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ANGLE " _270° N
. . . . 90°
Let a revolving line starting from OX revolves about its end h
point O on a plane in the direction of arrow and occupy the
position OP. It is said to trace out an angle XOP. Here OX
is called the initial position and OP, the ferminal position. 180° ) 360°
The fixed point O is called the vertex. 0 1800 360% 0
P Initial position
0 —ve angle '
270°
-90°
0 tveangle Y Fig. 25.2
Initial position P \T here are three systems for measurement of an angle:
(a) (b)
Fig. 25.1

An angle is considered as the figure traced by rotating
a given ray about its end point.

MEASUREMENT OF ANGLES

IMPORTANT POINTS

If the rotation is in anticlockwise sense, the angle meas-
ured is positive and if the rotation is in clockwise sense,
the angle measured is negative.

1. Sexagesimal System or English System
In this system an angle is measured in degrees, min-
utes and seconds. A complete rotation describes
360°.
1 right angle = 90°, (read as 90 degrees)
1° =60 (read as 60 minutes)
1" = 60" (read as 60 seconds)
2. Centesimal or French System
In this system an angle is measured in grades, min-
utes and seconds.
1 right angle = 100¢ (read as 100 grades)
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12 =100’ (read as 100 minutes)
1”=100" (read as 100 seconds)

CAUTION

17 of centesimal system # 1 of sexagesimal system
1” of centesimal system # 1” of sexagesimal system

3. Radian or Circular Measure
A radian is a constant angle subtended at the cen-
tre of a circle by an arc whose length is equal to the
radius of the circle and is denoted by 1¢.

fig. 25.3
ZAOB =1 radian.

This angle does not depend upon the radius of the
circle from which it is derived.

CAUTION

Radian is a unit to measure angle and it should not be inter-
preted that z stands for 180°, 7z is a real number whereas
7 stands for 180°.

REMEMBER
7 radians = 180° = 2009.

RELATION BETWEEN DIFFERENT SYSTEMS
OF MEASUREMENT OF ANGLES

10 9
1°= — grades; 1¥* = — degrees
9 8 10 g
T . .
1°= —— radians = 0.0172 radians;
180
1 radian = 180 degrees =57°17' 45"
T
r= radians; | radian = 200 grades
200

T

Thus if the measure of an angle in degrees, grades and
radians be D, G and 6 respectively, then

RELATION BETWEEN SIDES AND INTERIOR
ANGLES OF A REGULAR POLYGON

1. Sum of interior angles of polygon of n sides
=(2n—4)x90°
2. Each interior angle of a regular polygon of » sides
2n—-4

= x90°
n

TRICK(S) FOR PROBLEM SOLVING

m The angle between two consecutive digits in a clock is
30°.
m The hour hand rotates through an angle of 30° in one

hour or (Ej in one minute

= The minute hand rotates through an angle of 6° in one
minute.

FUNDAMENTAL TRIGONOMETRIC
IDENTITIES

1. sin?6+ cos?’6 =1 or cos’6 = 1 — sin’6
or sinf@=1— cos’6
2. 1 +tan’0=sec’@or sec’0—tan’6=1
3. 1+ cot?8= cosec’8 or cosec’0— cot’6=1

TRICK(S) FOR PROBLEM SOLVING

Since sin?0 + cos?0=1, | sin@ | < | and | cos@ | < |
= -1 <sinf<1and-1 <cosf<1;

0 <sinPd<1,0<cos?0< 1.
Since cosecl = 1/sin6, cosecl > 1 or cosech < —1
Also, since secO= 1/cosb, sec 8 > 1 or sech < —1

SIGNS OF TRIGONOMETRIC RATIOS IN
DIFFERENT QUADRANTS

The following table describes the signs of various #-ratios
in different quadrants. Also, refer to, the figure given below
the table.

MP =y +ve +ve -ve -ve

OM = x +ve -ve -ve +ve
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. +V - — _pati .
sngt e _ve TVO_ .6 “VE__ Ve _ _ve t-ratios Al sing tano cosé
r +ve +ve +ve +ve which are + ve cosecd cotd secd
X -ve —
cosf=2 C_ive “-ve Yo__ve TC_.e REMEMBER
+ve +ve +ve +ve
m In the first quadrant, all are +ve.
y  +ve +ve -ve —-ve .
tan6==, —=+ve —=- —=+ve —=-ve = In the second quadrant, sin and cosec are +ve
X +ve —-ve -ve +ve i
x20 = In the third quadrant, tangent and cotangent are +ve
= In the fourth quadrant, cosine and secant are +ve.
AY AY
P P Sine
and All
Cosecant
X ) > X
X’ 4_]‘:4'_]__E_E_> x Tangent Cosine
v © M and and
Cotangent Secant
Y
P » fig.25.5
vY Simple rule to remember:
Fig. 25.4 add — sugar — to — coffee

The signs of other f-ratios can be found by using recip-
rocal relations, i.e.

and cot6 =

1
cosech = ——
cosf tan

S

,secH =

.So, we have

or
after — school — to — college

In the above, ‘a’ stands for ‘all’, ‘s’ stands for ‘sine’, ‘t’ stands
for ‘tan’ and ‘c’ stands for ‘cos’. The reciprocals of these
ratios are also positive in the respective quadrants.

INCREASE AND DECREASE OF TRIGONOMETRIC FUNCTIONS

We can discuss the way of increase and decrease of trigonometric functions as described in the following tables:

sin 6 increases from 0 to 1 decreases from 1to 0
cos 6 decreases from 1 to 0 decreases from 0 to —1
tan 6 increases from 0 to o decreases from ~ to 0
cot 6 decreases from « to 0 increases from 0 to «
sec 6 increases from 1 to o increases from —e to —1
cosec 6 decreases from « to 1 increases from 1 to o

decreases from 0 to —1
increases from —1 to 0
increases from 0 to o
decreases from « to 0
decreases from —1 to —eo
increases from —e to —1

increases from —1 to 0
increases from 0 to 1
increases from — to 0
decreases from 0 to —eo
decreases from « to 1
decreases from —1 t0 —oo

DOMAIN AND RANGE OF TRIGONOMETRIC _

RATIOS .
sec x (=00, ) —{( 2n+1)—
_Functions  Domain __ Range :
sinx,cosx (~e, =) -1.1] cosec x (=e0, )= {nm|nel}
tan x (oo, c><>)—{(2n+‘|)% ne I} (~o0, o0)
cotx (~o0, o) = {nm|ne I} (oo, )

(_°°1 _1] &
[1, )

(~o0, —1] L
[1, )

nel}
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TRIGONOMETRIC RATIOS OF STANDARD
ANGLES

J3
sin x 0 % % % 1 sec x 1 % J2 2 Undefined
cos X 1 % % % 0 cot x Undefined /3 1 % 0
tan x 0 % 1 J3  Undefined

TRIGONOMETRIC RATIOS FOR SOME SPECIAL ANGLES

0°/0 0 1 0 — ” =
15° J3-1 J3+1 J3-1 J3+1 22 22
/2 22 22 J3+1 J3-1 J3+1 J3-1
18 V51 V10425 V5-1 J10+2J5 4 B+
o 4 4 J10+25 J5-1 V10+2V5
225° _ J
= 22 22 31 N iole a2z
30° 1 J3 1 2

= N - = 2
/6 2 2 J3 & J3
36° 10-2.5 J5+1 V5 +1 10-2/5 J5-1 :
/5 4 4 J10-25 J5+1 10-2./5
45° 1 1
/4 V2 V2 ! ! 2 2
54° J5+1 10-2.5 J5+1 10-2J5 4 =
370 4 4 J10-25 J5+1 10-2V5
60° NG 1 1 2
/3 ) 2 V3 J3 2 J3
67.5° _

2+2 2-V2 V2 +1 J2-1 Ja+242 4-2J2
3r/8 2 2
7> J10+2/5 J5-1 J10+2/5 V51 = 4
2n/5 4 4 J5-1 J10+2/5 \V10+2y5
72° J3+1 J3-1 J3+1 J3-1 22 22
51/12 22 22 J3-1 J3+1 J3-1 J3+1
90°

1 0 - 0 o 1

/2
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TRIGONOMETRIC RATIOS OF ALLIED
ANGLES

i.e. the angles —6, 90° = 6, 180° = 6, 270° + @ and 360°
+ @ are called allied angles.

Two angles are said to be allied when their sum or differ-

ence is either zero or a multiple of 90°.

sin(90° + @) =cos @ 9ge sin(90° — ) = cos 6

"9‘ c0s(90° + 8) =—sin O
&& tan(90° + ) = —cot 6

>
IS

sin(180° — ) =sin O

cos(180° — 60) =—cos 6
tan(180° — ) = —tan 6
180° <

4 cos(90°—0)=sinbO
tan (90° — 6) = cot 6 19%
Q.
-9,),

sin @ =sin (360° + 0) = sin
cos 8= cos (360° + ) =cos O
tan 6= tan(360° + @) = tan 6

sin(180° + @) = —sin 6
cos(180° + 8) =—cos O
tan(180° + 6) = tan 6

0’9
%0 sin(270° — 6) = —cos O
%, c0s(270° ~ 6) = —sin 0

> 0°,360°
sin(— 6) = sin(360° — @) = —sin O
cos(— 6) =cos(360° — 0) = cos 6
tan(— 6) = tan(360° — ) = —tan O
X
&
RSy

S
sin(270° + 0) = —cos 6 &
v cos(270°+ 0) =sin O

tan(270° — @) =cot @ 270° tan(270° + 0) = —cot O

Fig. 25.6

TABLE FOR TRIGONOMETRIC RATIOS OF ALLIED ANGLES

sin@ —sin@ cos6 cosé sin@
cosf cos6O sing —siné —cosé
tan6 —tano cotd —coto —tano

—sing —cosé —cosé —sing sing
—cosé —sin@ sin@ cosé COs6
tan6 cotd —coté —tan6 tane

WORKING RULE TO FIND ALLIED ANGLES m The trigonometric function is replaced by its cofunction i.e.

Case I: When the angle is nt* 6, where n € | and @is acute.

m There is no change in trigonometric function i.e., sin
remains sin, cos remains cos and tan remains tan. Angle
associated becomes 6.

= The sign is affixed according to the quadrant in which the
angle lies.

Case II: When the angle is n + 0, where n is an odd inte-

ger and @ is acute. 2

sin changes to cos, tan changes to cot and sec changes to
cosec and vice-versa.

Angle associated becomes 6.

m The sign is affixed according to the quadrant in which the
angle lies.
Note that the sign is always decided on the basis of the
operating function.
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QIMPOKTANT POINTS

m sinnr=0, cosnzr=(-1)"
m sin (nr+ 6) = (—1)"sin6, cos (nmr+ 6) = (—1)" cosO
m For odd integer n,

N

n—

=]

) (nn ] (=12 cos@,if nis odd,
sin| —+60 |=

(=12 sind,if nis even.

= N
(nn j (-1) 2 sin6,if nis odd,
Ccos ?+9 =

n

(—1)E cos 6, if nis even.

To find ratios for nz — 6 and ﬂ, replace 6 by —@ in all of
the above 2

TRIGONOMETRIC RATIOS IN TERMS OF EACH OTHER

sin@ sin@ 1-cos?0
cosf 1-sin%@ cosé
sin® [
tang e V1-cos’6
1-sin%6 cos6
cotd J1-sin’6 cosd
sind \/1 —cos?0
1 1
sect J1-sin%6 cos6
1
cosecl

tano 1 Jeeco 1 |

\/ 1+tan?6 \/1 + cot’6 secH cosec6
1 cotf 1 Jcosec?6 — 1
J1+tan% J1+ cot?6 seco cosech

1

a1 ra— S R
tané cot sec?6 — 1 \/m

1 -
sin® /1 —cos?0

1 1
tan6 cotd fsec?0 — 1 Jcosec?0 — 1

[ cosecH
1+ tan26 V1+cot’6 sec ——
cot v/cosec?6 — 1
secH

V1+sin’e J1+cot?e Joec0 —1 cosecod

ADDITION AND SUBTRACTION FORMULAE 9. sin(4 + B) sin(4 — B) = sin’4 — sin’B

1. sin(4 + B) =sinA4 cosB + cosA sinB
2. cos(4 + B) = cos4 cosB — sind sinB
3. tan(A+ B) = tan A +tan B
1-tan Atan B
4. sin(4 — B) = sin4 cosB — cosA sinB
5. cos(4 — B) = cosA cosB + sind sinB
6. tan(4—B) _tand-tanB
1+tan Atan B
7. cot(A+ B) = cotAcot B —1
cotA+cotB
8. cot(A-B)= cotAcot B +1

cot B—cot 4

10. cos(4 + B) cos(4 — B) = cos’4 — sin’B

11. sin(4 + B+ C) =sin 4 cos B cos C + cos A4 sin B cos
C +cos 4 cos B sin C—sin 4 sin B sin C
(Z (one sine and two cos) — three sines)

or
= cosA cosBcosC(tan4 + tanB + tanC — tan4 tanB
tanC)
12. cos (4 + B+ C)=cos A cos B cos C —sin 4 sin B cos
C

—sin 4 cos B sin C — cos 4 sin B sin C (three cos —
X(one cos and two sine))

or

=c0s A cosB cosC(1 —tanA4 tanB — tanB tanC — tanC
tand)



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

cosa +cos2a+,...,+cosno =
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tan A+tan B+tan C—tan Atan BtanC
1—tan Atan B—tan BtanC —tanCtan 4
tand + tanB + tanC — tan4 tanB tanC
_ sin(4+B+C)
~ cos A cos B cosC
1 —tanA4 tanB — tanB tanC — tanC tan4

_ cos(A4+B+C)
cos A cos B cosC

T l1+tan A
tan Z+A =

tan(4+B+C) =

" 1-tanA
tan E—A :l—tanA
4 1+tan A
sin(4, + 4, + ...+ An) = cosd, cosA, ... cosdn (S, - S,
+S8.-..)

cos(d, +A,+ ...+ An) = cosd, cosA, ... cosdn (1 - S,
+8,-5,+..)
S =8, +8,—--
1-8,+8, =S+
where S, =X tand, S, = X tand tand,,
S, =X tand, tand, tan4, and so on.
sin o+ sin (a+ f) +sin (¢ + 2f) + - + sin (o + (n —

YY)

tan(4 + 4, +---+4) =

B

sin(a +(n— l)zj - [ﬁj
2

If f= o, then

no

. [n+1) .
sin x sin
2

e
sin —
2

sinq +8in2+,...,+sinno =

cos & + cos(a + f) + cos(ar + 23) + ..., + cos(or +

(n—1p)

:)
cos (a +(n-1)=
= 2 sin (%}

sin E

If = ¢, then

cos (n+l)g xsin "
2 2

e
sin—
2

TRANSFORMATION FORMULAE

PRODUCT INTO SUM OR DIFFERENCE

1. 2 sind cosB =sin(4 + B) + sin(4 — B), A> B
2. 2 cosd sinB =sin(4 + B) —sin(4 — B), A> B
3. 2 cosA cosB =cos(4 + B) + cos(4 — B)

4. 2 sinA4 sinB = cos(4 — B) — cos(4 + B)

SUM AND DIFFERENCE INTO PRODUCT

1. sinC+sinD :2sin(C;chos(C_TDj

2. sinC-sinD =200s(C;DJSin(C_DJ

2
+ —
3. cosC+cosD =2cos ¢+tb cos ¢-D
2 2
4. cosC—cosD =-2sin c+D sin ¢-D
2 2
5. tanC+tanD:M
cosCcosD
6. tanC—tanD:M
cosCcosD
7. cotC+cotD:w
sinCsin D
8. cotC—cotDzw
sinCsinD

TRIGONOMETRIC RATIOS OF MULTIPLE
ANGLES

(An Angle of the form n6,n € 1)

2tan6

1. sin260 =2sinf cosf = ————
1+tan~ 0

2. cos 20=cos?6—sin’0=2 cos’6— 1

2
:1—251n20:ﬂ
1+tan” 0
3. tan20 = 2tan29
1—tan~ 0
2
4 otZQ—COt 0-1
2cotf
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10.

11.

1+c0s20 =2c0s’ 6, cos’ 6 = %(1+00329)

1—cos26 =2sin* 0, sin’ = %(1 —c0s20)

. 1
sin 30=3sin 6 4 sin’6, sin’ 0 = " (3 sinf—sin36)

=4 sin(60° — G)sin@ sin(60° + 6)

cos 30=4 cos’0— 3 cosb, cos’ O = % (cos 36+ 3 cosb)

=4 cos(60° — 6) cos@ cos(60° + 6)
=4 cos(120° — 6) cosO cos (120° + 6)

3tan0 —tan’ 0

tan360 = -
1-3tan” 6
= tan (60° — 6) tan@ tan (60° + 6)
3 J—
cot3 = SO 0 —3cotl
3cot" 6 —1
cos A cos24 cos24...cos2" ' 4= sm% 4
2"sin 4

TRIGONOMETRIC RATIOS OF
SUBMULTIPLE ANGLES

(An Angle of the form Q, nel
n

. . 0 0 2tan /2
1. sinf =2sin—cos—=————-
2 l+tan”6/2
2. cos@20052Q—sinZQ:zcoszg_lzl_zsiHZQ
2 2 2 2
—tan2 0
=1 tan A
20
1+tan /2
2tan?
3. tan0=—2é
1—tan A
cotzg—l
4, cotf =
0
zcoté
,60 1+cos6
5. co =
2
6. sinz——l_cose
2
7. taanzl_Cose
1+cos0
8. cor ) - 1+oosd

2 1-cos@

1—cos® 0

9. - =tan—
sin @ 2

10. 1+‘c059 _ cotg
sin@ 2

11. singircosg:\/isin(ziﬂ =\/5cos B-TrZ
2 2 4 4

TRICK(S) FOR PROBLEM SOLVING
sin§+cos§‘ = J1+sinA
A A -
or smE + COSE =+1+sinA

e {‘h If 2nm — /4 < A2 < 2nm + 3rc/4

—, other wise

sing—cosg‘: J1—sinA
or [sing—cosgj =+,/1-sinA

e {‘h If 2nm — /4 < A2 < 2nm + 5n/4

—, other wise

+tan’A+1-1

) A
m () tan—=
2 tan A

— 1—cosA

1+ cosA
_1-cosA
sinA

where A# (2n+ )&

A 1 A
(i) cot—== Teos
2 1—cos A
_1+cosA
sinA
RO
2
sin@> cos 6 7
T - - >0
/’/ cos0>sin6
3z
2
fig. 25.7

where A # 2n7
The ambiguities of signs are removed by locating the quad-

rant in which E lies or you can follow the adjoining figure.
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Y

. (A A).
sin| — |+ cos| — |is +ve
2 2
. (A A).
sin| — |—cos| — |is +ve
2 2 5

) ) 2]
> > : =]
| + e YR
4 o2 SR Y -
TN/ N S~
|l | I +
NN 8 o
[5) 15} N
+ | SIENR SN
e Y N N
N e & &
= = < =
7] 17} (¢ (¢

. (4 A).
sin| — |+ cos| — |is—ve
2 2
. (4 A4).
sin| — | —cos| — |is—ve
2 2

}

Y
fig. 25.8

GREATEST AND LEAST VALUES OF THE
EXPRESSION

a sin@+ b cosO
Let a=rcosqa, b=r sin ¢, then

a+b=rror r=+a’+b’
Then a sin@+ b cos@ = r(sinf cosa + cosf sina)

=rsin(0+a)
But -1 <sin(6+ o) < 1, so
—-r<rsin(@+a)<r

or —vJa* +b* <asin 0 +bcosO <a* +b?

Thus, the greatest and least values of a sin@ + b cos@ are
Ja? +b> and —Ja> +b respectively.

TRICK(S) FOR PROBLEM SOLVING

sin®x + cosec®x > 2, for every real x

cos?x + sec?x = 2, for every real x
tanx + cot’x > 2, for every real x

CONDITIONAL IDENTITIES

When the angles 4, B and C satisfy a given relation, many

interesting identities can be established connecting the

trigonometric functions of these angles. In providing these

identities, we require the properties of complementary and

supplementary angles. For example, if 4 + B + C = x, then
1. sin(B + C) = sind, cosB = —cos(C + A)

2. cos(4 + B) =—cosC, sin C =sin(4 + B)
3. tan(C + A) =tanB, cot4 = —cot(B + C)

. C C . A+B
4. cos =sin—, cos — =sin 5
. C+4 B . A4 B+C
5. sin = C0S—, SIn— = COS
2 2 2 2
B+C A B C+4
6. tan =cot—, tan— = cot
2 2 2 2

REMEMBER

If A+ B+ C=r, then

m Sin2A + sin2B + sin2C = 4sinA sinB sinC

m COS2A + cos2B + cos2C=—1 — 4 cos A cosB cosC
m tanA + tanB + tanC = tanA tanB tanC

m COtA cotB + cotB cotC + cotC cotA = 1

A B C A B C
®  cot— + cot— + cot — = cot— cot —cot —
2 2 2 2 2 2
A B B C C A
u tanEtan—+tan—tan—+tan—tan—=1
A B
- sinA+sinB+sinC:Arcos—cosfcosE
2 2 2

m cosA+cosB+cosC =1 +4sin§sin§sing

GRAPHS OF TRIGONOMETRIC FUNCTIONS
1. Graph of y =sinx

> X
—4r 3n 2n -lrn -1 m© 2r 3n 4rn
y=sinx
Fig. 25.9
2. Graphofy=cosx
Y
1
—3r - T 3
o 1T X
—Ar 21 1t = 2 4
Y =Cos X

Fig. 25.10
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3. Graph of y = tanx . Y . .
I I I
Y i i i
I I I
I I I
N ! 2 : i
I I I
-2 S| | 3r |
ol 2 1 2 1
T 1 T 3 i - X
2 2 2 2 ! o K I 2r
_r L i -1 2 i i
oL ! ) | i
I I I
L 5 | i i
I I I
B i i i
y =cosec x
y=tanx Fig. 25.14
Fig. 25.11 6. Graph Ofy =3 sin 2x
4. Graph of y = cotx
Y 3L
I I I I I I
I I I I I I
i i i i i i 2 F
I I I I I I
I I I I I I
i i 2 i i i i 1A
i i | - i 37
I I = I 11— I . N " >
I I I 2 I I 2 I « 0 T 3' > X
— T 1 il ys T 2T T
} ! ! X 4 2 4
I 1 1 1 71 -
I I I I
I I I I
i i i i o |
I I I I
I I I I
I I I I
| B | M
y=cotx
. Fig. 25.15
Fig. 25.12 . . o .
_ N Since the period of sinx is 2. Therefore, the period of
5. Graph of y = secx and y = cosecx o
. y . . sin 2x is -5 7. Also, -3 < 3 sin2x < 3. The graph
I I I
' ' ' of y = 3 sin2x is drawn for a period 0 < x < & The
i i i complete graph is simply the repetition of the portion.
1 2 1 ' In a similar way the graphs of other trigonometric
i N i i functions can be drawn.
-z | ! | 2z,
_m 0 HES 37 =
2! -2 2
i -2 i
I I I
I I I
I I I
I I I
i i i
y=secx

Fig. 25.13



Trigonometric Ratios and Identities 25.11

EXERCISES

Single Option Correct Type

. The value of cos a cos 2a cos 3a ....cos 999 a, where

T .
a=——, 18
1999
1

) >

1
© 29999

tanﬁ
T 8
. Let g, = [tangj ,a, :(

1

999
2

(B)

1
D) 1999

T
cot—
T 8

tan §) ,

T tﬂﬂ% T COt%
a, = (cotgj ,a, = (cotgj Then,

(A)a,>a,>a,>a,
(C)a,>a,>a, >a,

(B) a,>a,>a,>a,
(D) a,>a,>a,>a,

. If x cos?30 + y cos*@= 16 cos®@+ 9 cos?@ be an iden-

tity, then
(A)x=-1,y=24
C)x=24,y=1

B) x=1, y=24
(D) none of these

. |tan@+sec@|=|tan O+ |secB|,0 < 8 < 2ris possible

only if
T
(A) 0 <o, ﬂ]—{;}

T
(C) O¢ [o, Ej

(B) @< [0, 7]

(D) none of these

. If sin, sing and cos@ are in G.P, then the roots of the
equation x* + 2x cot ¢ + 1 = 0 are always

(A) real
(C) equal

(B) imaginary
(D) greater than 1

. If cos 25° + sin 25° = £k, then cos 50° is equal to

(A) kN2-K>
(C) V2-k?

2sina

. If ————— =xthen

14+ cosa +sina
1
(A) —
X

) 1-x

(B) —\2-k*

(D) —k\2-k

l—-cosa +sino

l1+sina
(B) x

(D) 1+x

10.

11.

12.

13.

14.

If e™ < < w2, then
(A) cos logf<log cos@
(B) cos logf8> log cos@
(C) cos logf<log cosé
(D) none of these

sinf = l{ \/E + \/Z J necessarily implies
2\\\y X

(A)x>y
(B) x<y
©) x=y
(D) both x and y are purely imaginary
+
Ifxy + yz+zx =1, then zlx—x))}/ =
4 1
A — ®) —
xyz xXyz
(C) xyz (D) none of these
cos 12° cos 24° cos 36° cos 48° cos 72° cos 96° equals
1 1
W) - ®) -
1 1
© 5 (D) -

Ifa,pB,ye O,E , then .sm(a.+ﬁ+;/.) is
2 sina +sin ff +siny

(A)<1 (B) >1
©) =1 (D) none of these

If |cos@ {sinG +4/sin’@ +sin’a }‘ <k, then the value
of kis

(A) V1+cos’a (B) /1+sin’a
(C) 2 +sin’a (D) 2+cos’a

The maximum value of (cos ¢,) (cos o) - .(cos an)
under the restrictions 0 < ¢, @, . . ., o, < — and (cot
) (cot ) ... (cot @)= 1is 2

o L 5 L

()2% B) 5
1

(C)Z D) 1
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15.

16.

17.

18.

19.

20.

21.

22.

1

. -—=

The inequality 27" +2°¢ > 2[ ﬁj holds for
(A)0<6<nm (B) n<6<2m
(C) for all real 8 (D) none of these

The expression 25"¢ + 279 jg minimum when 0 is
equal to

(A) 2nﬂ+%,nel (B) 2n7r+%r,ne]

(C) nr+ %, nel (D) none of these

1 Jl-x;
Ifx,,, = +x”,thenCOS — (-l<x,<1)
2 X, X, X;....t0 0

is equal to
(A) x, (B) l/x,
1 (D) -1

If 0 < 6< &, then

(A) 1+cot9£cot§ (B) 1+cot9200t%

©) 1+cot%200t9 (D) 1+cot§§cot0

Ifcos (— @)=aandsin (- B)=b(0<0-a, 6-<
7/2), then cos? (o — PB) + 2ab sin (ax—P) is equal to
(A) - b B) a*+b?

(C) 2a*h? (D) @*b?

If in the triangle ABC, tang, tang and tan% are in

. . B .
harmonic progression, then the least value of cot By is

(A) V2 (B) V3

)2 (D) none of these

If x sin @ + y sin 2a + z sin 3a = sin 4a x sin b +
y sin 2b + z sin 3b = sin 4b x sin ¢ + y sin 2¢ + z
sin 3¢ = sin 4¢, then the roots of the equation
s_Zp_y¥2 zox
2 4
(A) sin a, sin b, sin ¢
(B) cos a, cos b, cos ¢
(C) sin 2a, sin 2b, sin 2¢
(D) cos 2a, cos 2b, cos 2¢

t

=0;a, b, c # nrm, are

If a sin x + b cos (x + 6) + b cos (x — 6) = d, then the
minimum value of | cos@]| is

(A) i -2

2|al

©) L\/a2 -d’

21|

B) — T~

215

(D) none of these

23.

24.

25.

26.

27.

28.

29.

If sinf +cosO :g and 0 < 6 < /6, then tan(%)

equals
(A) V72 ®) é(ﬁ—z)
(©) 2-7 (D) %(2—@

If sin (0+ @) =a and sin(0+f = b[O <a,p,0< gj
then cos® (. — ff) — 4ab cos (ax— p) is equal to

(A) 1 —2a> 20 (B) 1+2 & +2b°

©) 1-a*>-b? (D) none of these

If sin x + cosec x + tan y + cot y = 4, where x and
yelo, % , then tan% is a root of the equation

(A)a22+2a+1=0
©) 20 -200-1=0

(B) 2 +20-1=0
(D) none of these

The value of 2 sin?0+ 4 cos (6+ @) sin arsin 6+ cos 2
(ax+ 6)is

(A) cosf+ cosax

(C) independent of o

(B) independent of
(D) none of these

The value of cos @ - cos 20 - cos 226 ... cos 2"~ 16 for

T
= is
2" +1
1
(A1 (B) o
(C) 2n (D) none of these

The sum of the series sin@ - sec36+ sin 36 - sec3?6 +
sin 320 sec3*6+ ... up to n terms is

(A) %(tan 3"0 —tan0) (B) (tan 3"6—tan6)

(C) tan3"6— tan3"~'0 (D) none of these

Ifx,, x,, x, ..., x_are in A.P. whose common difference
is @, then the value of sin o [sec x, sec x, + sec x, sec

x,+---+secx  secx ]isequalto
n—1 n

sinna sin(n-1)a
A) ———— (B) sin(n—lo
COSX, COS X, COS X, COS X,
©) snn+ha (D) none of these
COS X, COS X,
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More than One Option Correct Type

30.

31.

32.

33.

34.

35.

36.

If cos 560=a cos@+ b cos 30+ ¢ cos 89+ d, then

(A)a=20 (B) b=-20
(C)c=16 (D) d=5
Ifsina ﬁ cosazﬁ 0<a<ﬁ<£ then
sinff 2 cosfp 2~ 2’
3
(A) tan =1 (B) tanoz—\/g
(C) tanp :% (D) tan f=1

If sin x + cos x + tan x + cot x + sec x + cosec x = 7 and
sin2x:a—b\/7, then
(A)a=8

(C)a=22

(B) b=22
(D) b=8

Let n be an odd integer. If sinnf = Zb,, sin” 6, for

r=0
every value of 6, then
(A)b,=0 (B) b,=n
(©) b,=0 (D) b, =n
If or and S be the solutions of a cos@+ b sinf= ¢, then
(A) sina +sin = ch
+b
e —a
B) sina sinff =—
(B) B= s
(C) sina +sin B = —29€
b2 +c*
b2
(D) sina-sinff =
b +cf

Let n be a fixed positive integer such that

(T T \/;
sin| — [+ cos| — |=—, then
2n 2n 2

(A)yn=4 (B) n=5

C)yn=6 (D) none of these

If a cos? 3a+ b cos* o= 16 cos® o+ 9 cos® o is iden-
tity, then

(A)a=1 (B) a=24

C)b=1 (D) b=24

37.

38.

39.

40.

41.

If 4 and B are acute angle such that 4 + Band 4 — B
satisfy the equation tan’6— 4 tan6+ 1 = 0, then

(A) 4== (B) B=

0x|=1 -pl
4>|=\ oxl

©) 4= (D) B=

For 0 < ¢ < /2, if x=) cos™ ¢, y =) sin™¢, and

n=0 n=0

z= z cos”"¢sin*" ¢, then xyz =

(A)xy+z (B) xz+y
O x+y+z (D) yz +x

Let fn(O)=tan%(l+secO)(l+sec29)(l+sec49)

A) £ (%j - ®) /. (;’—zj -

4 —
© ﬂ(aj— D) fs(lzgj

If (a — b) sin (6 + @) = (a + b) sin (6 — ¢) and
4

btan— = ¢, then
2

(1 + sec2" ), then

0
atan——
2

(A) btan gp=atan 6
(B) atan ¢=btan 6

. 2bc
R A
2ac
D) sinf = ———F+—
®) at-b*+c’

If o, B and yare connected by the relation 2 tan®
tan?f tan’y + tan’o tan? 3 + tan?f tan?y + tan’*ytan? o=
1, then

(A) sin’or + sin?+ sin’y = 1

(B) cos’a+ cos’f+ cos’y=2

(C) cos 2+ cos 2B+ cos2y=1

(D) cos (a+ p) cos (or— B) =—cos*y
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Match the Column Type

II. If n= L, then tan ortan 2ectan 3¢x... (C) 1
4a 2
tan (2n — 1) is equal to
2 4 7
IV. If x=ycos— =zcos—, thenxy + (D) —
ycos— 3 y + (D) 55
yz+tzx=
V. The ratio of the greatest value of 2 — 13
cos x + sinx to its least value is (E) "y
45.
Column-I Column-IT
2 4 14 2
I. Thevalueof —ﬂcos—ﬂcosg—ﬂcos—7r (A) =
) 1 15 15 15 1
is
II. If 4 and B be acute positive angles sat- 1
isfying 3sin> 4 + 2 sin B=1 and 3 sin (B) 6
24 —2sin 2B =0, then cos (4 +2 B) =
III. The number of integral values of k for (C) 0
which the equation 7 cos x + 5 sin x =
2 k+ 1 has a solution is
IV. If 4 =tan 27 6—tanf and (D) 8
_sinf  sin30 ~ sin90 . A
cos36 cos90 cos2760 B
46.
Column-I Column-IT

42.
Column-I Column-II
n (A) O
I. If 8sin’Osin30 =Y o, coskO is an
k=0
identity in 6, where s are constants,
then n =
B) 1
II. If acosAd=p cos(A+2Tﬂj =
4
¥ €OS A+T ,then o8+ By+ yar=
III. The number of all possible 5-tuples (C) 6
(a,a,a,a,a,)suchthata +a,sinx
+a, cos x +a, sin 2x + a, cos 2x =0
holds for all x is
IV. The value of (D) -1
10
H [sinﬂ—icoszpij is
ol 11 11
43.
Column-I Column-IT
I. If sin@=3 sin (0 + 2a), then the value (A) 0
oftan (0+ @) + 2 tan «is
Il. If p sinf@ + g cos@ = a and p cos@— (B) 1
q sin@ = b then p_+a+ il +1 1is
q+b p-a
equal to
III. The wvalue of the expression (C) sec 0
T 2r 10 . &«
COS — COS — COS —— —Sin—
7 7 7 14
. 3n . Sm .
sin—sin— is
14 14
IV. If secO+ tan@= 1, then one root of the 1
equation (a —2b + o)x* + (b —2c +a)x (D) 1
+(c—2a+b)=0is
44,
Column-I Column-IT
I. Least ratio of the sides of regular (A) 1
n-sided polygon inside and outside the
unit circle is
II. The tangents of two acute angles are (B) 0

3 and 2. The sine of twice their differ-
ence is

I. If a, B, yand 9 are four solutions of
the equation tan[@ + %j =3tan30,

no two of which have equal tangents,
then the value of tan o + tan B+ tan ¥

+tan Jis
i, 1 $86=6,) | cos(6,+0) _
cos(6,+6,) cos(6,-6,)

then tan @ tan 6 tan @ tan 6 =
1 2 3 4

II. If sec (a— p), sec orand sec (o + ff)
are in A. P. (with 8#0), then

cosa secﬁ =
2

(A) V2

(B) 3

© -1
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2cos f—1 (D) 0 II. tan 9° — tan 27° — tan 63° + tan 81° is 1
V. If a=——~0<a<p<n), —
2—cos B ( B ) equal to (B) 3
then tana/2 is equal to 1 1 ) ©) 4
tan 3/2 1. + is equal to
c0s290°  /35in250°
47. v sinZsi S50 . I . | D) 4
Column-I Column-II 4 s1nﬁsm§sm§ is equal to E
I. tan@+2tan 2cx+4 tan 4o+ 8 cot 8 (A) 1
—cot o+ 1 is equal to
Previous Year's Questions
A-B+C A 5 c 2
48. In a triangle ABC, 2ca sin——— is equal to: 55. Ina A4BC, tan— =, tan_ =, then: [2002]
[2002] (A) a, c, b are in AP (B) a, b, c are in AP
(A) @?+b*-¢? B) *+a*- b (C) b, a, c are in AP (D) a, b, c are in GP
C) 2= — 2 D) ¢ —a? — b?
© C4 “ (D) ¢ ~a 56. The equation a sin x + b cos x = ¢ where |c|>~/a’ + b
. Xy .
49, sin’0 = Gty is true if and only if: [2002] ?Z&; _ i [2002]
a unique solution
(A)x+y#0 B) x=y,x#0,y#0 (B) infinite number of solutions
©) x=y (D) x#0,y#0 (C) no solution
50. The value of 1-tan’15° . [2002] (D) none of the above
’ 1+tan*15° .
A) 1 B) NG 57. If ais aroot of 2500529+50059—12=05<a<n then
NE) sin 2¢is equal to : [2002]
© — D) 2 24 24
2 = 7
\ (A) 55 B) 55
51. If tanO =——, then sin@is: [2002] 13 13
3 © 15 O 5
4 4 4 4 C 4\ 3b
(A) 735 but not 3 (B) i 58. If in a triangle ABC acosz(5)+ccosz(5) = then
(©) 4 but not — 4 (D) none of these the sides @, b and ¢ [2003]
> 3 (A) are in A.P (B) are in G.P.
. . 1 i i =
52. If sin(a+p)=1sin(a—-p)= 5> then tan(a + 2/3) tan (€) arein HP (D) satisfy a+b=c
2o+ ) is equal to: [2002] 59. Leta, Bbesuchthat 7<o— f<3m.1f sina +sin B = —%
A)l B) -1 _
(A) (B) and cosa +cos 8 = —g, then the value of cosZ B is
(C) zero (D) none of these 65
53. If y =sin’0+ cosec?d, 6 # 0 then: [2002] [2004]
(A)y=0 B) y=2 3 3
C)y=-2 D) y>2 (A) ——F— B) —
©y=z D) y=z V130 Vi30
54. Inatriangle ABC,a=4,b =3, L4 = 60°, then c is the ©) 6 (D) 6
root of the equation: [2002] 65 65
(A)c>=3¢c—-7=0 (B) ¢*+3¢+7=0

(C)=3c+7=0 (D) +3¢—=7=0

60.

If u=+a’cos’ 0 +bsin’0 ++/a’sin>@ + b’ cos’ O, then
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61.

62.

63.

64.

65.

66.

67.

68.

the difference between the maximum and minimum
values of u? is given by [2004]

(B) 2Va*+b*
(D) (a-by

(A) 2(a* +b%)
(C) (@a+by

The sides of a triangle are sin¢, cosorand V1 + sina cosa

for some 0<a < % Then the greatest angle of the tri-

angle is [2004]
(A) 60° (B) 90°
(C) 120° (D) 150°

. T P (0]
In a triangle POR, ZR= 7 If tan( 5] and tan( 5] are
the roots of ax®> + bx + ¢ =0, a # 0 then [2005]
(A)ya=b+c B) c=a+b
C)b=c (D) b=a+c

In a triangle ABC, £C= g If 7 is the inradius and R is
the circumradius of the the triangle ABC, then 2 (r +

R) equals [2005]
(A)b+c (B) a+b
C)a+b+c (D) c+a

If the roots of the quadratic equation x> + px + g = 0 are
tan 30° and tan 15°, respectively then the value of 2 +

q-pis [2006]
(A)2 (B) 3
©0 D) 1

The number of values of x in the interval [0, 37] satis-

fying the equation 2 sin*x + 5sinx —3=01is  [2006]
(A)4 B) 6
©1 D) 2

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

area enclosed by the park is [2006]
A) o4 B) [
) 5 B) |
1
©) 5% (D) 7x*
If 0<x<andcosx+sinx = %, then tan x is [2006]
- 4-7
B ® 450
4 3
(4+7) (1+7)
C) ——— D) ———~
© -5 (D) =5
Let A and B denote the statements [2009]

A: cosor+ cosfB+ cosA=0

69.

70.

71.

72.

73.

B: sina+ sinfB+ sind=0
If cos(B—A)+cos(B—a)+cos(a—fB) =—%, then

(A) Ais true and B is false
(B) A'is false and B is true
(C) both A and B are true

(D) both A and B are false

Let

cos(a + B) = % andsin (o — B) = %,where 0<a,B< %,

then tan 2= [2010]
56 19

) 5 ®) -
20 25

©) — D) &

For a regular polygon, let » and R be the respective
radii of the inscribed and the circumscribed circles. A

false statement among the following is [2010]
, o Lo L
(A) There is a regular polygon with R
2
(B) There is a regular polygon with % =3
(C) There is a regular polygon with % = ?

1
(D) There is a regular polygon with % =3

If A = sin’>x + cos*x then, for all real values of x,

[2011]
13
—<4<1

A) 1 (B) 1452
3_ 13 3

©) 7=54=1%¢ (D) =A<l

Ina APQR, if 3 sin P +4 cos Q=6 and 4 sin QO + 3 cos

P =1, then the angle R is equal to [2012]
S T

() = B)

© = o =
4 4

ABCD is a trapezium such that AB and CD are parallel
and BC LCD . Ifangle ADB=B,BC=Pand CD =g,

then AB is equal to [2013]
2 2 2+ 2
_P +qcosd R
(A) pcosO +¢gsin0 (B) p’cosO +q’sind
> +¢°)sinf (p* +¢°)sinf
(©) (P‘I—)'Z (D) 2457
(pcosf + gsin6) pcosO +gsinf
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cot A
1—tan A4

tan A
1—cotA

74. The expression

(A) secd cosecA + 1
(C) secA4 + cosecA

(B) tand + cot4

75. Let f,(x)= %(sink x+cos* x) where xe Rand k >

the value of f,(x)— f,(x) equals

can be written as

[2013]

(D) sind cos4 + 1

1 then,

[2014]

1

(A) (B) 3

A= |~

© ©)

ANSWER KEYS

Single Option Correct Type

.B 2.(C) 3.(B) 4.(A) 5
11. (A)  12. (A) 13.(B) 14.(A) 15.
21. (B) 22.(B) 23.(B) 24. (A) 25.

More than One Option Correct Type

30. (b,c) 31. (b,d) 32.(c,d) 33.(a,d) 34.
39. (a,b,c,d)  40. (b,c,d)  41. (a,b,c)
Match the Column Type

42. 16 (C), 11 < (A), Il <> (B), IV <> (E)
44. 1 (D), Il & (A), Il > (B), IV < (E)
46. 1 (D), Il & (C), Il &> (A), IV <> (B)

Previous Year's Questions

48. (B) 49.(B) 50.(C) 51.(B) 52
58. (A) 59. (A) 60. (D) 61 (C) 62
68. (C) 69.(A) 70.(B) 71. (D) 72

(A)
©
(B)

(a,b)

(A)
(B)
(B)

6.
16.
26.

43.
45.
47.

53.
63.
73.

A 7.8 8B 9. (O
B) 17.(A) 18. (A) 19. (B)
(B) 27.(B) 28.(A) 29. (B)

. (b,c) 36.(ad) 37 (ab) 38 (ac)
1 (B), Il & (B), Il & (D), IV <> (C)

[ (B), 1< (C), I« (D), IV« (A)
[ (A), I+ (C), Il < (D), IV < (B)

(D) 54. (A) 55 (A) 56. (C)
(B) 64. (B) 65 (A) 66. (C)
(D) 74. (A) 175. (D)

10. (B)
20. (B)

57. (B)
67. (C)
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Single Option Correct Type

HINTS AND SOLUTIONS

. Let P=cos a cos 2a cos 3a ... cos (999a)

Let Q =sin a sin 2a sin 3a ... sin (999 a)

Thus, 2°* PQ =2 sin a cos a) (2 sin 2a cos 2a)
(2 sin 3a cos 3a)...

(2 sin (999 a) cos (999 a)

= sin 2a sin 4a sin 6a ... sin (1998 a)

= (sin 2a sin 4a sin 6a ... sin 998 a)

[-sin (22— 1000 a)] [-sin 27— 10024a)]....
[-sin (27 -1998a)]

=sin 2a sin 4a ... sin 998 @ sin 999 a

sin997 a ... sina

sin@ S
)

i.e., secf-tanf= 0 or 0

cos
= sinf@=0and cos@#0

= 96[0,7‘[]7{%}

. We have, sin@, sing and cos are in G.P.

1—-cos2¢ sin20

= sin’ ¢ =sin6 cosh
2 2

= cos2¢=1-sin20=0.
Now, the discriminant of the given equation is

— . — 24 2
=Q[ .. 2m=19994] oot p—4=4 cosq'stmqb
Clearly, 0 # 0 sin” ¢
2PQ=0 = P= 2}99 =4 cos 2¢ % cosec*¢p = 0 (- of (i)

. For a>1, the function y = ¢¢ is an increasing function

. T
Since 0 < —<—
8 4

T bis T

cot—>cot— >tan—

8 8

= a,>a,
For o< 1, the function y = a* is a decreasing function.
a,<a,

Again, cot% >1> tan% >0

a <landa,>1
From (1), (2) and (3), we get
a,<a <a;<a,

a <a,

. We have, x cos’30+y cos*0 = 16 cos®0+ 9 cos’0
=  x(4 cos’0—3 cosH)? +y cos*O
=9 cos?0 + 16 cos*0
= x(16 cos®@+ 9 cos*6— 24 cos*6) + y cos*6
=9 cos?0 + 16 cos’O
=  9xcos’0+ (y—24x) cos*O+ 16x cos®O
=9 cos?0+ 16 cos®@
On comparing, we get
9x=9andy—24x=0
x=1landy=24.

Roots of the given equation are always real.

. We have, cos 50° = c0s?25° — sin?25°

= (cos 25° + sin 25°) (c0s25° — sin 25°)
= k(cos25° — sin 25°).
But (cos 25° + sin 25°)? + (c0s25° — sin 25°)? =2

= 0825°—sin25° =2 k>

1
M (As cos 25° — sin 25° is positive)
) c0s50° = k2 —k*.
. Given, x :La.
1+ cosa +sina
3) = x(1 +cosa+ sin@) =2 sina

. |tan 8+ sec O] =|tan 6|+ |sec 6| only if sec 6 and tan@both

have same sign

= x(1+cosa)=(2—x)sinx

1—cosa +sina x _ 2sino(l+sina)
Let y=———— Now — =75 5
1+sina y  (l+sina)” —cos”a
x 2sino (1+sina)

y l4sin’a +2sina —1+sin’a

= x=y

. We have, e™ <0< /2

T T
= ——loge<logfO <log—
B g g g2
T
Now, logeezland5<e,

bia
log—<loge=1
g2 g

—£<log(9<1<E
2 2

(@)
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= log Olies in 1st and 4th quadrant —cos asin Bcos y—cos & cos Bsin y+ sin arsin Bsin y

cos (logb) is positive (1) =sin of 1 —cos Bcos y] +sin B[1 —cos acos ]
Now, 0 <cosf<1 = logcosf<logl=0 +sin ¥[1 — cos ¢ cos fB] + sin arsin Bsin y> 0
= log cos@1is negative 2) s sin o+ sin f+ sin y>sin (o + B+ P
From (1) and (2), we conclude cos logf> log cos®6. sin(a+ B +7) -

sina +sin 8 +sin
9. Put ¢ = \/; >0 P 4
4 13. Let u= cos@{sin@ +4/sin’ 0 + sinza}
2

t+ ! = (\/; - j_) +222 = (u—sinf cosb)? = cos?6 (sin’6 + sin’cr)

t t

= v’tan’0—2u tanO + u? — sinax=0
equality holding iff 7= 1 Since tan 0 is real, therefore
4u? — 4u? (u* —sine) = 0

= w—(l+sin*a) <0

ie, x=y. = |u|<+l+sin’a

10. Putx=tanA4,y=tan B,z=tan C 14. oS 01 COS O, ... COS
1 2" n

Also, ¢t +l =2sinf <2, so that ¢ should necessarily be 1.
t

tanAtan B+tan Btan C+tan Ctan 4 = 1 =sin @ sin @, ... sin @ (given)
= tan(C[tan 4 +tan B]=1—tan 4 tan B

xX+y tan 4 +tan B
Now, =
Z“1—xy 2‘l—tanAtanB

2(sina, cosa,)...2(sina, coscr, )

= cos’q...cos’a, =
n 2’7

sin2a, ...sin 20,

= cos’q,...cos’a, =
n 2’1

_ tanA4+tanB tan B +tanC tanC + tan 4
l-tanAtanB 1—-tanBtanC 1—tanC tanA4

(sin2q, ...sin2¢a,)"
= c0sQ,...cosq, = =
1 1 1 2

= + +
tanC tand4 tanB Since, maximum value of sin o= 1

_tanAtan B+ tan B tanC + tanC tan 4

So, maximum value of cosq,...cosa, =

tan A tan B tanC o2
_ 1 1 15. We have,
_tanAtanBtanC_i ) -
xyZ l[zsmﬂ + 20059] 2 [251110 . 20056
11 coslcosz—ﬂcosﬁcos‘l—ﬂcos%cosg—ﬂ r_ 12° g
15 15 15 15 15 1515 [AM.=GM] v
= 25m 0 + 2005 6 > 2 2(sln9+0059)/2 (1)
( T 2t  4rm 871) 3 (371]
=| COS—COS—COS— COS— | COS—CO0S2| — P
15 15 15 15 15 15 Now, (sin0+c059)=\/§sin[0+zj
.o . 37
sin2 (Gj 1 sin2 (Gj > /2 forall real 6.
= X — . . )
24 sinl 22 Sin (37”} 25m9 + zcose >2. 2(sm9 +c0s6)/2
15 >2.2—ﬁ/z=217<1/ﬁ>
Sinmi , Sin(llz—sﬂj Thus, 250 4 230 > 9-0"2) for all real 6.
_ 5 b
T .m 22 . 3m 16. Since A.M. = G.M.
16s1n—5 smg
sin@ —cos6
3 2 +22 2 [2sin6 .2—0056
sin| 7w + K3 sin| 7 ot
— 1 15 X 15 — 1 ino 0 ]+l(<in()fco<())
T ed T 56 = 20 et >0 2 ’
64 sinl 'n3—ﬂ 2
15 15 L
_ 21+ﬁsm[6—1)

12. We have, sin o+ sin S+ sin y—sin (a+ f+ 7
=sin o+ sin B+ sin y—sin a2 cos Bcos ¥ Thus, 250 + 2-¢¢ jg minimum
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17.

18.

19.

when sin 97E :71i.e.,97£=2nﬂ+3—ﬂ
4 4 2

or, 9:2nﬂ+77ﬂ,nel.

1
Let x, = cos6, then X, =, 5(1+cost9)

= cos 62, x, = cos (6/2%), x, = cos (6/2%),...and so on.

ZSiHQCOSQ

0 0
COS—COS—5...COS——...00
2 2 2

2%sin % cosE

= 2’
cos%cosi...cos—,...oo
2 2"
2”sin%
=1
U
C052n+1
. 0
sm; 1
=1im0 =0
now % COSzngﬂ
1-x;
cos| ——— | =cosf =x,.
XX, ...0
cotzQ—l
1+cot0—cot—:1+7—cotg
0
2cot—
2

6 2
200t9+cotzg—l—2cot2€ [COt*—l]
2 2 2 2 <0

2cot§
2

{ O<Q<£}
2 2

= l+cotf < cot%

2cotg
2

We have,

sin(o— B) = sin(oc— 0+ 6— )

=sin[ (6 f) - (6- )]

=sin(@— ) cos(6— @) — cos(8— ) sin (60— @)

20.

21.

22.

=ba - m\/l -a’

and cos(ax— B) = cos[0— p) — (60— )]
= cos(6— B) cos(0— ) + sin(6— )
sin(6— o)

=a\1-b" +bJ1-a
Substituting these values in the given expression, we get
cos¥(o— P) + 2ab sin(a— P)

=(aN1-b* +bJ1—a* ) + 2ablab — /(1 - a*) /(1 - b)]
=a*(1-b*) +b*(1—a*) + 2ab (1 - a*) /(1 - b)
+2a°0> = 2ab~J(1-a*) (- b)) = d* + b

Given,A+B+C=rm
A B C A B C (i)

= cot—cot—cot— = cot— + cot — + cot— 1
2 2 2 2 2 2

But tané,tang,tang areinH.P. = coté,cotg,cotg
2 2 2 2 2 2

. A C B ..
areinA. P = cot5+ COtE = 2c0t5 (i)

From (i) and (ii), we get coté . cotﬁ . cotg = 3c0t§
2 2 2 2

coté~cotg =3 (iii)
2 2
cot é + cot g
Now, 2 2 \ cotﬁcot ¢
2 2 2
200t£
- 72 >3 [From (ii) an (iii)]

cotgzﬁ

The first equation can be written as x sin @ + y x 2 sin a cos
a + z sin a(3— 4 sin’ a)

=2 x2sina cos a cos 2a

= x+2ycosa+tz(B+4cosa—4)
=4cosa(2cos*a—1)assina#0

= 8cos’a—4zcos’a—(2y+4)cosa+(z—x)=0

+2 -
b4 cosa+%=0

3 z 2
= cos a—Ecos a—
which shows that cos a is root of the equation

s_Zp_Yyt2, z-x

2 4 8
Similarly, from second and third equations we can verify that
cos b and cos c are the roots of the above equation
asinx+bcos(x+ 0 +bcos(x—0)=d

= asinx+2b.cosx.cos O=d

t =0




23.

24,

25.

26.

Trigonometric Ratios and Identities

2 o
= |d|<~<a’ +4b*-cos’0 = d4b2a <cos’6
2 2
= |cos€|27a
21b|

From the given condition, we have

2tan(a/2) N 1-tan*(a/2) ﬂ

l+tan’(a/2) l+tan’(a/2) 2

= 2l 2tanZ+1-tan’ % |= V7 |1+ tan* &
2 2 2

= T+ 2)tan2%f4tan%+(\/772) =0.

This quadratic has the roots

o _4£\16-4(T+2(T-2) _ 42

sy 27 +2) 27 +2)

That is, tan (a/2)=3/(N7+2)or1/(x[7+2). The given
condition on ¢ implies 0 < /2 < /12. Therefore, we get

0<tang<tan£ = 0<tang<2—\/§.
2 12 2

Only the second root satisfies this condition, because
i — ﬁ —2s20— \/g

ﬁ+2
1 1
———=—-(W7-2)<2-4/3.
and,\/7+2 3(\/— )< \/—

Hence, the required value of tan (/2) is % W -2)

Using,
cos(a— P) = cos[(a+ 6) — (6+ P)]
=cos(0+ @) cos(6+ ) +sin(0+ @) sin(0+ )

—Ji-a 1= +ab,

the given expression can be written as

2 cos’ (a— B)— 1 —4ab cos(ax— )

=2(J1-a* J1-b* +aby?
~1-4ab(1-a* 1 -5 + ab)

=2[(1-a)(1-)—-a*p?’]-1=1-2a*-2D"

Given that sin x + cosec x +tany + coty =4

T b4

= x=—and y=—
2 4

=tany=1

2tany/2

———=1 = tan’ 2+ + 2tan2 —1=0.
1~ tan’ y/2 2 2

We have,

2sin*6+ 4 cos(6+ @) sina sinf+ cos 2(a+ 6)
=2sin*6+ 2cos(0+ ) 2sinar sin€ + cos 2(or + 6)
=2sin*6+ 2cos(0+ @) [cos(0— @) — cos(0+ )]

27.

28.

+cos2(o+ 6)

= 2sin*6+ 2cos(0+ @) cos(6— @)

—2cos’(6+ @) + cos2(a+ 6)

= 2sin%6 + 2(cos*0 — sin’) — 2cos* (0 + @)
+[2 cos*(a+ 6)— 1]

= 2sin%6+ 2cos?6 - 2sin*or— 1

=2(sin’0 + cos?0) — 2sin*ar— 1

=2-2sinar— 1 =1-2sinar= cos2e,

which is independent of 6.

We have, cos 8- cos 26 cos 226... cos 2n~'0

=——(2sin6-cosf -cos20 -cos2°...cos2"'0)
2sin

=2sin 6 (sin 20 - cos 26 - c0s2?0... cos2"'6)

= ﬁ(ZsinZO -c0520 -c0s2%0...cos2"'0)
sin

1 .
= 9(s1n22900s229...cos2”’10)
sin

=———sin2""'0-cos2"'0

2" sin0
= ;.(ZSin 2""'0cos""'0) = sin2"0
2"sin6

2"sin6
7
2" +1

' lsin(z-0)] { 0= 2”9+9=7r}

2"sinf

= -sinf = i
2"sinf 2"

2tan9
2

We have, tan6 =
1—tan®> —
2

2

2cot€
2

cotzg—l

cot Q
1 2

cotg __ 1

0
cot’ —

cotzQ—l
= coth =
2cot—

0 cotzQ—l

Now, cot——1—cotf =cot——1-—
2 0

2cot—

2

ZCotZQ—Zcotg—cotZQ-i—l
2 2 2

ZCOtQ
2
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29.

6 2
cotzg—Zcot%-i—l (COtE—lj

2 cotg 2cotg
2 2

Now, since 0 < 6 < 7, ..
positive.
Also, square of a real number = 0

cot%—l—cot@ >0 = cot% >1+coth.

sinae_ sin(x, —x,)

We have,

COS X, COS X, COS X, COS X,

More than One Option Correct Type

30.

31.

32.

0 =« 0 .
0<—<— = cot— cot is
2 2 2

_sinx, cosx, —cosx, sinx,

COSX, COS X,
=tanx, —tanx,.
sin o [sec x, sec x, + sec x, sec x, + ... to n terms]
= (tan x, — tan x,) + (tan x, — tan x,) +
~+(tanx —tanx ]
n n—1
=tanx, —tanx,

_sinx, cosx, —Cos X, sinx,

COS X, COS X,

_sin(x, —x) sin(n—-Da

COSX,COSX,  COSX,COSX,

cos 50=cos(40+ 6)

= cos46 cosf— sin46sinf

=(2c0s? 26— 1) cos@— 2sin 20 cos 20 sinb

=(2[2co0s* 8- 1]*— 1) cosf— 2.2 sinf cosf

[2cos*6— 1] sinf

=cosO[2(4cos* O+ 1 —4cos? 6) — 1]

—4sin?6 cosO[ 2cos?6—1]

= 8c0s°0—8cos*0+ 2cosf— cosO

—4(1- cos?6) cosB(2cos? 6-1)

= 8cos’ 08 cos*d+ cosO— 4cosO

[2cos*6— 1 — 2cos*6 + cos?0]

=16 cos’0-20cos*0 + 5cos@
a=5b=-20,c=16,d=0

We have sina .cosﬂ _ﬁ 2

V3
NG

sinf cosa 2 ' NG
tana 3 tana  tanf
= = = =k (say)
tanf 5 3 J5

Also, 2sina = \/gsin,B

\/gtanﬂ 23k _\/g‘\/gk

2tano

Jl+tan’ _\/l+tan2ﬁ J1+3k2 145K

= 4(1+5K)=5(1+3k") = 5k’=1 = k=

-

V3
N5

sin x + cos x + tan x + cot x + sec x + cosec x =7

Ccos X 1 1
+ — + +— =7
sinx cosx sinx
. 1 sinx + cosx
= (sinx+cosx)+| — +| —
sinx cos x sinx cosx

tanoa = —=and tan 8 =1.

sinx

= (sinx+cosx)+
cosx

33.

34.

2 o 2
sin2x sin2x

4
+ .
sin2x

= (sinx+cosx) (1 +

Squaring, we get

1+sin2x)| 1+ ——
( ) ( sin® 2x
4 B 28
sin’2x  sin2x
= sin’2x —44 sin’2x + 36 sin 2x =0
= sin?2x—44sin2x+36=0 [

sin 2x # 0]

= sin’2x=22-8J7 = a=22,h=8.
Hence, (a, b) = (22, 8)

Putting 6=0,
we get0=b, sinf = Zbr sin” @
r=0
sinnf L )
=Y b (sinf)""
sin@ Z{ /( )

=b, +bsin@+ bsin*0+ -+ b sin"'0

Taking limit as & — 0, we obtain lim SI? 0 =b
60 sin0
. sinn® . ncosnf nxl
= b =n|" lim =lim =——=n
0-0 0 00 cosO 1

We have, a cos@=c — b sinf
= a* (1 —sin’0) = ¢ — 2bc sinf + b?* sin’0
[Squaring both sides]
= (& +D*) sin*0—2bc sinf+ (¢* —a®) =0.
Since ¢ and S are the values of @ as given,

roots of the above equation are sin & and sin f3.
2bc

sin o+ sin = sum of roots = -
a +b




3s.

36.

37.

38.

Trigonometric Ratios and Identities 25.23
c2 —az 1 1 Xy
in asin B= t of roots = . = —— = =
and, sin orsin = product of roots e “cos’gsin’g 1-Vxy -1
We have, = Xyz—z=Xxy = xyz=xy+tz
1 sin’ ¢ + cos” ¢
in2t sl Ee Also, xy = =
sin o +cos I \/58111(4 + 2nj xy sin® gcos’ sin’ pcos’
Jn (7w __ ! N
= 7:\/Esm Z+E cos'd  sin*¢ Vs
i =x+y+z
o for no Jn ) Sin(ﬁ . l) i 0 So that, we can write xyz=x+y +z
22 4 2n 4 2 39. We have, (tangj(l +sech) = tan(gj(l - COSQJ
Thus, n > 4. 2 2 cosf
.6 ,0 . 0 0
. (7w sin— 2cos"— 2sin—-cos— .
Since sin Z+— <1 foralln>2, __ 2 2 _ 2 2=Sm9=tan9
" 0 cos6 cos6 cos6
cos
Jn
we get —=<1 orn<8.
22 Therefore, by repeated use of (1), we have
4<n<8. f,(6)=tan 6 (1 + sec 26) (1 + sec 46)
Given, a cos* 3o+ b cos* =16 cos® o+ 9 cos? (1+ sec 2" )
= 9cos? x+ 16 cos® a=a (4cos® a— 3 cos)® + b cos* o =tan 26 (1 + sec 46) (1 +sec 2" 6)
=a (16 cos® a+9 cos? or— 24 cos* ) + beos* a =tan 46 (1 + sec 86) (1 +sec 2" 6)
=9a cos® o+ (b —24a) cos* a+ 16 a cos® =tan2" 6
C ing , t9%a=9=a=1,b-24a=0
omparing , we get 9a a a Now, 1, T anl 227 ) tan” <1
b=24,a=24 16 16 4
Since 4 + B and A — B satisfy the given equation, 40. (a—b)sin (0+ @) = (a + b) sin(6— ¢)
therefore, tan(4 + B) + tan(4 — B) =4 (D sin(@+¢) a+b
tan(A + B) . tan(A —B) =1 (2) sin(0 _¢) = a-b
From (1) and (2), we have i .
N sin(0 +¢)+sin(0 —¢) _2a
tan(A+ B+ A— p)= At Byrtan(d=8) sin(0+¢)—sin(0—¢) 2b
1—tan(A+ B)tan(A4 - B)
2sinf cos¢ a tan@ a
T T = - = = e
= 2A=50rA22~ 2cosOsing b tang b
Therefore, from (1), we have = btanf=atang
1+tan B l—tanB: Zatan? 2btang
l-tanB l+tanB = 2 _ 2
(1+tan B)* +(1—tan B)’ 4 —tan*®  1-tan??
1-tan’ B 2
2 a2 0
2(1+tan"B) _ I-tan"B 1 atan— —c¢
1—tan’ B I+tan’B 2 “ Tz btan"
1 = =
= cos2B=— = 2B=zorB:£. 0 : l—tanZQ
2 3 6 1— atanE—c D
We have, b
x= i cos™¢p = % = cosec’ A tan? — ac tan—
=0 1—-cos ¢ 2

2 1
=) sin*¢p = ——— =sec™”
d ,;) ¢ 1—sin’ ¢

-
z=Y cos” ¢sin” ¢

n=0

- 0 o) 0
b* —| tan’ = + ¢* = 2actan— | 1—tan’—
2 2 2

= [az tang - acj (1 —tan® Qj
2 2
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tan’ o tan’ B tan’y

=p’ tang—a2 tanzg—c2 tang+ 2actan2§ =
2 2 2 2 l+tana l+tan”B 1+tan’y

B > tan’a(1+tan® B)(1+ tan’ y)
N (1+tan” )1+ tan® B)(1+tan’ y)

2 9 2 30 29
= a tan——ac—a tan’—+actan” —
2 2 2

Ztan2 a+2(1-2tan’* atan® Btan’ y) + 3tan’ o tan® S tan’ y
1+ Z‘tan2 a+(1-2tan’ atan® Btan’ y) + tan” o tan® S tan” y

= bztangfa2 tan‘qgfc2 tang+ 2actan2€
2 2 2 2

0 0
= (a’+c _bz)tang = ac|:l +tan’ E:| _ 24 Ztanz a —tan® a tan® Btan’y .
2+ ) tan’q —tan’ o tan’ Btan’ y
0
- 2tan5 _ 2ac This proves (a). Answer (b) follows because
1+ taan ;F+at-b cos?a + cos’fB+ cos’y = 3 — (sin*ar + sin’B + sin?y) = 2.
2 Using these results, answer (c) follows:
. 2 _ 2 2
— sin0=— azc - cos2a +cos2f +cos2y Z(cos o —sin"a)
¢ +a -
2 02
= Zcos a —Zsm o
Similarly. si 2bc
il sing = “2-1-]

However, answer (d) implies
41. The given relation can be written cos’ar— sin*f = —cos’y
> tan’ Btan’y =1-2tan’ o tan® Btan’ y. = cos’o+ cos’B+ cos?y=1,

Using this, we have which is not correct, from (b).

sin? o+ sin? S+ sin® ¥

Match the Column Type

IIL.  Since the equation a, + a, sin x + a,cos x + a, sin 2x + a, cos

42. 1Wehave, ) a, cosk6 =8sin’ 0sin30 2x = 0 holds for all values of x,
o a,+a,+a;=0 (onputting x =0)
_ 8[3sm9 - sm39j <in30 a,—a,+a;=0 (on putting x = 7)
= a,=0anda +a,=0 1)
=6 sin@sin 30— 2 sin*360 Putting x = 7/2 and 377/2, we get
=3(cos 26— cos 46) — (1 — cos 66) a,ta,—a,=0anda ~a,-a;=0
=—1+3c0s260-3 cos 46+ cos 60 = a,=0anda, —a,=0 2)
. n=6. (1) and (2) give
II. We have, a,=a,=a,=a;=0
The given equation reduces to a, sin 2x = 0. This is true for
2n 4r —
acosd=pf cos(A + —) =y cos[A + —] all values of x, therefore, a, = 0
3 3 Hence,a =a,=a,=a,=a;=0
Dividing by o8y, we get of + By+ yo Thus, the number of 5-tuples is one
10
_llicosA+cos(A+zgrj+cos(A+4;ﬂ 1v. H(siann—icosan)
p=1
1 10T .
= ;[cos A+2cos(m + A) cos%} = (l)lOH(cos2p7r +isin2prm)
p=1
10 2pmi 21—’1’(1+z+~~+10)1

:%[cosA—cosA]:O. :,He T —_¢
p=1



— elOJ[i

=-1

(cos 10z +isin 10) =—1

43. 1 Given, sinf=3 sin(0+ 2a)

=
=

sin(@0+ a— ) =3sin(0+ o+ )
sin(@+ &) coso— cos(6+ @) sinx

=3sin(6+ @) cosa+ 3cos(8+ @) sina.

=

=

=
=

—2sin(0+ &) cosax=4cos(0+ ) sinx

_sin(@+a) _ 2sina

cos(0+a)  cosa

—tan(6+ o) = 2tana
tan(@+ o) + 2 tan = 0.

II. We have, p sinf@+ g cos8=a
and, pcosf— g sinf=>b

Squaring (1) and (2), and then adding, we get
(p sin@+ g cosb)’ + (p cosO— g sinb)*> = a*> + b*

=
=
=

=

III. sin z sin3—ﬂ sin—
14 14

P+ g()—a*=b*=0

P —a)+(@-b)=0
(pta)(p-a)+(g+b)(g—b)=0
pta g-b

=0
q+b p-a

St
14

~-cos( 74 ) os{ 274 oo 27

Also

s 27 107/ _ i i 3% 5
so, cos/7¢os /7c0s /7 sin7 sin-=-sin

107 4r
, COS—— =COS—
7 7

= 2cos(14 ) cos(274 ) cos( 477

=7.

sin(87f,~7) 1

anley) S

V. 2(a—2b+c)=(), S0 one root is 1

Now, sec+ tanf=1
Also, sec’0—tan’6=1

=

secf—tanf=1 = secH=1

S0, one root is secO
44. 1 Giventan o¢=3 and tan f=2

Trigonometric Ratios and Identities 25.25

(1
()

II.

III.

Iv.

45.

tana —tanf ~ 3-2 1

tan(a —p) = = =
(@=p) l-tano tanff  1+3x2 7

sin(a—ﬂ):% %
sin 2(a— B) =2 sin (a— B) cos (a— B)

= and cos(a — ) =

o LT T
V50 V50 25
We have,

tana -tan(2n—1)a = tana -tan[zl—lja
a

T
=tano ~tan[5—aj

=tana cota =1.

The given expression = 1.

2 4
We have, x = ycos?ﬂ = zcosTﬂ =k (say)

cos—— cos4—ﬂ

L LI

x ky k 'z k
111 1[ 2 47:}
—+—+—=—|1+cos—+cos—

x vy z k 3 3

:1(1_1_1}0
K2 2

= xy+txz+yz=0.

We have,

2 —cosx +sin’x=2—cosx + 1 —cos’
=—(cos>x + cosx) +3

. 1 ..
Maximum value occurs at cosx = 3 and it is ? and

minimum value occurs at cos x =1 and itis 1
. .. 13
The required ratio is — .
4

I The given expression

15
167 14n 14r
v cos| — |=cos| 27 ——— |=cos——
15 15 15

=cos A - cos 24 - cos 224 - cos 2°4, where 4= %
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. 32n
Csin2'4 MU sin3g4e
~ 2%sin4 16s1n2ﬂ ~ 16sin24°

= % [ sin 384° = sin (360° + 24°) = sin 24°]
II. From the given relations we have
. 3) .
sin2B = 5 sin24

and, 3 sin’4 = 1 — 2 sin’B = cos 2B.
(3/2)-sin24

3sin’ 4
or, ] —tan2Btan A =0

so that tan2B = =cotA

— A+2B=Z.
2

III. The given equation can be written as 7 cos(x — o) = 2k + 1
where r cos =7, rsin x=5

2k +1

= cos(x—a)= kt asr’=7"+5 =74
N74

- _1<2k+1

ST s
4<2k+1<74

= -8<2k+1 < 8 (For integral values of k)
= 4<k<3

k=-4.-3-2,-1,0,1,23

which gives 8 integral values of k.

~

=

IV. We can write
A=tan 270 —tan 96 + tan 96— tan 360+ tan 36 —tan 6

But,
tan30 — tan@ = sin36 cosO — cos 36 sinf
cos360 cos6
sin20  2sin0
cos39 cosO  cos30
= sin 96 N sin 30 N sin@ g
c0s2760 cos90  cos30
4_2
B 1
46. I Using,
7)) _ 1+tan0
tan| 6 + —
4) 1-tan6
_ 3
and 3tan360 = 3(3tanb tzan )
1-3tan“ 60

the given equation becomes
3 tan* 60— 6 tan* 6+ 8 tanf— 1 = 0.

11.

I11.

Iv.

47.

If tane, tanf3, tany and tand are the roots of this equation,
then the sum of these roots, tanex + tanff + tany + tand equals
zero, since the coefficient of tan® 0 is zero.

The given equation can be written as

cosf, cosB, +sinf, sin6,

cos6, cosf, —sinb, sinb,

cos 0, cosO, —sinb,sin0,
=+

cos, cosf, +sin0,;sinb,

1+tan6, tan6, N I-tan0, tan0,
1-tanf, tan6, 1+tan6,tanf,

2+ 2tan0, tan6, tan 6, tano,
(1-tan6, tan0,)(1+ tan6, tano,)

showing that tan®, tan6, tan, tan6, = —1

For the given A. P., we have 2 secar=sec(a— ff) + sec(o+ ),
which gives
2 1 1
= +
cos(a— )
= cos’a—sin’ff=cos? o cosf
= cos’a (1-cosP) =sin’f

= cos’a 2sin2E :4sin2£cos2£
2 2 2

Zﬂ 2

= COS o SEeC E:

_ 2cosacos B
cos(a + B)

cosa cos’a —sin® 8

1+COSa:1_’_2cos,8—1:2—cos,B+2cosﬁ—1
2—cosf 2—-cosf
_1+cosp
2—cosf

2
2
= coszg—% (D
2 142sin” /2

2
o ooy ®op s BZ
2 1+2sin’ B/2
_1+2sin* B/2—cos’ /2
1+ 2sin* B/2

1+2sin® B/2~[1-sin’ B/2

1+ 2sin* /2
-2
= Sinza/2=73sm_ [3/2 2)
1+2sin” /2

Dividing equation (2) by (1), we get

2 B tano /2
= =
2 tan3/2

, o
tan® — = 3tan’
2

I Using the identity cotx — tanx = 2 cot 2x, we have
tano+ 2 tan 2o+ 4tand o+ 8cot 8o — cotar



=tana — cotor + 2tan2 ¢ + 4tan 4o + 8cot 8
=-2cot 2a+ 2 tan 2+ 4tan 4o + 8cot S
=—4cot4a+ 4 tan 4o+ 8cot 8
= —8cot 8o+ 8cot 8ar=0.
II. We have,
tan9° — tan27° — tan63° + tan81°
=tan9° — tan27° — cot27° + cot9°
=tan9° + cot9° — (tan27° + cot27°)

1 1 2 2
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" §in9° cos9° B $in27° cos27°  sinl8° B sin54°

8 8 _8(S+1-5+1) _

= - = 4.

Js-1 J5+1 5-1

III. The given expression is equal to
1 1

= o o + .

cos(270°+20°)  /3sin(270° - 20°)

1 1

=— +

sin 20° J§ (—c0s20°)

\/§ o 1 . o
~ J3 c0s20° — sin 20° ey c0s20° - Esm 20
3 sin20°cos 20° N 5
e sin40

Previous Year's Questions

_sin60° c0s20° — cos60° sin 20°

B V3

—— sin40°
4

_sin40° 4

B B

——sin40°
4

IV. sin 7/8 sin 57/18 sin 77/18
=sin 10° sin 50° sin 70°

1 .
= E[COS 40° — cos60°] sin 70°

= lcos 40°sin70° — lsin 70°
2 4

1 1
=—[sin110°+sin30°] — —sin 70°
4 4

= lsin(180°770")+l><lflsin70° = l
4 4 2 4 8

48. We know that:

The sum of angles4+B+C=7x
=A4A+C=n-B
A-B+C 7w

2 2

2casin w =2casin E—B
2 2
2, 2 g2
=2accosB = 2ac(a+6b]
2ac
=a+32-b
49. - sinf<l1,
sin’ <1
4xy <1
(x+y)’

= 0<(x+y) —4dxy

= x2+y2+2xy—4xy20

= (x-y) =0

which is true for all real x and y provided x +y # 0, otherwise

4xy
(x+y)’

will be meaningless.

NOTE

4xy

sec’d = >
(x+y)

is possible only, if x =y.

50. Key Idea: Cosine in terms of tangent
1—tan’@

c0s260 = 5
1+tan” 60

1—tan’15°
ainzzcos30°
1+tan"15°

3

T2

51. Key Idea: tan@ is negative in second and fourth quadrants.

tanO:—ﬂ
3

Herep=4andb=3
h=+p*+b =J16+9 =25
=h=5

sin@ -P_
h

|
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But tan6is negative which is possible only if 8lies in second s—b 1
or fourth quadrant. = s 3
. 4 4
sinf may begor:—g. =3s-3b=s
= 2s=3b
52. -+ sin(a+p)=1 =a+b+c=3b

. . T
= sin(a+ )= Slnz a, b, c are in AP.

56. Using —/a’ +b*> < asinx +bcosx <~a’+b".
Given | c|>+/a’*+b* which inplies
. 1

and s1n(a—ﬂ)=5 c=asinx +bcosx >+a’ +b*,0r

c=asinx+bcosx < —J/a*>+b’

= a+ﬂ=% (1)

T "
= a-fp= E (i) which are reverse inequalities. Then no solution exists for
Solving egs. (i) and (ii), we find asinx+bcosx=c.

tan(a + 28) tan(2a + B) 57. '+ 0 =aqa satisfies the equation 25 cos*’6+ 5 cos@—12=0
25cos’a+ Scosa—12=0
2n St )
=tan| — |tan| — = 25cos’a+20cosa 15cosor— 12 =0
3 6 = Scoso(5cosa+4)—3(5cosax+4)=0
% U3 43
=| —cot— || —cot— = Ccoso =——,—
(3] =
- 3><l=1 But£<a<ﬂ:
J3 2
4
53. - y=sin"0+cosec’d cosar =-7 (- cosa <0)

=(sin@ —cosecO)’ +2 ) 3
= sina =7

= y=22
But at =0, y becomes meaningless sin2c¢ = 2sina cosor = —2 x 3 x 4
. 55
Ly=2
24
b+t -d° L= T7
54. Using cosd = ——— .
g 2he 25
We write for a =4, b =3 and Z4 = 60° 58. a I+cosC)  (l+cosd)_ 3b
2 o_ 2 2 2
60°= S +9-16
O T e =a+c+b=3b
1 27 =a+c=2b
-
= —= Hence, (A) is the correct answer
2 2x3c
) . . . -21 -27
=c*=T7=3¢c 59. Given that sina +sin 8 :gand coso +cosfi =—.

2 —_— — =
=c=3c-7=0 Squaring and adding, we get

Thus, c¢ is the root of above equation.

1170
2+2cos(a - ) =
A - - 2
55. Key Idea: tan— = (s-b)s=¢) (65)
2 s(s—a)
(o—-p 9 a-f
A C 5 2 = cos 2 "0 = cos 5
Now tan—tan—:gxg

R )
\/(s—b)(s—c)_\/(s—a)(s—b):1 J3ol 2T 2 2

s(s—a) s(s—c) 3 60. We have 4 =+/a?cos? 0 + b*sin? 0 +a? sin? 6 + b* cos’ 0



61.

62.

63.

64.

65.

66.
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2, 72 272 2 2 2_ 2
:\/a b + 4 b cos26+\/a b +b 4 cos26 X o X
2 2 2
2 2\? 2 2\?
_ 67.
= u=da+b+2 [a +b] (a bjc0s229
2 2 . 1 . 1 . 3
cosx+sinx=— = l+sin2x=— = sin2x=-——,
Now, min value of u?> = a* + b* + 2ab . 2 4 4
And the max. value of u? = 2(a* + b?) so x is obtuse.
2 2 _ _ 2 2t
= Upax ™ Upnin = (a b) . NOW, L’:’ = —é = 3tan2 x+8tanx+3=0
I+tan” x 4
Greatest side is /1 +sina cosa, by applying cosine rule we
osd, DY appyIng 8+64-36 —4+47
get the greatest angle = 120°. tanx = ; = ]
P 0
tan| — [,tan| = | are the roots of ax’> + bx +c=0 —4-7
2 2 tan< 0 tan x :?
tan(£)+tan(g) =—— . 3.
. Given that cos(p —y) +cos(y —a) +cos(a — ) =—— whic
2 2 68. Given th (B-7) (y —a) (a—p) 5 hich
tan( P ) tan( 19 ) _c is equivalent to
2 2 a 2[cos(B —y)+cos(y —a)+cos(a — B)]+3=0
P
tan[zj + tan(%} P 0 T_R = 2[cos(B —y)+cos(y —a)+cos(a — B)]+sin*a
— =7 _ ~" 7 —tan| —+ = |=tan =1 " 2 .2 2 .2 2,20
P 0 D) P cos a+sin” f+cos” f+sin“y +cos"y =
1—tan| — |tan| =
2 2 = (sina +sin B +siny)* +(cosa +cos B +cosy)’ =0
: 69. cos(e+ )=
- . cos(a+pB)=—
= 2 -1 —Q:E—E = -b=a-c 5
1 c a a a
7 3
b = tan(a+f)==
= c=a+b 4
‘We have sin(a — B) :%
2
IR =t ZZb :(a+b) -[t;c(a-rb) .
(a+b+c) (a+b+c) = tan(a—fB)=—
=a+b (since ¢’ =a’ +b%) 12
X+px+qg=0 a T
. 70. r=—cot—
Sum and product of the roots respectively are 2 n
tan 30° 4+ tan 15°=—p ‘a’ is side of polygon.
tan 30° .tan 15t :;100 s R =%cosec£
tan45° = fanoUrt+tanlo>” - —p n
I—-tan30°tanl5® 1-g¢g 7
:}—p:l—q V_ COt; -
=qg-p=1.2+q-p=3. R cosecﬁ_cosn
2 sin’x+5sinx—-3=0 n
= (sinx+3)(2sinx—1)=0 r 2
1 cos—= — foranyne N.
= sinx:? no3
’ . 7+ cos4x 3
Now, in the interval [0, 37] x has 4 values 71. A=sin’x+cos' x = s = n <4<l
Area= L sin0 72. 3sinP +4cosQ = 6 (1)
2 4sinQ + 3cosP = 1 2)

Now, 4, :lx2 atsinf=1,0 ="
2 2

From (1) and (2) P is obtuse.
(3sin P + 4cos Q)* + (4sin Q + 3cosP)* = 37
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= 9+ 16 + 24 (sinP cosQ + cosP sinQ) = 37

74 tan A4 cot 4
=24sin(P+0)=12 " l-cotA l—tan4
. 1
= sin(P+Q)= 5 . 1 cot’d  1-cot’4
5 cot A(1- cot 4) (1— cot A) " cot A(1- cot A)
T
= P+Q=— *A+ cot A
6 _ cosee AT O 1+ sec 4 cosecA
cotA4
T
= R=— 1 . 4 4 1 . 6 6
6 75. —(sin® x + cos® x) — —(sin® x + cos’ x)
73. Applying sine rule in triangle ABD, 4 6
4B BD _ 3(sin* x + cos” x) — 2(sin’ x + cos’ x)
sin®  sin(6 + ) - 12
= e ,p2+q2 sind - /p2 +¢* sin6 :3(1—23in2x+coszx)—2(1—3sin2x+coszx)
sinfcosa +cosfsing  sinb-g  cosb - p 12
Jr+d p+q _1
12

(p* +¢°)sind

= AB= - .
(pcosb +¢gsin0)
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