +C)
a tan A =tan(180° —(B + C))
t + 0
= —tan(B +C) = - tan B + tanC

57
- tan B tanC%
_OtanB+tanC O

anBtan C —1
Now, " A is obtuse
0 tan A <0,
then tan B + tan C >0
a tan BtanC —1 <0
a tan B tan C <1

Let S =sin gjg+ sin QL}—T@+ sin gﬂg
7 7 7

and C =cos gjg+ cos @4—“@+ cos gﬂg
7 7 7
O C+iS=a+a? +a’ ()
TU
Where 0 = cos %@ +isin g%@is complex 7th root of unity.
Then, c-is=a+a’+a*

o +a’ +qa°

(i)

80.

81.

82.

Adding Egs. (i) and (11) then
20=a +a’+a’ +a +a°® 4 ’=-1

(- sum of 7, 7th roots of unity is zero)

0 c=-=

Also, multiplying Egs. (i) and (ii), then C* +5% =2
(- a” =1and sum of 7, 7th roots of unity)

0 52:2—%@2:1
4

O S=—
2
.2 2
We observe thaty =81%" * +81°° ¥ —=30 =0
0 81sin2 x4 811—sin2 x -30 =0
0 g12sin’ ¥ _3081° x 4 g1 =¢
.2 .
a 81" * =3) (81Sm ¥ =27) =
1 3
a sin? x==or>
4
1 3
O sinx=zx—-orsinx =% —
2 2
Tt 5Tt Tt 2T
u x=*—+ —orx=*+—* —
6 6 3 3

0O The graphy = 815" ¥ 481" * _39

Intersects the X-axis at eight points in (= Tt < x < TT)

U Statement-1 is true.

Statement-2 is correct, using it we have cos 3x =sin 2x
O 4 cos® x =3 cos x =2sin x cos x

Similarly 4 cos® y =3 cos y =2siny cos y

So, 4(1 —sin® x) =3 =2sin x
O 4sin® x +2sin x =1 =0
and 4sin®y +2siny =1 =0
Hence, sin x =sin 18° and sin y =sin(—54°) = —sin 54 are the

roots of a quadratic equation with integer coefficients.
The minimum value of the sum can be — 3 provided
sind =sinf3 =siny = -1

0 a:Ml—Dg,B:Mm-ﬂ)g,y=Mn—Ug

Now a+B+y=n[]MU+m+m—ﬂ§=n

O 4( + m + n) =5 which is not possible as [, m, n are integers.
1. minimum value can not be — 3.

31 3T
But fora =7,B:?,y ==21a +B +y =T

sina +sinf +siny =2
So,sin0 +sinf +sin Yy can have negative values and thus the
minimum value of the sum is negative proving that

statement-1 is correct. But the statement-2 is false as

o +B +y =mfora =f3 —3—1-[ ,Y = —2Ttwhich are not the

and

angles of a triangle.



83. We have 2 sin %Q 85. -A+B-= I

3
. 0 . 0 tan(A + B) =tan Q.EQ:«B
=,|cos %§+sm % + gos %@—sm % 3
0 tan A + tanB -3
=| cos %§+ sin %@ +| cos %Q —sin %Q 1 -tanA tan B
1
0 tan A tanB =1 — — (tan A + tan B)
00 cos %§+ sin §§>0 and cos %Q—sin%@<0 V3
[Jtan A tan B will be maximum if tan A + tan B is minimum.
0 sin % + EQ> 0 and cos % + E@< 0 But the minimum value of tan A + tan B is obtained when
4 4 tanA =tan B
I
0 onmt +10 & 4T g 4 O A=B=—
2 2 4 6
m 6 3T Hence, the maximum value of tan A tan B
O 2nTm + — <— <2nT + —
4 4 =tanEEtanE=iDl—=l
So statement-1 is true but does not follow from statement-2 6 6 3 43 3
which is also true. 86. Let3® = A and 3V "¢ =B
84. 2 cosB +sinb =1 0 AT —2A B+ B =0
ad
Zg—tanzgg Ztan%Q O A=B
+ =1 g a® =b* +¢*

1+ tan’ %@ 1+ tan’ %Q 87.
O 3tan2%§—2tan%9—120
O tan%@z—laseiE
3 2

Now 7 cos 0 +65sin 6 From figure, it is clear that a = b secC =c¢ cosec C
a 2 3
7 El - tan %Q 62 tan %@ O Equilateral triangle [1 Area= %az
= +
1+ tan® %Q 1+ tan® %Q Sol. (Q. Nos. 88 to 90)

70 =2n +1)TLn =0to 6

7 -7 tan® %§+ 12 tan %@ 7 =17 w1 +12 @—EQ 40 =(2n +1)T 36
— _ 9 34
= = =2
1

cos40 = —cos30
1+ tan® %@ 1+ 5 O 2cos?20 -1 = —(4cos’® —3cos6)
0 22x*-1) -1 = —(4x® —3x), where x = cos®

Showing that statement-1 is true.

4 3 il _ -
In statement-2 0 8x" +4x° —8x" —3x +1 =0

1 +1)8x® —4x? —4x —1) =0
cos 20 —sin O :5 (x +1)8x x x —1)

88. P, =mlog,., (sin x)+ nlog, . (cot x)

H 21 ~25in"6) ~sin 6 =1 2 n(log .o ,(sin x) + log . . (cot x)) O n n
O 4sin’0 +2sinB -1 =0 = n(log..,, , (sin x kot x))
0 Sin9:—211/4+16:—li«/§ =nlog s, COS X=n

8 4 Thus, P, 2n U n= n

N s B 1
o sin @ = : ue= 1 89. Clearly, P49§g§: 4log @\/—5§+ 9log, (1)=4
V2 V2
a cos 60 =cos 108° =co0s(90° +18°)
= —sin 18° Similarly P, :QEQ =9

O sin@ + cos 60 =0
So statement-2 is also true but does not lead to statement-1. Mean proportional of P, ?Qand Py, Qggis {9 X4 =6
4 4



90. Py (x) = Py(x) =40 1 —

Given S= - 7=
O 31log.x (sinx) + 4 log,. , (cot x) (1 =sinx)
= Z(IOgcos X (Sin x) + logcos x (COt x)) O sinx = l or 3 (rejected)
|:| S(IOgcos X (Sin x) + logCOS X (COt x)) + logCOS X (Cot x) = 2 2
u 3 + log o x (cot x) =2 Number of solutions in Dﬂ 41‘[%3 k =5.
d log .os 5 (cot x) = -1 E2
- 1 =
a cot x =(cos x) ' [ C.Oﬁ= 94. k=5
Sinx  COs x |cos2x — 1] ‘ 2sin’x ‘ 1
) ) 95. |— = ——| =|tanx|=—=
g cos” x =sin x ‘ sin2x ‘ ‘2 cosx smx‘ \/g
1-sin’ x =sinx O sin® x +sinx =1 =0 96. Sum of interior angles = (k —2)Tt =3 Tt
0 sin x = — 1£45 97. Now, (2 sin x — cos x) (1 + cos x) =sin® x
\/,2 0 (1+cosx)[2sinx —cosx —1+cosx] =0
0 sin x = 52_1 (-sinx §-1)) O (1 + cos x) (2sin x —1) =0
. _1
Thus, p+q=7 g cosx——lorsmx—g
Sol. (Q. Nos. 91 to 93) S . 0(_1 DSO<O(<T[D
70 =2n +1)TLn =0to 6 & Ty aﬁ T 2H
40 =(2n +1)T 38 B
cos40 = —cos30 o cosa = By

200 1 — _ 30 _
0 2cos“20 =1 = —(4cos’0 —3cosB) 3 cos? x =10 cos x +3 =0

O 22x%—1) -1 = —(4x> —3x), where x = cos8

1
. 5 ) O COS X =—,COS X #3
0 8x" +4x” —8x° —-3x +1 =0 3
3 _ 442 — —1) = 1 2+/2
(x +1)8x" —4x° —4x —1) =0 0 cos == sinP :LF
91. Th T 2m 137 3 3
. e roots are cos;, cOS— ..., COS—— and 1 —sin 2x = cos x —sin x
13 TT 3T 11T 5T 9 T O  sin® x + cos? x —2sin x cos x =cos x —sin x

Tt
where cos— = cos——, cOS— = cOS——, COS— = COS— ) )
7 7 7 7 7 7 0 (cos x —sin x) (cos x —sinx —1)=0

Il 31 5T 1
0 The roots of 8x° — 4x? —4x +1 =0 are cos—, cos—, cos—. O sin x =cos x =—
7 7 7 V2
Tt 3T 5T 8 4 4 — -
92. sec—, sec—, sec — are roots of —~ 5 - *t1=0 or cos x —sin x =1
7 7 7 X X x OJ cosx =1,sinx =0
a 2P —4x? —4x +8 =0 a cosy =1,siny =0
T 3mn 51t +
a sec— +sec— +sec— =4 O cosa +cosf +cosy:£+l+1:3\/§78
7 7 7 2 3 6
T 3 51 ; —B) =si - ;
93. sec’> —, sec> —, sec’> — are roots off(\/;) =0 98. sin(a -~ B) =sina cosP — cosa sinp
1.1 3 _ 22 _1-26
O Wx)? = 4x)? -4/x +8 =0 SoXo——— X——=
2 3 2 3 6
| x® —24x% +80x —64 =0 + @ sin O+si
. o . 99. (A)If M is mid point of PQ, then M = ép ; ¢ sin ; sin ‘@
a sec? — + sec? = +sec? — =24
7 7 y
Sol. (Q. Nos. 94 to 96)
Let $=1+2sinx +3sin’x +4sin®x + ...
O sinx. S =sinx +2sin’x +3sin’x + ...
. . .2 (8, sin 6) N
a (1 —sinx)S =1 sinx +sin“x + ... Q (@ sin ¢
1 P
—gqj e M .
(1 -sinx) S P y=sinx )
1 @) L
ad S =

(1 - sinx)?



M+ . 16+ f
= -
AISO, N gT, sin ET‘% <3+ %g + 3\/5%

It is clear from the figure.

ML < NL E 3-7<y<3+7
sin © +sm(p - £ x 10
U @ ‘@ O = 10,u=-4
O A+pu= 6A-U=14(R,T)

. . . ng(P
a sin @ + sin @ <2 sin 5 @ (C)Lety=1+sin§§+9@+2cos§g—€@
=251n§g§=\/§ =l+cos§5—§5+9%+2cos§g—eg
2 2 4

O sin @ +sin @ <2

I =l+cos%—9@+2cos?—9@
and (sin B + sin @) sin n <1(p,q, 1,5, t) 4 4
(B) " a* + b* =(sin ® —sin @)* +(cos O +cos QY =1+3cos E; —9E

=2 +2cos(® + @)

0 —1SC05§E—9§S1
=4 cos® g;§< 4 (s, t) 4

(C)3sinB +5cos O =5 0 _353C05%_9Q53
ad 3sin B =5(1 —cos 0)
Squaring both sides, then O 1-3<1 +3c05§§—9§51+3
9sin® B =25(1 — cos 6)°
, O - X )£ 4
O 91 —cosB) (1 + cos B) =25(1 —cos B) 0 A= 4p=-2
ad 9(1 + cos B) =25(1 —cos B)(1 — cos O % 0) O A+p= 2A-u=6(P,0Q)
O 34 cosB =16 1
€08 3 15 101. (A)| cot x| =cot x + —
cos 0 =—, thensin® =— sm x
1 1 -
75 _24 Ifo<x<—0Ocotx>0
O 5sinB -3 cos® =—-— =3(r) 2
17 17 . '
Hence, 5 sin 8 —3 cos 0 =3 So cot x =cot x + i x 0 i =0, no solution
_7+6tan® —tan® 0
100. (A)Lety = (1+tan29) If§<cotx<Tr,—cotx=cotx+Sinx
=7 cos’ 0 + 6 sin Ocos B —sin” O - 2cosx 1 -0
+ cos© . - cos 20 sinx  sin x
RPN BLL 2
U l+2cosx=Oandsinx¢0|:|x=—T[.
=3sin20 + 4 cos20 +3 3
(3% +4%) +3<35sin20 + 4 cos 20 +3 (B) since sin @ +sin 6 =1 (1)
2
[22 o 42
SNB"+47) +3 and cosB +cos @ =2 ..(ii)
O - X ;£ 80A= 8u=-2 (ii) is true only if @ =@ =0 or 21Ttbut® =@ =0 or 211 do not
O A+U= 6A-H=10(R,S) satisfy (i)

Hence given system of equation has no solution.

(C)sin® a + sm QEIH% + a@

3
=sin’ o +sin®? — —sm a =—.
3 4

Tt
(B) Lety :5c059+3cos@+gg+3

0
=5c059+3%c036—§sin9|]+3
2 2 O

=13 cos G—ﬁsme +3 (D) tan® =3 tan @
2 -
— tan(@ - g = LO @ _2fan o
D— an O tan @ an @
0 s-Bf 0 ?’z‘f > se—ﬂ:“"fmem i

——  Maxif tan ¢ >0
cot @+ 3 tan @



+
MZ\E (Using AM = GM) =—1 +4Sin§“1A§sin QT[Z BQCOSQT:CQ

0 (cot @+ 3 tan @f 212 O Eﬁg >12 (C) cos %’3§+ cos %Q— cos %Q
0 tan’(® — @ 5%, = %05 %§+ cos %%— %os %§+ cos @g%

102. (A)sin %§+ sin @IZE§+ sin %@ =2 cos QA Z Bgcos @A;Bg— cos an CQCOS @l‘l ;CQ
=1+ %in %@+ sin Qg%— @in; —sin %@ =2 cos g%cggpos QAZI;BQ— cos g‘%cgé
:1+Zsin@AZB§cos§A4_B§—2cosg-%cgsingnzl;cg ZZCOSQT;CQ (A+B+C=m
=+ 2um (EEFo B e B :

0 . §n+c +A —B@. @n+C+B—A§D
[2sin sin il
(FA+B+C=T) O 8 8 0
) -C -CO. T— B[] . -A
=1+2sin @LQ =4 cos Q‘l Qsm E Esm Eﬁ Q
4 4 4
[Zsmgn tC A _BQ EH+C+B AQD =4 cos Qn;cgcos %I[— T[_Bgcosgg— m-A
4 2 4 2 4
- + A T+ B -C
:1+4sin@n C@mn@n B@sln@n AQ :4COS§n4 QCOSQ 4 Qcosgﬂ4 E

-A - B -C 1 1 1
=1 +4sin@n @sin@ Qsin@n @ 103. A+ B + C
4 1+tan®*= 1+ tan®*= 1+ tan’=
- A - B[ . —C 2 2 2
—1+4cos§E @co ? @sm @LQ . A . B . CO
4 4 =ké + sin— sin— sin—
2 2 2H
+ A T+ B[] . -C
:1+4cos§n Qcos@ Qsm@n @ 2 A , B ,C
4 4 4 Dcos;+cosz+cosg

B)sin @2@ * sin QZQQ ~sin %Q =2 é + sin? sing sin%E [by using identity]
=-1+ %in %§+ sin QIS%+ %in %@—sin %% 104. siAnO( _ cosy

sinB  cos®

_[DA+B - B ina - si -
=-1+2sin @A . Qcos QA . Q O sind - sinf = o8y cosd (using dividendo)

sinf3 cosd

+ 2 cos @T%Cgsm @n;icg 2cos gli;ﬁgsin éuzig
g

:—1+2singT_C§E|¢OSQA—B§+ cos gu@% sin _
4 Op 4 ;A +|]B o ] 2sin Q‘%agsm @52—@

_CQ cosd
=-1+2sin %L
4 105. Let L =0 0 100="

0 +C +A B nm+C +B - A[J 20 2
%cos@n . Qcos@ s QB O 20 =18°0r6 =9°
c 5 A Now, tan® —tan30 +tan50 —tan70 +tan90
=—1+4sin @l‘[ Qcos @T[4 Qcos @T[ " @ tan® —tan360 +tan560 —cot30 +cot O
4

(tan® +cotB) —(tan36 +cot360) +tand5 °

=-1+4cos @T[ - AQCOS Qn_ Bgsin @T[ _CQ [using tan56 = tan45°]
4 4 4

2 2
E= - +1

=-1 +4sin§5 - H_Agsingg— H_BQCOS?_ n-c sin20  sin60
2 4 2 4 2 4




= R =
Zinze cos4GB

go,2 1 1o
tinlSo cosSG"H

E=2gt % Hii=s
V5 -1 5 +10

. in60 —sin20
Aliter E=1+2
sin20 [4in60
cos40 [$in20
=1+20
sin20 [¢os 40
=1+4=5
_cos1°+ cos2° + ... + cos44°
sin1® +sin2° + ... +sin44°
sin22°
_ sin(1/2)°
sin22°
sin(1/2)°
[using the formula of sum of cos series]
_sin(n@/2) (n+1)0
= cos
sin(0/2) 2

106. x

[to0s225°
= cot225°
[3in225°

>

sin(nB/2) sin (n+1)0
sin(0/2) 2

cot %@= V2 +1=2414..

O x =2.414...
Greatest integer = 2.

107. LHS = tan15°[tan(30° —5°) {an(30° +5°)

Let t = tan30°and m = tan5°

for sine series, S =

t-m _t+ P —m’
OLHS = tan15° O~ 0— = tan(3(°)) O
1+tm 1—-tm 1-t'm
_3m- m® 1 -3m?
1-3m?* 3-m?
3-m?) (1 -3m*
= mZ)E{ mz):mZtanSo
1-3m") 3-m
Hence, tan® =tan5°
] 6= %.
1 1
108. We have, — - -—
sin10°  sin50°  sin70°
1 1 1
= + -
c0s80° cos40° cos20°

c0s40° c0s20° + cos80° c0s20° — cos40° cos80°

€0s20°. cos40° . cos80°

=8 [c0s20°(cos40° + c0s80°) — cos40 ° cos80 °]
=8[2¢c0s20° cos60° c0s20° — cos40° cos80°]
= 4[2¢0s%20° — 2c0s40° c0s80°]

=4[1 + cos40° —(cos120° + cos40 °)]

=4l =6
2

109. We have, cos50 = cos’d
€os500 = cos (30 + 2 )= cos30 cos20 — sin30 sinXX
=(4cos’a —3cosa ) (2cos’a —1) —
(3sin0 — 4sin’0)2 sind cosat
=(4cos*a —3cosa ) (2cos’a —1) —(1 cos’a ) (3 —
4 + 4cos’a) 2 cosa
=(4cos’a —3cosa) (2cos’a —1) —(2 cos’a —
2cos’a) (4cos’a — 1)
=8 cos’d —4cos’d —6cos’d + 3 cosdl —
[8 cos®a — 2 cosa — 8cos’a + 2cos’dl ]
=16 cos’0 —20cos’d +5 costl
0 16 cos’a— 20 cos’a + 5 cosdl = cos’d
15 cos’a — 20 cos’d + 5cosd = 0
5 cosal [3 cos*a — 4 cos’a + 1]= 0
Also cosa =0
3 cos*a — 3cos’a — cos’a +1=10
3cos’a(cos’a — 1) - (cos’a — 1) =0

(3cos’a — 1) (1 — cos’a) = 0

cos’a =1

1

cos’a = —

3

3 1

O sec’d = 3; cosec’d = 5; cot?a = 5

3 1
O (sec’a+ cosect™ + cot’o)=3+ 5+ 3 =5
110. We have,

5 T 22T 23T 27 T
tan"— + tan”"— + tan"— + ... + tan”" —
16 16 16

2 2
= %&mzE +cot? T+ 2§+ %anz—n+ cot?2 2Q+
16 16 16 16

Bf A+ B :E, then tanB =tan§1[ —AQZ cotAg
ad 2 2 O

7T T T i
O So, tan’— =tan® gL - —§= cot’—etc. O
B 16 16 16 16

B
= %anl + cot—n@2 + Qang+ cotz—rg2
16 16 16 16

+3=32+3=35




4 +sec20°

111. We have,
cosec 20°
_ sin20° o
(4 cos20° + 1)
cosZO
_ 2sin40° + sin20°
c0s20°
_ sin40° + (sin40° + sin20°)
c0s20°
_ sin40° + 2sin30° cos10°
c0s20°
_ sin40° + sin80°
c0s20°
- 2sin60° cos20 =9 xﬁzﬁ
c0s20° 2
Hence, square of the value of expression =3
112. A+ B+C=T ..(i)
sinA _cosB _ tanC ..
= = ..(id)
3 3 2
Tt
a sinA=cosB [0 A+ B =E (rejected)
Tt
Or A-B=— ...(iii)
2
3Tt . ..
a 2A+C = o [from Egs. (i) and (ii)]
sinA _3
Now == from Eq. (ii
tanC 2 [ o (@)
A 3
0 sin 2 [from Eq. (iii)]
tan% ZAQ 2
a 2sin A =3 cot2A
24—
g 2sinA = 73@(:08 A-1)
2sin A cos A
a 4cosA(l — cos*A) =3(2cos’ A —1)
O 4cos®A+6cos’A —4cosA -3 =0
1
Put cosA = ——
2
a (2cosA +1)(2cos’A +2cosA —3) =0
1
0 cosA=--,
2
-2* /4 +24
COsA = B =-1+47 (rejected)
0 a=Tp=Tc=T
6 6
sin A cosB tanC _1 1
O + + =—+=-+1 =2
cos2A  cot2B cot2C 2 2
1
113. f(0) = L
0= 0
Given, 2 (@) — gB) =1
2fl@)=1+gP) = [from Eq. (i)]
i ([3)
2f(@) f@) =1 (i)

Now, 2f(B) - gla) =2fB)+1 -1 +g(a))

1
=2f@) +1-——
f@)
_ 2@ f@) -1 +1=1 [from Eq. (ii)]
f@)
114. As we know that ~—>2% = cos.x
cosx 1 +sinx
1+sinx
logl—sinx — =1
|| cosx
Now, series is
x
x x° P
LetS=1-=-=— - =1 —2
2 4 X
l -
2
X _2-x-x_21-x) _k(1-x)
2—-x 2—-x 2-x) @-x)
Thus, k =2
115. From the second relation 9x sin® 8 =5y cos® 8.
3 .3
x cos” O _sin 0 _i (say)
9x 5y
1 1
O cos B =k(9x)3 and sin 8 =k(5y)?
Squaring and adding, we get
o 2 Ean|
1=cos’ 0 +sin® B =k*[Px)3 +(5y)*0
= =
9x 5 _ .
and -+ - =56 (From Ist relation)
kox)3  k(y)3
2 2
O (9x)3 + (5y)® =56k
R 2] )
0 Bx)? +(59)°0 =66k =—00
. . 93)° + (5y)*
0 2 2]
O ox)® + (5y)*0 =(56)* =3136.
= =

116.A>g[| B+C <§

tan B + tan C
>0

a tanB+C)>00 ———
1 —tan B tan C
O tan Btan C <lastan B>0,tanC >0
0 [x]=2635 —1 =2634
1° 1+ 15°
117.-. cot@ @ €os
sin15°
1+7‘/§+1
_ a2 _2A2+3+1
V3-1 V3 -1
22

_@2+3+1) (3 +1)
2




26 + 242 +3 +4/3 +4/3 +1

2
=6 ++/2 +2 +43
=2+ +J4 +6

+10
and 4 cos 36° = 4 g\/%%:\/§+1 =5 +41

10
Hence, 4 cos 36° + cot QEQ

=1 +42 +3 +J4 +5 +6

a m =1n,=2n,=3,n, =4,n, =5andn, =6
6
O Z nf +nd +nl +nl +nl +nl
=12 +92 +3% +42 +52 +¢2
=91
4
118. - I sin(rA) =sin Asin 2A sin 3A sin 4A

r=1
=sinA [2sin A cos A [3sinA — 4sin® A [2sin 24 cos 2A)
=2sin® A cos A Bin A3 — 4sin® A)
(i sin A cos A (1 — 2 sin® A)
=8x*(1 - x) (3 —4x) (1 —2x)
=24x" —104x> +144x* —64x°
On comparing, we geta =24,b = —104,c =144,d = —64
10a —7b + 15¢ —5d
=10 X24 =7 X =104 +15 X144 -5 X —64
=240 + 728 +2160 +320 =3448
119. Let x +5 =14 cosBandy —12 =14sin 6

Ox® + y? =(14 cos @ —5)% +(14sin O +12)°

=196 + 25 +144 +28(12sin O =5 cos 0)
=365 +28(12sin B =5 cos 0)

= /365 =28 x13 =,/365 —364 =1

min

O x*+ y2

120. .- 12° x5 =60°

Let 12°=0

0 50 =60°

0 30 +20 =60°

O cos(30 +20) =cos 60 °

1
0 cos30 cos20 —sin 36sin 20 =E

O (4 cos®® —3 cos 0)(2 cos* B —1) —=(3sin ® —4 sin® B)

1
2sinB cos B =—

2

Let cosB =x

O (4x® -3x)2x% —1) —2x(3 —4(1 —x%)(1 - x%) =

O (8x® —10x> +3x) -2x —2x7)(4x% -1) =

D= D=

O (16x° —20x° +6x) —(4x —4x*)(4x* —=1) =1 =0
O 32x° —40x® +10x =1 =0

1

0 @x - g§(32x4 +16x° —32x% —16x+2) =0
1

but x # —,
2

0 16x* +8x® —16x* —8x +1 =0

U Degree is 4.

121. From conditional identities, we have
sin 2A + sin 2B + sin 2C

sin A +sinB + sin C

4 sin A sinBsin C

e o e
=8sin %@sin %Qsin %@ O k=8

and3k® + 2k? + k +1 =1536 +128 +8 +1 =1673

122x—c0t— ct§1+—§ ct— 2 -1
a (x+1)2 =2
O xt+2x-1=0
Now, f(x)=x4 +4x3 +2x% —4x +7

=x¥(x? +2x —1)+2x° +3x% —4x +7
=0 +2x° +3x% —dx +7
=2x(x* +2x —1) - x* —2x +7=—-x% —2x +7
=—(x? +2x -1) +6=0+6 =6
123, (sin 4) - e
\/(sin B) +\/(sinC) —\/(sin A) Vb +e =a
Now, ¥B + & —a = W%ﬁ{ff}%”)
_(b+tc-a) +2\/7
Je + f) Wb + e ++a)
+e =+a >
Ja=xe+
—Je

_ (b ++e) -
"W+
Jb

Hence,
Now, let \/E
Ja

and

>0
Ja b =y

e
+b
0 \/m _y +z
\/sin B+ m —\/siﬁ 2x
(sinA)
z \/(sin B) + \/(sin C) - \/(sin A)

21+1+1 (- AM=2GM)
(sinA)
2020 z \/(sm B) + \/(sm C) - \/(sm A)

[0 Minimum value is 6060.

<6060



124. We have, sin 8(1 + sin® 8)=1 —sin” 8
ad sin B(2 — cos? ) = cos” 0
Squaring both sides, we get
sin® 8(2 — cos? B)* =cos’ 0
ad (1 —cos®0) (4 —4 cos? O + cos* B)=cos* B
- cos’® 5cos*6 8cos’O+4 =cos’ O

cos® O —4 cos* O +8 cos® B =4

125. 16 %os 6 - cos —Q@:os 6 - cos —Q%os 8 - cos %Q
Q:ose - cos %I@
=16 Q:ose —cos—@@:ose—cos?n

x Q:ose - cos 3—“@ Q:ose - cos 5—“@
8 8

=16 Q:ose - cos EQ Q:ose + cos E@
8 8

31T 3T
x Q:os 0 - cos ?Q Q:os 0 + cos ?Q

I 3T
=16 Q:os2 0 - cos® —Q%osz 0 - cos’ —Q
8 8
I T
=16 Q:os2 0 - cos® —Q Q:os2 0 - sin® —Q
8 8
I
=16 Q:os4 0 — cos® O +sin? — cos® —n@
8 8
1
=16 Q:os4 0 —cos’ O +g§

O ad
Q 16 s1n 290 1D

=16 %cos Bsin® 0 +
80

—9gin2 290
:16%‘ 2sin zeB= 16 cos 40

=2cos40

ad A= 2
1 1
+
sin20° /3 cos 20°

_ /3 cos 20° + sin 20°
/3 sin 20° cos 20°

126. 2k cos cos 40° =

3 1
— c0s 20° + —sin 20°
2 2

3
— sin 40°
4

sin 60° cos 20° + cos 60° sin 20°

O
I%\/—gDsin 40°
04 0O

4 o
= QTQZ cos 40
3

O 2k? =16
so 18k* +162k* + 369 =1745

l o
cos7—
=cot7-°= 2

127. tanSZé °

sin7—

1
On multiplying numerator and denominator by 2 cos75 °, we get
2cos?7 e
1, cos o 1+ cos15°
tan82—-"° = 1 1 =
2sin7—°cos7—"° sinls
2
V3 +1
+
_ 1+ cos(45°=30°) _ 22
sin(45° —30°) V3 -1
2V2
22 +43 +1 y 3 +1
V3 -1 3 +1
_2N23 1)+ (3 1" 242(/3 +1) +(4 +243)
2 2

=23 +1) +(2 +43) =6 2 +/4 +43
=2 +43 +4 +6 =(\3 +V2)(V2 +1)
128. LHS = 2 — m(sin20 + sin2f3)
m(sin2a + sin2B) + m?sin20t sin2B
2 =2msin(@ +B)cos(@ —PB)
1 —2msin(0 +B).cos(@ —B) + 4m?sinat cosa sinf cosP
2{1 — cos’(a@ —B)}
1 - 2msin(@ +PB).cos@ —B) + 4m*sina costt sinfcosP
[using m sin(a + B) = cos(@ —B)]
2sin’(a —B)

1_

1-2cos’(a —B) + m*[sin (@ +B) +sin@@ —B)][sin(a + B) - sin(@
2sin’( —B)
" 1-2cos Yo —B) + misin’@ +B) —m*sin’@ —P)
_ 2sin’(a —B)
1 - cos’(a —B) —m*sin*@ —B)
2sin(0 —B) _ 2

sin®(a —[3 ) —m?sin®( —B) 1-m?

129. leentan [3 +y —20).tan— (y +a —B)tan (O( +B -y =,

where 0 +[3 + =T

20 -2 -2
a tan tan tan =1
4
a
a Q — tan—| @@—tanﬁgg —tanzg
@ + tan— @Q + tanBQQ + tanyg
a a
a tan— + tanE + tanX + tan—tanEtanX =0
2 2 2 2 2 2
a
a tan— + tang + tany = —tan— tanﬁtany
2 2 2 2 2 2

-B)l



B B, Y y

a
Also, tan tan— + tan—tan— + tan—tan— =1 (i)
2 2 2 2
. . . L Oa B y_mnQj
On squaring Eq. (i) and using Eq. (ii); - — + = + - =—
quaring Eq. (i) gq()gzzzza
o O
tan®— + tam2l3 + tan® -~ +2 =tan® taantanzg ...(iif)

The equation to be prove is

1+ cosO + cosB + cosy =0

o]

1-tan’— 1- taan 1- tanzx

0 1+ é + E + 2 =0
1+ tan?d 1+’ 1+ tan?Y

2
2@ - tan® E tan® X@
2 2 2

1+tan

Q + tan® EQQ + tan® X@ ]

0 + tan 7%—tanz tanzyg §|+tan2B%+tanzy@ 0
2

Bran2Y zB

+ tan®’ — - tan® —tan®—

4
o

“H

+ Q + tanzg + tanzg +tanZEtanzg§= 0

o
0 2+ tan®*— + taan + tanzy =tan®— tan® B ..(iv)
From Eq. (iii) and (iv)
1+ cosO + cosP + cosy =0
130. We have, sin* x + cos* x <sin’x + cos’x,
as |sinx| <1and|cosx| <1
ad a<1 ..(3)
Next, sin® x + cos* x =a
g (sin® x + cos® x)* —2sin’ xcos’ x =a
1
a 1 -=sin’2x =a
2
1,
g —sin“2x=1-a
2
1 1 1
g 1-a<- |:'J‘fsinzxsfl:|
2 H 2 2H
0 axt (ii)
=
From Egs. (i) and (ii),
1
—<ac<l1
2
131. Let asec® —btan =x
So, a’sec?0 =(x + btanB)?
ad a’(1 + tan® 6) = x* +2bx tan O + b*tan’ 0
a tan®6(a® — b%) —2bxtan® + (a* —x%) =0
0 b f 25 + b? —g?
a Iztane—zx2 :a(xz Zza)
a a” - b0 (a® = b%)
Thus, 2+ (*-d%) 20

133.

134.

a xza® -b*

Thus, the minimum value of x is +/a’ — b%, which is attained at

8 =sin”’ %@

. We can write

(btany —ctanP)® +(ctand —atany)® +(atan P —btan a)?

=(a* + b* +¢*)(tan’a + tan’P +tan’y) —(atana +btanf +ctany)?

The minimum value of the LHS being zero, that of
(@® + b + ¢ (tan® o + tan®P + tan®y) —k* 20
K2
O tan’a + tan’B +tan’y >——— ——
g Y a®+b*+c?
Hence, minimum value of tan®a + tan®p +tany is
O k2 g
22, 2o
Ch®+b° +c°0
x _tan(® + a)

Here, — =
y tan(® + )

. By componendo and dividendo

x+y _ tan(® + a) + tan(® + B) _ sin(20 + a +3)
x—y tan® + a) —tan® + ) sin(@ =)

0 sm Yo —B) =sin(20 +a +p) Ein@ —P)
J Gin%a -P) = 5{cosz(e +B) —cos2(8 +a)} ()

-y

Similarly,
Y2 inl@ - y) = Lcos2B + ) —cos2(0+ B} ...(i)
y -z 2

and “ X GinX(y - ) =%{c052(9 +a) —cos20 +y)} ...
zZ—X

From Egs. (i), (ii) and (iii), we get

+
s 27 Gin%a -B) =
1
f(x) may be written as f(x) = Z 2 - — =y cos(a + x)
z 1 . .
> (cosay cosx —sing.sin x)

klzkl

= az = lﬂtosakHU:ost— IEmakHIme

1
where, A = Z ——cosq, B= Z ——7sing. Now, Aand B
=12f

both cannot be zero, for if they were then f(x)would vanish
identically.

Now,
f(x) =Acosx; —Bsinx; =0
f(x,) = Acosx, — Bsinx, =0
O tan x; =4 and tanx, = —
B
O tanx; =tanx, [ x, —x =mTt



135. x =tan(nb + a) —tan(nb +B)

_sin(nb +a) _ sin(nb + f3)

- cos(n® +a) cos(nb + B)

_ sin(n® + a —nb —P) 2sin(a — )

- cos(nB + a)cos(nB + B) B cos(2nB@ + a +B) + cos(@ —P)
_2sin(0 —PB)

0 cos(2nB + a +B) + cos(a —B) = ..(i)

Again y = cot(n@ + a) —cot(n + )

_ cos(nB +a) cos(nb + P) _ sin(n@® + B —nb —a)

sin(n@ +a)  sin(n® + B) sin(nB + o)sin(n® + B)
0 )= sin(@ —a)

cos(@ —B) —cos(2n® +a +p)
0 cos(@ —B) —cos(2nB +a +B) = 2sin@ ~a) ...(id)
On adding Egs. (i) and (ii), we get

2cos(a ~P) = 2sin(a — ) Zsin(B -a)
y
O cot(O(—B)Zl—l
Xy

136. {sin(a — B) + cos(@ + 2B) EinB}? = 4cosa [EinP Ein@ +P)
0 {sind cosP — sinfcosa + (cosO cos2B — sinat sin2B )sinf}?
= 4 cos0 sinfsin(@ +f)
0 {tano —tanB + cos2 B ManP —sin2 B Mana tan B}
= 4tanf(tana + tanf3) {. dividing by cos’d. cos”B}
O
{tana [dos2 B — tanf + cos2 B EanP}® =4tanf{tana + tanp}
0 {(tano + tanP)[dos2 B — tanB}?* =4tanP(tana + tanpP) ...(i)

If (tana + tanf) :@ ...(ii)

Eq. (i) becomes;
DanB O— [tos2P - tan|3EF = 4tanBIﬁ—
(c032[3 -x)? =4x
cos?2P + x? —2xcos2B =4x
x? = 2x(cos2 B +2) + cos’2B =0
x =(cos2 B +2) £2,/1 +cos2 3
x=cos2P +2 *2¢2cos’P
x =2cos’B -1 +2 iZ\/EcosB
= (2 cosp £ 1)°
tanf _ tan3
x («/EcosB - 1)

sin B

O 0O 0Ooo0oogo

0 tano + tanf} = [since, x <1]

sin A sinC

137. Let =| cosA cosB cosC

3 3 3
cos”A cos"B cos’C

tanA tanB tanC
=cosAcosBcosC| 1 1 1
2
cos“C

2 2
cos“A cos’B

=cosAcosBcosC
tanA tanB —tanA tanC —tan A
1 0 0
cos’A cos’B - cos’A cos’A - cos*A
[since, tanB — tan A = —M,
cosAcosB
cos’B — cos’ A =sin(A — B)sin(A + B)]
0 A=- cosAcosBcosC
_sin(A - B) _sin(A - C)
cosAcosB cosAcosC
sin(A — B)sin(A + B) sin(A — C)sin(A + C)
=cosAcosBcosCl
sin(A — B).sin(A = C)| cosC cosB
cosAcosBcosC  |[sin(A + B) sin(A +C)

= —sin(B —C)sin(C —A)sin(A —B) =0
IfB=CorC=AorA=B8B
Hence, AABC is an isosceles.

\/sinA _ Ja

138. Here, J5inB + VsinC - JonA _\/E_F\/’_\/i
. _(b + Ve =Va)Wb + e +a)
Now, b ++/c-+a = \/E+\/E+\/7)
_bre-arabe
Vb +c +4a

Hence, Vb ++c —+a =0
Let b ++Jc =va =x, e +a —b =y, va + Vb - =z
/sin A

_ytz

O =
VsinB ++/sinC —+/sin A 2x
0 s= +/sin A

\sinB + +/sinC —+/sin A
1%+ZD 1Dz x%
xI:I 2k

1%+
Yo ZD’C yo

which is greater than or equal to 3, as each term

o 0O
%% + XHetC.I:Iis greater than or equal to 1.
2 x a

(using AM = GM)
Now, equality hold if and only if,
X_yy_z
y ¥z y
z _x

and

O a =b =cie. triangle is equilateral.
139. 2(cos(@ —B) +cos(B -y) +cos(y —a)) +3 =0
O 2cos@@ +6 —B +6)) +cos(B +6 |y +6)
+ cos(y + 6 —(a +0))) +3 =0
O  2(cos(a +0).cos@ +06) +sin(a +0).sin(B +6) +... +...))
+ {(sin®(@ +8) + cos’(@ +0)) +(sin’B +6) +cos’(P +0))
+ (sin’(y + 6) + cos’(y + )} =0



140.

141.

O (sin(y +0) +sin(p +6) +sin(a +6))> +Hcos(a +6)
+ cos(B + 0) + cos(y + 6)* =0

which is only possible if;

sin(@ +8) +cos(@ +0) +sin(y +6) =0 ..()

cos(@ +0) +cos(® +6) +cos(y +6) =0 ...(ii)
From Eq. (ii), we get

d(cos(a@ +0) +cos(B +0) +cos(y +6)) =0

O sin(@ +0) do +sin@ +0) @B +sin(y +6) &y =0

da + dp

sin(B + 0) [din(y + 6) sin(a +0) [Hin(y + 6)
+ dy =0
sin(@ +0) Ein + 06)

The quadratic equation,

2 1
457 Ox% 4oy + @32 -B+ EQ: 0 have real roots

2 1
0 Discriminant = 4 — 4 [4%° © @2 -B+ 5@2 0

O 4“02“@32 -B +%§51

g
|j)ut 4seczu 24>BZ _B +l :Q} +1g +12
0 2 2 4

.0
-0
40

2
i.e. the equation will be satisfied only when 4°° * = 4 and

, 11
R+ ==
B -B 7.
2 1
a secGZland@—ggZO
) 1
d cos (x=land[3=5
1
d oa=Te andBZE

cosO +cos ‘B =cosnTl +cos " %Q
Tt . .
=1+ g when n is an even integer.
I . .
= -1+ —, when nis an odd integer.
3

) . TU T
i.e. values of cosal + cos B is 3 -1, 3 + 1

f©) =1 —(acos® +bsinB) —(Acos26 +Bsin26)

O f®) =1 —+a® +b%cos(® —01) —/A® +B?cos(26 —P)
Now,f@x + ;Qzl —7‘1612\/;# - JA? + B? cos@?+2ﬂ —BQ
=1 —szgbz + A2 + BZsin@a -B)  ...(0)

and f@x _ggzl —\/ai/gibz—\/mcos@d -B —EQ

2

=1 —L\/;:b - JA? + B¥sin@a -B)  ...(ii)

142.

143.

On adding Egs. (i) and (ii),

f%} +g@+ f@} —%sz —zi“ai/g v =20
0 Jat +b? <\l

O a’ +b* <2
Similarly putting® = and 3 + 1T We have,
f®) +f@ +m = 2(A" +B* 20

i JA*+ B <10 A*+B%<1

Clearly 8,, 6, are roots of ; cos® + s.1n9 =1
cosB, sinB,
x cos® _  sinB cos’0 14 sin”@ _ 2sinB
cosB, sin@,  cos’0, sin’@, sin®,
g1 1 O 2si 0 1
0 sinfeg——+ L pg-2m0 .5 L o
Gin“0, cos“0,0 sinB, O cos“6,0
The roots of the equation are 8, and 6,.
1- 7129
0 sinB, §in6, = 1 cos i
B S
sin’@,  cos’8,
=(cos’0, —1) Ein*0, = —sin* 0,
O sin, $in6, Emel = —sin’0, (1)
sin“0,

Similarly, taking a quadratic in cos6, we get

0 %stel = —cos’0, ..(ii)
sin“0,
On adding Egs. (i) and (ii), we get
sinB,sinB,  cosB,cos6, _
sin”@, cos’8,

Let the given expression be E, then E can be written as,

n-1
E=3"C,
k=1

n-1
coskx [¢os(n + k)x + kZ "C.sin(n —k)x.sin2n —k)x
=1

n-1
or E = X "C,coskx
k=1

n-1
cos(n + k)x + kZ "C, sin(k)x [Sin(n + k)x
=1
[replacing k by (n — k) in the second]
Sum and using "C, ="C, _;.

n—1
E= kZ "Ci(coskxcos(n + k)x + sinkx [Sin(n +k)x)
=1

n-1
= X "C cosnx

k=1
=cosnx{("C, + "C; +... +"C,) -"C, ="C,}
= cosnx{2" —2}

0 E=(" -2)cosnx



144. 1t is evident from the inequality that,
\\/1 + sin2x —\/l —sin2x| <+2 Ox0 [0, 2m]

as |\/1 + sin2x —\/1 —sin2x]| S\/l +sin2x <42

Now,

2cosx < |\/1 + sin2x — \/1 —sin2x| holds for all x for which

cosx < 0.
3T

ot 370
0 x< a2
B 2H

Now, if cosx >0

Then, 4cos’x <1 +sin2x +1 —sin2x —4/1 —sin?2x
ad 2+ 2cos2x <2 —2| cosx|
g | cos2x| < —cos2x
O cos2x <0
3T Tt
O P [EARELLE AL

3 71
Be’ 4B Ha 4B
Hence, from Eqs. (i) and (ii)

«0J 7T

B 4 H

...(ii)

145. The given equation can be rewritten as, x* -3 = 3§in§( - EQE

Here, right hand side can take only the values -3, 0, 3.
CaseIWhenx?-3=-3 0x=0

0. ] . .
At x =0, sin[x — —0—= —1, so x = 0 is a solution.
B e
Case I When x* =3=00 x=++3

Nowatx:\/g, Ein@x—%@é=0lﬂ x=«/§

a N
But at x = —«/g, Eingx - g§5= —1, hence x = —+/3 isnot a

solution.
Case Il When x? =3 =30 x =+ /6

But Ein%‘:[ - ggg# 10 x = £ /6 is not a solution.

Hence, the given equation has only two solutions x = 0 and 3.

146. g "C,a"b" " "cos(rB —(n —r)A)
r=0

n .
=real part of I "C,a'b" el ~ N4
r=0

n .
Now, rgoncrarbn —rel{rB —(n —-r)A}

n . . . .
=3 ncr(aeLB )r(be—LA)n -r :(aezB + be—tA)n
r=0

=(acosB + iasinB + bcosA —bisinA)"
={(acosB + bcosA) +i(asinB —bsin A)}"
={C+il}" =C"

147. Letz’ +1 =00 2° = -1 =(cos@r +1) +isin@r +1)m)

[2r+1
0 Lo e h

,r=0,1,23,4

. LetO =

k — imt/5 _i3T/5 it i71/5  i9Tt/5
[1 Roots of 25 + 1 = 0 are ™°, &35 ™ 75 ol /,Clearly
i7Tys ioTys i3T5 i7TS - .
™3 &M% and €%, "™ are pairwise conjugate.

0 ZS +1 :(Z _eiT[ (Z _eiTI/S)(Z _e—iTYS)(z _e—i3 TIS)(Z _ei7 VIS)
Tt 3T

O 22+1=(z + 1)%2 —22005; +1§%2 —ZZCOS? + 1@ (1)

It is required factorisation of z° + 1.

22 +1

z+1

Now, =1-z +z%> -z% +z* ..(i)

O 1-z+z°-2>+z* =

%2 —chosE + 1%2 —chosg—n+ IQ
5 5

[using Egs. (i) and (ii)}
On dividing both side by z*

H B E
+ —0- +—O+1
z* z
1 s 1 3
= + — —2cos— + — —2cos—
z 5 z 5

Letz =¢€®

1 1
O zz+—2:200529,z+f:2cose
z z

I 3Tt
0 2cos20 —2cosO +1 =4 %059 —cos;@@:ose - cos?g

Putting 8 = 0, we get

1 _Q m 3
— =0 —cos— - cOS—
4 5 5
1 Tt 3T
a ~ =2sin®*— [@sin®*=—
4 10 10
T 31
a sin— [din— = —
10 10 4

O
S
1]
5
=3
N
2
S
|
3|
D]IJE'I'

Tt Tt
a 4sin— [tos— =1
10 5

2n + 1)1
—g, where n =0, 1, 2, 3, 4, 5, 6.

Then, 40 =(2n +1)TT 30
cos4 0 = —cos36
2c0s?20 -1 = ~(4cos’B —3cos6)
2(2cos?0 —1)* =1 = —4cos’0 +3 cosO
2(2x% —1) -1 = —-4x +3x [put x = cos0]

8x* + 4x® —8x% —=3x +1 =0

I I |

(x + 1)Bx° —4x® —4x +1) =0
The roots of this equation are,
Tt 3T 5Tt 7T ITt 111 131T
€OS—, COS—, COS—, COS—, COS—, COS——, COS——
O The roots of 8x° —4x® —4x +1 =0

Tt 3T 5T .
are COS—, COS—, COS— (1)



149.

150.

1
Put x = —in Eq. (i) (i.e. y =secB), then
y

Tt 31 5T .
sec —, sec—, sec— are the roots of the equation.
7 7

8 4 4
- -2 +1=0
y y y
O y? —4y® —4y +8 =0
Tt 3T 5Tt
d sec— + sec— +sec— =4
7 7 7
1
Again putting? =y in Eq. (i)

(ie.y =sec’0)
8 4 4

0 g — 4y1/z -4y +y3/2 =0
O Ay -4) =4y -2)
0 y(y = 4)* =16(y -2)°

y? —24y® +80y —64 =0
Hence, the roots are

o TU 23‘” 25T[

sec”—, sec”’—, sec
7

Now, puttingy =1 + z, (l.e.z = tan29)
We have,
(1+2)* —24(1 +2)* +80(1 +z) —64 =0
O z® —212% +35z2 =7 =0
T 3T 5T
whose roots are ’[an2 7, tan2 7, ’[an2 —
We have, 2 (cosP — cost) + cosd cosf =1

or 4 (cosf — cosa) + 2cos0 cosP =2
ad 1 — cosO + cos —cosO cosf3

=3 +3cosd —3cosB —3cos cosP
1 +cosd) (1 —cosP)

(1 = cosa) (1 + cosP) =3(

(1 = cosa) _3(1 — cosP)
(1+cosa) 1+ cosP
a
g tan®— =3 taan
2 2
a
u tan—i\/gtanEZO
2 2
Here, x* —2xsec® +1 =0 has roots a, and 3,.
_2secB/4sec’®—4 _ 2sec B £ 2|tanb)|
D Cx1’ Bl - -
2x1 2
m T
Since, 0 D% — —
6 12
2sec O F 2tan@
ie. 0 01V quadrant = %
Oo ;=s8 —tal andf, =sec 6 + tan®
[asa, >B,]

and x”+2x tan® —1=0has roots o, and 3, .

ie.

0
and

Thus,

151.

Here,

—2tanB + V4tan’0 +4

2
o ,=-—tal+ sed
B, = —tanB —secO

o, +pB, = —2tanb
13

a,B, =

[asa, >[,]

k=1 sinE).E + L _l)ngsin EI[+ LVE
6 O 4 6

4

Converting into differences, by multiplying and dividing by

. %ﬂ k agm, (k—1)TED %@
sin + —O-O + 1e sin
4 6 [4

ad

152. f(cos 40) =

At

0

O

. gm
sin +klﬁ— +(k -1)—
B %} 6 Eq ( )6%

-, . . [ . [gm O
k=1 sin— +(k—1)— §»+k—@
sm6 Es;mgz ( )égsm " . E
0. %E k“@ gm m U
in + —[]cos +(k —-1)—
ﬁ 4 6 B )6EE
D g %1[ k
sin +(k-1) 0s +
zlg g o ( DC (f%
. [ .
k=1 sin +k—1—sm§5+kﬂ§
EZ ( )6E 4 6
13
o [t L T O
=2 ot B + (k =1) “H- cot % + k—'@
2 EH 60 4 "6
—2mot?@—cot§3+—ﬂg
%‘: 4 4 60O
ot B + 7- ot B+ 2
+ [rot + —[]—cot + —
0o Hs o 4 6 O
ot v o e s
+ ... + ot +12—[]— cot + 13—
0 4 6 4 6 Eﬂ
o m T |
=2 [rot — —cot @» +13—T§[|
o 4 4 60
0 omJ
:Zé—cot 12—@%:2
12

510
=24 —cot — cot— @ - [
é 128 )E
=2(1 -2 +43)
=2(\3-1)
_— (1
2 —sec’ 0 ®
1 ) 1
cos40 == [0 2cos“20 —-1=-
3 3
cos®20 =2 0 cos20 == \P ...(ii)
3 3
2[tos?0 1+ cos20
cos 40) = =
/ ) 2 cos’0 -1 cos 20

[from Eq. (ii)]

N



153. Given equations can be written as
cos38 cos30 _
y z
2c0s30 2sin30 _
y z
2 1
and xsin30 ——co0s36 ——(cos30 +sin360) =0
y z
Egs. (ii) and (iii), implies
2sin30 =co0s30 +sin36 [ sin30 =cos30
ad tan30 =1

xsin30 —

xsin30 —

.

a 39—E5—n,9—nor9=£,5—n,9—n
4 4 4 12 12 12
154, F0r0<6<5
6 —
2cosec@+M§cosec@+m—n§: 42
m=1 4 4
6
1
O =
Z ) (m-1)mg. mTt
m=1 sm@+7§sm@+—§
@ mT % (m 1)1 @E
6 sin
a
Z_l .. @ (m—1)n§i, @ Q
m=l sin— 3in (B + ——[in N
40 4
6 cot@+wg—cot@
O
Z 1/42
0 ot@ (m Q cot@ mn@é 4
ﬁ 4
ad cot(@)—cot@ Q t@+ﬂg cot@+2—n
4 4
@ 5T @ 61‘[@_
+...+cot B +— + =4
4 4
a cote—cotgg+9§:4
a cot® +tan 6 =4
a tan’0 —4tan 6 +1 =0
0 (tan® —2)* =3 =0
O (tan @ =2 ++/3)(tan B -2 —/3) =0
ad tanB =2 -3
or tan® =2 ++/3
O p=".9="""
12 12
155 sin4x+cos4x_1
’ 5
.4 2 N2
O sin x+(1 sin® x) _1
2 3 5
sin*x  1+sin® x-2sin’x 1
a + ==
2 3 5

...(ii)
..(iii)

ook

156.

157.

158.

6
a 5sin x —4sin®x +2 =g
O 25sin* x —20sin®x +4 =0
a (5sinx-2)* =0
2
a sin®x =2
5
2. _3 2 2
cos“x =— tan"x =—
5 3
.8 3
0 sin x+ cos” x :L
8 27 125

As when 6 0 Q), EQ, tan B <cot O

Since, tan® <1 and cot© >1

O (tan 0)°*® <1 and (cot 8)"*"® >1
O t, >t which only holds in (b).
Therefore, (b) is the answer.

Since, cos(@ —-P)=1

O oaB=m

But =21 <a-B<2m [asa,B T, M)
O a-B=0 ..()
Given, cos (0 +B) = 1

o

1 L.
[0 cos20 = = <1, which is true for four values of 0 .
e

[as—2m <20 <2717
Given, 5 (tan2 x — cos® x) =2cos2x +9

_ 1+ cos2x0]
HZZCOSZX +9

— C0S2X

. Bl + cos2x 2

Put cos2x =y, we have

+
5H" y ! yH 2y +9
O 5(2—2y—1—y —2y)=2(1 +y)2y +9)
0 5(1 -4y —y%) =22y +9 +2y° +9y)
0 5-20y —5y° =22y +18 + 4y°
O 9y + 42y +13 =0
0 9y% +3y +39y +13 =0
0 3y(3y +1) + 133y +1) =0
a By +1)@3y +13) =0
. L
33
O costZ—l, 1B
33
1 0 130
O cos2x = —— T COS2X  ——
3 g 38
Now, cosdx =2cos’2x —1=2 Q»ig—l
2 7
=—=1=-
9 9



159. f, (x) = % (sin® x + cos® x), where x DR and k > 1

Now, f, (x) = fs (x)

1, . 1 .
= 1 (sin® x + cos* x) —g (sin® x + cos® x)

1 1
== (1 -2sin®x [tos® x) —g(l —3sin’ x [@os® x)

4
_1 11
T4 06 12
160. Given expression is
tan A cot A _ sin A y sin A
1-cotA 1-tanA <cosA sinA—-cosA
4+ cos A y cos A
sin A cos A —sin A
1 Gin® A - cos®* A0

= O
sin A—cos A ] cosAsin A
_sin® A +sin A cos A + cos® A
sin A cos A
_1l+sinAcos A
sin A cos A

=1 +sec A cosec A

161. Given A APQR such that

162.

3sin P+ 4cosQ =6
4sinQ+3cosP =1

..(i)
...(if)
On squaring and adding Eqgs. (i) and (ii) both sides we get
(3sin P + 4 cos Q)? + (4 sin Q +3 cos P)? =36 +1
0 9(sin” P + cos® P) +16(sin® Q + cos® Q)
+2 %3 x4 (sin P cos Q +sin Q cos P) =37
0 24[sin(P + Q)] =37 —25

0 sin (P + Q) :é
Since, Pand Q are angles of APQR, hence 0° < P, Q <180°.
g P+ Q=30° or 150°
a R =150° or 30°
Hence, two cases arise here.
Casel R =150°

R=150° 0 P+Q=30°

0<P, Q<30°

1
sinP<5,cosQ<1
. 3
g 3smP+4cosQ<5+4

11
a 3sinP+4cosQ<?<6

O 3sin P + 4 cos Q U 6is not possible.

Case Il R=30°

Hence, R =30°is the only possibility.
A =sin’x + cos* x

O A=1-cos’x +cos* x

4 2 1 3
=cos x —cos"x +— +—
4 4

...(i)

163. cos(a +B) 23 0O o [ Istquadrant

164.

165

and sin(0 —) 215—3 O o [ Ist quadrant

Now, 20=(@+B)+@ —P)
3 5
g tan2a = tan((x +[3)+tan(a _B) = Z+E =5j
1-tan(@ +B)tan@ -B) ,_3p 33
412
cos (B —Yy) +cos(y —a) +cos(a —P) = _S

O 2[cos(B —Yy) +cos(y —0) +cos(a —p)] +3 =0
O 2[cos(B —Yy) +cos(y —0a) +cos(a —B)]
+sin‘a + cos’0 +sin’P + cos’P +sin’y
+ cos® y=0
O (sina +sinB +siny)?+ (cosa + cosP + cos y)* =0
It is possible when,
sind +sinf +siny =0

and cosO + cosB +cosy =0

Hence, both statements A and B are true.

1
Area = 5 x Base x Altitude

<
xsin @
<

e 1 1

T T
X cos 6 X cos 6

1 1
:E X (2x cos B) X (x sin 0) 25 x% sin 20
[since, maximum value of sin 20 is 1]

. 1 5
[0 Maximum area = — x
2

1
166. Given, cosx+sinx25
by x
1-tan®’ = 2 tan —
0 2, 2 -1
X x
1+tan? X 1+tan?> 2
2 2
2
1-t 2t 1
Let tan£=t 0 5 S ==
2 1+¢ 1+t 2



x
0<x<m 0 0<=<—
2 2

20-t*+2t) =1 +t* 0 3t —4t—-1=0

t_ztﬁ

3
T

X . .
So, tan — is positive.
2

O

Now,

ad

X
t=tan — =
2

2 tanE
2

2 +4/7

3

2t
2 X 1 -4

1 —tan® —
2

O

, 2+ 70
03 0
f
_B+7d

o 3 0

x=—3(2+ﬁ)x1—2ﬁ
14247

+ 70
tanxz—giﬂ

1-247

3 0

P
167. Since, tan — and tan % are the roots of equation

ax* +bx +¢ =0

tan—+tang=—é (1)
2 a
tan—tanQZE
2 a
QO R_m
—t+t =+ —=— “P+0O+R=T11
s TS, [ Q ]
P+Q_m_R
2 2 2
P+Q _T1 T, .
=— - R —(given
. . [ 2(g )]

O tan%g+gg=l
2 2
P
tan5+tan§
O =1
l—tan—tang
2
_b
0 a =1
c
1—7
a
O —é:l—g
a a
O -k a c
O c=a+b
Alternate Solution
Tt
Since, Or —
2
Tt
O om0 9 5
aop _m 0O
0 bp_m 0o
2 4 2
P
0O tan — = tan _9
2 4 2
Tt
tan — — tan =
- 4
Tt
1+ tan — tan =
4
P
a tan—+tan—tan921—tan9
2 2 2
O tan—+tang=l—tan—tan—
b
O —7:1—2
a a
a -k a c
a c=a+b

[from Eq. (i)]



