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INTRODUCTION

An angle is the amount of revolution which a line OP re-
volving about the point O has undergone in passing from its
initial position OA into its final position OB.

Fig. 25.1

If the rotation is in the clockwise sense, the angle measured
is negative and it is positive if the rotation is in the anti-
clockwise sense.

The two commonly used systems of measuring an angle
are

1. Sexagesimal system in which
1 right angle =90 degrees (90°)
1 degree = 60 minutes (60")
1 minute = 60 seconds (60”)

2. Circular systems in which the unit of measurement
is the angle subtended at the centre of a circle by
an arc whose length is equal to the radius and is
called a radian.

Relation between degree and radian

rradian = 180 degrees
1 radian = 180 degrees
T

=57° 17’ 45” (approximately)

The trigonometrical ratios of an angle are numerical quanti-
ties. Each one of them represents the ratio of the length of
one side to another of a right angled triangle.

DOMAIN AND RANGE OF
TRIGONOMETRICAL FUNCTIONS

Domain Range
sin A R -1, 1]
Cos A R [-1,1]
tan A R-{2n+1)n/2,ne I} R = (— o0, )
cosec A R—-{nm,nel} (—oo,— 1] UL, o)
secA R—-{Qn+1)a2,nel} (—oo,—1]U][l, )
cotA R-{nm, nel} R = (=00, )

We find, Isin Al <1, [cos Al < 1
secA>1lorsecA<—1

and cosecA=>1orcosecA<-1

SOME BASIC FORMULAE

1.sif” A +cos>’A=1orcos’A=1-sin>A
or sinA = 1 — cos® A.
2.1 +tan’> A =sec’ Aorsec’A—tan’ A = 1.
3.1 + cot’ A = cosec’ A or cosec> A — cot’ A = 1.
4. sin A cosec A =tan A cot A = cos A sec A = 1.
A system of rectangular coordinate axes divides a plane
into four quadrants. An angle 6 lies in one and only one of

these quadrants. The values of the trigonometric ratios in the
various quadrants are shown in Fig. 25.2.
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X/

Y
II quadrant I quadrant
only sin 6 } All t-ratios are + ve
are + ve
cosec 0
X
III quadrant IV quadrant
only tan 0 } only cos 9}
are +ve are +ve
cot 6 sec 6
Y/
Fig. 25.2

Sine, cosine and tangent of some angles less than 90°

0° 15° 18° 30°
. Vo -2 J5-1 1
sin 0 —
4 4 2
o | Je+v2 | los2vs | VB
4 4 2
tan 0 r_ 3 | V25-1045

9,
&=

o

90

sin

cos V5 +1 L l 0
4 V2 2
tan 5-245 1 B not defined

ALLIED OR RELATED ANGLES

The angles % + 60 and % — 0, where n is any integer,

are known as allied or related angles. The trigonometric
functions of these angles can be expressed as trigonomet-

ric fun

ctions of 6, with either a plus or a minus sign. The

following working rules can be used in determining these
functions:

1.

Assuming that 0 < 6 < 90°, note the quadrant in
which the given angle lies. The result has a plus
or minus sign according as the given function is
positive or negative in that quadrant.

2.

If n is even, the result contains the same trigonomet-
ric function as the given function. But if n is odd,
the result contains the corresponding co-function,
i.e., sine becomes cosine, tangent becomes cotan-
gent, secant becomes cosecant and vice versa.

Illustration | 1 E

(a)

(b)

To determine sin (540° — 0), we note that 540° — 0=6x90° -0
is a second quadrant angle if 0° < 8 < 90°. In this quad-
rant, sine is positive and, since the given angle contains an
even multiple of 7/2, the sine function is retained. Hence,
sin (540° — 6) = sin 6.

To determine cos (630° — ), we note 630° - 60=7 x90° -0
is a third quadrant angle if 0° < 6 < 90°. In this quadrant,
cosine is negative and, since the given angle contains an
odd multiple of 7/2, cosine is replaced by sine. Hence,
cos (630° — 6) =—sin 6.

COMPOUND ANGLES

An angle made up of the algebraic sum of two or more an-
gles is called a compound angle.
Some formulae and results regarding compound angles:

1.

2
3.
4

sin (A + B) = sin A cos B + cos A sin B.

.sin (A - B) =sin A cos B — cos A sin B.
cos (A + B) = cos A cos B — sin A sin B.
.cos (A - B) =cos A cos B+ sin A sin B.
tan A + B
tan (A + B) = nArtans
1—tan A tan B
tan A —tan B
tan (A - B) = —nA@nzy
1+tan A tan B
.sin (A + B) sin (A — B) = sin* A — sin’ B

= cos’ B — cos® A.

8. cos (A + B) cos (A-B) = cos’> A — sin’ B
= cos’ B — sin® A.
. . 2tan A
9.sin2A =2sinAcos A= ———5—.
1+tan” A
10. cos 2A = cos> A — sin?A = 1 — 2 sin’> A
2
—2cof Ao 1= B A
1+tan” A
11. 1 + cos 2A = 2 cos’ A, 1 —cos2A =2 sin® A.
12. tan 24 = Z“Lf.
1-tan” A
1- 0 0 1+ 0 0
13. (@) — 2% _tan 2 () BT ot
sin O 2 sin 6 2
1—
(©) ﬂztanzg.
1+ cos @ 2



14.

(@) sin 3x =3 sin x — 4 sin® x
(b) cos 3x =4 cos® x — 3 cos x
3tan x — tan® x

(c) tan 3x = 3
1-3tan” x

15.tan (A + B+ O)
_ tan A+ tan B +tan C —tan A tan B tan C
1—tan Btan C —tan C tan A —tan A tan B
16. (a) sinC+sinD = 2sinC+DcosC;D
(b) sin C — sin D = 2cosC+DsinC;D
(c) cos C+cos D = 2003C+DCOSC;D
D D-
(d) cos C —cos D = 25inC+ sin 2C.
(Note)
sin (A + B)
17. (a) tanA +tan B = —cosAcosB
sin (A— B)
(b) tan A —tan B = cos AcosB
18. (a) 2 sin A cos B = sin (A + B) + sin (A — B)
(b) 2 cos A sin B =sin (A + B) —sin (A - B)
(c) 2 cos Acos B=cos (A+ B)+cos (A-B)
(d) 2 sin A sin B = cos (A — B) — cos (A + B)
(Note)
19. sin nA = cos” A ("C, tan A — "C; tan® A +
"Cstan’ A — ...)
20. cos nA = cos" A (1 - "C, tan®> A + "C, tan* A ...)
1. tan nA = "C,tan A — ”C32tan3A+ "C54tan5A
1-"Cytan" A+"C,tan” A ...
22. sin o + sin (& + B) + sin (¢ + 2f) + ... +
sin (o + (n — 1)P)
i +(n—-1)B/2
_ sinla+(n=DB2) oo i)
sin(B/2)
23.cos a+cos (ax+ P) +cos (x+2P) + ... +
cos (o + (n— 1)P)
—-1)B/2
sin(f/2)
S-S, +8 -8 + ...
24 tan (A, + Ay + ... +A)= 13 5 77
1-8, +8, =8 +...
where S, =tanA,;+tanA,+ ... +tan 4,

(sum of the tangents taken one at a time)
S,=tan A, tan A, + tan A, tan A5 + ...

(sum of the tangents taken two at a time,
there are "C, such terms)
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S;=tan A, tan A, tan A; + tan A, tan Ay tan A, + ...

(sum of the tangents taken three at a time, there are
"C; such terms and so on.

SOME IMPORTANT RESULTS

1. sin O sin (60° — 6) sin (60° + 0) = (1/4) sin 36.

2. cos 6 cos (60° — 6) cos (60° + 8) = (14) cos 36.
3. tan 6 tan (60° — 0) tan (60° + 6) = tan 36
4

(1/4)[\/3+\/§—\/5—\/§J — cos 81°

. sin 9° =

5. cos 9° = (1/4)[\/3+\/§+J5—\/§J — sin 81°

. cos 36° — cos 72° = 1/2
7. cos 36° cos 72° = 1/4

8. sin 22%" = (%)[ 2—\/§J

9. cos 22%0 = (%j[ 2+\/5]

@)

N

10. tan 22—
2

11. cot 22%" =2 +1

12. _Ja? +p% < asinx + b cos x < /g2 +p2 forall
x € R.

IDENTITIES

A trigonometric equation is an identity if it is true for all
values of the angle or angles involved. A given identity may
be established by (i) reducing either side to the other one,
or (ii) reducing each side to the same expression, or (iii)
any convenient modifications of the methods given in (i)
and (ii).

CONDITIONAL IDENTITIES

When the angles A, B and C satisfy a given relation, many
interesting identities can be established connecting the
trigonometric functions of these angles. In proving these
identities, we require the properties of complementary and
supplementary angles. For example, if A + B + C = «, then

l.sin B+ C)=sinA, cos B=-cos (C+ A)
2.cos (A+ B)=—-cos C, sin C=sin (A + B)
3.tan (C+A)=—-tan B, cot A =-cot (B + C).

A+B . C C . A+B
4. cos =sin —, coS — = sin .
2 2 2 2
. C+A B . A B+C
5. sin =cos —, sin — = coS .
2 2 2 2
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C+A
5
Some Important Identities If A+ B + C = 7, then

1.tan A + tan B + tan C = tan A tan B tan C.
2.cot Bcot C+cot CcotA + cotAcotB=1.

B+C
6. tan

A B
=cot —, tan — = cot
2 2

B C C A A B
3. tan— tan— + tan— tan— + tan— tan— = 1.
2 2 2 2

A B C A B C
4. COtE + COtE + cot— = cot— cot— cotE.

5. sin 2A + sin 2B + sin 2C = 4 sin A sin B sin C.

6. cos 2A + cos 2B + cos 2C =
—1 -4 cos A cos B cos C.

7. cos’ A + cos’> B + cos® C =
1 —2 cos A cos B cos C.

8.sin A + sin B + sin C = 4 cos % cos E cos %

A B
9.cosA+cosB+cosC=1 +4sin5 sinE sin g

GENERAL SOLUTIONS OF
TRIGONOMETRICAL EQUATIONS
The following formulae are used in solving trigonometrical
equations:

1. If sin @=sin o, then O=nw+ (- )" ax(n € I)

2. Ifcos@=cos a,then 0=2nwt tax (nel)

3. If tan O=tan o, then O=nrw+ o (n € I)

4. Ifsin @=sin &, cos O=cos o, then 0=2n7w+ o (n € I)

Illustration | 2 E

If sin 0= 1/2, then sin 0= sin (71/6) so that =nm+ (—1)" /6
nel

In solving trigonometrical equations, the general values of
the angle should be given, unless the solution is required in
any specified interval or range.

® Examplel: I[f0<0<m/2,andf(6)=(1+ cot O—cosec )
(1 + tan 6 + sec 0), then f (n/4) is equal to

(@ 0 (b) 1

() 2 d) 2++2
Ans. (¢)

Principal Value

Since all the trigonometrical ratios are periodic functions,
an equation of the form sin 8=k, cos 8=k or tan 0 = k etc.
can have an infinite number of angles satisfying it. The set
of all such values is called general value of 6.

Numerically least value in this set is called Principal Value.

Illustration | 3 E

If sin 6= 1/+2 , the general value of 6is nm+ (- 1)" /4 and
the principal value is 7/4.

Method for Finding Principal Value

(i) First note the quadrant in which the angle lies.
(i) For 1st and 2nd quadrants consider anticlockwise
direction and for 3rd and 4th clockwise direction.
(iii) Find the angles in the Ist rotation.
(iv) Select the numerically least angle among these two

values. The angle thus found will be the principal
value.

| Illustration | 4 E

If tan =— 1, Olies in 2nd or 4th quadrant. For 2nd quadrant
we will select anticlockwise and for 4th quadrant we will
select clockwise direction. So we get two values 37/4 and
— 74, of which — 7/4 is numerically least angle. Hence
principal value is — m/4.

| Illustration | 5 E

For sin 8 =— 1/2, the principal value of 8is — 71/6 and for cos
0= 1/2, the principal value of 8is /3. [Note cos 01is positive
in Ist and 4th quadrant, so we get two values — 7/3 and /3
of O satisfying the relation. In such case. We select the angle
with positive sign as principal value].

SOLVED EXAMPLES
Concept-based

Straight Objective Type Questions

Solution: f(6) = (HCOS@_ 1 )(H

sin @ 1 j
+
sin@ sin@

cos@ cos@

_ (sinG#—cosO—1)(sin9+cos€+l)

sin@ cos@



_ (sin@ +cos0)* —1 _1+2sinf@+cos6—1 _ 2
sinfcos6

sin@cos 6
f(m/d) =2

1
® Example 2: If2 cos 6= Vx + —

Jx

which one of the following is not equal to cos(56)

1 1 1 1
@ 3(rm) o ()
© 1 d -1
Ans. (d)

1
Solution: For x >0, v/x + T >2 and
X

for some x > 0, then

1
\/;+—:2<:>\/;:10rx:1.
Jx

‘We have 2cos <2 and x/;+L >2.
Vx

L
Jx
R 0=2nr, where n € Z.

= cos(50) =cos(10nm)=1#-1

_ 1 5/2 1 _ 1 3/2 1 _
Also, forx =1, E(x +x5ﬂ) = E(X +x3T =1

® Example 3: For 0 < o, f< 7/2, let E = (tan o + tan 3)
(1 - cot & cot B)+ (cotor + cotf) (1— tanex tanf) then E is
(a) independent of o only
(b) independent of f only
(c) independent of o and 3 both
(d) equal to 2 (tanc + tanf)
Ans. ()

Thus,2cos9=\/;+ <x=1,co8 0=1

1
Solution: E = (tanc + tanfj) (1 - —J
tan ¢ tan 8

N (tan o + tan 3)
tan ortan 3
= (tano + tanf) (1 — tane tanf)p

(1-tanotan f3)

where
1 1

—_ + =
tanotan B tanortan 8
E=0

@® Example 4: If cot A = tan ((n—1)A), where n € N, then
a value of A can be

(a) m/2n (b) m/n
(¢) 2n/n (d) n/4n
Ans. (a)

Solution: tan (/2 —A) = tan ((n—1)A)

One possible solution is
n2-A =n-1)A=A=n/2n
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1
® Example 5: 5 ( V3 cos 23° —sin 23°) is not equal to

(a) cos 53° (b) sin 53°
(c) sin 37° (d) sin 143°
Ans. (b)

1
Solution: (V3 cos 23° — sin 23°)
= cos 30° cos 23° — sin 30° sin 23°
= cos (30° + 23°) = cos 53°
= ¢o0s (90° —37°) =sin 37° = sin (180° - 37°)
= sin (143°)

® Example 6: Suppose o, <R, and let E = sin® (a + )
+ sin®or + sin? 3 — 2cosox cosfB cos (o + B) then E is equal to:

(a) 0 (b) 1
(c) 2 (d) 2cos acosp
Ans. (c)

Solution:
E = 1+ sin’o + sin’B — cos® (o + B)
—2 cosa cosfcos (o + P)
= 1 + sin’a + sin’f — cos (o + ) [cos (a+f)
—2 cosa cosf]
=1 + sin’o + sin’B + cos(o + B) cos (o — P)
= 1 + sin’a + sin’B + cos’a — sin’B
=2
@® Example 7: If o, 3, y are three distinct real numbers

such that 0 < ¢, B, y< ®/2, then tan (ox— B) + tan (B — y) +
tan (Y- o) is equal to:

(@ 0 (b) -1
() 1 (d) none of these
Ans. (d)

Solution: LetA=a—-f8,B= -7, C=7y- o, then
A+B+C=0.
We have tan (A + B) = tan (-C)
tan A +tan B
l1-tanAtan B
= tan A +tan B + tan C =tan A tan B tan C

=—tan C

1 1
® Example 8: Iftan A —tan B=— and cotA —cot B=—,
then cot(A — B) is equal to: 3

(a) 1 (b) -1

(© 5 (@ -5
Ans. (b)
Solution: l: 1 3 1 :_cotA—cotB

2 cotA cotB cot A cotB
= cotA cotB =-2/3.
Now,
B—cotA -1
cot(A — B) = cot cotA /3 — 1

l+cotAcotB 1-2/3
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. . ~
@® Example 9: If tan § = 3sma—c02sa’ then tan(a - )
1-3sin” o tano
is equal to:
(a) 3 (b) 2
(c) -2 (d) none of these
Ans. ()
tano —t
Solution: tan (o~ f) = ———21F an
I+tanotan 8
sinx B 3sino coso
_ cosax 1-3sin’ o
sino 3sino coso
1+ . =
cosa 1-3sin“ o
= —2tan o

® Example 10: Let f(6) = tan (§+9)tan(§_9),

—§<9< 3 , then f( )isequalto:

(@) 2+3 b) 2-+3
© B3+1 @ V3-1
Ans. (a)

sin(;’ + 9) sin (’; - 9)
cos( + e) cos(’; - 9)
(5]

Ng

3-4sin”@ 2 cos(20)+1
1-4sin>6 2 cos(26)—1

f(ﬂ)_ 2cos(76r)+l_\/§+1
12 2COS(76[)_1 V3-1

Solution: f(6) =

sin @

—sin’ @

=2+3
@® Example 11: If cosec 6 = rrq where p > g > 0, then
P—q
(ﬂ' 9) .
cot| —+— || is equal to:
4 2

@ |2 (b) \/g
q P

© pq ) pq
Ans. (a)

Solution: sin 6= 2=4 — cos(§+9):u

p+q p+q
1—tan? (n+9j
N 2 1-q/p
1+ tan? ) I+q/p

cot

&
-y
53]

® Example 12: If 2 cos 8 +sin 0=1, (6 # (4k + 1) /2,
k € T) then 7 cos 6 + 6 sin@ is equal to:

(a) 1/2 (b) 2
(c) 1172 (d) 46/5
Ans. (b)

Solution: 2cos 6+ sin =1 = 4 cos® O = (1—sin )*
=  4(1-sin’ 6) = (1-sin 6)*

= 4(l+sinf)=1-sin 6

= sin 0= -3/5

As 2cos 0+ sin 0= 1, we get cos 0=4/5.

Thus, 7cos 6+ 6 sin 0 = 7(%)+6(%3) =2

® Example 13: The number of solutions of the equation
tan x + sec x = 2cos x, x € [0, 27| is

(a) 1 (b) 2
(c) 3 d 0
Ans.(b)

Solution: tan x + sec x =2 cos x

= l+sinx= 20052x=2(1 —sinzx)

= (1+sinx)(1-2+2sinx)=0

= sinx=-1orsinx=1/2

But sin x = — 1 = cos x = 0. This is not possible.
Thus, sinx=1/2 = x=n/6, 51/6, €[0, 2]

® Example 14: Let A = sin*x + cos*x, x € R, then

1 1
—<A<L1 b) —<A<1
(a) > (b) N
1 1
—<A<LI d —<A<LI]
(©) 2 (d) ]
Ans. (a)

2

Solution: A = (sin’x + cos?x)? — 2 sin’x cos’x

= 1—l sin® 2x
2
0<sin’2x<1
1 1

= —=1——31—l sin’ 2x
2 2 2

Now,

=A<1



® Example 15: If 0 < x < 7, and sin x + cos x = 1/3, then
a possible value of tan x is

1
(a) g(—9+\/ﬁ)

1

() —§(9+J§)
Ans. (a)
Solution: 3(tan x + 1) = sec x
= 91 +tan2x+2tanx)= 1 + tan’x
= 4tan’x+9tanx+4=0
—9+V81-64 —9++/17

8 -8
® Example 16: Let f(0) = (1 + cos 6) (1 + cos 36)

1

) g(9—\/17)
1

(d) g(9—\/3)

= tanx=

/4
(1 +cos 560) (1 + cos 76) then f(—gj is equal to:

(a) —1/8 (b) 1/4
(c) —1/4 d) 1/8
Ans. (d)

Solution: As f(-60) = f(6), we evaluate f(/8).
For 0=r/8,30=n/2-n/8,50=rn/2 + n/8
and 70 = w— 1/8, so that

1(5) = (reeo 1o 1o 1o
oo (%)
- Lasin( 2 eos( 2

=—S1mn | — |(=—
4 4 8

® Example 17: If 6 = 7/8, and f(6) = cos® 0 + cos® 36 +
cos® 50 + cos® 76 then f(6) is equal to:

(a) 3/4 b) 1
(c) 5/4 (d) 312
Ans. (¢)

Solution: As in example 16, using
30=n/2-1/8,50=n/2 + /8, 70 =1 —T/8, we get

£(6) =2(cos® 6+ sin® 6)

= 2[(cos2 0 + sin® 9)3 —3cos” Osin” 0 (cos2 0+

sin® 6)]

_o[123 moy =213 (LY
—2[1 4(200s951n9) }—2{1 2 (\5)}
=5/4

® Example 18: If o, 8, yare three real numbers, then
cos® (B—7) + cos’ (y— ) + cos’ (at— P)
—2cos(f—y) cos(y— @) cos (o — P) is equal to

Trigonometrical Ratios, Identities and Equations 25.7

(@ 0 (b) 1
(c) -1 (d) none of these
Ans. (b)

Solution: PutA=8-7B=y— o, C=a—f3,sothat A
+ B+ C=0.Now
cos® A + cos® B+ cos®> C — 2 cos A cos B cos C

=1+ cos’ A — sin® B + cos C [cos C — 2cos A
cos B]

=1+cos(A+B)cos(A-B)
+ cos C [cos (—A — B) —2cos A cos B]
=1+cos(—C)cos(A-B)
—cos C [sin A sin B + cos A cos B]
=1+ cos Ccos(A—-B)—cos Ccos (A-B)
=1
® Example 19: Number of values of x € [0, 2x] and sat-
isfying the equation
cos x cos 2x cos 3x = 1/4 is:

(a) 6 (b) 8
(c) 20 (d) 24
Ans. (b)

Solution: 2 (2cos 3x cos x) cos 2x =1

= 2 (cos4x+cos2x)cos2x=1

= 2cos4xcos2x=1-2cos’2x = — cos 4x

= cosd4x(2cos2x+1)=0

= cosdx=0orcos2x=-1/2
Nowcos4x=0=4x=Q2n+ )n/2,ne 1

= x=C2n+1)n/8,ne L

and 0L 2n+ /427 =0<2n+1<8

n=0,1,2,3.

Also, cos (2x) =—1/2 = cos (21/3)

= 2x=2nrn+2n/3,nel

= x=nnxn/3,ne L

As0<x<L2m x=nr/3,2n/3,4r/3, 5r/3.

Thus, there are 8 values of x.

U

® Example 20: Number of values of x € [0, 47] and sat-
isfying J2 secx + tanx = 1 is
(@ 0
(©) 2
Ans. (c)
Solution: We can write the given equation as
J2 = cosx — sinx

(b) 1
(d) 4

1 1 .
= —cosx——=sinx=1

V2 V2

T
= cos(x+—)=1
4

T
= x+z =2nm,ne L

T 15¢
= x=—,—
4 4
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® Example 21: cos (540° — 0) — sin (630° — 6) is equal to

(@) 0 (b) 2cos O
(c) 2sin 6 (d) sin 8—cos 6
Ans. (a)

Solution: cos (540° — 6) = cos (6(n/2) — 6) =—cos 6

sin (630° — ) = sin (7(n/2) — ) = —cos 6
® Example 22: 2 sec? or—sect or— 2 cosec? o+ cosec? o
= 15/4 if tan «a is equal to

(a) /N2 (b) 12
© 122 d) 1/4
Ans. (a)

Solution: L.H.S. =2(1 + tan® ot— 1 — cot® &) —
[(1 + tan® @)% — (1 + cot® )]

=cot* a—tan* = 15/4
= tan4a=1/4:>tana=il/x/5.

® Example 23: If the roots of the quadratic equation
X+ px + g =0 are tan 30° and tan 15°, then the values of

2+qg-pis
(a) 1 (b) 2
(c) 3 d 0
Ans. (¢)

Solution: tan 30° + tan 15°=—p

and tan30°tan 15°=g¢q
tan 30° + tan 15°

Now 1 = tan 45° =
1—tan 30° tan 15°
= 1=1=>1—q+p=0
l-¢
= 2+g-p=2+1=3.

tan 155° —tan 115°

® Example 24: If tan 25° = x, then

. 1+tan155°tan115°
is equal to
1—x2 1+ x°
a b
(2) 3y (b) e
© 1+ x2 @ 1-x2
C
1-x? 1+ x2
Ans. (a)

tan 155° —tan 115°

1+ tan 155° tan 115°

_ tan (180° — 25°) — tan (90° + 25°)
1+ tan (180° — 25°) tan (90° + 25°)

Solution:

LEVEL 1

Straight Objective Type Questions

_ —tan25°+cot25° | 1) 1-x
"~ 1+tan25°cot25° 2 - '

@® Example 25: The value of the determinant

sin 13° sin® 77° tan135°
sin® 77° tan135° sin® 13°] is equal to
tan 135° sin® 13° sin* 77°

(@ -1 (b) 0

(© 1 d) 2

Ans. (b)

Solution: The given determinant is equal to
sin?13°  cos® 13° -1
cos’13° -1  sin?13°

-1 sin®*13° cos*13°
0 cos®13° -1
=10 -1 sin’13°| =0
0 sin?13° cos®13°

(Applying C, — C, + C, + Cy)
® Example 26: If A = 130° and x = sin A + cos A, then

(a) x>0 (b) x<0
(c) x=0 (d x=0
Ans. (a)

Solution: x=sin 130° + cos 130° =sin 50° —sin 40° >0

(- sin x is increasing for 0 < x < 71/2)

® Example 27: If tan” 36° + k(sin 18° + cos 36°) =5, then
the value of k is

(a) 2 ) 25
() 4 d 45
Ans. (c)
Solution: From the tables, we have
LHS. = 5—2J§+k(%+ Ji”j

= 5—2\/§+§k:5(given) = k=4



® Example 28: If Smx_ CoSXY tan x =k, then
a b c
LI S
¢+ kT pk Isequa to
1 1 1
(a) k(a+—) (b) —(a+—)
a k a
© - @ ¢
K2 k
Ans. (b)
Solution: The given expression is equal to
cosx-tanx N 1 sin x
k2 tanx 1+cosx
_sinx | cosx(I+cosx)+sin’ x
k? sin x (1 + cos x)
O O R T
k sinx k ak k a4 a)

® Example 29: sin” o+ cos® (o + ) + 2 sin asin 8
cos (o + PB) is independent of

(a) o (b)) B
(¢) both exand B (d) none
Ans. (a)

Solution: The given expression is equal to
sin or + cos (o + B) [cos (ot + B) + 2 sin o sin f]
= sin® o + cos (o + B) [cos o cos B+ sin o sin f]
= sin® o + cos (o + P) cos (or— B)
= sin® o+ cos® o — sin’ B = 1—sin® B = cos® B
which is independent of ¢ only.
@® Example 30: tan 203° + tan 22° + tan 203° tan 22° =

(a) -1 (b) 0
(© 1 (d) 2
Ans. (c)

tan203°+tan 22°
1—tan203°tan22°
tan203°+tan 22°
1—tan203°tan22°
= tan 203° + tan 22° + tan 203° tan 22° = 1.

® Example 31: Ifsin32°=kandcosx=1 - 2k @, B are
the values of x between 0° and 360° with o < 3, then

Solution: tan (203° + 22°) =

= 1 =tan (180° + 45°) =

(a) a+ B=180° (b) B— a=200°
(¢c) B=4o+40° (d) B=5a-20°
Ans. (c)
Solution: cos x =1 —2k> =1 — 2 sin® 32° = cos 64°

= x = 64° or 296°
o = 64° and =296°
which satisfy (c).
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@® Example 32: The minimum value of 27 tan® 6+ 3 cot” 0
is

(@ 9 (b) 18
(c) 27 (d) 30
Ans. (b)

Solution: A.M. > G.M.

27tan” 6 + 3 cot’ 6
2

= 27tan’ 0+ 3cot’ 6> 18,
@® Example 33: If 3 sin 8= sin (2a + f3), then
tan (o + ) — 2 tan o is

(a) independent of «

(b) independent of

(¢) independent of both ¢ and 8

(d) independent of none of them
Ans. (c)
Solution: sin 2a+ ) =3 sin B

sin(2oc+ B)+sinff  3+1

sin(2c+ B)—sinf  3-1

> \/27tan2 0-3cot’ 0

2sin(o + B)coso
2cos(a + f)sina

® Example 34: If A = sin® 0 + cos” 0, then for all values
of 6

=2 = tan(o+ f) —2tan ¢ =0

(a) 1£A<2 (b) 3/4<A<1
(c) 13/16<A<1 (d) 3/4<AL13/16
Ans. (b)

Solution: A = sin® 6 + (1- sin® 6)*
=1 +sin® 6 (sin”> 6-1)
=1-sin’> Qcos’> 6 <1
A =1-(1/4) sin® 20 > 1- (1/4) = (3/4). Hence
34<A<1

® Example 35: If u = \/a2 cos> @+ b*sin*0  +

Also

\/a2 sin® 6 + b* cos> @ where a, b > 0. Then the difference

between the maximum and minimum values of ” is given

by
(@) (a+ b)* (b) 2+/a +b?
(©) 2(a*+bY) d) (a-b)
Ans. (d)

Solution: We have

a’ b?
u= 7(1 +c0s20) + 7(1 —c0s26)

a’ b’
+ 7(1—00520)+7(1+00529)

2, 42 2 42
:\/a +b +a b cos20 .
2 2
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\/a2+b2 a’ - b?
+ —
2

cos2 0

Squaring we get

2 2\2 2 2\2
J( V(28 coag
2 2

Thus max (uz) =*+ b +a>+ b= 2((12 + bz)

2, 12\? 2 ;2)\?
and min (u?) = d°® + b* + 2\/(61 +b ) _(a —b )
2 2

=a* + b* + 2ab = (a + b)*

So the required difference = 2(a* + b%) — (a + b)* = (a— b)*.

sin®x  cos® x 1
® Example 36: |cos2 x  sin? x 1 |isequalto
-10 12 2

(@ 0
(b) 12 cos? x — 10 sin’ x
(c) 12 sin® x — 10 cos® x - 2
(d) 10 sin’ x
Ans. (a)
Solution: Apply C;, — C, + C, — C;, then the given
determinant is equal to
0 cos® x 1
0 sin? x 1 | =0.
0 12 2

cosA cosB 1

® Example 37: If " =g,—7r/2 <A, B<O,
then value of 2 sin A + 4 sin B is equal to
(a) 4 (b) 2
() —4 d 0
Ans. (c)
Solution: cosA=3/5 = sinA=-(4/5)
cosB=(4/5) = sinB=-3/5.

So that 2 sin A + 4 sin B
=—(8/5) - (12/5) =-4.

® Example 38: If sin A =3 sin (A + 2B), angle B is acute
and A is obtuse; then

(a) tan B = 1/+/2

() tanB < 1/V2
Ans. (d)

() tanB > 1//2
(d O<tanB< 1/V2

in (A +2B 1
Solution: sin(A+2B) -,

sin A 3
By componendo and dividendo, tan(A + B) = — 2 tanB
t
- an A +tanB 2 tnB
1—-tan A tanB

3tanB )
= tan A =——>——<0 (as A is obtuse)
2tan"B—-1
= 2tan2B—1<O(astanB>0)
= O<tanB< 1/3/2

® Example 39: The value of cos’ (3_71:) +cos’ (4—”j is
equal to 5 5

(a) 3/4 (b) 5/4
(c) 5/2 (d) 4/5
Ans. (a)

Solution: cos’ (3?”) + cos’ (4?”)

= cos? (108°) + cos? (144°)
= (cos (90° + 18°))% + (cos (180° — 36°))*
= sin® 18° + cos® 36°
) (£_1J2+(ﬁ+1)2 _2x6_3
4 4 16 4

® Example 40: The value of
cos 12° + cos 84° + cos 156° + cos 132° is
(a) 1/8 (b) —1/2
()1 d 12
Ans. (b)
Solution: (cos 12° + cos 132°) + (cos 84° + cos 156°)
12°+132° 12°-132°
=2 cos cos +
2
84° —156°
5 .
2 cos 72° cos 60° + 2 cos 120° cos 36°

Js-1 1 ( 1) J5+1
X—+2X _EX =

4 2 B

40 1 o
7 cos 84° +156

2%

1
4 2
1 sin@ 1

® Example 41: Let A= |-sin 0 1 sin O |, then
A lies in the interval. -1 —sinf 1

(@) [2,4] (b) [3,4]

(c) [1,4] (d) none of these

Ans. (a)
0 0 2

Solution: A =|—sin 6 1 sin@ |[R,—> R, + R;]
-1 —sin6 1
=2(1 + sin® 6)
= 2<A<4as0<sin’ 9<1
® Example 42: If sin (120° — o¢) = sin (120° — ) and
0 < o, B < , then all values of «, 8 are given by
(@) o+ B=n/3 (b) a=Pora+ p=rn/3

() a=p (d a+p=0
Ans. (b)



Solution: sin (120° — @) = sin (120° — )
—  either 120°— = 120°- B= 0. = 8
or 120° — or=180° — (120° - )

= o+ =60°=r/3

@® Example43: Ifsin 6+ cosec 0=2, then sin” 6+ cosec” 0
is equal to

(a) 2 (b) 2"
(c) 4" (d) none of these
Ans. (a)

Solution: We can write sin® 6+ 1 =2 sin 6

= sin6-2sinf+1=0 = (sinO-1)>=0

= sinf=1 = cosecO=1

and thus sin” 6 + cosec” 6= 2.

@® Example 44: If a = cos@cosy +sin@siny cosd
b = cos@siny —sind cosy cosd

and ¢ = singsind . Then a* + b* + ¢* =

(a) -1 (b) 0
(© 1 (d) none of these
Ans. (c)

Solution: a* + b* + ¢*

= cos” ¢ cos” Y+ sin” ¢ sin” ycos® §
+ cos’ ¢ sin® y+ sin’ ¢ cos® ycos® & + sin” ¢ sin® &

cos” ¢ + sin” ¢cos® & +sin® ¢sin’ §

cos>p+sin’ ¢ =1.

® Example45: Inatriangle ABC, BP is drawn perpendic-

ular to BC to meet CA in P, such that CA = AP, then % =

(a) 2sinA (b) 2sinB
(c) 2sinC (d) none of these
Ans. (c)

BP BP
Solution: We have — = —
AB AC

(AB, AC are the radii of the circle on CP as diametre)

:ZE =2sin C.
cp
P

90°-C

90°

Fig. 25.3
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@® Example 46: If cos 0 = cos o cos 3, then

+o 60—«
tan

tan

is equal to

(a) tan® (0/2)

(c) tan® (6/2)
Ans. (b)

Solution: tan 0

(b) tan® (B/2)
(d) cot® (B/2)

+o 06—«

t —_

_ tan? (6/2)—tan” (0t/2)
~ 1—tan”(6/2)tan? (at/2)

l1-cosf® 1-cosa

1+cos8 1+cosa
1-cosO 1-cosa

- 1+cos@ . 1+coso

_ cosa(l—cosp) —tanzﬁ

coso(1+cosfB) 2

_ 2(cosa—cosH)
~ 2(cosor+cos0)

@® Example 47: The equation a sin x + b cos x = ¢, where
a* +b? has

(a) aunique solution

(b) infinite number of solutions

(c) no solution

(d) none of these
Ans. (c)

Solution: Let a = r cos «, b = r sin o so that

r=va® +b* -

The given equation can be written as

lcl >

c

rsin(x+ a)=c=sin(x+ o) = m

<]
= Isin (x + o)l = >laslcl> g2 +p?
Va* +b* “
which is not possible for any value of x.

® Example 48: If cot o equals the integral solution
of the inequality 4x* - 16x + 15 < 0 and sin B equals
to the slope of the bisector of the first quadrant, then
sin (o + B) sin (a— P) is equal to

(a) =3/5 (b) —4/5
(c) 2/\/5 (d 3
Ans. (b)

Solution: We have 4x” — 16x + 15 <0
= 32<x<5/2
= cot o = 2, the integral solution of the given inequality
and sin f=tan 45° =1
sin (o + B) sin (ot— P) = sin® o — sin* 8
1 1 4

1= _1=-2=

- 1+cot’> « 1+4 5
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2 4
@® Example 49: The value of cos 77[ + cos Tﬂ +

6m r .
COS — 4+ CcO0S — 1S
7 7

(@ 1 (b) -1
(c) 172 @ -312
Ans. (d)

2 4 6 7
Solution: cos 771 + cos Tﬂ: + cos 771: + cos 7”

1 [ . 2z . Az
= 2s8in—cos— + 2sin—cos— +
7 7 7

2sin£
7
2sin£cos6—n’} -1
7 7
1 [.37r.7t.57t_37r
= sin——sin—+sin— —sin—+
s 7 7 7
sin —
It . 571}
sin— —sin— |—1
7 7
1 ( ) ﬂj 1 3
= —sin— |-1=—-——-1=——.
2 T 7 2 2
sin—
7

® Example 50: The greatest value of
f(x) =2 sin x + sin 2x on [0, 37/2], is given by

(a) 972 (b) 52
© 3312 ) 3/2
Ans. (¢)

Solution: f’(x) =2 cos x + 2 cos 2x
and f”(x) =— 2 sin x — 4 sin 2x
For extreme value f'(x) =0

= cosx+2cos’x—1=0
= cosx=—1or1/2
= x=mor m/3 as x € [0, 37/2]
2
Now f(m) = 0 and (7/3) = Tﬁ+% _ 3\2/5

Also f(0) = 0 and f(37/2) = -2 so the greatest value of f{x)
is 34/3/2

® Example 51: If x = a cos® Osin® 6, y = a sin’ 6 cos” 6

(2 402)
and 7 (p, g, € N) is independent of 0, then
(x)
(a) 4p =5¢q (b) 49 =5p
© p+qg=9 (d) pg=20
Ans. (a)

[a sin” O cos? 9]2P

. ( 24 y2 )P
© Solution: =
(W)q a’ sin® O cos® O:Iq

a®" (sin@cos 6)*”

a% (sin@cos )

which is independent of @ if 4p = 54.

® Example 52: If cos o+ cos B=a, sin ot + sin f=b and

o — B=26, then cos36 _
cos@
(@) a®+b*-2 (b) a*+b>-3
(c) 3—-d*-b* (d) (a®+ b4
Ans. (b)

Solution: From the given relations we have
a® + b* = cos® a+ cos® B+ 2 cos acos B+ sin® o +
sin® B+ 2 sin o sin 3
=2+2cos(x— pP)
=2+2cos2 0=4cos’ 0

cos36 4cos® 0 -3cosO
- cos@

=4cos’0-3=a’+b*-3.

® Example 53: If cos A = 3/4, then the value of
16 cos® (A/2) — 32 sin (A/2) sin (5A/2) is

Now
cos@

(a) —4 (b) -3
()3 (d) 4
Ans. (c)

Solution: The given expression is equal to
8(1 +cosA)—16(cos 2A —cos 3A)
=8(1 +cos A)— 16 [2 cos’ A — 1 —cos A (4 cos® A — 3)]

= 8(1+§j—16[2x2—1—§(4x2—3ﬂ
4 16 40 16

= 14— (18- 1627 +36) = 3.

1 cos6 1
@® Example 54: If D= | —sin8 1 —cos0
-1 sin 0 1
then D lies in the interval
(@) [0, 4] (b) [2,4]
© [2-v2,2+V2]1 @ [-2,2]
Ans. (c)

Solution: Expanding D, we get
D=1+ sinf cosO — cosO(—sinf — cosb) + (— sin’0 + 1)

=2 +5in20 + c0s20 =2 + V2 cos (26 — m/4)
As—1<cos(20 —m4)<1,2-2< D<2+ 2



@® Example 55: A value of 0 lying between 6 =0
and 0 = 7/2 and satisfying the equation

1+sin’0  cos’ @ 4sin460
sin @ l+cos’® 4sin40 | =0is
sin @ cos’0  1+4sin40
(a) 3724 (b) 5724
(c) 11724 (d) n/24
Ans. (¢)

Solution: Applying R, — R, — Ry, R, > R, — R; to the
given determinant we get
1 0 -1
0 1 -1 =0
sin?@ cos’0 1+4sin46

= 1+4sind40+cos’O+sin”0 =0

= sin40=-1/2=40=n+ m/6 or 2;w— 1/6
[ 0<460<2nm]
= 0=7nr/24 or 117/24.

® Example 56: Let € (m/4, 7/2), which of the following
statements is true?
(@) (cos 0)° %< (sin ) °* ? < (cos 6) *in?
(b) (cos 0)""? < (cos ) ¢ < (sin ) *°
(c¢) (sin 6)° %< (cos ) ¥ < (cos ) *n?
(d) (cos 0)° %< (cos 6) 5" < (sin ) *°
Ans. (b)
Solution: For 0 e (m/4, m/2), 0 < cos 6 < 1/7/2 < sin
<1
= (cos 0)° %< (sin ) °* % and (cos 6) °* ¢ > (cos 6) *"?
(as0<cos < 1 and cos 6 < sin 6)
Showing that (b) is correct.

® Example 57: If a cos A — b sin A =, then
asinA + b cos A is equal to

(a) tVa?+b*>=¢? (b) +Vb* +c? -a?
(c) +Ne? +a* -b* (d) tVa® +b*+c?

Ans. (a)
Solution: Put a sin A + b cos A = x, then
A+ xt= (acosA-b sinA)2 +(asinA+b cosA)2
=a* + b*

= x=+Va?+b* -2

® Example 58: The general solution of the trigonometri-
cal equation sin x + cos x =1 is

(a) x=2nm, nel

(b) x=2nrw+ /2, nel
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(¢) x=nmw+ (- 1)" w4 — /4, nel
(d) none of these
Ans. (c)

Solution: sinx +cos x= 1= sin (x+ 7/4) = 1/./2

= sin /4
= x+md=nn+(-1)" n/4
= x=nnm+ (- 1)" n/4 - /4

which includes x = 2n7 and x = 2n7w + 7/2.
® Example 59: The values of x between 0 and 27 which
satisfy the equation sin x y/8cos> x =1 are in A.P. The com-

mon difference of the A.P. is

(a) m/8 (b) w4
(c) 3m/8 (d) 57/8
Ans. (b)

Solution: From the given equation we have
2 sin x Icos xl = 1/4/2 = sin 2x = 1/3/2 if cos x > 0 and
sin2x=—1/2 if cos x <0

when cos x> 0, sin 2x = 1/+/2 = x = /8, 37/8
when cos x < 0, sin 2x = — 1/\/5 = x = 5n/8, 7n/8. So the
required values of x are

/8, 37/8, Sn/8, Tn/8

which form an A.P. with common difference 7/4.
® Example 60: 15 [tan 26 + sin 20] + 8 = 0 if

(a) tan 6= 1/2 (b) sin 6= 1/4

(c) tan 6=2 (d) cos 8=1/5
Ans. (¢)
Solution: We have tan 260 + sin 260 = — 8/15

2tan 0 2 tan 6 -8
7 25 15

l-tan"0® 1+tan"0 15

= 15x4tan 0+ 8(1 —tan* 6) =0

= 8tan*O+60tan 6-8=0

which is satisfied if tan 0 =2

=

® Example 61: The numbers of solutions of the pair of
equations

2 sin’0 - co0s20 =0
2 cos’0—3sin 0=0
in the interval [0, 27] is

(a) zero (b) one
(c) two (d) four
Ans. ()

Solution: 2 sin’6 - cos260=0
= 1 —-c0s20—c0s20=0 = cos20=1/2
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= 2c0s’0—1=1/2=2cos’> = 3/2

So that from 2 cos’0 — 3 sin 8= 0, we have

sin 6=1/2 = 0= r/6,5n/6 as B € [0, 2nx].

® Example 62: The solution set of the equation
tan (mtan x) = cot (7w cot x) is

(a) {0} (b) {m/4}
(©) ¢ (d) none of these
Ans. ()

Solution: tan (7 tan x) = tan (/2 — 7 cot x)

= mwtan x = /2 — mwcotx = tan x + cot x = 1/2

= 2tan’x—tanx+2=0
+ /1=
= tanx:—l_ i 16

which does not give real values of tan x.

® Example 63: The least positive root of the function
sin x — /2 + 1 = 0 lies in the interval

(a) [0, m2] (b) [72, 7]
(c) [m/2,37/2] (d) none of these
Ans. (a)
Solution: sinx= ~ — 1= 2 1= 8
2 14 14

4
= 7 so the least positive root lies in [0, /2]

® Example 64: The number of solutions of the equation

cos (m~/x—4) cos (w \/;) =1is

(a) 1 (b) 2
(¢) more than two (d 0
Ans. (a)

Solution: Given equation is possible if cos (7 /x —4)
=1 and cos (& \/;) =1.

Since x-4z20=x=2z4andx =0
So x =4 is the only solution.

® Example 65: The number of values of x in the interval
[0, 37 satisfying the equation 2 sin® x + 5 sin x — 3 = 0 is

(a) 2 (b) 4

(c) 6 d 1
Ans. (b)
Solution: We have (sinx+3) 2sinx—1)=0
= sin x = — 3 which is not possible
or sin x = 1/2 = x = n/6, 57/6, 131/6, 177/6
asx € [0, 3nx].

® Example 66: If A, B, C are the angles of a triangle and
cosB+cosC=4 sinz(A/Z), then tan B/2 tan C/2 is equal to

(a) 12 (b) 1/3

(c) 2/3 (d) 32
Ans. (b)
Solution: cos B + cos C = 4 sin*(A/2)

B+C B-C A (n B+C)
= = 4sin—sin| — —
2cos cos 3 5 > >
. A B-C . A B+C

= 231n5 cos = 4sm5 cos

B cC . B.C
= COS— COS— +SsIln —SIin — =
2 2 2 2

( B C . B. C)
2| cos—cos— — sin—sin —
2 2 2 2

. B . C B C
= 3sin—sin— = COS— COS—
2 2 2
B C 1
= tan —tan — = —.
2 2 3
@® Example 67: If 15 sin*x + 10cos*x = 6, Then tan’x =
(a) 1/5 (b) 2/5
(c) 2/3 (d) 1/3
Ans. ()

Solution: 15 sin*x + 10cos* x = 6 (sin’x + cos?x)?
= 9 sin*x + 4 cos*x — 12 sin’x cos’x = 0

= (3 sin*x — 2 cos*x)* = 0

= tan’x = 2/3.

® Example 68: Sum of the root of the equation
2sin*0 +sin20=2;0< O< /2 is

(a) /2 (b) 3m/4
(c) 7m/2 (d) 57/12
Ans. (b)

Solution: 4 sin® 6 cos® 8=2(1 — sin’6)
= (2sin’0—-1)cos’6=0

= sin’0=1/2 or cos’0=0
= O=m/4 or O=n/2

® Example 69: If tan x/2 = cosec x — sin x, then
sec’ x/2) =

@ V5+1 ® V5-1
© V5-2 @ V5+2.
Ans. (b)
2
Solution: tan (x/2) = 1+tan”(x/2)  2tan(x/2)
2tan(x/2) 1+ tan® (x/2)

= 2 tan® (¢/2) (1 + tan® (x/2) = [1 + tan’(x/2)]* -4 tan’(x/2)
= 2tan* (x/2) + 2 tan®> (x/2) =1 + tan* (x/2) - 2 tan®(x/2)

= tan® (x/2) +4tan’ (x/2)—1=0
= an’(2)=V5-2 = sec>2)=5-1



® Example 70: Let A and B denote the statements
A :cosa+cosf+cos y=0
B :sino + sinf +sin y=0
If cos(B—79) + cos(y— @) + cos (a— B) =—3/2
Then

(a) both A and B are true

(b) both A and B are false

(c) Aistrue B is false

(d) A is false B is true.

Ans. (a)
Solution: cos (8- 7 + cos (y— @) + cos(a— ) =—3/2
= 2[cos B cos ¥+ cos ycos o+ cos o cos B+

sin B sin y+ sin ysin o + sin o sin B] +
(sin2 o + cos’ OC) + (sin2 B+ cos® ﬁ)
+ (sin2 ¥ + cos? }/) =0
. : Y 2
= (sina+sinf+siny)” +(cosar +cos B +cosy) =0
= cos o+ cosff+ cosy =0

and sina + sinff + siny=0
so both A and B are true.

® Example 71: cos’u + cosz(u + x) — 2 cosu cosx cos(u + x)
=1/2if

(a) x=m/4 ) u=n/4
() x=m/2 (d) u=m/2
Ans. (a)

Solution: L.H.S = cos’u + cos® (u + x)
— [cos(u + x) + cos(u — x)] cos (u + x)

= cos’u — cos(u — x) cos(u + x)

= cos’u — (coszu - sinzx) = sin’x.

S0 sinfx=1/2 = sinx=+1/4/2

® Example 72: For a regular polygon, let r, R be the ra-
dii of the inscribed and circumscribed circles. There is no
regular polygon with

@ =2 b L3
R 3 R 2
1 r 1
(© == &) —=—=.
R 2 R 2
Ans. (a)
Solution: We have - = cos
R
n
When L:?,cos£=cos£.:}«n=6
n
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r 1 T /4
when —=—,cos— =cos— = n=3
R 2 n 3
1 T
and when Lz—, cos—=cos— = n=4
R \/5 n
ro 2 T 2
Butwhen —=—, cos —=—
R 3 n 3
Which does not give a positive integral value of n.
O
R/
-
.
Al M A2
Fig. 25.4

® Example 73: If cos (e + 8) = 4/5 and sin (- ) = 5/13
where 0 < o, § < 7/4, then tan 20 =

(a) 19/12 (b) 20/7
(c) 25/16 (d) 56/33
Ans. (d)

Solution: 0< ¢, B< n/4
= 0<a+f<n?2 = -mwia-B<a4
Now cos(ax+ B)=4/5 = tan(a+ P)=3/4
and sin (- B)=5/13 = tan (- f)=5/12
we have tan2a =tan [(a + B) + (o — P)]

_ tan(oc + B) + tan (o — fB)

~ 1—tan(o + B)tan (o — B)

_ (B4)+(5/12) 1412 56

T 1-(3/4)(5/12) 33/48 33
® Example 74: The possible values of 8 € (0, ) such that
sin(0) + sin(46) + sin(70) = 0 are

9'4°9°27479
Ans. (d)
Solution: sinf+ sin 40+ sin 76 =0
= 2sin46cos30+sin46=0
= sin46(2cos360+1)=0
= sin460=0 or cos360=-1/2=cos (27/3)
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= 9="T3" o 39-21/3, 2m42n)3
4274
g 2% T & 4m 3m 8n

® Example 75: In a APQR, if 3 sin P + 4cosQ = 6 and
4 sin Q + 3 cos P =1, Then the angle R is equal to

(a) m/4 (b) 3m/4
(c) 5m/6 (d) n/6.
Ans. (d)

® Example 76: Statement-1:
1/2 < sin® O+ 3 sin O cos O + 5cos> < 11/2

Statement-2: —+/a’ + b <asin@ + bcosO <+Ja® +b> .
Ans. (a)
Solution: Take a =rcosoc and b =rsino

= r= \/az +b% and asin@+ b cosO =r sin(6 + o)
Now —r<rsin(@+a)<r.

= —a+b? Sasin6+bcosesxla2+b2

= Statement-2 is true.
Now sin’6 + 3 sin6 cosf + 5 cos>6

1+(3/2)sin26 + 4cos” 6

1+ (3/2)sin26 +2(1 + cos26)
3+(3/2)sin20 + 2 cos26 = A(say)

From statement-2
3-4(9/74)+4 <A<3+,9/4+4

= 12< A<11/2
and the statement-1 is also true.

@® Example 77: Statement-1: The number of values of 0
in the interval (- 7i/2, n/2) such that 8 # nn/5 forn=0, = 1,
+ 2 and tan 6 = cot 50is 6.

Statement-2: No value of 6 in statement-1 satisfies
sin26 = cos46.

Ans. ()

Solution: tan 6 =cot 56

= 2 sin@sin50 = 2 cosO cos560

= c0s 40— cos60= cos60 + cos40
= cos66= 0

Solution: Squaring and adding the given relations we
get

16 + 9 + 24 sin (P + Q) = 37
= sin(P+Q)=1/2 =sinR=1/2
= R=nmn/6 or 5m/6
IfR=5n/6,then P < ©/6 = 3sin P < 3/2.
=3sinP+4cosQ<32+4<6

So R#5m/6

Assertion-Reason Type Questions

St 3m

= 60= +2— +—
2772

,t

(SR

as—-3wr<60<3rm

Gives 6 values of 6, is—ﬂ, + 3—ﬂ, + id
12 12 12

out of which 5—”, - and z
12" 4 12
satisfy sin 260 = cos46.

so statement -1: is true and statement-2 is false.

@® Example 78: Statement-1: sin 52° + sin 78° + sin 50°
=4 cos 26° cos 39° cos 25°
Statement-2: If A + B + C = 7, then
sin A + sin B + sin C = 4 cos (A/2) cos (B/2) cos (C/2)
Ans. (a)
Solution: Statement-2 is True from conditional identities
= statement-1, is also True.

® Example 79: Statement-1: If A, B, C are the angles of
a triangle such that angle A is obtuse, then tan B tan C < 1

Statement-2: In a triangle ABC

tan B + tanC

tanA= ————
1—tanBtanC

Ans. (c)
Solution: Statement-2 is false because
A=tan(x— (B + C))

tan B+ tanC

tanA=-tan B+ (C)= —..
tanBtanC —1

In statement-1 If A is obtuse, tanA <0 = tanBtan C<

1 and the statement-1 is True.



@® Example 80: Statement-1:
sin(A + B) +sin(A — B)
cos(A+ B)+cos(A - B)

Statement-2: sin (A + B) + sin (A —B) =sin A
and cos (A+B)+cos(A—B)=cosA

=tan A

Ans. (¢)
Solution: L.H.S in statement-1
sin A cos B + cos A sin B + sin A cos B — cos A sin B

cosA cosB—sinA sin B+ cosA cos B+ sinA sin B

2sinA cosB
= — =tan A

2 cosA cosB
= statement-1 is True and statement-2 is false.
® Example 81: Statement-1: If 2 sin® ((71/2) cos” x)
=1—cos (zsin 2x), x # 2n + 1) n/2, n is a integer,
then sin 2x + cos 2x is equal to 1/5.
2 —(tanx —1)*

Statement-2: sin 2x + cos 2x = 5
1+tan” x

Ans. (d)
Solution: sin 2x + cos 2x =

2tanx +1—tan®x _ 2 —(tanx —1)*

1+ tan® x 1+ tan® x

= statement-2 is True.

zncoszx . o Tsin2x

In statement-1, 2 sin =2 sin

= cos’x =sin 2x

= cosx(cosx—2sinx)=0 = tanx=1/2 as cos x #0.

® Example 83: If f: R — S is given by
fx) =sin x — V3 cosx+1ison to, then the interval of S is

(@) [0, 1] () [-1,1]
(©) [0, 3] d [-1,3]
Ans. (d)

Solution: We have

—Ja? +b* <asinx+bcosx< \/a2+b2
So —J1+3 <sinx— 3 cosx< f1+3

= —2<sinx— /3 cosx<2
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From statement-2, sin 2x + cos 2x = 7/5
= statement-1 is False.
@® Example 82: Statement-1: The system of linear
equations
X + (sin &)y + (cos )z =0, x + (cos a)y + (sin )z =0

and x — (sin @)y + (cos &)z = 0 has a non-trivial solution for
only one value of « lying between 0 and

SinXx COSX COSX
Statement-2: [cosx sinx cosx| = 0 has only one solu-
COSX COSX sinx

tion lying between 0 and 7/2
Ans. (b)

Solution: In statement-1, equations have a non-trivial
solution if

1 sin o cosx
1 cosox sino | =0
1 —sino  coso

= 2sinofcosax—sino)=0 = tano=1
[ sinaz0as0< a< 7]
= o= 1/4 is the only solution = statement-1 is True
1 COSX COSX
In statements, (sinx +2 cos x)| 1 sinx cosx| =0

1 cosx sinx

(sin x + 2 cos x) (cos x — sin x)2 =0

I}

tan x =— 2 or tan x = 1 which gives only one values of x.
iex=m/4as0<x<ml2.
= Statement-2 is also True but does not lead to statement-1.

LEVEL 2

Straight Objective Type Questions

= —241<sinx—+3 cosx+1<2+1
= -1 <f(x)<3.

@® Example 84: If 0 < x < 7, and cos x + sin x = 1/2, then
tan x is

(@) (1+7)/4
©) 4-7)3
Ans. (d)

Solution: Clearly x # 7/2 so cos x # 0 and we have
2(1 + tan x) = sec x.

) (1=7)/4
@ —@+J7)3
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Squaring,
4(1 +tanx)*> =1 + tan® x
= 3tan’x+8tanx+3=0
-8+ .64— -4+
= tan x = 8 66 36: 3\/7

(Take the negative sign)

® Example 85: If cos A = 3/4 then value of
32 sin (A/2) sin (5 A/2) is equal to

(@) V11 (b) — <11
© 11 @) —11
Ans. (c)

Solution: 32 sin (A/2) sin (5A/2)
=16 [cos 2A — cos 3A]
:16[200s2A—1—4cos3A+3cosA]
=16 [2x2—1—4x£+3x§}
16 64 4
=18-16-27+36=11.

cos 10° +sin 10°

® Example 86: 05 10° —sm10° equal to
(a) tan 55° (b) cot 55°
(c) —tan 35° (d) —cot 35°
Ans. (a)

cos 10°+sin 10° 1+ tan 10°
cos 10°—sin 10° 1 —tan 10°
= tan (45° + 10°) = tan 55°.

Solution:

a+b a—>b

® Example 87: If tan x = b then +
equal to a a=b \Natb
2sin x 2cos x
(a) — (b) —
J/sin 2 x \Jcos 2 x
2 cos x 2 sin x
) —— d) —
J/sin 2 x \Jcos 2 x
Ans. (b)
Solution: | %" b + 4= b
a-b a+b
_atb+a-b 2a
A
42
2 _ 2cosx
- \/l—tanzx \/cos2x'
® Example 88: If 2sino = x, then cosa

1+ cosa+sino 1+sina

equal to

(a) 1/x (b) x
© 14z @ 1-x
Ans. (d)
2sino 1+sino — o
Solution: x = Sin % sin cos

l+cosa+sinox  1+sino —coso

_ 2sina(l+sina — cosa)

© (1+sine)? — (1 —sin )

_ 2sino (1+8in o — cos o)
(1+sin o) 2sinx

cCoso
=1-

1+sina

cos o

= =1-x

1+sino

® Example 89: If sin x + cos y = a and cos x + sin y = b,

then tan 2 s equal to
(@) a+b (b) a-b
a+b a—->b
c d
© a—->b @ a+b
Ans. (d)

Solution: From the given relations we have
sinx + sin ((/2)—y) =aand cos x + cos ((m/2)—y) =b

x+(m/2)—y cos x—(m/l2)+y —u

= 2sin
2
and 2 cos X+ @2 -y cos x—(7r2/2)+y =b
Dividing we get,
1+ tan =
tan(£+;yj=g = =4
4 2 b 1—tan Y b
or tan x_y:a_b.
2 a+b
® Example 90: sin 3o < 0if o lies in
cos2¢

(a) (137/48, 147/48)

(c) (18m/48, 231/48)
Ans. (a)

Solution:

(b) (147/48, 187/48)
(d) any of these intervals

SIN3G ) i sin3or> 0 and cos2¢r < 0

cos2 o
or sin3 o< 0 and cos2a >0

ie. if 30 €(0, m)and 2ae(m/2, 31/2)
or 3xe(m2n) and 2oce(—n/2, n/2)



ie. if oe(0, n/3) and ae(m/4, 3n/4)
or oe(n/3,2n/3) and ae(—n/4, n/4d)
ie. if oe(m4, n/3)
since (137/48, 14n/48) c (n/4, n/3), (a) is correct
® Example 91: If cos o + cos = a, sin & + sin § =

b and 0O is the arithmetic mean between o and f3 then
sin 26 + cos 26 is equal to

(@) (a + b)*/(a* + b?)
(©) (@®-=bHId* + b?)
Ans. (d)

Solution: From the given relations we have

+ - + -
o ﬂcos a2ﬁ=aand2sina2ﬁcos a2ﬂ=b

() (a-b)*/d* + b?)

(d) none of these

2 cos

b b
=— = tan 0=

By dividing we get tan —
a a

a+p
2

1-b%/a® a* —b* . 2ab
= and sin 260 = .
2,2 2+ b2

so that cos?2 9=ﬁ—
1+b°/a a +

2 2
s 8in2 0+ cos20 = #
a” +b

® Example 92: If

+ tan ortan = tan ¥,
cosacos 3

0< o, B< mwthen 1 —tan® y< 0 for

(a) all values of crand

(b) no values of o and

(c) finite number of values of o and 3

(d) infinite number of values of o and 8
Ans. (a)

Solution: We have 1 — tan® Y =

cos? arcos® B —(1+sinasin B)*

cos® ot cos” B

(1 —sin? a)(l —sin? ,3) - (1 +2sinorsin B +sin® orsin? ﬁ)

cos” ot cos® B

. . 2
— (sina +sin . .
=%<0 (sin ¢ +sin Bz0,as0< o, B< 1)
cos” ocos” BB

® Example 93: If x + y = z, then
cos? x + cos’ v+ cos’z -2 cos xcos ycos z is equal to

(a) cos®z (b) sin®z
(c) 0 1
Ans. (d)

Solution: The given expression can be written as
cos® x + cos® y+ cos? Z — cos z [cos (x +y) + cos (x —y)]
= cos’ x + cos? y+ cos? z — cos? z — cos (x+y)cos (x—y)
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= cos® x + cos’ y — (1/2)[cos 2x + cos2 y]
=(1/2) [20052 x + 2 cos’ y—cos2 x —cos2y]
=(1/2) [2 cos® x +2 coszy— 2cos’x+1-2 cos2y +1]=1

® Example 94: If sin 20 = k, then the value of

tan> 0 cot>

is equal to
l1+tan’@ 1+cot’@ d
1-& 2-k2
a b
(a) . (b) p
©) K> +1 d 2K
Ans. (b)
3 3
Solution: We have tan 2 cot 2
1+tan“ 6 1+cot“ 6
_ sin’8-cos’6  cos’ 6 .2, sin®@  cos’ 6
cos® 0 sin® @ cos® sin@

(sin2 0 + cos’ 0)2 —2sin’ 0 cos* 0

sin 6 cos O

sin* 0 + cos* 6 B
sin @ cos O

1-k*12 _2-K

% T ['.'sinecosezg]

® Example 95: If sin? A = x, then sin A sin 24 sin 34 sin 44
is a polynomial in x, the sum of whose coefficients is

(@) 0 (b) 40
(c) 168 (d) 336
Ans. (a)

Solution: We have sin A sin 2A sin 3A sin 44
=sinA (2sinA cosA) (3sinA -4 sin’ A) X
2 sin 2A cos2A
=2sin* A cos A x sin A (3 — 4 sin® A) X 2 x
2sinAcosA(1-2 sin® A)
= 8sin* A cos® A (3 — 4 sin® A) (1 — 2 sin® A)
=8x* (1 -x) (3 —4x) (1 -2x)
= 24x% — 104x° + 144x"* — 64x°.
The required sum =24 — 104 + 144 — 64 = 0.

sinA 3 cosA 5
Example 96: If —— = ~~ and —— = —
@® Example 96 “nB 5 and o B 5
0<A, B< /2, then
tan A + tan B is equal to
() V3/\5 ) V5/3
©) 1 d (V3++5)/¥5
Ans. (d)
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Solution: From the given relation we have

tan A tan B
= = —— =k (say), (clearly k>0
NG NG (say), ( y )

Also 2 sin A = +/3 sin B.

. 2tan A V3tanB - 243k =\/§><x/§k
i+’ A ivanl s Vie32 V45

= 4(1 + 5k =5(1 + 3k

= K=15=k=1K5

+
so that tan A = —3,tanB=1:>tanA+tanB= NERRE

J5 5o

@® Example 97: If o, B, 7, § are the smallest positive
angles in ascending order of magnitude which have their
sines equal to the positive quantity k, then the values of

4sin%+3sin§+2sinz +singisequalto

(a) 2 J1-k (b) 2Jy1+k

(c) 2 N (d) none of these
Ans. (b)
Solution: a< < y< dand
sin oc=sin B=sin y=sin =k
= B=rn-o y=2r+0, 6=31~- .
so that the given expression is equal to

T—o . 2+ o . 3n—-«a
+ 2 sin + sin

4 sin d + 3 sin
2
=4 sin d + 3 cos Ll —25sin Ll —CoSs i
2 2 2 2
=2 (Sing+cosz)
2 2

= 2\/l+25ingcosg =24{l+k.
2 2

® Example 98: If (a — b) sin (0 + ¢) = (a + b) sin (60— ¢)
and a tan (6/2) — b tan (¢/2) = c, then the value of sin ¢ is
equal to

(a) 2abl(a* - b* - c*)
(b) 2bcl(a® — b* - ¢*)
(c) 2bcl(a® - b* + P
(d) 2abl(a* - b* + ¢*)
Ans. (b)
Solution: From the first relation we have
a [sin (0 + @) —sin (6 — @)] = b[sin (0 — @) + sin (8 + ¢)]
=3 2a sin ¢ cos 8= 2D sin O cos @
= atan ¢= btan 0

2atan(¢/2)  2btan(6/2)
1-tan®(¢/2)  1—tan(6/2)

From the second relation we have
tan (6/2) = (b tan (¢/2) + c)la

atan(¢/2) b(btan(¢/2)+c)/a
1—tan?(9/2)  1—(btan(¢/2)+c)*/d>
= tan (¢/2) (a® = b* — ¢*) = be (1 + tan® (¢/2))

so that

. @02 _ o
I+tan’(9/2) o —p> —¢?
COSX —COS (X M

® Example 99: If ———— =
P cosx—cosfi  sin® Bcoso

then cos x is equal to
coso —cos f3
1+cosacos 3

coso —cos f3

(@) (b)

1—coscacos

cosa +cos f
) ——
1+ cosacos 3
Ans. (c)

Solution: The given relation can be written as
cos x (sin®> B cos a — sin®> a cos PB)

(d) none of these

= cos’ arsin® B— sin® a cos” B
cos® ot (1 —cos’ ﬁ) - (1 — cos? Oc)cos2 B

cosa (1 —cos’ ﬁ) —cosf (1 —cos’ a)

= COS x =

3 cos® ot —cos® B
(cosa —cos B)(1+ cosacos )

_ cosa+cosf3
1+cosor cos B

@® Example100: If0< o, B<mandcos a+cos B—cos(a+ f)
= 3/2 then sin & + cos fis equal to

(@) 0 (b) 1
© (V3+1)/2 d V3
Ans. (c)
Solution: From the given equation we have
— +
2005a+ﬁ cosa ﬂ—ZCosz ﬁ+1:§
2 2
= 4 cos? GT% —4 cos a-p cos a;ﬂ +1=0

2
= (200sa+ﬂ—cosa ﬁ) =cosza—ﬁ—1 (1)
2 2 2

e o-
so the only possibility is cos? 2 b -1=0

a_ﬁ]s1

since cos> (



AsO0< o, f< 7, we have or= 3
From (i) we getcos o= 1/2 =cos f

+1
and sin B=sin = 73 so that sin o + cos = \/52
@® Example 101: If sin ¢, sin 3, sin yare in A.P.and cos ¢,

2 2
. cos” o +cos” ¥y —4cosocos
cos f3, cos yare in G.P. then 14 4 =

I —sinosiny

(a) -2 (b) -1
© 0 d 2
Ans. (a)
Solution: From the given conditions we have
2 sin B=sin o+ sin y @)
cos? B = cos acos ¥ (ii)

Squaring (i), 4 sin’ B= sin’ o + sin’ Y+ 2 sin ¢ sin y
Using (ii), 4(1 —cos cxcos ) =1 — cos® o+ 1 — cos? Y+
2 sin asin Y

= cos® a+cos’ Y—4 cos acos y=2(sin a sin y— 1)

cos” ot + cos” Yy —4cosacosy ’
1—sinasiny '

-3 3
® Example 102: If x = szp ,y= Coszp;and
cos” p sin” p

sinp+cosp=1/2,thenx+y=

(a) 75/18 (b) 44/9

(c) 79/18 (d) 48/9
Ans. (c)

.5 5
sin” p + cos
Solution: x +y = %
sin“ pcos” p

sin’ p(l —cos? p) +cos’ p(l — sin? p)

sin’ p cos? p

sin® p +cos® p—sin® pcos? p(sin p +cos p)

sin” pcos2 p

(sin p + cos p)’ —3sin pcos p(sin p + cos p) —

sin® pcos” p(sin p +cos p)

sin? pcos2 )4

Now 2 sin p cosp:(sinp+cosp)2—1:—3/4
BESEEEIE
2 8/\2 8)\2) _ 9
( 3)2 18"
8

x+y=
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@® Example 103: sin x + 2 sin 2x =3 +sin 3x, 0 <x <27
has
(a) 2 solutions in I quadrant
(b) one solution in II quadrant
(c) no solution in any quadrant
(d) one solution in each quadrant
Ans. (¢)
Solution: From the given relation we have

sinx—sin3x+2sin2x=3

U

2sinxcos2x—2sin2x+3=0
(sin x + cos 2x)% + (sin 2x — 1)> + 3
= sin® x + cos> 2x + sin® 2x + 1

U

= (sinXx + cos 2)c)2 + (sin 2x — 1)2 +cos’x=0
which is possible only if
sinx+cos2x=0,sin2x=1and cosx=0
which is not possible for any value of x.
@® Example 104: The equation (cos p — 1)x? + (cos p)x +

sin p = 0 where x is a variable, has real roots if p lies in the
interval

(a) (0,2m) (b) (-m0)
(©) (—n/2, l2) (d O, n)
Ans. (d)

Solution: The equation has real roots if
coszp—4(cosp —1)sinp =0

or cos’p—4cospsinp+4sinp=0

or (cosp—2sinp)2—4sin2p+4sinp20

or (cosp—2sinp)2+4sinp(1 —sinp) =0

since (cos p — 2 sin p)2 >0, 1 —sin p 2 0 for all values of

p, and for p € (0, @), sin p = 0 so that the discriminant is

non-negative.

® Example 105: The general solution of the equation

l—sinx+ ... +(=1)"sin" x+...

1+sinx+...+sin" x+...

_ I—cos2x
" 1+cos2x
(@) - D" (#/3)+nx
(b) - 1" (w6) + nr
©) (- D" (n/6) + nm
d) D" "(3)+nm,(ne )
Ans. (b)
Solution: The equation
1-sinx+...+(-1)"sin" x+...  1—cos2x
© 1+cos2x

,xZ2Q2n+1) n/2, nelis

l+sinx+...+sin" x+...
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1 l-sinx  2sin’x
= X =

1+sinx 1 B 2c0s% x

as—-1<sinx<1

sin? x (1+sinx)

= 1 -sinx=
1—sin®x
= (1—sinx)2=sin2x = 1-2sinx=0
= sin x = 1/2 = sin (7/6)
= x=nnw+ (-1)" /6.

® Example 106: If sin* x + cos* y + 2 = 4 sin x cos y,
0<x,y<m2thensinx+cosy=

(@) =2 () 0
(c) 2 (d) none of these
Ans. (c)

Solution: The given equation can be written as
sin*x + cos*y+2 - 4sinxcosy=0
= (sinfx-1)7%+ (coszy ~D*+2sin’x +
2coszy—4sinxcosy:0

= (sin®x—1)?+ (cos’ y— 1)* + 2 (sin x — cos y)*> = 0
which is true if sin® x = 1, cos? y =1 and sin x = cos y,
sosinx+cosy=2as0<x,y< /2.
® Example 107: A solution (x, y) of the system of equa-
tion x —y = 1/3 and cos® (7mx) — sin” (7y) = 1/2 is given by

(a) (2/3,1/3) (b) (7/6, 1/6)

(c) (13/6, 11/6) (d) (1/6, 5/6)
Ans. (¢)
Solution: cos? (7zx) — sin® (1y) = 1/2
= cosm(x+y)cosm(x—y)=1/2

= cosm(x+y)cos (m/3)=1/2 [ x—y=1/3]
= cosmx+y =1

= nx+y)=2nwr = x+y=2n

Nowx+y=2nand x—y=1/3

= x=n+1/6,y=n-1/6, (nel

. (6 y) = (n L lj which is satisfied by (c) for n = 2
6" 6

® Example 108: cos (x —y) —2sin x+2siny =3 if
(a) sinx=siny
(b) x+y=2nm,x—y=02k-1)n/2
() x=2kr—n/2,y=2nx+ /2

(d) cos(x—y)=-1 (n,ke I
Ans. (¢)
Solution: cos (x—y)—2sinx+2siny=3
=Y cos x+y_3:O

= 1—2sin2%—4sin

X—Yy x+y

X— .
2—y+231nTcos

= sin +1=0

—2cosx—+yi- 4cos? x—”—4
2 2

= sin b A
2 2
) - +
For real values of sin 7Y , we have cos? L A 1
. + . +
= s1n2%:00rsmx y:O
= x+y=2nrx

Ay

and then sin Y =+] =

T
= (k-1

= x-y=Qk-1)rm

so (b) is not correct.

Also if sin x = sin y then the given equation becomes
cos (x —y) = 3 which is not correct; (a) is not correct.
Nextif x=2kn—n/2 and y =2nm+ x/2.

Thencos (x —y) 2sinx+2siny=—-1+2+2=3,s0(c)
is correct.

Finally if cos (x — y) = — 1, the given equation becomes
sin x — sin y = — 2 which is not true for any real values of x
and y so (d) is not correct.

® Example 109: If 6 cos 26 + 2 cos” (6/2) + 2 sin”> 6 =0,
— < 0 < r, then @1is equal to

(a) 7/3 (b) 73, cos”! (3/5)
(c) cos”! (3/5) (d) /3, - cos™' (3/5)
Ans. (d)

Solution: The given equation can be written as
6(2 cos” O— 1)+ (1 +cos ) +2(1 —cos* 6) = 0
10 cos®> @+ cos -3 =0
(5¢cos0+3)2cosb-1)=0
cos =1/2 or cos 6=-3/5
O=m3or0=m—cos (3/5)as—w<O<T
= @=m/3, m—cos” (3/5).

=
=
=
=

@® Example 110: The number of integral values of a for
which the equation cos 2x + a sin x = 2a —7 possesses solu-
tion is

(a) 2 (b) 3
(c) 4 d 5
Ans. (d)

Solution: The given equation can be written as
1-2sin*x+asinx=2a-7

= 2sin’x—asinx+2a-8=0
+.a% - - +(q—
- gin = 2EVa 48(2a 8) _ a_(Z 8)



-4
<lor

= sin x = % which is possible if — 1 < a

2<a<b.
so the required values of a are 2, 3, 4, 5, 6 and hence the
required number is 5.
® Example 111: The least difference between the roots
of the equation
4cosx(2-3 sinzx)+ (cos2x+1)=0(0<x<2)is

(a) 6 (b) /4
(c) w3 (d) m/2
Ans. (a)

Solution: The given equation can be written as
4cosx(3 cos? x — 1) +2cos’x=0

= 2005x(6coszx+cosx—2):

= 2cosx(3cosx+2)(2cosx—-1)=0

= either cos x = 0 which gives x = 71/2

or cosx=-—2/3, which gives no value of x for 0 < x < /2

or cosx = 1/2, which gives x = 7/3.

so the required difference = /2 — /3 = /6

® Example 112: The solution of Icos xI = cos x — 2 sin x is
(@) x=nrm
(b) x=nrn+ /4
©) x=nw+(D"(md) (ne I
(d) x=Qn+ )+ n/4
Ans. (d)
Solution:
= cosx=cosx—2sinxifcosx=>0

Icos xI = cos x —2 sin x

= sinx=0=x=2nw(ascosx>0)ne land x#nr
(asx=mw=cosx<0,forn=1)

Next Icos x| = cos x — 2 sin x

= —cosx=cosx—2sinxifcosx<0

= cosx-sinx=0=>tanx=1

Now cos x < 0 and tan x = 1 = tan x = tan (571/4)

= x=2nmw+ Sn/d)=2n+ )m+ n/4

and x#2nm+ n/4 (as x = /4 = cos x>0, for n =0).

o
L

tan@
l—cotf’

cot@
+
1—-tan@
o) .
f(?) is equal to:

1. Let f(6) = <0<>". then
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® Example 113: If 0 < a, b < 3 and the equation
x* + 4 + 3cos (ax + b) = 2x has at least one solution, then
the value of a + b is

(a) m/4 (b) m/2
) (d) 2m
Ans. (¢)
Solution: We have x* — 2x + 4 = — 3cos (ax + b)
= (x—1)*+3 =-3cos (ax + b) (1)

As(x—1)=0and-1<cos (ax+b) <1

Equation (1) s possible if cos (ax + b) = -1

andx—-1=0

= a+b=m, 3w, 57, ......
Sincea+b<6and3n>6,a+b=m

® Example 114: If 0 <6 < 7/2, number of solutions of

i cosec (9 + @) cosec (9 + T) N

m=1

(@) 0 (b) 1
(c) 2 (d) 4
Ans. (c)

Solution: We can write
1 i _4
V2 m=1 s1n(0+ )sin (9+m77:)
4
a Gl
=4
717) s1n(6 + mn’)
4 4

= i {cot(9+@)—cot(9+m7nﬂ=4

m=1

. 2 [(

1 sin(@ +

= cotO—cot(9+%)=4

cot O+tan 6=4

sin26 =1/2

= 20= /6, 51/6 = 0 =n/12, 51/12

Gy

EXERCISE

Concept-based
Straight Objective Type Questions

() 1+232
d 242-1

(@) 1+v2
(© V2-1
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10.

. Let £(6) =
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tan 6 3 cot® 0
1+tan’0 1+cot’6’
Then f(60) is equal to

(a) tan O + cot O
(c) —2cot(20)

O<9<£.
4

(b) 2sin (26)
(d 0
tan0@ +secH —1

df0< 0< E, then is equal to:
2 tan@ —secO +1
. 1+sin6
(a) 1+ sin 6+ cos 6 (b)
cosf
(©) 1-cos6 (d) tan 6 —sec 6
sin 0
. tan 15°+ tan 75° is equal to:
(@) 1 (b) 2
(c) 3 (d) 4
o 54) - (52 o
-sin” (ot | —sin” | o=~ | s equal to:
(@) (l/x/i)sinA (b) (l/ﬁ)cosA
(©) V2sin A (d) V2cos A
cos11°—sinl1° .
. ————— 1is equal to:
cos11°+sin11°
(a) cot 56° (b) tan 11°
(c) tan 56° (d) cotll1°

. Suppose o, B> 0 and o + 23 = n/2, then

tan (o + B) — 2 tano — tanf is equal to:

(@ 0 (b) tanf

(c) cotfB (d) tano— cotf
.If sin @ + cosec 6 = 2, then cos?39 + cosec?°9 is
equal to:

(@ -1 (b) 0

© 1 (d) 2015
(1 —sin A) (1 —sin B) (1 —sin C) = (1 + sin A)

(1 + sin B) (1 + sin C), then each side is equal to:

(@) xcosAcosBcosC (b) 0
(c) £sinAsinBsinC (d) 1
T o kY3 St
2cos — cos — + cos — + cos — is equal to:
13 13 13
(a) -1
© 1

) 0
@ 31

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

If cosec A + sec A = cosec B + sec B, then tanA tan B
is equal to:

(a) tan(A;LB) (b) cot(A+B)
A-B A-B
t d) t
(0)00(2) (d) an(z)
If 0 < 6 < /8, then \/2+«/2+Zcos(46) is equal to:
(a) 2cos 0 (b) —2cos 0
(c) 2sin 6 (d) —2sin 6

Let f(6) = cos 6 cos 26 cos 46 cos 76, then f(7/15)
is equal to:

(a) 1/4 (b) 1/8

(c) 1/16 (d) 1/32

Let f(60) = sin@ sin36 sin56, then f(7/14)is equal
to:

(a) 1/8 (b) 1/4

(c) 177 (d) 1/14

If A+ B+ C = n/2, then

sin’A + sin’B + sin’C + 2sin A sin B sin C

is equal to
(@) 0 () 1
(c) -1 (d) none of these

Number of values of x lying in the interval [0, 4]
and satisfying the equation tan 5x = cot 3x = 0 is:
(a) 2 (b) 4

(c) 6 (d) 8

Number of values of x lying in the interval [0, 5]
and satisfying the equation sin x = tan x is:

(@ 5 (b) 6

© 9 @ 12

Number of values of x € [0, 4] and satisfying the
equation sin x + cos x = 3/2 is:

(@ 0 (b) 1

(c) 2 (d) 4

Number of values of x € [0, 57] and satisfying
sin’x = cos’x is:
(@ 5

(c) 20

(b) 10
(d) 40
sec (860)—1 tan (20) .
, . is equal to
sec (40)—1 tan (860)
(b) 0
(d) none of these

For 0 < 8 < &/4

(a) -1
(© 1



21.

22.

=
oy

If 2 tan o + cot B = tan f3, then the value of

tan (8 — @) is

(a) tan o (b) cot

(c) tan 8 (d) cotf

If cos (x — y) = a cos (x + y), then cot x cot y is equal

to

a—1 b a+1
@ a+1 ®) a-1
(©)a-1 (d)a+1

23.sin® A + sin® (A — B) + 2 sin A cos B sin (B — A) is
equal to
(a) sin® A (b) sin’ B
(c) cos’A (d) cos’B
24. If _3sin26 =1, then the value of tan 8 is equal to
5+4cos 26
() 1 (b) 1/3
(©) 3 (d) none of these
25.If x = a sec’ O tan 6, y=>b tan’® @ sec 6, then
sin” @ is equal to
X )y Xy
a) ——= b) —+=
(a) i (b) PR
Xy ay
c) — d) —
(©) prs (d) b
26. cot O — cot 30 is equal to

27.

28.

29.

(a) 2 sin Osin 36 (b) 2 cos Bcos 360
(c) 2 cos B cosec 36 (d) 2 sin 6 cosec 30

If 0 < x, y < 2m, the number of solutions of the system
of equations

sin x sin y = 3/4 and cos x cos y = 1/4 is

(a) 0 (b) 1
(c) 2 (d) infinite
If A and B be acute positive angles satisfying

3 sin’A + 2 sin’B = 1, 3sin2A -2sin2B =0
then

(a) B=n/4-A/2
(c) B=mn/2-A/4

(b) A=mn/4-2B

(d) A=mn/4-B/2

If tan o, tan B, tan ¥ are the roots of the equa-
tion x> — px2 — r = 0, then the value of (1 + tanzoc)
(1 + tan’B) (1 + tan*p) is equal to

@ (p-1’ ®) L+(p-r)

© 1-(p- r? (d) none of these

30.

Trigonometrical Ratios, Identities and Equations 25.25

LEVEL 1
Straight Objective Type Questions

If A, B, C are the angles of a triangle such that angle
A is obtuse then

(a) tanAtan B< 1
(c)tanCtan A< 1

(b) tanBtan C< 1
(d) tanAtanBtan C< 1

31. If tan (6/2) = cosec 6 — sin 6, then cos’ (072) is equal
to
(a) sin 18° (b) cos 36°
(c) sin 36° (d) cos 18°
32.1f a sin’0 + b cos’0 = a cos’p + b sin’p = 1
and a tan 6 = b tan ¢ (a # b) then
(@) a+b=2ab (b) a—b=2ab
(c)a-b+2ab=0 (d) a+b+2ab=0
33. The equation tan’x + cot® x = 4a cosec’ 2x has a real
solution if
(a) 0<a<l1 (b) 12<a<1
(¢c) 1/4<a<12 (d -1<a<1
34. For n € 1, the line x = nmw + n/2 does not intersect
the graph of
(a) cot (x+ m) (b) cos (x—m)
(c) sinx (d) tan x
35. 1If ta;x = ta;,ly _ fanz and x + y + z = 7, then the
value of
tan’ x + tan® y + tan® z is
(a) 38/3 (b) 38
(c) 114 (d) none of these
36. If the angles A, B, C of a triangle are in A.P. such
that sin (2A + B) = 1/2 then sin (B + 2C) =
(a) —1/2 (b) 1/2
) V312 d) 1/+2
37.1f tan O + tan ¢ = a, cot O+ cot o =D, 06— ¢ = «
(# 0) then
(a) ab< 4 (b) ab=4
(¢c) ab>4 (d) ab=0
X CcosA
38 IF L= xtanA+ ytan B _
y cosB x+y
@ sinA +cosB sinA+sin B
cosA+sinB cosA cosB
(c) tan A+B (d) cot A-B
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39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

If x=a (cos 8 + 0 sin 0), y = a(sin 0 —

then a0 =
(b) \/xz +y2 -a?

(d x-y+a

0 cos 6)

(@) x+y-a

(c) \/xz — y2 +ad°

(1 + cos (n/8)) (1 + cos (37/8)) (1 + cos (57/8))
(1 + cos (77/8)) =

(a) 172 (b) cos (7/8)

(c) 178 @ (1+2)2v2

If 2 cosx +2cos 3x =cos y, 2 sin x + 2 sin 3x

= sin y then the value of cos 2x is

(a) =718 (b) 1/8

(c) —1/8 (d) 7/8

cosd _cosB 1T acoo0<B<Z
3 4 5 2 2

then 3 sin A + 4 sin B =

(@ 0 (b) -1

(c) 24/5 @ 1

The value of log; tan 1° + log; tan 2° + ... +

log; tan 89° is

(a) 3 (b) 1

(©) 2 (d 0

It tan® ((=/2)-6) cot’> 0 sin((7/2)-0)

sec’ 6 sec((m/2)-0) sin* 0

= cot” O then n =

(a) 2 (b) 4

(c) 6 (d) 8

The number of solutions of

sin 6 + 2 sin 260 + 3 sin 360 + 4 sin 460 = 10,
0<O<mis

(a) 0 (b) 1
(©) 2 d 4
cos 11° — cos 2° is

(a) apositive integer
(b) a negative integer
(c) apositive rational number
(d) a negative rational number

If sin A, cos A and tan A are in G.P., then
cot’® A — cot’ A =

(a) -1 () 0

(© 1 (d) none of these
If cos x — sin x = 1/2, then tan 2x =

(@) 773 (b) V7/4

() 31\7 @ 27

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Which of the following gives the least value of A
(a) cos 2A =sin 3A (b) cos 3A =sin 7A
(c) tan A =cot 3A (d) cotA =tan2A

If n € N and sin (£j+cos (1)2% then a

n n
possible value of n is
(a) 4 (b) 6
(c) 8 (d) 12

If 4no = m, then the value of tan o tan 2o tan 3¢ ...
tan 2n — 1o is

(@) -1 () 0
© 1 (d) none of these
X sin@ cos@
If x>0and |—sin@ x 1 = 0 then
cos6 1 X
(a) x< 2 ®) x=+2
(c) x> V2 (d) none of these

If 2 tan (7/3) cos (2mx) = NE) , the general solution
of the equation is

(a) 2nw+ /3 (b) n£1/3

(c) nx1/6 (d nxl2mel
2 cos® x + 4 cos x = 3 sin® x if
—2+414 —2++19
(a) cosx= —— (b) cosx= ——
5 5
. 2++14 . -2+419
(c) sinx= —— (d) sinx= ——
5 5
6 tan® x — 2 cos> x = cos 2x if
(a) cos2x=-1 (b) cos2x=1

(c) cos3x=-1/2 (d) cos2x=1/2
The greatest value of cos 6 for which cos 58 = 0 is

(a) 0 (b) (1+ 5 )4

©) ,/5”g @ (Y51
8 4

If tan pO = tan g0, then the values of 0 form an A.P.
with common difference

(@) (p+q) (b) np

(c) mlq (d) #(p-q)

The equation J; (z‘2 — 8t + 13) dt = x sin (a/x) has a

solution if sin (a/x) =
(@ 0 () 1

() 3 @ 6

The smallest positive root of the equation
\/sin(l—x) = Jcosx is
(a) 172 + /4

(c) 12+ 57/4

(b) 172+ 3m/4
(d) 172+ 7m/4



60.

61.

62.

63.

64.

65.

66.

67.

68.

74.

75.

The sum of the roots of the equation

4 cos® x — 4 cos® x — cos (T + x) — 1 = 0 in the in-
terval [0, 315] is px, where p is equal to

(a) 2500 (b) 2550

(c) 2600 (d) 2651

A solution (x, y) of x> + 2x sin xy+1=0is
(a) (1,0) (b) (1, 77/2)

() (-1,-7m/2) (d) (-1,0)

G pSinx g for

(a) all real values of x (b) some x € [0, n/2]
(c) some x € (— /2, w/2) (d) no real value of x

The number of values of x satisfying the condition
sin x + sin 5x = sin 3x in the interval [0, 7] is

(@) 6 (b) 2

(c) 10 (d 0

sin x, sin 2x, sin 3x are in A.P. if

(a) x=165° (b) x=195°

(c) x=15° (d) x=2nr nel

2 sin® ((w/2) cos® x) = 1 — cos (7 sin 2x) if
(@) x=Qn+ D)n/2 (b) x=nn/2
(c) x=2nm (d) none of these,ne I

Number of solutions of the equation 4 sin’ x + tan’x
+ cot® x + cosec® x = 6 in [0, m] is

(a) 0 (b) 2

(c) 4 (d) 8.

Sum of integral values of n such that

sinx (2 sin x + cos x) = n, has at least one real
solution is

(@) 1 (b) 2
(©) 3 (d) 0.
If 0 < x < n/2 and sin (2 sinx) = cos (2 cosx) then
tanx + cotx = — where a + b + ¢ =
- —-b

o
L

2 4 1
Statement-1: cosz cos—ﬂ cos7n =— g
Statement-2: cos6 cos20 cos4f ... cos2" " '0 =

1
——if = ——

2 2" —1

sin2x
Statement-1: Let flx) = — — and g(x) =
1+ cos2x

1+sinx —cosx
1+ sinx + cosx

69.

70.

71.

72.

73.

76.

Trigonometrical Ratios, Identities and Equations 25.27
(a) 32 (b) 16
(¢) 50 (d) 64

If 15 sin*or + 10 cos*a = 6 then the value of
8 cosec® o — 27 sec® a is

(@) 0 (b) 1

(c) -1 d 5

If E,tan_1 2%=t, then tan ¢ is equal to
r=1 r

(a) 0 (b) 1

(©) 3 @ 14/3.

If 6 [-2011x, 20117], then the number of solutions
of the equation.

[sec 8 — 1] + {tan O tan g}

= [{secO — 1 + tan@ tan g}]

(where {-} denotes the fractional part function and [-]
denotes the greatest integer function) is

(@0 (b) 2010
(c) 2011 (d) 2012.

.2 . 4m . 8¢
If x = sin — + sin — + sin —
7 7 7

2 4 8 .

and y = cos7n+cos—n+cos7n, then x* + y is

(@) 1 (b) 2
(c) 3 (d) 4.

Number of solutions of the equation
. X 2 .
sin| —= | = x2 =2V3x+4 is
(2\/5 )

(a) 0
(c) 2

(b) 1
(d) 4

Assertion-Reason Type Questions

If B, 7, € (0, m) such that

cos o+ cos (ot + B) +cos (a+ B+7) =0
and sin @ + sin (¢ + B) +sin (o + B+ y) =0
Then fiB) +g(y) =0

Statement-2: For all values of x, fix) + g(x) = 0, fix)
and g(x) are functions defined in statement-1.

Statement-1: If x and y are real number such that
x4+ y2 = 27, then the maximum possible value of

x—yis3\/g.
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77.

78.

81.

82.

83.

84.

85.

86.

Statement-2: — 1 < cos (0 + mw/4) < 1

Statement-1: If p = 7 + tan o tan B, ¢ = 5 + tan 8
tan ¥ and r = 3 + tan Y tan ¢, then the maximum

value of \/;+\/;+ rois 4\/5; o B, vy >0 and
o+ B+ y=m2

Statement-2: If oo + B+ v = W2, o, B, ¥ > 0, then
cot o cot B+ cot B cot ¥+ cot ycota = 1.

Statement-1: If x sin® 6 + y cos® 6 = sin 6 cos 6.

r
L

The acute angle of a rhombus whose side is a mean
proportional between its diagonals is

(a) 15° (b) 20°

(c) 30° (d) 80°

Given the height 4 and the angle bisector / drawn

from the vertex of the right angle of a triangle, then
cosine of an acute angle of the triangle is given by

242 22

@ B+ —h ®) h—*—h
NOY V2 h

h— [2 ;2
l V21

If 2 sin’ (x + /) + J3 cos 2x > 0, then

(a) cos 2x—m/6)>—-1/2 (b) sin 2x — 7w/6) <—1/2
(¢) sin 2x—-m/6)>—-1/2 (d) cos Qx—m/6)<—1/2

x= z cos" 9, y= 2 sin’" @, 7= 2 cos”" Osin>" @,
n=0 n=0 n=0

Icos@l < 1, IsinBl < 1 then x + y + z is equal to

(a) xy (b) yz

(c) zx (d) xyz

The least positive value of x satisfying
sin” 2x + 4sin* x — 4sin” xcos® x _ 1 is

4 —sin® 2x —4sin’ x 9

(a) w3 (b) 76

(c) 2n/3 (d) 576

cos 7.5° =

79.

80.

87.

88.

89.

90.

91.

92.

and x sin 6 =y cos 6, thenx2+y2: 1
Statement-2: 4 sin® 6 = 3 sin 6 — sin 36
4 cos® 0 =3 cos O + cos 30

Statement-1: 2 sin’> x + 3 sin x — 2 > 0 and

¥ -x-2<0,if-1<x<2.

Statement-2: x> —x -2 < 0if- 1 <x <2
Statement-1: cos’ x + sin* x = 1 has only two non-
zero solution in the interval — 7 < x < 7.
Statement-2: cos’ x + cos® x — 2 = 0 is possible only
when cos x = 1

LEVEL 2
Straight Objective Type Questions

(a) /2+x/z+x/6 (b) /4+x/g+x/g

22 +3+1 4++2+6
© ——F=— d \f[—
22 4

If x=Xcos 8- Ysin 6,y =X sin 0 + Y cos 6; and
ax® + 2bxy + cy* = AX* + 2HXY + BY?, then

(a) H=0If6=0 (b) H=bif 6= n/2

(c) A+B=a+c (d H=c—-aif 0= /4

If sin 50 = a sin® @ + b sin® @ + ¢ sin 6 + d, then
@ a+b+c=0 (b) a+b+c+d=0

(c) Sa+3b—-4c=0 (d) a-3c+d=0

Iftan A — tan B = x and cot B — cot A =y, then the
value of cot (A — B) is

xX=y 1 1
(a) b Zt3
Xy xT oy
x+y
(© (d) xy
xy
cos360 sin30 .
—— - +—— - isequal to
cos” 0@ sin” 6

(a) 3cos268cosec20  (b) 3 cot20cosec 260
(c) 12cot208cosec 260 (d) 12tan260sec 260

(x tan o + y cot &) (x cot @ + y tan @)
— 4xy cot? 20 =
(@) ¥ +y°

© (x+y)°

If tan A, tan B, tan C satisfy the equation
3tan> @ -4 tan”> O+ 3 tan O + 1 = 0, then
A+B+C-=
(@) 0

(c) 3m/4

(b) 4xy
(d) none of these

(b) w2
d) 2x



93.

94.

95.

96.

97.

98.

99.

100.

101.

If x sin 8 + y sin 20 + z sin 36 = sin 46, (6 # nn)
then 8 cos® O — 4z cos® 6 — 2(y + 2) cos 0 is equal
to

(@) x-y
(©) y-z

(b) x-z
(d) none of these

The number of values of sin x satisfying
sin 5x = 5 sin x is

(a) 0 () 1

(©) 2 (d) 3

If sin o, sin f are the roots of the equation
asin®> @+ bsin O+ c=0andsina+2sinf=1
then @’ + 2b* + 3ab + ac =

(@) -1 (b 0

© 1 (d) a+b+c

If sin (6/2) = a, cos (6/2) = b, then

(1 +sin B) (3sin O+ 4 cos B+ 5) =

(@) (a+b)* (a+3b)?* (b) (a+b) (3a+b)

(©) (a=b)’*(@=3b" (&) (a—b)’Ba-by

If sin A = sin B and cos A = cos B; A # B, then
(a) tan ——= =0 (b) cos(A+B)=1
© tan 218 _ ¢ (d) sin(A—B) =172

cos 22° + cos 78° + cos 80° =
(a) 4 sin 11° sin 39° sin 40°

(b) 1+ 4 cos 11° cos 39° cos 40°
(¢) 1+ 4sin 11° sin 39° sin 40°
(d) 4 cos 11° cos 39°cos 40°

is

tan

1 x 1 X
tan x + 5tan—+—2tan2—2+...+2n_1 2’1_1

equal to

(a) icot 2~ 2 cot 2x
2" 2"

1
(b) 5 cot (23—1) ~2cot 2x

n

(c) tan X

n—1

X

2n

1
(d) 2 cot2x ———cot—
2M

3+ cot76°cot16°

cot 76° + cot16°
(a) cot 44° (b) cot 46°
(c) tan 2° (d) cot 92°
If x cos @ =y cos (0 + 2m/3) = z cos (0 + 4n/3) then
Xy +yz + zx =
(a) cos’ O

(© 1

The value of

(b) sin’ @
d) 0
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102.If A > 0, B> 0 and A + B = ni/3 then the maximum
value of tan A tan B is

(a) 1//3 (b) 1/3
(© 3 d 3
103.If tan O, 2 tan O + 2, 3 tan @ + 3 are in G.P, then
7—5cot0
the value of ————————— is
9—4sec’9-1
(a) 12/5 (b) —33/28
(c) 33/100 (d) 12/13

104.1f sin @ + cos @ = a and cos O — sin 6 = b, then
sin O (sin 6@ — cos 6) + sin®> 6 (sin2 0 — cos® 0 +
sin® 0 (sin3 6 — cos’ 0) + ... is equal to

2

1—ab I-a
(a) (b)
1+ab 3-a?
1 ab+l a ) 1+ab_a 1
1+ab 3—02 1—ab 3—a2
105.1f (1+1+x) tan @ = (1-VI-x) then x =
(a) sin o (b) sin 2o
(c) sinda (d) cos4da

106.1If f(6) = sin O (sin O + sin 36), then f(6)

(a) 20 only when >0 (b) <0 for all real 6
(c) 20 for all real 6 (d) £0only when 8 <0

107.In a right angled triangle, the hypotenuse is 2V2
times the length of the perpendicular drawn from the
opposite vertex on its hypotenuse then the other two
angles are
(a) n/3, n/6

(c) /8,378

(b) w4, /4
(d) /12,5712

108. \Jcos2x ++1+sin2x = 2sinx+cosx if

(a) sinx+cosx=1
(c) x=nr+ n/4

(b) x=2nrm
(d) sinx—cosx=0
109.sin x + 2 sin 2x = 3 + sin 3x
(a) if sinx+cos2x=0
(b) ifsin2x—-1=0
(c) ifcosx=0
(d) for no real value of x
110. The number of pairs (x, y) satisfying the equation
sin x + sin y =sin (x + y) and Ixl + Iyl = 1 is
(a) 2 (b) 4
(c) 6 (d) infinite
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. The numbers of solutions of tan x + sec x = 2 cos x
in [0, 2x] is

(a) 2 (b) 3

© 0 @ 1 [2003]

. Let o, B be such that 1< o¢ — B < 3m. If sin o + sin
= — 21/65 and cos o + cos B = — 27/65 then the

values of cos 18

(a) 6/65 () 3/4130
(c) —3/~130 d) —6/65 [2004]

dfw = \/a2c0329+b2sin29 +

\/ a*sin® 0 + b* cos’ 6, then the difference between the
maximum and minimum values of u” is given by

(a) (a+b)* (b) 24a® +b?

(c) 2(a® + b (d) (a-b)’ [2004]

Af f: R — S is defined by f(x) = sin x — V3 cosx+ 1
is onto, then the interval of S is

(a) [0, 1] (b) [-1,1]

(© [0, 3] @ [-1,3] [2004]
. The number of values of x in the interval [0, 37]
satisfying the equation 2 sin® x + 5sinx -3 =0is
(a) 2 (b) 4

(c) 6 d 1 [2006]
.If the roots of the quadratic equation x* + px + ¢ = 0
are tan 30° and tan 15°, then the value of 2 + g — p is
(@) 1 (b) 2

(© 3 (d) 0. [2006]
.If 0 < x < m, and cos x + sin x = 1/2, then tan x is
(@ (1+7)/4 () 1-+7)/4
() (4-7)/3 d) —@+v7)/3
.Let A and B denote the statements

A : coso + cosf + cosy=0

[2006]

B : sina + sinf3 + siny =0

If cos (B— P + cos (y— &) + cos (o — ) =32
then

(a) both A and B are true

(b) both A and B are false

(c) Ais ture and B is false

(d) A is false and B is true. [2009]

10.

11.

12.

13.

For a regular polygon, let r, R be the radii of the
inscribed and the circumscribed circles. A false state-
ment among the following is

(a) There is a regular polygon with r/R = 3/3
(b) There is a regular polygon with /R =+/3/2

(c) There is a regular polygon with r/R = 1/2
(d) There is a regular polygon with rIR=1/v2
[2010]

Let cos(oc + B) = 4/5 and let sin (¢ — ) = 5/13 where
0 < o, B < /4. Then tan2a =

(a) 19/12 (b) 20/7
(c) 25/16 (d) 56/33 [2010]
If A = sin’x + cos4x, then for all real x
(a) 3/4<A<13/16 (b) 3/4<A<1
(c) 13/16<A<1 (d 1£AL2 [2011]
The possible values of 0 € (0, ) such that
sin(0) + sin(46) + sin(760) = 0 are:
Tt St m 2rm 3m 8=w
(a) T Ty s T s T T T
4 1212 3 4 9
o 2% T T 2w 3n 35w
97472 37 47 36
2r m m 2m 3m 8w
© = 22 = ==
9 4 2 3 4 9
(@ £ I Am m Sm o Sn [2011]

In a A POR, if 3sinP + 4cosQ = 6 and
4sinQ + 3cosP = 1, then the angle R is equal to

(a) m/4 (b) 3rm/4

(c) 57/6 (d) =/6 [2012]

14. ABCD is a trapezium such that AB and CD are parallel

and BC L CD. If |[ADB = 6, BC = p and CD = ¢,
then AB is equal to

P’ +q’
p2 cosf + qz sin

P> +¢*cos6

; (b)
pcosf+¢gsinf

(7" +4)cos0 W +47)sin6

pcosf+gsinf

— [2013]
(pcosB +¢gsin0O)



15.

16.

17.

18.

19.

20.

21.

22.

23

3 . . 1
JIf cosa+cos[3=5 and s1na+smﬁ=§

an A N cotA
l1-cotA 1-tanA
(a) sec A cosec A + 1 (b) tan A + cot A
(c) sec A + cosec A (d) sinAcosA+1 [2013]

Statement-1: The number of common solutions of
the trigonometric equations 2 sin’6 — cos26 = 0 and
2 cos’0 — 3 sin 6 = 0 in the interval [0, 2m] is two.

The expression can be written as

Statement-2: The number of solutions of the equa-
tion, 2cos°6 — 3 sin 6 = 0 in the interval [0, 7] is two
[2013, online]

The number of solutions of the equation

sin2x — 2cos x + 4 sin x = 4 in the interval [0, 5] is:
(@ 3 (b) 4

© 5 (d o6 [2013, online]
Letf(x) = (1/k) (sink x + cost x) where xe Rand k> 1.
Then f,(x) — fo(x) equals:

(a) 1/6 (b) 1/3

(c) 1/4 (d) 1/12 [2014]

The number of values of « in [0, 2] for which
2sin’a — 7sin’o + 7 sin o = 2, 1s:

(@) 6 (b) 4
(©) 3 @ 1 [2014, online]
If cosec 6 = rrq (p # g # 0), then
pP—q
(rc 9) .
cot| —+— | is equal to:
4 2
(a) \/E (b) \ﬁ
q p
© pq ) pq [2014, online]
If 2cos@ + sinf = 1, (6 # r/2), then
7cos 6 + 6sin 0 is equal to:
(a) 12 (b) 2
(c) 11/2 (d) 46/5 [2014, online]
1 cos6 1
If f(6) = | —sin0 1 —cosO| and A and B are
-1 sin@ 1

respectively the maximum and the minimum values
of f(0), then (A, B) is equal to

@ G- 1) b) (4 2-42)
(©) (2+J§,2—J§) @) (2+\/§,—1)
[2014, online]

and 0 is the

arithmetic mean of & and f3, then sin 26 is equal to:

24.

25.

26.

27.

28.

29.

30.
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3 4
a) — b) —
(@) 5 (b) 5
7 8 .
(© 3 (d) 5 [2015, online]

In a AABC, %: 2++/3 and |c=60°. Then the

ordered pair (|4,|B) is equal to:
(a) (15°,105°) (b) (105°, 15°)
(c) (45°,75°) (d) (75°,45°)

[2015, online]
If 0 £ x < 2m, then the number of real values of x
which satisfy the equation cos x + cos 2x + cos 3x +
cos 4x = 0, is:
(@ 3 (d) 5
(c) 7 (d 9 [2016]

If m and M are the minimum and the maximum values

1
of 4 +Esin2 2x—2cos*x, x € R, then M — m is equal

to:
9 15

(a) 1 (b) 7

(©) U (d) 1 [2016, online]
4 4 ’

The number of x € [0, 27x] for which

|\/2$in4x+18c052x —\/2cos4x+18sin2x|:1 is:

(@) 2 (b) 6
(c) 4 (d) 8 [2016, online]
The number of distinct real roots of the equation,
cosx sinx sinx
A=|sinx cosx sinx [=0
sinx Ssinx Ccosx
in the interval [—E,E} is:
4 4
(@) 1 (b) 4
(c) 2 (d 3 [2016, online]

If A>0, B>0 and A+B=%, then the minimum

value of tan A + tan B is:

(@) V3-2 ®) i- v
(©) % d) 2-+/3 [2016, online]

Let P={0:sin 6 —cos 0 = V2 cos 0} and Q =
{0 sin 6 + cos 6 = V2 sin 6} be two sets. Then:
(&) PcQand Q—-P#¢
(b) Qz P
() P=0Q

(d Pz Q [2016, online]
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10.

Previous Years' B-Architecture Entrance

Examination Questions

. The number of solutions of the equation tan x + sec x

= 2cos x lying in the interval [0, 27] is

(@ 1 (b) 2

()3 (d 0 [2006]
.For 6 # 0, if cos0 + secO = 2, then cos"0 + sec”0
equals

(a) 2" (b) (-2)"

(c) 2! d 2 [2006]
. If for real p the equation sin®x + cos®x = p always

has a real solutions, then p lies in the interval:

1
o L]

(@) 11, 2]

1

(© [Z’ 1} (d) [1,2] [2007]
. The value of cos* % +cos* 3z +cos* R +cos? 7?77: is

(a) 3/2 (b) 172

(c) 3/4 (d) 1/4 [2008]
. The value of sinl-sin3—ﬂ-sin5—n is

14 14 14

(a) 1/4 (b) 1/8

(c) 12 (d) 1/16 [2008]
.Let 0 < o, B < w/4. If cos (¢ + P) = 4/5 and

sin (o — ) = 5/13 then the value of tan 2¢ is:

(a) 19/12 (b) 56/33

(c) 20/7 (d) 25/16 [2009]
. The sides of a triangle are sin 3, cos Band +/1+ asin2f,

for some a >0, 0 < B < % If the greatest angle of

this triangle is 120°, then a equals

(a) 1 (b) 372

(c) 2/3 (d 172 [2010]
. If cos 25° + sin 25° = K, then cos 50° equals

(a) —KN2-K? (b) KN1-K?

(c) —KN1-K? (d) KN2-K? [2010]
.tan 9° — tan 27° — tan 63° + tan 81° is equal to:

(a) 4 (b) 0

(© 1 (d) -1 [2011, 12]

If a and b are such that a sin 8 = b cos 6 for

0S9<£,then a—b+ a+b equals
4 Na+b Va-b

(a) 2 (b) 2cos O
\Jcos20
2cos6 2sin@
(©) (d
\Jcos26 \Jcos26
11. The value of tan 9° — tan 27° — tan 63° + tan 81° is
(a) 4 (b) 3
(c) 2 (d 0 [2012]
1 a b
12.In a AABC, if |1 ¢ a| =0, then
1 b ¢
sin’A + sin’B + sin’C is:
(a) 9/4 (b) 5/4
© 2 ) 3v3/2 [2014]

13. Let 3—” < 0 < mand ,/2cot0+ 12 =K - cot 6,
4 sin” 0

then K equals

(a) -1
(c) 12

14. The maximum value of

(b) O

(d 1 [2014]

f(x) = 2 sinx + sin 2x, in the interval [0, 3771 is:

() V2+1 (b) 243
(c) % @ 3 [2015]

15. For all values of 0 ¢ (0, %), the determinant of the

-2 tan O + sec” 0 3

matrix A=|—sinf cos@ sin@ | always lies
=3 —4 3
in the interval:
(@ [3,5] (b) (4,6)
519 7 21
(c) (5,?) (d) [577} [2016]
.
9P Answers
Concept-based
1. (b) 2. (¢) 3. (b) 4. (d)
5. (a) 6. () 7. (a) 8. (¢)
9. (a) 10. (b) 11. (b) 12. (a)
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13. (¢ 14. (a) 15. (b) 16. (d) 9. (a) 10. (c) 11. (a) 12. (a)
17. (b) 18. (a) 19. (b) 20. (c) 13. (a) 14. (¢ 15. (a)
Level 1

%’5 Hints and Solutions

21. (d) 22. (b) 23. (b) 24. (c)
25. (d) 26. (¢) 27. (¢) 28. ()  Concept-based
29. (b) 30. (b) 31. (b) 32. (a) I f6) = — I, fan6-tanb
33. (b) 34. (d) 35. (a) 36. (a) tan6 (1-tanf)  tanf-1
37. (¢) 38. (¢) 39. (b) 40. (c) _ 1—tan’ 6 _ 1+tan6 +tan> 6
41. (a) 42. (a) 43. (d) 44. (d) tan 6 (1 - tan6) tan6
45. (a) 46. (d) 47. (¢ 48. (c) _ iy 2
49. (b) 50. (b) 51. () 52. (d) sin26
53. (c) 54. (b) 55. (d) 56. (c) f(9_7rj T P
57. (d) 58. (b) 59. (d) 60. (b) 8 Sm( ﬂ)
61. (b) 62. (d) 63. (a) 64. (d) 4
65. (a) 66. (b) 67. (c) 68. (c) G’ 0 cos O
69. (a) 70. (b) 71. () 72. (b) 2. (0= w050 sin®
OO RS R et wteston
cos0sin@ cos@sin6
Level 2 =—2cot (26)
81. (c) 82. (d) 83. (a) 84. (d) 3 tan 6 + sec O — (sec> 6 —tan> 0)
85. (b) 86. (b) 87. (¢) 88. (¢) tan6 —sec6 + 1
89. (c) 90. (c) 91. (c) 92. (b) _ (sec+tanB) (1 —sec +tan6)
93. (b) 94. (b) 95. (b) 96. (2) tan6 —sec6 +1
97. (a) 98. (c) 99. (b) 100. (a) _ 1+sin@
101. (d) 102. (b) 103. () 104. (c) cosd
4. tan 15° + tan 75° = tan 15° + cot 15°
105. (c) 106. (c) 107. (c) 108. (b) 1554 1
109. (d) 110. (¢) = Tanls
Previous Years’ AIEEE/JEE Main Questions _ ( 1 j_
1. (a) 2. (c) 3. (d) 4. (d) L, \sm30%
5. (b) 6. (<) 7. (). 8. (d) 5. Use : sin“A — sin“B = sin (A — B) sin (A + B)
9. (a) 10. (d) 11. (b) 12. (d) 6. cos11°—sin11° _cos 11°+ cos (90°+11°)
13. (@) 14. (@) 15. (a) 16. (b) cos11°+ sin11° cos11°— cos(90°+11°)
17. (a) 18. (a) 19. () 20. (a) = —22:: 220 Eﬁfj: = cot 56°
21. (b) 22. (c) 23. (a) 24. (b) 7. tan (o4 B) = tan (2 — B)
25. () 26. (a) 27. (d) 28. (c) tanct + tan
29. (b) 30. () ® uwnamp P
Previous Years' B-Architecture Entrance = tan @+ tan = cot - tan &
Examination Questions = 2tan o+ tan f = cot = tan (o + f)
1. (b) 2. (d) 3. (¢ 4. (a) 8. sin O + cosec 6 =2 = sin 0 + nd =2

5. (b) 6. (b) 7. (d) 8. (d)
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= sin @ = 1 = cosec 0
~. cos 6 = 0. Thus, cos*°0 + cosec?®0 = 1
9. Multiply both the sides by
(1 —sin A) (1 — sin B) (1 —sin C) to obtain
(1 — sin A)> (1 - sin B)* (1 — sin C)*
= cos’A cos’B cos’C
= (1 —sin A) (1 — sin B) (1 — sin C)
=+ cos A cos B cos C
10.  2cos 2= cos o + cos 3 + cos Rl
13 13 13 13

b4 or T ar
= 2¢c08 — coS — + 2¢c0S — COoS —
13 13 13 13

= 2cos—|cos| — |+cos| —
13 13 13
T T 5w

= 2cos| —||2cos—cos— |=0
13 2 26

11. sec A — sec B = cosec B — cosec A

cosB—cosA _ sinA-sinB
cosAcosB  sinAsinB
N sin A sin B _ sinA—sinB
cosAcosB  cosB-cosA
(A+B] ) (A—B)
2cos sin
= tan A tan B = 2 2
) (A+B) . (A—B)
2sin sin
2 2
(A+B)
= cot
2

12. Use 1 + cos2A = 2 cos’A.

13. f(6) =

(2 sinB cosB) cos260 cos4O cos70

2sin
—— (2 sin26 co0s26) cos46 cos760
2X%x2sinf
1
2X4sinf
1
2% 8sinf

(2 sin46 cos40) cos76

[2 sin86 cos76]

TN [sin(156) + sin@]

b4 1
0= —, f(6) = —.
15 16 16

x_3t 3_m_on

’

2 7 14 2 7

—, We can write

15.

16.

17.

18.

19.

20.

T T
f(—) = COS—— COS — COS—
14 7
2 2
2sm£f(£j = s1n—ncos—ﬂcos3—n-
14 7
4sm£f(£) = sm4—7rcos3—ﬂ
14 7
r

T 1
f(a)—g

sin’A + sin’B + sin’C + 2sin A sin B sin C

1 — (cos’A — sin’B) + sin C [sin C + 2sin A sin B]

1- cos(A + B) cos (A — B) + sin C [cos(A + B)
+ 2sin A sin B]
[ C=m/2-A-B]
=1-cos(n/2—-C)cos (A—B)+sin Ccos (A—-B)
=1
tan 5x = — cot 3x = tan (/2 + 3x)

= 5x=n7t+§+3x,nel
b4
= 2x:(2n+1)5,nel

= x=02n+1) %,ne L

Now, x € [0, 4x]

= 0<@n+1) = <drn

|9}
A~

= —l SnSl—:>OSnS7
2 2

. There are 8 values of x.

sin x = tan x = sin x (cos x —=1) = 0

= sin x =0 or cos x = 1.

However, when cos x = 1, then sin x = 0
sinx=0=x=0, m, 2%, 3%, 4r, 5%

sin x + cos x = x/isin(x+%j£x/§<%

Thus, no values of x.
tan’x = | = tan x = =1
tmx=1=x=—, —, —,—,

4 4 4 4 4

3z Im 11lm 157 197
andtanx=-1=>x= —, —,—,—,—

Thus, there are 10 values of x.
sec (80)—1 tan 20)
sec(40)—1 tan (86)




1—cos (86) ~cos 40) . sin (20) _cos 86)
1—cos(40) cos(80) cos(260) sin(86)

2 sin® (46) cos (460) sin (20) i
2 sin? (26) cos (20) sin (86)

Level 1
- +
2l.tan (B - ) = tan 3 — tan o _ ftana cot 8

I+tan ftanox  1+tan Btan o

_ tan o tan 8+ 1
tan 3 (1+ tan ortan f3)

= cot 3.

7. cos(x—y) _
cos (x+y)

23.

24.

25.

26.

27.

28.

29.

cos(x—y)+cos(x+y) a+l

cos(x—y)—cos(x+y)_a—1

a+1

= cotx coty=
a-1

sin” A + sin” (A — B) + [sin (A + B) + sin (A — B)]

sin (B — A)

=sin’ A + sin’> (A — B) + sin (A + B) sin (B — A)

— sin®> (A — B)

=sin> A + sin®> B — sin® A = sin® B.

65sin 6 cos O _ 6 tan 6
8cos’ 0 +1 9+tan’ @

= tan’ - 6tan 6+ 9 =0

= tan 6:3
. 4
X _ sm49 ’ Z=Sm49:>sin29=2><ﬁ=ﬂ
a cos"@ b cos 6 b x bx
cotd — cot 30 = 00595111.39—.Sln900s39
sin O sin3 6
sin@sin3 60
= 2 cos O cosec 36.
cos(x—y)=1 = x-y=0(Notex—y#2m)
= x:y_
cos (x +y) = — 1/2 = x +y = 120° or
240° = x=y=060°
or x =y = 120°

sin 2B = (3/2) sin 2A, cos 2B = 3 sin” A.

= tan2B=cotA = tan A tan 2B =1

= A+ 2B=n/?

= B=mn/4-ANR

X —px*—r=(x—tan &) (x — tan B) (x — tan 9

30.

31.

32.

33.

34.

35.

36.

37.
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=i —pi—r=(—tan &) (i — tan B) (i — tan )
and — 7 — pi° —r=(—i—-tan @) (- i — tan f)
(-i—tan 7y
Multiplying we get
(P - N> - ) = - [(()’ - tan® ) (i* - tan’ P)
(i* - tan® y)
= (p-n"+1=(1+tan’* o) (1 + tan® p)
(1 + tan® 9
A>mn2 B+C<nan2=tan(B+C)>0
tan B+ tan C
l—tan Btan C

= tan B tan C < 1 (as tan B, tan C > 0)

. .
sin@/2) _1-sin®0 5 G2 (g2) = cos? 0
cos(6/2) sin®
= cos’O+cos H-1=0

—1+J1+4 —1%+5
= cos 0 = =

2 2
But cos 6 # # SO cos 6 = @
= 2 cos¥(012) = NEE BPRRCE
2 2

= cos’ (62) = % = cos 36°.

atan29+b=1+tan20:>(a—1)tan20=1—b
tan’0 _(1-b)° b

tan’¢ (I1-a) d?
= (a-b)(a+b-2ab)=0
= a+ b = 2ab [as a # b]
a= (sin2 x + cos® )c)2 — 2 sin® x cos® x
= sin® 2x=—2(a—1)= 1 —cos 4x = —4(a — 1)
= cosdx=4a-3s0-1<4a-3<1
= 12<a<
For x = nm + m/2, tan x is infinite and all other
graphs have finite values.
X+y+z=m=tanx +tany + tan z =
tan x tan y tan z
= 2k + 3k + 5k = 2k x 3k X 5k = k* = 1/3.
tan® x + tan® y + tan® z = (1/3) (4 + 9 + 25) = 38/3.
B =60° sin QA + B) = 1/2 = 2A + B = 150°
= A =45°, C=175°

so that B + 2C = 210° = 180° + 30°
= sin (B + 2C) = — sin 30° = — 1/2.

and(b- D tan’ p=1-a=

% = tan 6 tan ¢, tan®> o = tan® (6 — @)

B ( tan@—tan(]))2

1+ tan O tan ¢
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(b) = 10A = /2 = A = 7/20,
c)=A=n8,(d) = A=n/6
Least value of A is 7 /20 given by (b).

_a’—4(alb) _ab(ab-4)
(1+ (a/b)? (a + b)?
Since tan’a > 0, ab > 4.

2
X y xtan A+ ytan B 50. Z =sin? (l) + cos’ (l) +sin (—”)
38. = 0 4 2n 2n n
cosA cosB x+y
_ cos Atan A + cos Btan B = Sin(z)zn—4
cos A+cos B n 4
. A+B A-B For n € N, sin(zj>0
B sinA+sinB_zsmTcoS 2 n
cos A +cosB A+B A-B n—4
2 cos cos s >0 or n>4
4
B A+ B - -
= tan 5 F0rn>4,—<—:sin(—)<1
n 2 n
39. X2 + y2 = a’[cos® 0 + sin® 6 + 6% sin® 6 + 6° cos® 6] :
2 2
=a(l + 69 = O<Z(n—4)<1=>4<n<8
[2, 2 2
= ab= yx" +y —a Thus, a possible value of n = 6.
40. We can write (1 + cos (7/8)) (1 + cos (37/8)) In fact, forn = 6
(1 = cos (37/8)) (1 — cos (7/8)) (7 T
= (1 - cos® (m/8)) (1 — cos” (37/8)) Sm(ﬁ)*m(ﬁj

= sin® 7/8 sin® 37/8
= sin® 71/8 cos® 78 = (1/4) sin m/4) = 1/8. = 2sm(ﬁ+£)=ﬁ sin(z)
41. cos y =2 X 2 cos 2x cos x 4 12 3

sin y =2 X 2 sin 2 x cos x J3
= ~3 N6 Vn

:>1:coszy+sin2y=16coszx

So cos 2x = 2 cos’x — 1 = — 7/8. 2 4 4
42. c:c;ssﬁIZS_/S?,/:; sin A = - 4/5, cos B = 4/5 51. tan 2n — 1)ox = tan (/2 — &) = cot o
43. log; tan 1° tan 2° ... tan 44° tan 45° cot 44° ... cot tan (2',1 = 2)a = cot 2¢ and so on. So the required
1° = 10g31 =0 value is 1.
S ) 52. x(x* = 1) + sin O(x sin 6 — cos 6) +
44. cot” O = C053 0 % CO.S 0 2 Coie - cot® 6 cos 9(3sm 60— x 0052 6 =0 )
sin@® sin@  sin* @ = x —x+x(sin® @-cos” 8 =0
=>n=238 = xX-(1+cos20)=0asx#0
45. Given equation is possible if sin 0 = sin 26 = sin 30 = ¥*=2cos’0<2
= sin 460 = 1 for some O, 0 < 6 < 7 which is not NG NG
possible. 53.2 % V3 cos 2mx) = V3
46. cos 11° < cos 2° = cos 11° —cos 2° <0, cos 11° = cos(2mx) = 1/2 = cos(2nm = 7/3)
and cos 2° are rational numbers. cos 11° — cos 2° = x=n=1/6.
is a negative rational number. 54. 2 cos® x + 4 cos x = 3(1 - cos? X)
47. COSZA2: sin A tan A :sinzA .sec A =5 COSZ)C+4COSX—3 =0
= cot” A = sec A.
. L ocos x = —4E16460 —2£419

cot® A — cot? A = cot®> A(cot* A - 1) 10 ) 5
= cot’ A(SeC2 A-1)

= cot? 24 = —2-419
cot" A X tan” A =1 But cos x =

48. (cos x — sin x)2 =1/4=1-sin 2x = 1/4 = sin 2x 5
=3/4 = cos 2x = N7/4 =tan 2x = 3/7 . 55. 6 sin® x — 2 cos* x = cos? x(2 cos® x — 1)
49. (a) cos 2A = sin 3A = cos (m/2— 3A) = 4cos*x+5cos’x - 6=0

=5A=m2=A =10 = cos® x = 3/4 = cos 2x = 1/2



56.

57.

58.

59.

60.

cos 50=0= 50=2nrx n/2
As cos@ decreases in [0, 7/2], it is greatest when 6
is least,

i.e. 6= /10 = 18° and cos O = cos 18° = ’,5+8\/§

nw
pP—q
So the values of 6 form an A.P. with common dif-
ference /(p — q).

3

2
x__Si + 13x = x sin (a/x)
3 2

pO=nw+q0= (p-qO0=nr= 0=

= x* — 12x + 3(13 — sin (a/x)) = 0

which has a solution if

144 — 12(13 - sin (a/x)) 2 0

or sin (a/x) 2 1 but sin (a/x) <1

so sin (a/x) = 1.

sin (1 —x) 20, cos x >0 and sin (1 — x) = cos x

= 1l-x=nn+ (1) (m/2- x) where n € I.

For n = 2m we get no values of x, m € L
1l-x=QCQm+ H)r—m2 +x

1 4m+1
= x= ——
2 4
Form=>=0,x<0
Form:—l,le 3—n
2 4
and sin (1-x) = sin(l_s_n) = _sin[l_,_f) <0
2 4 2 4
1 3m
SOX#* —+—.
2 4

Form=—2,x=l+7—” and
2 4

sin (1 — x) = sin (l+£_271;)> 0 and
2 4

COS X = COS (14.27;_5) > 0.
2 4

1 7
Hence x = 5 + Tn- is the smallest positive root of

the equation.
4cos’ x—4cosx+cosx—1=0
= (@dcos’x+1)(cosx—1)=0
= cosx=1=x=2nnr

100z < 315 < 1017
Required sum= 27 + 47 + ... 1007
20+2+ ... 50)

_ 2X5§X51n’ = 25507

61

62.

63.

64.

65.

66.

67.

68

Trigonometrical Ratios, Identities and Equations 25.37

.Whenx=1,2+2siny=0=siny=-1

and sin 7—” = sin (37r+£) =-1
2 2

So (1, 7n/2) is a solution.
For x = — 1, sin y = 1 which is not satisfied by y
=T7n/2 or 0.

1
esinx
—1<sinx<1lande>1
e T<ei™<e <3

sin x
e

sinx:4

e

)

= < 3, also ™M™ > 0.

+4 > 4.

sin x
e

So two sides of (1) cannot be equal for any real
value of x.

2 sin 3x cos 2x = sin 3x

= sin3x(2cos2x-1)=0

= sin3x=0o0r 2 cos 2x =1,

=x=0, n/3, 2n/3, &

or x = /6, 51/6 as x € [0, «].

sin x, sin 2x, sin 3x are in A.P.

If 2 sin 2x = sin x + sin 3x = 2 sin 2x cos x
or if 2 sin 2x(1 — cos x) =0

or if either sin 2x = 0 or cos x = 1

which is satisfied by x = 2nz for which cos x = 1.
2 sin® ((71/2) cos® x) = 2 sin® ((/2) sin 2x)
or if (m/2) cos’x = + (/2) sin 2x

or if either cos x = 0 or cos x = + 2 sin x.
and cos x = 0 if x = 2n + 1)n/2.

4>, 2
tan x =t = s+t +—=5
1+1¢ t
5£-3+2=0 = P-D*+7£4-2=0
=£=1, #=-2 so t==I,x=nm4, 3m4
5
25in2x+wzn

2

= sin2x + 2(1 — cos2x) = 2n
= sin2x — 2 cos 2x = 2(n — 1)

= —J5 <2m-2<+5
Js Js5

-~ <n<l+-=
2 2

Integral values of n are 0, 1, 2.

. sin (2 sinx) = sin (/2 — 2 cosx)
= 2 sinx = m/2 — 2 cosx
= sinx + cosx = /4
= 1 + sin2x = /16
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69.

70.

71.

72.

73.

74.

Complete Mathematics—JEE Main

2 32

tanx + cotx = sin2x _71:2 “16

a=32,b=16,c=2
15 tan*ar + 10 = 6(1 + tan’c)?
= 9tan*a - 2tan’a + 4 =0
= tan’a = 2/3.
so 8 cosec® o — 27 sec® «
= 8(1+3/2)°-271+23°=0

oo

i tan ™! 2% = Z[tan_l (2r +1)—tan™" (2r — 1)]
r=1 r 1

=tan '3—tan 1+ tan"'5—tan"' 3 +...

=n/2 — n/4 = /4
[x] + {x} = x and [{x}] = 0.
.2 .
sec -1 = 1-cos _ 2sin” (0/2) x sinO

cos®  cos@ x 2sin(6/2)cos(6/2)

= tan O tan (6/2)
Given equation reduces to cosf = 1
= O0=2nm, nel
Number of solutions in [— 20117, 20117x] is 2011.

2 4 6
P +yP=3+2 (cos—n+cos—n+cos—n)
7 7 7

=3+2(-1/2)=2
(Ref. Ex 49,)

X 2
sin—:x—x/g +1 = x=\/§.
5 - (x3)

cosO cos2 6 ... cos 2"~ '@

= 1 [ZSiHOCOSGCOSZQ...COSZn_19:|
2sin

S (sin 2"6) = sin(7 + 0)
2"sin@ 2" sin O

— (—sinf)=— L :
2"sin@ 2"

So statement-2 is true which implies statement-1 is
also true.

75. fix) = tan x, g(x) = tan (x/2)

= flx) + g(x) # 0 for all x.
so statement-2 is False.
we have [cosor + cos (o + [3)]2 +
[sinet + sin (ot + B> = 1
= 2+2cos(ax—-oa-p) =1
= cos f=-12 = B=2m3.
Similarly y = 2#/3.
= AP + g(y) = tan 2a/3) + tan(w/3) = 0
= statement-1 is true.

76.

7.

78.

Statement-2 is True. In statement-1, x = 33
cos 6, y = 3+/3 sin Othen x — y = 33 (cos 6 —
sin 0) = 3\/3 X \/5 cos (6 + m4) < 3\/6 follows

from statement-2

If a+ B+ y=m2tan (o + B) =tan (W2 - y)
1

- tany

tanoc+tanf8 1
l—tano tan 8 tany

= tan o tan § + tan B tan y + tan ytan o = 1
= statement-2 is False.

In statement-1, (\/;+\/;+\/;)2
:p+q+r+2(@+\/;+\/g)

Sp+qg+r+2p+qg+r)
=3(p+q+r) =48
Statement-2 is True.
Statement-1 = y cos6 . sin® 0 + y cos® 0
= sin 68 cos 8 = y cos 6 = sin O cos O
= y=sinf = x=cos b
=+ y2 =1 = statement-1 is also true but does
not follow from statement-1.

79. % —x-2=x-2)(x+1) <0

80.

= - 1 <x <2 = Statement-2 is True

2 sin” x + 3 sin x — 2
=Q2sinx-1)(sinx+2)>0= sinx>1/2
which is true if 7/6 < x < /2

. 11 .
i.e. E < x < —, so statement-1 is false.

Statement-2 is True as — 1 < cos x < 1.

4

In statement-1, cos’ x + sin* x = 1

= cos’ x + (1 - cos’ x)2 =1

= cos’ x + cos* x =2 cos? x =0

= cos’ x (cos5 x + cos® x — 2)=0

= Either cos x = 0 or cos® x + cos’> x — 2 = 0
= cos x = 1 from statement-2

S>x=-m2,m2ascosx=1=>x=0

Level 2
81.

Let the length of the diagonals of the rhombus be
a and b and x be its side then



D C
X a
6
A X B
Fig. 25.5
225 P=ab
a X
2 2 2 2
Now cos 0 = xAx -a = 2ab—a =1—i
2x-x 2ab 2b
b
Similarly cos(180° — 6) = 1 ——
2a

:izl—cose,i:1+c056
2b 2a

1 1
= 1 - cos’0 = Z = sinf = 5 = 6 =30°

82. Let |ACB =0

A
h !
0
B D \ E c
nl4 + 0
Fig. 25.6

BAE = |EAC = n/4
= |AED =n/4 + 01 |EAD =r/4 - 0
From A ADE

? = cos (n/4 - 0) = L(cos 0 + sin 6)

V2

I — i 1
7 =sin (w/4 - 0) = E (cosO — sinfH)
2 2
h# = %x%in 0= [rsin C
2 2
= % = cos B.

83. 2 sin’(x + m/4) + /3 cos 2x > 0

21—cos(2x+7r/2)+\/§ cos 2x > 0

1
= — sin2x+—30052x>—l
2 2 2

= cos (2x — 7/6) > —%

Trigonometrical Ratios, Identities and Equations 25.39

1 1 1
84. x = o = 5 Y= 3
1—cos” x sin” x cos” x
1 1
aIle= ) 5 = = xy
1—sin“ x cos” x 1—l~l xy—1
Xy

=Szhky-1)=xy=x+y
=S x+y+2z=xyz
35 4sin* x 1
" 4cos? x — 4sin® x cos® x 9

sin*x 1 4 1
= 7 =—= tanx = —=Stanx=—
cos"x 9 9 V3

= x = 1/6
86. Let 0 =7.5° = 20 = 15° = 45° — 30°

= cos 20 = L(\/§+1)

ND)
1
= 2cos’0= —— (V3+1)+ 1
75 (3+1)
,o B+1+2v2 Jo+V2+4
= cos 0 = =
2x2\2 8
87. We have

A = a cos’0 + 2 b sinf cosH + ¢ sin’6
B = a sin®*0 — 2b sin@ cosb + ¢ cos>6
H = (¢ — a) sin20 + 2b cos26
SoA+B=a+c
88. Sin560 = sin (20 + 36)
= sin 26 cos 36 + cos 260 sin 30
= 2 sinf cosO X cosf (400520 -3)
+ (1 — 2 sin’6) (3 sinf — 4 sin’6)

=2 sinf (1 — sin6) (1 — 4 sin6)

+ (1 = 2 sin?6) (3 sin6 — 4 sin’6)
= 16 sin’0 — 20 sin’6 + 5 sind
Soa=16,b=-20,c=5,d=0
= 5a+3b-4c=0
cotAcot B+1 B

y/x+1 x+y
cot B—cot A y xy

89. cot (A - B) =

cos360 sin36

9. ——+——F—
cos’6 sin’6

B 4 cos® 0 —3cos0 4 3sin® — 4 sin’ 0

cos’ 0 sin’
(cos2 0 —sin® 9) 12c0s26 1
=4x3 = X
4 sin? 6 cos> 0 sin26 sin26
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91. The given expression is equal to
¥ + ¥ + xy [(tan’a + cot’c)) — 4 cot®2¢/]
=x+y +xy

2
. 2 .2
1-2sin’ ot cos® o (COS O —sin 0‘)

sin” o cos® & 4 sin’ o0 cos® o

=x2+y2+xy

1 ) 1—4sin® o cos®> a0
| sin” o cos® &

sin” o cos® &
=xz+y2+2xy=()c+y)2
92. § =tan A + tan B + tan C = 4/3

S, = Xtan A tan B = 1,

S;=tan A tan B tan C = — 1/3
AT

tam(A+B+C) =13 5 e

=>A+B+C=n/2

93. We have sinfB [x + 2 ycos 0+z(3-4+4 cos20)]

=4 cosO (2 cos’6 — 1) sin@

=8 cos36—4zcosze—2(y +2)cosf@=x-7z
(~+ sin@ # 0)
94. We have 16 sin’x — 20 sin’x + 5 sinx = 5sinx

(see Ex 68)
= sin’x (16 sin’x — 20) = 0 = sin x = 0, only one
value

95. sino + sinf8 = — bla, sina sin 8 = c/a,

sinoe + 2 sinff = 1

= sina =
a+b

(Note ¢ # 0) and the required value is O.
96. (1 + sinf) (3 sinf + 4 cosO + 5)
= (cos(6/2) + sin(0/2))2 [6 sin(6/2) cos(6/2)
+4 (2 cos” 02— 1) + 5]
=(a+b)[6ab+8 b +a + b
= (a + b)* (a + 3b)°
97. sin A = sin B and cos A = cos B

= A = 2nm + B where n is an integer, n # 0

:>T=n7t:>tan =0

98. Apply the identity, if A + B + C = 180°

then cos A + cos B + cos C
=1+ 4 sin (A/2) sin (B/2) sin (C/2)
2 —
99. We can write tan x = hanx—l-i-l
tan x

=cot x — 2 cot 2x

which satisfies the given equation

100.

101.

1 X 1 X
SO tan x + — tan — + = tan—2 F o
2 2 2 2

X
+ 2n—1 tanzn—l

1
cotx — 2cot 2x + E (cot% — 2 cot x)

+L (cot 2 2cot f)
22 22 2

1 X X
+ -+ i1 cotzn_1 —200t2n_2

1
e cot(znx_l)—Zcot 2x

Note Remember tan x + 2cot 2x = cot x |

4+ cot 76° cot 16° —1
cot 76° + cot 16°

We can write

_ 4 sin 76 sin 16 + ot 92°

sin92°
_ 2(cos 60° — cos 92°) + cos 92°  1—cos 92°
- sin 92°  sin92°

cot 46° = tan 44°

K(l+l+l)
X y Z

cos 0 + cos (6 + 2r/3)

+

cos (60 + 4 n/3)
cos 6+ 2 cos (0 + m) cos 7i/3
=cos O-cos 8=0

= xy+yz+zx=0

102.

103.

104.

Let tan A tan B = x
so tan (A + B) = tan (1/3) = V3

tanA +tan B _
l1-tanAtan B

=3 (1-x)=tanA+tan B<2 tan A tan B = 2v/x

= 3(1 - x)* < 4x
=3’ -10x+3<0
=S 0CBx-1)(x-3<0

1
= —<x<3
3

tan® (3tan6 + 3) = (2 + 2 tan6)’
= (1 +tanb) (4 + tanB) = 0
= tanf =4 astanf # — 1

So 7—5cotf _7+5/4_£
9—44sec’0—-1 9+16 100
We have

sin’@ + sin*0 + sin®0 + -
— (sin® cos6 + sin’6 cos’0 + sin’0 + cos’O + --+)



105.

_ sin’@ __sinBcosb
1—sin?@ 1—sin@cosh
1-cos26 sin26

1+c0s20 (2—sin26)
l—ab 1-d°

+
1+ab 3—a2

(1+ 1+x) tano = 1 —+/1—x

1+{J1+x cosa 2cosa(coso +sino)
1-Jl-x sina 2sina(cosa +sina)

2c0s> o + 2sin o cos

2 sina cosa + 2 sin’ o

1+ cos2a + sin2¢
sin20 +1—cos2«

1+ \/(cos 20 +sin2a)’
1- \/(cos 20 —sin2ar)’

1+/(1+sinda)
1-4/1-sinda

106. £(0) = sin6 (sinf + 3 sin® — 4 sin’6)

107.

108.

= 4 sin%0 (1 — sin’6) = sin> 26 > 0 for all real 6.
Icot B+lcot C=h=221
C

Fig. 25.7

:>c0tB+cotC=2x/§
B+ C=n/2= cotBcotC=1

= cot B = \/E—l,cotCz V2 +1
The required angles are 7/8 and 37/8

\/cos2 x —sin® x + cosx + sinx = 2/sinx + cos x

= \/cosx+sinx [\/cosx— sinx + \/cosx+ sinx — 21
=0
= either sin x + cos x = 0

or \/cosx—sinx + \/cosx+ sinx = 2

= 2 cos x + 2v/cos2x =4
:>2coszx—1=(2—cosx)2=4—4cosx+cos2x

. . =21
. sino+sin § =——, coso+cos f=——
& 65 P 65

Trigonometrical Ratios, Identities and Equations 25.41

=cos’x+4cosx—-5=0
= cosx=1=x=2nrx

Note The answer could be obtained by trial method,
taking x = 2nw

109. sin x + 2 sin 2x — sin 3x = 3

=>sin3x>20=0<3x<7w

= 0<x<7m/3=0<sinx<3/2

and 0 < 2x<2n/3 = 0<sin2x <1
—1<-sin3x<0

So — 1 <sinx +sin 2x —sin 3x < V3/2+ 1 <3

So the given equation is not satisfied for any real
value of x

110. sin x + sin y = sin (x + y)

+ - + +
:>2sinx ycosx y:2sinx ycosu
+ + -
= sin Ty (cosx y—cosx y):O
2 2 2
. X+ + —
:>elthersm)C y=00rcosx2y:cosx2y

+
Now sin 2 =0 and Il + Iyl = 1

11 11
x,y)=|=-,—=|or|=,—=
. 7) (2 2) (2 zj

+ —
and cos Yy = cos Y
:>sin£sin2=0

2 2

:>sin£=00rsinzz0
2 2

= ()C, )’) = (1’ 0)7 (_ 1’ 0)7 (09 1)’ (07 - 1)

So the required number of pairs is 6.

Previous Years' AIEEE/JEE Main Questions

1.tan x + sec x = 2 cos x

= 1+sinx:20052x=2(1—sin2x)

= (Q+sinx)(1-2+2sinx)=0
. . 1
= sinx=-1or s1nx=§
But sin x = -1 = cos x = 0. This is not possible
. 1
Thus sinx=— :>x=£,5—7re[0,27t]
2 6 6

=27

Squaring and adding we get
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441+729 1170 18 = sinx =172 [~ sin x # =3]
2+ 2cos (- P) = = =—
(65)2 (65)2 65 = x = 76, 57/6, 1371/6, 177/6.
1
_ 6.Let a = tan 30°, B = tan 15°, then o¢=— and
= 2><2cosza ﬂzﬁ V3
2 65 B=2-+3.
oa- 3 1
= cosdPor 2 =L@
r<oa-B<3rm 1 7
and g=—=02-3)="--1
_, F_o-B _3m V3 V3
2 2 2 3
w-p -3 Thus q—p:T+2—J§—1:1
= CcoS——=—= 3
2 130 2+q—p=3
3. We have 7.2 s8in x cos x = (sin x + cos )c)2 -1
) »? =1/4-1=-3/4
u= 7(1+cos29)+7(1—00329) As 0 < x <, sin x> 0.
2 2 Thus, cos x < 0
a b
+\/7(1—c0s29)+?(1+cos29) = 2 <x<m
Also, (sin x — cos x)°
2,42 2 2
= \/a ;b a=b cos20 = sin® x + cos® x — 2 sin x cos x
—— =1+3/4="7/4
+\/a b _4 b cos26 .
2 2 =>smx—cosx=7
Squaring we get
a £ 8 - - Since sin x + cos x = 1/2
2, 32 242
Ww=d + b+ 2\/(a b ) —(d b ) cos” 20 We get
2 2 2 sin x = (V7 +1)/2
Thus max (uz) =+ b +d+ b= 2(a2 + bz) and 2 cos x = (1_ﬁ)/2
2, 32)\? 2 32)\2 2
and min (u?) = a® +b> +2 a b |4 b tan x = —\/7+1=—(\/7+1)
2 2 J7-1 7-1
2 2 2
— = 1
a + b° + 2ab =(a + b) :__(4+\/7)
So the required difference = 2(a2 + bz) —(a + b)2 = 3
(a — b)™. 8.cos (B— 7 + cos (y— o) + cos (o — B) = =3/2
4. f(x) = sinx—3cosx+1 = 2[cos B cos ¥y + cos ycos o + cos & cos B + sin
B sin y+ sin ysin o + sin o sin B] + (cos® o +
_ 2{lsinx—£cosx}+l sin® @) + (cos> B + sin® B) + (cos®> y+ sin> 9) = 0
2 2 = (cos o + cos B+ cos P)* + (sin o + sin B + sin P>
=2sin (x — @/3) + 1 =0
2<2sin(x-m3) <2 = cos a+cos B+cosy=0
- 24+1<2sin(x-3)+1<2+1 and sin o + sin f§ + sin y= 0
= -1 <f(x)<3 Thus, both A and B are true.
= §=[1,3] 9. We have
.2 . r _ T
5.2sin“x+5sinx-3=0 - = Cos{ —
R n A, M A,
= @sinx-1)Ginx+3)=0 When



10.

11.

12.

13.

F 3
— = —,weget
2
()= ()
cos| — | = cos| —
n 6
= n=6
when —=— = cos —
n

there is no value of n
0< o B4
=>0<a+B<m2and w4 <o- B< /4
Now, cos (o + B) = 4/5
= tan (o + f) =3/4
and sin (¢ — ) = 5/13 =
We have
tan (20) =tan [(ox + B) + (a - B)]
tan (o + ) + tan (o — )
" 1—tan (o + B)tan(a - B)
3,50 1
_2_56

tan (¢ — B) = £ 5/12

__4 12 _12_56
EOREE
4 /\12 48

Note tan (¢ — fB) —% does not satisty any of the

choices.
A =sin’ x + cos* x <sin® x + cos? x = 1

[ 0< cos? x < 1 = cos* x < cos’ x]
Also, A =1 — cos® x + cos* x

(cos® x — 1/2)* + 3/4 > 3/4

Thus, %SASl

We have
sin 6 + sin(46) + sin(76) = 0

= 2 sin(40) cos(30) + sin(460) = 0

= sin(46) [2cos(30) + 1] =0

= sin(46) = 0 or cos(360) = —1/2 = cos(2n/3)

= 0=mn/4, n/2, 3n/4 or 360 = 2n/3, 2 + 271/3
2r m m 4n 3n 8w

= 6:_’_5_5_a_5_
9 42 9 49

We have

(3sinP + 4cosQ)* + (3cosP + 4sinQ)* = 6% + 1
= 9(sin’P + cos’P) + 16(cos’Q + sin’Q)

+ 24 (sin P cosQ + cosP sinQ) = 37

14.

15.

16.

17.

Trigonometrical Ratios, Identities and Equations 25.43
= sin(P+Q)=12 = sin(x-R)=1/2
= sinR=12 = R =6 or 51/6
R=5116 = P<n6 = 3sinP <3/2
= 3sinP + 4cosQ < 6, so R = 7/6.
Let ZBDC = ¢, then ZDBA = ¢. We have
. 14 V4
sin ¢ = —=———
BD /pz e
and cos ¢ = %
NP t4q D q c
By the law of sines 5 ¢ 5
sin(mr—6—¢) sinf »
BD AB
AB = .SLGBD o)
sin(6+ @) A B
Fig. 25.9
_ \/pz + q2 sin 0 -
sin@cos@ + cosOsin @

(pz +q2)sin9

pcosO+gsin
tan A cot 4
l-cot4A 1-—tan4
_ tan® A4 3 1
" tanAd-1 tan A(tan 4 —1)
_ tan® 4—1 _tan2A+tanA+1
B tan A(tan 4 —1) tan 4
sec’ A

= +1=secAcosecA+1
tan

2 cos’6 — 3 sinf = 0

= 2sin’+3sinf-2=0
T 5w
6 6
= Statement-2 is True.
Next, 2 sin’0 — cos 20 = 0

= sin9=l
2

= 4sin’0=1 = sin@zi%

Which gives four values of 8 in [0, 27]

2 cos’@ — 3 sin O = 0 gives two values of 6 in [0,
2]

So, Statement-1 is also true but does not follow from
Statement-2.

sin 2x —2cosx+ 4 sinx =4

= Qcosx+4)(sinx-1)=0
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St 9w

. T
= sinx=1 = x=—,—,—
22 2

18. x)=—{sin" x+cos" x
fe@=—( )

= fi(0) - fyx) = %(sin4x+cos4 x)

—%(sin6 x + cos® x)

= %(l —2sin? xcos? x)

—%(1 —3sin® xcos’ x)

1
12
19. 2 sin’o — 7 sino + 7 sin o = 2

= 2(sinor— 1) — 7 sin & (sin ¢ — 1) = 0
= (sin o — 1) [2(sin*c + sin o+ 1) — 7 sin ] = 0
= (sin - D[2sin*a—5sina+2]=0
= (ina-1)2sinx-1) (sin a-2)=0
= o= 76, 51/6, ©/12 € [0, 2x]
There are 3 solutions.
20. cot(£+g) =—COt(e/2)_1
4 2) cot(6/2)+1
cos(6/2)—sin(6/2)
- cos(6/2)+sin(6/2)
cos® (0/2)—sin® (/2)  cosB
- 1+42sin(6/2)cos(6/2) " 1+sin6
. cot2(£+9)= l—s%ne _cosecf-1_¢
4 2) 1+sin@ cosecO+1 p

(543
cot| —+—||=,|—
4 2 )4

21.2 cos O+ sin 6 = 1 (D
= 4 cos’ 0= (1 - sin 6)°
= 4(1 - sin® ) = (1 - sin 6)
= 4(1 +sin ) =1 —sin O (v 0% 72)
= sinGz—% 2)

From (1) and (2) cos 6 = 4/5
Thus, 7 cos 6 + 6 sin 6

43

22. f(6) =1 + cos®> @ —sin> @ + 1 + sin 26

23.

24.

25.

=2 + cos(20) + sin(20)
- 2+\/§sin(20+%)
A = Max(f(6))=2++2
B = Min(f(0))=2-2
. (4,B)=(2+v2,2-2)

cos o + cos fB=3/2

- 3
= 2cosa+ﬁcosa ﬁz— (D)
2 2
. . 1
and s1na+smﬁ=5
. - 1
= 2smohL cosa ﬁ:_ 2)
2 2

From (1) and (2), we get

tan@zl, where 9=l(a+ﬁ)
3 2
1
2tan 0 2(3) 2 9
=—X—=

sin 26 = 5= 3
1+tan- 0 (1) 3 10
1+

3
5

in A
24325
b sinB

23 sm(1.20 - B)
sin B

= (2+\/§) sin B = sin 120° cos B — cos 120° sin B
= (2++/3 +cos(180°— 60°))sin B
= sin (180° — 60°) cos B

= (2+x/7—%)sinB Z?COSB

V3 _ ' .5
3+2V3 2443
= B =15° [use tan 15° = tan (60° — 45°)]
oA = 105°
= (A, B) = (105°, 15°)

CcoS x + cos 2x + cos 3x + cos 4x =0

= tanB=

= (cos 4x + cos x) + (cos 3x + cos 2x) = 0

= 2coss—xcos3—x + 2coss—xcosE =0
2 2 2 2

= 2cos5—x[cos3—x+ cosf} =0
2 2 2

= 2coss—xli2cosx . cosi} =0
2 2



26.

27.

X 5x
= cos—=0,cosx=0or cos;z 0

2
X T w 3r 5x m 3m Sm Trm ¢
= _:_;xz_a_;_:_a_a_a_n_
2 2 2°2° 2 22 2 2 2
o R 3T 7 3m Tn 9n

”77”5’
2255 5°5

Let £ = 4+%sin2 2x—2cos* x

4+ lsin2 2x— l(2 cos’ x)2
2 2

1 1
4+ —(1 — cos? Zx) ——(1+cos2x)*
2 2

1
4+E(1+cos2x)[1—c052x—1—cos2x]

1
4-— E(l +cos2x)(2cos2x)

4 — cos 2x — cos® 2x

17 (1 )2
——| —+cos2x
4 2

Note that
17

m = ——2=2 when cos 2x = 1
4 4

and Mz% whencost:—1/2:>M—m=Z

9

Let a=\/2sin4x+18cos2 X, b=\/20054x+18sin2x

Now, 2a* = (25in2 x)2 + 18(20052x)
(1 — cos 2x)2 + 18(1 + cos 2x)
19 + 16 cos 2x + cos® 2x
and 2b* = (2cos’x)* + 18(2sin’x)
(1 + cos 2x)* + 18(1 — cos 2x)
19 — 16cos 2x + cos?2x
We have la — bl = 1
and 2(a*> — b%) = 32cos 2x
Ifa-b=1, 2(a - b)a + b) = 32 cos 2x
= a+ b =16 cos 2x
s 2a=1+ 16 cos 2x
= 4a® = (1 + 16 cos 2x)*
=1 + 32 cos 2x + 256 cos® 2x
= 38 + 32 cos 2x + 2 cos® 2x
=1 + 32 cos 2x + 256 cos® 2x

= 37=254c0s’2x=> cos2x =1+ i

254
which gives us 8 solutions in [0, 27].

28.

29.

30.

Trigonometrical Ratios, Identities and Equations  25.45
When a — b = -1, we get the same 8 solutions in
[0, 27]

Using C, — C, + C, + G5, we get
1 sinx sinx
A = (2sinx+cosx)|l cosx sinx
1 sinx cosx
Using C, — C, — (sin x)C,
and C; = C; — (sin x)C,
we get
A = (2sinx+cosx)[l cosx—sinx 0
1 0 COS X —sin x|

= (2sin x + cos x)(cos x — sin x)2
. A=0ztanx=—%,l

As —m/4d < x < w4, -1 <tanx < 1

and tan x is one-to-one in the interval [-7/4, n/4].

Thus, there are two values of x.

LetA="49,.B="_¢
12 12

where —n/12 < 0 < /12

We have

S=tan A + tan B

sin(A+B) _ 2sin(7/6)
cosAcosB  cos(A+ B)+cos(A—B)
__20)

- (\/5/2)+c0s(29)

2

V3 +cos(26)

As —m/6 < 20 < 7/6

= /3/2 < cos (20) < 1

= V3 <2cos (20) <2
= B3 +3<3+2c0s(20)<V3 +2

1 1
= 2 =2-3
V3+2c0s(20) 2+43

0eP
& sin@—cosO=~/2cosh

< sinf =(x/§+1)cos6
1
V2-1

= (\E—l)sine =cos6

& sinf = cosO
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< V2sinf =sin B+ cosf
S 0eQ
L P=0

Previous Years' B-Architecture Entrance
Examination Questions

1.
2.

6.

4 T
. COS §+COS

. . 3m .
. SIn— SIn——S1In——

See Question No. 1 in AIEEE/JEE Main Questions
cos O+sec =2 = cos’@—-2cos O+1=0

= cosO=sec=1 = cos"O+sec"0=2

. (sinzx + coszx)3 = sin®x + cos®x + 3sin’x cos’x (sinzx
+ coszx)
3.,
= 1 = p+—sin” 2x
4
4
= sin® 2x = g(l—p)
4
= 0< 5(1— p)<l
= l < p<l = el:l 1}
4 = ps p e

43—7r+cos45—ﬂ+cos47—7r
8 8 8

= 2(0054 r + cos? 3—”)
8 8

l{(l + cos%)z +(1 + cos%)z}
oo ot

S

[\

147 14 14

1
ZJ
=]
I
|
(98]
N—
A
|
|
\1|'£‘J
N
Q.
=]
A~
oy
|
2|3
N

n
2
3 2r b4
= COS—COS—COS—

7
1 . 2r 2r RY4
= -8in— CcOS—— COS—
24 7 7
Sin —
7
1 . 4rn 3
= ”SIH—COS7
4sin—
7
1 [ T . n} 1
= sSiINn—+Ssmn— | =—
2si 7 7 8
Sin—
7

0<a B4

10.

11.

12.

. €c0825° + sin25° =

>0<a+B<n2 =
Now cos (o + f) =4/5 = tan (x + B) = 3/4
and sin(oc — B) = 5/13 = tan(a - ) = 5/12
tan2¢ = tan[(or + B) + (@ — P)]
tan (o + ) + tan (o — )
1—tan (o + ) tan (o — B)

-4 < a- B < a4

we have

_ (3/4)+(512) 1412 56
©1-(3/4)(5/12)  33/48 33
Same as Q10 AIEEE/JEE Main

.1 + a sin 23 = sin’B + cos’B — 2 sinf cosf cos A

= coS A = —a
= A is obtuse.

= A =120°

= a=-co0s120°=

V1 +asin2f ¢

Fig. 25.10

1

2 B
k
Squaring we get

1 +sin50° = &

= c0s50°=/1- (kK ~1) =kv2- &2

.tan9° — tan27° — tan63° + tan81°

= tan9° + tan(90° — 9) — (tan27° + tan(90° — 27°))

= tan9° + cot9° — (tan27° + cot27°)
2 2 2x4  2x4

sin18°  sin54° - \/g—l_\/g-}-l B

4

a+b a—b
+
a->b a+b
_atb+a-b _ 2a
Ja? —p? \/ b2
a 1—72
a
2 2cos6

J1-tan?6 "~ Jeos26

Same as Question No. 9.
1 a b

I ¢ a=0

1 b ¢

:>a2+b2+c2—(ab+bc+ca)=0
S@-b>+0b-¢’+@Cc-a’=0

=>a=b=c > A=B=C=60°



13.

14.

2
= sin’A + sin’B + sin’C = 3 £ =2
2 ) 4
V2cosOsinf+1  *(cosO+sin6)

LH.S. =

sin@ sinf
==x[cot 06+ 1] =k —cot O
= k=-1

f(x) = 2 sin x + sin 2x = 2 sin x + 2 sin x cos x

=2 sin x (1 + cos x)

f'(x) =2 cos x (1 + cos x) — 2 sin x sin x
=2 [cos x + cos’x — (1 - cos’ x)]
=2 [200s2x + cos x — 1]

=2 (cosx+1)(2cosx—-1)

Now, f(x) =0 = x=m3,n (v 0<x<3m2)

We have f(0) = 0, of (37”) =-2

B30

and f() = 0, f(%ﬂ) — 2

15.

Trigonometrical Ratios, Identities and Equations

3
Thus, maximum value is Ex/g

Using C, — C, + G5, we get
1 tan@+sec’d 3

A=|0 cosf sin @
0 —4 3

= 3cos 0 + 4sin O

d—§=—3sin9+4cos9

d_A:() sin@_cos@zl

do 4 3 5

= sin O = 4/5, cos 0 = 3/5.

Max A = max {A(0), A(sin™ (4/5)), A(%) }

= max{3,ﬁ,4}=%
5 5
min A =3

s A e [3,5]

25.47
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