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Compound Angle

COMPOUND ANGLE

BASICS OF TRIGONOMETRY AND
MEASUREMENT OF ANGLES

ANGLE

An angle can be thought of as the amount of rotation
required to take one ray to another ray with a common point.

An angle XOP, is formed by the two rays OX and OP. The
point O is called the 'vertex' and the half lines are called the
sides of the angle.
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An angle is generated by revolving a ray from the initial
position OX to a terminal side OP. OX is called the initial
side and OP is called the terminal side of the angle.

Angles are often labelled with Greek letters, for example 0.
Sometimes an arrow is used to indicate the direction of the
rotation.

An angle is said to be positive if the direction of rotation is
anticlockwise and negative if the direction of rotation is
clockwise.

STANDARD POSITION OFANANGLE

In a rectangular cartesian (coordinate) system, the angle '0'
is said to be in the ""standard position"

1) If the vertex of an angle 0 is at the origin and

2) If the initial side of the angle coincides with the positive

x-axis. (OX ). Here ZXOP is positive where as ZQOX is

negative.

YA
X /P
\%\b
&
S
&Q‘&

>

— X
0] Initial side

MEASURES OFANGLES
It has been seen in geometry that

When one line is perpendicular to another line each of the
angles made at their point of intersection is a right angle.

All right angles are similar to each other.

In geometrical propositions angles are compared and one
angle is shown to be greater or less than the other. But
geometry, with the exception of a few cases does not show
by exactly how much that one angle is greater or less than
the other. In order to show this measurement is necessary;
and in order to measure, a unit angle of measurement must
be chosen. There are three types of measures to measure
an angle

(i) Sexagesimal measure

(i1) Centesimal measure

(iii) Radian measure

SEXAGESIMAL MEASUREMENT (The British System)

A degree (°) is defined as the measure of the central angle
subtended by an arc of a circle equal to 1/360 of the
circumference of the circle or 1/90 of right angle. A minute
() 1s 1/60 of a degree and a second (") is 1/60 of a minute or
1/3600 ofa degree.

One positive rotation = 360°

One degree = 1° = 60 minutes = 60' and
One minute = 1'= 60 seconds = 60"
Straight angle = 180°

Right angle =90°

The magnitude of an angle containing 37 degrees and
42 minutes and 35 seconds is written as 37°42'35", read
37 degrees, 42 minutes, 35 seconds.

This system of measurements is sometimes called the
rectangular system or the sexagesimal system.

CENTESIMAL MEASUREMENT (The French System)

A grade (¥) is defined as the measure of the central angle
subtended by arc of a circle and is equal to 1/400 of the
circumference of the circle. Aminute (') is 1/100 of a grade
and a second (") is 1/100 of a minute.

One Positive rotation =4008
Straight angle =200¢
Right angle =100¢
18=100"and 1 =100"

NOTE :- A second and a minute in the sexagesimal system and

these in the centesimal system are not equal.
CIRCULAR (RADIAN) MEASURE
The radian is a natural unit measuring angles. We use radian

in calculus because it makes the derivatives of trigonometric
functions simple.
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Q)

(i)
(iii)

E.g.

A radian (©) is defined as the measure of the central angle
subtended by an arc of a circle equal to the radius of the
circle.

In above fig., O be the centre and 'r' be the radius of the
circle.

ZAOB = 1radian, ZAOC = 1 right angle.
Length ofanarc AB=r

1 r
Length of an arc AC = Z(an) =5

Since arcs of the same circle are proportional to the angles

ZAOB arcAB
/AOC arcAC’

subtended by them at the centre, we get

lradian _r 2
I right angle 7 &
2

= mradian =2 right angle
. AR
= 1 radian = | — | right angle = constant
T

o

0 _ (57.296)° =57°17'45"

1 radian=

_m
180°

radian=0.017453 radian.

where t ~ 3.14159

The following equation will help us to convert the angle
from one system to other.

180 200 7 (Here D = degrees,
D G R

G = grades, R = radians
A radian is a constant angle.

1 right angle = gradians =90° =100°

2 right angles = w radians = 180° =200

Express 120¢ in terms of radians.

100°= = = o= —
T2 7T 200

= 1208=120 I :3—nradians
200 5

E.g. Express 150° in terms of radians.

i T St
°=— = 150° =150| — [=— :
180 (180} 6 radians

T T T T 3n
V) —=90°, = =60°,2 =30°, = = 45°, 2% = 270°,
() 35 3 6 4 2

2n=360¢tc;

(v) If no unit of measurement is indicated for an angle it will
be understood that radian measure is implied.

(vi) If 0 be the angle subtended by an arc of length 1" on a circle
of radius 'r', a its centre then length of the arc,

[=10
1 1,
Area of the sector = Elr = Er 0

REAL NUMBERS AS RADIANS

Any real number can be though of as a radian measure, if
we express the number as a multiple of 2.

For example,
5n 1 i .
7=2nx 1+Z =2n+5 corresponding to the arc

1 . o .
length of IZ revolutions of the unit circle going

anticlockwise from A to B.

B

A

pa
U/

Similarly, 27~ 4.297 x 2n=4 x 21+ 0.297 x 21t

corresponding to an arc length of 4.297 revolutions of the
unit going anticlockwise.

We can also think of negative numbers in terms of radians.
Remember for negative radians we measure arc length
clockwise around the unit circle.

For example,
—16 = -2.546 x 2n=-2 x 21— (0.546) X 21

corresponds to the arc length of approximately 2.546
revolutions of the unit circle going clockwise from A to B.
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Angles in standard position

A
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An angle is said to be a first quadrant angle or said to be in
the first quadrant if in the standard position, its terminal
side falls in that quadrant. Similar definitions hold for the
other quadrants.

Coterminal angles

Iftwo or more angles have the same terminal side in standard
position, then they are called coterminal angles.

E.g.: 60°,420°,-300° are coterminal.

Complementary Angles

Two angles are said to be complementary when their sum
is /2, i.e., the angles X,y are complementary angles off

L_E
xty=75
n S5m
E.g. 20°, 70° are complementary and 12 are
complementary.
Supplementary Angles

Two angles are said to be supplementary when their sum is 7.

n Sm
E.g.20°, 160° are supplementary and o6 are supplementary.

TRIGONOMETRIC FUNCTIONS OF ACUTE
ANGLES

An angle whose measure is greater than 0° but less than
90° is called an acute angle. Consider a right-angled triangle
ABC with right angle at B. The side opposite to the right
angle is called the hypotenuse, the side opposite to angle
A is called the perpendicular for angle A, and the side
opposite to the third angle is called the base for angle A.

C

p

B
A b
The ratio of any two sides of a triangle depends only on

the measure of angle A. For example, consider a large and
a small right-angled triangles as shown in fig. We have

Ll =—= L, as these triangles are similar.

h' b'" p'

Thus, the ratio of the lengths of any two sides of a triangle
is completely determined by angle A alone and is
independent of the size of the triangle. There are six possible
ratio that can be formed from the three sides of a
right- angled triangle. Each of them has been given a name
as follows :

C'
h' .
p
Al B'
bV
. b
() sinA-= E i) cosA=
p : b
iii) tanA=— iv) cotA =—
(iii) b (iv) P
h
(v) secA=— (vi) cosecA = h
b P

The abbreviation sin, cos, tan, cot , sec, and cosec stand
for sine, cosine, tangent, cotangent, secant, and cosecant
of A, respectively. These functions of angle A are called
trigonometric functions or trigonometrical ratios.

Trigonometric Identities

Trigonometric identities are equalities that involve
trigonometric functions that are true for every single value
of the occurring variables. In other words, they are
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equations that hold true regardless of the values of the ordinate  y abscissa X

angles being chosen. SMY= Gistance  r cot 0="0 dinate y
Trigonometric identities are as follows : .

abscissa  x distance r

T cosezr=— secezb—.=—

sin?0 + cos’0 =1, sec’0—tan’0 =1, 6¢(2n+1)5,nel istance T abscissa - X

ordinate y distance r

and cosec’0 —cot’0=1,0#nm,n el tan= ———=— cscO="-__ ==

abscissa  x ordinate 'y

Trigonometric Ratios of Standard Angles As an immediate consequence of these definitions, we have

Angle(6) 300 450 60 the so-called reciprocal relations :
T —ratio
0= 0=
Gin0 1/2 1 3 s cscO cos secO
V2 2
tanO=—— t0=
cosO ﬁ % 1/2 an cotO co tan O
2 2
1
= 0= 0=——+
tan © \/§ 1 \/3 sec 030 cse Sin0
cosec 2 NG 2 Because of the reciprocal relationships, one ratio in each
3 pair of reciprocal trigonometric ratios has been used more
2 N frequently than the other. The more frequently used
sec® ﬁ 2 2 trigonometric ratios are sine, cosine and tangent.
cot 0 NG | 1 It is evident from the diagrams that the values of the
3 trigonometric functions of 6 changes as 0 changes. The

values of the functions of a given angle 0 are independent
of the choice of the point P on its terminal side.

TRIGONOMETRIC FUNCTIONS

The definitions in the previous section apply to 6 between NOTE
0 and 5 since the angles in right angled triangle can never Since r is always positive, the signs of the ratios in the

various quadrants depend on the signs of x and y.

The signs of the ratios sine, cosine and tangent in
each of the quadrants

in calculus, as they extend sin 0, cos 6 and tan 6 without 1
restriction on the values of 6.

T
be greater than 5 The definitions given below are useful

Ify>0thensin 6 >0 and ify <0 thensin 6 <0

= sin 0 is positive in Q,, Q, and negative in Q,, Q,.
Consider a circle with center O and radius r in the rectangular v o

cartesian coordinate system. Let O be an angle (not 2. Ifx>0Othencos®>0 = cosOispositive in Q, & Q,.
quadrant) in standard position and let P(x, y) be any point, 3. Ifx<Othencos0<0 = cos 0 is negative in Q, & Q,.
dlStl%’lCt from the or.1g1n,‘on the terminal side of the angle 4. Tfxy>0thentan0>01i.e. tan 0 is positive in Q , Q..
that intersects the circle in P(x, y). i ) o
R 5. Ifxy=0thentan 0 <0 i.e., tan 0 is negative in Q,and Q,.
Here Q, denotes with quadrant
v
A
1 I
»> (Silver) (Al
sin 0 =+ All+
csc O =+
X'« 5 > X
il v
(Tea) (Cups)
OP =rand x? +y* =17 tan 0=+ cos 0=+
cotB=+ sec =+
The six trigonometric ratios of 0 are defined, in terms of the v
abscissa, ordinate, and distance of P, as follows : Y
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Hlustration 1 Angle in 3" quadrant whose sine and cosine
are equal.

Solution In 3rd quadrant both sine and cosine angle are negative

sin| 7w+ | = cos| m+— SOS_Tc
4 4) 4

Ilustration 2 If sin 0 + sin” 6 = 1, then find the value of
cos'20+3cos'®0+3cos® O+ cos® 01
Solution We have,
sin®+sin*0=1
= sinf=1-5sin’0
= sinB=cos’0
Now,
cos'20+3cos'®0+3 cos® 0+ cos® 01
=c0s°0 (cos®0+3cos*O+3cos?0+1)—1
=c0s°0 (cos’0+ 1)’ -1
=sin’ O(sin 0+ 1)* -1
= (sin’ O +sin 0)* — 1
=1-1
=0
Illustration 3 Iftan 6 + sec 6 = 1.5 find sin 0, tan 0, and sec 0.

3
Solution Given, secf + tan0 = > @
Now, secO—tan6 = _ = 2 (1)
secO+tan® 3
Adding Eq. (1) and (ii),
2 sech = 3 +o= B h
we get 2 sec > 3% 5
5
13
secO=—
12 B Ne
12
tan0 = El
12

. 5
sin@ =—
and 13

Illustration 4 If cosec 6 —sin ®© = m and sec 6 — cos 6 = n,
eliminate 6.

Solution Given, cosec 0 —sin O =m or —sinO=m

sin ©

. 2
1-sin? 0 cos” 0
—_—=m or =m

sin© sin©

Solution L.H.S.= \/

1
Againsec 0 —cos O =n or —cos@=n
cos 0O
1-cos® 0 sin’ .
=n or =n ....(ii)
cos6 cos6

2

FromEq. (i), sin® = cos’ 8 coe(1)
m

Putting the value of sin 0 in eq. (ii), we get

4

cos” 0
————=n or cos’ 0 =m’n
m* cos©

P 1/3 2 2 2/3
cosez(m n) or cos 9:(m n)

From Eq. (iii),

2 27" 4/3_2/3
. cos” 0 (m n) m*°n
sin0 = = =

m m

1/3
_ m1/3n2/3 _ (mnz)

sin?0 = (mn?)*3
Adding Egs. (iv) and (v), we get
(m’n)*? + (mn*)** = cos? O + sin* O

or (m2n)2/3 + (mn2)2/3 =1

Illustration 5 Show that

2(sin®x + cos®x) — 3(sin* x + cos*x) + 1 =0

Solution : 2(sin®x + cos®x) — 3(sin*x + cos*x) + 1

=2[(sin*x)* + (cos? x)*] — 3(sin*x + cos* x) + 1
= 2[(sin? x + cos? X)? — 3 sin’ X cos?x (sin’x + cos? x)]
=3 [(sin®’x + cos? x)*—2 sin*x cos’ x] + 1

=2[1-3sin’xcos’x]—3[1 -2sin’xcos’x] +1=0

Illustration 6 Prove that

I+5in6 :sece+tan9,—g<6<g.

1—sin6

1+5sin 0 _\/1+sin91+sin9
1-sin® 1—sin 6O 1+sin6

1-sin’ 0 cos’ 0

_ \/(l+sine)2 _ \/(1+sine)2

_1+sin® 1 sin©

= _ . _
cos®  cosO  cosO sec 0 +tan 6 =R.H.S.
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Illustration 7 Prove that

1 1 1 1
secA—tanA cosA cosA secA +tan A

1 1 1 1

Solution Given, secA—tanA cosA CcOosA secA +tanA

1 1 1 1
+ = +
secA—tanA secA+tanA cosA cosA

or

Here R.H.S.= cosA

1 1
+
seccA—tanA secA+tanA

Now L.H.S.=

secA +tan A +sec A—tan A 2

B (secA—tan A)(sec A +tanA)  cosA

Thus, L.H.S.=R.H.S.

Illustration 8 If 3 sin 6 + 5 cos 0 = 5, then show that
5sin®—-3cos 0==+3.

Solution Given,3sin®+5cos6=5 ... (1)
Let 5sin6-3cosO0=x ... (i)
Squaring and adding, we get
(9 sin? 6 + 25 cos? O + 30 sin O cos 0)

+ (25 sin? 0 + 9 cos? 0 — 30 sin O cos 0) =25 + x>

or 9(sin? 0 + cos? 0) + 25(sin? O + cos?0) =25 + x>
or 34=25+x%orx’=9

or x==+3

Hlustration 9 Two circles of radii 4 cm and 1 cm touch each
other externally and 0 is the angle contained by their direct
common tangents. Find sin 0.

Solution From fig. we have,

4
0/2
ﬁ 8/

5
sing—E cosg—i
= 0775 = 25
a4
= X —X—=—
st 575 25

Ilustration 10 If in fig. ZBAO = tan™' 3, then find the ratio

Solution From fig. we have
tan0=3
0% g N
AC P pe T
0
BC tan0 9
__ —tan2 0 = A
or AC  cotd tan"0=9 0O

Ilustration 11 By geometrical interpretation, prove that
(i) sin(o. + B) =sin o cos B + sin 3 cos a
(i1) cos(a + ) = cos a cos B —sin a sin B

Solution Figure is self explanatory.

. sinasin B

I_ (e}

(atp) ]

R

o v,

=3

2 2\ |~

3 1 &

2
.E

@ w

2.

cﬂ’sQ> i

B 2

¥ a [

cosa. cos B

Ilustration 12 A pool rack has 3 straight sides of length 12 cm
each, rounded off by three circular arcs each of 3cms radius
as shown in the figure. If the area inside the rack can be

expressed as am+ b\/§ +c¢, wherea, b, ¢ are whole numbers,
then the value of (a+ b +c), is :

30 H3

Solution The region bounded by the pool rack is as shown
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13+ 144
3 4

1(2 3
A=(12x3)3+ 95( “j 3
=108+97+36+/3 =an+b/3 +¢
(a+b+c)=9+36+108=153.
Ilustration 13 The circumference of a circle circumscribing an

equilateral triangle is 24 units. Find the area of the circle
inscribed in the equilateral triangle.

Solution 27R =247 (R is the radius of circumcircle)

R=12

sin 30°= % (ris the radius of incircle)

r=—==6
2
Area of incircle =t =367

Ilustration 14 If angle C of triangle ABC is 90°, then prove that

2

c
tan A+ tan B = _b (where, a, b, c, are sides opposite to
a

angles A, B, C respectively).
Solution Draw AABC with ZC=90°. We have

a b
tanA+tanB= —+—

b a
3 a’+b’ _i
ab ab
A
a
b
B a C

DPP1

Total Marks 40 Time 30 Minute

Question Number 1 to 10. Marking Scheme : +4 for correct
answer 0 in all other cases.

1. Which of the following reduces to unity for 0° <A <90°
(i) sec’ A—sin’? Asec’A

1
+
l+sin> A 1+cosec’A

(i)

tan® Asin A
tan? A —sin® A

(iii)

@) cot” Acos” A
cot> A—cos” A

™ (sec’A-1)cot’A
2. IfsecO + tan O = p, then find the value of tan 0.

3. If(1+sinA)(1+ sinB)(1+sinC)=(1-sinA)(1-sinB)
(1 —sin C), then find the value of

(1+sinA) (1 +sinB) (1 +sinC).

4., If 3cose +Xsin9 = l,isine —Xcose =1, then eliminate
a b a b

0.

5. Ifa+btan®=secO andb—atan0 =3 sec 0, then find the
value of a? + b2

6. Express45°20'10" in radian measure (t1=3.1415).
7. Express 2.2 rad is degree measure.

8. Find the length of an arc of a circle of radius 5 cm subtending
a central angle measuring 15°.

9. Find in degrees the angle subtended at the centre of a
circle of diameter 50 cm by an are of length 11cm.

10. If arcs of same length in two circles subtend angles of 60°
and 75° at their centers, find the ratio of their radii.

Result Analysis

1. 31to40Marks: Advance Level.
2. 24to030Marks : Main Level.
3. <24 Marks: Below Average
(Please go through this article again)
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REAL DEFINITION OF TWO BASIC
FUNCTIONS (SINE & COSINE) -
TRIGONOMETRIC RATIOS OF ANY
MAGNITUDE - REDUCTION FORMULAE
A point P lies on circle such that it makes an angle 0 with
the x-axis. Itis at a distance of x from y-axis and it a distance
of y from x-axis and r is the radius of the circle.

Then sin 0 = Distance of point P from x-axis radius of circle

yu
L--X.5 P(x.y)

r i

sin® = Y and
r

Distance of point P from y - axis

cosO = - ;
Radius of the circle
X
cos = —
r
Limiting cases,
as 0—-0, y—0, X=r

sinO:9=0; cos0=£=1
r r

n
as 0—90° or BZE,XZO,y:r

6n90°= =1 cos90° =2 =0
T T

Now consider a triangle having angles 30°, 60°, 90°. Now
taking AC as diameter construct a semi-circle passing
through ABC. Now from B drop a bisector on AC.

AC=r, AB=—

2
BC = Z_ﬁ_ﬁ_ﬁr 30° rt1_1
4 4 27 2 r 27

i _\B

c0s30° = =
2r 2

Now consider a triangle with angle 90°, 45°,45°

AB =BC [Sides opposite to equal angles are equal]

T

N

indse = xl =1 45o= xi=t
§in45° =—=x—=—; c0s45°= —=X—=—
V2 2 V2 2

tan45°=cot45°=1

P=2(ABY = AB=

Sine and Cosine of complementary angles are same

complementary angles are those whose sum is 90°
c0s(90°—-0)=sin 0O ;

sin(90° — 0) = cos 0 ; tan (90° — 0) = cot 6

cot (90°—0)=tan0;

cosec (90° —0) =sec 0 ; sec (90° — 0) = cosec 0

NOTE : In firstquadrant i.e., 0 to 7/2 all trigonometrical ratios

are positive.

REDUCTION FORMULAE

L

For all values of 0, the trigonometric ratios of an angle
(-9)

Let P, be the image of P in x-axis.

Y
A
P(x,y)
T
y
QA% x > X
-0
-y
;
PI(X’fy)
From figure, we have
sin (-0) =—> =_sin 0

T
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X
cos (—0) = = cos 0

tan(—0) = —% =—tan 0 and we have

cot(-0)=—cot 0
sec(—0) =sec O
csc(—0)=—csc O
E.g., sin(—50°)=—sin 50°, cos(—30°)=cos 30°,
tan(—200°) =—tan 200° etc.

Il. For all values of 0, trigonometric ratios of the angle

(g — 6) in terms of those of 6

Let 0 be an angle in the standard position in the I* quadrant.

Y
A
P(x.,y)
=il
5] I
» X

Ol < X > M

From AMOP

sin(ﬁ—ej X cos0

2 r

cos(ﬁ—ej =
2

tan(ﬁ—ej =§=cot6
2 y

=sin0

= |«

And we have also

cot(E - 9) =tan0
2

sec(E - 9) =cosecH
2

cosec (E - 9) =secO
2

L (90 +0) Relation :

A OPB and A P'O'B' are congruent by ASA property one
Z0 side, £(90°—0).

. In A OP'B', P'B' =x as side opposite to 90° — 6 is x in
AOPB

E.g., .. sin(120°)=sin(90°+30°) =cos 30° =

in AOP'B', OB' =y as side opposite to 0 in AOPB is y.
InAOP'B'
. X . -y .
sin (90°+0) = T cos0; cos(90° +0) = o —sin0;
tan (90° + 0) =—cot 0;
cot (90°+ 0)=—tan O;
sec (90° + 0) = — cosec 6;
cosec (90° + 0) =sec 0

yA

P O\
0

Wj )

V3

2
tan( 135°) = tan (90° + 45°)=—cot 45° = 1

V3

cos (150°) = co0s(90° + 60°) =—sin 60° = — )

IV. Reduction (180°—0)

A's OPB and OP'B' are congruent by AS A.
Z(90°-0),sider, £0

side opposite to 90° — 0 =x same as in AOPB and side
opposite to 6 =y same as in AOPB

sin(180° —0) = % =sin®; cos(180°—0)

-X
= —=-—cos0;
r

tan (180°—0)=—tan 0 ; cot (180°—0)=—cotO;

cosec (180°—0)=cosec 0 ; sec (180°—0) = —secO;
Sines of supplementary angles are equal supplementary
angles

ar those whose sum is 180°.

YA

P‘(_X*Y) < r P(X7y)

S
90 6 S )

B'"XO[l x B




Compound Angle

Sum of the cosines, tangents, cotangents, secants of VL. Reduction (360 —0) or 27 —0)
S}lpplementary :1 ngles is zero. Any angle of the form 2t — 6 can be written as —0 because
since cos(180° —0) =—cos 0 . ) ) .
if we say 2m— 0 then it means we are moving clockwise from
cos(180°—0)+cos0=0 .. . .
origin and by convention all angles measured clockwise

same for tan, cot and sec are —ve.

_ , , NG sin(2m— ) = sin (-0)
sin(120°) =sin(180°—60°) =sin 60° = —~

2 cos(2m — 0) = cos (—0)
150°)= 180°—30°
cos (150°)=cos (18 30°) tan(27— 0) = tan (-0)
— _c0s30°= _ﬁ Again AOPB and AOP'B are congruent by ASA sin(—0)
2
Sum of tangents of supplementary angles is zero. A sin 0; cos(—0) = Z = cos 0;
r r
V. Reduction (180°+6) tan(—0) = — tan0; cot (-0) =— cot O;
vA cosec (—0) = — cosec 0; sec (—0) =—sec 0;
E.g.,cos (315°) =cos (360°—45°) =cos(-45°)
 ANPEY)
X 180 -/9_ 5 %04 1
»X =cos(45°)=—F=
T x B D
PY
(x,-y) VA
AOPB and AOP'B' are congruentby AS A, A(90° — ), side, 6. K APy
Y0.

N -

v sin(180+6)= —==—sin®; )
P'(x:-y)

cos (180+0)= = = _cosh;
r tan(330°) =tan (360° —30°)
tan (180 + 0) =tan 0; cot (180 + 0) =cot O; 1
cosec (180 + 6) =— cosec 6; =tan (-30°) =—tan 30° = —ﬁ
sec(180 +0) =sec; tan (—120°) =—tan 120° =—tan (180° — 60°)
E.g., sin(210°)=sin(180° +30°)=-sin 30°=-1/2

c05(240°) = cos(180° + 60°) = cos 60°=~— 1/2 = 1an 60° = /3 cos(180°) = cos(90° +90°)
tan (225°) = tan(180° + 45°) = tan 45° = 1 = cos (180°—0)=cos (180 +0°)
sin (270°) =sin (180° +90°) = —sin 90° = | =-l=-1=-1
Radians 0 r r r i E E sm T E S—TC ﬂ 3n Bl E & 27
6 4 3 2 3 4 6 6 4 3 2 3 4 6
Degree 0 30° 45° 60° 90° 120° 135° 150° 180° 210° 225° 240° 270° 300° 315° 330° 360°
an | o LI e e T T R I T | o | UL B B
2 2 2 2 NG 2 2 2 2 2 2 2
I T o | UL B B LU T U VT
08 2 2 2 2 2 2 2 2 2 2 2 2
1 1 1 1
tan 0 5 1 V3 ND | 3 -1 5 0 5 1 NE) ND | B3 -1 5 0
1 1 1 1
cot ND NE) 1 5 0 5 -1 -3 | ND NE) 1 5 0 5 -1 -3 | ND
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Compound Angle

HIGHLIGHT OF THE TABLE
() -1<sinB<1
(2) -1<cosb<1

tan 0, cot O can attain all values from (—o0, ) i.e. any
real value.

(3) sinB=0,sint=0,sin2x=0
= sinnn =0 wheren € I;
sine of integral multiple of 7 is zero.
4 tan0=0,tant=0
= tannn=0, wheren € I

tangent of integral multiple of 7t is zero.

) cos = = 0; cos3—7t =0; cos—— = 0;
2 2 2
T
= cos(2n—1) 3= 0, wheren e I;
. . . T
cosine of odd integral multiple of By is zero.

b 3n
6) cot—=0; cot—=0;
©) > >

socos(2n—1) g =0,wheren € 1.

T
contangent of odd integral multiple of 5

is zero.

(7) cosO0=1,cosm=-1,cos2n=0
2o cos2mn=1;cos 2m-1)n=-1,
wherem €1

cosine of odd integral multiple of p is —1 and even integral
multiple of wis 1. Same is the fate of sec.

sec2nn=1,sec 2m—1)n=-1
®) tangzND; tan%t:ND; tan(2n+ 1) gzND,

where n € [ tangent of odd integral multiple of g isND

(9) cot0°=ND,cott=ND,cot2n =ND;
cotnt= ND, wheren €1

cotangent of integral multiple of p is not defined.

(10) sin(2mc+gj = l,sin(Znn—gj =-1

=sin [Znn + 3—“)
2

Ilustration 1 Find the value of following

2
(i) Find tan (_?nj , c0s315°, sec210°, cosec225°, cot(—300°)

and sin(—”—nj .
4

(i) Find the value of sin2£+sin23—T[+sin25—7r+sin27—7r
i) Find the value o 4 1 2 -
. . -2n 2n
Solution : (i) tan 5 :—tan?:—(—\/g):ﬁ
1
cos 315° =cos (360°—45°)=cos45° = E
sec 210°=sec(180° +30°) =—sec 30° = %
cosec 225° =cosec (180° +45°) =—cosec 45°
I
cot (=300°) =—cot (300°) =—cot (360° — 60°)
=cot60°= —=
NE)
. (—1l7=m . (17w . i LT 1
sin =—sin| — |=-sin| 4n+— |=—-sin—=——
4 4 4 4

. .2 T .2 375 .2 51 .2 T
(11) sSiIn” —+smn” —+sin" —+sin” —
4 4 4 4

OECREEEIR

Ilustration 2 If x =sin 1, y =sin 1° then show that x > y.

Solution In a 1% quadrant, sin x increases from 0 to 1 when
X increases from 0° to 90°.

We have 1 >1°and 1, 1° are both in Q,.
Hence, sin 1 >sin 1°

Illustration 3 Prove that sin(—420°) (cos 390°) + cos(—660°)
sin(330°)=-1.

Solution L.H.S. =sin(—420°) (cos 390°) + cos (—660°) (sin 330°)
=—sin420° cos 390° + cos 660° sin 330°
[." sin(—0) = —sin0, cos(—0) = cos 0]
=5sin(90° x 4+ 60°) cos(90° x 4 +30°)
+¢0s(90° x 7+ 30°) sin(90° x 3+ 60°)
=—(sin 60°) (cos 30°) + (sin 30°) (—cos 60°)

11



Compound Angle

Illustration 4 Prove that :

cos(90° + 6)sec(—9)tan (1800 - 6)
sec(360° - e)sin(180° + 9)00t(90° -0)

=-1

cos(900 + 6)sec(—e)tan(180° - 9)

Solution L.H.S= 560(3600 ~ 9)sin(180° + e)cot (900 _ 9)

(—sin6)(sec)(—tan6)
(sec)(—sinB)(tan )

=—-1=RHS.

Hlustration 5 If A,B,C,D are angles of a cyclic quadrilateral,
then prove that,

cos A+ cos B+cosC+cosD=0.

Solution We know that the opposite angles of a cyclic
quadrilateral are supplementary,

ie., A+C=mnand B+D=mn. Therefore,
A=n—-CandB=n-D
= cosA=cos(n—C)=—-cosC
and cos B=cos(n—D)=-cosD
cos A+ cosB+cosC+cosD
=—cosC—-cosD+cosC+cosD=0
Ilustration 6. Show that tan 1° tan 2° .... tan §9° = 1.
Sol. L.H.S.=(tan 1° tan 89°) (tan 2° tan 88°)
....(tan 44° tan 46°) tan 45°
= [tan1° tan(90° — 1°)] [tan 2° tan(90° — 2°)]
....[tan 44° tan(90° — 44°)Jtan 45°
= (tan 1° cot 1°) (tan 2° cot 2°)....(tan 44° cot 44°) tan 45° = 1
=R.H.S. [ tanOcotO=1andtan45°=1]
Ilustration 7 Show that

1
sin? 5° +sin? 10°+ sin? 15° + ...+ sin?90° = 95 .
Solution L.H.S. = (sin? 5° + sin? 85°) + (sin? 10° + sin’80°)
+ ...+ (sin® 40° + sin? 50°) + sin> 45° + sin® 90°
= (sin? 5° + cos? 5°) + (sin? 10° cos? 10°)

+ ...+ (sin? 40° + cos? 40°) + sin? 45° + sin? 90°

2
1
U+1+1+1+1+1+1+D+(——j+1

N

= 9l =R.HS.
2

Illustration 8 Find the value of

2 T 2 3n 2 5w 2 n
COS" —+CO0S" —+COS™ — +COS™ —,
16 16 16 16
Solution L.H.S.
:cos2£+c0523—n+c0s2 T 3 +eos?| -
16 16 2 16 2 16

2 T 23TC . 237[ .2 T
= COS E"FCOS —4+SIn" —+sm- —

16 16 16

= (cos2 % +sin’ lj + (cos2 3—n +sin? 3—nj

16 16 16
=1+1=2.
Ilustration 9 Which of the following is possible ?
. 5
(A) sin0 = 3 (B)tan 0= 1002
1+ p? 1
(C) cosb=—=,(p=%l) (D) sec6=5

5
Solution (B) sin 6 = 3 is not possible as—1 <sin 6 < 1.
1+p’ 1+p?
cosO = p2 is not possible, as in pz , the numerator
I-p I-p
is always greater than the denominator for any value of
p other than p = 0.

1+ p? .
Hence, pz doesnotliein[-1, 1].

l-p

1
secO = ) is not possible as sec 0 € (o0, —1] U [1, ).

tan 6 = 1002 is possible as tan 6 can take any real value.

Ilustration 10 Which of the following is greatest ?

(A)tan 1 (B)tan4
(O)tan7 (D)tan 10
Solution (A)

tan 4 =tan(n + (4 — ) = tan(4 — ) = tan (0.86)

tan 7=tan 2n + (7—2m)=tan (7 —2w) =tan (0.72)
tan 10=tan 3+ (10—3m)

=tan (10 —37n)=tan(10 —37) =tan (0.58)

Now, 1>0.86>0.72>0.58

= tan 1 > tan (0.86) > tan(0.72) > tan (0.58)
[as 1, 0.86,0.72, 0.58 lie in the first quadrant and tangent
functions increase in all the quadrant]. Hence, tan 1 is
greatest.

12
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Hlustration 11 Which of the following is least ?

(A)sin3 (B)sin2
(O)sinl (D)sin7
Solution (D)

sin 3 =sin [t—(n—3)] =sin (1—3)=sin (0.14)
sin 2 =sin [t —(n—2)]
=sin(n—2)=sin(1.14)
sin 7=sin [2n+ (7 —2m)] =sin (0.72)
Now 1.14>1>0.72>0.14

= sin(1.14)>sin 1 >sin(0.72) >sin(0.14) [as 1.14, 1,0.72,
0.14 lie in the first quadrant and sine functions increase in
the first quadrant. Hence, sin 3 is least.

Ilustration 12 If A= 4 sin0 + cos?0, then which of the following
is not true ?

(A) Maximum value of Ais 5

(B) Minimum value of A is —4

(C) Maximum value of A occurs when sin 6 =1/2

(D) Minimum value of A occurs when sin 6 = 1

Solution (A, C,D)

f(0)=4sinb +cos’0=4sinO+1—sin’0
=5—-(4—-45sin0+sin’0) =5 —(sin 6 — 2)?

Now maximum value of f(0) occurs when

(sin © — 2)? is minimum.

Minimum value of (sin 6 — 2)? occurs when

sin 0 = 1, then maximum value of f(0) is 5— (1 —2)*=4.

Also minimum value of f{(8) occurs when
(sin ©—2)? is maximum.

Maximum value of (sin 6 — 2)* occurs when
sin 6 =— 1, then minimum value of f(0) is 5 (-1 -2)*=—4.

4x
Illustration 13 Is the equation sec? 0 = —yz possible for
(x+y)

real values of x and y ?

. : 2 4xy
Solution Given, sec” 0= 3

(x+y)
. 4xy
Since sec? 0 > 1, we get 521
(x+y)
or (x +y)?<4xy
or (x+y)P—4xy<0or(x—y)*<0

But for real values of x and y, (x —y)*> 0

Since (x—y)*=0,x=y.Alsox+y#0=x=0,y#0

4xy

(x+y)
possible for real values of x and y only when
x=y(x#=0).

Therefore, the given equation sec’0 = 7 1is

2 2

X
Ilustration 14 If cosec 6 = — N y2 where x, y are two unequal
X'ty

nonzero real numbers then prove that 6 has no real value.
Solution Here x # y and they are real, so x> + y? > x* — y?

cosec O <1lifx>yandcosec0>-1ifx<y

—1 <cosecH<1

Which is not possible because we know that cosec 6 > 1

or<-1

Hence, there is no real value of 6.
IMlustration 15 Statement -1 : Ifa, b,c € R and not all equal, then
(bc+ca+ab)

has a solution.
(a2 +b%+¢? )

secO =

Statement -2 : sec 0 <—1 orsec 6> 1
Discuss above statements
Solution (a—b)’>0 = a’+b?>2ab
Similarly we have a? + ¢* > 2ac, b> + ¢* > 2bc adding all
inequalities, we get ab + bc + ca <a’*+ b+ ¢?
(bc+ca+ab)
(a2 +b* +¢? )

Statement -1 is false and Statement -2 is true.

1
Illustration 16 Show that the equation sin 6 = X+— is
X

impossible if x is real.

. 1
Solution Given, sin0 = x+—
X

. 1 1 1
sm29=x2+—2+2x—=x2+—2+2
X X X

1V
:(x——J +4>4
X

which is not possible since sin? 0 < 1.

Illustration 17 If sin* 0, + sin® 0,, + sin* 6, = 0, then which of

the following is not the possible value of

cos 0, + cos 0, +cos 0,.

(A)3 B)-3 O)-1 (D)2
Solution (D)

sin*0, +sin’0, + sin*0, = 0

= sin’0, =sin*0, =sin*0,= 0

= co0s*0,, cos*0,, cos’0, = 1

= co0s0,cos0, cos0, =+l1

13
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cos 0, +cos 0, + cos 0, can be -3 (when all are 1)
or 3 (whenallare+1)

or —1 (when any two are —1 and one +1)

or 1 (when any two are +1 and one —1)

but -2 is not a possible value.

Illustration 18 Show that

b 3n St T on
cot—cot—cot—cot—cot— =1
20 20 20 20 20

. ot cot2F cot 2ot L= cot 2F
Solution L.H.S.= 20 20 20 20 20

T on 3n Tn 5w
=| cot—cot— || cot—cot— |cot| —
20 20 20 20 20

[** A+B=mn/2=cotAcotB=1]
=1=RHS.
Ilustration 19 Prove that
cotA+tan (180°+A)+tan (90°+A)+tan (360°—-A)=0
Solution L.H.S. =cot A+ tan (180° + A)
+tan (90° +A) + tan (360° —A) =0.
=cotA+tanA—cotA—tanA=0=R.H.S.

Ilustration 20 If 6 = %, then show that

sin230-sin70
sin20 +sin 140

Solution t=216
sin 230 =sin(210 + 20) =sin (1 +26) =—sin 20
sin 140 =sin(210 — 70) = sin (m— 70) =sin 760

3 sin230—-sin70  —sin20-sin 70
" sin20+sin140  sin20+sin70

LH.S

=—1=RH.S.
Illustration 21 If cos 0 > 0, tanO + sin 6 = m and tan 0 — sin6
= n, then show that m> — n? = 4/mn.
Solution cos 6 >0, m = tanO + sin 0 and n = tan 0 — sin 6

= m’—n’=(tan 0 + sin 6)* — (tan O — sin 0)?

sin® . sin’ 0
=4tanBsin@= 4——-sin@=4———+
cosO cos6
. 4
SPNLLL (sincecosB > 0)
cos” 0

)
= 4\/s1n 0 (l—cos2 9) =4/tan’ O —sin’ O

cos’ 0

= 4\/(tan6+ sine)(tane—sine) =4/ mn
ie.,, m?>—n? =4mn.
DPP2

Total Marks 64 Time 60 Minute

Question Number 1 to 16. Marking Scheme : +4 for correct
answer 0 in all other cases.

3
1. If cosO= 3 and O is not in the first quadrant then show

5sin®—3tan 0 _0

that =
3secO—4cot0

1
2. If sec © + tan 6=§ then find the value of sin 6 and
determine the quadrant in which '0' lies.

3. Iftan a and tan B are two solutions of x> — px + q =0,
cot a.and cot f3 are the roots of x> — rx + s = 0 then the value
of rs is equal to :

A b a 1
(A) e (B) D2 © g (D)pq

4. The value of

.2 T N .2 Tr .2 4 .
sin“| — [+sin“| — |+sin”| — [+sin” | — | is
18 9 18 9
(A)2 B)3 (©)4 (D) None
5. Ifsin0 +sin? 0 =1, then cos? 0 + cos* 0 =

(A)0 B)1 (©)2 (D) None

6. Show that
2(sin® O + cos®0) -3 (sin* O + cos*0) + 1 =0

5
7. If 0<x< % and cos X + sin X = Z, find the numerical

values of cos x — sin X.

8. Eliminate '0' from the equations
acosO+bsinO+c=0,acos0+b sinO+c =0,

wherea,b,c,a, b, c arereal constants and (ab, —a b) 0.

9. Which of following is correct (where n € N) ?

n+1l n?+1

A)sinf= —— B) sin0 =
(A) sin o (B) sin -

(C) secO = % (D) sec =

n°+1

14
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10. Ifsin* 0, +sin® 0, + ...+ sin* 6 =0, then find the minimum
value of cos 0, +cos 0, + ...+ cos 0 .

11. Ifsin? 0 =x?—3x+ 3 is meaningful, then find the values of
X

12. Prove that (sin 0 + cosec 0)*> + (cos 0 + sec 6)> > 9.
13. Prove that

sin(—420°) (cos 390°) + cos (—660°) (sin 330°) =—1.
14. Prove that:

1
(1) tan 720° — cos 270° — sin 150° cos 120° = 4

1
(i1) sin 780° sin 480° + cos 120° sin 150° = 2

15. If = g, prove that cos o cos 2a cos 3a cos 4o cos Sa

1
cos 6o = ——.
16
7T an 2%

16. Find the value of tan ltan 3—TE tan 5—“ tan—tan—.
20 20 20 20 20

Result Analysis

1. 48to 64 Marks : Advance Level.
2. 32to47 Marks : Main Level.
3. <32 Marks: Below Average
(Please go through this article again)

TRIGONOMETRIC RATIOS FOR COMPOUND
ANGLES

Cosine of the difference and Sum of two angles
1. cos(A-B)=cosAcosB +sinAsinB
2. cos(A+B)=cosAcosB—sinAsinB
for all angles A and B.
Proof

1. LetX'OXand YOY'be the coordinate axes. Consider a unit
circle with O as the center (fig.).

y
A
(cos B, sin B)
P B P,(cos A, sin A)
X'e : A > X
/A ~-B / P(1,0)
P,
[cos A(A—B), sin (A-B)]
v
yl

Let P ,P, and P, be the three points on the circle such that
£ZXOP =A, ZXOP,=B, and ZXOP, =A-B.

As we know that the terminal side of any angle intersects
the circle with center at O and unit radius at a point whose
coordinates are the cosine and sine of the angle.
Therefore, coordinates of P, P,, and P, are (cos A, sin A),
(cos B, sin B), and (cos (A — B), sin (A—B)), respectively.

We know that equal chords of a circle make equal angles at
its center and chords P P, and P P, subtend equal angles
at O. Therefore,

Chord P, P.= Chord PP,

= \/{cos(A— B)—l}2 +{sin(A —B)-0}*

:\/(cosB—cosA)2 +(sinB—sinA)2
or {cos(A-B)-1}2+sin*(A-B)
= (cos B —cos A)* + (sin B — sin A)?
or cos’(A—B)—2cos(A-B)+1+sin’(A-B)
= cos? B + cos? A— 2 cos A cos B +sin®> B +sin* A

—2sinAsin B
or 2—-2cos(A-B)=2-2cosAcosB—-2sinA
sin B or cos(A—B) =cos A cos B +sinAsin B

2. cos(A+B)=cos(A-(-B) .. )]

= cos A cos(—B) + sin A sin (-B) [Using ()]
=cos Acos B—sinAsin B

Hence, cos (A+ B) =cos Acos B—sinAsin B

[ cos(-B) = cos B, sin (-B) = —sin B]

Note : This method of proof of the above formula is true for
all values of angles A and B whether the value is positive
Zero, or negative.

Sine of the Difference and Sum of Two Angles
1. sin(A—B)=sinAcos B—-cosAsinB
2. sin(A+B)=sinAcos B+ cosAsinB
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Proof

1. sin(A—B) =cos(90°-(A—-B))["." cos(90°—0)=sin 0]
=cos((90°-A)+B)
=¢08(90°—A) cos B—sin (90°—A) sin B
=sin A cos B—cosAsin B

2. sin(A+B)=sin(A-(-B) .. @)
=sin A cos (-B) —cos Asin (-B)  [Using (i)]
=sinAcosB+cosAsinB [ sin(-B)=-sin B]

Tangent of the Difference and Sum of Two Angles

tan A +tan B

L. tan(A+B)= l-tanAtan B

5 A_R)= tan A —tan B

- tan(A- )71+tanAtanB

Proof

. A+B sin(A+B) sinAcosB+cosAsinB

. +B)= = =
tan ( ) cos(A+B) cosAcosB-sinAsinB
tan A +tan B On dividing th d
I_tan AtanB [On dividing the numerator an

denominator by cos A cos B]

2. tan(A-B)=tan(A+(-B))

_ tanA+tan(-B) tanA-tanB
l-tanAtan(-B) 1+tanAtanB

Similarly, it can be proved that

cotAcosB-1
= " a

cot(A+B)= nd
cotB+cotA

cot(A—B): cotAcosB+1
cotB—cot A

Some more results

1. sin(A+B)sin (A-B)=sin? A—sin’ B =cos’ B —cos’A

2. cos(A+B) cos(A—B) = cos’A—sin’B = cos? B —sin’? A

3. sin(A+B+C)=sinAcos B cos C+cosAsinBcosC
+ cos A cos B sin C —sin A sin B sin C

4. cos(A+B+C)=cosAcosB cosC—cosAsinBsinC

—sin A cos B sin C —sin A sin B cos C

tan A +tan B+tanC—tan A tan Btan C
1-tan AtanB—tan Btan C —tan Ctan A

5. tan(A+B+C)=

Proof
1. sin(A+B)sin(A-—B)=(sinAcosB
+ cos A sin B) (sin A cos B — cos A sin B)
= sin? A cos? B — cos? A sin’ B
= sin? A(1-sin* B) — (1 —sin* A) sin* B
= sin? A — sin® A sin’B — sin? B + sin? A sin’ B
= sin’ A—sin* B
=(1-cos*A)— (1 —cos? B) =cos’ B—cos* A

2. cos(A+B)cos(A—B) =(cosAcosB—sinAsinB) (cos A
cos B +sin A sin B)

= cos® A cos’ B — sin? A sin*B

=c0s’ A (1 —sin? B) — (1 — cos’ A) sin’B

=cos’ A—sin* B

=(1-sin? A)— (1 —cos? B) =cos? B —sin”’ A
3. We have,

sin(A+B+C)

=sin((A+B)+C)

=sin(A+B)cos C+cos(A+B)sinC

= (sin A cos B + cos Asin B) cos C

+ (cos A cos B —sin A sin B) sin C
=sin A cos B cos C + cos A sin B cos C
+ cos A cos B sin C —sin Asin B sin C
4. We have,
cos(A+B+C)

=cos((A+B)+C)

=cos(A+B)cos C—sin(A+B)sinC

= (cos A cos B —sin Asin B) cos C

—(sin A cos B+ cos Asin B) sin C
=cos A cos B cos C —sin Asin B cos C
—sin A cos B sin C—cos Asin B sin C

5. tan(A+B+C)=tan((A+B)+C)

tanA+tanB
_tan(A+B)+tanC _ |_tanAtanB

I-tan(A +B)tanC 1- tan A +tan B tan C
I-tanAtan B

+tanC

_tanA+tanB+tanC—tan AtanBtanC
l-tan AtanB—tanBtanC —tanCtan A

Illustration 1 Show that :

(i) sin 150 = ~——= = cos 75°

22
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ii 15° —\/g+1—sin75°
(i) cos 15°= NG

(i) tan15° =2 —~/3 = cot 75°

(iv) cot 15°= 2+ V3 =tan75°
Solution
(1) sin(A-B)=sinAcosB-cosAsinB
A=45° B=30° sin(45°—30°)=sin45° cos 30° —cos 45° sin 30°

i 15v——\/§_1—cos75°
= sinl5°= )

(i) cos (45°-30°)=cos45°cos 30°+sin 45°sin 30°

ﬁ L_x/gﬂ
2’ 222

1
o_ +—
cos 15 5

|-

2

sin15° _\3-1 _(\/5—1)2 23

(i) tan 15°= cos15° \/§+1_ >
(iv) cotl5® —;—L2+\/§
a tan15° 2-+f3

Illustration 2 Prove that

sin(B—C) N sin(C—A) N sin(A—B)

cosBcosC cosCcosA cosAcosB

=0.

Solution The first term of the L.H.S. is

sin(B—C) _ sinBcosC —cosBsinC
cosBcosC

cos BcosC

sinBcosC cosBsinC

cosBcosC cosBcosC

= tan B —tan C.

Similarly, the second term of the L.H.S. is (tan C —tan A)
and the third term of the L.H.S. is (tan A—tan A)

Now  L.H.S.=(tanB—tan C)+ (tan C—tan A) + (tan A
—tanB)=0.

Ilustration 3 If sin o sin 3 —cos o cos B + o = 0, then prove that
1 +cotatan f=0.

Solution Given, sin o.sin 3 —cosoacos+1=0

or cosacosPB—sinasinf =1
or cos(a+p)=1
coso.  sinf3
Now l+cotatanPB=1+___X%
sina.  cosf

_ sina.cosB+cosasinf3

sinocosf

sin(a—B)

sin o.cos 3

sinacos3

[~ sin’(a+B)=1-sin’(a+B)=1-1=0]

Ilustration 4 If cot = 2tan (o. — B), then show that
tano =2 tan B +cot B

2(tan o — tan )

Solution Given cot =2 tan(a.— )= "~ B

= cotf(l+tanatanB)=2tano—2tan
= cotP+tana=2tan a—2 tan 3

= cotf+2tanfP =tana

T
Illustration 5 IfA+B= Z then show that

1 (1+tanA)(1+tanB)=2
(i) (cotA—1)(cotB—-1)=2
and hence find the values of
(i) (1+tan1°)(1+tan2°)(1+tan3°)....(1+tan44°)
(iv) (cot1°—=1)(cot2°—1)(cot3°—1)....(cot44°—1)

T
(v) tan P

i
Solution (i) Giventhat A+ B = 7
tan(A+B)=1
tanA+tanB=1-tanAtan B

l1+tanA+tanB +tanAtanB=1+1

O

(1 +tanA)+tan (1 +tanA) =2
= (1+tanA) (1 +tanB)=2

(i) cot(A+B)=1
= cotBcotA—cotA—cotB+1=1+1
= cotA(cotB—1)—(cotB-1)=2
= (cotA—1)(cotB-1)=2

@) (1+tan1°)(1+tan2°).....(1+tan43°) (1 +tan44°)
=(1+tan 1°) (1 +tan 44°) (1 +tan 2°) (1 +tan 43°)

...... (1+tan22°) (1 +tan 23°)

=2.2.2...(22times) [using (ii)]
=92

= cotBcotA—1=cotAcotB
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(iv) (cot1°—1)(cot2°—1)....(cot43°—1) (cot44°—1)
=(cot1°—1)(cot44°—1)(cot2°—1)(cot43°—1)
...... (cot22°—1)(cot23°—1)
=2.2.2.....2 (22 times) [using (i)]
=022
(v) PutB=Ain (i) we get
(1+tanA) (1 +tanA)=2

= l+tanA=.2

= tanA= \/571

A+B=

ENgI|

i 3n
tang —\/57 1=cot 2

c0s10° +sin10°

cos10° —sin10°

Ilustration 6 Prove that : = tan 55°.

cos10° +sin10° 1+tan10° tan45° +tanl10°

Solution cos10° —sin10° 1—tan10° 1—tan45° tan10°

=tan(45° + 10°) =tan 55° (dividing by cos 10°)
Illustration 7 Prove that tan 70° =2 tan 50° + tan 20°

tan 50° + tan 20°
1—tan 50° tan 20°

Solution tan 70° = tan (50° +20°) =

or tan70° (1—tan 50° tan 20°)=tan 50° +tan 20°

or tan70°—tan 50° tan 20° tan 70° = tan 50° + tan 20°

or tan70°=tan 70°tan 50°tan 20° + tan 50° + tan 20°
= tan(90°-20°) tan 50° tan 20° + tan 50° + tan 20°
= cot 20° tan 50° tan 20° + tan 50° + tan 20°

=tan 50° + tan 50° + tan 20° =2 tan 50° + tan 20°

1 2
Illustration 8 If sin(A —B) = 7o cos(A+B)= Tk find the

value of tan 2A where A and B lie between 0 and m/4.
Solution tan 2A =tan [(A+ B)+ (A-B)]
_ tan(A +B)+tan(A-B)
" 1—tan(A + B) tan(A — B)
Given that, 0 <A<m/4, and 0 < B <m/4. There,

'
0<A+B< 5

Al T <A-B<Z andsin(A-B) 1 =(+)ve
- - — an 1n — = T
07y g4 2N9S J10

0<A-B<—
4
1
Now, sin(A—B) = E
1
= tan(AfB)ZE
2
= cos(A+B):E

5
= tan(A+B)= 5

From Eq.. (1), (ii) and (iii), we get

=17

s, 1
tan 2A = 2 3 :Hxé
501 6 1
1-=x—
2 3

tan” 20— tan” 0

—— = tan306tan O
1-tan~ 26tan~ ©

Illustration 9 Prove that :

tan? 20 —tan> 0

Solution —————
1—tan? 20tan’ 0

[ tan20—tan® tan 20 + tan O
“{1+tan20 tan® ) 1—tan20tan O

= (tan 20 — 0) tan(26 + 0) =tan 30 tan O

Illustration 10 Find the value of
n( . S5n T . T St .m
cos—| sin—+cos— |[+sin—| cos— —sin— |
12 12 4 12 12 4

Solution cos 15° (sin 75° + cos 45°) + sin15° (cos 75° —sin 45°)
: o o 0o o 1 3
=sin(75° +15° )+ cos (45° +15°) =1+ - ==

2 2

DPP3

Total Marks 50 Time 60 Minute

Question Number 1 to 9. Marking Scheme : +4 for correct
answer 0 in all other cases.

3n
4
(1 (tanA-1)(tanB-1)=2

(i) (cotA+1)(cotB+1)=2

1. IfA+B= then prove that [10 Marks]

Hence, deduce the value of

(iii) (tan46°— 1) (tan47°— 1) (tan48°— 1)....(tan 89°— 1)
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(iv) pqwherep=(cot1°+1)
(cot2°+1)...(cot9°+1)
q=(cot134°+1)
(cot133°+1)...(cot 126°+ 1)

o

1
V) cot67—
v) 5

2. Prove that [12 Marks]
() tan A+tan B +tan Atan B tan (A+ B)=tan (A+ B)
(i) tanA+2tanB

T
=tan (A+B) or cotAIf2A+B= P

Hence find the values of

(i) tan23°+tan 37° + +/3 tan 23° tan 37° .
(iv) tan20°+2 tan 50°.
(v) 2tan40°+tan20°+4tan 10°

(vi) tan 18°+tan27°+tan 18 tan 7°

3. Show that cos?*6 + cos?(a + 0) —2 cos a cos a cos 0 cos
(o + 0) is independent of 6.

4. LetA, B, Cbe the three angles such that A+ B+ C = .

cosAcosB

Iftan A - tan B = 2. Then find the value of osC

5. IfsinA+cos2A=1/2and cosA+sin2A=1/3, then find the
value of sin 3A.

6. Ifsinx+siny+sinz=0=cosx+cosy + cos z, then find
the value of expression cos 0.

7. Ifcos(o+B)+sin (o —B)=0andtan  # 1, then find the
value of tan a.

8. Ifx is A M. of tan ©/9 and tan 57/18 and y is A.M. of
tan /9 and 77/18, then relate x and y.

9. IftanA=1/2,tan B =1/3, then prove that cos 2A = sin 2B.

Result Analysis

1. 32to50 Marks : Advance Level.
. 22to31 Marks : Main Level.
3. <22 Marks: Below Average
(Please go through this article again)

TRANSFORMATION FORMULA

Formula to Transform the Product into Sum or Difference

We know that
sinAcosB+cosAsinB=sin(A+B) ... @
sinAcosB—-cosAsinB=sin(A-B) ... (i)
cosAcosB-sinAsinB=cos(A+B) .. (iii)
cosAcosB+sinAsinB=cos(A-B) ... (iv)

Adding Egs. (i) and (ii), we obtain
2sinAcos B=sin(A+B)+sin(A-B) ... )
Substracting Eqgs.; (ii) from (i), we get
2cosAsinB=sin(A+B)-sin(A-B) ... (vi)
Adding Eqgs. (iii) and (iv), we get
2cosAcosB=cos(A+B)+cos(A-B) ... (vii)
Subtracting Egs. (iii) from (iv), we get
2sinAsinB=cos(A-B)—-cos(A+B) ... (viii)
Formulas to Transform the Sum of Difference into Product

LetA+B=CandA-B=D.

+D C-D
and B=T

C
Then, A=

Substituting the values of A, B, C and D in Egs. (v), (vi),
(vii) and (viii), we get
D C-D
cos
J ( 2 j

C

. . . ([C+
sin C+sinD =2 sin

. . . (C-D
sin C —sin D=2 sin > Cos

N |+
w)
N

C+D C-D
cosC+c0sD—2cos( ; jcos[ ) ..... (xi)

. (C+D C-D
cos D—cos C=2sin 2 cos 5

. (C+D C-D .
cos C—cos D=-2sin > cos > ) (xii)

~(C+D). (D-C
cos C—cos D=2 sin > sin 2

These four formulas are used to convert the sum or
difference of two sines or two cosines into the product of
sines and cosines.
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Illustration 1 Prove that :

sin5A —sin3A sin A +sin3A
——— —  =—tanA (i) ————5—=tan 2A
cos5A +cos3A cos A +cos3A
Solution
(1 LH.S.

. [5A=-3A 5A+3A
) ) 2sin cos
3 sin5A —sin3A 2 2

"~ C0SS5A +cos3A (5A+3A) (5A—3Aj
2cos 7 coS 2

2sin A cos 4A

= m = tanA=R.H.S.

sin3A +sin A
cos3A +cosA

. (3A+A 3JA-A
2sin cos
2 2
3A+A 3A-A
2cos cos
2 2

_sin2AcosA
cos2A cosA

(i) LHS.=

tan2A = R.HS.

Illustration 2 Prove that cos 18° —sin 18° = \/5 sin27°
Solution L.H.S. =cos 18° —sin 18°

=cos 18°—5sin (90° —72°) =cos 18° —cos 72°
18°+72° . 72°-18°
sin
2 2

= 2sin

=2sin45°sin27°
2L in270 J2sin27°

= 2—sin = sin
J2

Hlustration 3 (i) Prove that sin 65° + cos 65° = /2 c0s 20°
(i1) Prove that sin 47° + cos 77° =cos 17°

Solution (i) sin 65° +cos 65° =sin 65° + sin 25°

. [ 65°+25° 65° —25°
=2sin cos
2 2

=2 sin 45° cos 20° = 2LCOS 20° =+/2 c0s20°

NG

(i) sin47°+cos77°=sin47°+sin 13°

. [ 47° +13° 47° -13°
= 2sin cos
2 2

=2sin30°cos 17°

= 2(%)cos17° =cosl7°

Illustration 4 Prove that : cos 80° + cos 40° — cos 20°=0

Solution cos 80° + cos 40° — cos 20°

=2cos [%J cos [@J —c0s20°

= 2¢0s60° cos20° —cos 20°

= 2%cos 20° —c0s20° =0

Illustration 5 Prove that
sin 10° + sin 20° + sin 40° + sin 50° = sin 70° + sin 80°

Solution sin10° + sin 20° + sin 40° + sin 50°

. [ 10° +50° 50° -10°
=2sin cos
2 2
. [ 20° +40° 40° -20°
+2sin cos
2 2

=2sin 30° cos 20° + 2 sin 30° cos 10°

- ZLSin700 + 215in80°
2 2

=sin70° +sin 80°
Illustration 6 Prove that :

T 27 671 T
005g+cos?+cos—+cos— =0

. T 2 61 n
Solution cosg +cos—+cos—+cos— =0

i n 2n 67
=| cos—+cos— |+| cos— +cos—
5 5 5 5

4 3n 4r 21
= ZCOS?COS?+ 2Cc0S—CcoS—

4r 3n 2n
=2c0s—| coS— +Ccos—
5 5 5

= 20034—7t 2cos£+ cosﬂ =0
5 2 10
Illustration 7 Prove that :

sin A +sin2A +sin4A +sin5A
coSA +cos2A +cos4A +cosS5A

tan 3A.
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sin A +sin 2A +sin4A +sin5A
coS A +cos2A +cos4A +cos5A

Solution

(sin 5A +sin A) + (sin 4A +sin ZA)

(cos5A +cosA)+(cos4A+cos2A)

B 2sin3A cos2A +2sin3A cosA
 2c083Acos2A +2cos3Acos A

2sin3A(cos2A +cosA)

= =tan3A
2c0s3A(cos2A +cosA)

Illustration 8 Prove that

(cos o+ cos B)? = 4cos’ (OLT_BJ + ({Jsina+sinp)>.

Solution L.H.S. = (cos a+ cos )* + (sin o + sin §)?
(2 (5)
2 2 2 2
=4cos’ (a—_ﬁj{cosz OL—JFB+ sin’ oc_+[3}
2 2 2

—4COSZ(Q—_BJ [ cosza+B+sin2a+B:1 }
2 2 2

=R.H.S.
Mlustration 9 In quadrilateral ABCD if

. (A+B A-B) C+D] C-D
sin cos +sin cos =2,
( 2 j ( 2 j ( 2 2

then find the val fsinésingsingsin2
en find the value o > 5S> 5

Solution
. (A+B A-B . (C+D C-D
sin cos +sin cos =2
2 2 2 2

or %[SinA+sinB+sinC+sinD] =2

or sinA+ sinB+sinC+sinD=4

or A=B=C=D=90°

.A.B. C.D 1
or Sin—sin—sin—sin— =—
2 2 2 2 4

Illustration 10 Prove that cos o+ cos 3 +cosy+cos (a+ B +7)

OMBCOSBWcoswm.
2 2 2

= 4cos

Solution L.H.S. =cosa +cos 3 +cosy+cos(a+f+7)

=(cos o+ cos ) +[cos y+ cos (o + B +7)]

—ZCOS(OLJ’_BJCOS(OL—_B)
2 2

+B+y+ +B+y-—
+200$(a BZY yjcos[a BzY yj

= Zcos(a;Bjcos(aT_Bj+ZCos(a;Bj COS[#)
= ZCOS(Q;Bj{cos(a;BJ+cos($j}
= 2cos(a+ﬁj
2

a-B_ o+P+2y a+P+2y o-P

2cos 2 2 cos 2 2

2 2

=ZCos[a——FBj%cos[a+yjcos[ﬁ+yj}

2 2 2

=4cos[a+B]cos(ﬁ+yjcos(y+aj=R.H.S.
2 2 2

Tllustration 11 Prove that :

cosA —cosB n_ sinA—sinB )
sinA +sin B cosA+cosB

0 if n is even

—2tan" (%) if n is odd

. cosA—cosBY' sinA—sinB )’
Solution -

sinA +sinB

.(A+B). [A-B
—2sin sin
2 2
. ([A+B A-B
2sin cos
2 2

cosA+cosB

(252 e 252)

0if n is even, since (-1)" =1

|2 tan® [A;B)ifn is odd, since (-1)" =-1
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Ilustration 12 Suppose that o —  is not an odd multiple of

sin(a+p) 1-m
cos(a—P) Cl+m’

g,meR—{O,—l} and

n T
The ShOW that tan (Z — aj =mtan (Z + Bj .

. sin(a + B) l1-m
Solution Since = and (1-m)—(1+m)=-2m= 0,

cos(a—p) 1+m

by componendo and dividendo, we have

sin(o+B)+cos(a—B) I-m+1+m
sin(o+B)—cos(a—B) " 1-m-1-m

cos[g—(a+ﬁ)}+cos(oc—ﬁ) 5

.' cos[g—(owﬁ)}—cos(a—ﬁ) ~2m

E—a—Bﬂx—B E—oc—[3—()n+[3
2cos 2 cos 2
2 2
= T
——o—-B+a-P ——o—-PB-a+p
—2sin sin 2
2 2
__ L
m

(e}
Q
=

[72)
=
=]
L —|—

-
<]
=

Al
|
Q

N— N )

DPP 4

Total Marks 32 Time 30 Minute

Question Number 1 to 8. Marking Scheme : +4 for correct
answer 0 in all other cases.

1. Ifsin A = sin B and cos A = cos B, then prove that

_A-B

sin 0.
2

2. Ifsec(0+ o)+ sec(d— o) =2 sec 0, then show that cos? 6 =

1+ cos a.

3. Ifsina—sinf =1/3 ancos f —cos a = 1/2, show that

otp_2
3

cot

4. Ifcosec A+sec A=cosec B+ sec B,

A+B
Prove that tan A tan B = cot

5. Provethatsin25°cos 115°=1/2 (sin40°—1).
6. IfcosA=3/4,thenfind the value of 32sin (%) sin (%j .

7. If cos (A + B) sin (C + D) = cos (A — B) sin (C — D),
prove that cot A cot B cot C =cot D.

8. [Iftan(A+ B)=3tan A, prove that
(i sin(2A+B)=2sinB
(i) sin2(A+B)+sin2A=2sin2B

Result Analysis

1. 24to32Marks: Advance Level.
2. 16to23 Marks : Main Level.
3. <16 Marks : Below Average
(Please go through this article again)
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TRIGONOMETRIC RATIOS OF MULTIPLES

AND SUB-MULTIPLE ANGLES

Formulas for Multiple Angles

1. cos2A=cos(A+A)=cos®> A—sin’A
=1-2sinA=2cos?A—-1

1
Also sin’ A = 5 (1-cos2A),

cos? A = %(1 + Cos 2A)

2. sin2A =sin(A+A)
=sinAcos A+sinAcos A
=2sinAcos A

3. tan2A =tan(A+A)

tan A+ tan A 2tan A
" l-tanAtanA - 1-tan® A
4. sin3A =sin(2A+A)
=sin 2A cos A+ cos 2Asin A
=2 sin A cos Acos A+ (1-2 sin* A) sin A
=2 sinA cos? A+sin A—2 sin’* A
=2sinA (1 —sin?A) +sinA -2 sin’ A
=2sinA-2sin* A+sinA—2sin’ A
=3sinA—4sin® A
5. cos3A =cos(2A+A)
=cos 2A cos A—sin 2A sin A
=(2cos’A—1)cosA-2sinA
cos A sin A
=2cos* A—cosA—2cos A
(1—-cos?A)
=2 cos*A—cos A-2cosA+2cos’A
=4 cos’ A-3cosA
6. sin 2A and cos 2A in terms of tan A

sin 2A = 2 sinA cos A

2sinAcosA  2tanA
cos’ A+sin® A l+tan” A

[Dividing numerator and denominator by cos? A]

cos 2A = cos? A —sin? A

cos? A—sin? A _ 1—tan® A

" cosA+sin? A I1+tan’ A

[Dividing numerator and denominator by cos? A]

1—cos2A

Also tan? A = ————~
1+ cos2A

7. Inthe formula of tan(A+ B + C), putting B=Aand C=A,

_ 3
We get tan3A = M
1-3tan” A
cot’ A—3cotA

Similarly, we can prove that cot 3A= 3
3cot”" A-1

8. tan(A +A A= T
> +S, =Sg + e

where

S, =tanA +tanA +..+tanA = Sum ofthe tangents of

the separate angles,
S, =tanA tanA +tanA +tanA + ..

= Sum of the product of tangents taken two at a time,
S, =tanA, tanA,tanA +tanA tan A, tan A, + ...

= Sum of the product of tangents taken three at a time,
and so on.

If A =A,=..=A =A, thenwe have

S, =ntanA,S ="C, tan’A, S ="C tan’A,.....

Illustration 1 Prove that

sin 260

) ————=tan0

® 1+co0s20

i 29 oo
1—cos260

(i) 1+s%n26+00529:cote
1+sin26—cos26

(iv) 1+s?n6—c056:tane/2
1+sinO+cosO
cos 20
————=tan(n/4-0

) 1+sin260 ( )

(vi) COS.G = tan E—Q
1+sin® 4 2

sin20  2sin0Ocos0

ion (i = = =tan® = R.H.S.
Solution (i) L.H.S. 1+ c0s 20 03’ 6
sin 26 2sinBcosO
il = = =cot®=R.HS.
@) L.H.S. | cos20 2sin’ 6
1+5in20+c0s20 _ (1+c0s26)+sin26
(i) L.H.S.= =

1+5in20—cos20  (1-cos26)+sin20
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B 2co0s’ 0+ 2sinBHcos O
2sin’ 0 +2sin Ocos O

_ 2c0s60(cosB+sinB) cosd

B 2sinO(cos O+sin ) " sin®

1+sin@—cos® (1—-cos®)+sind
1+sin@+cos® (1+cosB)+sin®

(iv) LHS.=

25in29+2singcosg ZSiHQ Sin9+COSQ
2 2 2 2 2 2

=cot0=R.HS.

20052Q+2singcosg 2cos9 sin9+cosg
2 2 2 2 2 2
= '[an9 =R.HS.
2

sin| - 20
cos20 B 2

1+sin26 1+cos(g—29)

(v) LHS.=

2sin (Z - GJCOS(Z— OJ
- = tan G - ej =RHS.
2cos? (n - 6)
4

(vi) LHS.

. (m . (m © n O
sin| ——06 2sin| ——— |cos
cosO 2 _ 4 2 4 2

1+sin® 1+cos(§—9)

=tan (E—gj =R.HS.
4 2

Illustration 2 Show that /3 cosec 20° — sec20° = 4.

NG 1

Solution L.H.S.= =

2cos’ (n _Gj
4 2

3 cos 20° —sin 20°

sin 20° - cos20°

2 ﬁcos 20° —lsin 20°
2 2

sin 20° cos 20°

sin 20° cos 20°

2 (sin 60° cos 20° —cos 60°sin 20°)

B sin 20° cos 20°

3 2 sin(60° —20") 2 sin 40°

sin20°c0s20°  sin20°cos20°

_ 4sin 40° _ 4sin40°
2sin20°c0s20°  sin40°

Ilustration 3 Expand cos 560 terms of ©.
Solution cos 50 =cos (30 + 20)
= cos 36 cos 20 — sin 30 sin 20
=(4 cos’0—3cos 0) (2 cos’0—1)
—(3sin0—45sin*0)-2sin O cos O
= (8 cos’0—10 cos*0 + 3 cos )
—2cos 0 -sin?0 (3 — 4 sin’ 0)
=(8cos’0—10cos’0 + 3 cos 0)
—2cos 0 -sin? 0( 3 —4 sin* 0)
=(8¢cos’0—10cos’0 + 3 cos 0)
—2cos0(1-cos?0)(4cos’0—1)
=(8cos’0—10cos’0 + 3 cos 0)
—2cos0(5c0s20—-4cos*O—1)
=16 cos’ 0 —20cos’0 +5cos 6

Illustration 4 Find the values of

1 1
i) sin22— ii) cos 22—
() sin 22 (i) cos 22

o] o]

1 1
(i) tan 22 (iv) cot22—

. 1° 1—cos45°
Solution (i) sin 22? = @

V2-1 I’

= (since sin22—)
22 2

(i) Similarly we can show that
1°  [eos20+1  [V2+1
cos22—= =
2 2 22

1 \2-1 LT
(i) tanZZ?: \/5+1:(\/§_1)( T3 Q1j

(iv) cot 2217 =2+1= [sm ce cot 2217 > o]
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Illustration 5 Show that

cos” oL+ cos’ (oc + 120")+cos2 (oc -120° ) :%

Solution L.H.S.

1+ cos 2o 1+cos(20c+240°) 1+cos(2(x—240°)
= + +
2 2 2

==+

[cos2a+ cos(2a +240° ) + cos(20c —240° )]

N | W
N | —

= % + %[cos 20.+2cos2a. c0s240°]

:§+l cos2a+2c052a(—lj :E:R.H.S.
2 2 2 2

Important result

@

(i)

1.
sin O sin (60° — 0) sin(60° + 0) = i 30

1
cos0 cos(60° — 0) cos (60° +0) = Zcos36

(iii) tan O tan (60°— 0) tan (60° + 0) = tan 30
Proof (i) sinf sin(60° — 0) sin(60° + 0)

(i)

(iii)

= sinO[sin? 60° — sin? 0]

(. sin (A+ B) sin (A - B) = sin? A —sin? B)
. 3 .2 1 . .3 — L

=sin@| =—sin” 0 :—[3sm9—4sm 9] =—sin30

4 4 4
cos 0 cos( 60° — 0) cos(60° + 0) = cos 0 [cos? 60° — sin0]

1 2

= cose[——l(l—cos 9)}

4

(*" cos(A+B)cos (A—B)=cos*A—sin* B)

cos 0 —§+cos29 21[400539—3COSOJ2100339
4 4 4

tan 0 tan(60° — 0) tan(60° + 0)

sin sin(60° —G)Sin(60° +9) ) %sin3e )
" cos cos(600 —9)cos(60° +9) = lc053e = tan 30
4

Illustration 6 Show that :

Hence find the values of the following.
(1) sin 6°sin42° sin 66° sin 78°
(i) tan 6°tan 42° tan 66° tan 78°
(i) sin 20° sin 40° sin 60° sin 80°
(iv) cos 10° cos 30° cos 50° cos 70°

Solution (i) Put6=6°, 18°in (ii), we get

1 . o 1. o
Sn6°sn54°§nB6°= ,sin36" = sinl8” Q)

1 . o 1. o
sin 18° sin42° sin 78° =Zsm3.18 :Zsm54

(i)
(1) x (i1) = sin 6° sin 18° sin 42° sin 54° sin 66° sin 78°

= isin 18° sin 54°
16

1
= sin 6°sin 42° sin 66° sin 78°= 16

1
or cos 84°cos48°cos24°cos 12°= E

(i) Put®=06°,18°in (iii), we get
tan 6° tan 54° tan 66°=tan 18° ... @)
tan 18°tan42°tan 78°=tan 54° .. (i)
(1) x (i1) = tan 6° tan 42° tan 66° tan 78° =1

(ii)) Putx=20°1n(i),

x| &

. . . 1.
We get sin 20° sin 40° sin 80° = Zsm 60° =

3
sin 20° sin 40° sin 60° sin 80° = 16

(iv) Putx=10°in(ii),
3
We get cos 10° cos 30° cos 50° cos 70° = E
Illustration 7 Show that

3.
(i) sin’® 0+ sin®(60°—0) + sin’ (240° +0) = —Zsm 30

3
(i) cos®0+cos’ (120°+0)+ cos® (240°+0) = 2°08 30
Hence, find the values of the following.
(iii) sin® 10° + sin’® 50° —sin’ 70°
(iv) cos?20° — cos’® 40° — cos® 80°

sin’ 6° + sin® 54° —sin® 66°
cos’ 12° —cos® 48° —cos® 72°

V)
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Compound Angle

Solution (i) Let a=sin 6, b =sin(60° — 0),
¢ =sin(240° + 0) then ¢ = sin (60° + 0)
Nowa+Db+ ¢ =sin 0 + sin 60° — 0) — sin (60° + 0)
=sin0—2 cos 60°sin0=0
= a+b+c=0= a’+b’+c*=3abc
= sin®0 + sin®( 60° —0) +sin’ (240° + 0)
=3 . sin0 sin(60° — ) [-sin(60° + 6)]

— -2 in30
= 4sm .

(i) Leta=cosO,b=cos (120°+0),
¢ =cos (240° + 0) then
b=cos (180°—(60° —0) =—cos (60°—0)
c=cos (180°+60°+ 0)=—cos (60° + 0)
a+b+c=cos0—cos(60°—0)—cos (60°+0)

=cos 0—2cos 60°cos =0

= a’+b*+cP=3abc
= cos® 0+ cos® (120°+ 0) + cos?® (240° + 0)

=3 cos 0 cos (120°+ 0) cos (240° + 0)

3
=3 cos 0 cos (60° + 0) cos (60°—0) = ZCOS 30
(iii) Put® =10°1n (i), we get
. . . 3. o 3
sin® 10° + sin® 50° + sin® 250° = —ZSIH 30° = -3
3
or sin®10° + sin3 50° —sin3 70° = "3

(iv) Put 6 =20°1n (ii) we get

3 .3
c0s? 20°+ cos® 140° + cos® 260° = ZCOS 60° = 3

0| W

cos® 20°— cos® 40° + cos® 80° =

BERWTS
sin® 6° +sin’ 54° —sin® 66° g

3 o 3 o 3 o
cos’12° —cos’ 48" —cos’ 72° 3 3c0

_\B—l} (\/5—1)2 :_{5“—2\6}

541 B 4 4

2 2

3—\6]26—\/5

Ilustration 8 Prove that :

(1) tanx+tan(60°+x)—tan (60° —x) =3 tan 3x

(i) cotx+cot(60°+x)—cot(60°—x)=3 cot 3x
Hence , find the values of the following.

(iii) (tan 10°+ tan 70° —tan 50°)?

(iv) cot 10°+cot 70° —cot 50°

Solution (i) First, tan(60° + x) — tan (60° — x)

\/§+tanx _ \/g—tanx

B 1—\/§tanx 1+\/§tanx

(\/5+3tanx+tanx+x/§tan2 x—\/§+3tanx+tanx—x/§tan2 x)

1-3tan®x

8tan x

N 1-3tan® x

8tan x

Therefore, LHS =tan x + -3’ x

tan x — 3 tan® x + 8 tan x
a 1-3tan’ x

2

3 3tan x —tan® x
1-3tan” x

} =3tan3x = RHS
(i) Replacex by30°—xin (i), we get
tan(30° —x) + tan (90° —x) — tan(90° — 3x)
= cot(90°—-(30°—x)+cotx
—cot(90°—(30°+x))=3 cot 3x
= cot(60°+x)+ cotx —cot (60°—x) =3 cot 3x
(iii) Putx=10°1n (i), we get
tan 10° +tan 70° —tan 50° = 3 tan 30°
= (tan 10°+tan 70° —tan 50°)*=3

(iv) putx=10°in (i)

We get cot 10° + cot 70° — cot 50° =3 cot 30° = 33

() tanx+tan (60°+x)+tan (120° +x) = 3 tan 3x

(i) cotx+cot(60°+x)+cot(120°+x=3 cot 3x

Illustration 9 Show that :

22

0
@i ~2+2cos6 :ZCosg where 56[—£,E}
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Compound Angle
0 . . .
(i) V2++2+2cosO = 2cos2% where — € [—g,g} Iustration 10 \/2 +42442+...++/2 (n—radicals involved)

2
0 (A) 2cos = (B) 2cos T
T T oy —
(iif) \/2+\/2+\/2+2c056 =2COS2% where 2—26[—5,5} 2 2!
and hence deduce that i . T
(C) cos (D) 2sin—
2 2
(iv) \/ 2+ \/ 2442 +...44/2+2cos6 (n—radical involved Solution (C)
2 cos 0 h 0 el Put 6 = g in the previous illustration,
= — where —¢€|——,—
2" o0t 2°2
5 We get \/2+\[2+\/2+...+\/5 ZZCOS(gZLUJZZCOSZ:I
Solution (i) \/2 +2cos 0 = \/2(1 +c0s0) = /2.2 cos’ 5
Ilustration 11 Prove that : sec80 -1 _ fan 89 .
0 0 0 T sec40—1 tan20
=2 cosz = ZCOSE forz € {—E,E} Solution L.H.S.

1
~sec80-1 _ Cosgg_l _1-cos80 cos40

o _ cos <
(i) \/2+\/2+20059=\/2+2cosg=\/2(l+cosg] sec40-1 _1 cos80 l-cos4f

cos40
_ 2sin’ 40 _cos46 _ (2Sin4900849)>< sin 40
eeo O 5 0 0 e[-ﬂ E} co§8e 2sin” 20 ' cos80 2sin’ 20
52 2 > 2’9 _[Zsm4ecos49jx(2s1n2900529)
cos 86 25sin” 20

0 0
(ii) \/2+\/2+\/2+2c056 = f2+2cos2—2:2cos2—3 _{sin2(49)}<(cos26j_(sinSOj){cos%j

cos 80 sin 20 cos 80 sin 20
0 T T
el st tan 860
For 226[ 2’2} = tan 86 cot 20 = =RHS.
tan 20

Thus, we can conclude that

80 .
{ . 1—cos 80 = 2sin? 7 =2sin’ 40

\/2+\/2+\/2+...+2+2c0s6 :2"052%
40 .
and 1 — cos 40 = 2 sin? 7=2sm2 20 }

0
for ot € [__’_} Ilustration 12 Prove that

b8 3n 5w T 1
1+cos— || 1+cos— || 1+cos— || 1+ cos— |=—
( SJ( 8 )[ 8 j( 8 j 8

\/2+\/2+\/2+...+\/2+20052n9 Solution We have cos%: cos(ﬂ;—gj = —cosg

T T Sn 3n 3n
=2cosO forOe| ——,— and COS— =COS| T—— |=—Cc0os—
om0 8 8 8

LHS.
= 1+cosE 1+cos3—7T 1_0053_75 l—cosE
8 8 8 8
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Compound Angle

(e

8
1 .2 T .
— —| 2sin“ — || 2sin
4 8
)(1—0033—71) ; 29
4 [ 1—cosB=2sin 5]

1
j— 2 =R.H.S.

Illustration 13 Prove that
3 5
cos* §+ cos* r +cos* Sl +cos
. n
Solution We have ? =g—— and —=n——
n b4 5w
= cos— =-—cos— and COS— =—Cos—
8 8 8

T b 45T
= cos*==cos*= and cos’ —=
8 8 8

LHS.=2cos* §+ 2cos? %

Ilustration 14 If 1 <x <2m, prove that

J1+cosx ++/1-cosx (x n)
=cot

_+_
J1+cosx —/1—cos x 4

Solution L.H.S.

2 X - 2
J1+cosx ++/1—-cosx _ \/2COS 2 +\/2sm

Jl+cosx —v/1-cosx \/2cos2X—\/2sin2
2

V2

2

DO | > |[ro |

+2
|2

X
COS—
2

. X
sinX —
2

X
COS —

. X
sin—
2

T X
UI<X<2W, . —<—=<T
{ 2 2 }

X . X X X
COS—|+|SIn— —COS— +Sin —
2 2 2 2
X . X X . X
COS —|—(S1In — —COS——SsIn—
2 2 2 2

Thus, cos x/2 is negative and sin x/2 is positive.

Dividing numerator and denominator by sin x/2, we get

X . X X
cos——sin— cot——1
2 2 _ = cot(
X . X X
cos—+sin— cot—+1
2 2
Illustration 15 Prove that

(4 c0s?9°—3) (4 cos?27°—3)=tan 9°

Solution We have cos 3x =4 cos®* x — 3 cos X.

cos3x
Hence, 4cos?x—3 = forallx #(2k+1)- g,keZ.

COSX

cos27° ' cos81°

c0s9° cos27°

(4c0s?9°—3) (4cos?27°-3)=

cos81°  sin9° R
— = —= tan9
cos9 cos9

DPPS

Total Marks 40 Time 30 Minute

Question Number 1 to 10. Marking Scheme : +4 for correct
answer 0 in all other cases.

1. Prove that the following

1+cosO—sin0O 0
— = cot—
—1+cosO+sin0O 2

v
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Compound Angle

(i)

(iii)

(iv)

V)

(vi)

v

(i)

(iii)

(iv)

v

1+cosO—sin6 0 n 0
———— =cot—tan| ———
1—cos0+sin0 2 4

or cotg(sece —tan6)

secO—tanO+1
secO+tan0+1

i)
an| ———
4 2

secO+tan6—1 0 n 0
— = tan— tan| —+—
secO—tan0+1 2 4 2

cos0—sin0 T [n ) /l—sinze
— —tan|—-0|=cot|—+0|=,|———
c0osO+sin 0 4 4 1+sin26
cos0+sin0 [n j T 1+sin20
——————=tan| —+0 | = cot| ——0 | =, [ ———
cosO—sinO 4 4 1—sin20
Show that

. I .
SN0 sin(60° —0)sin (120°—-6) = Zsm 30

1
cos 0 cos (60° +0) sin (120° + 0) = —20053 0
1 .
sin 0 sin(240° + 0) sin(120° + 6) = ~7, I 36

1
cos 0 cos (240° — 0) cos(120°—-0) = Zcos 30

cosO—sin0O

Prove that =sec20—tan 20

cosO+sin®
Prove that [% + 6) —tan (% — 9] =2tan20

1+sin2A —cos2A
1+sin2A +cos2A

1 3
Show that : - \/_ =4
sin10° cos10°

Prove that : =tan A

1+sin2A  cosA+sinA b
= ——=tan| —+A
cos2A cosA —sin A 4

Prove that : If a.and B are the two different roots of equation
a cos 0 + b sin 0 = ¢, prove that

Prove that :

a’—b?

a’ +b?

(i) cos(a+P)=

tan (o + )= —az 2

9. If0Oisanacute angle and sing = XZ_; , find tan 6 in terms
ofx.

10. Prove that (1 + sec 20) (1 + sec 40) (1 + sec 86) = tf;fee

Result Analysis

1. 32to40Marks: Advance Level.

22 to 31 Marks : Main Level.
<21 Marks : Below Average
(Please go through this article again)

VALUES OF TRIGONOMETRIC RATIOS OF
STANDARD ANGLES

1.

Value of sin 15°, cos 15°, sin 75°, cos 75°, tan 15°, tan 75°

sin 15°=sin (45° —30°) =sin 45° cos 30° —sin 30° cos 45°

B ET W NE
V22 242 22
Also, sin 15°=cos 75°=—cos 105°
Similarl h 15 R
g that °=
imilarly, we can prove that cos NG

Also cos 15°=sin 75° =sin 105°
tan 15° =tan(60° —45°)

tan 60° —tan 45° 3 -1
- = =2-3
1+tan 60° tan 45° /3 +1

tan 75° =tan(60° +45°)

_ tan 60° + tan45 :\/§+1:2+\/§
1-tan60° tan45° /3 -1

Value of sin 18°, cos 18°
Let 6= 18°, then 56 =90°
or 20+30=90°

or 20=90°-36

or sin26 =sin(90°-30)
or sin260=cos 360 [Dividing by cos 0]
or 2sinBcosB=4cos’0—3cosO

or 2sin0=4(1-sin*0)—3 =1-4sin’0

or 4sin*0+2sin®—1=0

244116 2425 1445

or sin@= =
8 8 4

6=18°
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Compound Angle

sin 0 =sin 18° >0, for 18° lies in the first quadrant.

sin 0, i.e.,sin 18° =
4

Value of cos 18° :

c0s?18°=1—sin? 18°

_ 1_[\/3—1]2 __5+1-25 104245
4

16 16

— cosl® :%\/10+2\/§ [+ cos 18°>0]

3. Value of cos 36°, sin 36° :

2
\B—l \EH
c0s36°=1-sin?18°=1-2 =
4 4
Value of sin 36° :
2
sin? 36° =1 cos® 36° =1—[\/§4+1)

6425 16-6-245 10-245

16 16 16

sin 36° =%\/10—2\/§

NOTE

\/§+1

4

1
® c0s54°=co0s(90°—-36°)=sin36° = Z(\/lO - 2\/5)

® sin 54°=5in(90°—36°)=cos 36° =

() (V]

1
,cot7 !
2 2

4. Valueoftan?7

o

1
Let 0= 75 ,then 20 =15°

_1-cos26
sin 20

[ 1-cos20=2sin*0 and sin 20 =2 sin 0 cos 0]

31
C1-cosls® 22 242-43-1

sinl5°  3-1 NE
22

= (V3-+2)(v2-1)

tan O

(W]

1
Value of cot 3271
cot821— = cot| 90° —71— = tan7l—
2 2 2

= (V3-+2)(v2-1)

(W]

Value of cot 7 ? :

o

1
Let9:7?,then26: 15°

3+l
1+c0s20 1+cosl5° I 212
Now, coth = — = =
sin20 sin15° J3-1
12

2B+
=%=(\/§+\/§)(\/§+1)

10
value of tan 82 EY :

tan 821— = tan| 90° —71—
2 2

ZCO'E7170=(\/§+\/E)(\/§+1)

5. Value of 6 =22.5°
We know that cos 20 = 2cos? 0 — 1
for 0 =22.5°, we have cos 45°=2 cos?22.5° -1

1+ cos45°
cos22.5°= T

1
~ /Hf_ Y241 V2442
B 2 N2 2

I-cos45° V22

sin22.5°= > 5
tan 22.5° = 2_\5:2_\/5:\/5—1
NEESVRRG)

cot22.5°= —Mzﬁﬂ
V2-2

All these values are tabulated as follows
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Compound Angle

7.5° 15° 18° 22.5° 36° 67.5° | 75°
82622 [Bo1| 51 |22 | 10-245 | 2442 [ B4l
s 4 212 4 2 4 2 212
cos V8426 +242 | B+1 | V104245 | V2442 | N5+l 2-\2 | 3-1

4 22 4 2 4 2 22
n | (V3-42)(v2-1) | 2-3 “IOZZ‘E V2-1 | N5-245 | V241 |2+4B
cot (J§+ﬁ)(ﬁ+1) 2443 (5+2J§) V241 (1+%j V2-1 | 2-43

Ilustration 1 Prove that : 4 (cos 66° +sin 84° ) = \/5 + \/E

Solution. : LHS =4(cos 66° + sin 84°)
=4(cos 66° + cos 6°)

=4|2cos 66" +6 cos 66" -6
2 2

= 8-¢c0s36° cos30° = 8[\/54+1](£J

— J15++/3 =R HS.

Ilustration 2 Show that :
(1) sin34°+cos64°—cos4°=0
(i) sin78°—sin 18°+cos 132°=0
(iii) cos 0+ cos(120°+0) +cos (240°+0)=0
(iv) cos 12°+ cos 84° +cos 132° +cos 156° = L

2
Solution. : (i) L.H.S. =sin 34° + cos 64° —cos 4°

e ggin| BT [ 64 -4
Sin — ZSIn 5 B

=sin 34° — 2 sin 34° sin 30°
L.H.S.=sin34°—-sin34°=0=R.H.S.

(i) sin 78° —sin 18° +cos 132°=0
= 2cos 78 +18 sin 7818 +cos132°
2 2
=2c0s48°sin 30°+cos 132°
=cos 48° —cos 48°
=0=R.H.S.
(i) L.H.S.

=co0s 0 +cos (120 + 0) + cos (240 + 0)
=co0s 0+2 cos (180 + 0) cos (60°)
=cos 0 —cos O

=0=R.H.S.

(iv) LHS.
= c0s 12° + cos 84° + cos 132° + cos 156°
=(cos 132°+cos 12°) + (cos 156° +cos 84°)
=2c0s 72° cos 60°+2 cos 120° + cos 36°

_ (E]—(\B”} —%zR.H.S.

4 4

Ilustration 3 Find the angle 6 whose cosine is equal to its
tangent.

Solution Given, cos© = tan 0 or cos’0=sin 0

or 1-sin’?0 =sinOorsin?0+sin®@—-1=0

1+ _
or sinf= 1_\/522\/5 1:2sin18°
2 4
or O=sin"(2sin 18°)

Ilustration 4 Prove that cos 36° cos72° cos 108° cos 144°=1/16.
Solution cos 36° cos 72° cos 108° cos 144°

= c0s 36° sin 18° (—sin 18°) (—cos 36°)

Epiey

e

l—tanz(

_Aj
1+tan2( _Aj

—A ,
_1-tan" 0 LI
j 1+tan> 0 (where Z_ =Y)

c0s?36° sin® 18° —[

Ilustration 5 Prove that : =sin2A .

l—tanz(

1+tan2(

NI AENE

Solution
-A

ENEFERENE]

=cos 20 = €OS (g— ZAJ =sin2A

TO FIND SUM OF SINES AND COSINES WHOSE
ANGLES ARE IN ARITHMETIC PROGRESSION

4 ™\
sin o+ sin (o + ) + sin (o +2p) + ...+ sin(a + (n— 1))
sin(ot+n_1[3Jsinn[3
_ 2 2
sinE
g J
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Proof

Let
S=sino +sin(o+B)+sin(o+2p) +...+sin(la+ (n—1)B)
Here angles are in A.P. and common difference of angles is

B.

. nf
sin — .
2 n [ First angle + last angle}
. 2
sin™
2

Multiplying both sides by 2 sin%, we get
2sin%S = 25in%sina + 25inESin(oc +B)

p p

+2sin5sin((x+2[3) +ot 2sin5sin(a +(n-1)B)

=cos(a—%j—cos(a+(n—%jBJ

-1
= 2sin[0c +(n—)Bjsinn—B
2 2
sin(oc+n_1[3jsin
2
S =
sinE
2

cos(oc+n_l[3)sinnls
_ 2 2
sinE

2

- J

Deductions

sin o+ sin(a. + B) +tan (o + 2B) +....+ sin (o + (n—1)B)=0

sin a+n—_1[3 sinn—ﬁ
2 2
= B =0
sin—
2

2k
=S sinn?ﬁzo = %’3:1(75@[3:—“

cosa+cos(a+P)+cos(a+2B)+...tcos(a+n—1p)=0

_2kn
n

< B

sin x +sin 3x + sin 5x +....+ sin(2n—1)x

sin x+n—_l2x sin E~2x
2 2

. 2x (Here a=x, 3 =2x)
811’17

. 2
_sin” (nx) op 17 c082nX

sin x 2sinx 7 ®
sin2" A

cos A cos 2A cos 2°Acos 2° A ... cos 2" ' A=
2" sin A

Proof

L.H.S.=cos A cos 2A cos 22A cos 2°A ....cos 2" T A

= SenA [(2 sin AcosA) cos 2A cos 2% A ... cos 2" A]

1
= TsnA [(sin 2A cos 2A) cos 22A ..... cos 2" 1 A]

1
= PYITN [(2 sin 2A cos 2A) cos 2°A ... cos 271 A]

1
= PYITN [sin 2(2A) - cos 2%A ..... cos 2™ 1 A]

1
REEEN [(2 sin 2*A cos 2?A) ..... cos2" ' A]

1
T sinA [sin (2 x 2%A) ..... cos2™ ' A]

1
" snA [(sin 2* Acos 2°A ..... cos 2" T A]

1
= T TgnA [sin 27! A cos2™! A]

1
= S sinA [2sin 271 A cos 271 A]

1
= : 2 Zn—lA
2sinA O @2~ )

1
T sinA sin2"A=R.H.S
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Illustration 1 Find the value of

. m .3t . 5n . (2n-1)
sin=+sin——+sin=—+....+sin
n n n n

T

3 2
Solution Here a=£,a+[3:—n = [3=—TC where K =1
n n n

Givensum=0

Ilustration 2 Evaluate : sin 1° +sin 3° +sin 5° +....+sin 89°.

Solution Here o= 1°, B =2°and n=45

Therefore, given sum

sin(l" + 45-1 2°)sin (452)
2 2
o(3)
sin| =
2

sin45°sin45° 1

sin1° ~ 2sinl°

Illustration 3 Sum the series to n terms :

sin’ 0+ sin? (G-kﬁj-'rsinz (6+4—KJ+....+
n n

n

sin2(9+2(n—1)£j

Solution The r'" term of the given series is given by

t, =sin’ (G+Mj

n

;{l[muﬂ

n

u 2(r-1
§=— = cos2(9+u]=

n
n E

LI 2(r=1)w 3n
Tlustration 4 Show that Y _sin’ (9 +%] =— hence

r=1

a4 T . 43m L 45nm 4%
deduce the value of sin* g +sin* ? +sin? ? +sin? ?

. 1
Solution We know that sin*x = 5[3 —4c082X +cos 4x]

$,= Y sin’ [mﬂ}

r=— n

n n

n 4(r-1
We have Z cos[26+uj =0 where
n

r=-1

n

r=-1

n -1
B:4_n:2.2_n& Z 003[29+Mj:0
n n

3
where [3=8—7T=4~2—Tc Thus, S, S
n n 8

Deduction

Put 6 :g,n =4,we get

.4 T .437[ .4575 .477'5 3
sin g"rSln —4+sSIn —+Ssin —=—

n

r=1

L 2(r=1)7) 3n
Illustration 5 Evaluate Z cos? [e + (—)j _on

Hence, deduce that

4 T 4 3n 4 5n 4 n
COS —+COS —+COS —+COS —
8 8 8

Solution Use cos® x = %[3 +4c0s2x +cos4x]

Illustration 6 The average of 2 sin 2°,4 sin4°, 6 sin 6°, ......, 180

sin 180°is:

(A)tan1° (B)cot 1°

(C)cos 1° (D)sin 1°
Solution (B)

LetS=2sin2°+45sin4°+65sin 6°+...+ 178 sin 178° ....(1)
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Compound Angle

write S in reverse order, we get
S=178sin178°+176sin 176°+174 sin 174° +.....+ 2 sin 2°
S=178sin2°+176sin4°+ 174 sin 6° +....+2 sin 178°

Adding (i) and (ii),we get
2S =180 (sin 2° + sin 4° +sin 6° + ...+ sin 178°)

sin(2° + 892_1 ~2°jsin (8292j
S=90

2]
sin| —
2

[ sin 90° sin 89°
sin1°

S=90

S=90cot 1°
Now average of given numbers

_ S+180sin180° _ 90cotl®
90

cot1°

. 27 4n 67
Illustration 7 Find the value of 0057 + 0057 +cos 7 .

Solution S = 0052_775 + cosﬂ + cos6—1T

) (3nj (4%) ) [7nj ) [nj
2sin| — |cos| — sin| — |—sin| —
7 7 _ 7 7 _
2sin(2nj
7

Illustration 8 Prove that :

cos3x cos5x cos 7x cos9x

sin2xsin4x sin4xsin6x sin6xsin8x  sin 8xsin10x
1
E(cosec x )[cosec 2x —cosec10x]

cos3x cos 5x

lution Let f(x)= — n . .
Solution Let f(x) sin2xsin4x sin4xsin 6x

cos 7x cos 9x

+
sin6xsin8x  sin8xsinl10x
Multiple and divide by (2 sin x) in whole expression

sin4x —sin 2x sin 6x —sin 4x

fx) =7——7"7" - T -
2sinxsin2xsin4x  2sin xsin4xsin 6x

sin 8x —sin 6x sin10x —sin 8x

2sinxsin6xsin8x  2sin x sin 8x sin10x

=1/2 cosec x [cosec 2x — cosec 10x]

Ilustration 9 If 0 = , show that
2" +1
1
cos 0 cos 20 2cos 2260 -+- cos 21O = o
Solution In the above result, put 6 = )

. (2" +1-1
sin 2" sin| ———— =
3 sin2"0 (2“+1) 3 2" +1

RHS.=

2"sin 6 2“sin( n ) 2“sin( T j
2" +1 2" +1

) T ) ( P )
sin| w— sin
_ ( 2“+1j _ 2"+1) 1

2" sin| —~ 2“sin( T j 2
2" +1 2" +1

DPP6

Total Marks 20 Time 20 Minute

Question Number 1 to 5. Marking Scheme : +4 for correct
answer 0 in all other cases

\/§+1

1. Prove that sin? 48° — cos? 12° = P

2. Prove that 4(sin 24° + cos 6°) = /3 ++/15.
3. Find the value of sin 47° +sin 61° —sin 11° —sin 25°

4. Find the value of

b 3n 5n n on
COS— + COS— + COS — + COS— + COS —
11 11 11 11 11

“oLrn
5. Find the value of 281112?

r=1

Result Analysis

1. 16to20Marks: Advance Level.
. 12to 15 Marks : Main Level.
3. <12 Marks: Below Average
(Please go through this article again)

CONDITIONAL IDENTITIES
Some Standard Identities in Triangle

1. tanA+tanB +tan C =tan Atan B tan C
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Compound Angle

Proof = 2cos (n—C)cos (A—B) +2cos?’C—1
In AABC,wehave A+B+C=n =-2cosCcos(A-B)+2cos’C—1
or A+B=n-C =-2cos C[cos (A—B)—cosC] -1
or tan(A+B)=tan(n-C) =—2cosC[cos(A—B) —cos {t—(A+B)}]-1
=—-2cosClcos(A-B)+cos(A+B)]-1
tan A +tan B
or —l—tanAtanB:_tanC =-1-4cosAcosBcosC

tan A+ tan B . A . B.C
or fanA-tan 5. cosA+cosB+cosC=1+4 sin—rsin=sin=

=—tanC+tanAtan B tan C

or tanA+tanB +tan C Proof
=tan A tan B tan C (cosA+cosB)+cosC—1
2. tan%tan%+tan%tang+tan%tan%:1 =2 cos A;BCOSA_B-FCOSC—I
Proof
n C A-B
=2cos| ——— |cos +cosC-1
SinceAJrBJrC:n,wehaveéJrﬁzﬁ—g (2 2) 2
2 2 2 2
or tan é+E = tan n_C :cotg =2singcosA_B+1—2sin2£—1
2 2 2 2 2 2 2 2
tanéﬂanﬁ =2sin—cos———2sin*> —
or 2 2 - !
1—tanétanE tang
2 2 2 :2sing[cosA_B—sing}
2 2
A C B C A B
or tan—tan—+tan—tan— =1—tan—tan—
2 2 2 2 C A- n A+B
=2cos—| cos —sin| ——
2 2 2
A B B C CcC A
or tan—tan—+tan—tan—+tan—tan— =1
2 2 2 2 2 2 . C[ A-B £A+Bﬂ
=2sin—| cos —cos
3. sin2A+sin2B+sin2C=4sinAsinBsinC 2 2 2
Proof
. C . A . B .A. B.C
(sin2A +sin 2B) +sin 2C =251n5 2s1n551n3 :4s1nEs1nzs1n3
=2sin (A+B)cos(A—B)+sin2C
=2sin(n=C) cos (A~B)+sin 2C 6. sinA+sinB+sinC=4 COS%COS%COS%
=2sinCcos(A—B)+2sinCcosC
=2 5in C [cos (A — B) + cos C] Proof
=2sinC A—-B)+ —(A+B . A+B A-B .
sinC[eos ( )+ eos {m—( A (sinA+sin B) +sin C = 2sin cos——+sinC
=2 5in C [cos (A — B) — cos (A + B)] 2
=25sinC x 2 sinAsin B=4sin A sin B sin C t C _
= 2sin| ——— |cos +sinC
4. cos2A+cos2B+cos2C=-1—-4cosAcosBcosC ( j
Proof
C - . C C
(cos 2A +cos 2B) + cos 2C = 2c0sEcos + 2s1n5cosz

= 2cos (A+B)cos(A—B)+2cos’C—1
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C[ A-B .
=2cos—| cos +sin—
20 2 2

c[ A-B . (m A+B
=2cos—| cos +sin| ——
2| 2 2 2

C A-B A+B
=2cos—| cos +cos
2 2 2

A B C
= 4c0S—C0OS—COS—

NOTE

tan A +tan B + tan C = tan A tan B tan C is true for A+ B +
C=nmn, wheren € N.

Ilustration 1 If A+ B + C = &t then prove that
.2 A . ,B . A B .
sin? E+sm2 — —sin? g = I—ZCos—cos—smg

.2 A .,B .,C
Solution L.H.S.= sin® =+ (Sln2 5 —sin? Ej

Ofe(25)

oA A . (B-C
=1—C0S™" —+Ccos—Sin
2 2 2

, A .(B+
=1-cos 5+sm

A A . B-C
=1-cos—14 cos——sin

2{ 2 2 }

A{.[B+C
:l—cos? sin

(25

A B. C
=1-2cos—cos—sin—
2 2 2

Ilustration 2 If A+ B + C=r, prove that
cos’A+cos’B+cos?C=1-2cosAcosB cosC.

Solution L.H.S. = cos? A+ cos? B+ cos?C

= %[Zcos2 A+2cos’ B+2cos’ C]
= %[(1 +c0s2A)+ (1+cos2B) + (1+cos2C)]

= %[3 +cos2A +cos2B+cos2C]

:%[3—1—4c0sAcosBcosC]

=1-2cosAcosBcosC
Illustration 3 IfA+B + C+D=360° then show that

sinA —sin B +sin C —sin D

(A+Bj [A+Dj ) (A+Cj
= —4cos cos sin
2 2 2

Solution L.H.S.

A+B
:2005(

A+B A+C-2n+A+C
=2co0s 2cos

2 4
(A+D—C+Dj
sin
4
A+B n A+C)Y). (A+D =
=2cos 2cos| —— sin ——
(257 2e(5- 25 n (523

A+B). [A+C A+D
=—-4cos sin cos
( 2 j ( 2 j ( 2 j

Ilustration 4 If x +y+ z=xyz, prove that

2x 2y 2z 2x 2y 2z
2t 2T 2 = 2 2 2
I-x 1-y" 1-z7 1-x"1-y 1-2z

Solution Let x =tan A,y =tan B, z=tan C
Nowx+y+z=xyz
= tanA+tanB+tanC=tanAtan B tan C
= A+B+C=nn
or 2A+2B+2C=2nn
or tan2A +tan 2B +tan2C =tan 2A tan 2B tan 2C
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2tan A 2tan B 2tanC
PN Tn 2
lI-tan"A 1-tan"B 1-tan"C

or

_ 2tanA  2tanB 2tanC
l1—tan’ A 1-tan* B1—tan’C

2x+2y+22_2x 2y 2z
= 1-x 1-y* 1-72" 1-x*1-y*1-72°

Ilustration 5 In any triangle ABC, prove that

sin® A cos (B — C) +sin® B cos (C — A) + sin® C cos (A—B)
=3 sinAsin BsinC

Solution LHS =sin? A sin (B+ C) cos (B—C) +sin’ Bsin (C+A)
cos (C—A) +sin? Csin (A+ B) cos (A—B)

1 1
=5 sin? A (sin 2B +sin 2C) + 5 sin’ B

1
(sin2C +sin 2A) + 5 sin? C (sin 2A + sin 2B)

= sin? A (sin B cos B + sin C cos C) + sin? B (sin C cos C +
sin A cos A) + sin? C(sin A cos A + sin B cos B)

=sinAsin B (sin Acos B+ cosAsin B) +sin B sin C (sin B
cos C + cos B sin C) + sin C sin A (sin A cos C + cos A
sin C)

= sin A sin B sin(A + B) + sin B sin C sin(B + C)

+sin C sin A sin(A+ C)
=3 sinAsin B sin C =RHS.

Ilustration 6 The product of the sines of the angles of a triangle
is p and the product of their cosines is q. Show that the
tangents of the angles are the roots of the equation of
g —px*+(1+q)x—p=0.

Solution From the question

sin Asin B sin C=pand cos Acos BcosC=q
tan A tan B tan C = p/q
Also, tan A + tan B + tan C = tan A tan B tan C = p/q

Now, tan A tan B + tan B tan C + tan C tan A

_ sinAsinBcosC+sinBsin Ccos A +5sin Csin A cos B

cosAcosBcosC

1

2 [(sin? A + sin? B — sin? C) + (sin? B + sin® C — sin® A)

+ (sin? C + sin? A — sin? B) ]

[ A+B+C=m and 2 sinAsin B cos C =sin’ A+sin’ B —
sin? C]

= L[sin2 A +sin® B+sin’ C]
2q

= 4i[3 —(cos2A +co0s 2B +cos 2C)]
q

:l[l+cosAcosBcosC] =l(l+q)
q q

The equation whose roots are tan A, tan B tan C will be
given by

x*— (tan A+ tan B + tan C) x* + (tan A tan B + tan B tan C
+tan CtanA)x —tanAtanBtan C=0

1
or X —sz +ﬂx—R:0,

q q q
or gx’-px>+(1+q)x-p=0

J3-1

Illustration 7 In a triangle ABC, if cos Acos B cos C= 3

3+\/§
8

then

sinAsin Bsin C=

(A) Cubic equation in 'x' whose roots are tan A, tan B tan C is

X —(3+ 232+ (5 +43)x—(3+2/3)=0

(B) Cubic equation in 'x' whose roots are tan A, tan B tan C is

X —(B+23)2+(5+23)x—(3+24/3)=0

(C) Inthe same triangle ABC, value of cos A+ cos B+ cos C =

V142443
22

(D) In the same triangle ABC, value of cos A+ cos B+ cos C =

V24343
22

-1 3+43

,sinAsinBsinC=
8 8

Solution cos Acos Bcos C=

3+4/3

= tanA+tanB+tanC= —F7—=—— =tanAtan B tan C
J3-1

cos (A+B+C)=cosAcosBcosC(1-8S)

8
= SzztanAtanB +tanBtan C+tan C tan A

(1-S)

8
=1+ \/5_1:54‘4\/5

Equation with roots are tan A, tan B, tan C is
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X =B +23)x2+(5+4/3)x—(3+23)=0 Period — 27
’X, 0,1
Solvingx=1, /3,2 + /3 cos’x, [cos x| € [0, 1]

Le., tanA= l,tanB:\/g,tanC:2+ \/5
= A°=45°;B°=60°;C°=75°

cosx=0 = x=2n+1)n/2,nel
cosx=1 = x=2nm,nel

cosx=—-1 = x=2n+)n,nel

11, 13 11 _ -
NOWCOS450+COS6OO+COS75°:—34‘5-‘1‘—57——35 Cos X=cosa = X ZHTC:E(X"HEI
. i
Hence option (A) & (C) are correct. cosx>0 = xe U [2nm — b 2nm+ n/2]

nel

Graph of Sine Function with Its Varying Values of

Unit Circle
Y
A

1 ~N N

2 ol 2, —3m/2 -n Zn2 o n/z\n_/sn/z 2
T
NNl [ e 3n/4 -1

Y S N\

/6 4n/3 3m/2  Tn/4

0J0 /6 n/3 w2 3n/4 = 2n
| 3. y=f(x)=tanx
4 2

Tn/4 Domain —-R~(2n+1)m/2,nel

v

Range — (—o0, )

Period > 1t
GRAPH AND OTHER USEFUL DATA OF

TRIGONOMETRIC FUNCTION
1. y=f(x)=sinx

Discontinuousatx=(2n+ 1) n/2,n e |
tan’ x, [tan x| € [0,00)
. tanx=0=x=nm,nel
Domain — R, Range — [-1, 1]
. tanx=tano= x=nn+a,nel

Period —» 2n

sin?x, [sinx| € [0, 1] y

sinx=0 = x=nm,nel

sinx=1 => x=@n+1)n/2,nel

sinx=—-1 = x=@4n-1)n/2,nel

0 »X
sin =sinat = x=nn+(-1)"o,nel
sinx>0 = x e U [2n7, T+ 2nm)
nel
4. y=f(x)=cotx
X Domain — R ~nm,n € [ ; Range — (— o, ) ; Period > =;

1 Discontinuous at X =nm,n € |

\ / . cot’x, | cotx| € [0, 0)

- /2 0 2 T 3n/2 2n 5,;/2'X
-1 cotx=0=>x=(2n+1)n/2,nel

2. y=f(x)=cosx
Domain — R, Range — [-1, 1]
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; c (_@’_lju[l,w]
4cosx—3 7

Ilustration 2 Find the range of f(x) = Senx—6"

o8]
o3

Solution -1 <sinx<1
or —5<5sinx<5

or —11<5sinx—-6<-1

5. y=f(x)=secx or —1<;£—1/11

) T 55inx—6
Domain —>R~(2n+1)7/2,nel;
Range —» (—o0,—1]U[1,00)

or .;e[—l,—l/ll]
5sinx —

Period — 27, sec?x, [sec x| € [1, o)
y Ilustration 3 Find the range of f(x) = cos? x + sec? x.
Solution We have f(x) = cos? x + sec?x

= (cos X —sec X)*+2 cos X sec X

1 =2+(cosx—secx)’>2

;rr 3 Illustration 4 Find the range of f(x) =sin> x — 3 sin x + 2.

|
s
o
N
4
ofw
A

-1 Solution f(x) =sin’x— 3 sinx + 2
=(sinx—3/2)*+2-9/4
=(sinx—3/2)*—1/4

6. y=f(x)=cosecx
Now—1<sinx<1

or —5/2<sinx-3/2<-1/2

. or 1/4<(sinx—3/2)*< 25/4
Period — 27, cosec? x, [cosec x| € [1, o0)
y or 0<(sinx—3/2)’-1/4<6

4 Illustration 5 Find the range of
f(x):\/sinzx—ésinx+9+3

5271 > X Solution f(x)z\/sinzx—ésinx+9+3

=lsinx—3|+3

Domain—>R~nn, ne;

Range —» (—o0,—1]U[1,00)

[u—

|
s
B

19 [wamte
=

o 0 '% Tl
-1

Ilustration 1 Find the range of f(x) = Now-l<sinx<1

4cosx — .
cosx -3 or —4<sinx—-3<-2
Solution -1 <cosx<1 or 2<|sinx—3|<4
= -4<cosx<4 or 5<[sinx—3|+3<7
= —-T7<4cosx-3<1 Illustration 6 Find the range of f(x) = cosec? x + 25 sec?x.
= —T<4cosx-3<0 Solution f(x) = (1 +cot*x)+25 (1 +tan’x)
= 0<4cosx-3<1 (" 4cosx—3#0) =26+ cot’x + 25 tan®x
1 1 1 =26+10+ (cot* x +25 tan’ x — 2 cot X 5 tan x)
- >~ > or o >———2>1 2
7 4cosx-3 4cosx—3 =36+ (cotx—5tanx)*>36
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Range of f(0) = a cos 6 + b sin0
Leto =rsinaand b=r cos o, thenr? =a? + b? and tan . = a/b.

Now, f(6) =acos 0 +bsin 6 =rsin o cos 6 +r cos a sin 0

=rsin(0+a)=va’ +b’ sin(9+ tan”' %)

Now, —1< sin(6+ tan”! %J <1

= —\/a2 +b2 < \/a2 +b? sin[6+tan1 %) <+a’+b?
Hence, range is [—\/az +b2, Va2 +b? ]

Illustration 1 Find the maximum value of \/3 sin X + cos X and
x for which a maximum value occurs.

Solution
\/gsinx+cosx = 2[?sinx+%sin XJ :ZSin[x+%j

which is maximum when x + 71/6 = /2 or x = 60° and has a
maximum value 2.

Ilustration 2 Find the maximum and minimum values of
c0s’0 — 6sin O cos O + 3 sin?0 +2.

Solution cos?’0 — 6 sin 0 cos 0 + 3 sin?0 +2

_ L+cos26 (1—00529)+2

—3sin20+3
=4 —-co0s20-3sin20

Now, —cos 20 — 3 sin 20 € [—\/ﬁ,\/ﬁJ
= 4-c0s20-3sin20 e[ 4-10,4+/10]
T
Hlustration 3 For all 0 in {0,5} show that cos (sin 0) > sin
(cos 0).
Solution 0 E[O,%:|

Now,  cos(sin 0) > sin (cos 0)

= sin (1/2 — sin 6) > sin (cos 0)
Now we have to prove g— sin0 > cosOV0O €0, /2]

Now, f(0) = /2 — sin 6 — cos 0 be a function. Then

f(6)=g—\/§(%sin9+%cosej

f(9)z£—ﬁsin(%+9j

or L<sin(9+£j<1
2 4)"

or f0)= = —2sin| Z+0|>0 voe|0X
2 4 2
or g—sine—cose>0
or T sin®>cosh
2
(T .
or sin [E_ sin 9] > sin(cos0)
or cos (sin ) >sin (cos 0) V 0 € {O,g}

Illustration 4 If sin’ (6 — o) cos o =cos? (0 — o) sin o =m sin
th that |m| > !
a cos a, then prove that m| > —.
2

Solution sin? (0 — o)) cos o0 = cos? (0 — o) sin o.=m sin & cos o

or sin’(0—a) =msina

cos’(0—a) =mcosa
Adding, we get

1 =m(sin oo+ cos )

1
or sino+cosoa=—
m

or sin(owrzj—;
4) 2m

1
or <l or [m|z2—
‘m 2 2
a! o1
Tlustration 5 y = sin’ (% - 4xj —sin? (% - 4Xj ,
Find range of y.

Solution We have

y =sin’ (15_75_ 4xj —sin’ (17_71_ 4xj
8 8

sin? A —sin? B = sin(A + B) sin(A - B)
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y = sin(4m— 8x) sin (—%)

. . T
y=sin 8x sin—

4 [ sin(4mn—8)=—sin 0]

St

17+ 5sinx +12cosx
17-5sinx —12cosx

Ilustration 6 y =

Find min. and max. value of'y.

Solution We have,

_17+5sinx+12cosx

= - —13<5sinx+12cosx<13
17-5sinx —12cosx

17 +[-13,13]
Y= 17-[-13,13]

If'y_ then value of denominator is min and numerator is
max.

3015
ymaxi 4 2

Ify . then the value of denominator is max and numerator
is min.

_ 4
Ymin = 30 15

3sinx—4cosx+15j

Illustration 7 Y = 0g, ( 10

Find range/ min. and max. value of'y.

33inx—4cosx+15j

; =lo
Solution Y %) ( 10

-5,5]+15
y 1og2(—[ 1(]) )

20
Yo = 10E, E =log,2=1

10
Yo = 108, E =log,1=0

Ilustration 8 y = cos 2x + 3 sin x. Find range, min. and max value
ofy.

Solution y =cos 2x + 3 sin X

y=1-2sin*x+3sinx

3
y=1-2(sin’x - Esinx)

=1-2 sinzx—ésinx+ é 2— é ’
= y=i- 2 4) |4

7
ymax - 8
17-48
= = —4
ymin 8

Illustration 9 y = cos? x — 4 cos x + 13. Find min. and max value
ofy.
Solution y=cos’x—4cosx+ 13
y=(cosx—2)*—-4+13
y=(cosx—2)’+9
y=(~1,11-2)*+9
y=([-3,-11)>+9
y=[1,9]+9
Yoin =105y, =18

Illustration 10 y = a*tan® x + b’ cot’x (a, b > 0). find y__ .

Solution y = a? tan*x + b? cot?x
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We know that AM > GM

a?tan+ b’ cot® x
2

> \/a2 +tan’ b’ cot® x

a’ tan’® x + b’ cot® x
2

>ab

= a’tan’x + b? cot? x > 2ab

ymin = ab

Ilustration 11 y =4 sin” x + cosec’ X, find y

Solution y =4 sin® x + cosec? x
We know that AM > GM

4sin® x + cosec’x . 2 1
2, [4sin” xx—
2 sin” x

= 4sin’x+cosec’x >4

= y. =4

Illustration 12 y = 18 sec® x + 8 cos’ x, find y__ .
Solution y = 18 sec?x + 8 cos?x
We know that AM > GM

18sec? x +8cos® x
Z\/18S602X~80082 X

2

18sec” x +8cos> x
2

212

= 18sec?x+8cos’x>24

ymin =24

General or Miscellaneous problems
Parametric form of Circle & Ellipse
@) x*+y*=r> = x=rcos0, y=rsin0

=12 cos?* 0 +r?sin? 0

=12 (cos? O + sin’? 0)

=12
(i) (x—h)y’ +(y-ky’=r’

x=h+rcosf, y=k+rsin0

2 2
i) —+25=1
(i) 7 +43

x=acos y=bsin0

Ilustration 1 x>+y>=4and a’>+b>=8
find (ax + by) is minimum and maximum value.

Solution In finding range sometimes parametric co-ordinates
can be used

xX*+y’=4 = x=2c0s0, y=2sin0
a2+b?’=8 = a=2J2cosH, y=22sin0
ax+by:4ﬁcosecos¢+4\/Esin6sin¢
ax+by:4\/§cos(9—¢)

:4\/5, ax + by ——4\/5

min

ax + by|

max

IMPORTANT INEQUALITIES

Illustration 1 In AABC, tan A + tan B + tan C > 33 , Where
A, B, C are acute angles.

Solution In AABC,
tan A +tan B +tan C =tan A tan B tan C

Also, tanA+tanB+tanC > 3/tan A tan Btan C

3

[sinceA.M.>GM.]

or tanA tan B tan C > 3/tan A tan Btan C

or tan’Atan?B tan’>C >27
or tanAtanB tanC > 3\/5,

or tanA+tanB+tanC > 3\/5, [cubing both sides]
Hlustration 2 In AABC, prove that cos A+ cos B + cos C <3/2.

Solution Let cos A+ cos B+cosC=x

= 2cos A+B cos A-B +1—25in2£:x
2 2 2

or ZSin%cos(A_B)+l—25in2%= X

or 2sin2%—251n%cos(A_Bj+x—l =0

This is quadratic in sin C/2 which is real. So, discriminant
D>0.

40052( )4X2(x1)20

= 2(x— I)SCOSZ(A;BJ
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or 2(x—-1)<1 or x<3/2

3
Thus, cos A+ cos B+ cos C < 5

Ilustration 3 If A, B,C are the angles of a triangle, then prove

that sin’ A +sin’ B +sin’ ¢ =1- 2sinésinEsing
2 2 2 2 2 2
hence prove the following

. . A . ,B .
(i) sin—sin* —sin ¢ <—
2 2

2
. .,A .,B .,C_3
(i) sin”—+sin” —+sin” — 2= —
2 2 2 4
Solution We have A+ B+ C == 240+ S -1
olution We have TC:>2 2573

N sin2é+sin25+sin29
oW 2 2

= l—coszé+sin25+sin2£
2 2 2

A+B A-B ., C
=1-cos CcoSs +sin” —
2 2 2

. C A+B A+B
= 1—sin—| cos —COos
2 2 2

. A . B.

= 1—231n—s1n—smE
i sinésinEsing
(1 Letx= 5 5 >

then Z:sin2 % =1-2x

Now, by AM — GM is inequally

sin? é +sin? E +sin? E
2 2

> i/sin2 ésin2 Esin2 g
3 2 2 2

= 1-2x23x)"*=(1-2x)’> 27%*
1-6x+12x%-8x3> 27x2

= 8x+15x*+6x—-1<0

U

1
= (- 1PEx-D<0=8x-1<0= x>

Therefore, sin é sin E sin E < l
2 2 8

< triangle is equilateral for x to be maximum.

Total Marks 40

DPP7

Time 30 Minute

Question Number 1 to 10. Marking Scheme : +4 for correct
answer 0 in all other cases.

1. Intriangle ABC, prove that
. ) A , B , C A B.C
(i) cos” —+cos” ——cos” — = 2c0s—cos—sin—
2 2 2 2 2 2
A B C . A . B.C
(ii) cos? =+ cos? =+ cos? = =2 + 2sin —sin —sin —
2 2 2 2 2 2
2. If A+B+C= n/2,show that
(1) cotA+cotB +cotC=cotAcotBcotC
(i) tanAtan B +tan B tan C + tan C tan A= 1
3. IfA+B+C=mn,prove that
cos A N cosB N cosC
sinBsinC sinCsinA  sinAsinB
4. Find the range of f(x) = 4 —/1 + tan® x
5. Find the range of f(x) = W
6. Find the range of f(x) = cos*x +sin’x — 1.
7. Prove that
(sin 0 + cosec B)* + (cos O + sec 0)* > 9
T
8. Find the maximum value of 1 + sin (% + Gj +2sin (Z - 9}
for all real values of 6.
9. Find the maximum and minimum values of 6 sin x cos x +4
cos 2 X.
10. Ifp(x)=sinx (sin®x +3)+cos x (cos®* x +4) + 1/2 sin? 2x + 5,
then find the range of p(x).
Result Analysis
1. 32to40 Marks: Advance Level.
2. 22to31 Marks: Main Level.
3. <22 Marks: Below Average

(Please go through this article again)
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ILLUSTRATION

Ilustration 1 The number of solutions of equation

2 1. T
D cos(2n-1)6 = EIH[O’Z) is equal to :
n=1

(A)2
Solution (C)
We have

B)3 ©4 (D)5

cos0+cos30+cos50+...+cos70 1

cosineseries 2

M:l = sin(lSG)ZSine
sin(6) 2

180 =nn+(-1)"6,nel

whenn = 2m,mel

when n =2m + 1

186:nrc+(—l)n O,nel

whenn =2m,mel whenn =2m+1

2
= 62% = 6:(2m+1)%

2n 4w n 3m
=, Or B
17 17 19 19

Ilustration 2 The value of (cos*1°+ cos* 2° + cos*3° + ...+ cos*
179°) — (sin*1° + sin*2° + sin*3° + ... sin* 179°) equals.
(A)2cos I° B)-1
(C)2sinl° D)o

Solution. (B)

Expression
(cos*1° +cos*2° +cos*3° +....+ cos* 179°)
— (sin* 1° +sin*2° + sin*3°+ ...+ sin*179°)

=c0s2°+c0s4°+cos 6° +....+ cos(358°)

[Z()J";SSOJ.sm(mxl“)

sin1°

= COos

:cos(180°) =-1

Ilustration 3 If x =2 and y=3"%2 then the value of
log,(cos(x —y) +sin (x —y) + sec(x —y)) is equal to
(A1 B2 ©3 (D)4

Solution (A)

x =203 o y=3om2 =y
x-y=0

Hencelog, (cos(x —y) +sin (x -y + sec(x —y))
=log,(2)=1

Illustration 4 The value of tan 9° + tan 36° + tan 9° - tan 36° is
equal to:

(A)2
Solution (B)

B)1 (C)tan60° (D) tan30°

tan 45° =tan (9° + 36°)
l= tan 9° + tan 36°
1-tan9° tan36°

= 1-—tan9°tan 36°=tan 9° +tan 36°
= tan9°+tan 36°+tan 9° tan 36°=1

Ilustration 5 Which of the following relations is(are) possible ?

(A) sinezg (B)tan 0=2016
1+t 3
©) cos9:1_t2 (t=0,£1) (D) secO:Z

Solution (B)

(A) sin®= g (not possible) as—1 <sin@ <1V 0O eR

(B) tanO= 2016 (possible) as tan0 can take any real value.

2
(C) cosB= 1+t2 (t=0, +1)is not possible as
-t

1+t2
e € (—oo,—l)u(l,oo)

3
4

(D) secH =
4 :
= cosO= 5( not possible) as—1 <cos 6 <1 Ve R.

Illustration 6 Let x =log

cosec—
3

o (%j and y is the value of

tan 780°, then (x —y) tangent of the angle.

T T T 5w
wy; ®F  ©; O

Solution (C)
Xx=2;y= \/5

T
X—y= 2-3 =tan (xX-y)= T
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Ilustration 7 The minimum value of y = 4 sec?® x + 9 cosec? x
(wherever defined) is equal to :

(A) 14 B) 15 ©)19 (D)25

Solution (D)

y=4sec’x +9 cosec? x

y= 4(1+tan’x)+9(1+ cot’x)

y =13+ (2 tanx)*+ (3cot x)’

y=13+(2tanx—3 cotx)*+ 12

y=25+(2tanx -3 cot x)?

y=25

1 1.
Ilustration 8 If x +—=2cos0 , then x* + — isequalto:
X

X
(A)25in 260 (B)2sin 360
(C)2cos 26 (D)2 cos 30

Solution (D)

1
X+—=2cos0
X

= x° +L3+3(x+lj:(200s9)3
X X

= x° +L3:8cos3 0—-6cos0=2cos30
X

2
Ilustration 9 If k (cose015° —secl5°® ) + 3k(tang+ cot gj .

- (cos 36° —sin18° ) =0, then k equals

1 1
M3 ®un

1 1
O ) 302+42)

Solution (B)

N5 -1t
4 4 2

S

c0s 36° —sin 18° = [

. . 2 sin— cos—
= (tan§+cot—j = 8 +—8

T .W
cos— sin—
8 8

1 2

= (242) =3

T . T T
€OS —-sin — COS —
8 8 4

cosec 15°—sec 15°

02 2a 2n2(2)
S -1 ABe 3-d e

k (cosec 15° —sec 15°)

2
+3k(tang+cot§j = (cos36° —sin18° ) =0

= k(2x/5)+3k~(8)—%:0

1

— 1 —
k= 2(22+24) - 4(v2+12)

Ilustration 10 In triangle ABC, the minimum value of
A B
sec’ —+sec’ —+sec’ < is equal to :
2 2 2

(A)3 B)4 ©5 D)6
Solution (B)

In AABC, Z tan%.tan% =1

A A B
Ztanz—z Ztan—tan—:l
2 2 2

(a>+b*+c?—ab-bc—-ca>0 Va,b,ceR)
= Z:sec2 (é) =Z:[l+'[an2 éj
2 2
= 3+Ztan2%24

/ . 197
1+sin—
Yy 8

AN
1+sin——
8

Illustration 11 If =cot [ll(_gj then the least

positive value ofk is :

A1 B)3 ©5 D)7

Solution (C)
T T T .
. . .
1—sin— —5in— €c0S— —sin—
\ g _1 Mg ( 16 16)
LT cos cos? =~ —sin?
\/1+sm8 8 16 16
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T . T
cos——sin— l—tan—
16 16 _ 16 :tan(

- E_lj
cos£+sin£ 1+tan£ 4 16
16 16 16

tan3—n—c0t £—3—n =CO
= "6 2 16

5T
t_
16

Ilustration 12 The maximum value of

(15+3sinx+4cosx) )
(15-3sinx —4cosx) s

y =log,

(A)0 ®)1
Solution (B)

(O log,10  (D)log,3

%)210&2:1

=lo
Y max gZ[ls_

Mlustration 131fA,B,C are three values lying in [0, 27] for which
0 th tanétanE+tanEtang+tangtané
tanf =K thenfanrialyrianyianyriny g

is equal to :

(A)3K B)K ©)-3
Solution (C)

tan 6 =K

(D)-3K

3tan9—tan39
=K
l—3tan29
3

tan3g—3Ktanzg—3tang+K =0

Hence, ZtanétanE =-3.
3 3
Aliter Take A=0,B=n and C =2m.

Ilustration 14 In AABC, IftanA:tanB :tanC=2:3: 5 then
value of sin Asin B sin Cis :

5 3 53 5V3
Wy ® O O°
Solution (D)
tan A=2k
tan B =3k
tan C =5k

We knownif A+ B+ C=n thenY tanA =ntan A
10k=30k>.

@ 1 K 1
= — = = —
3 3
tan A = i;tanB :i;tanC :i
3 3 3
sin A sin B sin C = N RNT]
_ J3x5 B 53
2x7 14
3 k+1 1 .
Hlustration 15 Z(—l) - is equal to :
= sin® (k+1)° —sin®1°
(A)tan 2° (B)cot2°
c sin2° D cot2°
© cot2° ®) sin2°
Solution (D)
88
_1)k+l 10
k=1 sin” (k+1)° —sin”1°
1 sin (3° -1° )

1= ; ; ] .
sin1°sin3°  sin2° (sm 1° sin 3° )

R —sin(4° -2°)
> sin2°sin4°  sin2° (sin 2° sin 4°)

88

T, =— [{(cot1® =cot3°)+(cot3° —cot5°)
= sin 2°
+ ...+ (cot 88° —cot 89°)} — {(cot 2°—cot 4°)
+(cot4°—cot6°) +....+ (cot 88°—cot 90°)} ]
S— cot 2°
sin2°

4
Ilustration 16 The continued product 161_[ sin %E is equal to

r=1
A1 B)4 ©3 (D)2
Solution (C)
E=16(sin 20°- sin 40°- sin 60°- sin 80°)

= 16><7300le° -c0s50° -cos 70°

:¥cos30° :2\/§x§:3
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Illustration 17 Let A = sin x cos x. If the expression sin* x + cos*
x is expressed as a polynomial in A then it equals.

1 1

(A) 5+A2 —EA“ (B) 1 -2A%+A*

| S IN V! 2 1
O)——-A"+=A D)1+A"——A
()2 5 D) >

Solution (A)
A=sinx+cosx
= A?’=1+2sinxcosx
Now sin* x + cos* x = (sin? x + cos? X)’ — 2 sin x cos’ x = 1

—25sin?x cos? x

=1—2{A2_1j=1—(A2_1)

2 2

2-(A* =247 +1)  42A% A4
- 2 T2

SN
2 2

Illustration 18 If cos2x = %, then the value of (sin* x + cos* x)

is equal to :

P R - B <

()32 ()16 ()32 ()32
Solution (C)

cos*x+sin*x—2sin’>x cos’ x = 16

sin? 2x
2

= cos4x+sin4x:E+

=2+l[ _i} _9 7 _18+7 25
16 2 16] 16 32 32 32

Illustration 19 Show that

sinx Jrsin3xJr cos9x 1 an27xt
cos3x cos9x cos27x 2 [tan 27~ tan x]

Solution L.H.S,. contains x, 3x, 9x and 27x, whereas R.H.S.
contains 27x and x only. So, we will manipulates terms as
shown below :

1
RHS. = E[tan 27x —tan X|

[(tan 27x —tan 9x) + (tan 9x — tan 3x)

N | —

+ (tan 3x —tan x)]
l sin27x 3 sin9x N sin9x 3 sin3x
~ 2|\ cos27x  cos9x cos9x  cos3x
(sin 3x sinx ]
+ —
cos3x cosx

[ sin(27x —9x) N sin(9x —3x)  sin(3x —x)
| cos27xcos9x  cos9xcos3x  cos3xcosx

—

N |

sin18x sin 6x sin2x }
+ +

N | —
1

| cos27xcos9x  cos9xcos3x cos3xcosx

[ 2sin9xcos9x  2sin3x cos3x N 25inxcosx}

N | —

| cos27xcos9x  cos9xcos3x  cos3xcosx

sin9x  sin3x  sinx

+ +
cos27x cos9x  cos3x

B sinx +sin3x+ sin9x _RES
©cos3x  cos9x  cos27x

Illustration 19 Show that

M:Z(cose—l)(zcosze_l)
2cos0+1

(2005229—1)----(2cos“’1 6—1)

2c0s2"0+1
2cos0+1

20-1)(2¢c0s2%0—1)....(2cos2™'0-1)

Solution We have to prove =(2cos0—1)(2cos

or 2cos2"0+1
=[(2cos0+1)(2cos0—1)](2cos20-1)
(2c0s220—1)....(2cos2™'0-1)

Now [(2cosO+1)(2cos0—1)](2cos20-1)
(2c0s220—1)....(2cos2™'0—-1)
=4 cos’0—-1)(2cos20—-1)(2cos226-1)

...... (2cos2™'0-1)
=(2c0s20+1)(2cos20—-1)(2cos220-1)
..... (2cos2™'0-1) [using20=2cos?0— 1]

=(4cos?20-1)(2c0s2’0—1)....(2cos 2" 6-1)
=(2c0s2’0+1)(2cos2?0—1).....(2cos2"'0-1)
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=(4cos?220-1)(2c0s230—1)...... (2cos2™'0-1)

=(2c0os2™0+1)(2cos2™'0-1)
=4cos’2"0-1
=2co0s2"0+1

Illustration 20 Prove that

tan2"0
tan O

=(1+sec 26)(1 +sec2? 6)

(l+sec239)~--~(l+sec2“9)

Solution We have to prove that

tan2" 0
tan

=(1+sec20) (1 +sec?20).....(1 +sec2"0)

or tan2"0=tan 0(1 +sec20) (1 +sec2?0)....(1 +sec2"0)
Now tan 0(1 +sec 20) (1 +sec 220)..... (1 +sec2"0)

1+cos26
=tan 0| ————— [ (1 +sec 2?0)....(1 +sec2"0)
cos20

cos20

sin®( 2cos’ 0
~ cos0

j(l +sec2%0)....(1 +sec2"0)

=(tan 20) (1 +sec 2?0) ..... (1 +sec 2" 0)

1+cos2%0

=(tan20)| ———5— | (1 +sec 2*0).....(1 +sec 2" 6)
cos2°6
2cos’ 20

= (tan 20)| ——— | (1 +sec2°0).....(1 +sec2"6)
c0s2°0

= (tan 22 0)(1 +sec 2° 0).....(1 +sec 2" 0)

=tan 2""' O(1 +sec 2" 0)

14+cos2"0
cos2"0

=tan 2™! 9(

—tan 2™ g [20052 2“_19j

cos2"0

=tan2"0

A B C
Illustration 21 IfABC is a triangle and tan?, tanz, tan E are

in H.P., then find the minimum value of cot B/2.

SolutionA+B+C=n

A B n C
T 2222
A B n C
or cotf —+—|=cot| ———
2 2 2
. cot—cot——l_tang_ |
coté+cotE 2 cotE
2 2 2
A B C A B C .
or cot—cot—cot—=cot—+cot—+cot— ... @)
2 2 2 2 2 2

But tané tanE cotg in H.P.
u 2 5 2 5 2 are in r.r.
A B C .
cot—,cot—,cot— arein H.P.
2 2 2

A C B
So, cot—+cot— =2cot—
2 2 2

Hence, Eq. (i) becomes

A B C B A C
cot—+cot—cot— = 2cot— => cot—cot—=3
2 2 2 2 2 2

A
Thus, GM. of cot 5 and cot % is

A C
cot—cot— =+/3
2 2

A C .
and A.M. of cot E and COtE is

cot— +cot—
=cot
2
ButA.M. >GM. Thus,
B
COtE > \/3

Therefore, the minimum value of cot B/2 is \/§ .
Illustration 22 Find the sum of the series cosec 0 + cosec 26 +

cosec 40 + - to terms.

1 1 sin6/2
sin®@ sin©sinB®/2

Solution cosec 0 =
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. 0
Sln(e —zj sin Ocos9 —cos Gsing
sin esin(ej
2

0
cosec O = cot E —cot0

sin Osin o
2

Similarly, cosec 20 = cot 0 — cot 20

Illustration 23 Find the sum of the series cosec 0 + cosec 26 +
cosec 40+ ..... to n terms.

Solution Let cot 6 =cot A+ cot B +cot C

or cotO—cotA=cotB+cotC

sin(A—6) sin(B+C)

" SinAsin® sinBsinC
.2 .
or sin(A—g)=SASNO Q)
sinBsinC
o ) sin” Asin @ -
Similarly, sin(B—0)= sin Bsin C we(il)
) sin® Csin®
and sin(C —0) = SnAsnB .....(1il)

By multiplying corresponding sides of Egs. (i), (ii) and (iii),
we have

sin’0 =sin (A — 0) sin (B — 0) sin (C—0)
Illustration 24 If tan 60 = p/q, find the value

1
5(13 cosec 20 —qsec 29) in terms of p and q.

Solution Here, we have tan 60 = p/q

sin60 p
or ==
cos60 q
P _ g _p'+d’ 55

or

sin60  cos60 - \/I

LY R S
Now ¥ 2\sin20 cos260

1(pcos20—qsin20) _ 1(pcos26—qsin26
sin 20 cos 26 sin 20cos 260

2 2

| 2ksin 60 cos 20 — 2k cos 60sin 20
a 4sin20cos20

:ksm(69—29) :kzm

sin 40

Ilustration 25 Eliminate x from equations sin (a + x) =2 b and
sin(a—x) =2c.

Solution Adding sin (a + x) + sin(a—x) =2 (b + ¢), we get

2sinacosx+2(b+c)

Subtracting, we get
sin(a+x)—sin(a—x)=2(b—c)

or 2cosasinx=2(b-c)

b-c¢c

or sinx= (i)

cosa
Squaring and adding Egs. (i) and (ii), we get

(b +c)2 . (b—c)2

=1
sin’a cos’a
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EXERCISE -1

SINGLE CORRECT ANSWER TYPE
Ifin a AABC, cos® A+ cos’B + cos® C =3 cos A cos B cos
C, then the triangle is :
(A) Isosceles (B) Scalene
(C) equilateral (D) right angled
If'sin 6 =3 sin (0 + 2a), then the value of tan (0 + o) + 2tana

1S ©

(A)0 B)2 ©4 D)1

coso—cosf

If cosO= , then one of the values of tang

1—cosacosf
is:

p

( A) tan 9 cot— (B) tan E cot il
2 2 2 2

© sin%sin% (D) None of these

Ifa+p +y=m,tan B tany= 18 and tan o.tan y =2 then tan>
y=

(A)15 B)16 ©19 (D)20
Ifacos?3a+b cos* o =16 cos® o+ 9 cos? o is identity, then
(a,b)=

(A)(1,24) (B)(24,1) (O)(25,1) (D)None

Iftan q, tan f§ are the roots of the equation px*—qx +r=0
where p # 0, then tan (o + )

r

I R p
W By, ©Oi; O

p+q
If tan (E + 6) + tan (E - 6] =3, then
4 4
tan> [£+9j+tan2 (E— ) =0
4 4
(A)6 B)4 ©7 D)5

COSX cos(x+6) B cos(x +26) ~ cos(x +36)

If then
a b c

+c .
is equal to

b+d

Ai B3 CE Dg

Wy By  ©O7 O

The value of, cotA - cot(60° + A) + cot(60° + A) - cot (120°
+A)+cot(120°+A) cotA=

(A)3 (B)-3 ©)32 (D) 12

10.

11.

12.

13.

14.

15.

16.

b (a+bjl/2 (a_bjl/Z
en | —— | + equals to......
a a-b a+b

If tanx =— th
when x E(O,Ej
4

2sinx 2cosx

(A) Jcos2x (B) \cos2x
c 2cosx 2sinx
) \/sin2x (D) \/sin2x

The sum of the series,

1 N 1 N 1
sin47°sin48°  sin49° sin 50°

sin 45° sin 46°
1 N
oo ..o —cosecn” then the integer "n" must be
sin133° sin134°
A1 (B)45 (©)90 (D) None
2sinx = tanx
sin3x tan3x

(A)12 B)2 ©)3/2 D)1
Ifsin 6 +sin 20 +sin 30 =sin o and cos 6 + cos 20 + cos 30
= cos a, then 0 is equal to :

B)a (©)2a

o o
(A) By D) ¢

965in 80° +sin 65° sin35°
S — — isequalto
sin 20° +sin 50° +sin110

(€)-12 (D)48

The exact value of

(A)12 (B)24

. 3
Ifsina = = and sinp = 5 then all values of B — a, lies

in the interval

T 3n
A)|0,— |U| —,&
@ (05)(5
o5
©| 5

sino. /3
—— =— an
sinf 2

of the following is false

T 3m
®|35]
4

5
cosa :7,0< o <B<g,thenwhich

If
cosf3

(A)cotp=1 (B)tana =

Sl&

T _z
©B=7 (D) B=2
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17.

18.

19.

20.

21.

22.

If sec + tan 6 = 1, then one root of equation a(b — ¢)x* +
b(c—a)x+c(a—b)=0is:

(A)tan © (B)sec©

(C)—secH (D)sin O

InaAPQR,if3sinP+4cosQ=6

and 4 sin Q + 3 cos P =1, then the angle R is :

S5 T T 3n
Wy ®y ©OF O

Ifx+y=3-cos40and x—y=4sin 2 0 then :
B)Vx ++fy =16
Ox’ +y’ :2(x2+y2) (D)\/;+\/§:2

The value of the

(A)x+y' =9

2
2(sin 1° +sin2° +5sin 3° +....+sin89°)

2(cosl° +cos?2° +...+cos44°)+1

expression, equals

B)2 © 2 (D)3

Minimum vertical distance between the graphs of y =2 +
sinx and y=cos X is :

®)1

(A)1

(A)2 © 2 (D) 2-+2
The minimum value of the function

f(x)=3sinx—4cosx—10) (3sinx+4 cosx—10),is

195— 6032
(A)49 (B) 19526042
2
()84 (D) 45
¢ ]
23. 1f — 200 1 then the value of 019

24,

25.

- = - is:
tanO—tan30 3 cot®—cot30

A & B 2 03 D =
w3  ®»3  © D)
Suppose x and y are real numbers such that tan x + tan y =

42 and cot x + cot y =49. Find the value of tan(x + y).
(A)294 (B)249 (©)924 (D) None

1+sin2o

The expression
3n
cos(2a —2n)~tan(oc —4j

L 2 cotg+cot[3—n+g)
—Zsm (o} 2 > s

26.

27.

28.

29.

30.

31.

when simplified reduces to :
(A)1 B)0
(C) sin?(a/2) (D) sin? o,

The expression,

T 3n .3 7m
tan| X —— |-COS| —+ X |—SIn" | ——X
2 2 2
b 3n
cos| Xx—— |-tan| —+X
2 2

(A) (1 +cos?) (B)sin’x

(C)—~(1+cos*x) (D) cos’x

The expression S=sec 11° - sec 19°—2 cot 71° reduces to:
(A)2cot11° (B)tan 19°

simplifies to :

(C)2tan 11° (D) %tan19°

2/3

If cos’ @ :%(a2 —1) and tan” =— =tan®’’ o, then cos

N |

o+sin? o=
2 2/3 2 1/3
(A)2a” (B) (;j ©) (;j (D)2a'?

Ifo<x< g then Range of

f(x):sec(g—xj+sec(%+xj is :
(A) [1300] ®) {%w j

oh] ol

8

1611E COtE
8
Leta, = (tan gj ,a, = (cotgj . Then which one of

the following statements is true about relative sizes of a,,
2

a,a,a,’

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

(Ca,>a,>a>a,

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

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

) A , B
Zcot —-cot” —
In AABC, the minimum value of 2 2 is:

A
[T cot 5

(D) Non existent

(A)1 (B)2 ©)3
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32.

33.

34.

3s.

36.

37.

38.

Let x = (sin o) log, sin a, y = (cos a) log, cos a and
z=(sin a) log, cos a, w=(cos a)log, sin o where 0 <b<1

andO<a<%.Then

(A)x<z<w<y

(CO)z<x <0<y

B)y<z<x<w

D)x<y<z<w

If w=log, cos1,x=log, tanl,y=log  sinl and
z=log  , tan 1 then

(A)w<y<x<z

(O)x<z<y<w

B)y<z<w<z

(D)z<x<w<y

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

0
i
r
6 X
3 6
0 B) ———
sinOcos” 0 sin”“ 0cos O
S - D) —
sin O cos O sin O

If the roots of the equations x* — px*> —r = 0 are tan a., tan 3
tan y then the value of sec’ a - sec? B - sec? y is

(A)p*+r?2+2rp+1 B)p>+r*-2mp+1

©O)p*—r’—2rp+1 (D) None
If X - Y = z , thenx+y+zis
cos O 27 21
cos| 0—— | cos| O0+—
3 3
equal to :
A1 B)0 © -1 (D) None of these
The roots of the equation 4x% - 2\/§x +1=0are:

(A) sin 36°, sin 18°
(C)sin36°, cos 18°

(B) sin 18°, cos 36°
(D) cos18°, cos 36°

n
Iff(0) =5 cosO + 3 cos [9 + gj +3, then range of f(0) is:

A5, 111 B)[3,9]  (O2,101 (D)[4,10]

39.

40.

41.

42.

43.

44.

45.

46.

47.

If a, B, v, & are the smallest positive angles in
ascending order of magnitude which have their sines equal
to the positive quantity k, then the value of

p

.o . . . O
4s1n5+3s1n5+251n%+51n5 isequal to:

(A) 241-k (B) 24/1+k
© 1; K (D) None of these

If © = m/4n, then the value of tan6 tan20 ... tan (2n-2)0 tan
(2n-1)01is:

(A)-1 B)1 (©)0 (D)2

IfA=5in45°+ cos 45° and B =sin 44° + cos 44°, then
(A)A>B (B)A<B
(O)A=B (D) None of these

Ifcos 0, =2 cos 0,, then tan o ;62 tan 0, +6,

is equal to

1 1
w3  ®-3; Ol (D)-1

1
In triangle ABC, If sinA cosA= Z and 3 tan A =tan B, then

cot> Ais equal to :

(A)2 ®)3 ©4 D)1
tan 100° + tan 125° +tan 100° tan 125° is equal to :
(A)0 B)172 O©-1 D)1

If tan « is equal to the integral solution of the inequality
4x* — 16 x + 15 < 0 and cos B is equal to the slope of the
bisector of the first quadrant, then sin(o + 3) sin (ot — ) is
equal to :

3 3 2 4
w3  ®;  Of OF

Ifin triangle ABC, sin A cos B = 1/4 and 3 tan A=tan B, then
the triangle is :

(A) right angled

(C) isosceles

(B) equilateral
(D) None of these

Letf0) —22 and a4+ = 7, then the value f(a)
et f(0) I+ ootp 20 oa+p = 2 , then the value f(o) f(B)
is:

1 1
(A) 5 (B) ) )2 (D) None of these
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48.

49.

50.

51.

52.

53.

54.

5S.

s
If y = (1+ tan A) (1 — tan B), where A— B = I then

(y+1y*',is equal to :

(A9 B)4 (©)27 (D)81
Ifx,, x,, X,,....., X _are in A.P. whose common difference is
a, then the value of sin a (sec x, sec, + sec, sec, + ...+

SeCX secXx) is:
n-1 n

sin(n—1)a

(A) oy cosx (B)

COSX; COS X,

sin no

COSX; COSX,,

(C)sin(n—-1) a.cos x, cosx (D) sinna cosx, cos x_

7
If tanﬁ,x and tans—n areinA.P. and tanE,yand tan —
9 18 9 18

are also in A.P. then
(A)2x=y
Ox=y

B)x>2
(D) None of these

Let x = sin 1°, then the value of the expression,

1 1
+
cos1° . cos2°

cos0° - cos1®

1 1

+ is equal to :
cos44° . cos45°

cos2°. cos3°

(A)x (B) 1/x ©~2/x (D) x/\2

Ifx,y, z are in A.P., then Smx=smz isequal to :
COSZ—COS X

(A) tan 30 (B)cot 36

(C)siny (D)cosy

Ifx, and x, are two distinct roots of the equation, a cos x +

X; +X,

b sin x =c, then tan isequal to :

a b C a
(A) 5 (B) N © N (D) -

Give that (1+1+x Jtany =1++I=X. Then sin 4y is

equal to :

(A)4x B)2x ©)x (D) None of these

If tan0 = \/H, where n € N, > 2, then sec 20 is always

(A) A rational number (B) an irrational number

(C) Apositive integer (D) A negative integer

56.

57.

58.

59.

60.

n
cos’xsin2x= Y a,sin(rx)V x eR, then

x=0
(A)n=5,a,=1/2 (B)yn=5,a=1/4
(©)n=5,a,=1/8 (D)n=35,a,=1/4

IfA+B+C=3n/2,then cos 2A + cos 2B + cos 2C is equal
to:

(A) 1 —4cosAcosBcosC
(B) 4 sinAsin B sin C
(C)1+2cosAcosBcosC
(D) 1-4 sin Asin B sinC

tan® g— 33tan’ g+ 27 tan? g is equal to :

(A)0 B)\3 ©€)3 D)9

Ifcosx cosy—cos(x +y) = %, then

(A)x+y=0
©x=y

(B)x=2y
(D) 2x=y

Given that a, b, ¢ are the sides of a triangle ABC which is
2
right angled at C, then the minimum value of (E + %) is:
a

(A)0 B)4 ©6 (D)8

EXERCISE -11

1.

MULTIPLE CORRECT ANSWER TYPE

sin* x N costx 1

If = S then which of the following is/are

5 4
true ?
4 4
(A) cot’ x =— (B)tan’x = —
5 5
©) 64 +12—65=1458 (D) 1265 +%=1458

cos®x  sin®x cos’ X sin’ X

Ifcosx+cosy=a, cos2x +cos 2y =Db, cos 3x + cos 3y =c,
then

b
(A)cos?x+cosly=1+ 5

b+2

a2
B . = | —=
(B)cosx-cosy > ( 1 j

(O)2a3+c¢=3a(l +b)
(D)a+b+c=3abc
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If wﬂ +3 (1 +(tan x ) tan ij sin X = 4, then the value
sin 2x 2

of tan x can be equal to

1 1

A1 B 5 ©3 D)3

Ifs1noc—§—<0L<TE and cosf} = 5Tt<[3<3 then
52 13 2

the correct statements is (are)

(A) tan (0 —B) = 7¢ (B)tan(a+f)=

(C) sin20=—7 25 (D)cos2B=—7— 169

Which of the following identities wherever defined hold(s)
good ?

(A) cos 36 =4 cos 0 —3 cos*0

®) tan(ﬁ—ej ~ 1-sin26
4 c0s20
2tan9
(C) tan® - 2
1—tan®=
2

(D) sin 30 =5sin 0 - sin(60° — 0) - sin (60° + 0)
Which of the following when simplified reduces to unity ?

(A) sin(—420°) - c0s(390°) + cos (—660°) sin (330°)

237 o) _gin?[ T
(B)cos(8+9j sin (8 9)

(C) sin(290° —0) - cos (160° + 6)
+¢0s(290°-0) - sin(160° + 6)
(D) cos 200° - cos 160° —sin 200° - sin 160°

If x, and x, are two real solutions of the equation

(X)lnx2 _
(cot2 5°)(c052 5°)

2 2
cot” 5% —cos~ 5°

e'® then the product (x,x,) equals.

(A)

(tan2 10°)(sin2 10°)

tan?10° —sin”10°

(B)

10.

11.

12.

13.

(C)sec 0+ sec£+se02—n+ sec3—TE
7 7 7

4 5w 61
+sec— +sec— +sec—
7 7 7

(D) V1-sin®110° -sec110°

Which of the following is(are) INCORRECT ?
(A)cos(-1)<cos2 (B)cos2>cos3
(C)sin3>sin2 (D)sin 1 <cos 1

Which of the following quantities is(are) rational ?

in®[ ™)+ cost [ ®
(A) sin (8j+cos (8)

3tan10° —tan® 10°
1-3tan?10°

(C) cosec 10° - cosec 50°- cosec 70°
D) sin I -Ccos 3—n
) 10 5

1

Thevalueofkl 1n(k+1) sin(k+2) is:

(A) positive (B) negative

C cot2—cot7 tan2—tan7

© sinl sinl
n-1

If £, ( 1_[(2cos(2S ) ) n>1. Then which of the
s=0

following is (are) incorrect ?

21 om
(A) . (g]:—l ®) f (zssj

27 47
O 1, [31) I D) {mj

A a
Let a =550 and b=7"87%) then p can be equal

1

1

to

(A)tan2° (B)tan4® (C)tan5° (D)tan1°

In AABC if sin A sin(B — C) = sin C sin (A— B), then (where
A=B=C).

(A) tan A, tan B, tan C are in arithmetic progression

(B) cot A, cot B, cot C are in arithmetic progression

(C) cos 2A, cos 2B,cos 2C are in arithmetic progression

(D) sin 2A, sin 2B, sin 2C are in arithmetic progression
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14.

15.

16.

17.

18.

19.

J1-sin4A +1

If Yy = ——=——=——=—=——=—"then one of the values of y is :
Ji+sindA —1 Y
(A) —tan A (B)cotA

©) tan(£+Aj (D) —cot(£+Aj
4 4

1f B34y (k%1), then

tan A

A cosA  k’-1 B sin3A 2k

( )cos3A 2k ®) sinA k-1
1

©k<3 (D)k>3

. . X .
If cos x — sin o cot P sin x = cos a, then tanE is equal to:

(A) cotgtan b B) - cotE tan =
22 22

(C) tan il tan E (D) cot il cot E
2 2 2 2

If (a— b) sin (0 + ¢) = (a + b) sin (0 + ¢) and a tang—b

¢

tan— =c, then
2

(A)btand=atan 6 (B)atanp=b tan 6

C)sin b= 2bc D) sin 6 = 2ac
(C)sing a’ —b*—¢? ®) a’—b*+c?
Consider two inequalities (sin x)*"* < (cos x)** * and

n
(sin X)¥"* > (cos X)®* in (O’EJ .

(A) First is true second is false.
(B) First is false second is true

(C) Both are false

(D) The second is true at x zg

If7cosx—24sinx=Acos(x—a),0<a< g be true for all

x € Rthen (or)p=10,q=28

. 124

= o=sin —
(A)A=25 (B) 25
7

C)A=-25 D) o =cos™ —
© (D) a =cos s

20.

21.

22,

23.

If A+B :g and cos A + cos B = 1, then which of the

following is false ?

(A)sin(A-B)= ¥ (B) |[cosA—cos B| = \/g

1
(B)|[cosA—cosB|=—=

23

(C)cos(A-B)= —%

7
ZCOSI’X

Lety=-——

z sinrx
r=1

then which of the following hold good ?

(A) The value of y when x :% is not defined.
(B) The value of y when x = % is 1.

(C) The value of y when x = % is \/2-1.

(D) The value of y when x :4£8 is 2++/3.

Ifsin®+sin¢p=a and cos O +cos ¢ =b, then

0-¢) , [4-a’-b’
© tan( > J—i T
2 2
(D) cos(0-¢) = 2

Which of the following quantities are rational ?

. (1lm) . (5m
(A) sin (Ej sin (Ej

21 4n 8n
(D) | 1+cos— || 1 +cos— || 1 +cos—
9 9 9
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24.

25.

26.

27.

28.

29.

Which of the following inequalities hold true in any
triangle ABC ?

A sinésinEsing<—
(4) 2 2 2 8

B) cosécosEcos
2 2

(C) sin® A +sin’ B +sin’® ¢ < 3
2 2 2 4

£
2

FNGIING}

A B
(D) cos’ > +cos’ > +cos’

For a = n/7, which of the following hold (s) good ?
(A) tan oo tan2a tan 3o =tan 30— tan 20— tan
(B) cosec a. = cosec 2a. + cosec 4o

(C) cosa—cos2a +cos3a=1/2

(D)8 cosacos2acosda=1

Which of the following identities, wherever defined, hold(s)
good ?

(A) cota.—tan a. =2 cot 2a

(B) tan (45° + o) —tan (45° — o) =2 cosec 2a.

(C) tan (45° + o) +tan (45°— a) =2 sec 2a

(D) tan o + cot o =2 tan 2

The expression (tan*x +2 tan’x + 1) cos? x when x =1/12 can
be equal to

(A) 4(2—\/5)

(C)16 cos® /12

(B) 4(J§+1)
(D) 16 sin* /12

Let o, B and y be some angles in the first quadrant
satisfying tan(o + ) = 15/8 and cosec y = 17/8, then which
of the following hold (s) good ?

A)a+B+y=mn

(B) cotacot B coty=cota +cotf +coty

(C)tana +tan B +tany=tan o tan f tany
(D)tanatan B +tan P tany +tanytan o =1

3 3
The equation x’ _ZX = 'y is satisfied by

Sm
(A) x= COS(EJ

(C) x= cos[B—nj
18

(B) x= 005(7—71}
18

(D) x = cos(”—n)
18

EXERCISE -11T

10.

PART - 1ASSERTION REASON

Stat (1 c0s36° —cos72°
atement-1: c0s36° cos 72°

Statement -2 : sinl5° = @
Statement - 1 : (1 +cot®) (1 + cot2°).....(1 + cot45°)

=22 cotl® cot2° ..... cotd4® cot45°
Statement - 2 : (1 —cot1°) (1 - cot2°).......(1 — cot45°) =22
Statement - 1 : If x sin® 0 +y cos® 0 = sin 0 cos 0 and x sin
0=ycos0,thenx*+y>=1.
Statement -2 : 4 sin®0 =3 sin 0 —sin 30 and 4 cos® 0
=3 cos 0 +cos 360
Statement - 1 : tan 50 — tan 30 — tan 26 = tan 560 tan 30
tan 26.

Statement-2 :x=y+z=>tanx—tany—tanz=tanxtany
tan z.

Statement - 1 : The maximum value of sin 0 + cos 0 is 2
Statement - 2 : The maximum value of sin 0 is 1 and that of
cos O is also 1.

4xy
Statement - 1 : sec’ 0 = (x+y)’ is possible for all real
values of x and y only when x =y
Statement - 2 : sec?0 > 1.

1
Statement - 1 : sin 0= X +— is impossibleifx € R~ {0}.
X

Statement -2 : x +l € (—o0,-2]U[2,0)
X

T
Statement -1 : [fA>0,B>0and A+ B = 3 then the

maximum value of tan A tan B is g .

Statement -2 : [fa +a,+a,+..+a =k (constant) then
valuea a, a,.
Statement - 1 : sin 3 <sin 1 <sin 2 is true

..a_is greatest whena =a,=a,=...=a

n

Statement - 2 : sin x is positive in first and second quad-

rants.
1 3cos0 1
Statement - 1 : Maximum value of sin 1 3cos0
1 sin O 1

is10
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11.

12.

13.

14.

15.

16.

17.

18.

Statement - 2 : Maximum value of (a cos 0 + b sin 0)?
is a® + b2

Statement-1:cos 1 <cos7.

Statement-2:1<7.

Statement - 1 : If f(0) = (sin0 + cosec0)? + (cos 0 + sec 0)?,
then the minimum value of £ (0) is 9.

1
Statement - 2 : Maximum value of sin0 - cos?0 is e

Statement - 1 : The minimum value of the expression
sin o + sin B + sin vy is negative, where o, B, v are real
numbers such thata + 3 +y=m.

Statement - 2 : All sin a, sin b, sin g are positive.
Statement - 1 : If x + y + z = xyz, then at most one of the
numbers can be negative.

Statement - 2 : In a triangle ABC, tan A+ tan B + tan C=tan
A tan B tan C and there can be at most one obtuse angle in
atriangle.

Statement - 1 : The maximum value of sin \/Ex + sin ax
cannot be 2 (a is positive rational number).

2
Statement - 2 : — isirrational.
a

Statement - 1 : sin /18 is aroot of 8x*> —6x + 1= 0.
Statement - 2 : For any 0 € R, sin*0 = 3 sin 0 — 4 sin®0.
Statement - 1 : In a triangle, the least value of the sum of

cosines of its angles is unity.
Statement - 2 : cos A+ cos B+ cos C =1+ 4 sin

A.B.C .
ESIHESIHE ,if A, B, C are the angles of a triangle.

IfA+B + C=m, then
Statement - 1 : cos’ A + cos?> B + cos? C has its minimum

lue —.
value -

Statement - 2 : Maximum value of cos A cos B cos C is g .

PART - 11 COMPREHENSION TYPE

Comprehension # 1

LetP (x)= l(sinn X +cos” X)Vn e N and
n

Q(m) =00s(63°) + (00s57°)™ + (cos 63°)™! (cos 57°)™!
V' m e N. Also givenlog, 2=0.3010; log, 3=0.4771.
The value of log, 5 (Q(2)) is equal to :

(A)0 B)2 ©1 (D)1

2. The valueof (12P,(x)-P (x)atx = % equals
(A1 B)3 ©o6 (D) 1/12
8 100
3. Number of zeroes in (EPZ (X)j after decimal before a
significant figures starts, is :
(A)30 B)31 ©)35 (D)36
Comprehension # 2
Leta=cos 10°, b=cos 50° and ¢ = cos 70°.
1. The value of (a? + b%+ ¢?) is equal to :
3 4
(A)2 B ©3 D)1
2. The value of (b+c) is equal to :
a 2a
(A)a B) 5 (©)2a D) 7
3. The value of 4(a> — bc) is equal to :
8 5
(A) 3 B) 5 ©2 (D)3
Comprehension # 3
Consider cos?0—sin’? 0 = 5+\/§,9€ _—R,E .
8 4 4
1. Number of values of 0 satisfying the given equation is :
(A)2 ®)3 ©4 D)5
2. The difference between greatest and least value of 0 is :
A z B - C = D -
w3 B O3 O
Comprehension # 4
. . 6 3
Let sin o + sin 3 :T and cos .+ cos = :T'
a+fB) .
1. The value of tan is equal to :
WVI B ©F O
> L _
2 ’ N
oa—PB) .
2. The value of 100 cos? 5 is equal to :

(A)S (B)25 (C)50 (D)75
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Eomprehension#5
Consider the polynomial P(x) = (x — tan 10°) (x — tan 50°) cos’a  cos’pB _
2. 2 + 2
(x—tan 70°) cos" cos”a
1. Constant term in P(x) has the value (A1 (B)2 ©3 D)4

_ 4 . 4
™5 B O > 3., B on B

cos’a  sin’ o

2. Ifa, b and c are coefficient of x?, coefficients of x and (A)1 B)2 ©3 (D)4
constant term in P(x) respectively, then the value of —are Comprehension #9
) B Consider the polynomial P(x) = (x — cos 36°) (x — cos 84°)
is equal to : (x—cos 156°)
(A) tan 130° (B) tan 120° 1. The coefficient of x?is :
(C)tan(—130°) (D) tan 150°
: 1 J5-1
Comprehension # 6 (A) 0 B)1 (C) —— (D) ——
ForneN let f(n) = 8(cos"0 —sin" 0). g(n) = 8(cos" O + sin” 0) 2 2
2. The coefficient of x is :
1. Iff(6) =acos(20) + b cos (60), V O €R then the value of
a+Dbisequal to (A) 3 ®) 3 © 3 D)Z
= - - ero
(A)8 B)7 ©)6 D)5 2 2 4
(6) ; 3. The absolute term in P(x) has the value equal to :
g ) .
2. The value of | ——=+-—sin” 20 | is equal to :
[32 16 ] ! IR e R B 2 B
W= BT OT— O)
1 -1
Ao B) 5 © D)2
PART - Il MATCH THE COLUMN
Comprehension # 7
Let N be the number of solution of equation, L Column-1 Column-11
(A) Ifcosec 6 + sin 6 =3, then P 1

(log,,  sinx)(log, x)(log tanx)=11in[0,2n].

M be the sum of integral values of equation, log(cosec” B + sin’0)

is greater than

4

2log, (2x) +log (x*—2x+1)= 3 (B) The value of Q2

P be the value of y in equation. c0s2 =~ +cos® X 4+ cos? In +cos> ?_g’ is

(80s?9°—6) (12 cos?27°—9)=6tan y°,y €(0,10) _ .
1. The value of M? + N?is equal to : coprime with

(A)4 B)S ©6 D)8 © 1f 507 —70%5)" then he R)3
2. The value of P + M is equal to value of x is smaller than

(A)8 B)9 (©)10 D) 11 (D) Iflog(xy’)=1,log(x’y) =1, then (M5

value of log(xy)? is twin prime with
Comprehension # 8
2. Column-1I Column-II
4 . 4
Given that =22 % /S & _ (A) Ifcos?x+ 5 cos x =2 sin*x, then ®1

2 s 20
in .
cos"p sin”p the value of sec x is greater than

. . loggs 5
. sin® o . sin’ B _ (B) The value of (0.2)(1 +9l°g38) = Q2
* sin’B sin’a
is coprime with
(A)1 (B)2 ©)3 D)4
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(C) Ifthe expression, R)3
cos (x - 3775) +sin (37” + xj +sin(32n+x)

— 18 cos (191—x) + cos(56m+x) —9 sin(x + 17m)
is expressed in the form of a sin X + b cos x,
then the value of b/a equals. (S)4

Column-1 Column-II
(A) Iftan 50° —tan 40° =k tan 10° then P)1
the value of k is
(B) Number of expression (s) (given below), (Q) 2
which simplifies to
(sec?® — cosec? 0), is twin prime with
(i) sec? O + cosec?0

(ii) (tan 6 + cot ©)?

(i) tan? 0 +1
i 1—cos? 0

(iv) cosec? 20
(©) Square root of the root of the R)3

equation 3x'0%:4 4 glogsx _ g4

is equal to
(D Suppose sin 6 — cos 0 = 1, then the value
of'sin® 0 —cos’0 is (Q € R) (S)4
()5
Column -1 Column -1T
(A) Inatriangle ABC, let P3

Jsin A ++/sin B ++/sinC = \/12005%005%%5%,

18

sin® A N sin’B  sin? Cj

then the value of (sinz B sin’C  sin’A

(B) LetA=|(log,|cos24°) + (log,|cos 48°) QS
+ (log,|cos 96°() + (log,|cos 192°)) +

(log,|cos 96°)) + (log,|cos 192°])| and

B log,, 23 -log,, 56-log,; 91-logs, 41

log,, 91-log,, 11

The value of (AB), is
(C) Let L denotes the value of cos’(a — B), if (R)6

3

1
sin 2o+ sin 2P = 5 and cos 2a. + cos 23 =7.

If M denotes the value of expression

5.

1 1 1
+ + ,
log, xyz log, xyz log, Xyz

S)4

Calculate without using trigonometric tables :

Column -1 Column -1T
(A) cosec 10°— /3 sec10° P)4
(B) 4cos20°— /3cot10° (Q)-1

2co0s40° —cos20°
sin 20°

®) 3

sec5® cos40°

(D) 2+/25in10° {T+

—2sin35°
sin 5°

Let o, B be the solutions of the equation
3cos 20 + 4 sin 20 = 5 then match the following

Column -1 Column —II
(A)tan oo+ tan 3 P)0

4
(B) tan (a.+ ) Q3

1
(C) tan (a.—P) (R) 1
(D) tan o - tan B) o)1

Column -1

(A) tan 20° - tan 40° - tan 60° - tan 80° =
(B)tan 9° —tan 27° —tan 63° +tan 81° =

©) 4 sin4£+sin43—ﬁ+sin45—ﬁ+sin47—JT =
16 16 16

16
(D) 4(cos6 x +cos® 3_7: +cos® S—Tc +cos® 7—nj =
16 16 16 16
Column -I1
(P)3 Q4 R)6 S)5
Column-1I Column - 11
(A) Minimum value of P)2
5sin”> 0 +4 cos? 0 is
(B) The maximum value of Q4

cos’ [E— xj —cos’ (E‘i‘ xj
3 3

(C) Minimum value of R) —
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tan?0 + cot? 0 is
(D) Minimum value of
9 tan’* 0 + 4 cot’0 is

(S) 12

PART -1VINTEGER TYPE

. 3
1. If X-=sin 9+E +sin 9—£ +sm(6+—nj;
12 12 12
Y =cos 9+E +cos| -1 +cos(6+3—nJ
12 12 12

th E—X—kt 20. where k 1
en &~y =K tan20. where k equals.

2. sin?12°+sin?21°+ sin? 39° +sin? 48° — sin? 9° —sin? 18° =

tan A
3. IfA+B+C=m then 3| ———
tanB-tan C
=Y (tan A)—k X(cot A) where k equals.
4. If tan30 =4, then the value of 3 sin36 is.
tan 0 sin 6

5. Ifcos50=acos0+bcos’®+d,then|b+c|=

10 ST —a
6. The value of ZCOS E equal to > then the value of
r=0

b is (where g.c.d of (a,b) is 1)

7. The value of cosec 10° cosec 50° — cosec 50° cos 70° —
cosec 10° cosec 70° equal

8. The value of vcosec?10° + cosec?50° + cosec? 70° equal.

3—tan’ kid
7 T

=K cos— then K equals.
1—tan? * 7

9. If

10. If k is the smallest positive integer solution to

c0s96° +5sin 96°

tan19x° = — thenmiddle digit of k is equal

c0s96° —sin 96
to

[s]

89
1
11. If S= Z—z then == equals. ([.] denotes G.I.F.)
n=11+(tann° 11

1
12. Lettano -tanff = . If the value of
/2005

13.

14. If

15.

16.

18.

19.

20.

21.

(1003 - 1002 cos 2ar) (1003 — 1002 cos 2) is K then sum of
digits of K is.

If K is the minimum value of the function,

sin x cos X tan x

f(x)= + t———
() \/l—coszx \/l—sinzx sec” x —1

cotx
> as x varies over all number in the largest
veosec x —1

possible domain of f then | k | equals.

sin ©sin 20 +sin 30sin 60 +sin 40sin130
sin 0.cos 20 + sin 30 cos 60 + sin 40 cos 136

tan (k0),
then find k.

Find the exact value of the expression

sin?34° —sin*11°

sin34° cos34° —sin11° cos11°

Two parallel chords of a circle of radius 4, which are on the

4n

21
same side of the centre, subtend angles of 3 and 3

respect at the centre. Find the perpendicular distance be-
tween the chords.

2

36 sin(36x5° o o
. IfN:Hsin(lOk)" — ( )sin[lo +360 jzo

ol sin 5°

7
N= H sec E%) then find the value of log N.
r=1

5
Find the value of Hzcos(zkA), where A = 6_755 )
k=0

2, . ,(nn 2 nn
LetP= Z sin’ (ﬁj and 9= ZCOSZ (a} then find the

n=1 n=1

value of (p + q).

88
1t D tanr’ tan(r+1)°" =cot’ I° ~k, where k is a prime

r=1

number, then find the difference of the digits in k.

Ifx?+y?>=4 and m & M are the minimum and maximum
value of expression (1 —2x2?)? + 4x%y?, then find the value of

()
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22.

23.

10.

11.

If sin 2n +sin an +sin 8n +sin 16n has the value equal to
15 15 15 15

\/% where a and b € N and are relatively prime, then find
the value of (a + b).

Two parallel chords of a circle of radius 2 are at a distance

V3 +1 apart. If the chord subtend at the centre, angles of

2
% and % , where K > 0 then find the value of [K].[Notes

: [K] denotes the largest integer less than or equal to K].

PART - VSUBJECTIVE TYPE

sinx —cosx +1
Prove that ————

sinx +cosx—1

=secx+tanx .

If2 cos x + sin x = 1, then find the value of 7 cos x + 6 sin x.

A parallelogram containing a 60° angle has perimeter p and
its longer diagonal is of length d. Find its area.

i u;-u, u
If u =sin"0 + cos"6, then prove that —>——7 = 3
U;—us U,
Let A=sin x cos x. Then find the value of sin® x + cos* x in
terms of A.

sec'® tan’0 1
+ =

, then prove that |b| <|a.
a b a+b P ol < al

—,t ¢ in H.P
2,an2arem P,

then find the minimum value of cot B/2.

A
IfABC is a triangle and tan oo tan

Find the sum of the series cosec 6 + cosec 26 + cosec 40
Feeee to n terms.

1
If tan 6q = p/q, find the value of 5 (p cosec 20 — q sec 20)

in terms of p and q.

If0 <o <m/2 and sin o + cos o + tan o + cot o + sec o +
cosec o.= 7, then prove that sin 2 a is a root of the equation
x> —44x+36=0.

Let A, B, C be three angles such that A = /4 and tan B tan
C =p. Find all possible values of p such that A, B, C are the
angles of a triangle.

12.

13.

14.

15.

16.

17.

Show that

sinx sin3x  cos9x :l[tan27x—tanx]

cos3x cos9x cos27x 2

Prove that S22 0%l 050 1) 2 cos 20 - 1
= — — X

rove that — " (2cos ) (2 cos )

(cos220—1)....(2cos2™'0—1).

n

tan 2
Prove that — 0_ (1+sec20)(1+sec2?0) x (1 +sec2°0)

-+ (1 +sec2"0).

n T 3n

—qin | O+— |+sin| O—— |+sin| O +—
I X Sm( 12] ( 12j ( 12)’
Y =cos 9+7—Tc +cos 9—l +cos (5)+3—Tc

12 12 12

th thtz—X—Zt 20
en prove that & ——=2 tan 20.
Intriangle ABC, tan (A—B) +tan (B—C) + tan (C-A) =0.
Prove that the triangle isisosceles.

In a right angled triangle, acute angles A and B satisfy tan
A+ tan B +tan? A + tan® B tan® B = 70. Find the angle A and
B in radians.
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EXERCISE -1V

1.

Ifcosx+cosy+cos o =0andsinx + sin y + sin o =0, then

t(x+yj B
CO )

[AIEEE : 2002]

(A) sina (B)cosaa  (C)cota (D)2 sina
Cos1°c0s2°.cos3°....... cos 179°= [AIEEE : 2002]
(A)O ®)1 ©2 D)3

Leta, B be suchthat t <o —f <3m. [AIEEE : 2004]

21 27
If sina + sinf =— o & cosa+ cosp=— 5’ then the value

of cos is:

__3 3
(A) v310 (B) ~/130
o 5 =6
© &5 D) 5

4 ) 5

Letcos(a+ )= 5 and let sin(a— ) = B,whereOﬁoc,B
< g.Then tan2o = [AIEEE : 2010]
- N T T R
Wi B3 O OF

If A =cos? 0 + sin* 0, then for all value of 0

3
(A)1<A<2 (B) ; <A<l

13
© 16 <A< (D) None of these

InaAPQR,if3sinP+4cosQ=6and4sinQ+3cosP=1,

then the angle R is equal to [AIEEE : 2012]

b8 b8 3n Sn
(A) i3 B) n © Y D) o

For0<¢<m/2, ifx= Y cos’ ¢, y= ¥ sin’ ¢, z=
n=0 n=0

3 cos” dsin”"¢ , then [IIT : 1992]
n=0

(A)xyz=xz+y (B)xyz=xy+z

O)xyz=x+ty+z (D) None of these

If K =sin(n/18) sin (57/18) sin (77/18), then the numerical
[IIT : 1993]
(D)None of these

value of K is :

(A)1/8 B)1/16  (C)12

10.

11.

12.

14.

15.

16.

17.

IfA>0,B>0and A+ B =m/3, then the maximum value of
tan Atan B is : [IIT : 1993]

(A1 B)173 O3 (D) 1/+3

3
The expression 3[sin4(n—aj+sin4(3n—a)}—
2

b1
2 [sin() (2 + ocj + sin6(5n - a)} is equal to

(A)0 B)1
O3 (D) sinda. + cos6a
[IIT : 1995]
3(sinx — cosx)* + 6(sin x + cos x)? + 4(sin®x + cos’® x) =
(A)11 B)12 ©)13 (D) 14
[TIIT : 1995]
2 Xy . : .
sec 0 = 7 istrue, if and only if : [IIT : 1996]
(x+y)
(A)x+y=0 B)x=y,x#0
O)x=y (D)x#0,y=0

. The number of values of x where the function f(x) =cos x +

cos(\/E X) attains its maximum is :

(A0 B)1 ©)2 (D) Infinite
[IIT 1998]
Which of the following number(s) is rational :
(A)sin 15° (B) cos 15°
(C)sin 15°cos 15° (D) sin 15° cos 75°
[IIT 1998]

Let n be an odd integer.

If sinnb = Zbr sin'0, for every value of 0 then :

r=0
(A)b,=1,b,=3
(C)b,=—1,b,=n

(B)b,=0,b,=n
(D)b,=0,b,=n*+3n+3

[IIT : 1998]
The function f(x) = sin* x + cos* x increases if

(A)0<x< = B) Eax< T
8 4 8

©Fx<T @) F<x<T

4 8 8 4

[IIT 1999]

In a triangle PQR, R = g , If tan (gj and tan (%) are the
roots of the equation ax?> + bx + ¢ =0
(a=0), then: [IIT 1999]
(A)a+tb=c (B)b+c=a
(C)a+c=b (D)b=c

62



Compound Angle

18.

19.

20.

21.

22.

23.

24.

25.

0
For a positive integer n, let £ (0) = tan (Ej (1+secO)(1+

sec 20) (1 +sec40)..... (1 +sec2"0). [IIT 1999]
Then :

(1)_ 7
Af, 16 =2 (B)f3(3—2j1

T

Of, (aj =0 (D) None of these
Let f(0) = sin0 (sin6 + sin 30 ). Then £ (0) [IIT 2000]
(A)=0onlywhen6>0 (B)<Oforallreal®
(C)=0 forall real 6 (D)< 0onlywhen6 <0
Ifa+p= g and B +y=a, then tan o equals : [IIT 2001]
(A)2(tan B +tany) (B)tan § +tany
(C)tan B +2tany (D)2tan P +tany
The maximum value of

(cos a,).(cos a,)....(cos o)) , under the restrictions 0 < o, .

T
Oy ..o O < 5 and (cot a,).(cot a,).(cot a;)......(cot a ) = 1

is

1 1 1
Wz B Oy O

1 |
If 0 & ¢ are acute angles such that sin 0 = 5 andcos¢p= 7

3
[IIT 2004]

W] w3

(A) 375 B) 53

o5 o]

© 376 (D) .

1
cos(a+B)= e cos(a.— B) =1 find no. of ordered pair of

then 0 + ¢ lies in

(o,B)—-m<a,B<m
(A)0 ®)1

[IIT Scr 2005]

©)?2 (D)4

Ift, = (tan6)", t, = (tan6)“°, t, = (cot)'*°, t, = (cotO)<®

and let 0 e (o,“J , then [IIT 2006]
4
(A)t, <t, <t <t, (B)t, <t <t <t,
O t, <ty <t,<t, D)t <t <t;<t,
. 4 4
|
ip X8 X2 then [IIT 2009]
2 3 5

26.

27.

28.

29.

30.

31.

2 sin®x  cos®x 1
A)tan’x = — B + =—
(A) tan™x = 3 ® =3 27 125
1 sin®x cos®x 2
C) tan’x = —~ p 2R X S X_ =
(©tan’x=3 B =3 27 125

The maximum value of the expression

1

is
2 ) 2
sin" 0+ 3sinOcosO+5cos” O

[IIT 2010]

Let 6, ¢ € [0, 2] be such that 2 cos® (1 — sind) =
0 0

sin?Q| tan 5 +cot 5 cosdp— 1, tan(2w—0) >0 and -1 <sin

3

0<-— - Then ¢ cannot satisfy [IIT2012]

0 Ll Togedm

(A)0<f<- (B) 5 <4<

© Ty D) Z<p<2n
3 3 2

2
Let f: (-1, 1) — IR be such that f(cos 40) = ? for

ec? 0

0 (ORJU(R nj Then the val ff(l)'

€ " 125 en the value(s) o 3 is(are)
/3 /3

(A)1- 5 B)1+ >

O1 2 D)1+ 2

©1-3 D) 1+[3

[IIT 2012

. tan A cotA .
The expression + can be written as
I-cotA 1-tanA
(A) secA cosecA + 1 (B) tanA + cotA
(C) secA + cosecA (D) sinA cosA + 1

[JEE Mains 2013]

1
Let f (x)= X (sin* x + cos* x) where x € Rand k > 1. Then

f,(x) — f(x) equals [JEE Mains 2014]

1

1 1 1
(A) 5 B) 3 © 1 (D) I

13 1
The value of 3

k=1 . (nt (k-Dn) . (n knr
sin| —+ sin| —+—
4 6 4 6

[JEE Adv. 2016]

is

equal to
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32.

33.

34.

35s.

(A)3-3 (B)2(3-/3)

©2(/3-1) (D)2(2+3)

If5 (tan? x — cos? X) =2 cos 2x + 9, then the value of cos 4x
is [JEE Mains 2017]
R R O T |

(A) 5 B) 3 © 3 D) 9

Let a vertical tower AB have its end A on the level ground.
Let C be the mid - point of AB and P be a point on the
ground such that AP=2AB. If ZBPC =b then tan b is equal
to: [JEE Mains 2017]

I G B
W= ®;  ©F O
Let o and B be non zero real numbers such that

2(cos B — cos a) + cos a cos B = 1. Then which of the
following is/are true ? [JEE Adv.2017]

(A) 3 tan(g) - tan(ﬁj =0
2 2

B) tan(%j —x/gtan(%j =0

© tan[%j 3 tan@ ~0

(D) \/gtan(aj+tan(%j =0

2

Let a, b, ¢ be three non-zero real numbers such that the
equation [JEE Adv. 2018]

T
J3acosx+2bsinx=c, x € [ 2,2}

m
has two distinct real roots a and  with o + 3 = 3 Then

b
the value of ; is.

64



Compound Angle

MOCKTEST

SINGLE CORRECT CHOICE TYPE

sin© N sin 30 N sin90
cos30 cos90 cos270°

Ifkl =tan 270 — tan O and k2 =

then

(A)k, =2k, B)k, =k, +4

Ok, =k, (D) None of these

If sec'd + tan” = ! , then for every real value of sin? 0
a b a+b

(A)ab<0 (B)ab>0

(C)a+b=0 (D) None of these

If 0° < 6 < 180°, then \/2+\/2+\/2+....+,/2(1+cose)

then being n number of 2's, is equal to

0
(B)2cos ( o j

(D) None of these

n2eos(
(A) 2 cos o

0
©)2 cos(2n+1 J

The value of the expression

T 2n 107 .o . 3t . 5w

€0S — COS—-Ccos—— — sin— sin—sin—- is equal to
7 7 7 14 14 14

A)0 B ! C l D —l

) ®-; ©7 O

The Value Of elogmtan 1° + logjetan 2° + logjgtan 3° +....+loggtan 89°

is equal to

(A)O B)e O 1/e (D)None of these

MULTIPLE CORRECT CHOICE TYPE

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

(A)P, (sinx) (B)P, (cosx)
(C)cosx P, | (sinx) (D)sinx P, | (cosx)
3+cos76°cot16° .
———————— isequal to
cot76°+cot16°
(A)tan16° (B)cot76° (C)tan46° (D) cot44°

Ifx=secd—tan ¢ and y=-cosec ¢ + cot ¢, then

_y+l oyl
(A)x= _y—l (B)xf—y_i_1
I+x
©Oy=1% D)xy+x-y+1=0

10.

11.

12.

13.

14.

15.

Ina AABC

343
(A) sinAsin B sin C < T\/_

FNGINo)

(B) sin? A+ sin?> B +sin’ C <

(C) sin A sin B sin C is always positive
(D) sin? A+sin*> B< 1+ cos C

X COsA
If —= , where A # B, then
y cosB
A+B) xtanA+ytanB
(A) tan =
2 X+y

A-B) xtanA-ytanB
(B) tan =
2 X+y

sin(A+B) ysinA+xsinB
sin(A—-B) ysinA—xsinB

©
(D)xcosA+ycosB=0
SUBJECTIVE

Let the exact value of expression

b4 , T ;T ) )
E =cos 7 + cos 7 —2cos 7 is a rational number in the

form p/q, where p and q are integers find (p + q).
For Ae|0,Z|if (1+ C°S3Aj+(l+
4 cosA

( cos9Aj (
+| 1+ + 1+
cos3A

then find the value of (cosec A — sec 2A)

cos 6Aj
cos2A

cos12Aj 0
cos4A

If (4 cos? 40°—3) (3 —4 sin? 40°) = a + b cos 20°, find (a—b)

Let a.=4 sin? 10° + 4 sin® 50° . cos 20° + cos 80° and

2 8
B= Cos2 = + cos? = + cosz—n, find (o + B)
5 15 15
Ifsin25° - sin 35° - sin 85° = M ,wherea, b, c € N.
c

Find(a+b+c).
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16.

17.

18.

19.

20.

INTEGER

Let f=sec 0 +sec — + 2 sl b sec R 4 gec 2t 4
et1=sec sec7 secC 7 sec 7 sec 7 secC 7

67
sec 7 .andc=cot 1°+cot2°+cot3°+....+cot 177° + cot

178°+cot 179°. Find (f2 + c?)

Find the exact value of the expression

sin?34°—sin’11°
sin34°cos34°—sinl1°cosl1°

I

5
Find the value of H 2 cos(2XA), when A= e

k=0

88
If z tan r° tan (r + 1)° = cot? 1° — k, where k is prime

r=1

number, then the difference of the digits in k.

If the maximum and minimum value of

(sinx—cosx—1)(sinx+cosx—1) Vv x € Ris M and mthen
find value of (M — 4m)
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10.

11.

10.

DPP1
|
tan O = 3. *cosAcosBcosC
2p
<2 y2
—+==2 5. 10
a~ b
0.79rad 7. 68°43'37.8"
s= 5—ncm 9. 25°12
12
5:4
DPP2
. -12 .
sin 0 = ER the angle '0' lies in the 4" quadrant.
A) 4. @A)
J7
B 7. —
B) 4
© 10. —n
x€[1,2] 16. 1
DPP3
1 5. sin3A=-59/72.
cosO = (Zcosx)+sin6(25in X) =0
tano =—1
DPP 4
11
DPP 6
. L L
cos -5
i
2
DPP7
y €[0.3]
ye[-1,-1/3]

-1/4 < (cos?x—1/2)* —1/4 £0
Hence, the maximum value is 1 +/5

y€e[-5,5]
1<px)<11
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EXERCISE -1

. © 2 (@A) 3 (A 4 B 5 A 6 ®» 1..0© 8 © 9 ®  10. B
1. (A) 12.0) 13.(A) 14.(B8) 15 (A) 16.(C 17.(B 18.(B) 19. D)  20. (B)
21. D)  22.(A) 23.(B) 24.(A) 25.D) 26 (B 27.C  28.B  29.®B)  30. O
3. (A)  32.(A)  33.(C 34.(A) 35 ®B  36.(B 37.B8 38D  39.B)  40. (B
41. (A) 42.(B) 43.(B) 44. (D) 45. (D)  46. (A)  47. (A)  48. (O  49. (A)  50. (A)
5. B) 52.B) 53.B) 54.(C 55.(A) 56.(B) 57.(D) 58.(C 59.(C)  60. (D)

EXERCISE -2
1. (AQ) 2. (A,B,C) 3. (AD) 4. (A,B,C,D) 5.(B,C) 6. (C,D) 7. (A,B,C)
8. (A,C,D) 9. (A) 10. (B,C) 11. (A,B,D) 12. B,C,D) 13. (B,C) 14. (A,B,C,D)
15. (A,B,C,D) 16. (B,C) 17. B,C,D)  18. (C,D) 19. (A,D) 20. (B,D) 21. (B,D)
22. (A,C,D)  23. (A,B,C,D) 24. (A,B,D) 25. (A,B,C) 26. (A,C) 27. (A,D) 28. (B,D)
29. (B,D)

EXERCISE -3
PART - I

Assertion Reason Type

. B 2 @© 3 O 4 (A 5 B 6 (A 7. 8 B 9 ®  10. (A
1. B 12.(A) 13.(C) 14.(D 15D 16.(A) 17. D) 18. (A)

PART - 11

Comprehension Type

Comprehension 1 Comprehension 2

1. O 2. (A 3. © 1. B 2. (A 3. (D
Comprehension 3 Comprehension 4

1. (A 2. (D) 1. (A 2. B
Comprehension 5 Comprehension 6

1. A 2. (A 1. A 2. B
Comprehension 7 Comprehension 8

1. (A 2. (D 1. B 2. B 3. A
Comprehension 9 Comprehension 10

1. (A 2. (© 3. B

PART - IIT

Match the Column Type

1. A »P,Q;B)-»PRT;(C)>PQ,R,S,T;(D)>T 2

3. A->QB)»>T;(C)>R;(D)—>P 4.

5. A >P;B)—-Q,(C)»>R;(D)—>S 6. (A)—>S;B)—»Q,(C)»P;(D)>R
7. (A)-»P;B)—>Q,(C)—>R;(D)—>P 8. (A >Q;B)—»>R,(C)>P;(D)—>S

- (A->PQB)>PQR,S;(C)~>Q
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PART - IV

Integer Type

1. 2. ()
11. @4 12. (2005)
21. (5) 22. (0019)
PART - V
Subjective Type

1. (© 2. (0
11. (O 12. (B)
21. (A)  22. (B)
31. © 32. D)

13.
23.
33.

@)

- (2
23.

©)

(A)
(A)
D)
©

4. @®)
14. (0009)

4. (B)
14. (O
24. (D)
34. (B,C)

5. @ 6. (¥
15. (1) 16. (2)

EXERCISE -4
5. B 6. (A
15. (B) 16. ()
25. (A,B) 26. ()
35. (05)

7. (0)
17. (0007)

7. (B,0)
17. ()

27. (A,C,D)28. (A,B)

8. (6)
18. (1)

8. (A)
18. (B)

9. @
19. 9)

9. (B
19. (O
29. (A)

10.
20.

10.
20.
30.

©)
(1)

B)
B)
D)
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EXERCISE -11T

A

10.

11.

12.

PART -1 ASSERTION REASON

(B
©

D)

x sin 0. sin? 0 + y cos =. cos’= = sin 0 cos 0
= xsin0=sinBcos®=x=cos0=y=sin0

x? +y?= 1. so statement 1 is true. Also statement 2 is true
but does not imply statement 1.

GV
(B)
GV
GV

1

X+—

AM>GM .. X >1
2

= sin 0 > 2 which is impossible. (- =1 <sin0<1)
(B)
(B
From figure, clearly
sin3 <sinl <sin2

sin2
sinl
sin3

A
1 3cos0 1

LetA= [sin® 1 3cos6| = (3 cosh —sind)?
1 sin 0 1

. = 10
B)
cos7=cos(2n+7—-2m)=cos(7—2m)=cos (0.72)
Now 1 rad and 0.72 rad angles are for the first quadrant
where cos x is decreasing; hence,

cosl <cos0.72orcos 1 <cos7.
But statement 2 is not the correct explanation for cos 1 <

cos 7. note that cos 0.5 > cos 7.

A

£ (0) = (sin 0 + cosec 0)* + (cos 0 + sec 0)?
= sin’ O + cos’0 + cosec?0 + sec?? + 4

13.

14.

15.

16.

17.

18.

1 N 1 _s 1
sin’®  cos’ 0
Now (sin 0 — cos 0)* >0

sin?0 + cos?0 > 2 sin O cos O

29

=5+ - 2
sin0-cos~ 0

%2 sin” Bcos’ O

1
N
sin”Bcos’ O

Hence, the correct answer is (a).

©

Clearly, statement 2 is false.

Statement 1 is true as select o =2m, B =—n/2, y =—7/2
Thensin o+ sin  +siny=0—1—-1=-2, which shows that
the minimum value will be negative.

D)

—(x+y)
1-xy

It implies that for any values of xy (xy # 1), we get a value of

Statement 1 is wrong as z can be written as

z and statement is correct.

D)

The value of sin /2x +sinax can be equal to 2, if sin V2x

and sin ax both are equal to 1 but they are not equal to 1 for
any common value of X.

A)

Statement 2 is true as it is one of the standard results of
multiple angles.

Putting A=1/18 in the formula sin 3A= 3 sin A—4 sin’A, we
get 8x> —6x+ 1 =0, where x =sin n/18. Hence, statement 1 is
also true because of statement 2.

D)

Statement is true as it is one of the conditional identies in

the triangle. Since R.H.S. > 1 in statement 2, statement 1 is

false.
A
cos? Acos’B+cos?C=1-2cosAcosB cos C
ZCos2A|mm=1—2><l\=1—l:3
8 4 4

PART - 11 COMPREHENSION TYPE

Comprehension # 1

1.

2. W3 ©O
c0s? 63° + cos? 57° + cos 63° - cos 57°

=1-sin?63°+ cos?57° + cos 63° - cos 57°



Compound Angle

25+V5) Jiorovs

=14+c0s120° -cos6° +%(cosl20° +cos 600)

cos(20) = =
( ) 16 4
o111, _ o o
:1—50056 +E(—EJ+ECOS6 = cos 18° or cos(-18°)
= 0=9°c (-45°45°)
= 1_% = % = log, 5 (%) =log,,; (%) =-1 Comprehension # 4
. A 2. B
8 81 4
2 =2.-=-= 6
Now OBy (x)=5-5 =7 sina+sin[3—§ ..... )
100 100
8 4 3
Hence (51’2 (X)j 2(5) = y(say) cos o+ cos f —% eeno(1)

logy=200[ log 2 —log 3] =—35.62 = 36.38 = 35

Divide (i) by (i), tan[a ; P ] -2

zero's ans (iii)

Now 12(P(x) —P(x)) Squaring and adding equation (i) and (ii), we get
= 3(sin* x + cos* X) — 2(sin® x + cos®x) .
= 3[(sin® X + cos? x)* — 2sin® X - cos*X] — 2[sin® X + cos? X) 2+2cos(a—PB)=1 = l+cos(a—B)= 5

(sin* x — sin® X cos? X + cos* x)]

=3[1-2sin*x - cos?x] —2[1 —3 sin’ X cos? x]

a;b):50(1+cos(a—ﬁ)) =

Comprehension # 5
1. A 2. A
(1) P(x)=(x— tan 10°) (x —tan 50°) (x —tan 70°)

2
=3-6sin’x-cos?’x—2+6sin’xcos’x=1 100 cos (

Comprehension # 2

1. B)2 A 3.

() Xa= %[3 +¢0820° +cos100° + cos140°] . Constant term =— tan 10° tan 50° tan 70° (put x = 0)
=—tan30°= —
:%[3+00520° —(cos80° +cos 40°) NG
(i) a=-—tan(10°+ tan 50° + tan 70°)
= %[3 +¢0520° —2¢0s60° cos 20°] = % b =(tan 10° + tan 50° + tan 70°)

¢ =—tan 10° tan 50° tan 70°
(i) b+c=cos50°+cos70°=2 cos 60°cos 10°

=cos 10°= —ate
Gi) (b+c)2=a> .. () 1=b
b—c=c0s 50°~cos 70° =2 5in 60° sin 10° (tan 10° +tan 50° + tan 70° ) —tan10° tan 50° tan 70°
35in10° ~ 1-(tan10° tan 50° + tan 50° tan 70° + tan 70° tan 10° ) -
(b—cy=3sin210°=3(1-2a>) .. (ii) o (10°+ 50°-+ 70°) = tan 130°
(i) & (i)
= 4bc=4a’-3 = 4(a’-bc)=3. Comprehension # 6
Comprehension # 3 ForneN let f(n) = 8(cos"0 — sin" 0).
1. A g(n) = 8(cos" O + sin" 0)
2. (D) 1. A

2. B)(@)
f{6) = 8(cos®0 — sin®0)



Compound Angle

= 8(cos? O — cos?0) (cos*O + sin* O cos?0)

o 290 _ 2 o _
— 8 cos 20 (I— sin® 0 cos? 0) _ cos9 (8cos 9 6)(12005 27 9)

c0s9°
.2
= 800s26[1—sm 26} g1
=69%% _6tan9°
cos9’
:200526(4—ﬂj s P=9
2 (i) M2+ N2 = 4
=c0s 20(8 — 1 cos 40) (i) P+M=11
=7 cos 260 + cos 40 cos 20
Comprehension # 8
:7cos26+w 1. B 2 B3 @A)
4 .4
. . . cos o sinTa
15 1 Given equation is —— 7:1
= —c0s20+—co0s260 cos“pB sin“f
2 2
— 4 . 4
a+b=8§ coszcx s{nza:sinzowcosza
cos"B sin” P
g(6) 3 sin® o ) ) cos* a
. D 2 = +sin” o = cos” o —
(if) +——sin” 20 sin® B cos’ B
.2 .2 2 2
. sin” o —sin cos“B—cos”a
8(cos66+sin6 9) 3 = s1nzo{fﬁ}=coszo{ﬁ—z}
= 7+ " sin?20 sin” B cos” B
32 16

sin’ oc(sin2 o —sin’ B) cos’ oc(sin2 o —sin’ [3)
= 36220 |+ 2sin220 = 1 2 B -
4 4 16 4 sin” f3

cos’ B

= (sin’* o —sin® B) [sin® a. cos! B —cos? asin? B] =0
Comprehension #7 = (sinfo—sin’f)
1. A [sin? o (1—sin® B] — (1-sin’ o) sin* ] =0
2. (D) = (sin?a—sin*Bf)’=0= sin*a=sin*a
(log,, sinx)(log  tanx)=1 = cos’ o= cos’
= logcosx sinx =1 Sil'l2 o Sil’l2 B 5
+ =
= sinx=cosXx sin’p  sin’a
tanx = 1 (rejected) cos? o . cos? B _,
= N=0 cos’ B cos’a
4 4 . 4 2 )
2log,(2x) +log(x—1)= 3 cos2 B. s.m2 B cos? B cos2 B, gin2 psin p
cos” o sin”a cos” oL sin” o
= (2x(x-1)=16 =cos’B+sin? B=1
= x(x-1)=2,-2
= x2-x-2=0,x>-x+2=0 Comprehension # 9
= x=2 1. W2 (©3 @B
= M=2 1. Coefficients of x> =—(cos 36° + cos 84° + cos 156°)
= (8¢c0s29°—-6)(12cos*27°-9)=06tany®

c0s(60° —24°) + cos (60° +24°) — cos 24° =2 cos 60° cos 24°
— €08 24°=c0s24°—c0s24°=0



Compound Angle

The coefficient of
x =c0s 36° cos 84° + cos 84° cos 156° + cos 36° cos 156°
=c0s8(60° —0) cos(60° + 0) — cos(60° + 0) cos O

—cos (60°—10)
(Let6=24°)
= cos? 60° —sin? B — cos 6 (cos(60° + 6) + cos (60° — 0)

= c0s? 60° —sin? 0 — 2 cos 0 cos 60° cos O

— 260 l—l—l_—é
= CO0S — *4 4

Absolute term in p(x) = cos(60° — 0) cos(60° + 0) cos 6

_ cos(3-24) cos72° J5-1 3 J5-1
4 4 44 16

5-1
as cos 72° :\/_T

PART - II MATCH THE COLUMN

(A)>P,Q;(B)=>P,R, T; (C)>P,Q,R,S, T;(D)> T
(A) Given (cosec O +sin0)=3 ... (1)
= (cosec’O+sin0)=32-2=7 .. (ii)
(cosec?0 + sin 0) (cosec O sinQ) =3 x 7
= (cosec? 0 + sin’0) + (cosec 0 +sin 0) =21
= (cosec®® +sin’*0)18 .. (iii)
Now, (cosec®0 + sin®0) x (cosec?0 + sin’0) = 18 x 7
= (cosec® 0 +sin’0) + (cosec O +sin0) =18 x 7
= (cosec’0 +sin’0)=126-3=123.
(B) Letexpression,

2 T 2 277‘5 247'C
=COS" — +CO0S" —+COS" —+COoS™ —
18 9 18 9

2 T 2 4n L 2 T
=| COS" —+COS" — |[+]| COS™ —+COS™ —
18 9 9 18

= coszl+sin2£ + coszEJrsinZE =1+1=2
18 18 9 9

(C) 5(log5 7)“ _ 7(10g7 5)X

-1

510g5 7(logs 7)2X 7(log7 5)X

)2x—l

— 7(log57 7(10g7 5)*

= (logs 7)2’(_1 =(log, 5)"

2.

2x-1 1

= (logs7) =
(logs 7)
(log, 7)™ '=1
3x-1=0= x = l
3

Aliter : Take log on both the sides.
(D) log(xy’)=1log(x’y)=1

xy’=10 L (1)
x*y=10 L. (i)
(i) + (i)

y'=x

y’=10 = y=10"

x=10%

3
log(xy):10g103/5:g
A)—->PQ;B)—>PQ,R,S;(C)> Q
(A) cos?’x+5cosx=2-2cos’X
3cos’x+5cosx—2=0
3cos?’Xx+6cosx—cosx—2=0
3cosx(cosx+2)—(cosx+2)=0
1
COSX=—20rcosx= §
secx=13

loggs 5

® (02)(1+9°%°)
_ (0_2)(1+3log364 )log655 _ (0.2)(14_64)10{%655

= (0.2)(65) " = (0.2)(5) =1

(©) Wehave (18 cosx+9sinx)+sinx+asinx+bcosx
a=9,b=18
b/a =2

Aliter : putx=0and x = % to get a and b directly.
A)->QB)>T;(C)>R;(D)>P

sin 50° _sin 40° K sin10°

c0s50°  cos40° cos10°
sin10° cos10° 3
sin10°[cos 50° cos 40°]

_ 2cos10°
c0s90° +cos10°



Compound Angle

4.

1

B) (i) sec’ 0+ cosec’=———+———
® O cos’0 sin’ 0

_sin’0+cos’0 1 1

= X
2 2
cos“0 sin“0

2 2
cos” Osin” O

=sec’ 0-cosec’
(i) (tan 6+ cot )

_(sin6+cosej2_ sin? 0+ cos?0 )’
cosO sin0 cos0sin 0

= (sec O cosec 0)> = sec?0 cosec? 0

tan’0+1 sec’ 0 )
= - =sect Ox——
l—cos“® sin“ 0 sin“ 0
= sec? 0 cosec’ 0

(iii)

_ 1 _ sec” Ocosec’®
sin”20  4sin” Ocos’ 0 4

Hence number of expression = 3

(iv)

(C) We have 3x°%*+4"°% =64
= 3.408% 1 4l8x 64 — 44755 =64

4°5r =16
x=9

= Square root of the root of the given equation = 3.

=log,x=2

(D) sinO—cos0=1=1-2sin0O cosq=1
sinBcos0=1

Now, sin®0 — cos® 6 = (sin 8 — cos 0) (1 + sin 6 cos 8) = (1)
(1+0)=1.

(A) InAABC, let

(\/sinA +\/sinB +\/sinC) = \/12 'cos%'cosg-cos%

= (\/sinA ++/sinB +\/sinC) = \/3(sinA+sinB+sinC)
Now, squaring on b.t.s. we get

sinA+sin B +sin C +2+/sinA -sinB

+ 2+/sinB-sin C +2+/sin C -sin A
=3sinA+3sinB+3sinC
Which is possible when sin A =sin B =sin C
= AABC s equilibrium
A=B=C=60° (Each)

Hence the expression

_sin® A _sin’B sin’C

E_-z_-z .2
sin"B sin“C sin” A

=1+1+1=3

=tan 60 = tan(6-£)
18

= tangzx/ng

= E’=3
A)->P;B)>Q,(CO)—>R;(D)—>S

(B) 4 cos 20° — /3 cot 20°

_ 4c0820° 5in 20° —+/3 c0s 20°
sin20°

_ 25in40° —+/3c0s 20°
sin 20°

2sin(6o° —200)—J§ 0520°
B sin 20°

/3 ¢0520° —5in 20° —+/3 c0s20°
sin20°

-1

2c0s40° —c0s20°  2005(60° —20° ) - cos 20°

C
© sin 20° sin20°
_c0s20° = 35in20° —cos 20° -8
sin 20°
D) 24/25in10° {SGCS + °93i00 —25in35°}
sin

= Zﬁ[sin 5% +2¢c0s5° cos40° —2sin10° sin 350}

24/2| sin5° + cos 45° cos35° —(cos 25° = —cos 45° )]

2\/§[sin 5° ++/2 +c0s35° —cos 25°J
22 [sin5° ++/2 +25in30° — cos 250]
- 2ﬁ[sin 59 +4/2 + 25in 30° (—sinS")J

=22x~[2=4

A)->8;B)>Q,(C)>P;(D)>R

1-tan’0 ) 4.2tan6
3 |+ > =5
1+tan” O 1+tan” O
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B

= 4tan’0—-4tan0+1=0,

i 107
tan o+ tan B = 1 :% 3 cosO+c0s§+....+cosT
1 +(1-1+...—-1=1
tano - tan B = 1
()
4 (6)
t +B)=—and t -B)=0
an(oc B) 3 an an(a B) sin10°, sin 50°, —sin 70° the roots of 8x3—6x+1=0
W->P;B)5QO->R;:®)>P ®
1 0
(A)>Q;(B)>R,(C)>P;(D)>S let y=x—2(cose<:210 etc)
*) 5(1—cos29j+4[1+c0529):2_100529 X
2 2 2 2 - x’==
y
minimum value :2_1 =4 Now from (i), 2x(4x>—3)=-1
2 = 40 @Ex-3)=1
1+cos(2n—2xj 1+(2n+2x) 4( 4 2
®) 3 B 3 = —|—=3] =1
2 2 y\y
1o N = 4@3yy=y
:Ex2s1n?-sm2x:7~s1n2x = 4(16+9y>—24y)=y*
= Yy -36y°+96y—-64=0
maximum value = ﬁ roots are cosec? 10°, cosec? 50°, cosec? # 0°.
9. @
(©) (tanB—cot0)*>0
tan? 0 + cot? 6 > 2 3cos? —sian 400525_1
(D) (3tan®—2 cot 0)>>0 LHS = ﬁ _ 277T
cos” ——sin” — -
9tan’0 +4 cot?0>12 7 7 cos P
PART -1VINTEGER TYPE 5 A
@ 1+2cos 2T 2[sin7n+sinﬂ
_ 7 _
@ ) cos2—7T ) sin—
() 7
®
L . 2m
tan30 1 (Multiplying Nr & Dr by 2sin—-)
=4 = tan’0= — 7
tan© 11
. . 3w i
Sl'n3e:3—4sin29:3~4( 1 . j:§ _4sm7~cos; i . i
sin© I+cot"0) 3 =T 4n :40057 " sin— =sin—
@ sin — 7 7
®) 10. ()
O srm 14 o We have tan 19x° =tan(45° + 96°) =tan 141°
rgocos ?:Zr§(3cos?+cosmj 19— 141°+n(180%)

= 19x=141+n-180
19x=n-190+190-10n-39
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x:(n+l)10—(Mj—2
19

x smallest integer x occurs whenn =17
x=180-19-2=159
11. 4)

1 1 1
S= + .t

l+(tanl°)2 1+(‘[an20 )2 l+(tan3°)

1 - | 2
1+(tan88°) 1+(tan89°)

reversing the sum

S= ! + ! +ot

1+(cot 2° )2

1 1
J’_

1+(cot88°)2 1+(cot89°)2

’ % 1 1

= +
n=1 1+(tann°)2 1+(cotn°)2
1 (tann° )2

89
:Z a

n=1 1+(tann°) 1+(tan n° )2

89
=Y 1=1+1+..+1=89

n=]
S=44.5

2
12. 7 Using cos 20 = . ti where t, = tan o and cos 2 =
+h

2
1-t2

2
1+1t5

where t, = tan

we have

1003—1002(t_—ti) 1003—1002@
1+t 1+t5

_1003(1+t12)—1002(1—t12) 1003(1+13)-1002(1-1)
(1+¢) " (1+2)

(1+2005¢ )(1+200583 ) 1
= 1 tt =
2+ ST 2005

= tt= L
2005

142005t +15)+(2005)° 13

Hence

1+t +1t5 +
2005

142005 (£} + 3 ) +2005
B 1
2005

1+t +15 +

2005[20105+ )+t +1}
=2005

1+t12+t§+L
2005

13. Since Vx? =|x| for real x, we can now simplify the
function as

sin x COS X tan x cotx

(X :|sinx\+|cosx|+|tanx|+|cotx\
IfxeQ,f(x)=1+1+1+1=4
IfxeQ,fx)=1-1-1-1=4
IfxeQ,fx)=1-1+1+1=0
IfxeQ,f(x)=1-1-1-1=~

f =2

min

14. (0009)

_ sin0+sin 20 +sin 30sin 60 + sin 40sin 130
sin ©0¢cos 26 +sin 30 cos 60 +sin 46 cos1360

_ 2sin0Osin 20 +2sin 30 sin 60 + 2sin 40sin 1360
2sin0cos 26 +2sin 30 cos 60 + 2sin 40 cos 136

B (cos0—cos30)+(cos30—cos90) +(cos 98 —cos176)
B (sin30—sin 6)+(sin 90 —sin30)+ (sin176 —sin 96)

cos0—cosl1760 2sin96sin 86
== — = — = tan(90)
sin170—sin® 2c0s90sin 80

=tan (kO)
Hence, k=9.
15. (1)
_ 2[sin45° -sin23°]
sin 68° —sin 22°

sin?34° —sin?11°

sin 34° cos34° —sin11° cos11°

10
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) . 18. (1)
2sin45° sin 23° o
C0s 457 sin H2cos(2kA): 2% cos A cos2A cos 22 A.....cos 2° A
16. (2) k=0
OM=4 cos25—TE 647
sin(2°A sin(j
sin A sin(n)
65
27/5 19. 9)

20. (1)
ON= 4cos =~ T =tan° (tan (r+1)°+ 11
sinr® sin (r + 1)0 cost” cos(r +1)0
2 r: o ) -
MN=0ON-OM= 4[cos§—cos?n) cosr® cos(r+1)
T cos1’ 1

:4[@1_@}4(1}2

4 4 2

17. (0007)

7
Given N = H sec G—Zj

r=1

cosr’ cos(r+1)°

cos1° [ sin(r+1)" —r° }_1

T.= sin1°

cosr’ cosr(r+1)’

T =cot 1°(tan(r + 1)° —tan1°) - 1

T, +T,+..+ T =cot’ 1°-89.

1

_ 21. (5
b 2n 3n 4n S5n 67 T
COS— +COS——-COS——-COS——+COS——-COS—— - COS —— xX2+y?=4
15 15 15 15 15 15 15
Letx=2sin0,y=2cos® = E=(1-2x%)*+4x*y’
_ 1 E=25-24co0s20 m=1and M =49
c0s12°-cos24° -c0s36° -cos48° - cos 60° - cos 72° - cos 84 22. (0019)

B 2

= T 0
(cole° -cos48° cos72°)(c0524° -€0836° - cos 84) Let 15 0=150=mand6=12

(sin 20 + sin 40) + (sin 70 —sin 0)

= 2sin 360 cos 6 + 2 cos 46 sin 30
2 sin 30 [cos 40 + cos 0]

= 25sin36° [cos 48°+cos 12°]
2sin36° [ 2 cos 30° cos 18°]

i ucos(3x12° )j(icos(3x24° ))

[As, cos 0 - cos(60°—0) - cos(60°+0) = 1/4 cos 30]

32 32

T 00836° xc0s72° [\/§+1J (\/3_1]
X [

4 4

= /3.25in36° cos18° = ~/3[sin54° +sin18°]

N=32x4=128=2".Hence, log N=7.

11
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4 4 2

. \/5{*/5+1+£} = ﬁ{ﬁ}: 15

= (a+b)=19.
23. (3)

OM=2- cosl;ON =2c0s—— Clearly,
K 2K
Now, OM + ON = /3 +1(Given)

b b
= 2-cosE+2-cosE:(«/§+l)

b e [\/5+1)
COS—+CoS— =
K

2K 2

Let ——=0,s0~=20
2K K

\/§+1

2

We have (cos 20 + cos 0) =

= 2cos26—1+c0s9=[ 5

\/§+1J

— 2cos’ 9+c0s9—[

~1+ h+4(3+4§)
4

3+J§j20

2

cosO=
2
1,(243+1) ~12(243+1)
= cosO= =
4 4
cose—ﬁ “1-3
= D)
S
As, cos 0 = > is not possible (Rejected)
cosO=£:9:£:L3K23
2 6
. [K]=3

PART -V SUBJECTIVE TYPE

sinx —cosx +1
sinx +cosx —1

(sin” x) —(cosx —1)°
~ (sinx+cosx —1)°

2Cc0oSX —2c0s2x

2+2sinxXcosx —2cosx —2sinx

2cosx(l1—cosx)
~ 2(1-sinx)(1 - cosx)

cosx  (1+sinx)
= =secXx +tanx

~ 1-sinx COSX
Given,2 cosx +sinx=1
or 4 cos*x=(1-sinx)?
or 4—4sin’x=1+sin’x—2sinx
or 5sin’x—2sinx—3=0
or (sinx—1)(5§sinx+3)=0
or sinXZI,sinX:—g
Forsinx =1, we have
7cosx+6sinx=0+6=6

and for sin x = _? , we have
1+ 6x3
7cosx+6sinx= 7 S
2 5
_ 28-18 _5
5

Perimeter,
_ _b .
2(x+y)=p or x+y75 ..... (1)
Also,

d*>= (x +y cos0)* + y* sin’ 0
=x2+y?+2xycos0

=x>+y*+xy (06=60°)
=(x+y)’-xy

12
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5.

= % —xy [using (i)]
2
p 2
=—-d
or Xy 2
Now,
Area of parallelogram
’ 33
=Xy sin 60°= [%_dZJT =?(P2 —4d?%)

us—u, (sin’ 0+ cos’ 0)—(sin’ O +cos’ 0)
u,—u; (sin’ B +cos’ B)—(sin’ O +cos’ 0)

sin’ B(1sin’ 0) + cos’ 6(1 —cos’ 0)
sin® O(1—sin’ 0) + cos’ O(1 —cos’ 0)

sin” O cos” O[sin’ 0+ cos’ 0] _ u,

sin® O cos’ O[sin O+ cos 0] u,
A=sinx+cosx
A?=1+2sinxcosx
Now, sin* + cos* x
= (sin*x + cos?x) — 2 sin’x

=1 -2 sin® cos’x

2\
_1_2[1* 1]
2

_1_(A2 1)2
2
C2—(AY-2A7 +1)
2
C1+2A7 A"
2
L Lp
2 2
sec49+tan49_ 1 sec’0—tan’ 0
a b a+b a+b
2
S(ec—te))[(a+b)se029—a]+
a(a+
2
bt(Lg)[(a+b)tan29+b]=0
a+

= atan?’O+bsec?0=0

= sin’f=——
a

Since sin’ 0 < 1

= <lor|b|<a]

A+B+C=n
A B n C
o —+—=———
2 2 2 2

A B n C
or cotf —+— |=cot| ———
2 2 2 2

A tB 1
cosEco 2 C 1

or —=—*=—=tan—=——

coté+cotE 2 cotg
2 2 2

A B C A B C
or Cos—cot—cot— =cot—+cot—+cot—
2 2 2 2 2 2
But tané tanE tang in H.P, i
u 5 otan—tans arein H.P. (1)
coté cotE cotg inA.P
> >’ > are in A.P.

S cotéJrcotg—2cotE
AR 2
Hence, Eq. (i) becomes

A B C B A C
cot—cot—cot— =3cot— — cot—cot—=3
2 2 2 2 2 2

A C .
Thus, GM. of cot 5 and cot E is

A C
cot=cot— =+/3
2 2

A C .
and A.M. of cot E and cot 5 is

cot é +cot 9
# = Cot_
2 2
ButA.M. >GM. Thus,
B
cot 5 > \/5

Therefore, the minimum value of cot B/2 is Ji .

cosec 0= ——
sin O

B 1 sin6/2
" sin@sin®/2

. 0
Sln(e —j sin 90059 —cos esing
_ 2) _ 2 2
sin Osin(ej
2

0
cosec O = cot E_ cot0

. . 0
sin Osin —

13
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10.

11.

Similarly, cosec 20 = cot 0 — cot 20
cosec 40 = cot 20 — cot 40
cosec 40 =cot 20 —cot2™'1 9219

Sum = cot g— cot2"'0

Here, we have tan 60 = p/q

sin60 p
or ==
cos60 q

p q 'pZ + qZ

of sin 60 - cos 60 - V1

Now y= %(p cosec20—qgsec20)

:1( P g j
2\sin20 cos20

_ l{pcos29—qsin26}

2 sin 20 cos 20

B 2k sin 60 cos 20 — 2k cos 60sin 20
B 4sin 20 cos 20

2

_k sin(66 — 26) _

k=+p’+
sin 40 b

sin 0 + cos a (tan o + cot a) + (sec o + cosec o) = 7

1 sin o, +cosa.
+ =7

or (sina+cosa)+

sinocoso.  sino.coso

or (sinatcosa)|l+——
sina.cosa

1

= 7_—
siInacosa

4
1+sin2a) | 1+ —
or (l+sin oc)( sin 20 sin22aj

28 4

=49 - +

sin20  sin’ 2a.

Let sin 2a=x. Then,
4 4 28 4
I+—+—|=49—+—
(1+X)( x ij 2
or (1+x)(x*+4x+4)=49x>*—-28x+4
or x*—44x*+36x=0
or x*—44x+36=0

X X

(asx=sin20.#0)

A+B+C=n

= B+C:%30<B,C<%

Alsotan Btan C=p

12.

or sinBsinC _ p
cosBcosC 1
or cosBcosC—sinBsinC _1-p
cosBcosC+sinBsinC  1+p
or cos(B+C) 1-p
cos(B-C) 1+p
I+p
or =cos(B-C)

V2(p-1)

Since B or C can vary from 0 to 3 /4, we get

0<B-C< %Tnor—L<cos(B—C)S1

V2

D 1 p+1
Equation (i) will now lead to —T <——-x1
2 N20-D)

p+1 2p

For 0<1+—— or ——>0
p-1 (p-1
p<Oorp>1 ...(ii)
Also I)H_—\/E(I)_l)go
V2(p-1)
2
(p—(«/fﬂ) )
or -~ <

(p-1

p<lor>(v2+ 1)2 ...(iii)

2
Combining Egs. (ii) and (iii), we getp<Oorp > (\/5 + 1) .

L.H.S. contains x, 3%, 9, and 27x, whereas R.H.S contains
27x and x only. So, we will manipulate terms as shown

below :

R.H.S.= %[tan 27x —tanx |

1
=3 [(tan27x —tan9x) + (tan 9x — tan 3x) + (tan 3x —tan x) ]

71 sin 27x 3 sin 9x
2\ cos27x cos9x

N sin9x  sin3x N sin3x sinx
cos9x  cos3x cos3Xx cosx

11 sin(27x - 9x) N sin(9x —3x) N sin(3x —x)

21 cos27xcos9x  cos9xcos3x cos3xcosx
B l sin18x sin 6x sin 2x

21 cos27xcos9x  cos9xcos3x cos3xcosx

14
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23x cos3x

"2

1[25in9xcos9x 25inxcosx}

cos27xcos9x cos9xcos3x cos3xcosx

sin9x  sin3x N sin x

cos27x cos9x cos3x

_ sinx N sin3x N sin 9x _ LS.

cos3x cos9x cos27x

13. We have to prove that

2co0s2"0+1
2cos0+1
(2cos2™'0-1)
or 2cos2"0+1
=[(2cos0+1)(2cos0—1)](2cos20-1)
(2c0s220-1)....(2cos2"10-1)
Now
[2cos0+1)(2cos0—1)](2cos20—1)(2cos220—1).....
(2cos2™'0-1)
=(4cos’0—1)(2cos20—1)(2cos220—1).....
(2 cos2™'0-1)
=(2c0s20+1)(2c0820—-1)(2cos220—1)......
(2cos2™' 0 —1) [using cos 20 =2 cos> 0 — 1]
=(4cos220-1)(2cos220—1)....(2cos 210 -1)
=(2c0s220+1)(2cos220—1).....(2cos2""'0-1)
=(4c0s’220-1)(2¢c0s2°0—-1) ....(2cos2"'10-1)

=(2cos0—-1)(2c0s20-1)(2¢c0s220—1)......

=(2cos2™'0+1)(2cos2"'0-1)
=4cos’2"'0-1
=2cos2"0+1

14. We have to prove that

tinz O (14 se020)(1 +560220) (1 + 56¢2%0)- (1 + 5e¢270)
an
or tan2"0=tan 0(1+sec20) (1 +sec2?0) (1 +sec2’0)
~+(1+sec2"0)
Now,

tan 0(1 +sec 2 0)(1 + sec 22 0)(1 +sec 2’ 0)----(1 +sec 2" 0)

(1+00529
=tanQ | ————

J(l +sec 220)(1 +sec 2% 0)----(1 +sec 2" 0)
c0s 20

3 sin®( 2cos’ 0
~ cosB| cos20

= (tan 20) (1 +sec 22 0)(1 + sec 23 0)----(1 +sec 2" 0)

)(1 +sec 220)(1 +sec 23 0) -+ (1 +sec 2" 0)

1+cos2%0

= (tan 20) > (1+sec2?0)----(1+sec2"0)
cos2°0

15.

16.

2c0s’20
c0s2°0
=(tan 22 0) (1 +sec 23 0)----(1 +sec 2" 0)

—(tanze)[ j(l+sec239)~-~~(l+se02“9)

=tan 2" 0 (1 + sec 2" 0)

o [ 1+c0s2"0
=tan2"' 0 | ———
cos2"0

2cos? 2™ BJ

=tan2""' @
an ( cos2"0

=tan2" 0

X =sin (%)+7—7T +sin 9—£ +sin €)+3—Tt
12 12 12
. T T . 3
—2s1n(6+—jcos(—j+sm(9+—j
4 3 12
—sin(9+£j+sin(6+£j
4 4
—2sin(9+£j
4
Y=cos(6+7—nj+cos(6—£j+cos(9+3—nj
12 12 12
T T 3n
—2cos(@+—}cos(—j+cos(6+—j
4 3 12
—2005(9+£]
4

2 w2 4sin2(9+nj—4cosz(9+n)
N X -Y" 4 4
XY 4sin(6+njcos[9+nj
4 4

2cos2 9+E .
_ 4) 2sin20

— >0 =2tan20
sin(Ze + ’;j cos

We have tan(A - B) + tan(B — C) + tan(C - A) =0

LettanA=p,tanB=qgandtanC=r
P-4 q-r
I+pq 1+qr

= (p—q +qr)(1 +rp)+(q—-1)(1 +pg)(1+1p)+(r—p)
(I+pg)(1+qr)=0

= (p—U +r(p+q) +pqr’)+(q—r)(1 +p(q+r)+qrp?)
+(@—p)(1+q(r+p)+1pg’)=0

= @@ -q)+(p-par’) + (p(q*—1>) +(q—1)

P _,
1+1p

15
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(qrp®) + (q(r* —p*) + (r—p)rpq®) =0

1(p*—q’) + p(q* — 1)) + q(r* —=p*) =0

1p’ —rq’ + pq’ — pr’ + qr’ — qp* + pqr — pqr =0
(P-a(@-1—-p)=0

p=qq=rorr=p

Thus, triangle is isosceles.

Ul uu

17. A+B=90°
= B=90°-A

tanB= ——
tan A

Now, given equation becomes
1 2 1 3 1
tan A + +| tan” A+ 5 +| tan” A + 3 =70
tan A tan” A tan” A
1 1Y
= (tanA+ j+(tanA+ ] -2
tan A tan A

3
+(tanA+ ! j—3(tanA+ ! j=70
tan A tan A

Let (tanA+ ! j:t
tan A

So, t+t2—2+t-3t=70
= C+2-2t-72=0
Using hit and trial, we get t =4.

tan A+ 4

tanA

2tan® A+1) A
2tan A

= 2( ,1 j=4
sin2A

= sin2A=1/2

. 2A=30°
A=15°
B=75°

16



Compound Angle

EXERCISE -1V - cos(a_ ):_ 3

1. (© 2 ﬁ
. [yj (-.-n<a_s<3mg<°‘j<3§)
o (x;ry) Sm[x Yj ..... @) 4. (B 4
cos(a+B)=— = a+P e 1¥quadrant

5
cosxtcosy+tcosa=0

. 5
ZCOS(X )cos[x Yl4cosa=0 .. (i) and sm(och):E = o=f < 1" quadrant
= 20=(atp)+(a-P)
+ +
sinx+siny+sina=0 e  tan(o+ )+ tan(o — B)
S, tan
2 sin ( X+ J ( j +sina=0 . (i) ~ 1—tan(o +B) tan(o. — B)
Equation (1), (it), (iii) 35
J— +7
_ 4 12 _56
cosa 1- 3 . i 3
- o 4 12
2cos
X+y ( 2 J 5. (B)
cot| 7 |= =cota A =sin® x + cos* x
sin o =sin? x + (1 — sin® x)?
- —y =sin* x —sin? x +1
ZCOS( j =(sin®x— 1/2)*+3/4
2. (0 6. (A
cos1°cos2°. cos3°....... cos 179°= 3sinP+4cosQ=6 ... (@)
c0s1°¢c0s2°.¢0s3° ....... c0s90°...... cos 179°=0 4sinQ+3cosP=1 .. (ii)
[cos 90°=0] From (i) and (ii) £P is obtuse.
(3sinP +4 cos Q)* + (4 sinQ + 3 cos P)> =37
3. AW = 9+16+24(sinPcosQ+cosPsinQ)=37
Given that =l 24sin(P+Q)=12
sinoc-irsinB:—2 @ 0 si _1 _on _r
65 o = s1n(P-irQ)f2 = P+Q= 6 = Rf6
27 B 7. B,0)
and cos o+ cos B = 65 (i) All are infinite geometric progression with common ratio<1.
On squaring and adding Equ. (i) and (ii), we get 3 1 1 B 1 1
sin® o+ sin” B +2 sin a sin * 1—cos®¢  sin’¢ YT 1-sin’¢  cos’¢’
+ cos? o+ cos® B +2 cos o cos B .
2 2 =—— 5
_(_ﬂj +(_2_7j “ 1—cos® psin® ¢
65 65
N + ! + !
441 729 oW Xy Tz sin® p+cos’p  1—sin® hpcos’ §
+ +5i i =—t—
= 2+2(cosacosf+sinasinf) 4225 4205 1
1170 = ;
= 2[l+cos(a—p)]= 1035 sin? (1)cos2 o(1— sin’ (|)0052 ®)
or xytz=xyz .. (1)
- cosz(a—_B)— 1170 , )
= . N
2 4x4225 Clearly,x +y= w
sin” ¢pcos” ¢
2 &~ B 9 . .
= cos N :ﬁ S Xtytz=xyz [Using Equ. (i)]

17
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A) - wi8=10°

1
We know that cos 20° cos 40° cos 60° cos 80° = 16
By complementary rule

1
= sin 10° sin 30° sin 50° sin 70° = E

1 1
E sin 10°sin 50° sin 70°= —

= 16

= sin 10°sin 50° sin 70° =

0 | —

T
GivenA>0 and B>0;A+B g
tan A +tan B

+ e —
tan(A+B) 1-tanA-tanB

n tanA+tanB

tan —=———
3 1-tanA-tanB
_ tanA+tanB

" 1-tanA -tanB

\/3(1 —tanA.tanB)=tan A+ tan B
since AM > GM

tanA+tanBZ\ItanA“[anB
= tanA+tanB 2> 2.\/tanA -tanB

From Equ. (i) and (ii)

J3(1-tanA. tanB)>2/tan A tan B
3(1-tanA.tan B)’>4 tanA . tan B
et y=tanA.tanB

3(1-y)* =4y

3y’ —6y+3 >4y

3y*=10y+32>0

3y’ - 9y—-y+320
3y(y-3)-1(y-3)=0
By-1(y-3)=0

From wave curve method

from wave curve method

i)

g |

uUud iy

1
= yﬁg or y=3

. i T
Slnce0<A<§ andO<B<§;

0<tanA< /3 and0<tanB< /3
= tanA.tanB < \/3\/3
1

= y:Sg

Thus the maximum value of tan A . tan B is 1/3

= y<3

10.

1
8 1.

12.

13.

14.

(B)

3{sjn4 (375 - a) +sin* Brn— oc)} -2 {sin6 (Z + aj +sin’ (5n— a)}
2

= 3[0054 o +sin* (1:| - 2[0056 o +sin® a]

= 3[(0052 o +sin’ oc)2 —2cos? o -sin’ oc}

= 2[(cos? o + sin? a)® — 3 cos? a. - sin” a(cos? o, + cos? )]
=3[1-2sin? a- cos? a] —2[1 -3 sin a - cos? ar]
=3 -6sin’ o+ sin®a—2+ 6 sin? o - cos’ o
=1
©
3(sin 8 — cos B)* + 6(sin O + cos 8)* + 4(sin® O + cos® 0)
= 3[sin* O + sin* O — sin® O cos O
+ 6 sin? cos? O — 4 sin 0 cos’ 0]
+6[1+2sin 0 cos 0]
+ 4[sin* O + cos* O — sin? O cos® 0]
= 7[sin* O + cos* 8] + 14 sin> 6 cos’ O
—12sin®cosO+6+12sin0 cos O
=7(sin®? 0 + cos’> 0)> + 6 =13

B)
, 4xy
Given, sec? 0 = 3
(x+y)
Now, sec? 0 > 1 Axy > =1
(x+y)
or (x+y)><4xy
or (x+y)—4xy<0
or (x—y)?<0
But for real values of x and y,
(x-y)*=0 or (x—y)*=0
X=y
Alsox+y#0 = x#0.y=0
A

f(x) = cos x + cos(v/2 )

f'(x)=—sinx — v/2'sin (+/2 x)
f'(x)=0

—sinx — /2 sin (/2 x)

sinx:f\/fsin(\/ix)

True only forx =0
f"(x)=—cosx-2 cos(\/z X)
f'(0)=—1-2=-3<0

f(x) maximumatx =0

©

[ IR B
E.ZsmlS cos 15°= 2sm30 = 1.e. rational

18
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15.

16.

17.

(B)

n
sinn Q= Zbrsinre
r=0

(given)

now put 6 =0, we get 0=b,

n
sinn 0= Zbrsinreistrue

r=1

sinn® <
= : r—1
— g b, (sin 0)
Taking limitas © — 0
. sinn® . <
= lim = lim

, b (sin0)!
6—>0 sin® 60 - r

sinn0®
————F==b,+0+0+0+....
e.s1n9 1

=
6—0

Other values becomes zero for higher powers of sin 6.

n-1
= 0 b,
Therefore (B) is the Answer
f(x) =sin* x + cos*x
Differentiating w.r.t. X, we get
f'(x)=4sin’ 4x . cosx—4 cos’ x . sinx
=4 sin x cos x(sin® x — cos? x)
=2 . sin 2x(—cos 2x)
=—sin 4x
Now, f'(x)=0ifsin4x <0
= n<4x<2n

and (A) is wrong

0<x<3m/8
Again (B) is the answer since (B) is proper subset of (i)

3n 5w
Again (C), 3 <x< R is not the answer because C is not

proper subset of (i).
Again (D) is not answer.

It is given that tan P/2 tan Q/2 are the roots of the quadratic
equation
ax>+bx+c=0 and ZR=1/2
So tanP/2 + tan Q/2 =—b/a
tanP/2 tan Q/2 =c/a

Now, P+Q+R=180°
= P+Q=90°

P+Q .
= > =45

18.

19.

20.

21.

. . P+Q
Taking tan of both sides tan = tan 45°
tanP/2+tanQ/2
= l-tanP/2-tanQ/2
-b/a -b/a -b
l-c/a a—-c¢ a—c
a

= —-b=a-c
= a+tb=c. Therefore, (A) is the answer

(B

sin(0/2) | 2cos?(0/2) 2cos® O 2cos 20
cosH

£.0)= cos(6/2) c0s20 cos40

sin 0 |:ZCOSZ 0 2cos’ 20 }

~ cosO| cos20 cos40
_ sin20| 2cos” 20 20
© cos20| cos40 | an
o T s
f3(§j—tan832—tan4—
©O

£(0) = sin O(sin 0 + sin 30) = (sin 0 + 3 sin O — 4 sin> 0)
= (4 sin © — 4 sin> 0) sin 0
=4 5in% 0 (1 —sin® 0) =4 sin® 0 cos> 0 = (2 sin O cos 0)
=(sin20)>>0

which is true for all 6.

Y

n/2

A

+ +
T < »0 X

v

3n/2
(B)

T I

a+[3:5 = a:E—B = tana=cotf
= tanotanpB=1 .. (1)

Again,B+y = y=a-f
tano—tanf3  tano —tanf
1+tanotanf 2

= tany= [Equ. (1)]

= tano=tanf +2tany

GV
We are given that
(cota,) (cota).....(cota ) =1
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22.

23.

24.

25.

= (cosa,)(cosa,)...(cos ) =(sina,) (sina,)..(sina)

Lety=(cos a,) (cos a,)...(cos o)) (to be maximum)
Squaring both sides, we get

y2 = (cos? a;) (cos? az)...(cosg)

=cos o, Sin o, COS @, Sin A, ... cos o, sin o

= o [sin 20, sin 2a, .... sin 2c, ]

As0< O, Oy, Ol < /2
0<2a,,20,,...20, <
= 0<sin2a,sin2a,,..sin20, <1

, 1 1
y° < 2—n 1 = y<
Therefore, the maximum value of y is 1/2"2.

21’1/2

B)
Giventhatsin®=1/2 and cos ¢ =1/3, and 0 and ¢ are acute
angles.
0=m/6 and 0< 1 < L
=1/6 an 352
or cosm/2<cos¢p<cosm/3 or m/3<p<m/2

Tl i< T4l o Begag< E
36 0<7%% o 3 0=73

= 0+¢e (E,z—ﬁj
2°3

D)
Given that cos(aa— ) =1 and cos(a + ) = 1/e

where o, f € [, ]

Nowcos(a—-B)=1 = a—-p=0 or
cos(aa+B)=1/ = cos2a=1/e
0<1/e<1 and 20 € [-27, 27]

There will be two values of 2a satisfying cos 2a = 1/e in

[0, 27] and two in [-27, O].

Therefore, there will be four values of o in [-27, 21t] and

a=p

correspondingly four values of 3.
Hence, there are four sets of (a., ).

D)

96(0,%) = tan0<1 and cot0>1

Lettan © =1 and cot 6 = 1 +y, where X, y > 0 and are very
small, then

=10 = (10" = (149" = (1+y)™
Clearly, t, >t and t, >t Also, t.>t.

Thus, t, > t, > t, > t,.

(A, B)
sin*x  cos'x 1
2 3 5

26.

27.

3 sin*x +2(1 —sin’x)*=

=

=

and

()

w |

sin*x—20sin>x+4=0

WIN w»niw Wi

sin® X

cos’x =

2

-
o
=
>
Il

sin®x  cos®x 1
—+— =

8 27 125

1

4cos’ 6+1+%sin29

1

2[1+cos20]+1+ %sin 20

11

lies between — to —
2 2

1+

Maximum value is 2.
Minimum value of 1 +4 cos? 0 + 3 sin 0 cos 0

4(1+cos20) 3

+2
> 2s1n26

3
=1+2+2cos20+ Esin26

3
:3+200529+Esin29

=3- f4+2=3—§:l.
4 2 2
. 1 .
So maximum value of 3 is 2.
4cos’ 9+1+§sin26
(A,C,D)
2sin% 0

2 cos (1 —sin ¢) =

2cosB—-2cosOsinp=2sinOcosp—1
2cos0+1=2sin(0+¢)

tan2n-0)>0 =

=

=

55
Oe 573

1
E<sin(9+¢)<l

cos¢p—1=2sinBcosdp—1

tan 6 <0 and 71<sin6<773
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2t <042 42 O (mo w7k
= T 6 T =2 cot| —+(k—-1)— |-cot| —+—
o 2ea(frenilo (55
2 +Z 0 <p<2 +51r )
= 2n+—-— T+ — -0
6 ™ 6 o = 2[cot£— cot (£+ B—njj = 2[1 —cot (29_‘”}\)
4 4 6 2
T 4n
PRAEY 5
T
28. (A,B) —Z(I—CO{ED:Z(I—Q—\B)):2(_1+\/§)
T T
ForO e | 0,— |U| —,— _ 3
. e( 4) [4 2) 2(3-1)
Letcos40=1/3 32. D)

5(tan’x — cos’x) =2cos’x + 9

20—t 1+cos49_+\/§ | .
= cos \/ 2 3 S(tz— Jzz[ —t j+9
2

1+t 1+t
f(lJ: _2c0s’0 1 S5+ 1)=2 -2t +9+9¢*
3) 2-sec’® 2cos’0-1 c0s 26 5¢4_212-16=0
1 3 3 S5t4— 102+ 8t2—16=0
fl = |=1=,/= or 1 +,|~ 2 702 3
3 2 2 52(2-2)+8(-2)=0
29. (A) (52+8) (£-2)=0
Given expression is tanx="2
tan A cotA sin A sin A 1-2 1
+ = X — COS2X=T—==—7
l1-cotA 1—-tanA cosA sinA—cosA 1+2 3
cosA X cosA cos4x=2cos?2x—1=——
sinA cosA—sinA 9
33. (O)
1 sin® A —cos® A
" sinA—cosA | cosAsinA \ B
X
_ sin® A +sin Acos A +cos> A b
sinAcosA
. x C9
_ 1+sinAcosA
~ sinAcosA % p
=1+ sec Acosec A v o
30. (D) A P
1 3 X >
f (x)= X (sin*x + cos* x) where x € Rand k > 1
1 1
Now, f,(x) - f(x) tanezz,tanoczz,tanﬁzy
1 1
= —(sin* x + cos* x) — = (sin® x + cos® x) tan o + tan B
4 6 tanO0= T~
1—-tan o tanf
1 . 1 .
:4(17251n2x-coszx)fg(lf3sm2x-coszx)
11 I S
4 06 12 1_% -y
31. (O
4-y=2+8y

. n krn T T
i Sln|:[4+6j—(4+(k—l)6j:| gzy
k=1 Sinn(sin(Tc +knjsin(7T +(k- l)nn

6 4 6 4 6
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34. (BO)
1-a oL
cos o= (—j ;  a=tan’—
1+a 2
1-b B
= — . a2 P
cos B3 (1+b) ;  b=tan 5

G-

2 - + =1

1+b l+a I+a /{1+Db

= 2((1-b)(1+a)—(1-a)(l+b))+(1l-a)(1-b)

=(1+a)(1+b)

= 2(l+ta-b-ab-(l+b—-a—-ab))+1-a-b+ab
=]+a+b+ab

4(a—b)=2(a+b)

2a—2b=a+b

a=3b

Uy

o
= tan’— = 3tan’ =
2 2

= tang = J_r\/g tan (Ej
2 2
35. (0.5)

2b
J3cosx+ —sinx= <
a a
2b
Now, f3cosa+ —sino= < 0]
a a
2b
= J3cosp+ —sinp= £ (i)
a a

= /3 [cosa—cosP]+ 2:b(sinoc—sinB):O
= \/5[—2sin(a;[3jsin(a7_ﬁﬂ
+ &[ZCOS(OHBJsin[a—_Bﬂzo
a 2 2
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Compound Angle

(n 511)
os| = —=—
2 14

MOCK TEST (TE n) [n 3nj
= cos| =—— |cos| =—= |c

SINGLE CORRECT CHOICE TYPE

3n 2n T
1. (A) We have, k, =tan 2760 —tan 6 = cos 3 cos = coS 7
= (tan 270 — tan 90) + (tan 96 — tan 30) + (tan 30 — tan 0)
sin 20 2sin 0 ( 475) (27TJ (ﬂj
_ - = = cos| T—— |cos| — |cos| —
Now, tan 36 —tan 8 cos30cos®  cos30 7 7 7
2sin 30
Similarly, tan 90 —tan 30 =————— = —cos| = |cos 2n Ccos 4n
cos270 7 7 7
2sin90
and tan 270 —tan 90 = . s 2n 10w . (n) . (3nj . (575)
.. cos| — |cos—cos| —— |—sin| — [sin| — [sin| —
cos276 (7) 7 ( 7 14 14 14

[ sin90  sin30  sin® }
k =2 + +
! c0s270  cos90 cos30

=2k, (nj (271) [ IOnj
= cos| — |cos| — |[cos| 2m———
7 7 7

8 8
tan 1
2. (B) We have, -0, 100 m (Zn) (471}
a b a+b + cos| — |cos| — |cos| —
7 7 7
or a’sin® 0+ ab + b? = ab(cos® 0 — sin® 0)
= ab(1 — 2 sin”> O cos> ) cos 20 _ 2COS(£JCOS(2_TC)COS(4_7TJ
. 7 7 7
=ab(1 — 2 sin%0) (1 —Esin2 29)
ol o5 o 5 J( 5
. . . 2sin| — |cos| — |cos| — |cos| —
= a’sin® 0 — 2ab sin* 0 + b2 = — 2ab sin? O _ 7 7 7 7
ab sm(j
+ ab sin’ 0 sin’ 2677 sin? 20 — 2ab sin* 0 7
= (asin*0—b)?>=2ab sin? O(—sin®? 06— 1
. . (2w 2n 47
+ 2 sin? 0 cos? 0 — cos? 0) 2sin - Jeos| == Jeos| -
= 2absin? (-2 + 2 sin? 0 cos? 0) > 0 = “n
= 4ab sin® O(sin 6 — sin? 0+ 1) <0 Zsm(J
= ab<0
s 47 47
3.(A) 2+\/2+\/2+....+1/2(1+C059) ) st = jeos|
(n number of 2's) 2x 2511{77‘]
\/2+\/2+\/2+....+J(2+2cose/2)
. (8xm . i
((n— 1) number of 2's) st~ ) sm n+;
............................................ 4sin£n) 4sin(nj
— 7 7
=4/242co0s(6/2"7)
= \J2{1+2c0s0%(0/2") ~1} =2 cos(0/2") Sm(“j
4 1

.(m). (3n). (5% o T _Z
4.(B) sin (ﬁj sin (Hj sin (Hj 4sm( Z j
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Compound Angle

5.(D) Let
P=log, tan 1°+log  tan2°+log  tan3°+...+log  tan89°
=log,, (tan 1° tan 2° tan 3° .... tan 45° ... tan 89°)
(" tan 89°=tan (90°—1°)=cot 1°)
("~ tan89°tan 1°=1)

=tan 1=0

eP = eO =
MULTIPLE CORRECT CHOICE TYPE

6. (C,D) P (u)beapolynomial inu of degree n.
sin 2ux = 2sin nx cos nx

=sinx P, | (cosx) or cosxP,  (sinx)

3+ cot76°cot16°

7. (C,D) We have,
cot 76° +cot16°

3 3sin76°sin16° + cos 76°cos16°
B sin(76° +16°)

_ 2sin76°sin16°+ cos(76°—16°)
B sin(92°)

_ €0860°—c0s92° +cos 60°
sin92°

_ 1-c0s92°

~ sin92°

=tan 46° [Alternate (C)]
=tan(90° —44°)=cot44° [Alternate (D)]

$.(B. C.D) Weh ~l-sing  1+cosd
-(B,C,D) Wehave, x= coso Y sing

(1-sin¢)(1+cos o)

cos ¢sin ¢

Multiplying, we get xy =

= 1l-—sin¢+cosd—sindcosd

+sinpcosd
cosdsin ¢

xy+1=
1—sin¢+cosd
~ cosdsing

(1-sin¢)sin ¢ — cos d(1+ cos d)
cos¢sin ¢

andx—y=

sind— sin’ d—cosp— cos? [0}

cos¢sin ¢

sin ¢ —cos—1

" cosdsind =—(xy+1)

Thus,xy+x—-y+1=0

y—1 1+x
= m and y=

= X
1-x

9.(A,B, C,D) sin’? A +sin* B +sin’C

1
(1 —cos2A)+ 5(1 —cos 2B) +sin®* C

N | —

1
=1- E(COS 2A + cos 2B) +sin* C

|
=1- 7 {2cos (A+B) - cos (A-)B} +sin’ C

=1+cosC-cos(A-B)+1-cos’C
=2—cos? C+cos C-cos (A—B)

sin A+sin’ B +sin? C <2 —cos’ C+cos C ....>1)
=2 —(cos* C—cos C)

=)_ (COSZC—COSC+1)+l
4) 4

2
= 2—(cosC—lj
4 2

102 L) L) 9
sin“ A + sin® B + sin CSZ

Now, for positive quantities AM > GM

sin® A +sin’> B+sin’ C
3

> %/sin2 Asin? Bsin® C

From Equ.(i), 9;4 > sin® A+ sin; B+sin’C

> (sin A sin B sin C)*3

3. : .
2 > (sin A sin B sin C)??

33

32
or sinAsinBsinC2> (Zj ,1.e.,

8
Also in AABC, sinA >0, sin B> 0, sin C >0 and form Equ.
(¥
sin A+sin? B<1+cosC
A
10.(A,B,C) 2=
y cosB
S y

= = 7\.,
cosA cosB (say)

Xx=AcosA,y=AcosB
Alternate (A)

xtan A + ytan B

RHS= X+y

_ AcosAtanA+AcosBtanB
AcosA+AcosB
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Compound Angle

cosA+cosB
) (A+Bj (A—Bj
2sin cos
B 2 2
h A+B A-B
2cos cos
(452 ) (3")
—tan(A;Bj:LHS

Alternate (B)

_ ( sinA+sinBj

xtan A —ytan B
RHS=—_
X+y
3 AcosAtanA —AcosBtanB
a AcosA+AicosB

sinA —sinB

~ cosA+cosB

A+B)Y. (A-B
2cos sin
2 2
A+B A-B
2cos cos
2 2

= tan(A;Bj:LHS

Alternate (C)

ysinA +xsinB
" ysinA—xsinB

3 AcosBsinA +AcosAsinB
~ AcosBsinA —AcosAsinB

_ M —LHS
sin(A — B)

Alternate (D)
LHS=xcosA+ycosB=XAcos’A+Acos’B=0

SUBJECTIVE

11. (5) Given, expression

E LN 5 ;T
=cos - tcos’ o —2cos’
7 7 7

= cosﬁ[l +cosE—2~cos2 E}
7 7 7

= cosz[cosE —(2cos? r_ 1)}
7 7 7

21

= cos%[cos%—cosT} , (As2cos’ 0 -1 =cos 20)

5 2n Sm
= cos—.| cos—+cos— | (As, = +t—= =mn)
7 7
Sn
= CcOS— =CO0S| T—— = cos———cos7

T 2 3n
—2-c0S—-COS— - COS—
7 7 7

. T 21 4r
—8-sin—-cos— -cos—
_ 7 7 7
4-sinE
7
(As. COS3_n:_cos47t)
7 7
. b
—sin| T+—
. 8m ( 7) 1 p
= —sin = =—==
4-sinE sin- sinE 4 q
7 7
So,p=1 & q=4
Hence,(p+q)=1+4=5
3 —
12. ) As, cos3nA:4cos nA —3cosnA
cosnA cosnA
=(4 cos’nA—3)=2(1 +cos2nA)-3
=(2cos2nA-1)
= (1+C°S3HA) =2 cos 2nA
cosnA

The given equation becomes
2[cos 2A + (cos 4A + cos 6A) + cos 8A] =0

cosSA -sin4A
sin A

0

n n
As AG(O,ZJ ,504A € (0, ) and 5A € (O’Zj
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Compound Angle

sin4A #0,s0cos 5A=0

SA= = = A= — =1g°
= AT = AT T

Hence, (cosec A—sec 2A) = (cosec 18° —sec 36°)

1 1

T sinl8  cos36°

_ (ﬁ—ﬁj=(\/§+l)—(\/§—l)

=1+1=2
13. (3) We have, (4 cos? 40° - 3) (3 — 4 sin? 40°)

_ (4cos’ 40° -3 c0s40°)(3sin 40° — 4-sin* 40°)
c0s40°-sin 40°

~ 2-sin120°-cos120° _ sin240° _ sin(3x80°)

2.5in40°-cos40°  sin80° sin80°

_ 35in80°—4-sin’ 80°
- sin80°
=(3-45in?80°) = (3 -4 cos? 10°) =3 - 2(1 +¢c0s20°)
=(1-2co0s20°)=(a+bcos20°) (Given)
a=1,b=-2

Hence,(a—b)=1-(-2)=1+2=3

14. (4) We have,
o=4sin? 10°+2(2 - sin 50° - cos 20°) - sin 50° + cos 80°

1
=45in? 10°+2 [sin 70° + E] - 5in 50° + cos 80°
=2(2-sin? 10°) +(2 - sin 70° - sin 50°) + sin 50° + cos 80°
=2(1-co0s20°)+(cos20°—cos 120°) + sin 50° + cos80°

1
=2-2¢0s820°+ cos 20°+5+Sin 50°+ cos 80°

N | i

+[2 - sin 50° - sin(—30°)] + sin 50°

5 1
- —_ : ° 4+ gi o
> 2 X > x sin 50° + sin 50

Honce o
ence, a.= o

Similarly, B = cos? 36° + cos? 24° + cos? 96°
= cos® 36° + cos? 24° + sin® 6°

(As cos? 96° = cos? (90° + 6°) = sin’? 6°)

1+ cos72° 1+ cos48° 1—cosl2°
B= + +
2 2 2

3 1 1
= —+—[cos 72°+cos 48°]— — - cos 12°
2 2 2

31 1
=—+—[2-cos60°-cos 12°] — — - cos 12°
2 2 2

5 3 8
Hence,(oc+[3):5+5=5=4

15. (24) We know that

1
sin 0 - sin(60° —0) - sin(60° + 0) = 1 sin30° .. (1)

Put 6 =25°1n (i), we get
sin 25° - sin(60° —25°) - sin(60° +25°)

1
.sin(3 x 25°%) = Zsin 75°

NI

_1[J§+1]_(ﬁ+nxﬁ_£+ﬁ_ﬁ+ﬁ
422 ) s2x2 16 ¢

a=b,c=2 & c=16
Hence,(a+b+c)=6+2+16=24

INTEGER

16. (1)
As,sec O +sec(m—0)=0

So. f=sec 0 + secE+sec6—Tc + secz—n+secs—7t
o, f=sec 7 - 7 7

( 3n 4nj
+| sec— +sec—
7 7

f=1
Also, cot 0+ cot (180°—-0)=0
So, ¢ =(cot 1°+cot 179°) + (cot 2° +cot 178°) +.... +
(cot 89°+ cot 91°) +cot 90°
c=0
Hence, (G + %) =1

sin®34°—sin’11°
sin34°cos34°—sinl1°cos11°

17.(1)
_ 2[sin45°-sin23°]
~ sin68°-sin22°

2sin45°sin 23°

N 2c0s45°sin23° =tand57=1
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Compound Angle

18. (1)

k=0

. 6 sin(64nj
_ sin(2” A) _ 65 -1

sin A sin(nj
65
19. (1)

T =tanr®tan(r+1)°+1-1

sinr®sin(r +1)°cosr°cos(r +1)° 1
v cosr°cos(r+1)°

cosl®

Te——>7 -
r cosrlcos(r+1)°

~ coslo(sin((r+1)°—ro)j_l

v sinl1°| cosr®cos(r+1)°

T =cot 1°(tan (r + 1)° —tant°) — 1
T, +T,+...+T =cot’ 1°-89.

20. (6)
y=(sinx — 1)> - cos? x

y=(sinx— 1)~ (1 —sin*x)

(a3

y =4 whensinx=-1
max

. 1

Yoax = when sin x = >
Modime L
= ’m_ 2
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