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TRIGONOMETRY

TRIGONOMETRIC RATIOS

Trigonometry is the branch of science in which we study
about the angles and sides of a triangle.
Angle: Consider a ray

OA - If this ray rotates .
about its end point O and &
takes the position OB,
then the angle

« AOB has been generated. 0 Initial side
An angle is considered as the figure obtained by rotating a
given ray about its end-point. The initial position OA is
called the initial side and the final position OB is called
terminal side of the angle. The end point O about which the
ray rotates is called the vertex of the angle.

Sense of an angle : The sense of an angle is said to be
positive or negative according as the initial side rotates in
anticlockwise or clockwise direction to get to the terminal
side.

0 = angle

A

B 0 Clockwise direction =
0=—ve A

0 =+ve

Y Anticlockwise direction

Measurement of angle :

English system : One right angle =90° (degree)
1°=60" (minutes)
1'=60" (seconds)
Circular system : If length of

arc of a circle equal’s to radius

then angle impose by that arc

on centre of circle is called

one radian.

Length ofarc, /=10 ; r=Radiusofcircle

0 = Angle in radian

Some Important Conversion :

. 180Y°
One Radian = T

© Radian= 180°
% Radian = 30° g Radian = 45°

i T
? Radian=60° E Radian=90°

2n ) 3n }
T Radian=120° T Radian=135°

5m ) n )
? Radian=150° ? Radian=210°

5m ) 5w )
T Radian=225° ? Radian=300°

SOME USEFUL TERMS

Quadrants : Let X’OX and YOY' be two lines at right angles
in the plane of the paper. These lines divide the plane of the
paper into four equal parts which are known as quadrants.

Y
11 - quadrant I- quadrant
X' (e} X
III -quadrant IV- quadrant
Yl

The lines X'OX and YOY" are known as x-axis and y-axis
respectively. These two lines taken together are known as
the coordinate axes. The regions XOY, YOX', X'OY’ and
Y'OX are known as the first, the second, the third and the
fourth quadrant respectively.

Angle in Standard Position : An angle is said to be in
standard position if its vertex coincides with the origin O
and the initial side coincides with OX i.e. the positive direc-
tion of X-axis.

Co-terminal Angles : Two angles with different measures
but having the same initial sides and the same terminal
sides are known as co-terminal angles.

AY

R 4

[




SOAL

ODM ADVANCED LEARNING

STUDY MATERIAL : MATHEMATICS

TRIGONOMETRICALRATIOS ORFUNCTIONS
In the right angled triangle OMP, we have base (OM) = x,
perpendicular (PM) =y and hypotenuse (OP) =r, then we
define the following trigonometric ratios which are also

known as trigonometric functions. p
P
sinf=—=2 ,
H r
T
B y
cosf=— =2 ,
H r
0
P vy \
tan0 = E = ; 0 " M
B x H r H r
cotb= = ",secO0=— = —,cosecO= "=
p Yy B x p Yy
Fundamental trigonometric Identities :
i) sin@ = ii) cosf =
@ cosecO (i secO
1 cos0
cotG — — . ) + 20 — 1
(iii) an0 _ sin® (iv) sin“0 + cos-0

(v) I +tan’0 =sec’0 = sec?0—tan%0 =1
1

secO+tan0O

1
cosecH +cotO

= (secO —tanf) =

(vi)l +cot20 =cosec?0 = (cosecd—cot) =

Example1:
If cosec A+ cot A= 11/2, then find the value tanA.
Sol. cosecA+cotA=112 .. (1)
2
cosecA+cotA 11
2
= cosecA—cotA= 1 - (2)
1 2 2 tA—E—z—H—7 tanA—ﬂ
(D-@=2cotA= 7= =57 = 117
Example2:
Find cos0 sin©
n 1-tan® 1-cotB
cosO sin 6 cosO sin 6
Sol. + = -
1-tan® 1-cotO 1_s1n6 1_cose
cosO sin©
cos’ 0 sin 0

cosO—sin® cosO—sin6

2 . 2
cos“0—sin“ 0 .
= ———F—— =cos0+sinb
cosO—sin0O

Example3:

Find the value of tan? 0 sec?0 (cot20 — cos20).
Sol. tan? 0 sec20 ( cot20 — cos20)

= sec? 0 (tan?0 cot?0 — tan?0 cos20)

sin’ 0

)
3 cos? OJ = sec? 0(1- sin’ 0)
cos” 0

(
— sec? 0 Ll -
=sec? 0. cos20 =1

Sign of the trigonometrical Ratios or functions :
Their signs depends on the quadrant in which the terminal

side of the angle lies. AY
11I-Quad. I-Quad.
sin&cosec All Positive
are Positive
< » X
X' 0
11-Quad. IV-Quad.
Tan & cot Cos &sec.
are Positive are Positive
vy

Variations in values of trigonometric functions in differ-
ent quadrants :
LetX'OXand YOY'be
the coordinate axes.
Draw a circle with
centre

atorigin O and radius o

unity. x' < A o[ —> A >
Let 1}\]/[ (x,y)beapoint 1O © Nl
on the circle such that
Z/AQOP =0 then

x =cosH and y = sinf

B(0, 1)
M(xy)

X

REICAY

'

y
—1 <cos 0 <1 and —1<sin 0 <1 forall values of 0

Il - Quadrant I - Quadrant @)

sind -  Decrease from 1 to 0 sind »  Increase from 0 to 1
cosd —» Decrease from0to-1 | cosd - Decrease from 1 to 0
tand —» Increase from-ooto O [ tand - Increase from 0 to oo
cotd -»  Decrease from 0 to -eo | cotd —» Decrease from oo to 0
sec —» Increase from -eo to -1 | secO —» Increase from 1 toee

cosech — Increase from 1 to oo cosech — Decrease from oo to 1

111 - Quadrant (D IV - Quadrant ©

sinf -  Decrease from 0 to -1 sind »  Increase from -1to 0
cosh —» Increase from -1 to 0 cos® —» Increase from 0 to 1
tand —» Increase from 0 to o | tanf » Increase from - e to 0
cotd —»  Decrease from e to 0 cotd —»  Decrease from 0 to -eo
secd - Decrease from -1 to - | secd —» Decrease fromeo to 1

cosech — Increase from - e to -1 | cosecd — Decrease from -1 to -0

[ 2
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Note : + w and — o are two symbols. These are not real
number. When we say that tan increases from 0 to co for as
0 varies from 0 to 7/2 it means that tanf increases in the
interval (0, m/2) and it attains large positive values as 0
tends to /2 . Similarly for other trigonometric functions.

Table : Summarizes the trigonometric functional values of some
special angles.

0 In radians sin® cos® tan 0
0° 0 0 1 0
30° /6 172 32 373
45° w4 272 212 1
60° /3 B2 12 NEl
90° /2 1 0 Undefined
180° T 0 -1 0
270° 3m/2 -1 0 Undefined
2.
Example4:
Find the value of sin and tan® if cos® =— (12/13) and 0 lies
in the third quadrant.
Sol. We have cos20 + sin20 = 1
=sind == /] _0s2 0
In the third quadrant sin® is negative, therefore
12> 5
1 = — 2 1 =_— 1 —_ [——] = ——
sinf J1—cos2@ = sind 3 3
then, tan0 = 00 o= —~x 23
LT ese T T3 12 12
Example5:
Ifﬁ <0< then find \/l—sine \/1+sin9
2 T e N sine  V1—sin® -
Sol. E (1-sin0)+ (1+sinH) 2 5 sech
ol. Exp.= =— =—2sec
i\/l—sin2 0 cos6
TRIGONOMETRICALRATIO OFALLIEDANGLES
Two angles are said to be allied when their sum or differ-
ence is either zero or a multiple of 90°.
1. Trigonometric Ratios of (—0) : Let a revolving ray starting
from its initial position OX, trace out an angle £ XOA =6.
Let P (x,y) be a point on OA such that OP=r. Draw PM L 3

from P on x-axis. Angle £ XOA'= -0 in the clockwise

sense. Let P' be a point on OA' such that OP' = OP. Clearly
M and M' coincide and AOMP is congruent to AOMP',
then P' are (x,—y)

Y
sin(—@)z_—y:_—yz—sine A
oot r IP(xy)
cos (—0) = % =cos0 5 ?e M X
r
tan (—0) = — = — tan @ PN A
X (X’ - y)

Taking the reciprocal of these trigonometric ratios,
cosec (—0) =—cosec 6
sec (—0) = sec O and cot (—0)=—cot O

Note : A function f (x) is said to be even function if
f(—x)=f(x) for all x in its domain.

A function f(x) is an odd function if f (—x) =—f (x) forall x in
its domain.

sinO, tan0, cotO, cosecO all odd functions and cosO, secO
are even functions.

Trigonometric function of (90— 0) :
Let the revolving line, start-

ing from OA, trace out any P
acute angle AOP, equal to 0. 500
From any
point P, draw PM 1| to OA -
. 0 909
Three angles of a triangle are M A

together equal to two right

angles, and since OMP is a right angle, the sum of the two
angles MOP and OPM is right angle. ZOPM =90°—-6
[When the angle OPM is consider, the line PM is the ‘base’
and MO is the ‘perpendicular’ ]

sin (90°—-0) =sin MPO = Mo =cos AOP = cos0
PO
PM

cos (90°—0) = cos MPO =——=sin AOP =sin0
PO
M

tan (90°-0) =tan MPO = MO =cot AOP =cot6
PM

cot (90°—0) = cot MPO = MM =tan AOP =tan0

MO
PO
cosec (90°—0) =cosec MPO = MO =sec AOP =secB

PO
and sec (90°—0) =sec MPO = ™M = cosec AOP = cosecH

Trigonometric Function of (90 +0):

Let arevolving ray OA starting from its initial position OX,
trace out an angle £ XOA =0 and Let another revolving
ray OA' starting from the same initial position OX, First
trace out an angle 0 so as to coincide with OA and then it
revolves through an angle of 90° in anticlockwise direction

3
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to form an angle / XOA' = 90" +0

Y
A’ A
P'(-y,x) 0 P(xy)
0
X' M’ O M X

Let P and P' be points on OA and OA' respectively such 5.

that OP=0OP'=r.
Draw perpendicular PM and PM' from P and P' respectively
on OX. Let the coordinates of P be (x, y).
Then OM =x and PM =y clearly
OM'=PM=yand P'M'=OM =x
so the coordinates of P' are (—y, X)

OP'

X
sin (90+0) = =y cos6

1

OM' -y .
cos (90+0)= _=T =—sin0

sin (120°) = sin (90° +30°) = cos 30° = /3 /2
tan (135°) =tan (90° +45°)=—cot 45°=-1

cos (150°)=cos (90° + 60°) =—sin 60° =—3/2

4. Reduction (180-0):

sin (180—-0)=sin 0 ;cos (180—-0)=—cos 0 ;
tan (180 —0)=—tan 0 ; cot (180 —0)=—cot 0 ;
cosec (180 —0)=cosec 0 ;sec (180—0)=—sec 6 ;

sin (120°) =sin (180° — 60°) = sin 60° = V312

cos (150°)=cos (180°—30°) =—cos 30° - 3/2
Reduction (180 +0) :

sin (180 +0)=-sin0; cos (180 +6)=—cos O ;

tan (180 +0)=tan 0 ; cot (180 +0)=cot 0 ;

cosec (180 +60)=—cosec 0 ;sec (180+0)=—secO;
sin (210°) =sin (180° +30°) =—sin 30°=—1/2

cos (240°)=cos (180° + 60°) =—cos 60° =—1/2

tan (225°) =tan (180° +45°)=tan 45°=1

6. Reduction (360-0):

sin (2 —0) =sin (—0) ; cos (2n—0)=cos (—0)
tan (2m— 0) =tan (—0)

cos (315°)=cos (360°—45°)=cos (—45°)=cos (45°)=1/ V2

OP' tan (330°) =tan (360° —30°) = tan (~30°) = —tan 30°
P ox  —x =—1/3
tan (90+0) = oM' - = - =—cotO
Similarly,  cot (90+6) =—tan0
sec (90+0) =—cosecO
cosec (90+0) =secO
Allied angles| (-0) (90-0) (90+06) (180-06) (180+6) | (270-6) | (270+6) (360-0)
i b 3n 3n
Trigo.Ratio or 5—9 or 5““9 or(n-6) | or(n+0)|or( 9] for ?er or 2n—0)
sinf —sin@ cos0O coso sin 6 —sin O —cos 0 —cos® [-sinB
cosO cos 0 sin@ —sin® —cos0 —cos6 —sin® sin@ cosf
tan0 —tan0 coto —cot0 —tan0 tan6 coto —cotd |—tanO
Example 6 : = (tan5° cot5°) (tan 10° cot 10°)........
=DM (M)......=1
Find the value of
c0s(90° +0)sec(—0) tan (180° —0)
Example 8 :

sin (360° + 0) sec (180° + 0) cot (90° —0)

(=sin6)(secO)(~tan6®)

Sol. Given expression, (sin0)(—scc0) tan 0

Example 7 :
Find the value of cot 5° cot 10° ..... cot 85°.
Sol. cot5°cotl0°......... cot 85°

=cot5° cot10°....cot(90° — 10°) cot (90°—5°)
=cot5°cot 10°...... tan10° tan5°

Find the value of sin 10° + sin 20° + sin 30° +......+sin360°.
Sol. -+ sin 190°=sin (180°+ 10°)=—sin 10°
sin 200° =—sin 20°
sin 210° =—sin 30°
sin 360° =sin 180°=0
.. Exp.=0

-
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SUM AND DIFFERENCE OFANGLE

(COMPOUNDANGLE FORMULAE)
The algebraic sums of two or more angles are generally
called compound angles and the angles are known as the
constituent angles.
For example : IfA, B, C are three angles then
A+B,A+B+C,A-B+ Cetc. are compound angles.

’ (A+B) A

9 P o) P

(i) sin (A + B)=sinA cosB + cosA sinB
(i1) sin (A — B) =sinA cosB — cosA sinB
(iii) cos (A + B) = cosA cosB — sinA sinB
(iv) cos (A —B)=cosA cosB + sinA sinB

tan A + tan B
tan(A+B)=————

) ( ) 1-tanAtanB
tan A —tan B

i) tan(A-B)=—————
Vi) ( ) 1+tanAtan B
cotAcotB-1

i) cot( A+B)=————
(vii) ( ) cotB+cotA
cotAcotB+1
iij) cot (A—-B)=———
(v ( ) cotB—cotA

Some more results :
(i) sin (A + B). sin (A— B) = sin® A—sin? B = cos? B — cos> A
(ii) cos (A + B). cos (A— B) = cos? A — sin? B = cos?B — sin’A
(iii) sin (A+ B + C) =sin A cos B cos C + cos A sin B sin C
+cos A cos B sinC—sin AsinB sinC
(iv)cos (A+ B+ C)=cos Acos Bcos C—cos AsinBsinC
—sinAcos B sin C—sin A sinB cosC

(v) tan (A+B+C) =

tanA+tanB+tanC—tan A tanB tan C
l-tanAtanB—tanBtanC —tanCtan A

Example9:
Find the value of tan 20° + tan 40° + /3 tan 20° tan 40°

Sol. /3 =tan 60°=tan (40°+20°)
_ tan40° + tan 20°
~ 1—tan40° tan 20°
J3 — /3 tan40° tan 20° = tan 40° + tan 20°
Hence tan 40° + tan 20° + /3 tan 40° tan20° = /3

Example 10 :
1 1 .
Iftan A= 5 and tan B :g , then find the value of A+ B i.e.
tan_11+tan_ll
2 3
1.1
Sol. tan (A + B) = tanA+tanB 2 3 _5/6_1
ol tan(A+B) = T AwnB _1175/6
2°3
A+B =45°=n/4
Example 11 :
IfsinA= >, 0<A< ~ andcosB= % n<B< % th
sin =3 2an cos T3 ,T > en

find the value of sin (A — B).

3
Sol. We have : sinA = g,where0<A< g

cos A=+ (] _sin? A
A=+ J1_ain2 A = l—i—i
= cos 1-sin“ A 25 5

[+ cos is positive in first quadrant]

L —-12 3n
It is given that : cos B = EER andt<B< EX

sinB==+ /] _cos? B
= sinB=- /| _¢0s’B

[-.- Sine is negative in the third quadrant]

" [—ujz_ 5

= sinB=- T 53
Now, sin (A—B) =sin A cos B—cosAsin B
3 12 4 5 16
= —X— =X — = —-——
5 13 5 13 65

TRANSFORMATION FORMULAE
(PRODUCT INTO SUM OR DIFFERENCE)
We know that,

sinAcosB+cosAsinB=sin(A+B) ... @)
sinAcosB-cosAsinB=sin(A-B) ... (i)
cosAcosB-sinAsinB=cos(A+B) ... (i)
cosAcosB+sinAsinB=cos(A-B) ... @iv)
Adding (i) and (ii),

2sinAcos B=sin(A+B)+sin(A-B) ... w)
Subtracting (ii) and (i),
2cosAsinB=sin(A+B)-sin(A-B) ... (vi)
Adding (iii) and (iv),
2cosAcosB=cos(A+B)+cos(A-B) ... (vii)
Substracting (iii) and (iv).

2sinA sinB=cos (A-B)—cos(A+B) ... (viii)
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Example 12 :

Find th 1 fZCoslcosg—ﬁ+cos3—ﬂ;+coss—7t
ind the value o 3 T 3 3

b on 3n 5w
Sol. 2cos—cos—+ cos— +cos—
13 13 13 13

(911 n) [975 nj 3n 57
— COS| — +— | +cos| — —— | + cos—+ cos —
13 13 13 13 13 13

107 8n 3n S5
= COS——+ COS— + COS— + COS—
13 13 13 13

[ 375] ( 57‘(] 3n 5n
= cos| T——|+cos| T——|+cos—+cCcos—
13 13 13 13

3n 5w 3n 5w
= —COS— —COS— + COS— +COS— =)
13 13 13 13

[+ cos (m—0)=—cos 0]
Example 13 :
Find the value of 2sin [S—TC) sin [1) .
12 12
Sol. 2 sin A sinB =cos (A—B)—cos (A+ B)

2si (575] i [n] os(s—n—ij—cos(s—n+£]
LS )M )T T 2 12 1212
T T 1 1
=C0S——COS— =— —(0=—
3 2 2 2
TRANSFORMATION FORMULAE
(SUM ORDIFFERENCE INTO PRODUCT)
We know that,
sin(A+B)+sin(A-B)=2sinAcosB ... @)
Let A+B=CandA-B=D
C+D C-D
then A = and B= —
Substituting in (1),

%) (553
) (&
%) (553

. (C+D) . (D-C
(d) cosC—cosD=2sm[ 5 ].sm[ 5 j

. (C+
(a) sinC+sinD = ZSIH[

Similarly other formulae are,

C+
(b) sinC—sinD= ZCOS(

C+
(¢) cos C+cosD= 2cos

Finding values of 15° & 75°
. . X .
(i) sin 15°=sin - sin (45°—-30°)
=sin 45°.cos 30° — cos 45°. sin30°

3-1 -2

St
=—= =c0s75° =cos—
22 4 12
o .St
(ii) sin75°=sin I sin (45°+30°)
=sin 45°.cos 30° + cos 45°. sin30°

Bl VJe+2
S22 4

:cos15°:cos£
12
V-1
=2-/3 =cot 75°
\/§+1

J3+1
NE

(iii) tanl5°=

:2+\/§:cot15°

(iv) tan75°=
NOTE

1
(i) sinAsin (60°—A)sin (60°+A) = 1 sin 3A

1
(ii) cos A cos (60°—A) cos (60°+A) = 7 cos 3A
(iii) tan A tan (60° — A) tan (60° + A) =tan 3A

Example 14 :

Find the value of cos 52° + cos 68° + cos 172°
Sol. cos 52°+cos 68°+ cos 172°

=08 52°+ cos 68° + cos (180°—8°)

=c0s 52°+ cos 68° —cos 8°

52°+ 68° 68°—52°
= 2¢c0s cos
2 2

=2 c0s 60° cos8° — cos8° = cos8°—cos 8° =0

—cos8°

Example 15:
If sin 20 + sin2¢ = 1/2, c0s26 +cos2¢ = 3/2 then find the
value of cos? (0 — ¢).
Sol. Using cosine formula
2sin(@+¢)cos(O@-p)=12 .. )
2cos(@+¢d)cos(®-¢p)=32 .. )
Squaring (1) and (2) and then adding

402 (0-4) = 5 o= 2= cos” (0—§) = >
COS 4 4 2 COS 8

Example 16 :
Find : sin47°+sin 61° —sin 11° —sin 25°.
Sol. Given value
=(sin47°+5sin61°) —(sinl1° +sin 25°)
=2 sin 54° cos7° — 2 sin 18° cos 7°
=2 cos 7° (sin 54° —sin 18°)

[ 6
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=2c0s 7°2 cos 36°sin 18°
2sin18°cos18°

cos18°

R 2sin36° cos36°
cos18°

=2cos 7° X cos 36°

[+ sin72°=cos 18°]

TRIGONOMETRICALRATIOS OF MULTIPLEANGLES

2 tan©

(i) sin20=2sinB cos6 = 3
1+tan” 0

(i) c0s20 = cos®> O —sin?0=2cos> 01

2
1-t
:1—2sin2(i):i2e
1+tan” 0
2t
(iii) tan 2e:$2e
1-tan“ 0

(iv) sin 30 =3 sin® —4 sin30
(v) cos 30 =4 cos0—3 cosd

3tan 0 —tan> 0

vi) tan30 =
vi) 1-3tan’ 0
B sing _ [1-cosB
(vi) ) )
cosg— 1+cos0
(viii) ) 2
. 0 1-cos® 1-—cosO sin©
(IX) tan— = = - =
2 1+cos0 sin O 1+cos6

Example 17 :

1
IfsinA= E,then find 4 cos> A—3 cos A (0° <A<90°)

Sol. 4 cos3 A—3 cos A=cos 3A=cos 90°=0
1
[-- sinA:5:>A: 30°]
Example 18 :

T 12
If a.and 3 be between 0 and 3 andifcos (o + )= e and

3
sin (och):g,thenﬁndthevalue of sin 2a. .
Sol. sin 2a)=sin(a+p+a—f)
=sin (o + B) cos (a.— ) + cos (a.+ B) sin (o — B)
> 4,123 56
S 13'5 13'5 65

TRIGONOMETRIC FUNCTIONS OFANANGLE OF 18°
Let 0 stands for 18°, so that 26 is 36° and 30 is 54°.
Hence, 26 =90° — 36, and therefore,
sin 20 = sin (90° - 36) =cos 36
2sin 0 cos 0 =4 cos30—3 cos 0

Hence, either cos 0 =0, which gives 8 =90°, or
2sin®=4cos?0—3=1-45sin%0
4sin%0+2sin0=1

By solving quadratic equation, we have

-1

sin = =sinl8°

cosl8°=m=\/l_6—2\/§ =\/10+2\/§

16 16
Table : sine, cosine and tangent of some angle less than 90°

15° 18° 22140 36°
3-1 | 51 1 10-245

N R R R W ol R YA

i RPN 4 2 4

V34l | Jl0+245 1ol

cos NG — |2 2
1

tan | 2— /3 5+245

V2-1

CONDITIONAL TRIGONOMETRICALIDENTITIES
We have certain trigonometry identities
like sin? @+ cos? @ =1 and 1 + tan® @ = sec? 0 etc.
Such identities are identities in the sense that they hold for
all value of the angles which satisfy the given condition
among them and they are called conditional identities.
If A, B, C denote the angle of a triangle ABC, then the
relation A+ B + C = 7 enables us to establish many impor-
tant identities involving trigonometric ratios of these angles.

@ IfA+B+C=mn,then A+B=n-C,B+C=n-A
and C+A=n-B

(i1) IfA+ B+ C=m, thensin (A+ B)=sin (n—C) =sinC
similarly, sin (B + C) =sin (1 —A) =sinA
and sin (C+A)=sin(n—B)=sinB

(ii1) IfA+ B+ C=m, thencos (A+ B)=cos (1—C)=-cosC
similarly, cos (B + C)=cos (r—A)=-cosA
and cos (C+A) = cos (1—B)=-cosB

(iv) IfA+B+C=mn,thentan (A+B)=tan (1 —C)=—tanC
similarly, tan (B + C) =tan (1 — A) =—tan A
and tan (C+A)=tan(nt—B)=-tan B

7
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A+B =n C
(v) IfA+B+ C=m, then tan =———and
2 2 2
B+C _z A C+A n B
2 2 2Ty T
. [A+B] [n C] (C)
sin = ———|=cos| —
2 2 2

+

sin

(257) = (5-5)=n(5)

cos CcoS| ———| =sin| —

2 2 2 2
[A+B] (n C] (C)

tan | —— tan| ———| =cot| —

2 2 2 2

All problems on conditional identities are broadly divided
into the following four types
(1) Identities involving sines and cosines of the multiple or
sub-multiples of the angles involved.
(i) Identities involving squares of sines and cosines of the
multiple or sub-multiples of the angles involved.
Identities involving tangents and cotangents of the
multiples or sub-multiples of the angles involved.
Identities involving cubes and higher powers of sines
and cosines and some mixed identities.

(iii)
(iv)

Typel:
Identities involving sines and cosines of the multiple or
sub-multiple of the angles involved.
Working Method : Step - 1- Use C & D formulae.
Step - 2- Use the given relation (A + B + C = 1) in the
expression obtained in step -1 such that a factor can be
taken common after using multiple angles formulae in the
remaining term.
Step - 3- Take the common factor outside.
Step - 4- Again use the given relation (A+ B + C=m) within
the bracket in such a manner so that we can apply C & D
formulae.
Step -5- Find the result according to the given options.

Typell :
Identities involving squares of sines and cosines of mul-
tiple or sub-multiples of the angles involved
Working Method :
Step -1 Arrange the terms of the identity such that either

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

or cos® A—sin® B =cos(A + B). cos (A — B) can be used.

Step - 2 Take the common factor outside.

Step - 3 Use the given relation (A + B + C =) within the
bracket in such a manner so that we can apply C & D
formulae.

Step - 4 Find the result according to the given options.

Example 19:
IfA+ B+ C =r, then find cos® A + cos?B + cos2C.
L.H.S.= cos?A + cos?B + cos2C
=cos? A+ (1 —sin?B) + cosC
= (cos?A — sin?B) + cos2 C + 1
=cos (A+B)cos (A—B)+cos? C+1
[~ cos?A —sin?B = cos (A + B) cos (A — B)]
= cos (m1—C) cos (A —B) + cos? C +1
=—cos Ccos (A—B)+cos?C+1
—cosC[cos(A—B)—cosC]+1
=—cosC[cos(A—B)—cos {n—(A+B)}]+1
=—cosC[cos(A—B)+tcos(A+B)]+1
—cos C [(cosA cos B + sinA sin B)
+ (cos A cosB —sinA sinB)] + 1
=—c0s C (2cos Acos B) +1=1-2cosA cosB cos C
Type 11 : Identities for tan and cot of the angles:
Working Method :
Step-1 - Express the sum of the two angles in terms of third
angle by using the given relation (A + B + C = ).
Step-2 - Taking tangent or cotangent of the angles of both
the sides.
Step-3-Use sum and difference formulae in the left hand
side.
Step-4 - Use cross multiplication in the expression obtained
in the step 3.
Step-5 - Arrange the terms as per the result required.

Sol.

THE GREATESTAND LEAST VALUE OF THE EXPRESSION
[asin® + b cosO] :
Leta=rcosa ... (i) and
Squaring and adding (i) and (ii)

then a2 + b2 =r? or, r=va’+b’

. asin® +b cos 0 =1 (sinb cosa +cosO sina) =r sin (0 + o)

But —1<sin0<1 so —-1<sin(0+a)<l1
then —r<rsin (O+a)<r

Hence, _/324p2 <asinf@+bcosO< (/2 4 12

then the greatest and least values of a sin 6 + b cos 0 are

respectively /32 ;2 and _\[32 1 2 .
Example 20 :
The value of the expression sinf + cos0 lies between
(1) -2 and 2 both inclusive
(2) 0 and /2 both inclusive
(3)—+/2 and /2 both inclusive
(4) 0 and 2 both inclusive

b=rsina......(i1)

Sol. (3). Since sind + cosf = \/5{1 §in 0+ cos 6}

7
= \/5 sinecos£+ cosGs.inE = ﬁsin[9+£]

4 4 4
which lies between —./2 and /2

[ sin[@ + %] lies between — 1 and 1]

[
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Example 21 : Example 23 :
y=cos 2x'+23 sin x. Find range of y. . - - 3n 4t
Sol. y=1-2sin“x+3sinx Find the value of cos 9 cos o cos o5 cos )
2
B .2 3. 9 9| . 3 9 2 4
_1—2{sm X—Esmx+g—g}—l—2[smx—z *3 Sol. cosgcosgcos%cosg

[ T 2n 4n] 3n
COS—= €OS — c0s — | x cos —
9 9 9 9

—H—Z[sinx—i}z : —ﬂ a‘csinx—E
y 8 4 5 Ymax_ 8 _4

. =—4 atsinx=-1 ; —4,17/8 . ]
Ymin xhovel ] _sin@x/9) mosingn/o 1 1 11
SOME USEFUL SERIES 2% sinn/9 3 8sinm/9 2 8 2 16
(1) sina+sin (o +B) +sin (a +2B) +........ to n terms
1 np TRY IT YOURSELF-1
sin {oc + ( ) B} {sm (2ﬂ Q.1  Prove that sin 240° sin 510° —sin 330° cos 390° =0
= B ; B#2nm
sin [7) Q.2 To prove that
2 cot 16°. cot44° +cot44° . cot 76°—cot 76° . cot 16°=3
(ii) cosa+cos (o + B)+cos (o +2B) +........ to n terms or (cot 16°) (cot 44°) — I + (cot 44°.cot 76° — 1)
—(cot76°.cot16°+1)=0
"7 (3)
cosj ot 2 Bi|sin 2 Q.3  Prove that cos (36°—A) cos (36°+A)+cos (54° +A)
= ;B #2nm cos (54°—-A)=cos 2A
p
sin (—)

Q.4  Prove that sin 20° sin 40° sin 80° = —
An Increasing product series:

p = cos a. cos20. cos22 q ....... cos (2™ ! o)
Q5 P that sin T sin 31 sin ST sin Tm_1
: AN X — - g i
SN2 e e rovemat a4 14 148
2" sina
— 11, if o = 2kn Q.6 IfA, B, Carethe angles of triangle ABC and tan A, tan B,
1 if o= 2k + ) tan C are the roots of the equation x* —3x3 + 3x2 +2x+5
’ - =0, then find the fourth root of the equation.
Q.7  Find minimum and maximum values of
y =1+ cos x + cos2x + cos>x + cos*x.
Example 22 :
Find the sum of series L, (15m L, (17n
on Q8 Y=sm 3 4x | —sin 3 4X | . Find range of y.

i 3n ST n
COS— + COS— + COS— + COS — + COS —
11 11 11 11 11

Sol.  Here the angles are in A.P. of 5 terms. Q.9  Compute the square of the value of the expression
n=5 a:l’Bzz—n E=£ 4 +sec20°
1 1 2 1 cosec20°
. 5w
s 11 1Tt 9 Q.10 Find the value of tan15°. tan45° tan75°.
S= ‘CcoS—| —+—
- 2111 11
sy ANSWERS
(6)5/3 Q) Ymax ~ 55 Ymin 1
. T
2s1n5—ncos— S 10 sin [n——]
S— 11 11 _ 11 _ 1 11
2sin— 2sin— 2sm£ 2 ®) < __2’_2 3 o1
1 11

[+
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STUDY MATERIAL : MATHEMATICS

TRIGONOMETRIC EQUATIONS

An equation involving one or more trigonometrical ratios
of unknown angle is known as trigonometrical equation.

Sol

1 1 1
Ex. cosO = 5 tanf = ﬁ and sinf = 5 etc. are

trigonometrical equations.

PERIODIC FUNCTION
A function f (x) is said to be periodic if there exists T > 0
such that f (x + T) = (x) for all x in the domain of definitions
of f (x). If T is the smallest positive real numbers such that
f(x+T)=1f(x), thenitis called the period of f (x).
The period of sinx, cosx, secx, cosecx is 27 and period of
tan x and cotx is 7.

GENERAL SOLUTION OF TRIGONOMETRICAL
EQUATIONS
Since Trigonometrical functions are periodic functions,
therefore, solutions of Trigonometrical equations can be
generalised with the help of periodicity of Trigonometrical
functions. The solution consisting of all possible solutions
of a Trigonometrical equation is called its general solution.

General Solution of the equation sin0 = 0:
By Graphical approach,

n 3mn *“'!%/2 2 PW“

+1
0

-1

The above graph of sinf clearly shows that sinf = 0 at
0=0,+tm +2m +3m.............. s

it follows that when sinf = 0
O=nn:nelien=0,+1,£2...........

General solution of the equation cos6 =0 :
By graphical approach,

L \ 1 / \ 1 / ]
on 731[/2\U4/2 0 msz on

The above graph of cos clearly shows that cosd = 0 at
0=%m/2,£31/2,£51/2,..ccoccuveu......

It follows that when cosf =0
0=2n+n/2,nelie.n=0,£1,+2..........

Example 24 :

3
Find the general solution of cos (E 9] =0.

Sol.

T
We know that cos 6 =0, then9:(2n+1)5;n el

[39)—0 E6—2 =
cos | 5 = :2 =(2n )2

T
9:(2n+1)§;nel

General solution of the equation tan0=0:
Proof: Iftan6=0

sin 0
0s0

tan0 = 0 it same as of sin® = 0 so that, general solution of

tan0=0is0=nm;n e

Note: General solution of sec® = 0 and cosec6 = 0 does not

exist because secO and cosecO can never be equal to 0.

or, =0 = sin 6 =0 it follows that general solution of

Example 25 :

Find the general solution of tan (6/2) = 0.
We know that tan 6 =0

0
0 =nn;n e I then tan (6/2)=0, so, 5 =nm ; 0=2nn

General solution of the equation sin0 = sina.:
Proof : If sinB = sina
or, sin®—sina=0

0—a 0+a
or, 2sin T cos( T, =0

06— 0+a
or, sin T =0 or cos T =0

6-a
2
0=2mn+to;meland0=C2m+ )r—a;mel
0 = (any even multiple of ) + o and 6

= (any odd multiple of ) — a
O=nn+(-1"a;nel

o T
or, =mm; m € [ and :(2m+1)5;mel

General solution of the equation sin® =k, where-1<k <1.
Let a be the numerically least angle such that k = sina
then, sinO = sina.

o 0=nn+ (-1)"a, wheren e I and o =sin"'k

Note: The equation cosecH = coseca is equivalent to

sin® = sina so these two equation having the same general
solution.

General solution of the equation cos® = cosa. :
Proof : If cosO = cosa
or cosO—cosa=0

£
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0ra 0—a or 2sin0 = 2sina (Both the sides multiple by 2)
or —2sin (T) sin (T] =0 or 1—-cos20=1-cos2a
or cos20 =cos2a
0+a 0—a 20=2nn+2a;nel
or, sin(_2 ] :Oandsin[_z ) =0 0 =nnto;nel
0+ 0—o General solution of cos20 = cos2a.
> =nm;n € I and > =nm;nel Proof : If cos20 = cos2a
B B or, 2c0s20 = 2cos2a. (multiply both the side by 2)
0=2mn-a;neland9=2nw+a;nel or, 1+cos20=1+cos2a or, c0s20=cos2o

For the general solution of cosf = cosa, combine these two
result which gives
0=2nmt+tanel

or, 20=2nn+2a
O=nnfa;nel

General solution of tan20 = tanZq,

General solution of the equation cos6 =k, where—1<k <1. Proof: Iftan20 = tanZa

Let o be the numerically least angle such that k = cosa,

then cosO = cosa tan’0 tan’ o . ..

~ 0=2nm+a, wheren € Tand o= cos ' k or 0 = (using compo. and divid. rule)

Note: The equation sec = seca is equivalent to

cos0 = cosa, so the general solution of these two equations tan20+1 tanlo+1 1+tan?0 1+tana

are same. tanze—l_tanzoc—l ’ 1—tan26_l—tan20c
Example 26 : . l—tan20 1—tanZo

If cos 6 =—1/2 and 0 <6 <360°, then find the solutions. or 7= 5 or €0820 = cos2a
Sol. cos 0=—1/2=cos 120° or cos 240°  [0<0<360°] I+tan®0 l+tan”a

0=120°,240° O=ntta;nel
General solution of the equation tan@ = tanc. : Example 28 :
Proof : If tan0 = tana If 2 tan? O = sec20, then find the general value of 6.

. . Sol. 2 tan?0 = sec20 = 1+ tan? O
sin@  sina

or, sinf.cosa — cosH sinot =0

or,

cosO cosa
or, sin(0—a)=0
o, 0—a=nmnel n

O=nnt+oa;nel O=nn+ Z’HEI

TE
tan20=1=(1)?= tanzz

General solution of the equation tan0 =k,
Let o be the numerically least angle such that k = tana,
then tan6 = tano

0 =nn+ o, where n € [ and o = tan 'k
Note : The equation cotB = cota is equivalent to tanf =
tano so these two equations having the same general

EQUATION REDUCIBLE TO THE STANDARD FORM
If equation is not in the standard form then with the help of
any trigonometric formula we convert the equation in
standard form then we find the general solution.

solution. Example 29: .
Find the solution of tan 26 tan 6 = 1.
Example 27 : 2tan 0
{ Sol. tan20tan0=1= m .tanf =1
. —tan
Iftan 0 =— E , then find the general solution of the = 20— 1 tan? 6 = 3 tan26 1
equation, 1 (Jr n]
= tanO=+ = =tan | T
1 L i NG 6
Sol. tan 6 =— — =tan ) 0=nn——

N

GENERAL SOLUTION OF SQUARE OF THE

TRIGONOMETRICALEQUATIONS o 20— ot tan [E B 9]
General solution of sin?0 = sin? 2

o
Proof : Ifsin20 = sinZa.

T T
= Gznnig (meZ)=(6n=* 1) o

B
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20=nm+o —0=30=n1+—
= =nn 2* = =nm B

nmw Tw
—_—t— =

M+l &
3 T TGt

= 0=

GENERALSOLUTION OF TRIGONOMETRICALEQUATION
—acosO+bsinO=C:

Consider a trigonometrical equation a cosf + bsin = c,

where a,b, c € Rand [c| < /2 (2 . To solve this type of

equation, first we reduce them in the form cos0 = cosa. or
sin® = sina.. Algorithm to solve equation of the form a cos®
+bsinf=c.

Step I Obtain the equation a cosO + bsind = ¢

Step IT Put a =r cosa and b = rsina.,

b b
wherer= /42 , p2 and tano.= — ie o= tan~! (;)
a

Step III using the substitution in step—II, the equation
reducesrcos (B—a)=c

c
=cos(0—a)= T
= cos (0 — a) = cos f (say)
Step IV : Solve the equation obtained in step III by using
the formula.

METHOD FOR FINDING PRINCIPALVALUE

L

Suppose we have to find the principal value of 0 satisfying
the equation sinf =— 1/2

Since sin® is negative, O will be in 3rd or 4th quadrant. We
can approach 3rd or 4th quadrant from two directions. If we
take anticlockwise direction the numerical value of the angle
will be greater than wt. [f we approach it in clockwise direction
the angle will be numerically less than 7. For principal value,
we have to take numerically smallest angle.

For principal value :

If the angle is in 1st or 2nd quadrant we must select
anticlockwise direction and if the angle is in 3rd or 4th
quadrant, we must select clock wise direction.

Principal value is never numerically greater than .
Principal value always lies in the first circle (i.e. in first

5n

T
rotation) On the above criteria, O will be — 3 or — o

T
Among these two — 3 has the least numerical value. Hence

T
3 is the principal value of 0 satisfying the equation

sin0=-1/2.

From the above discussion, the method for finding principal
value can be summed up as follows:

First draw a Trigonometrical circle and mark the quadrant,
in which the angle may lie.

Select anticlockwise direction for 1st and 2nd quadrants
and select clockwise direction for 3rd and 4th quadrants.
Find the angle in the first rotation.

Select the numerically least angle among these two values.
The angle thus found will be the principal value.

In case, two angles one with positive sign and the other
with negative sign qualify for the numerically least angle,
then it is the convention to select the angle with positive
sign as principal value.

SOLUTIONS IN THE CASE OF TWO EQUATIONS ARE

GIVEN
Two equation are given and we have to find the values of
variable © which may satisfy both the given equations, like
cosO = cosa and sinf = sina.
so the common solution is
0=2nn+ao,nel
Similarly sin = sino and tanf = tana.
so the common solution is, 6 =2nnt+ o, n € |
Rule: Find the common values of 6 between 0 and 27 and
then add 27n to this common value.

IMPORTANT POINTS

@

(b)

©

Solving equations by introducing an Auxiliary argument.
To solve equation, we convert the equation to the form
cosO = cosa or sinO = sina, etc.

Consider the equation:

Example : sinx + cosx = /2 and /3 cosx +sinx =2

Solving equations by transforming a sum of Trigonometrical
functions into a product. Consider the example :
cos 3x +sin 2x —sin4x =0

Solving equations by transforming a product of
Trigonometrical functions into a sum. Consider the equation:
Example % sin 5x. cos 3x =sin 6x.cos 2x.

Solving equations by a change of variable.

(1) Equations of the form P (sinx + cosx.sinx.cosx) =0.
Where P(y, z) is a polynomial can be solved by the

change.

cosx + sinx =t = 1 + 2sinx. cosx = t>
Consider the equation: sinx + cosx = 1 + sinX.cosx

(i) Many equations can be solved by introducing a new
variable. eg. the equation
sin® 2x + cos* 2x = sin 2x.cos 2x changes to

2 (y+ 1)(y—1/2) =0 by substituting sin 2x.cos 2x =y

12
I_




( TRIGONOMETRY )

SOAL

ODM ADVANCED LEARNING

©

®

©®

()

@

Many Trigonometrical equations can be solved by different
methods. The form of solution obtained in different methods
may be different. From these different forms of solutions,
the students should not think that the answer obtained by
one method are wrong and those obtained by another
method are correct. The solutions obtained by different
methods may be shown to be equivalent by some
supplementary transformations.

To test the equivalence of two solutions obtained from two
methods, the simplest way is to put values of

n=.... -2,-1,-0,1,2,3....... etc and then to find the
angles in [0, 2x]. If all the angles in both solutions are
same, the solutions are equivalent.

While manipulating the Trigonometrical equation, avoid
the danger of losing roots. Generally, some roots are lost
by cancelling a common factor from the two sides of an
equation. For example, suppose we have the equation tanx
= 2sinx. Here by dividing both sides by sinx, we get cosx =
1/2. This is not equivalent to the original equation. Here
the roots obtained by sinx = 0, are lost. Thus in place of
dividing an equation by a common factor, the students are
advised to take this factor out as a common factor from all
terms of the equation.

While equating one of the factors to zero, take care of the
other factor that it should not become infinite. For example,
if we have the equation sinx = 0, which can be written as
cosx tanx = 0. Here we cannot put cosx = 0, since for

cosx =0, tanx = sinx/cosx is infinite.

Avoid squaring: When we square both sides of an equation,

some extraneous roots appear. Hence it is necessary to

check all the solutions found by substituting them in the

given equation and omit the solutions not satisfying the

given equation.

For example: Consider the equation, sinf + cos6=1.....(1)

Squaring we get 1 +sin20=1 orsin26 =0
i.e.20=nmor 6 =nn/2

This gives 0=0, ©/2, w, 3n/2..........

Verification shows that © and 37/2 do not satisfy the

equation as sinx + cost =—1, # 1

and sin 37/2 +cos3n/2=-1,= 1.

The reason for this is simple.

The equation (2) is not equivalent to (1) and (2) contains

two equations: sinf + cos = 1

and sinB + cos® =—1. Therefore we get extra solutions.

Thus, if squaring is must, verify each of the solution.

Some necessary Restrictions

If the equation involves tanx, secx, take cosx # 0. If cotx or
cosecx appear, take sinx # 0.

If log appear in the equation, i.e. log [f(8)] appear in the
equation, use f(0) > 0 and base of log > 0, #1

Also not that \/[f(0)] is always positive, for example

m =|sin 0 |, not + sind.

(J) Verification: Student are advice to check whether all the
roots obtained by them satisfy the equation and lie in the
domain of the variable of the given equation.

Example 30 :

) 1
If sin0=— — and tan 0 = l/x/gthenﬁnde

2
(1) 2nm + /6 ) 2nm+117/6
(3) 2nn+7/6 (4) 207 + /4

Sol. (3). We shall first consider values of 0 between 0 and 2n

or sin (21— 1/6) 5 0=Tm/6;11n/6

tan0=1//3 =tan (n/6) = tan (1 + 1/6)
S 0=m/6,7m1/6
Hence the value of 0 between 0 and 27t which satisfies both
the equations is 71/6
Hence the general value of 6 is 2nmt + 71/6 where n € 1

Example 31 :
If sin 5x + sin 3x + sinx =0 and 0 < x <7/2, then find the value
ofx.

Sol. sin 5x +sinx =— sin3x = 2 sin3x cos 2x +sin3x=0

= sin3x(2cos2x+1)=0
= sin3x=0,cos2x=-1/2
= x=nm,x=nn+(n/3) So x=m/3

TRIGONOMETRIC INEQUALITIES

Evaluating trigonometric ratios is a direct process in which

we make use of known values, trigonometric identities and

transformations or even pre-defined trigonometric tables.

The evaluation of trigonometric inequalities is somewhat

inverse of this process.

At solving of trigonometric inequalities we use the

properties of inequalities, known from algebra and also

the trigonometric transformations and formulas.

To solve trigonometric inequation of the type f (x) < a, or

f (x) > a where f(x) is some trigonometric ratio we take

following steps.

(i) Draw the graph of f(x) in a interval length equal to
fundamental period of f (x).

(ii) Draw the line y=a.

(iii) Take the portion of the graph for which inequation is
satisfied.

(iv) To generalise add pn (n € I) and take union over set of

integers , where p is fundamental period of f(x).

Example 32 :
Find the solution set of the inequation sin x > 1/2.

Sol. Method I : When sin x = 1/2, the two values of x between 0
and 2 are /6 and 57/6.

y

n/6  5T/6

—
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From, the graph of y =sin x, it is obvious that, between 0 &
2n

Sn/6
/6

. T 5n .
sinx>1/2 forg< X<?. Hencesinx>1/2

= 2nn + /6 <x <2n7m+ 51/6

T Sn
The required solution set = Y | 207+ —,2nm+—
nel 6 6
v Sn
Method 11 : €+2Tm <x< ?+ 27n

Example33:

. . T 3n
Solve : 2sin0 — sin 0 > 0, where 2 <0< >

Sol.  sin 6 (2sin 6 — 1) > 0 which is possible only where

sinezé orsin0<0

1 .....
172} feemen-
. T 5w ; T .
sinf>—=—-<0<— ol™ 5 o
2 6 s <
| P

sin@SO:nS6S3—n; 0e E,S—ﬂ U n,3—n
2 126 2

SEVEN WONDERS OF THE WORLD
The following list of inequalities comprise the seven won-
ders of the world based on major theme.

f(x))+f(x,)+1f(x3) <f [xl +X, +x3j
3 B 3

Ifa+B+y=180°
. . . 3V3
W1 : sino +sinff +siny ST

W2 : coseca + cosecP+cosecy > PNE)

3
W3: 1<cosa+cosP+cosy SE

3
W4 : cotacotfcoty 37

WS : cota +cotP+coty >3

W6 : sin2a+sin2[3+sin2y S%

W7: cot2a+cot2[3+cot2y >1

Example 34 :
Find the least value of sec A+ sec B +sec C in acute angle
triangle.

Sol. In an acute angle triangle sec A, sec B, and sec C are
positive.

Now, AM.>H.M.

secA+secB+secC> 3

3 " cosA+cosB+cosC
Butin A ABC, cosA+cos B+cosC<3/2

=

secA+secB+secC

3 22 =secA+secB+secC>6

TRY IT YOURSELF-2

Q.1 Solve: \3sec20=2
Q.2 Solve: 7cos?0 + 3 sin?0 =4
Q.3  Find the general solutions of equation
1 —cos x cot X = cot X — cos X.
Q.4  Find the general solutions of equation 2sin?x + 6sin’x =
5
Q.5 Find the general solutions of equation
V3 cosx +sinx = 2.
Q.6  General solution of sin x + sin 5x = sin 2x + sin 4x is —
(A) nrt/3 (B) 2nm/3
(©) 2nm (D) n=n
Q.7 Find the number of solution of the equation in [0, 27],
tan (57 cos o) = cot (57 sin o)
Q.8 Find general value of x satisfying the equation
sin? 2x + cos* 2x = sin 2x cos 2x.
Q.9 Solve:tan6+tan20+ J3 tanOtan20= /3 .
Q.10 If3tan?0 —2 sin 0 =0, then 0 is equal to —
nn s
A) — B) n+ (-1 —
O (B) n+ (=) ¢
(C) nm+(-1)" z (D) n+ z
3 3
_ (1)
Q.11 Ifsinx+cosx= LY +;J ,X €[0, ] then
(A)x=m/4.y=1 B)y=0
©O)y=2 (D)x=3m/4
Q.12 If tan [%} = cot (%} andn €1, then —
(A)p+tq=0 (B)p+q=2n+1
©) p+tq=2n MD)p+q=2(2n+1)

£
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Q.13 Find the general solution of the equation
sin!00x — cos!0x = 1.
Q.14 Find the set of all x in (—n, ) satisfying

|4sinx—1]<+/5.
ANSWERS

i i
1) 6=nnt+—, nel 2)0=nnt—, nel
M = @ 3

i1
@) Cn+1)m, n7‘c+%, nel()nmt ,nel

©6)(A)

) x:2nn+%, nel

7 8 ®) x=(n+D)
© 0=+ (10) (B) a1 (A)
(12) (D) a3 x=nrz

aoxe(220)
10 10

PROPERTIES & SOLUTIONS OF TRIANGLE
A triangle has three sides and three angles. In this section
we shall find the relation between the sides and trigono-
metrical ratios of angles of a triangle.

We shall denote the angle BAC, CBAand ACBby A, B, C
and the corresponding sides opposite to them by a, b and
c respectively. These six elements of a triangle are con-
nected by the following relations:
(i)A+B+C=180°0rm (ii))a+b>c,b+c>a,cta>b
(iii))a>0,b>0,c>0

SINERULE
The sides of a triangle (any type of triangle) are propor-
tional to the sines of the angle opposite to them. In triangle
ABC

A

a b ¢ b
sinA sinB sinC

B = C

Note : (i) The above rule may also be expressed as

sinA _ sinB _sinC

a b c
(i) The sine rule is very useful tool to express sides of a
triangle in terms of sines of angle and vice-versa in the
following manner.

a b
sinA sinB sinC
= a=ksinA, b=ksinB, ¢ =k sinC

=k (Let)

sinA _sinB _sinC
b
= sinA =Aa, sinB = Ab, sinC =Ac

Similarly, =M (Let)

Example35:
3
Inatriangle ABC, ifa=3,b=4and sinA:Z, then find £ B
sinA sinB . b .
Sol. We have, = b or, sinB= ; sin A
Si =3,b=4 'A*g t 'B*EXE*I
ince,a=3,b=4,sin —4,wege,sm =354
. ZB=90°
Example 36 :

If sin? A + sin? B = sin? C, the A is
(1) acute angled (2) right angled
(3) obtuse angled (4) None of these

Sol. (2).sin? A+ sin? B =sin? C (given)
a’? b’ B c?
> TR

.a = .b = .C k= sinA = —etc.
sinA sinB sinC k

= a?+b2=c?

= Aisright angled at C.

COSINERULE
In any triangle ABC
2,2 2 2,2 12
(eosA= 2 FE =8 (iycosp- A 0
2bc 2ac
2,12 2
(iif) cos C= 2T =€
2ab
Example37:
InaAABC,a=2cm, b=3cm, c=4 cm then find the value
of cos A.
Sol. By the cosine rule,
N b2 4+ 62 —a2 N 32 442 - 22
CoOsA= ; cos T T
2be 234
COSA= o ;o8 P

—
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Example 38 :
Find the smallest angle of the triangle whose sides are

6+/12, /48,24 .
Leta=6+ \/E,b:\/4—8,02\/ﬁ

Here c is the smallest side.
Z C is the smallest angle of the triangle.

a21b2_c?  (48+2443)+48-24 3
CSCTTm | 4G+B) 4B 2
so, ZC=m7/6

Sol.

PROJECTION FORMULAE
In any AABC ;
(i)a=bcosC+ccosB
(ii)b=ccosA+acosC
(iij)c=acos B+bcosA
i.e. any side of a triangle is equal to the sum of the projec-
tion of other two sides on it.

Example 39 :

. C . A
Inany A ABC find 2 {a sin® (E) +csin? [?ﬂ

C A
2| asin? (—) +csin? (—]
Sol. { 1 > 2

= [a(l-cosC)+c(l—-cosA)]
= atc—(acosC+ccosA)
= a+c—Db [Byprojection formulae]

Example 40 :
In any triangle ABC,
(b+c)cosA+(c+a)cos B+ (a+b)cosCequals
(1o (2)a+tb+c
(3)at+b-c (4)a-b—c

Sol. (2). (bcosA+ccosA)+(ccosB+acosB)
+(acos C+bcos C)
=(bcosA+acosB)+(ccosA+acosC)

+(c cos B+ b cos C)
=ctbt+a=a+b+c

NAPIER’SANALOGY (TANGENT RULE)
In any A ABC

B-C b-c
= tan

2 b+c 2

- A) c—a B
= C

2 c+a 2

(i) tan

(ii) tan [C

A-B) a-b C
(iii) tan = co
2 a+b 2

Example 41 :
InaAABC,b=+3 +1,c= /3 —1, Z A=60° then find the

B;C)
)= (e)el5)

Putting the value of b, cand £ A

B-C) _ (f3+D)-(3-1 .
tan[ 2 ]_(ﬁ+1)+(ﬁ—1) cot (30 =1

value of tan(

Sol. tan[

Example 42 :

If tan( j =Xxcot [%) , find the value of x.

Sol. By the formulae

B-C b-c¢ A
tan = cot | —
2 b+c 2
b-c¢
X =
b+c

HALFANGLE FORMULAE FORTRIGONOMETRICRATIOS
If the perimeter of a triangle ABC is denoted by 2s then
2s =a+ b+ c and area denoted by A then.

(3] n( 3] n( 5]
Formulae for sin 5 )»sinl 5 ), sin| 5

In any A ABC

A _ _

(i) sin (_2] =, }—(S bl:f:s ©)
B _ _

(i1) sin (_2] :4}—(5 C;is 2)
C _ _

(iii) sin (_2] = 1}—(3 a;;s b

Example43:
InaA ABC,ifa=13,b=14 and c = 15, then find the value
of'sin (A/2).
Sol. we know that,2s=a+b+c¢c
2s=42
s =21
s—a=8,s—b=7,ands—c=6

. (AY) _ [(s=Db)(s—c) 7x6 1
Sm(?]_\/ be _\/14x15_ﬁ

£
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A B C AREA OF TRIANGLE
Formulae for cos ) ocos( 5 ), cos( 5 . sinA  sinB  sinC 2A
In a triangle ABC, = = =—
In any A ABC b ¢ abe
The area of A ABC is given by
@ (é] _ [s(s—a) (i) [E] _ [s(s—=b) | | 1
Deost o be eosi 2 ac () A= besinA (i) A= casinB (i) A= absinC
C s(s—c¢) Hero’s Formula :
(i) cos| 5 | = ab In any AABC
A= \/s (s—a)(s—b)(s—c) where
Example 44 :
a+b+c o
A [bte s=— = semi perimeter of A
In a triangle ABC, if cos —=,/—— ,then
2 2c
(1) a2 +b2=c? (2) b2 +c2=a2 Example 46 :
(3) 2 +a2 =b? (4)b-c=c-a Find the area of a triangle ABC in which £ A=60°,b=4cm
andc= Ji cm.

Sol. (1). Cosé:\/b+c:>\/s(s—a):\/b+c
2 2¢ bc 2c

= 2s(s—a)=b%+bc

= (a+b+c)(b+c—a)=2b2+2bc

= a?+b2=c?

(3 an[ 3 nl ]
Formulae for tan 5 ,tan > ,tan 2

In any A ABC
(s—b)(s—c¢)
- s(s—a)

(i) tan [%}

tan[g) _ [s=o6-a)

(ii)

2 s(s—b)
C (s—a)(s—b)
(iii) tan 5)= W
Example4S:

Ina A ABC, the sides a, b and c are in A. P.

(tané+ tang] : cotE
Then find 2 5) 5

(tané+ tan E] : cotE
Sol. 2 5) 7

(s—b)(s—c)+\/(s—a)(s—b) s(s—b)
- s(s—a) s(s—c¢) : (s—c)(s—a)
= %\E =2s—(a+tc):s = b:a+l;+c

=2b:a+b+c=2b:3b[. a,b,carcin A.P...2b=a+c]
=2:3

Sol. The area of triangle ABC is given by
1 1 3
A= Ebc sinA= E X 4\/3 X sin60°:2f X §_3 sq. cm.
Example47:
In any triangle ABC, ifa=,/2 cm,b= J3cemandc= J5

. 1
cm, show that its area is 3 J6 sq. cm.

a?+b%-c?
2ab

Sol. We know that, cos C = =0

1
then, ZC:%.SO, A:EabsinC [--sinC=1]

Vo

sq. cm
) q

1
A= X (DB A=

SOLUTION OF TRIANGLES
In a triangle, there are six elements three sides and three
angles. In plane geometry if three of the elements are given
at least one of which must be side, then the other three
elements can be uniquely determined. The procedure of
determining unknown elements from the known elements
is called solving a triangle.

Solution of a right angled triangle :

Case-1 : When two sides are given :

Let the triangle be right angled at C. Then we can determine
the remaining elements as given in the table.

Given Required
a
i tanA= — ,B=90°-A,c=
(1) a,b an b 90 ,C Sn A
a
(i)a, c sinA= ;,b:ccosA,B:90°—A

=
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Case-11: When a side and an acute angle are given :
In this case, we can determine the remaining elements as
given in the table.

Given Required
i) a,A B=90°-A,b=acotA,c=
@) a, ,b=acotA,c= - —
(i) ¢, A B=90°- A,a=csinA,b=ccosA
Example 48 :

Solve the triangle, where £ C=90°, Z A=30° and c= 10.
Sol. Since Z A+ 2B+ 2 C=180°
ZB=180°-(90°+30°)=60°

N a b ¢
ow sinA sinB sinC
a 10 b
sin30° sin90° sin60°
10x1
a= 2X =5 and bz#z&ﬁ

Thus Z B=60° b= 5v3 anda=5

Solution of oblique Triangles :
The triangle which are not right angled are known as the
oblique triangles. The problems on solving an oblique
triangle are divided in the following categories.

Case -1: When three sides a, b, ¢ are given :
In this case, the remaining elements are determined by
using the following formulae.

A:\/s(s—a)(s—b)(s—c) ,where2s=a+b+c

sinAzz—A, sinBzz—A, sinC:2—A
bc ac ab

and tan [%] = ﬁ , tan [%] = s(sA— by’

tan [%) - s (sA— c)

Example 49 :

Solve the triangle ABC, in whicha=2,b= \/g & c= e 1.

Sol. By cosine formula,

B2 rc?-a’ (O +(3-17-2?

oS A = e 246 (3 - 1)
6+3+1-24/3-4
- 26 (\3-))
6-23 23B-1) 1

s A=45°

"6 (B-1) T 26 (W3- 2

p2ya2-c?  (B-1D*+2°-(6)’

cosB =" 22(5-1)
341-23+4-6  2-23
I TCE RS VR YOV RS)
2(63-n_ 1 .
TN . B=120

SinceA+B+C=180°
45°+120°+C=180° .. C=180° —165°=15°

Case-1I :

When two sides a, b and the included angle C are given :

In this case, we use the following formulae.

A—B) a—b [c}
= cot| —
2 a+b 2

A :%absinC, tan(

A+B_9OO_E d C_asinC
2 2 sin A
Example 50 :
Ifa= \/5 + l,b:\/g —1and £ C=60°, find the other side
and angles.

Sol. Herea=./3 +1,b= /3 —1anda>b.

A-B a-b C
=——-2cot —
2 a+b 2

WB+D-(B-1 2
:(\/§+1)+(\/§_1) cot30° = 2\/5 \/g =1

A-B
T =45°= A-B=90°
AlsoA+B=180°-C=180°-60°=120°
2A=210°=A =105°
B=120°-105°=15°
Also, ¢? = a2 + b2 — 2abc cos C

=(B + 12+ (3 -1)2-2({3 +1) (3 —1)cos 60°

tan

1
:3+1+245+3+1—2J§—2@-4)—5
ne=6

Case-II1 : When one side a and two angles A & B are given
In this case, we use the following formulae to determine the

remaining elements.
A+B+C=180° or C=180°-(A+B)

b_asinB d C_asinC
sin A an sin A
1 .

A=—casinB
2

2
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Example 51 : Example 53 :
Inatriangle ABC, ifa=2, B=60°and C=75°, then find the In a triangle ABC, £ ABC =45°. Point D is on BC so that
value of b. 2BD=CDand ZDAB =15°. £ ACB in degree equals.
Sol. A=180°-60°-75°=180°—135°=45° (A)30° (B)60°
a b 2 b (©)75 ' . (D)90 A
Now, — =— == (11)  (C). Applying m-n theorem, in A ABC
sinA sinB sin45°  sin60 (BD+DC) cot 60° A
J3 =CDcot45°-BDcotC
2. 2 5 = 3cot60°=2cot45°—cotC 60° ¢
= b=—=-=46 _ o 45°
1 = cotC=2-3 = C=75 £ ) -

A

Case -1V : When all the three angles are given :

In this case unique solution of triangle is not possible.
In this case only the ratio of the sides can be determined.
For this the formula.

a b ¢ b d
sinA sinB sinC can be use
Example 52 :
The angles of a triangle are in ratio 2 : 3 : 7, find the ratio of
its sides
Sol. LetA=2k,B=3k,C=7k
Then > A+B+C=180°
- 12k=180° ~k=15°
A =30°,B=45°and C=105°
N a b ¢
% SinA  sinB _ sinC
a b ¢
sin30° sin45° 105°
a b c a b ¢
T T A 0 22 22 (B
2

V2 a2 2. V2

a:b:c:\/E:Z:\/g+l

m-n THEOREM
In any triangle ABC, if BD : DC= m:nand ZBAD=aq,
£ CAD=pand £ ADC =6, then
(1) (m+n)cot@=mcota —ncotf
(i) (m+n)cotO=ncotB —mcotC

A

CIRCUMCIRCLE OFATRIANGLE AND ITS RADIUS
The circle which passes through the angular points of a
triangle is called its circumcircle. In a triangle the point of
interaction of perpendicular bisector of the sides and is
called the circumcentre. Its radius is always denoted by R.

The circumcentre may lie within, outside or upon one of
the sides of the triangle. In a right angled triangle the
circumcentre is the midpoint of the hypotenuse.

In a triangle ABC circumradius is given by

S R= a b ¢
® R= 2sinA  2sinB  2sinC
I
@ R=7A
.. SinA sinB sinC _L
W =" "¢ =®
Example 54 :
Ifany A ABC, acosA+b cos B + ¢ cos C equals
(1)4RcosAsinBsinC (2)4RsinAcosBsinC
(3)4RsinAsinBsinC (4) None of these

Sol. (3).acosA+bcosB+ccosC
=2R sinAcos A+ 2R sin B cos B + 2R sin C cosC
[ a=2RsinA,b=2RsinB,c=2Rsin C]
=R (sin2A +sin 2B + sin 2C)
=R [2sin(A+B)cos(A—B)+2sinCcosC]
=R [2sinC cos (A—B)+2sinCcos C]
=2 Rsin C[cos (A—B)+cos C]
=2R sin C[cos (A—B) +cos (n— (A +B))]
=2R sin C[cos (A—B)—cos (A+B)]
=2RsinC[2sinAsin B] =4R sinAsinBsin C

B
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Example55:
Find the diameter of the circumcircle of a triangle with sides
5cm,6cmand 7 cm.

abc
Sol. Radius of circumcircle is given by R =— and

Example 56 :

Find the ratio of the circumradius and inradius of an equi-
lateral triangle.

r acosA+bcosB+ccosC

Sol.
4A ° R a+b+c
a+b4c In equilateral triangle A=B=C =60
A:\/S(s—a)(s—b)(s—c) where s = ) B (a+b+c)cos60°_l
Herea=5cm,b=6cm,andc=7 cm a+b+c 2
54+6+7
s= T =9 Example57:
2 A A ABC isright angled at B. Then find the diameter of the
A= \/9(9 —5)(9-6)(9—7) =~ /216 = 6:/6 incircle of the triangle.
567 3% 3 (1]
= 4646 46 Diameter =2R = 2J6 Sol. 1= 2 _ ac
s [l) (a+b+c) (a+b+c)
INCIRCLE OFATRIANGLE AND ITS RADIUS 2
Incircle or Inscribed circle: A
The circle which can be _ac(cta-b) ~ ac(c+a-b)
inscribed with in a triangle and (c+ a)2 -b%> ?+2ca+a’-b?
touch each of the sides is called
its inscribed circle or incircle. ac(c+a-b) _cta- b s o
The centre of this circle is the T 2ca+b?-b? 2 (rra”+e7=b7)
point of intersection of the B C
bisector of the angle of the triangle.
The radius of this circle is always denoted by r and is equal
to the length of the perpendicular from its centre to an Example 58 :
&l berp Y InaA ABC, ifa=4cm, b=6 cmand ¢ =8 cmthen find the
one of the sides of triangle. value of r
In-Radius: The radius r of the inscribed circle of a triangle Sol. Ifa=4 cm, b=6cmand c= 8 cm

ABC is given by—

N
@ r=-

A B
(i) r=(s—a) tan(z] ,r=(s—Db) tan[z]

andr=(s—c) tan [%]

(i) r= . (%] , r= COS@]
i csin(?).sin(%)
andr COS(%)

(A B C
(iv)r=4Rsin By . sin P . sin P

then,2s=a+b+c¢
s=9cm
But, A=./s(s—a)(s—b)(s—c)
mula]
= J9x5x3x1

A 3415
so,r:; or, r= 9 or,

[by Hero's for-

J15 \F
cm or, = 3

cm

ESCRIBED CIRCLES OFATRIANGLEAND THEIR RADII

The circle which touches
the side BC and two sides
AB and AC produced ofa
triangle ABC is called the
Escribed circle opposite to
the angle A. Its radius is

|- Similarly, r,
and r; denote the radii of
the escribed circle oppo-
site to the angle B & C re-
spectively.

The centres of the escribed circle are called the Ex-centres.
The centre of the escribed circles opposite to the angle A is

4
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the point of intersection of the external bisector of angle B
and C. The internal bisector of angle A also passes through
the same point. The centre is generally denoted by 1.
Radii of Ex-circles: In any AABC,

LA A A

1 s—a’2 s—b’3 s—c

ii =st A =st B =st ¢

(ii) r; sanz,r2 sanz,r3 san2

B C C A
ac0s—Ccos— bcos—cos—
(ii)r = A Ty = B ,
cos— cos —

A B
CCOS—COS—

_ 2
I3 = C
cos—
2
. A B C A . B
(iv) ry = 4R s1n5 cosEcosE, r, = 4R cos? s1n3
<
cos
e Ao B C
r3=4R cos—cos - sin-

Important results regarding r;,r, and ry:
Givenr, ryand ry

(i) Semiperimeter, s = \/ (i + o1 +55) = \/ Znr,

nhhI
(i) A=—28 (i) T=3
24T, L1
@) R = (1 +1,) (5, +13) (13 +717)

4% 11,

L (r, +r
L G(n+r)

\J )

® DB e
21 /2 5T

(vi) sinA = ! 23

- (5 +15) (5 +13)

b= L (r5+1)

JE 4L ’

L (1 +1
EACES)

DB e

Example 59 :
InaA ABC,ifa=18 cmand b=24 cmand ¢ =30 cm then
find the value of r,r, and r5.
Sol. a=18cm,b=24cm,c=30cm
2s=a+b+c=72cm
s=36 cm

But, A= \/s(s—a)(s—b)(s—c) ; A=216 sq. units

A 216
then, L= A :ﬁIIZCm o, h, =——=—- =18
s—a 18 s=b 12
cm
A 216
o, 3=——=—-=36cm
s—c 6

S0, T, T,, 3 are 12 cm, 18 cm, and 36 cm

REGULARPOLYGON

If a polygon has all its sides equal in length and also all its
angles equal then the polygon is called a regular polygon.
The circle inscribed in the regular polygon and touching all
the sides of the regular polygon is called the Inscribed
circle.

The circle which passes through all the vertices of the
regular polygon is called its Circumscribed circle.

Important Formulae to remember : Consider a regular poly-
gon P P,....P_ of nsides each of length a.

1
(i) (a) Radius R of circumscribed circle R = 5 acosec (7/n)

N S

P, M P,

(2) b)

(b) The radius r of inscribed circle is given by

1
5@ cot (t/n)
(ii) The area S of the regular polygon is given by

r=

1
(a)S= 1 naZ cot (nt/n)

1
(b)S= 5 nRZ sin (27/n), where R is the radius of circle

circumscribing the polygon
(¢) S =nr? tan (n/n)
Where r is the radius of the circle inscribed in the polygon

Note : Formula (b) gives the area of a polygon inscribed in
a circle of radius R. Formula (c) gives the area of polygon
circumscribed the circle of radius r.

Example 60 :
The area of a circle is A | and the area of a regular pentagon
inscribed in the circle is A,. Find the ratio of A : A, .

o

36
Sol. (2). Ifin the AOAB, OA=0OB =rand LAOB = =72°

[21
I'_
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Q.1

Q2

Q3

Q4
Q5

Q.6

Q.7

Q8
Q.9

Q.10
Q.11

Q.12

Q.13

Q.14

1 1
ar (AAOB)= —.r.rsin 72°= — 12 cos18°
2 2 b

5
ar (pentagon) = 5 12 cos 18° / \

E C

A A= 2nr? _2n sec i
72 52005180 5 10
A~—_ _—B

TRY IT YOURSELF-3

Prove that acos

. [A
=(b+c¢)sin (?) )

IfA=75° B=45° then prove that b+ c\/E =2a.

cosA cosB  cosC
a b
the area of the triangle ?

and the side a = 2, then find

1
Ifa:\/g,bza(\/g-i—\/z),c:\/z,thenﬁndLA?

Ifthe sides of a triangle are (x2 +x+ 1), (x2— 1) & 2x + 1),
then find the largest angle ?

C A 3b
In any triangle a cos? E) +ccos? > = > then find the

relation between the sides of the triangle?
In any triangle ABC, if b=+/3,c=1 and A = 30°. Find

the value ofa, c,A& C?

Ifthe sides of a triangle are 17, 25, 28, then find the greatest
length of the altitude.

If the sides of a triangle be in arithmetic progression,
prove that the contangents of half the angles are also in
arithmetic progression.

Ifin a triangle ABC, if A= a% — (b — )2, then find the value
of tan A?

If the median of a triangle ABC through A is perpendicular

is AB then tan A has the value equal to —
tan B

(A) 12 B)2

O)-=2 D)-12

If the area of the circle is A and the area of the regular
pentagon inscribed in the circle is A,, then find the ratio

In a triangle ABC, 3 sin A+ 4 cos B=6 and
3cosA+4sinB=1,then £ Ccanbe

(A)30° (B)60°

(©)90° (D) 150°

Ifin a triangle ABC, sin A = sin?B and 2cos?A = 3cos’B,
then the A ABC is
(A) right angled
(C) isoscles

(B) obtuse angled
(D) equilateral

ANSWERS

3 3 ) n/3
(6) a,b,careinA.P.
(8) 420/17 (10) 8/15

(5) 2n/3
(Ta=c=1,C=30°
an ©

A _2n [1)
(12) A == sec 10 (13)(A) (14) (B)

HEIGHT AND DISTANCE

One of the important application of trigonometry is in
finding the height and distance of the point which are not
directly measurable. This is done with the help of
trigonometric ratios.

DEFINITIONS

Angle of elevation : Let O and P be two points where P is at
a higher level than O. Let O be at the position of the observer
and P be the position of the object. Draw a horizontal line
OM through the point O. OP is called the line of observation
or line of sight. Then £ POM = 0 is called the angle of
elevation of P as observed from O.

Angle of depression : In the figure, if P be at a lower level
than O, then ,/ MOP = 6 is called the angle of depression.

Horizontal line

6 —> Angle of depression

6 — Angle ofelevation

Horizontal line

Note:

(1) The angle of elevation or depression is the angle
between the line of observation and the horizontal
line according as the object is at a higher or lower
level than the observer.

(i) The angle of elevation or depression is always
measured from horizontal line through the point of
observation.

Bearing : In the figure, if

the observer and the P

object i.e., O and P be on

the same level

then bearing is defined. E

To measure the ‘Bearing’, W 0

the four standard

directions East, West,

North and South are taken s

as the cardinal

directions. Angle between the line of observation i.e. OP
and any one standard direction-east, west , north or south
is measured. Thus, £ POE = 0 is called the bearing of point
P with respect to O measured from east to north.

In other words the bearing of P as seen from O is the
direction in which P is seen from O.

—
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North-east : North-ecast means N AB BC
equally inclined to north and R _NE 4. TInatriangle ABC,if DE|AB then, DE-DC
east, south-east means equally . P,
inclined to south and east. Shsers ENE A
ENE means equally inclinedto W RNV 5327 E
east and north-east. P E
3
S
Example 61 : C D B
A vertical to stands on a horizontal plane and is surmounted )
by a vertical flag staff of height 6 meters. At point on the > 10 find the shadow of line P
plane, the angle of elevation of the bottom and the top of object AB with respect to the
the flag staff are respectively 30° and 60°. Find the height light source P, we first join the B
of tower. c upper points P and B. Let O
Sol. Let AB be the tower of T be the projection of Ponthe 1
height h meter and BC be 5m plane . . o C . A . 0
the height of flag staff . l on which object AB is situated, join OA. The section AC
surmounted on the tower. y obtained by the intersection of the lines PB and OA,
Let the point of the plane extended represents the shadow of AB with respect to light
be D at a distance m meter source P.
from the foot of the tower. h Y
InA ABD, T
AB " h
tan30°=ﬁ 2 ° - /l 6. a=h(cota—cotp) l
— > e ;
1 h B ¢
— —==—=x=3 1) ‘ D
V3ox 3 h_Hsm(oc—[?)) A
InA ADC, cosasinf I
tan60°:% 3[2%3X=% ......... ©) and H = hcota ?E = BT
cota—cotp h
5+h vpAsl C
From (1) and (2), \/gh =—
V3 c
= 3h=5+h =2h=5 =h=52=25m T
So, the height of tower =2.5 m DXl gH
A 8 o2 sin (a+B) al B l
SOME USEFULRESULTS sin (B—a) E A i
1. Inatriangle ABC, N H
. p b b - !
sin® = —, cosO=— 9. a=h(cota+cotp) A F
h h 0 h=asina sin 3 cosec (o + 3)
2. Inany triangle ABC, c b B
a b c Bvsi !
sinA  sinB  sinC [Bysinerule] 5 :
or cosine formula «
y b
b2 4% a2 10. Angles on the same segment y
ie., cosA= B C of a circle are equal.
2be a A In other words, we can say (
3. In any triangle ABC, if BD : that if the angles APB and A
DC=m:nand / B;XD — 5 AQB subtended on the §egment .
/ CAD=B and Z ADC =0 ’ o AB are equal, a 01r<.:le will pass through the points A, B,
N (0= o] t’ Q, and P, i.e. the point A,B, Q and P will be concyclic.
(m+n)co m ot o.-ncot f 0 IfAR be the tangent to the circle through the points P, Q,
B™m p n C R then Z/ PRA=/PQR=0.
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Q.1

Q.2

Q3

Q4

Q5

Q.6

R

[Angle between any chord and the tangent to the circle is
equal to the angle subtended by the chord at the
circumference. ]

TRY IT YOURSELF-4

The angles of elevation of the top of a tower at the top
and the foot of a pole ofheight 10 m are 30° & 60° respec-
tively. Find the height of the tower.

If a flagtaff 6m high placed on the top of a tower throws

a shadow of 2+/3 m on the ground, then the angle that

the sun makes with the ground is —

(A) 15° (B)30°

(€) 45° (D)60°

An observer on the top of a tree finds the angle of
depressioin of a car moving towards the tree to be 30°.
After 3 min, this angle becomes 60°. After how much
more time, will the car reach the tree ?

(A) 4min (B)4.5 min.

(©) 1.5min. (D)2 min.

From the top of a cliff of height a, the angle of depression
of the foot of a certain tower is found to be double the
angle of elevation of the top of the tower of height h. If 6
is the angle of elevation, then its value is —

(A) cos”! \/@ (B) sinl\/g
a a

i | 1 [ 2

(C) sin e (D) tan"", |3 )

The angles of depression of the top and the foot of a
chimney as seen from the top of a second chimney, which
is 150m high and standing on the same level as the first
are 0 and ¢ respectively, then the distance between their
tops when tan 6 = 4/3 and tan ¢ = 5/2 is —

150
(A) fm (B) 100+/3 m
(€) 150m (D) 100m

A flagstaff Sm high is placed on a building 25m high. If
the flag and building both subtend equal angles on the
observer at a height 30m, the distance between the
observer and the top of the flag is —

3 3
A) % ®) S\E
52

2
© 5\E (D) =

Q.7

Q8

Q.9

A tower of x metres high has a flagstaff at its top. The
tower and the flagstaff subtend equal angles at a point
distant y metres from the foot of the tower. Then the
length of the flagstaff (in metres) is —

X (y2 +x2)
' -x%)

© Xy b M
(x* - y2) (x“+y7)

When the length of the shadow of the pole is equal to
the height of the pole, then the elevation of the source of
light
(A) 75° (B)60°
©) 45° (D)30°
A house of height 100m subtends a right angle at the
window of an opposite house. If the height of the window
1s 64m, then the distance between the two houses is —
(A) 48m (B)36m
(C)54m (D) 72m
ANSWERS

) (D)

() (D)

® (©)

y(x* —y?)

) x> +y%)

(B)

(1) 15m
@ O
N ®B)

ADDITIONAL EXAMPLES

3)(©)
(6)(B)
) (A)

Example1:

Sol.

2sino 1—cosa +sina
Ify= _—

=——————— then find
1+ cosa +sino

1+sino

l—cosa+sina 1-cosa+sina 1+coso+sina

l+sina l+sina "1+ coso+sina

(1+sin oc)2 —cos® a

(1+sina)(1+cosa +sina)

1+ sin” o + 2sin a)—(1- sin? a)

(1+sina)(1+cosa +sina)

2sina (1+sina) 2sina,

- (1+Si1’1(1) (1+COSQ,+Sin(X.): 1+ cosao +sino -y

Example2:

Sol.

If A= cos? 0 +sin® 0, then for all real values of 0

3
(H1<A<2 @7 <A<l

(S)ESASI (4)§£A££
10 4 16
(2). A=cos20 + sin?0 = cos20 + (1 — cos20)?
=c0s20 + 1 — 2 cos20+ cos* 0 =1 — cos20 + cos*0

o 1=A=cos?0 —cos*0 = cos20 [1-cos20] = cos20 sin?0

7(2sin9cos6j2 o1 -6)2
=75 ) 77 (sin20)

—
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=4(1-A)=sin?20 Example5:
0<4(1-A)<1 [--0<sin?20<1] Find the value of tan 9° — tan 27° — tan 63° + tan81° .

1
:>OS17ASZ = 1-A>01eA<1 and

1-A<

Example3:
Ifforn eN, f (0) =tan6/2 (1 +secO) (1+sec20) (1 + sec40)
....(1 + sec2"0) then correct statement is
(D1, (w/16)=1 (2)f5(/32)=1
(3) £, (n/64) =1 (4) all above

0 0 (1+cos6
Sol. (4). -.-tan 5 (1+secO)=tan =

2\ cos0
. 2 .
_ s1n9/2.2cos 6/2 _ Sme:tan@ ........ M
cosB/2  cosB cosH
- £(0) = tan6/2 (1 + secO) (1 + sec 20)
= [tan6/2 (1 +secB)] (1 + sec 260)
= (tanB) (1 +sec20) [from(1)]
=tan20 [replacing 6 by 26 as above]
=f0)=tan2'0 L. 0)

Similarly £,(0) = tan 22 0, f;(6) = tan 230, f,(6) =tan2*0 etc.

T PR s
f. [—]:tan[z —]:tan—:l

= 216 16 4
£ (_j _ tan[f 1) o

32 32 4

f4 (ij = tan[24 1) —tan— =1
64 64 4

Example4:
Find the value of /3 cosec 20° — sec 20°
Sol. The given expression

_ NG 1 _\/gcos20°—sin20°
sin20°  cos20° sin 20° cos 20°
( )
2 ﬁcos 20° - lsin 20°
|2 2
B sin 20° cos 20°
_ 2(sin 60° cos 20° — cos 60°sin 20°)
- sin 20° cos 20°
_ 2sin(60°-20°)  2sin40°
© sin20°c0s20°  sin20°cos20°
B 4sin 40° _ 4sin40°
 2s5in20°c0s20°  sin40°

Sol. tan9° +tan81° — (tan27° + tan 63°) (tan9° + cot9°)

—(tan27° + cot 27°)

(sin 9° N cos 9°j _[ sin27° cos 27°]
“\cos9° sin9° c0s27° sin27°
N 1

sin9°co0s9°  c0s27°sin27°
o2 2 2 2

sinl18° sin54° sinl8° cos36°

2x4  2x4 o Js+1-V5+1 | 16
I NS B I T T e

Example6:

If ABCD is a cyclic quadrilateral such that 12 tan A—5=0
and 5 cos B + 3 = 0 then find the quadratic equation whose
roots are cos C, tan D

Sol. In a quadrilateral no angle is greater then 180°

Here tan A=—- so. 0 <A< ~
ere tan A=~ o, 5

TE
andE<C<7r (- A+C=180°)

(e e S et Cm S e 2
~.tan (m— )*12,1.6.,3111 =— 1 ~-cos =13
Also cos B=—> 50, & <B <
socosB=-7,s0, 5 T

T

and0<D<E (- B+D=180°)
oD~ e cosn—d Do ?
s.cos (m— )—75,1.e.,c0s =5 an =3

.. The required equation is
2 (—2 + i] X+
U133

Example7:
If tan (cot x) = cot (tan x), then

[_2] 4 2
)3 =0 =392 16x-48-0

(1)sin 2x = (2)sin x =

2
(2n+Dm Cn+)n

(3)sin 2x = (4) none of these

_4

Cn+)m
T

Sol. (3). tan (cot x) = cot (tan X) =tan 57 tan x

i
= cotx:nn+5 —tanx [+ tan O =tano = 0=nn+a]

=
I25
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ol CcoSX sinx s
= cotxttanx=nng+— => ———— =2n+1) =
2 sinX CcosX 2
1 —(on+1 n I (n+Drn
sinX cosx (2o+1) 2:> sin 2x 4
L
= sin2x= (2n+D)x
Example 8 :
Two angles of a triangle are
A
T
6
d = and the length of th
an 4an the length of the /4 /8
included side s (/3 + 1) cm. (B 1) C
Find the area of the triangle.
Sol A—TE—E—E—ISOO 45°-30°=105°
ok A 4 6 e
B+l C . C_ .1 V3+1
n105°  _ m - sin30° T 2 sin(60°+45°)
sin—
6
B B+l B+ 2
2f«/§ L1 2.(3+1) TN2 V2
(2 2 )

1 1 b
= Reqd. area= Y casinB = E\/E (/3 +1)sin 7

_£(\/§+1)\/17 \/§+1 o

Example9:

-n T
If > <x < —, then the two curves y = cos x and y = sin 3x

2
intersect at

o35G Fq) G

(3)[2 [] (n °"ng W[?’%}

Sol. (1). At the intersection point of y = cos x and y = sin 3x,
We have cos x = sin 3x

i
=> COSX = COS ( 3X] =>x=2nm=+ [5_3)(]

,g [ —m/2<x<W/2]

T
=x=—
4

So.v=cos ™ atx=" andv=cos™ atx=
o,y=cos s atx= - andy=cos,atx =g
Thus, the points are RN and

Example 10 :
The solution of the equation cos20 + sin® + 1 =0, lies in the

interval
G2
@47

3n 5m S5t Tn
® (w) o (57)

Sol. (4). We have sin? 0 —sinf—2=0
= (sinB+1)(sin0-2)=0
3n 3t 6n ( S 7_75)
€

51n9271:sm7 > T

Example 11 :

0
If 5 cos2 0 + 2 cos? 5 +1=0,-nt<0 <m, then find O.

Sol. Change in terms of cos 0
5(2cos20—1)+(1+cos®)+1=0
or10cos?0+cosH—-3=0
or(5cos0+3)(2cos0—1)=0.

0=mn/3,—1/3,
cos_l[—éj i cosflg <0<
5) lem— s -7 i
Example 12:

Let the angles A, B, C of A ABC be in A.P. and let
b:c=.,/3 :\/2. Then find angle A.

Sol. Since A, B, CareinA.P.
A+C=2B=A+B+C=3B

= 180°=3B ~.B=60°
= A+C=120°
NowsinB:sinC=./3 :\/2 [+ b:ic=.3:2]
sinC:ﬂsin60° 2 [—L
V3 B2 2
C=45° .. A=120°-45°=75°
Example 13 :

Find the sides of a triangle are a, b, \/;2 | 12 4 4 the

greatest angle.
Sol. As the greater side of a triangle has greater angle opposite
to it.

The angle (say C) opposite to /32 + p2 4 ap = ¢ (say)

is the greatest in this case

—
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) Example 16 :
+b“—c : : s A5 : :
Now, cos C= a+b -¢ Ina A ABC, the sides are in the ratio 4 : 5 : 6. Find the ratio
2ab of the circumradius and the inradius.
s o 2 2 Sol. Here a=4k, b= 5k, c=6k
a“+b°—(a”+b“+ab) —ab -1
= =—=—,;C=120° A
2ab 2ab 2 .
[+ c2=a2+ b2 +ab] 15k
_— ol
T2
Example 14 : B C
The positive integer value of n > 3 satisfying the
equation = + is 2 2 2 2 4
. ( n] . [ 275) . [ 371]
sin| —| sin|—| sin|—
n n n But R abc 4k.5k.6k 8
Ut Reme— ==
SREPN TN
Sol. 7 L ! = ! ;
‘ . sin [E] sin [3—75) ) sin [21] ’ 8k
n n n andr:A—IS\/_ 2 2 :£ Bzizﬁ
S 4 15k 2 r 7k
ZCosz—nsinE 1 2
n n _ .
T o Example 17 :
sin —sin—  sin — In an equilateral triangle, the in radius, circum- radius and
n n n . . .
one of the ex-radii are in the ratio
Am 3n Am 3n (1)235 (2)123
sin—=sin=—= ; —=(- 1)1‘ +km, kel (3)3:7:9 4)3:7:9
\/§ 3a
e 1 N2 2 ==
Ifk=2m= o 2mr o 2m , not possible Sol. (2). We have A 4 57
n A a abc a’ a
Ifk=2m+1= —=C2m+1)n =n=7,m=0 ——=—F—= R=—="7"—=—
n ( ) = 2\/§’R 4N 32 3
Example 15 : dr = A _x/§/4a2_£
IfinaA ABC,a=6,b=3and cos (A—B)=4/5, then find its ané ny s—a  a/2 2 a
area.
H R 2 2 \/7 1:2:3
_ ence,r:R:r :——— =1:2:
l—tanz(AzB) 4 12373

Sol. Sincecos(A-B)=4/5= ——— = — =

1+tan2(A;Bj >

-B
= 5-5tan? ) =4+ 4 tan
= 9 tan? =1=t A-B_1
an 5 an ) 3
A-B a-b C
= tan = cot—
2 a+b 2
1 6-3 C 1 C
—=——cot —=—cot —
3 +3 2 3 2
C
cot —=1 E-45°:>C 90°

1
Hence area of A ABC = 5 X 6 %X 3 =09 sq.units

Example 18 :

If R and r are the radii of the circumcircle and incircle of a

regular polygon of n sides, each side being of length a,
then find 2 (R +1).

1 T 1 i
Sol. R=—acosec | _] andr= — acot | _ |, so that
2 n n

2

( 1) ()
+ COS
J sm

2(R+r)—at in

[4
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QUESTION BANK CHAPTER 2 : TRIGONOMETRY

EXERCISE -1 [LEVEL-1]

PART 1 : TRIGONOMETRIC RATIOS
Q.1 Ifcos3x=-1,where 0°<x<360° thenx =

(A)60°,180° 300° (B) 180°
(©)60°,180° (D) 180°,300°
Q.2  cos510°co0s330° +5sin390° cos 120°=
(A)2 B)-1
©0 D) 1/2
cosec(2m +0).cos(2n+0)tan(n/2+0)
Q3 sec(m/2+0).cosO.cot(n+0)
(A)2 B)-1
©4 D)1
4 sin20
Q. 1+cos20
(A) cot O (B)tan 6
(C)sin6 (D) cosec 6

Q.5 Ifcosec 6 —sin 6 =m and sec 6 — cos 6 =n then
(m?n)?3 + (n?m)?/3 equals to —
(A0 ®)1
O)-1 (D)2

Q.6  The value of

b 3n Sm n
I+cos—| | l+cos— | |1+cos— | | 1+ cos—| is
8 8 8 8

A 1 B A
(A) 2 (B) cos 2
C ! D —Hﬁ
©3 )57
Q.7  The value of sin 20° sin 40° sin 60° sin 80° is -
(A)3/8 (B)1/8
(©)3/16 (D) None of these
(58] oo () +enl 5] -
Q.8 cos 14 + cos 14 + cos 14
» () sl )
(A) tan14 B) cos14
1
©) = cot(1 4] (D) None of these

Q.9 The value of the sum
1 1 1

+ + +
sin1°sin2° sin2°sin3° sin 89°sin 90°

A 2sinl° B sin1°®

(A) 1+ cos2° ( )coszl"
cosl®

©) 3 (D) None of these
sin“1°

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

cos21°—sin21°

Exact value of > 3 is equal to —
sin” 57°—sin” 33°

(A)2 (B) —v2

O1 (D) 2

cot 12° cot 102° + cot 102° cot 66° + cot 66° cot 12° =
(A)-2 ®)1

©)-1 D)2

The value of sin 10° . sin 30° . sin 70° is

(A)1/16 B)+f3/16

(©)3/16 D) 1/8

sin 70° + cos 40°

cos 70° +sin 40°

(A)1 B)1/-3

© 3 D) 12

log (sin 1°).log(sin2°).log (sin3°)......... log (sin 179°)
(A) is positive (B) is negative

(C) liesbetween 1 and 180 (D) is zero
The value of tan (1°) + tan (89°) is —

_1 _2
() Sin (1°) ®) Sin 29
_2 _1
© sin (1°) D) §in (2°)

PART 2 : TRIGONOMETRIC IDENTITIES

Q.16

Q.17

Q.18

Q.19

Q.20

IfA+ B+ C=mn,thensin2A +sin 2B+sin 2C =

(A) 4sin Asin B cos C (B) 4sin Asin B sin C.
(C)4cosAsinBsin C (D) None of these
IfA+ B+ C=m, then tanA +tanB +tan C =

(A) cotA.tanB.tanC (B) tanA.cotB.tanC
(C) tanA.tanB.tanC (D) None of these

A . B
cosA+cosB+cosC=1+ xsin?sinasin%_ Find the

value of x. [A, B, C are the angles of triangle]

(A)4 (B)3

(©)2 D)1

cos 2A+cos 2B +cos2C+4 cosAcosBcosC=7?
[A, B, C are the angles of triangle]

(A)-1 B)1

(©)2 (D)2

cos 2A+cos 2B —cos2C=1—-xsinAsin B sin C
Find the value of x. [A, B, C are the angles of triangle]
(A)4 (B)3

©2 D)1

=
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. . . . A . . B.C
Q.21 sinA+sinB-sinC— 4sm?sm5sm5 =?

[A, B, C are the angles of triangle]

(A)4 B)3
©0 D)1
A B B C CcC A
Q.22 tan—tan—+tan—tan—+tan—tan—="7?
2 2 2 2 2 2
[A, B, C are the angles of triangle]
(A)4 B)3
O1 D)o
Q.23 cotBcotC+cotCcotA+cotAcotB="?
[A, B, C are the angles of triangle]
(A)4 B)1
©2 D)3
sin 2A +sin 2B +sin 2C . . .
Q.24 - - - = X SIn—SIin—sin —
sin A +sinB+sinC 2 2 2
Find the value of x. [A, B, C are the angles of triangle]
(A)8 B)3
©)2 D)1
Q.25 Find the sum of the series :
cos® o+ cos® 3 + c0s> 50 + ...+ cos> 2n-1)a
A sinnocosno.  sin3no cos 3na
(A) 4sino 4sin3a
B 3sinnocosna  sin3nocos3na
B) 4sino 4sin3a
c 3sinnocosno B sin 3na cos 3na
© 4sino 4sin 3o
(D) None of these
PART3:TRI METRICE ATI

Q.26 If sin 36 =sin0, then the general value of 0 is -

T T
(A)2nm, 2n+ 1); (B)nm, 2n+ I)Z

(C)nm, (2n+ 1)% (D) None of these

Q.27 The number of solutions of equation,
sin 5x cos 3x = sin 6x cos 2x, in the interval [0, 7t] are -
(A)3 (B)4
©s D)6

Q.28 The number of solutions of the equation
5sec0—-13=12tanOin[ 0,27 ]is
(A)2 B)1
©4 D)0

T . T
Q.29 The general solution of tan [3 sm 9] =cot [5 cos 9]

(A)0=2rm+ %,reZ (B)0=2rm,reZ

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

is

T
(©)6=2rn+ Py and 0 =2rn,r € Z (D) None of these

The general solution of the equation sec 40 —sec 20 =2
is—
L

A)en+1) =~ nn+
2 10

B)2n+1) ~,2n+1) —
2 16

©Cn-1) ", 2n+1) = @@+ E, 2nt+1)—
2 4 2 10

The general solution of the equation

sin*x + cos*x = sinx cos x is —

(A) [2n+1]n;nEI (B)[4n+1]ﬁ;nel
4
T T
(©)2nn+ —;nel D)nt—— ;nel
4 4
The number of solutions of the equation
1
|cotx|=cotx+ —— (0<x<2m)is-
sin X
(A)0 B)1
©)2 (D)3
Let n be positive integer such that
sinLJr cosl = ﬁ Then -
2n 2n 2
(A)6<n<8 (B)4<n<8
(C©)6<n<8 (D)4<n<8
The general solution of sin 20 =01is —
nn
(A)nm;nel (B)T;nel
T
(C)(2n+1)3;nel (D)2nm;nel

The general solution of cosf = 1/2 is —

T T
(A)2nnig;nel (B)nnig;nel

T
(D)nnig;nel

If'sin 6 + sin 30 + sin 50 =0, then the general value of 6 is

(C)Znnig;nel

NN O S S

( ) 6 s 12 ,m,ne ( ) 3 , M7 3,m,n€
nn T

(C)T,mnig;m,nel (D) None of these

If 2cos? 0 + 3sind = 0, then general value of 0 is —

(A)nn-ir(—l)“%;nel (B)ZnRi%;neI

(C)nm+ (1)l % ;nel (D) None of these

v
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Q.38 The general solution of cos20 = 1/2 is — PART 4:TRI METRIC INEQUALITIE
. . Q.48 The maximum value of 3 sin0 + 4 cos0 is-
(A)nnig;nel (B)Znniz;nel (A)2 B)3
(©)4 D)5

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

T
(O)nn+ r ;n € [(D) None of these

General solution of equation /3 cosf +sin® = +/2 is —

T T

T T
+ —+ : + —+ :

(A)nzm 16 ;nel (B) 2nm Ry ;nel

T

(C)2nn =+ 1% ;nel (D) None of these

Principal value of tanf=—1 is -

(A)—m/4 B)w4

(©)3m4 (D)-3/4

The most general value of 0 satisfying the equations

cos = 1/\/5 and tan® = —1 is —

7 7
A)nn+—n;nel B)nr+ (-1 n mel
4 4

Tr
(O)2nn+ 5 one I (D) None of these

Solve sinx + cosx = /2, if 0<x <2x
(A) /4 (B) /4
(©)3w/4 D)r
Find the solution of the equation
sin?x + cos?x = sinx cosx

(4n+17 (4n+Dm

(A) — (<D B) ——@el

(2n+Dn

©) —f (€D (D) None of these

Two lines drawn through a point on the circumference of
a circle divide the circle into three regions of equal area.
Then the angle 6 between the lines is given by —
(A)30+3sin0=m (B)60+3sin0=n
(C)20+sinb=mn (D)6 +sinO=m/2
The number of values of x € [0, nwt] , n € z that satisfied
log | sinx | (1+cosx)=21is—

(B)n
(©)2n (D) None
If2sec (2a) =tan f + cot 3, then one of the value of o+ 3
is —
(A)m B)nt—m/4,nez
(C)m/4 D)2
The smallest positive angle 0 satisfying the equation
sin 20 = cos 30, is equal to —
(A)m/5
(©)m/12

B) 10
(D)6

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

The set of values of k for which x2 — kx + sin~!(sin 4) > 0
for all real x is —

(Ao B)(=2,2)

(OR (D) None

For any real 0, the max. value of cos2(cos0) + sin2(sin6)
is

A1 (B) 1 +sin?1

(C) 1+ cos?1 (D) None

In A ABC, tan C <0 then

(A)tanA.tanB>1 (B)tanA+tanB+tanC<0

(C)tanA+tanB +tan C>0 (D) None
If log, ., sinx > 2, and 0 < x < 37 then sinx lies in the
interval

J5-1 J5-1
A | ! ® % ——
1
© {0, 5} (D) None of these

The number of solutions of the inequality

1 1 1 1
N I — <n!
2S11‘l X2 3511'1 X3 4511'1 X4 rlSll’l XH
where x; € (0, 2m) fori=2, ...... nis—
A1 (B) 2!

(©n” (D) Infinite
cosec?0 (cos20 — 3 cos O +2) > 1 if O lies in —
(03] 33

(A) ’ 3 (B) 4 ’ 2
33 (03]
(C) 3 ’ 2 (D) ’ 4
PART 5 : PROPERTIES AND
LUTIT F TRIANGLE

The sides of a triangle are 6+x/§,4\/§, J24. The
tangent of the smallest angle of the triangle is

(A) 1/-/3 (B) V2 -1

© 3 D)1

InA ABC, ifa=2,b=tan"! (1/2) and ¢ =tan"! (1/3), then

(a,b)=
(2] (z 22)

Al ®4 %)

(37c 2\/5\

o5 F) o5 %)
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Q.57 Inany triangle ABC, the simplified form of (C) sin”! 36 (D) cos~! 36
cos2A  cos2B is— Q.64 Two flag staffs on a horizontal plane. A and B are two

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

a2 b2
1 1
A) a2 +b? B) 55
(A)a ( )az )
1 2 12
© 52 (D)a?~b

cosA cosB  cosC

In a triangle ABC, if b and a=2,
then its area is —

(A) 243 (B) 3

© 3/2 D) ~3/4

In a triangle ABC, a [b cos C—c cos B] =

(A)0 (B) a2

(C)b2—¢2 (D) b2

PART 6 : HEIGHT AND DISTANCE

The angle of elevation of the top of a tower from a point
on the ground is 30° and it is 60° when it is viewed from
a point located 40m away from the initial point towards
the tower. The height of the tower is —

(A) —20/3m (B) \/3/20m
(C) —/3/20m (D) 203 m

On one bank of a river, there is a tree. On another bank,
an observer makes an angle of elevation of 60° at the top
of'the tree. The angle of elevation of the top of the tree at
a distance 20m away from the bank is 30°. The width of
the river is —

(A)20m (B)10m

(©)5m (D) Im

A house subtends a right angle at the window of an
opposite house and the angle of elevation of the window
from the bottom of the first house is 60°. If the distance
between the two houses is 6m, then the height of the first
house is —

(A) 8/3m (B) 63 m
(€) 43 m (D) None of these

A and B are two points 30m apart in a line on the horizon-
tal plane through the foot of a tower lying on opposite
sides of the tower if the distance of the top of the tower
from A and B are 20m and 15m respectively. The angle of
elevation of the top of the tower at A is —

43
(B)sin”! —

43
(A) cos™! — m

48

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

Q.72

points on the line joining their feet and are between them.
The angle of elevation of tops of the flag staffs as seen
fromA are 30° and 60° and as seen from B are 60° and 45°.
If AB is 30m. The distance between flag staffs in meters
is—

(A) 30+1543 (B) 45+153

(C) 60-15+3 (D) 60+153
Angles of elevation of the top of a tower from three points
(collinear) A, B and C on a road leading to the foot of the

tower are 30°, 45° and 60° respectively. The ratio of AB to
BCis—

(A)2:43 B)1:2
O3 :2 (D)3 :1
PART 7 : MISCELLANEQUS

The value of (1 +tan 1°) (1 +tan 2°) (1 +tan 3°)
...... (1+tan44°) (1 +tan45°)is—

(A) 22! (B) 224

(©)2% (D) 222

Ifsin x +sin?x + sin3x = 1, then cos® x —4cos* x + 8 cos?x=

(A)2 B)1

©3 (D)4

The sum cos£+cosz—n+cos3—n+ ........ +COSl7_n =
9 9 9 9

(A)12 (B)—1/2

©O1 (D)-1

Iftan A and tan B are the roots of the quadratic equation
x2 —ax +b =0, then the value of cos? (A + B) is —

a’ (1-b)?
B 224 (1-by? B) a2 (1-by?
(1-a)? b’
© 24 (1-vy? D)2 (1-b)?

The value of
c0s 20° cos 40° cos 80° cos 160° cos 320° cos 640°

is equal to —
(A)1/32 (B) 1/64
(C)1/128 (D)-1/64

If(1—cot1°).(1—cot2°).(1-cot3°)....(1 —cot44°)=2",
then n is equal to —

(A)21 B)22
(©)23 (D)24
If tanB = nsinAcosA then tan(A + B) equals
l-ncos” A
A sinA B (n—1)cos A
A =n)cosA ® " Gna
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Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

sin A
© (n—1)cos A

sin A
(D) (n+1)cos A

Given a2 + 2a + cosec? (% (a+ x)) = 0 then, which of
the following holds good?
Aa=1; > el

( )ai > 2

(Oa eR;x ed

(D) a, x are finite but not possible to find
The set of angles between 0 & 27 satisfying the equation

4cos29—2\/§ cosO—-1=01s

n 5t 197 23n
(A) 175 1y s

(B)a=—1; ~ el
2

127127 127 12

n Tn 17n 23n
12 12 12 12

5m 13_n 197
12 12 " 12 12

(C){ 12712 7 12
In a triangle ABC, angle B < angle C and the values of B
& C satisfy the equation 2 tanx —k (1 +tan® x) =0 where
(0 <k <1). Then the measure of angle A is :

(A) /3 (B) 27/3

(©) n2 (D) 3m/4

n 7n 191 23=m
D)y 57575 7y

27 47
If xsin®=ysin 9+T =zsin 9"‘? then :

(A) x+y+z=0 (B)xy+tyz+zx=0
O)xyz+x+y+z=1 (D) none

b 2n 4r 8n 167
The value of cos—— cos cos cos cos

10 °°10 010 " 10 " 10
IS:

(A) 1/32 (B) 1/16
cos (n/10) J10 + 245
16 B -5

2 2

If acos3 a+3acosasino=m and asin3 o+ 3a cos
asina =n . Then (m+ n)%3 + (m —n)??3 is equal to :
(A) 2a? (B) 2al”3

(C) 2a%3 (D) 2a3

The value of cotx + cot (60°+x) +cot (120° +x) is equal
to:

(A) cot3x (B) tan3x
o3 ; 3-9tan’x
t D) 3
(€) 3tan3x (D) 3tanx — tan> X
The val ¢ 3+cot76°cot16° | )
¢ vae o cot76°+cot16°
(A) cot44° (B) tan44°
(C)tan2° (D) cot46°

The number of solutions of tan (57 cos 0) = cot (5 7 sin 0)
for 6 in (0,2m)is:
(A) 28

© 4

(B) 14
D) 2

Q.82

Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Q.90

Q.91

A
IfA=340° then 2s1n? is identical to

(A) J1+sinA ++1-sinA

(B) —l+sinA —+/1-sinA

(C) V1+sinA — 1-sinA

(D) —l+sinA ++/1-sinA
If the value of the expression sin 25° . sin 35° . sin 85° can

Ja ++/b

be expressed as where a,b,c eN and are in

their lowest form, find the value of (a + b + ¢).
(A)22 B)18
(©)24 (D) 12

The value of expression

3 i n omt) .
I+cos—|{1—-cos— || 1+cos— || 1—cos—]| 18
10 10 10 10

(A) 1/8 (B)1/16
(C) 1/4 (D)0

m+
Ifmtan (q- 30°) =ntan (q+120°), then

(A)2cos 20 (B) cos 26

(C)2sin26 (D)sin 26

The set of values of ‘a’ for which the equation,

cos 2x +asinx =2a— 7 possess a solution is :

(A) (=0,2) (B) [2,6]

(©) (6,) (D) (=00, )

In a right angled triangle the hypotenuse is 22 times

the perpendicular drawn from the opposite vertex. Then
the other acute angles of the triangle are

RLIP LI
(W) 5 & B) ¢ &
LI LA
()4 4 ()5 10

Iftan 7/8 is a root of the equation x2 + bx + ¢ = 0, where
b, ¢ € Q, then the ordered pair (b, ¢) is —

(A)(=2,1) B)(2,-1)

©@,-1 D)2, 1)

Find the values of tan 15°

(A) 2++3 B) 2-3

(©)1-+3 (D)3

Find the value of tan9° — tan 27° — tan 63° + tan 81°.
(A)3 B)8

©2 (D)4

«/Esin 2X + x/zcos 2x =a’+4a-9 has infinitely
many solution for x if —
(A)a=1
(©C)a=2

(Bya<l1
(D)a>2

=
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Q.92 The value of tan 6° tan 54° tan 66° is equal to — (A) arational number (B) an irrational number
(A) tan 36° (B)tan 18° (C) apositive number (D) none of these
(C)cot 18° (D) tan 54° Q.98 Iftan6=a=0,tan20=b # 0 and tan O + tan 20 =tan 36
Q.93 A circular wire of radius 7 cm is cut and bend again into then
an arc of a circle of radius 12 cm. The angle subtended by (A)a=b (B)ab=1
the arc at the centre is — (C)a+b=0 (D)b=2a
(A)50° (B)210° Q.99 Out of the following four relations :
(C) 100° (D) 60° A A 2
Q.94 The value of tan 100° + 4 sin 100° is equal to — )] o o =—
I+cosA 1-cosA sinA
(A) -3 B) 3 5
1+cosA I+cosA
(©)2 (D) /3 tan10° _ =
sin A I-cosA
1
Q.95 If cosecB = x +— then the value of cosecd + cot® is— sin10°
4x (I11) -=1
(A)2x (B)-2x cos80" -
(©) 1/2x (D)—1/2x (IV) sin®A — CO.S A=1+sin“A
Q.96 The general solution of sin x + sin 5x =sin 2x + sin 4x is the wrong one is —
(A) 2nm (B) nn A1 B)1I
(C) n/3 (D)2 nn/3 (© 1 D)IV
[where n € I] Q.100 If tanq+sinqg=m and tanq- sinq=n, the value of
2 .2 _
Q.97 If tanO = Jn  for some non-square natural number n, m” —n” is equal to
then sec 20 is (A)4 mn (B) 24/mn

(@) 4«/& (D) 2m/n
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EXERCISE -2 [LEVEL-2]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q.8

Q.9

In a triangle ABC, D is on AC such that AD = BC,

BD=DC, £« DBC=2x, £ BAD = 3x, all angles in degrees,

then the value of x, is —
(A)5°
(©)12°

(B) 10°
(D) 15°

Q.10

1
Ifx € (0, ) and cos x +sinx = 5 then tan x is equal to —

" 4—3ﬁ ® 4+3«ﬁ
(@@ )6

If x+y=3—cosd4fand x—y=4sin20 then
(A)xt+y*=9 (B) Vx +/y=16
O x3+y3=2(2+y?) (D) Jx+y=2

tan(x—%).cos (37"+x)—sin3(77“—x

when
cos (x - %) . tan (37“ + x)
simplified reduces to :
(A) sinx cosx (B) —sin?x
(C) —sinx cosx (D) sin?x

sin 30 =4 sin 6 sin 20 sin 46 in
(A) 2 real solutions (B) 4 real solutions
(C) 6 real solutions (D) 8 real solutions.
tan 20° tan 40° tan 60° tan 80° =

0 <O0<m has:

Q.11

A1 B)2
©3 D) 3/2
Find the value of
i 3 St Tn on Q.12
COS— + COS — + COS— + COS — + COS —
11 11 11 11 11
(A)12 B)1
(C)3/4 (D) 3/2
.onm . 3t . St . Tm . 9n . 1lm . 13=w
sin —.sin —.sin —.sin —.sin —.sin —.sin ——
14 14 14 14 14 14 14
is equal to Q.13
(A) 1/64 (B)1/32
(©)1/16 (D) 1/8

The number of points inside or on the circle x2 + y% = 4

satisfying tan*x + cot* x + 1 = 3 sin?y is
(A) one (B) two
(C) four (D) infinite

Q.14 If

|sinx| |
15—

Graph ofy = Sinx

o—o 1

(A) ‘

-2n -n O 2n
-1 o—o

b—$l o0—o
(D) 21 -1 On 2n *
o0—o lf—a

Let R denotes the value of

Sinlcosl(cos4l—sin4 ij and S denotes the
16 16 16 16

9. . sin? x —2cos® x +1
value of tan” x if — 3 =
sin“+2cos“ x—1

. sin X cos 3x
and the expression €082Xx ——————— has the value

sin 2x
T, wherever defined. Find the value of RST.

5 5
Qv ® 0

1 3
© 2 ™57

Number of roots of the equation

3

1
2 A3+ _T_1=o which lie in the

cos” X+ sin x

interval [-7, 7] is
(A)2
©)6

(B)4
(D)8

xsin3x = z Cp €Os mX is an iden-
m=0

Suppose that sin’®

tity in x, where ¢, ¢, ¢,, ....., ¢, are constants and ¢, # 0,

find the value of n.

(A)2 B)6
©3 (D)4
sin (0+a) = I=m , find tan [E—Bj .tan [E— ]
cos(®-a) 1+m 4 4
(A)m (B) I/m
(C)—m (D)2m

[£
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

ForO0< ¢< r/2,if

o0 o0 o0
X = Z cos? ¢, y = Z sin?" ¢, z = Z cos?™ sin’" ¢
n=0 n=0 n=0

then —

(A)xyz=xz+y B)xyz=xy+z
(C)xy?=y2+x (D) none of these

A circular wire of radius 7 cm is cut and bend again into
an arc of a circle of radius 12 cm. The angle subtended by
the arc at the centre is —

(A)50° (B)210°
(©) 100° (D) 60°
If tan® = _xsing_ and tan¢ = _ysin® ,then x/y=
I-xcos¢ 1-ycos6
sin ¢ sin® sin® sin0
@We Bing © 1 ”eoso @ 1-coso

If angle O be divided into two parts such that the tangent
of one part is k times the tangent of the other and ¢ is
their difference, then sin 6 =

A g B) ~Lsing
S ®

k-1 .
© X +1sm¢ (D) None of these

The equation, cos 2x + a sin x = 2a — 7 possesses a
solution if :

(A) a<2 (B) 2<a<6

(C)a>6 (D) ais any integer

The maximum value of (7 cosB+ 24 sin@ ) x (7 sinb —

24 cos0) forevery O € R..

(A)25 (B) 625
o 625 o) 625
© = ©)
4 sin 5° sin55° sin65° has the values equal to
R NES 5 3 -1
(A) NG B) NG
c B . 33 - 1)
© NG D) 22
nr . . . X X -
If x=—, satisfies the equation sin— —cos— =1-sin
2 2 2
. B RS P L
x & the inequality 5 51T , then:
(A) n=-1,0,3,5 (B)n=1,2,4,5

(C) n=0,2,4 (D) n=-1,1,3,5

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

The value of

i 3n 5w ) .
[1+cos—] (1+COS—] [1+cos—) (1+cos—] 18
9 9 9 9

(A) 9/16 (B)10/16
(C)12/16 (D)5/16
If O is eliminated from the equations x =a cos(6 —a) and

2 2

2

y=bcos (0—B) then :—2 - fcosm—ﬁ) is
equal to

(A) cos? (o.—P)

(C)sec? (a—P)

(B) sin? (a.—B)
(D) cosec? (a.— B)

¢ sin(a +f) _p

If — then tan o - cot 3 has the value equal
sinla—B) q
to
p+q pP—q p+q pP—q
A) B) C)— D) —
Wy ®o, © o O

Given AABC is inscribed in the semicircle with diameter
AB. The area of AABC equals 2/9 of the area of the
semicircle. If the measure of the smallest angle in AABC
is X then sin 2x is equal to

(A)m/9 (B)2m/9

(C)18 (D) /8

The average of the numbers n sinn® for

n=2,4,0, ... 180

(A1 (B)cot 1°

(C)tan 1° (D)1/2

An equilateral triangle, with sides of 10 inches, is
inscribed in a square ABCD in such a way that one vertex
is at A, another vertex on BC and one on CD. The area of
the square is

(A)25(2-+3) (B)25(2+4/3)
100
(C)25 (D) 2+

The value of
c0s 5°+cos 77° + cos 149° + cos 221° + cos 293°

is equal to
(A)0 B)1
©-1 (D) 12
xsecO+ytan0 =2cos0O
xtan0+ ysecO = cotO then y equals
A cos 20 B)sin 0
(A) Sino (B) sin
(C)cos O (D) sin 26
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Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

If 0 < 0 < 2=, then the intervals of values of 6 for which
2sin%0 — 5sinf +2 > 0, is

woZu(Zx oL

ol 55 ol

If the graphs of y =cos x and y =tan X intersect at some
value say 0 in the first quadrant. Then the value of sin 6
is

—“1+2 —1+\/§

N ®
© _“zﬁ ®) _lizﬁ

The point A (sin 0, cos 0) is 3 units away from the point
B (2 cos 75°,2sin 75°). If 0° < 6 <360°. Then 0 is
(A)15° (B)165°

(©)195° (D)255°

The most general solutions of the equation

X3 sin 2x +2 _— \/; is

b nw b
(A)x:nn+(—1)nE (B)XZT _(_1)nE

(C)x=0 (D)x:nn—(—l)“%

wheren € 1
The sum (in radians) of all values of x with 0 < x < 2n

which satisfy V2 (cos2x—sinx—1)=1+2sinx,is

(A)2n (B)3n
(C)4n (D)6

Find the solutions of the equation,

B)n2
(C)m/4 D)=n
Find the general solution of the equation, 2 +tanx - cot

X L cotx tan — =0
- cotx -tan — =
2 2

2m i
(A)x:2nni? (B)x:2nni§

T T
(C)x:2n7tiz (D)x:2n7ri-5

89 1
Evaluate n%:l m
(A)89 (B)44.5
(©)98 (D) 108

1
Lettan o - tan B = 2005 " Find the value of

(1003 -1002 cos 2a) (1003 — 1002 cos 2[3)

(A)2005 (B)2006
(C)2008 (D)2010
ASSERTION AND REASON QUESTIONS

Q.40

Q.41

Q.42

Q.43

Q.44

Each question contains STATEMENT-1 (Assertion) and

STATEMENT-2 (Reason). Each question has 5 choices

(A), (B), (C), (D) and (E) out of which ONLY ONE is

correct.

(A) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1.

(B) Statement-1 is True, Statement-2 is True; Statement-
2 is NOT a correct explanation for Statement-1.

(C) Statement -1 is True, Statement-2 is False.

(D) Statement -1 is False, Statement-2 is True.

(E) Statement -1 is False, Statement-2 is False.

IfP=2sin2°+4sin4°+......... 180 sin 180°

2
1+(3
90 .
is irrational.

Statement 1 :
Statement 2 : tan 1° is irrational.

Statement 1 : [sinx] =0, ifx € [0, /2] (where[ . ]
represents greatest integer function.

Statement 2 : 0<sinx<1, x € [0, 7/2].

Statement 1 : The number of integral values of A, for
which the equation 7 cos x + 5 sinx =2A+ 1 has a
solution, is 8.

Statement 2 : acos 0 + b sin 6 = ¢ has atleast one

solution if |c|> Va?+b2 .

Statement 1 :sin2>sin3
Statement 2:If x,y € [g, TC) , X<y, thensinx>siny.

Statement 1 : cos 36° > tan 36°
Because
Statement 2 : cos 36°>sin 36°

MATCH THE COLUMNTYPE QUESTIONS

Q.45

Each question contains statements given in two columns
which have to be matched. Statements (A, B, C, D) in
column I have to be matched with statements (p, q, 1, s) in
column II.

Match the column —

Column I Column IT

2
(a) Value of 3+ [#} + BsinZ x} is (PO
(where [.] represents greatest integer function)

(b)IfN—sinzochcos(g— ).cos[§+a), (@2

then 5 + log, N is equal to

(c) The number of integral values of A, for
which equation 6 cos x + 8 sinx =2\ + 1
has a solution, is 6.

(13
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(d) Least value of 3sin%0 + 4 cos?0 is (s)10 Q.49 sin o +sin 3 + sin y can be equal to —
Code: N
(A) a-1, b-r, c-s, d-r (B) a-p, b-q, c-1, d-s T=3v2 (B)5/6
(C) a1, b-q, c-p, d-p (D) a-s, b-s, c-1, d-p 62
Q.46 Match the column — © 34442 ©) 1442
Column I Column II 6 2
(a) The number of real roots of the equation (p) | Q.50 sin (o —B) is equal to —
cos’x +sin*x =1 in (-m, m) is A1 B)0
(b) The value of /3 cosec 20°—sec20° is  (q)4 o1 26 J3-22
(¢) 4cos36°—4cos72°+4sin18°cos36° ()0 © 6 (D) 6
equals
(d) The number of values of x € [-2m, 27], (s)3 Passage 2- (Q.51-Q.53)
which satisfy cosec x =1 + cot x ®2 Let p be the product of the sines of the angles of a tri-
Code: angle ABC and q is the product of the cosines of the
(A) a-1, b-r, c-s, d-t (B) a-s, b-q, c-s, d-t angles. Then
(C)a-r,b-q, c-p,d-p (D) a-s, b-s, c-r, d-t Q.51 tan A+ tan B + tan C + tan A tan B tan C is equal to —
(A)2p/q (B)p/q
Q.47 Match the column — (©)2 (D) 2q/p
Column1 Column Il (3,52 tanA+tan B+ tan C+ tan A tan B + tan B tan C + tan C
(a) The number of solutions (p) No solution tanA is equal to —
of the equation
I+p I+p+q
|[cotx|=cotx+——(0<x <) is (A) p ®) q
inx
I+p+q 1+q
(b) IfsinB+sin¢ 5 and (@ 1/3 p p
cos 0 + cos ¢ = 2, then value of Q.53 The value of tan?A + tan’B + tan?C is equal to —
o [e + ¢J N " q’ —2p° —2p ® q°—2q9% +2q
2 p’ q’
¢) The value of r) 1
(©) ) p2—2q% ~2q p? +2q% - 2q
T T © 2 D) 2
sino + sin 3% sin 370 s q q
) Passage 3- (Q.54-Q.56)
(d) Iftan®=3 tezm s theq maximurm (s)2 If 0 is an angle one measured in radian and 0 € [0, 2],
value of tan® (6 — ¢) is (t)3/4 thenr0 is length of arc AB, of circle of radius r, subtend-
Code:: ing angle 6 at the centre O, of the circle. Area of sector
(A) a-r, b-q, c-s, d-t (B) a-s, b-q, c-s, d-t
(C)a-r,b-q, c-t,d-p (D) a-r, b-p, c-t,d-q OAB s lrzg
S0
PASSAGE BASED QUESTION; Q.54 The angle between minute hand and hour hand of a clock

Passage 1- (Q.48-Q.50)

Q.48

a is a root of the equation

(2 sin x — cos x) (1 + cos x ) = sin?x ; B is a root of the
equation 3 cos®x — 10 cos x + 3 = 0 and y is a root of the
equation 1 —sin 2x =cos—sinx, 0 < a, B, y < /2

cos a + cos 3 + cos y can be equal to —

3J6 +242 +6 3/3-4
A) 62 B) p
© 3\/§6+ 2 (D) None of these

Q.55

Q.56

at "half past 4" equals —

(A)42° (B)43°

(C)44° (D) None of these

The wheel of a train is 1 meter in diameter and it makes 5
revolutions per second. Then the speed of the train is

approximately equal to —
(A) 57 km/hr (B) 66 km/hr
(C) 68 km/hr (D) 42.6 km/hr

Two lines drawn through a point on the circumference of
a circle divide the circle into three regions of equal area.
Then the angle 6 between the lines is given by —
(A)30+3sinb=mn (B)60+3sinb=mn
(C)26+sinb=n (D)6 +sinO=m/2
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Passage 4- (Q.57-Q.59)

Q.57

Consider a triangle ABC, where x , y, z are the length of
perpendicular drawn from the vertices of the triangle to
the opposite sides a, b, ¢ respectively let the letters R, 1,
S, A denote the circumradius, inradius semiperimeter and
area of the triangle respectively.

2 2 2
If b_x+c_y+a_z = arbiye , then the value of k is —
c a b k
(A)R B)S
(C)2R D)GB2)R

Q.58

Q.59

1

(1 1)
IfcotA+cotB+cotC=k sz 3 +7J , then the value
X z

+
y

ofkis—

(A)R? (B)R

(C)A (D) a% + b2 + ¢2

The value of

csinB+bsinC+asinC+csinA+bsinA+asinB
X y z N

(A)R/r (B)S/R
©)2 D)6

EXERCISE -3 (NUMERICAL VALUE BASED QUESTIONS)

NOTE : The answer to each questionisa NUMERICALVALUE. Q.10

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Find the value of tan 9° —tan 27° — cot 27° + cot 9°.

3
Ifxe [n,gj , then find the value of

4cos? [%—%} + \/4sin4 X +sin? 2x .

How many solutions are there for the equation

cos?x —sin?2x =0 on [0, 27]?
) 1
If sinl®a= g, then the value of

1 1 2 4
+ + +

5 , 18
1+sin“a

cos’ a l+sin*a 1+sin®a
If the sum of the solutions of the equation

sin?x — sin x = cos? x on the interval [0, 27] is expressed as

an/b, where a and b are positive integers, a/b in lowest
terms, then (a +b) is

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).

If (sinx + cos x)? + k sinx cos x= 1 holds V x € R then find
the value of | k | .

If the expression

3n 3n
cos X_T +sin 7+X +sin (32n+x)

—18cos (191—x) +cos (56m+x)—9sin (x + 177)

is expressed in the form of a sin x + b cos x find the value
ofa+tb.

If m and n are positive integers satisfying

1 +cos 20 + cos 40 + cos 60 + cos 80 + cos 100

cos mo -sin n6 )
= ————— thenm+nis equal to
sin®

Q.11

Q.12

Q.13
Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

If asinx + b lies in the interval [-2, 8] for every x € R
then find the value of (a —b).

Find the exact value of

3n Sm n
p JELEUN T LA S-LL A, Sl
tan tan 16 tan 16 tan 16

1-cosa —tan> [3)
2
If =

sin? (Ej
2

have no common factor other than 1, then the value of

kcosa

where k, w and p
W +pcosa

k2 + w2 + p? is equal to
The value of /3 cosec 20° —sec 20° is :

If cos A, cos B and cos C are the roots of the cubic

x> + ax? + bx + ¢ = 0 where A, B, C are the angles of a
triangle then find the value of a% —2b — 2c.

A triangle with sides a=15,b=28 and c =41. The length
of the altitude from the vertex B on the side AC is

If the orthocentre and circumcentre of a triangle ABC be
at equal distances from the side BC and lie on the same
side of BC then tanB tanC has the value equal to :

B C
Ina AABCif b+ c¢=3a then cotz ~cot? has the

value equal to :

In a triangle ABC, CD is the bisector of the angle C.

C 1 [1 1)
— — — — 4+ —
If cos 5 has the value 3 and /(CD) =6, then a b

has the value equal to 1/x. Find the value of x.

If the medians AD and BE of a A ABC intersect at right
angles then (a2 + b?) is equal to xc2. Find the value of x.

IfA, B, C are angles of a triangle then the minimum value

[4
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_ _ _ T
cos B 2 ¢ cos C 2 A cos A 2 B Q.23 The number of values of 0 in the interval (‘3»5} such
of CosB+C+COSC+A+COSA+B .-
2 2 2 that Gi? for forn=0,+1, £ 2 and tan 0 = cot 50 as well
Q.21 Line / is a tangent to a unit circle S at a point P. Point A as sin 20 = cos 40 is

Q.22

and the circle S are on the same side of ¢, and the distance
from A to ¢ is 3. Two tangents from point A intersect line
¢ at the point B and C respectively. Find the value of

(PB) (PC).
The number of all possible values of 6, where 0 <0 <,

for which the system of equations (y + z) cos 30 = (xyz)
sin 30 ;

. 2cos30 2sin30
xsin30= + ;
y z

(xyz) sin 30 = (y + 2z) cos 36 + y sin 36 have a solution

(X0» Yo» Zp) With yyz, # 0, is

Q.24

Q.25

The maximum value of the expression
1

is
sin® 0+ 3sin0cos® + 5cos’ O

The positive integer value of n > 3 satisfying the

1 1

. 1 .
t = +
cquation . [TC) . (21_5\] . (371:) 18
smm | — sm | — sm| —
n n n
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Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

If cos x + cos y+ cos o =0 and sin x + sin y + sin .= 0,

X+y
then cot (7) = [AIEEE-2002]

2
(A)sina (B)cosa
(C) cota (D)2sina
cos 1°. cos 2°. cos 3°.... cos 179° = [AIEEE-2002]
(A)0 B)1
©2 D)3

Find the no. of roots of the equation tan x + sec x =2 cos
x in the interval [0, 27t]- [AIEEE-2002]

A1 B)2

©3 (D)4

General solution of tan 56 =cot 20 is- [AIEEE-2002]
A) o=+ B)0= = +—

(A) - (B) -5

O D)6= =+~ nez
(©0=—"+2 (D)o=—"+.ne

The sum of the radii of inscribed and circumscribed circles
for an n sided regular polygon of side a, is -[AIEEE 2003]

a s T
(A) N cot (Zj (B)acot [;j

3ol 3) &
© > cot| 5 (D)acot n
In a triangle ABC, medians AD and BE are drawn. In

AD=4, / DAB = % and / ABE :% . then the area of

the AABC is- [AIEEE 2003]
(A)64/3 (B)8&/3
(©)16/3 (D) None of these

C A 3b
Ifin a triangle ABC a cos? B3 + ¢ cos? 5) = ER then
the sides a, b and ¢ [AIEEE 2003]
(A) satisfya+b=c (B)areinA.P.
(C)arein GP. (D) are in H.P.

The sides of a triangle are sin a, cos o and

J1+sinacoso for some 0 <a < /2. Then the greatest

angle of the triangle is- [AIEEE 2004]
(A) 60° (B)90°
(C)120° (D) 150°

Leta, p besuchthatt<a—f <3m. If

21 27
sina +sinff = ~ %5 and cos a+cos f =— e then the

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

STUDY MATERIAL: MATHEMATICS
value of cos ;B is- [AIEEE-2004]
(A) - —— B) —~—

\/130 V130
o2 oy =2
© 5 (D) s

A person standing on the bank of a river observes that
the angle of elevation of the top of a tree on the opposite
bank of the river is 60° and when he retires 40 meter away
from the tree the angle of elevation becomes 30° . The
breadth of the river is — [AIEEE-2004]
(A)20m
(C)40m (D)60m

Inatriangle ABC, let £ C=m/2. Ifr is the in-radius and R
is the circumradius of the triangle ABC, then 2(r + R)

(B)30m

equals -
(A)b+c (B)atb [AIEEE-2005]
(C)at+b+c (D)c+a

The number of values of x in the interval [0, 3rt] satisfying

the equation 2 sin?x+ 5sinx—3=0is— [AIEEE-2006]

(A)6 ®)1

©)2 (D)4

If0<x<m,and cos x +sinx =1/2, then tan X is —
[AIEEE-2006]

(A)(4-7)3 (B)—(4+ 7 )3
© 1+ /7 )4 (D) (1- /7 )4

A tower stands at the centre of a circular park. A and B
are two points on the boundary of the park such that AB
(= a) subtends an angle of 60° at the foot of the tower,
and the angle of elevation of the top of the tower from A
or B is 30°. The height of the toweris— [AIEEE-2007]

(A) 2a/+3 (B) 223
©) a/3 D) a3

AB is a vertical pole with B at the ground level and A at
the top. A man finds that the angle of elevation of the
point A from a certain point C on the ground is 60°. He
moves away from the pole along the line BC to a point D
such that CD = 7m. From D the angle of elevation of the
point A is 45°. Then the height of the pole is —

[AIEEE-2008]
¥.Km (B) i 3+hm
W31
(@i(f Hm ® S Fa™

—
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Let A and B denote the statements

A:cosatcosP+cosy=0

B:sino+sinf3+siny=0

Ifcos (B —y) +cos(y—a)+cos(a—P)=-3/2, then:
[AIEEE-2009]

(A) Ais false and Bis true  (B) both A and B are true

(C) both Aand B are false (D) Aiis true and B is false

Letcos (ou+ ) =4/5 and let sin (oo — ) = 5/13, where

0<a, B <n/4thentan 20 =

(A)56/33 (B)19/12

(©)20/7 (D)25/16

For a regular polygon, let r and R be the radii of the

inscribed and the circumscribed circles. A false statement

among the following is — [AIEEE 2010]

-

| =

(A) There is a regular polygon with

r
(B) There is a regular polygon with r = 3

3
(C) There is a regular polygon with é = -
. U
(D) There is a regular polygon with R = B
IfA=sin? x + cos*x, then forallrealx:  [AIEEE 2011]

3 13
Z<A<] — <A<l
(A) 5 ®) ¢
(O)1<A<2 (D)ESASE
4 16

InaAPQR,if3sinP+4cosQ=6and4sinQ+ 3 cosP=1,

then the angle R is equal to : [AIEEE 2012]
(A) 51/6 B)m6
©)4 (D) 3mw/4

ABCD is a trapezium such that AB and CD are parallel
and BC L CD.If Z ADB=6,BC=pand CD =q, then AB

is equal to — [JEEMAIN 2013]
(p2 +q2)sin9 p2 Jrq2 cos

A —— B
pcosO+qsind pcosO+qsind

p’+q’ (p” +q°)sin®

O > . - D

© pzcose+q2sin9 ) (pcos(9+qsin9)2

Th . tan A N cotA b it ]

e expression [ — =+ - can be written as :

[JEE MAIN 2013]
(B)sec Acosec A+ 1
(D) sec A+ cosec A

(A)sinAcosA+1
(C)tanA+cotA

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

A bird is sitting on the top of a vertical pole 20m high and
its elevation from a point O on the ground is 45°. It flies
off horizontally straight away from the point O. After one
second, the elevation of the bird from O is reduced to
30°. Then the speed (in m/s) of the bird is —

[JEE MAIN 2014]

(B) 40 (3 -+/2)
(D) 20 (3 -1)

(A) 40 (/2 -1)
(C) 2042

1
Letf (x)= X (sink x + cosk x) where x € Rand k> 1. Then

fy (x) — f (x) equals — [JEEMAIN2014]
(A)1/6 B)1/3
©)1/4 (D) 1/12

If the angles of elevation of the top of a tower from three
collinear points A, B and C, on a line leading to the foot
of the tower, are 30°, 45° and 60° respectively, then the

ratio, AB : BC, is [JEE MAIN 2015]
(A)3:42 B) 1:43
©)2:3 (D) 3:1

If 0 < x < 2mx, then the number of real values of x, which
satisfy the equation cos x + cos 2x + cos 3x + cos 4x =0,

is [JEEMAIN2016]
(A)S B)7
(©)9 (D)3

A man is walking towards a vertical pillar in a straight
path, at a uniform speed. At a certain point A on the path,
he observes that the angle of elevation of the top of the
pillar is 30° . After walking for 10 minutes from A in the
same direction, at a point B, he observes that the angle of
elevation of the top of the pillar is 60°. Then the time
taken (in minutes) by him, from B to reach the pillar, is :
[JEE MAIN 2016]
(A)10 B)20
©35 D)6
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 £ BPC = f3, then tan 3 is

equal to : [JEE MAIN 2017]
(A)2/9 B)4/9

©)6/7 (D) 1/4

If 5 (tan2 x — cos?x) =2 cos 2x + 9 , then the value of cos
4xis: [JEE MAIN 2017]
(A) 2/9 B)-7/9

©) -3/5 (D) 1/3

—
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Q.30 If sum of all the solutions of the equation Q.39 Two poles standing on a horizontal ground are of heights
Smand 10 mrespectively. The line joining their tops makes
8cosx[cos(£+ x] oS [E_ x] _lj - an angle of 15° with ground. Then the distance (in m)
6 6 2 between the poles, is : [JEE MAIN 2019 (APRIL)]
in [0, 7] is kr , then k is equal to: [JEE MAIN 2018] (A) 2(2 +/3) (B) 5 (/3 +1)
(A)8/9 (B)20/9 2
(©)2/3 (D) 13/9 ©52+3) D) 103 -1)
Q.31 PQR s a triangular park with PQ =PR=200m. AT.V. Q.40 All the pairs (x, y) that satisfy the inequality
tower stands at the mid-point of QR. If the angles of > ) ]
elevation of the top of the tower at P, Q and R are 2Vsin” x —2sinx +5- “in <1 also satisfy the equation.
respectively 45°, 30° and 30°, then the height of the tower e
(inm)is [JEE MAIN 2018] _ , [JEE MAIN 2019 (APRIL)]
(A)sinx =|siny] (B)sinx=2siny
(A)1004/3 (B)50+/2 (C)2sinx |=3siny (D)2 sinx=siny
(C)100 (D) 50 Q.41 ABC is a triangular park with AB = AC = 100 metres. A
Q.32 Forany 0 e (/4, n/2) the expression vertical tower i§ situated at the mid-point of BC. If the
0 — cos B)* + 6 (sin O + cos 0)2 + 4sin%0 equals : angles of elevation of the top of the tower at A and B are
(A) 13 —4 cos®0 [JEE MAIN 2019 (JAN)] cot™! (34/2) and cosec™! (2+/2) respectively, then the
(B) 13 — 4 cos*0 + 2 sin26 cos20 height of the tower (in metres) is :
(C) 13 -4 cos20 + 6 cos*0 [JEE MAIN 2019 (APRIL)]
(D) 13 — 4 cos20 + 6 sinZ0 cos20 100
. (A) 1045 B35
Q.33 Ifcos(a+B)=3/5sin(a+p)=5/13and 0<o,B<—,
4 (©)20 (D)25
thentan (2a) isequalto: [JEE MAIN 2019 (APRIL)] Q.42 The angle of elevation of the top of vertical tower
(A)21/16 (B)63/52 standing on a horizontal plane is observed to be 45° from
(€)33/52 (D)e3/16 apoint A on the plane. Let B be the point 30 m vertically
Q.34 Ifthe lengths of the sides of a triangle are in A.P. and the above the point A. If the angle of elevation of the top of
greatest angle is double the smallest, then a ratio of the tower from B be 30°, then the distance (in m) of the
lengths of the sides of this triangle is : foot of the tower from the point A is:
[JEE MAIN 2019 (APRIL)] [JEE MAIN 2019 (APRIL)]
(A)5:9:13 B)5:6:7
(C)4:5:6 (D)3:4:5 (B)153-V3) (B)15(3+3)
Q.35 Two vertical poles of heights, 20m and 80m stand a part ©) 150+ NE) ) D)15(5- ﬁ )
on a horizontal plane. The height (in meters) of the point
of intersection of the lines joining the top of each pole to V2sino 1 1—-cos 2 1
the foot of the other, from this horizontal plane is : Q43 Let Jl+cos20 7 and 2 J10
[JEE MAIN 2019 (APRIL)]
(A)12 ®)15 where o, 8 e[O, E) . Then tan (o + 2B) is equal to
©16 (D) 18 2
Q.36 LetS={0 e [-2m, 2n] : 2cos?0 + 3sin® =0}. Then the sum [JEE MAIN 2020 (JAN)]
of the elements of S is [JEE MAIN2019 (APRIL)] e ) . a(m) . (3m) .
(A)131/6 B)m Q44 The value of cos (§) COS(?] e (g) Sm(?) 15
©)2n , (D) 573 Y. [JEE MAIN 2020 (JAN)]
Q.37 The value of cos“10° — cos 10°cos 50° +cos= 50° is
[JEE MAIN 2019 (APRIL)] (A) 1/4 B)1/~2
3 . ©)1/242 D) 172
(A) 2 (1 cos 207) (B)3/4 Q.45 The number of distinct solutions of the equation
3 . logy/, |sinx |=2—logy, | cosx | in the interval [0, 27], is
(€) 3 *cos20 (D)372 [JEE MAIN 2020 (JAN)]
Q.38 The value of sin 10° sin 30° sin 50° sin 70° is :

[JEE MAIN 2019 (APRIL)]
(A)1/36 (B)1/32
©) 118 D) 1/16

—
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Q46 1fx= 2 (-D"tan*"Band y =Y cos™ 0

(A)y(l+x)=1
©yd-x)=1

B)x(1+y)=1
D)x(1-y)=1

n=0 n=0
for 0<9<%,thenf [JEE MAIN 2020 (JAN)]
ANSWERKEY
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EXERCISE - 3
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CHAPTER- 2:

TRYITYOURSELF-1 _
) sin (270°— 30°) sin (540°— 30°) cos (360° + 30°) (6) Let the fourth root of the equation be tan D

. . Now,A+B+C=mn
=—co0s 30°sin 30° + sin 30° cos 30°=0 ’
cos s S €08 Consider tan (A + B+ C+D)

1 1
:——1 =— -q1 + =_q
8() g ssin (n+0)=-sin0

A+B
@) cotAcosBFl =%Sm]; _TtmA-TtanAtnBtnC 3-(2) 5
44°+16°=60°. 44°+76°=120° 1—Xtantan B+ ITtan A 1-3+5 3
760_1602600’ tan (m+D)=tan D=15/3
(7)  Forx=0°, cosx=1
. LHS= c0s 60°sin 76° + cos120°sin 16° — cos 60° sin 44° Forx=r, cosx=—1
’ sin16°sin 44°sin 76° Forx=m/2,cos x=0
1[ sin 76° + sin16° — sin 44° Forcosx=1, Ymax = 9
= X X : Forcosx=-lor0, y_. =1
2| sinl16°sin44°sin 76° min
. (157 17 . (15t 17n
_ 1 25in30°cos 46° —sin 44° ®  sin| g oAxt oA sin —m -
2 sin16°sin44°sin 76°
| (605 46° - c0s46%) —0 _ sin (4n—8x)sin [—%jz—singsin&(
= c0s46° —cos =
2sin16°sin 44°sin 76°
3 c0s (36°—A) cos (36°+A)+cos[90°—(54° + A)] b sin 8x _L< <L
sin [90° — (54°—A)] =cos 2A = 2 = > y= >

=¢0s (36°—A) cos (36°+A)+sin (36°—A) sin (36°+A)
=cos [(36°+A)—(36°—A)]=cos2A

1 1
“@ 5 (2 sin 20° sin 40°) sin 80° = 5 (cos 20°—cos 60°) sin 80°
4+sec20° (4cos20°+1) .
= sin 20°

1 1 ) o o
=~ (c0s 20° sin 80°— - sin 80°) cos ec20 c0s 20
4sin20°c0s20°+sin20°  2sin 40° + sin 20°
1 = o = (e}
= 7 (2c0520° sin 80° ~5in 80%) c0s20 cos 20
_ sin40° +25sin30°cos10°  sin40° +cos10°
1 - o - o
= 7 (5in 100°+sin 60°— sin 80°) c0s 20 cos 20
_ sin 40° + sin 80 _ 25in 60° cos 20 =\/§
cos 20° cos20°

1 3
(2 cos 90° sin 10° + sin 60°) = 1 sin 60° = —\g
Required value = (/3)? =3

) sin -~ = sin (E _6_75) — c0sF = cos (n _S_RJ ——cosS® (10) tanl5°. tand5° tan75°

14 2 14 14 14 14 =tan 15°. tan (60°—15°) .tan (60° + 15°)
I x 4n 4n =tan (3 x15°)=tan45°=1
sin—=sin| ——— | =cos— -
" [ 571 4] 1 TRYITYOURSELF-2
. Sm . (n 2n)_ 2n 1)) COS29=£=COSE:>29=2HTCiE
sin—=sin| ———| =cos— ) 6 6
14 2 14 14
T
O=nnt+—, I
LHS:—cosf—Zcosj—Zcos?—Z o 1 e
(@)  7(1—sin20)+ 3 sin20 =4, 4sin20=3
1 . 3 21
=- sin (2°A), A === 2
2 sin A 14 sinzeziz(ﬁ\ :sin2£
2 (2) 3
1 8w . [ TE]
=— sm—=-— sin| T+ —
85inE 8sin— T
7 7 6=n7ti§, nel 1 —cos x cot X = cot X — cos X.

B
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(€)

)

®)

(6

™)

®

(C)

(10)

11)

(1+cosx)(1—cotx)=0=cosx=-1orcotx=1
= (@n+1)mx, nn+§, nel

8sin2x . cos2x + 6 sin?x =5
8sin*x — 14 sin2x +5=0
= (2sin?x—1) (4sin?x—5)=0

2

X = 2

. 15 . 1 I
= sin — —=>sin“"x=—=nnt—,nel
2 4 2 4

3 1 T . [n)
2 cosX+—sinx =1, cosxcos—+sinxsin| — | =1
2 2 ’ 6 6

n T T
cos|x——|=1 Xx——=2nm, x=2nn+—, nel
( 6j 5 %7 6

(A). 2 sin 3x cos 2x =2 sin 3X cos X
= sin3x=0 orcos2x=cosx
= 3x=nmor 2x=2nm+x

nmw 2nm nw

—, 2N, — => X = —

X =
= 3

Smtcosa = nn+(g—5nsinaj

(2n+1)

— sino+cosa = as—ﬁﬁsinowcosocsﬁ

n=0,+1,+2,+3,£4,+5,+6,-7
For each value of n, we get two values of a € [0, 27]
2 x 14 =28 solutions.
Letsin2x cos 2x=y
sin? 2x + cos® 2x =sin 2x cos 2x.
(sin? 2x + cos? 2x) — 2 sin? 2x cos22x = sin 2x cos 2x
1-2y2=y=2y?+y—1=0
y=-1,1/2=sin2x.cos2x=y=-1,1/2
sin4x =-2 (rejected), 1

Uuu Uy

— sindx=1= 4x=2nn+g, nel= x=(4n+1)g

tan O + tan 20 = /3 (1 —tan 0 tan 20) = tan 30 = 3

30=nn+= ; o=,
3 3 9
)
®). 3s1n2 e—2sin6:0, cosO =0
cos” 0

= 3sin%0 — 2 sin 0 (cos20) =0,
3sin%0 — 2 sin O (1 — sin%0) =0
= sin0 (2sin0+3sin0—2)=0
= sin0(2sinf-1)(sin®+2)=0
= sin0=0, 1/2,-2 (rejected)
T
= O=nmnn+(-1)"¢g

1
(A).,,YJF;2 2 assuming y >0

But |sinx+cosx|£«/§ so,y=1&x=n/4

LR N . 2
o 5] e (5

I L (R VI
4 2 4 4 2
= p+q=2(2n+1)
13)  sin!%0x =1 + cos!00x
LHS<1,RHS>1. So,LHS=RHS=1

12)

=

) T
cos'00x =0, sin!0x=1; x= nTEiE

——(\/3—1) <sinx < —(\/3—1)
4 4

a4 - 5<4sinx—1<\/§,
—sin (£)<sinx<cos [2—75]
= 10 10
: [—n) . . [375) [—n 3n]
— sin| —|<sinx<sin| —| . X €| —,—
10 10/ ° 1010
TRYIT YOURSELF-3
. (B+C) (B—C]
. . 2sin cos
M b+c sinB+sinC _ 2 2
a sin A - i A A
sin—cos—
2 2
A (B—C) [B—cj
CO0S— oS cos| ———
__ 2 2/ 2
. A A . A
sin—cos— sin—
2 2
B- A
So, acos[ C]z(b+c)sinE
?2) A=75°,B=45°=C=60°
a _ b _ C
sin75°  sin45°  sin 60°
So. b 3o~ 45, sin60°
sin 75° sin 75°

LB

) 2 23a
a+2 a= a+ =2a
V3+1 V3+1 B+l B+l

cosA cosB cosC cosA cosB  cosC

(€)

a b ¢ ’sinA sinB sinC
So, cot A= cot B =cot C = equilateral triangle.

Area= ﬁaz = \/5(2)2 =3

4 4

—
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2x210 420
2,2 2 l(8+4«/§)+2—3 AD = =
b +c”"—-a” 4 17 17
4  cosA= =
2be Vi2++/4 ©)  a+c=2b(give)
A C B
(1++/3) 1 AT We have to prove that COt?+COtE=ZCOtE
20443 2> 773
(5) Leta=x2+x+1, b=2x+1,c=x2—1 \/ s(s—a) +J s(s—¢) :2\/ s(s—b)
a>0= xeR b>0= x>-172 (s=b)(s—¢) Y(s-a)(s—c) Y(s—c)(s-a)
c>0= x<-lorx>1 So,x € (1, ) -
s—a)(s—b)(s—c
a—b=x2-x>0=a>b, a-c=x+2>0=a>c Multiplying both side by \/( ) S )(8-¢)
So, angle £ A is largest angle.
(s—a)+(s—c)=2(s—b)
oS A = b2 +c? —a’ B (2x+1)2 +(x2 —1)2 —(x2 +x+1)2 a+c=2b (which is the given relation)
2be 202x+1)(x2-1) (10) A=(a+b-c)(a—b+c)=(a+b+c—2c)(a+b+c-2b)
s A=(2s—2c) (2s—2b)
:‘(2"3*"2‘2"‘1):—_1 . = A2=[2(s-b)2(s— )2
o ;-
2(2x7+x7=2x=1) 3 — s(s—a)(s—b)(s—c)=16 (s—b)2 (s —c)?
2 C 2A _3b (s—b)(s—c) 1 A 1 A 1
6 acos” —+ccos” —="— ASANLOA G NN tan’ == — — tan— = —
= a(l+cosC)+c(l+cosA)=3b
a+c+acosC+ccosA=23b, 2tané ZX% 3
atc+tb=3b,atc=2b = tanA= 2 A - 1 :E
I-tan” — 1-—
So, a,b,careinA.P. 2 16
[B_Cj [b_cj [A) (11) (O). Applying (m —n) theorem, A ABC
tan = cot| —
(7)  We have, > btc >
tan(B_Cjz(b_cjcmé=(\/§_l)-cot15°
2 b+c/ 2 3+
_ _ (BD+CD) cot(90°+B)=BD cot 90°— CD cot (A —90°)
= (\/g 1).@ as tan15° = \E !
(\/§+1) (\/g—l) \/§+] = —-2tanB=0+tan A
B_C tanA
5 =45 B-C=90°, A+B+C=180", tanB
B+C=150°, B=120°,C=30° (12) InAOAB, OA=0B=r
Since A=C,wehavea=c=1 and ~ AOB = 360° _ 790 /
(8)  The greatest altitude is perpendicular to the shortest side. E c
Leta=17,b=25,c=28 A Area of AAOB \ /
1 . 1‘2 < _—
: A = B (r) (r) sin 72° = 700518O A B
NOW, AZEAD (BC):>AD=F
D C 2

where A = /s (s—a) (s—b) (s—c) =210

5
A, = Area of pentagon = %00518O

£
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A, = Area of circle = mr? so, A 2—ﬁsec (%) . IRYITYOURSELF-4
2 (1) LetAB and CD be the pole and tower respectively.
(13) (A).Given,3sinA+4cosB=6 ... (1 Let CD=h. Then £ DAC =60° and Z DBE =30°
3cosA+4sinB=1 ... (@)

(14

Squaring and adding eqgs. (1) and (2)

(3sinA+4cosB)2+(3cosA+4sinB)2=36+1
9+16+24 (sinAcos B+ cos Asin B) =37

U

U

sin(A+B)=1/2
= A+B=30°0r150°
When A + B = 30° then

(3sinA+4cosB)<3sin30°+4cos30°<6

so, A+B=50°
s Z£LC=30°
(B). sin A =sin’B
2c0s?A = 3cos’B
2 (1—sin?A)=3 (1 —sinA)
= sinA=1,1/2
ButsinA=#1 [Fromeq.(1)]
sinA=1/2= A=30°or 150°
sin?A=1/2=B=45°0r 135°

U

In each triangle is obtuse angled.

CD h
NowC—Aftan60 =3 .. CD=3 CA= B =CA

h-10

30°

o PE e L
gain o =tan 30° = 5
BE CA h/J3 h
(h—lO)zE*\/g :—325[ BE=CA]
=3h-30=h=2h=30 =h=15.
Hence, height of the tower = 15 m.
@ O 3 (© @ D) () (D)
©® ® (H®B ®© ®®A)

[4
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CHAPTER- 2 : TRIGONOMETRY

EXERCISE-1
(0)) (A).If cos3x=—1=cos(2n+ 1)n
or, 3x=(2n+1)n
T . T 5w
x=(2n+ 1); iLe., x= ? , T, ?
?2) (B). cos 510°cos 330° +sin 390° cos 120°
= cos (360°+ 150°) cos (360°—30°)
+sin(360° +30°) cos(90° + 30°)
= cos 150° cos 30° + sin 30°(—sin 30°)

(J3)
= cos (180°—30°) L%} —%

(J3)
=—cos 30° ng_% = —%—% =-1

cosec(2m+0).cos(2n+0)tan(n/ 2+ 6)

3 D).
sec(n/2+0).cosB.cot(m+0)
_ cosech .cosb (—cot)
(—cosecB).cosB.cot O
in 20 2si
@ (B sin _ 2sinBcosH _ tan 0
1+cos20 2cos2 0
Q) (B). cosec O —sinfO=m
2
m= ! —sin 0= CO.S 0 1)
sin 0 sin 6
1 0= sin” 0 .
n= o8 cos 0= """ (1)
2 -2
m><n:M M:sinecose

sin®  cos
from (i) and (ii)
from (i) cos2 @ =m . sin 0
or cos® 0 =msin 0 cos 6 =m . (mn) =m?n
Similarly sin3 6 =n?m
since sin® © + cos2 0 = 1
(n2m)2/3 + (m2n)23 = 1

(©6) (©). [1 + coszj (1 + cos3—n)
8 8

(1 + cos(n —%D [1+ cos(n -

= |1+cos—| |1+cos— | |1—-cos— | | 1—cos—
8 8 8 8

= (1 —cos? E] [1 —cos? 3—75]
8 8

™)

®

(C)

(10)

= l (2—1—cos£] [2—1—cos3—nj
4 4 4

1 (1Y, 1) 1 1
) ) 10 -1

(C). sin 20° sin 40° sin 60° sin 80°

3
= g sin 20° sin (60° —20°) sin (60° +20°)

3
= g sin 20° (sin? 60° — sin% 20°)

3 3 3
= £ sin20° (= —sin?20°) = £ (3 sin 20°—4 sin® 20°)
2 4 8
V3o V33
=—sin60°= — . — = —
8 8§ 2 16

b 21
(C). Here =17 B_ﬁ and n=3.

T (3—1)[27:] ) [211 3]
CoOS| —+| — — siIn| — X —
[14 2 J\14 142

[3nj . [3nj
2cos| — |sin| —
14 14
(=
ZSln[—j
14
. [611] 1 .(n nj
sin| — — sin| ———
14 2 2 14 1 b
S= = =—cot| —
14

. [n] . (n] 2
2sin| — sin| —
14 14

1 [sin(z°—1°) sin (3°-2°)

(C)° sinl®| sin1°sin 2°  sin 2° sin 3°

. sin (90°-89°)
sin 89° sin 90°

Sinl° [cotl°—cot2°+ cot2°—cot 3° + ... + cot89°—cot 90°]

cosl®

sin21°

— [cot1°—cot90°] =
sinl
sin 69° —sin 21°

D). We have, — .
(D). We have, 575+ 33%)sin (57°-33°)

2co0s45°sin 24°
=-—= 2
sin 90°sin 24° \/7

—
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(11)  (B).cot(102°)=—tan 12° C A-B C
.. cot 12° (—tan 12°) + cot 66° [—tan 12°+ cot 12°] =1+ 2sin3[cos 5 sin 5)
- tan” 12° c A_B ALB
=—1+cot 66 tan12° = 1+2sin5[cos ; —cos ; ]

(12)

(13)

(14

1s)

(16)

amn

(18)

=—1+cot66° x cot24° x2=—1+cot 66° (tan 66°) x 2
=—1+2=1
(A). sin 10° sin 30° sin 50° sin 70°

. [1] 1 19)
sin 10 2) 5 {c0s 20°—cos 120°}
L 10° 20° + 1
=3 sin (cos 2)
L 10° cos 20° 1 10°
4 Sin10°cos 20°— = sin 20)
7l><l 1 300 3 100 +l 1 1007L
=7 2(s1n —sin 10°) 8s1n =16
sin 70°+cos40°  sin 70° +sin 50°
" €0s70°+5sin40°  sin 20° +sin 40°
_ 2sin (60%) cos (10°)  3/2 N @1
2sin30°cos10° 1/2
(D). logsin 1. logsin 2....log sin 90.... log sin 179
=logsin 1.logsin2....log1........ logsin179=0
(B). tan 1° + tan 89°=tan 1° +cot 1°
=2cosec (2°) = m
(B).sin2A +sin 2B +sin 2C
= 25in[2A+2Bj.cos(2A_2B) +sin2C
2 2
=2sin(A + B).cos(A —B) +sin2C
=2sin (n—C).cos(A—B)+sin 2C
[-A+B+C=n,A+B=n-C
.. sin(A +B)=sin (n— C) =sinC]
=2sinC cos (A —B) + 2 sinC cosC (22)

=25sinC [cos(A — B) + cosC]

=2sinC [cos(A — B)—cos(A +B)]

[+ cos(A—B)—cos(A+B)=2sinA.sinB,

By C & D formula]

=25sinC [2sinA sinB]=4 sinA sinB sinC
(O).A+B+C=n

A+B=n-C= tan(A+B)=tan (n—C)

tan A +tan B

= l-tanAtan B

= tanA + tanB = — tanC + tanA.tanB.tanC
tanA + tanB + tanC = tanA.tanB.tanC

A-B

=—tanC

+cosC

CoS

A+B
(A). 2cos

= ZSingcos +1—25in29
2 2

= 1+2$ing[2sinésinE) = 1+4sinésinEsinE
2 2 2 2 2 2

(A).cos 2A +cos 2B + cos 2C
=2cos (A +B)cos (A—B)+2cos?C—1
=2¢0s (180°—C) cos (A—B)+2 cos?C—1
=1-2cosC {cos (A—B)—cos C}
=—1-2cos C {cos (A—B)+cos(A+B)

[+ cosC=—cos(A+B)]
=—1-2cosC {2cosAcosB}=—1-4cosAcosBcosC
(A).cos2A +cos 2B —cos 2C
=2cos (A+B)cos (A—B)—2cos?C+1
=1+2cos (180°—C) cos (A —B)—2 cos*C
=1-2cosC {cos(A—B)+cosC}
=1-2cosC {cos (A—B)—cos (A+B)}
=1-2cosC(2sinAsinB)
=1-4sinAsinBcosC
(C).sinA+sinB—sinC

A+B A-B
2

= 2sin[90°—g) cos [A_B
2 2

C{ A
:2cosz cos

= 2sin

COS

. C C
—2sin—cos—
2 2

] . C C
—2sin—cos—
2 2

A-B

C{ A+B}
= 2cos3 cos

C . A . B A . B.C
= 2¢c0S—<2sin —sSin— ¢ = 4sin —sin —sin —
2 2 2 2 2 2

(O). Since, E+ g = [900 - éj
2 2 2

tan [E + E) = tan (90O - éj
2 2 2

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

A B B C C A
or tan—tan—+tan—tan—+tan—tan— =1
2 2 2 2 2 2

¢
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23

249

25

(26)

@n

(B). We know,A+B=180°-C

. cot(A+B)=—cotC
cotAcotB-1

r ——————=—cotC
cotA +cotB

or cotAcotB—1=-cotAcotC—cotBcotC

or cotAcotB+cotAcotC+cotBcotC=1

sin2A +sin 2B +sin 2C

sinA +sinB+sinC

(A).

_ 2sin (A+B)cos (A-B)+2sinCcosC
sinA+sinB+sinC
~ 2sin C {cos (A —B)+cosC}
sinA +sinB+sinC

~ 2sin C {cos (A—B)—cos (A+B)}  2sin C.2sin Asin B

sinA +sinB+sinC

.A . B.C A B C
32sin —sin —sin —cos — COS —C0S —

A B C
4¢c0s—CcoS—CcoS—
A B
sinA+sinB+sinC = 4cosEcosEcos%

LHS= 85inésin§sinE
a 2722

(B). 4S = (3cosa + cos3a) + (3cos3a + cos9a.)

sinA+sinB+sinC

+(3cos5a +coslSa) +.....

= 3 (cosa+cos3a +cosSa +....... )

(cos3a+cos9a + cos15a +....

3sinna {a+(2n—1)a}
cos

sin o 2

sin 3no
+

os {30( +(2n-1)3a

sin 3o 2

g 3sinnocosnol  sin3no. cos 3na

4sina 4sin3a
sin 30 =sin6 or, 36 =mn + (-1)M0
For (m)eveni.e. m=2n,

2nm .
then 0= BN =nn and for (m) odd i.e. m=(2n+ 1)

T
or, 6=(2n+1) a1
(C). The given equation can be written as
1 1
3 (sin 8x +sin 2x) = B (sin 8x + sin 4x)

or, sin 2x — sin 4x
= —2sinxcos3x=0. Hencesinx=0orcos3x=0.

T
Thatis,x=nm(n € I),or 3x=kn+ 5 (kel).

2%

29
)

30

Therefore, since x € [0, n], the given equation is satisfied

o T T 5T
le—O,Tc,g,Eor?
(A).5secO—13=12tan6
or, 13cos0+12sin6=5

13 12 5

—  _cosO+ sin 0 = > >
V132 +122 13 +12

13% +122

or,

5 13
or, cos (0 —a)= ﬁ , Where coso= ﬁ

5
= +cos | ——+
0 =2nm =+ cos R13 a

5 13
= 2nm+cos! == +cos | —
§ V313 J313
5

13
T >
N N ST

then 0 €[ 0, 2x], when n= 0 (One value, taking positive
sign) and when n = 1 (One value, taking negative sign.)

1 —1

As cos™

T . T
(B). We have, tan (Esm 9} = cot [ECOS 9]

T T T
—sin 9} = [———cos 9]
tan ( > tan 25

T 9
Es1n9:rn+£ —5 cos0,reZ

= sin@+cosO=2r+1),reZ
1 . 1 2r+1
= — sinb+ —=cosb=—7—,reZ
NF IR 2
2r+1 7
= ,T €
V2

T
,re’Z= 6:2rniz +—,re’

K3

4
s s .

= 0=2rm,2rn+ E,re Z Butb=2rn+ E,reZglves

extraneous roots as it does not satisfy the given equation.
Therefore 0=2rn,r e Z
(D). Given equation is, sec 40 —sec 20 =2

1

" cos40  cos20

or, cos 20 —cos 40 =2 cos 40 cos 20

or, cos 20— cos 40 =cos 60+ cos 20

or, cos 60 +cos40=0 or 2cos50cosO=0
", either cos 56 =0o0rcos6=0

If cos56=0,then560=(2n+1)w/2

or. =2,c0840=0,cos20=0
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@31

(32)

33

34

35
(36)

or, 0=(2n+ 1) /10, where n € 1.
and if cos 0 =0, then 6 =(2n+ 1) n/2, where n € I.
obviously for 6=(2n+ 1) t/2and 6=(2n+ 1) ©/10, cos 20
or cos 40 are not zero
Hence 6 = (2n + 1)m/2, (2n + 1) /10 are the general
solutions of the given equation.
(B). The given equation can be written as
4sin® x + 4 cos* x = 4sinx cos x
or, (1— cos2x)%+ (1 + cos 2x)% =2sin 2x
or, 2 (1+cos? 2x) =2 sin 2x
= 1+cos?2x=sin2x or, 1+ 1—sinZ2x =sin2x
= sin? 2x +sin 2x =2
This relation is possible if and only if sin 2x =1

. (4n+Dmn

or, 2x=2nm+ I ox=m+-—= — el
) 4 4
1 . :
(O).Ifcotx>0 then =0 (impossible)
sin x

Now if cotx <0 then —cotx =cotx +

sin x
2cosx +1 1 [27:)
———— =0 =cosXx=— " =>cosXx=cos| 5

sin x 2 3
2n n 4n

X=2nm+ 3 ;neland 0 <x<2nthenx= Y

T b T T
T o . W
(D). sin n +cos n /2 sin (—211 4]

-[£+£) Jn
or, sin| 5+, XA

smce4 n 4 4 or n

or, L<£ <lor, 2<./p <242 or, 4<n<8.

V222
Ifn =1, LHS.=1, RHS.= 12

T

T
- P .
Similarly for n 8,s1n[16 4]7&1 S 4<n<8

(B). We know that sinf = 0, then 6 =nxn

sin20=0

or,20=nn ; nel
nw

6:7 5 nel

1 T b
(C). Ifcos O :E or cosO =cos [gj ; 0=2nm = ? ;nel

(B). If (sin 50 + sin 0) + sin30 =0

or, 2 sin 30 cos 20 +sin 36 =0

or, sin 30 (2 cos20+1)=0

Casel: sin30=0=30=nm ;nel

nm

=0= T ;nel
Casell: 2co0s20+1=10
1 27
= c0s20= 75 = co0s20 = cosT

T
:>9:mni§ ;mel

So the general solution of the given equation is

nmw i
0= ? and 0=mmn+ ?’ wherem,n € 1
(C). If 2cos? 0 + 3sin® =0
=2 (1-5sin0) + 3sin0=0
= 2sin?0 —3sin@ -2 =0
= 2sin%0 — 4sind + sin® —2 =0
= 2sin0O (sin@ —2) + (sin@ —2) =0
= (sin0-2)(2sinf0+1)=0
Casel:If sin6-2=0
sin9=2
Which is not possible because —1 <sin 0 < 1
Casell: If2sin6+1=0

=sinf=— 2 or, sinf = sin 6

-7
:6-nn+(—l)n[?] ;nel

:>9:nn+(71)n+1[%] inel

C). fcos0 — = 297(L\2
(O).If cos = 5 or, cos _L\/EJ

T s
or, cos20 = cos? Z :9:nniz ;nel

(B). 3 cos0+sin0 =+/2 (1)

this is the form of a cos0 + bsind = ¢

wherea= /3, b=1landc= /2
Leta=r cosa, and b = rsina

i.e., /3 =rcosa and 1 =rsina

thenr=2 and tano =

1 _r
5 so0=
Substituting a = /3 = rcosa
and b=1 =rsin ain the equation (1)

s0, T [cosa cosB + sinf sina] = /2

T

or, rcos(0—a)= /2 or, 2003[9— 6] =2

%5
or, cos 6) =

]
I51
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(40)

(1)

(42)

(G_EJ (E) T T
or, cos 6 =cos| 4 | or, 0-— 6 =2nm+ ) ;nel

0=2nm+ —+ = inel
=2nmE o+ oine

(A). - tan0 is negative

. O will lie in 2nd or 4th quadrant.
For 2nd quadrant we will select anticlockwise and for 4th
quadrant, we will select clockwise direction.

b 3n
In the first circle two values — Z and T are obtained.

T

Among these two, — ) is numerically least angle. Hence

T
principal value is — R

C). cos0 = = = [Ej-e—z £ nel

(C). cos fﬁfcos 4) 38 =2nmm 4,ne
on Tn

Putn=1, 6= T

7
- -
tan0=—1 =tan T ;0 :nnfz; nel

tn=1, 0= putn =2, 0
putn =1, _4spun_5 _4
The common value which satisfies both these equation

T

n
is [Tj . Hence the general value is 2nnt + ry

(A).sinx+cosx= 2
sinx = v/2 —cos x
sin? x =2 — 2+/2 cos x + cos? x [square both sides]
l1-cos?x=2— 2\/5 cosx + cos? x
0= 2cos?x— 24/2 cosx+ 1

a8 22

COSX

4 4 2
If _y2 th X—E or 7—“
COS X = 5 en —4 4

sinx+cosx:x/§ sinx+cosx=x/§

. T 7

sin— + cos—=+/2
4 4

V2 V20 5

sin£+ cosﬁiﬁ
4 4

V2 V20 5

2 2 2 2
22 _, 22 _,
2 2

43)

(44

45)

(46)

7

48)

49

(50)

The only solution is /4.

(A). 4sin*x +4cos*x = 4sinx cosx

or, (1 —cos2x)?+ (1 + cos2x)? = 2sin2x

or 2(1 + cos?2x) =2sin 2x

= 1+cos22x =sin 2x or 1+ 1 —sin?2x =sin2x
= sin?2x +sin2x =2

sin2x=1 or 2x=2nn+ g

n (4n+Dn
:x:nn+2=—

(nel
C
2 N\

(A). Area ofregion ABC = ET

1
Area of OAB = Erz.ze ) A - B

1 .
Area of OAC = Er2 sin® = Area of OBC

2
" lr2 sin6+lr2 sin@+1%0 = L

2 2 3
= 3sin0+30=nx
(A). 1 +cos x=|sinx |2 =sinx
cosx (1 +cosx)=0= 1+ cos x =0 is not possible
then cos x =0 = sin x = 1 Not possible

2 _sinB+
cos2a  cosP

cosf

©.

sin 3

2 2

08 20 —M: cos 2a.=sin 23

T
= cos 2o = cos [3— 23]

T
:2&25—2[3 =ot+tp=

&3

(B). Obviously, sin 20 = sin (%— 39]

=20="-30=50=—
3 2

L 0=182=
10
(D). — /25 <3sin® +4 cosd < +/25
[By the standard results]

or, —5<3sin6+4cosf<5
so the maximum value is 5.
(A).sin! (sind)=n—4

x>—kx+n-4>0y xeR
D<0iek*—4(n—4)<0

k? + 4 (4 — 1) <0, which is not true
(B). cos? (cos 0) + sin? (cos 0) + sin? (sin 0) — sin? (cos 0)

1 + sin? (sin ) — sin? (cos )
value will be maximum when, cos 6 =0 thensin6=1
. maximum value is 1 + sin?1

[¢
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(51) (B).tan C<0,= Cisobutse
A, Bare acute and A+ B <7/2 2 b . 2 :L:bzzﬁ
sinA sinB . 3w 1 J5
tan (A +B)= tan A +tan B 50 sin— f
an( )= I-tanAtan B
| ~tanAtinB>0= tan Atan B <1 c0s2A cos2B _1-2sin>A 1-2sin’B
InaAABC B7) B I 3 - 3
tan A+tan B +tan C=tan A . tan B. tan C a b a b
= () (H =<0 1 1 1 1 1 1
(52) sin x < cos2x ; cos x will be +ve proper fraction = TS St 5
sin?x +sinx—1<0 a® 2R” b” 2R a” b
12 5 sinA _sinB _sinC
[SinH_] S0 (58) (B).Weknow ——=——==— .. (1)
2 4
From the defination of logrithm. Given cosA _ cos B _ cos C @
sinx >0, cos x>0, cosx # 1 ’ b c
15 . A5 Eq.(1)
s1nx+zﬁ7:> 0<sinx < 5 Eq.(2) ;tanA=tanB=tan C
(53) (B). Only equality holds because sinzxi <1 = AABC s equilateral
1 1 1
1 NG 2 3 2
SO >1= _sin? in2 i Area= ~—a? =222 -3
sin2 . psin®xp gsin®x3  sin®xy _ oy rea 4 4
3 (59) (C).a[bcosC—ccosB]
= sin? xj=1=x; = E,_n (0,27) in given interval =(bcosC+ccosB)(bcosC —ccos B) .
22 =b? cos? C —c2 cos? B = b2 (1 —sin® C) —c2 (1 —sin’B)
S0, (X, X2, X4, oeeen
(X9 X3, Xg5 vovn0 Xp) (2 [ p2)
. . . T 31t 7b2 1l-——— —02 1-——
Every varible have two choice either 3 or > - L 4R2 J L 4R? J
So Number of solution 59 9.9
2x2% ... (n—1) times =201 _p2 b 2 €T o o
(54)  (C). cosec?0 (cos20 —3cos +2) > 1 4R? 4R?
0520 — 3cos0 + 2 > sin0 (60) (D). (61) (B). (62) (A).
2c05%0 — 3cos0 + 120 (63) (A).Let OP=tower
2¢0s%0 —2c0sH —cosO + 1 >0 then AB=30,AP=20,BP=15
2cos0 [cosO — 1]-1[cosq—1]1=0 >
(2c0s0—1)(cos6—1)=>0
cos 0 < ] 2 N
T2
(55) (A).Let a=6+2y3,b=43,c=+24, since ¢ is 5 b
smallest side, C is smallest angle
If 6 be angle of elevation at A
COSC_M_Q :>C:30° g
206 2 cosp 2 Q070’15 43 o 143
’ 8
Therefore tan C = 1/\/3. 22030 48
S
a1 1 n 3n
. A= —(tan 12+ tan —]: ——=— A
6 © " 2 3 " 4 4
and tanB—l:sinB—L y X
2 NG 64 (D).
60° 45° 300 60°
Q B A P
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(65)

(66)

(67)

(68)

(69)

InAAPS :AP=xcot60°=

Ng

& AAQR :AQ=ycot30° = yv/3
ABPS:BP=xcot45°=x

(70)

InABRQ:BQ=ycot60°= y\/5
- BP-AP=AB

X —x+/3=30m X(l—\/§)=30m
x=153+3)

(71)

Similarly, 30=y [f _%] L y=15V3

PQ=BP+BQ=x+-%

NG
=153+3)+15=(60+15y/3) m

(D). AB=h (cot 30° — cot 45°) = h (/3 - 1)
BC=h(cot45°—cot 60°)

Al

AB_3-1_ g

BC |

(72)

60°  45° 30°

&i-
@]
es/
>

\/g 11

(O).IfA+B=45
tan(A+B)=1
tanA+tanB=1—-tan Atan B
(1+tanA) (1 +tanB)=2
(D). Given : sin x + sin?x + sin’x = 1

sinx +sindx = 1 — sin®x

sinx [1 +sin?x] = cos2x

sin x [2 — cos?x] =+ cos2x
Squaring we have,

(1 —cos?x) (2 — cos?x)? = cos*x
or4 + cos*x — 4 cos?x — 4 cos?x — cos®x + 4 cos*x = cos
or cos®x — 4 cos*x + 8 cos?x = 4

(73)

iy (4

_sin(n6/2) cos (n+1)6

D
-5 sin (0/2) 2

T
=17. 0=—
n s 9

>

sin (17n/18)
= ———.cosm=—1
sin (1 /18)

(B). tanA+tanB=a,tanAtan B=b

tan A +tan B _a

. tan (A+B)= =
l-tanAtanB 1-b

(75)

(1-b)*
. cos?(A+B)= m

(D). cos 20° cos 40° cos 80° cos 160° cos 320° cos 640°
_ sinl1280°  sin200° 1
 64sin20°  64sin20° 64
(B). (1 —cot 1°) (1 —cot 44°)
=1-cot 1°—cot44°+ cot 1° cot 44°

cot 1°cot 44°—1

cot1°+cot44°

cot 1°+cot44°=cot 1°cot44°—1

1 =cot 1° cot 44° —cot 1° —cot 44°
From (1) and (2), we get

o (I=cot1°) (1 —cotd44°)=2
Similarly (1 —cot2°) (1 —cot43°)=2

Also, 1=cot(1°+44°)=

(1-cot22°) (1 —cot23°)=2
o (I=cot 1°) (1 —cot2°) (1 —cot 3°)....... (1 —cot 44°) = 222
. n=22

tan A nsin AcosA
tanA+tanB7 an A+

AATiaab l-ncos> A
1—tan A tan B

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

I-tan A 5
l-ncos“ A

_ sin A(l—ncos2 A) +nsin A cos® A
cos A(l —ncos? A) —nsin® Acos A

sinA -0 _ sin A
cosA(l-ncos* A—nsin®A)  (1-n)cosA

ma X
(B). (a+1)2 + cosec? ( +) -1=0

ma  mx
or (a+1)2 + cot? 5 T =0

from option [B] Ifa=—1 = tan’nx/2=0=x/2 €

(B). 4 cos?0—-2,/2 cosb—1=0
_2\228+16 _ V2146

0s0
8 4
\@+\5 i IR Y
= =0=—2n-——="+
cosd 4 127712 12
V6 -2
cosf = — 2

cos0 = cos(n—5n/12) ; cos(n+51/12)
0=7r/12;171/12

2tan x

2

(©). k=
1+tan” x

=sin2x = sin2C=sin2B

[¢
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But£C > 2B 28in 76°sin 16°+[sin 76°sin 16°+ cos 76° cos 16°]
2C=n-2B=B+C=mn/2 = ——
s LA=72 sin92
X _sin2n/3.cos6 +cos2n/3.sin6 _ 1—cos92° 2sin? 46°  ran 46° — cot 44°
(76)  (B). y sin0 T Tsin92°  2sind6cosdee | AnAac —cot
(81) (A).tan (5mcosB)=cot(5msin0)
l{x/gcose—sine} \/5 ‘0 1 ) ) (
=—|—————|=—cotb—— ... T )
2 sin 0 2 2 tan (57 cos 0) = tan [5_575 sin 9)
L X sinB.cos4mn/3 + cosO.sindn/3 SmcosO =nm + /2 — 57 sin@
Similarly — = o
z st . [211 + 1] 2n+1
—+ = — < <
. 3 (cosb + sinB) 10 =-1 1042 1
= - E - 7 cotf (2)
1032 -1 1072 -1
= - <n<
2 i xz+xy+yz=0 2 2
y z n= 14 for each ‘n’ there are two values of 0
(77 (D). W/10=0 . no. of solutions = 28
) (82) (D). A2 =170° hence 2sinA/2 > 0 now 340° lies in IV
25sin 6 (cos 0.cos20.cos40.cos86.cos160) .
E = g quadrant. Hence sinA < 0.
2sin® So 1+sinA < I —sinA. Hence B & C are rejected because
sin320  sin(300+260) T they give — values.
T 30sin6 | 32sin0 16°%70 Now we will check A & D.
A 1| sinA/2 + cosA/2 | + | sinA/2 — cosA/2 |
:—ivl—sinzn/lo ) —ve ) tve
16 —sinA/2 — cosA/2 + sinA/2 — cosA/2 = —2 cosA/2
(78 (O. sin 25°
m+n= a{(cos3a + sin3a) + 3 cosa sina (cosa. + sina) } @83) (O). .2sin35°.sin85°
m+n =a {cosa. + sina}>
14 m-n = a{coso — sina}> sin 25° . 3
(rn+n)2/3 = 323 (cosaL + sina)? = 2 [cos50° —cos120°]
add. (m—n)?3 = a23(cosa—sina)?
7 ZLZSin25°.00550°+lsin25°
=223 (2) = 2a23 4 4
cos(60+x)  cos(x —60) 1 1
. + + = —[sin 75° — sin 25°]+ —sin 25°
(79) (D).cotx Sin(60+x) | sin(x—60) p [sin 75° —sin 25°]+ 2 sin 25
_ c9sx ‘ SiIl(Z.X) _lsm750_l\/§+1_\/g+\/§
sinx  sin(x + 60)sin(x —60) =3 4 22 16
cosx  8sinX cosx =atb+tc=6+2+16=> a+b+c=24
osinx 4sin®x -3 b 3n n 9n
84) (B).|1—cos—]|I+cos—|| I+cos—]| I-cos—
. 2 .2 10 10 10 10
3 4sin” x cosx —3cosX +8sin” x cos x
B 4sin® x —3sin x T T 3n 3n
=|{l-cos—||14+cos—||1+cos—|| —cos—
; 10 10 10 10
3[3cosx—4cos” x|
= Sin x = 3 cot3x 3
= (1 —cos? l) [1 — cos? _ch
3[1-3tan® x] 10 10
3tan x —tan> x 2 2
sin2 T sinz 3n _(\/5—1\ (\/§+1\ _ 1
35in 76°.sin16°+cos 76° cos 16° B 107 10 16
(80) (A). Using 10 10 4 4 16

c0s 76°sin16° +sin 76° cos16°

[4
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(85)

(86)

@87

(8%

(C3))

90)

m tan (120°+
n tan (q- 30°)

m+n _ tan (q+120°) +tan (q- 30°)
tan (q+120°) - tan (q- 30°)

m-n

[By componendo and dividendo]

sin (q+120°) cos (q - 30°)+cos (q+120°) sin(q- 30°)

sin (q+120°)cos (q- 30°) - cos (q+120°) sin(q - 30°)
. +00°

_ s1n.(2q 90°) _cosq _ 2c0s2q
sin (150°) 1/2

(B). cos2x +asinx=2a—7
i.e.2sin?x —asinx+2a—8=0

atqa’—8(2a—8) _at(a-8)

4 4

sinx =

a—4

sinx = or 2

Hence -1 <(a—4)/2<1 = therangeofa
(B). p2sec?0 + p2cosec?0 = (Zﬁ )2 p?
1

= sin®0cos’ 0 A
2
230 1/2— (L} P cosecO
sin NG
g B
20=nn+m/4; O=nn/2+7/ P secb
forn=0 = 6=n/8;forn=1 = 0=31/8

T
©- tan§:\5_1 Sox=V2-1=x2+2x-1=0
b=2,c=-1
(B). tan15° =tan (45°—-30°)
1-tan30° 1-13 3-1  (3-1)?
T 1+tan30° 1+1/43 B+l W3+D)RB-1)

4-2V3_, i
2
(D). tan9° +tan81° — (tan27° + tan 63°) (tan9° + cot9°)
—(tan27° + cot 27°)
[ sin9°
- +

cos 9°] ~ ( sin27°  cos 27°]
cos9° cos27° sin27°

sin9°

1 1
~ §in9°cos9° B c0s27°sin 27°

(€3]

92)

93)

(CD))

95

(96)

2 B 22 2
sinl8°  sin54°

2x4  2x4 s+1-J5+1 | 16
T5-1 s+l | (S-Ds+) | 4

(O). If the equation

23sin2x + \/ECOS 2x = —a2 + 4a —9 has infinite solu-
tion then

—J23+2<-a’+4a-9<23+2

5<-a’+4a2-9<5

a?—4a+4<0and0<a?—4a+14

(a—2)2<0and0<a’—-4a+14=a=2
(B). tan 6° tan 54° tan 66°

sin6° sin (60°— 6°) sin (60° + 6°)
cos6° cos (60° - 6°) cos (60° + 6°)

sinl18° cos36°

=4

sin6° sin? 60° —sin? 6°

c086° cos? 6° —sin” 60°

sin6° [ 3—4sin6 )
cos 6° 4cosz6°—3j =tan 8

(B). Given that diameter of circular wire = 14 cm.
Therefore, length of circular wire = 14t cm
.. Required angle
= a_fczl“_P=7_P=Zp_1800 =210°
radius 12 6 6 p
(A). tan 100° +4 sin 100°

sin100° + 2sin 200°

sin100° + sin 200° + sin 200°
cos100°

cos100°

~ 2sin150°cos50° —sin 20°
Bl cos100°

_ cos 50 .—cos70 _ 2s1n69 .sin10 =_\/§
—sin10° —sin10°

(A). Let, cosecO +cot® =k = cosecO—cot0 = %

1
On adding, we get 2cosect =k m

1 1 1 1
2[x+—j:k+— k4 — —

or Ix k:>2X+4X k+k:>k 2X
(C). sinx + sin5x = sin2x + sindx
2 sin3x cos2x =2 sin3X cosx
2sin3x [ cos2x—cosx] =0
On solving we get x =nn/3

[¢
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L))

9%

99

1+ tan’ 0 _1+n

1-tan’® 1-n’

where n is a non-square natural number so

I-n# 0 = sec20 is a rational number.

(C). As, tan36—tan 20 — tan 6 = tan 30 . tan 20. tan0

.. 0=abtan30 =tan30=0

=tanf +tan20=0 = a+b=0.

(D). sin*A — cos* A = (sin?A — cos?A)

(sin?A + cos?A) = (sin?A — cos?A) which can never be
expressed as 1 + sinA

(A). sec 20=

(100) (C). m?—n2=(m+n)(m—n)

M

()

= 2tanq’ 2sinq=4sinqsinq

mXn= tan? g —sin’ O = sin® 0.sec> O —sin? O 3)
=sin’ 0 (sec2 0-1)= sin® O tan’ 0

~Jm’ n=sing.tanq

2 2

“m°-n°=4Vymxn

EXERCISE-2
B). InA ABC AC = BC ;
(B). In * sin5x  sin3x ’
a+p __a

sin5x  sin3x
In A BDN, (note that A BDC is isosceles)

a=2pcos2x @

cos2x -2 .
2p

Q)]
B a2 a/2 C
> - >
2pcos2x + 2pcos2x
From (1), P - P_ p'
sin 5x sin 3x
2 sin 3x cos 2x + sin 3x = 2 sin 5x cos 2x
sin 5x +sin X + sin 3x = sin 7x + sin 3x
sin 7x — sin 5x =sin x
2 cos 6x sin X = sin X
6)

1
cos 6x = 5 =x=10°

1 1
(C). Givencosx +sinx = 5 = 1+sin2x= 1

sin2x = —%3 2x €(m,2m)

= xe(n/2,1)=>tanx <0

2t 3
=77 = 8t=-3-3t =3 +8t+3=0
1+t 4
where t = tan x
_8%64-36 828

2x3 ’ 2x3

447
3

—(4++/7)
= or
3
(D). On adding and subtracting

~ 3—cos40+4sin 20 o 3—cos40—4sin20
B 2 Y 2
_ 4(1+sin20)—(1+cos40)
X= 5 ;
4(1-sin20)—(1+cos40)
v 2
x=2 (1 +sin20)—cos?20
cos?20
x =1+2sin26 +sin?20
x=(1+sin20)?

= x+\/§=2

tan(x—ﬂ).cos 3—”+x)—sin3(7—“—x)

t

(rejected)

X

; Yy =2 (1 —sin20) —

;y=1-25sin26 + sin220
;y = (1 —sin20)?

(D).

3 sin X.cos X

" x4 3 COS™ X -
—cotX.SInX+cos” X .
- : - SINX_ —sin’x
—sin X.cotx —sinx.—
sSin X

(D). Given equation can be written as

3 sin 0 - 4sin30 = 4sind sin 20 sin40

hence eithersin6=0 = O0=nn

or 3 —4sin%0 =4 sin 20 sin 40
3—-2(1-cos20)=2(cos 20— cos 60)

orl=—2cos 66

60— 2 —cos 2% ; 60— 2nm+ o
cos —*Z—COS 3 = N7 3

if 0 <0 <7 then total solution are

n 2n 4n Snm Tn 8=n . )
, 3,7,7,7,?,?,75 is 8 real solutions.
(C). tan 20° tan 40° tan 60° tan 80°
_ sin20°sin 40°sin 80° tan 60°
a c0s20°cos40°cos80°
NT=(sin 20° sin 40° sin 80°)

Here,

=
I57
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_m 20 (25in40°sin 80°) sin [n —S—TE) sin [n — 31 ] sm( T —1)
2 ’ 14 14 14
1200
_ sin20 (cos40° - cos120°) [ . 3m . n]z
= | sin—sin—sin—| ]
14 14 14
1. .2 1
= —sin20°| 1-2sin” 20°+— 2
2 2 (n n] (n 37t) [n 51tj
=4cos| ———|cos| ———|cos| ———
2 14 2 14 2 14
:lsin20°§é— 2sin? 20°Q—w—£ )
2 2 4 8 ( 3n 21 TE) ( i 2n 37:]
=| coOsS—cos—cos— | =| cos—.cos—.cos—
Now, we take D! = cos 20° cos 40° cos 80° 7 7 7 7 7 7
_ sin2’20°  sinl60°  sin20° 1 , s P
~ 23sin20° 8sin20° 8sin20° 8 :(—cosﬁ.cosz_n.cos“_n) _ _sin2°n/7
7 2sinn/7
3/8
*. Hence tan 20° tan 40° tan 80° = \/1_/—8 g
{ 0s0.c0820.¢08220.....cos 2" 10 = SIHH—:I
Therefore, tan 20° tan 40° tan 60° tan 80° = ﬁ \/5 =3 27sin®
T 3n St T on . 2
@ A cosﬁ+cosﬁ+cosﬁ+cosﬁ+cosﬁ :L[sm8n/7] :L
64\ sinmt/7 64
I T 27 T 221 (C)) ©). tan*x + cot*x + 1 = (tanzx - cotzx)2 +333
:COSH+COS ﬁ+ﬁ +c0s ﬁ+ 11 3siny <3 = tan?x = cot?x, sin® y =1
n 3.2n n 4.2% =tanx==1,siny=+1= x=xn/4,+31/4,...
B TR R CTR Butx?<4 =-2<x<2 = x=+n/4only

sing=+1 =y=+m/2,+31/2,..... Buty><4
Use cosa + cos (o +3) + cos (a. +2) = y=1+n/2 only . So four solutions are possible.
+..tcos(a+(n—1)B)
y

sinn—B
_ 2 os 20+ (n-1)B 1
=3 5 o—o
Smi (10) (A) 2n -n |0 & 2n *
-1 o—o
Herea=—, B= 2~ andn=5th
ereocfll,Bf T and n =15 then
co chl—i-cos?;l+cos?l+cosz—7lt+cos?71T R:Esing[cos 6 " E)
1. 1.
D A. = —sin—cos— = —sin— = ——
5 2rn i 2n . 5w 2 8 8 2 4 42
sin— X — —+4.— sin—
S § UPUORE S RS § I § A
Sinzl 2 sin © 11 S =sin? x -2 cos>x + 1 =4 sin?x + 8 cos’x — 4
2.11 1 =10 cos?>x +3sin’x~5=0
=10+3tan’x—5 (1 +tan?x)=0 (multiplying by sec? x)
lsinlo—TE sin(n—ij =2tan’x =5
211 1) _1 " S=tan’x=5/2
T 2 . 2 . . .
sin — sin — 2sin x cos 3x sin4x —sin 2x
11 T=cos2x————=cos2Xx ———
2sin 2x 2sin 2x
b 3n S sin4x —sin4x +sin2x 1
®) (A).Exp.=sin —.sin —.sin — ] — _
14 14 14 25sin 2x 2

[¢
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(12) (B). 1—sin’x+

3+1 3
sinx — 3 sinx + £ =0

2 4
4sin®x —2 f3 sinx —2sinx + /3 =0

On solving we get

B3

sinx=1/2 ; 5= (/6 ,57/6 ; /3, 21/3 ]

n

. -3 :
(B). Given that sin” xsin3x = »_ ¢, cos mx
m=0

3sinx —sin3x) . L
o |74 .smx-Zcmcosmx

(13)

m=0

3 .. . L. <
or g.(z sin 3x sin x) —§.2 sin?3x = Z €, COSMX
m=0

15)

3 1 <
or g.[cos 2x —cos4x] —g[l —c0s6x] = Z Cpy COSMX
m=0

1 3 3 1 o
or —§+§c052x—§cos4x+gcos6x: Z C, COSMX -

m=0

Comparing, we getn==6.

sin(O+a) 1-m

(14) =
cos(@0—a) 1+m

(A). Given

. sin(O+a)+cos (0—-o) 1-m+1+m
sin (B+a)—cos (6—a)

l-m—-1-m

[by componendo and dividendo] (16)

sin (0 +a) + sin [g— (9+oc)}
or = =—-—

sin (0 + ) —sin B—(ew)}

17

0+a+=—0+a O+a——+0-o

2sin cos 1
or 2 2 £
0+a+——0+a

2cos sin
2 2

0+a——+0-a
2

(T s
sin (—+0L) .CoS (9——]
4 4 1

or =

b4 . b m
cos[—ﬂx).sm(e——]
4 4
T T 1
or tan| —+o |.cot| 0——|=——
4 4 m

or —tan|—+o |.cot| ——0|=——
4 4 m

[ cot (—0) = —cot O]

T T
or m=cot (—-i—oc].tan [——9]
4 4

n (® T
or m=tan ——(—+oc) .tan[——ej
2 \4 4
i i
=tan(——oc] tan ——9]
4 4

< 1
(B). We have x = z cos”" o= ——— - =¢os ecz¢
=0 1-cos” ¢

and y=> sin®" ¢ = ——= sec? ¢

=0 1-sin” ¢

o0

and z= Z cos?" psin®" ¢

n=0

1 1 Xy

B 1-cos? psin? ¢ ) 1-1/xy B xy—1

= XYyZ—Z=Xy = XyzZ=Xy+z

(B). Given that diameter of circular wire = 14 cm.
Therefore, length of circular wire = 14t cm
.. Required angle

arc _14p _7p 7 180°

=———=——=—=—p. =210°

radius 12 6 6 p

(B). We have tan = 5%
1-xcos¢

1 . 1 sing+ tan©
— —tanB—tanBcosd =sinp = —=w
X X tan 0

nd fang =220

[¢
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(18)

19

20

@1

in0 1 .
:tan(I):L:—tan(I)—tan(I)cose =sin0

——cosO
y

1 . 1 sinO+tandcosO
——tan¢ =sinO+tanpcosO - 1 _sin0+tangcosd
y tan ¢

X tan© sin0 + tan ¢ cos 6
Now —=| = x
y |sin¢+cosptan® tan ¢

. sin
sin 0+ cos O ¢
_ tan@ cos ¢

sin©
tan¢ sind +cosp——

cosO

sin 0

sin ¢

_ tanOcos0

" tan dcosd

(A).Let A+B=06 and A-B=¢

k tanA
Then tanA=ktan B or —= =
1 tanB

Applying componendo and divdendo

sin(A+B)
“sin(A-B)

sinAcosB

cosAsinB

k+1 sin©

k-1

smAcosB +cosAsin B

" sin AcosB—cosAsinB sin ¢

k+1
sin@ = sin
= g tne

(B). k=a(say)
ksinx+(1-2sin2x)=2k—7

= 2sin’x-ksinx+2(k-4)=0

: k+\/k2—16k+64
= sinx=

k+(k 8)

1
=2 (k=4).2

sinx#2 .. <1= 2<k<6

(C). y=(7cosb+24sin0) x (7sinB—24 cosO)
rcos¢=7; rsinp=24

2=625; tanp=—

y=rcos(0—¢).rsin(0—¢)
2 2

= % .2 sin (0 ) cos (0— ) = % (sin2(0—¢))

252 625
Ymax ~ T - T
(B). 2 [25in5° sin55°] sin65° = 2[c0s50° — c0s60°]sin65°
= 2¢0s50° sin65° — sin65°

in (115°) + sin15° —si 650—@
= sin( ) +sinl15° —sin65° = 2

3n
22) (B). ‘——— 4 possible x are
m x_m 3 B
4 252 4 22 2 2
BP0 sini—cosiz(sini—eosi)2
4 2 54 2 2
Ty 2® factorssin — — cos—~ =0
2 4 2 2
. X X
or sin——-cos—=1
2 2
only circled angle satisfy one of the above equation when
n=1,2,4,5
3
23) (A).E=7( +¢0520°) (1 +¢cos100%) (1 + cos1400)
3 2100 2500 2700
52005 10" . 2c0s<50" . 2 cos“70
=12(cos10° cos50° cos70%)2 =12 x 32
64 16
249 @B).(a-p)=0O-p)-(0-a)
cos(a—B)=cos (0—P) cos (6—a) +sin(0—P) sin(60—a)
2 2
y X X y
cos(o — ==+ J]l-—— ., 1-=
(a—P) b2 \/ 22 \/ b2
A2
Xy X y
— — cos(a— =|l-—| |-
=[5 -] -3 1)
2.2
X'y 2 Xy
+ cos” (a0 —P) — —= cos(a
= a2b2 ( B) ab ( B)
BTG SO b
b2 a2  aZp?
2 2
XY 29 s0-B) = sin?
=5 +b2 ab cos(a—P) = sin? (o —P)
sin(e+PB)+sin(a—B) p+q
(25) (A). = o T
sinfa +B)—sinfla—B) p—q
2sinocosB  p+q
2cosasinfB  p-q
pP+q
tano - cotB=__
pP—q

—
I60
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(26)  (A).a?+b2=c2=4r2 =cos5°(1-1)=0
. | — 2 30) A
also —a-b:—]z x sec?0+ysecO - tan @ = 2
2 1+t xtan2@ +ysec O - tan 0= 1
9ab = 2mr? - — _
from (1) and (2)
x=1
2 2
a’+b” 2 a,b_18 sec O +ytan =2 cos 0
9ab n b a = ytan 0 =2 cos 6 —sec O
Let m/BAC=x 2
5 ) 2cos“0-1 cos26
cosx sinx 18 cos“x+sin“x 18 e S
—+ =— o> = cosO-tan®  sin0O
sinx cosx ® sin X -cos X T
. G (A
= sinx~cosx:§ ; sin2x:§ 2sin?0 — 5sinf +2 >0
en @ = 2sin0 —4sinO—sin0+2>0
’ in —2)(2sin6—1)>0
S=25in2°+4sin4°+......+ 180 sin 180° (sinf ~2)(2sin0-1)
S=2[sin2°+2sin4°+3sin6°...... + 89 sin 178° ] .l 1 :
S =2[89 sin 178°+ 88 sin 176° + ...+ 1 - sin2°] -1 0121 2
—1<sinB<1/2
2S=2[90(sin2° + sin 4° +sin 6° + ...... +sin 178°)] 51/6 /6
. (n6 W
- (7] (n+1)0)  90sin(89)
S=90- sin( j = - -8in 90°
. 2 sinl
sin—
2 = (A)]
S=90cot1° (32) (C).Since cosx=tanx = SmE , the angle x is in the
90cotl cosx
average value = 0 - cot 1° first or second quadrant. Now cos“x = sin X.
) Thus sin x is non-negative and substituting
28) (B). Draw diagonal AC. ] cos2x = 1 —sin?x in the second equation result in
Let x be the length of the side of the square sin?x + sin x — 1 = 0. The only non-negative solution of
x=10cos 15° 5
x*=100 cos15° this equation is sin x = — l; >
G =
D C 33) (0).AB=3
\/(200575°—sin 0)? +(2sin 75°—cos0)* =3
. J4+1-4sin(0+75°) =3
A B 5—-4sin(0+75°)=9 = sin(0 +75°)=-1
0+75°=270° = 0=195° Ans. ]
2 cos215°=cos 30°+ 1 (34)  (B).x3sinZxt2_yl12
(G ) | I
X2 =100 cos?15°=50| = +1]=25 2 ++3) = | (3sin2x+2)=7 | logx =0
29) A). =3sin2x+2=-1/2= sin2x=-1/2
€08 5°+ (cos 77° +c0s 293°) + (cos 149° + cos 221°) oL nn T
c0s 5°+2 cos 185° cos108° +2 cos 185° cos 36° 2x=nn+ (D) Tg) = x= 5T (_1)HE
c0s 5°—2 cos 5° cos108° —2 cos 5° cos 36°
cos 5°[1 +2(sin 18°—cos 36°)] 35) (D). 2 (cos2x—sinx—1)=1+2sinx
((ﬁ_l)_(\gﬂ)\ J2 (1-2sin?x—sinx—1)=1+2sinx
cos 5° 1+2 4 J

- 2\5 sinx — \/5 sinx =1+2sinx

B




SOAL

ODM ADVANCED LEARNING Q.B. SOLUTIONS STUDY MATERIAL: MATHEMATICS
242 sin?2x+(2+ /2 )sinx +1=0 89 1 (tan n°)?
J2 sinx[2sinx+1]+2sinx+1=0 :n=1 1+(tann°)2 1+(tann°)2

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

sinx=-1/2 or sinx:—l/\/i

7 lx sz 7n

?5 ?7 4 b 4 b
(A).2sin’x=1+cosx ; 2 cos’x+cosx—1=0

Sn 5w

, T, = butx=mand

3™ 3 3

sum = 6t Ans.
(39)
(36)

1
= cosng or—1 =>x=

. T
arerejected = x = 3

2tan(x/2)-cot(x/2) (1 ~ tan’ (x/2)) tan (x/2)
1-tan? (X/Z) - 2tan(x/2)

(37 (A).2+

=0

_ 2
1 +1 tan” (x/2) _

2+ 3
1—tan“(x/2) 2

0

T

EZE and T | xzmor 2n
X X

4 [l—tam2 —] [l—tan2 —j =
> +4+ 5 0

X
lftanzz =y

y2+4y+4:0
(y+2)?=0 >y=-2

) X T
l-tan— =-1; =nn+ —

2 2 3

21
= x=2nn+ T’ neN

1 1 1
+ +

1+(tan1°)?  1+(tan2°)> 1+ (tan3°)?
1 1

38 B).S=

+ 2 + 2
1+ (tan88°)° 1+ (tan89°) (40)

reversing the sum

1 1

- 2T 2
I+ (cotl1®)” 1+ (cot2°)
1

+ 2 + 2
1+(cot88°)% 1+ (cot89°)

89 1 1

25= 2

n=1

2t 2
I+ (tann®)” 14 (cotn®)

t 2 t 2 t
= 6tan—+3-3tan " —=4+4tan“ " —=1+1+....+1=89
2 2 2

.. S=445
1-t
: 1
(A). Using cos2a = 2
I+t
1-t5
where t; = tan o and cos 23 = 2 wheret, =tan 8
1+t

we have

(t—tf) (t—t%)
10()3—10()2—2 10()3—10()2—2
1+t 1+1t5

1003(1+ t7)—1002(1—t7) . 1003(1+ t3)—1002(1-t3)
N (1+t7) (1+13)

a+ 2005t7)(1+2005t3)
I BN R e

1

2,2
5% = %005

. 1

ven tt, = ——

N TS

1+2005(t7 +t3) +(2005) t7t
1

1+t12 +t§ +——
2005

Hence

~ 142005(t] +t3) +2005

1+t12+t§+L
2005

2005 LH% +t3+1
2005
} =2005

1+t12+t%+—
2005

B).
P=2sin2°+4sin4°+65sin 6°+
P=178sin2°+176sin4° +

+178 sin 178°
+2sin 178°

2P =180 [sin 2° +sin 4° + sin 6° +

sin 89°
=90 |——

sinl
- \/1+cot21° _cosecl® secl®

90cot1°  90cot1®° 90

+sin 178°]

. P
sin90° | =90 cot 1° = — =cot1°
} cotl® = 90

which is irrational.

2
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1)

(42)

(43)

(44)

45)

(46)

S-2 is not the correct reason as tan 60° is irrational but .
sec 60° is rational. cosx=0=>x=— E’
(D). Statement-2 is true.

;cosPx=1+sin2x = x=0

T
2
>

Statement-1 is false because [sin x] =1, if x = /2 (- LHS<Tand RHS>1)
(C).7cosx+5sinx=21+1 T 0 T
o X=—-7,U,—
|20 +1|<4/49+425 = |20 +1|</74 22
_J74 £2k+1£\/7—; (b) \/ECOSGCZOO—S(?CZOO
_86S 27\. < 76,_48S7\.£38 \/§ 1 \/§COS200_Sin2OO
A=-4,-3,-1,0,1,2,3  §in20° c0s20°  sin20°cos20°
acos 0+ bsin 0 =c has no solution if |c|>\/a2+b2 (3 o 1. o\
2k—cos20 ——sin20 )
' B 2 2  4c0s50°
yoanis sin 20° cos 20° sin 40°

A
(c)4 cos36°—4 cos 72°+4 sin 18° cos 36°

sin 2 (\/§+l (\/g—l\ (\/5—1\(\/5-{-1\
@l R S i e v L

sin 1

|\ » X-axis
n2 23 =5+1-/5+1+1=3
(B). Statement 2 is true as cos 0 > sin 0 for 0 < 0 < n/4 (d) cosecx =1+cotx
Statement 1 is true if cos® 36° > sin 36° 1 sinx+cosx

or if 1+ cos 72°>2 sin 36° =2 sin (30° + 6°) = sinx +cosx =l and sinx#0

or if 1 +sin 18°>2 (sin 30° cos 6° + cos 30° sin 6°)
or 1+2sin9°cos 9°>cos 6°+ 2 cos 30° sin 6° [ TE] 1 b
s cos| x——|= ok
which is true because P 4
1> cos 6°, sin 9° > sin 6°, cos 9° > cos 30°

sin X sin X

:—21r+£,E
44

Statement 1 is also true but follows from Er— B T T )
cos2 36° > sin 36° which does not follow from = X:_T’E L X_Z € _ZK_Z’ZR_Z
c0s 36°>sin36° as0<cos 36°<1

A). 47n o).

1 b4
2 _
tx|=cotx+ Ifo<x< —=cotx>0
(a) 3+{—1+CZS X}+[%sin2 }—3 (@) ]cotx|=cotx sinx ’ =5

1 1

. =
Sin x S x

So, cotx =cotx + =0 no solution

(b)N= sin? o+ cos (g— j.cos [§+a)

T
If —<cotx<m, —cotx =cotx+
2 sin x

1
:sin2a+coszﬁ—sin2a=—
3 4 2cosx 1
- +——=0
1 sinx  sinx
. 5+log,N=5+log, —=3
0g, og24 .
1+2cosx=0andsinx#0=x=—
. . . 24 +1 3
(c)6cosx+8sinx=24+1 Le. sin (x+0)=—r (b) Since sin ¢ +sin @ = 1/2 and cos 0 + cos ¢ =2
has no solution.
20 +1 11 9
-1< <l -—<A<= 5 T T
10 2 2 (c) sin“ o +sin g—oc sin §+0c

Number of integral values of A is 10.

(d) Least value of 3sin?0 + 4 cos?8 is 3.

(B). = sin
(a) cos’x +sin*x =1

cos’x = (1 + sin?x) cos?x

cos x =0 or cos”x = 1 +sin®x

2T 2

2 ——sin“ o =
3

o +sin

2
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(d)tanO=3tan ¢
tanO—tan¢  2tan¢
l+tanOtand 1+ 3tan? ¢

tan(0—¢)=

2
= — . Maxift >0
cot¢+3tand axiftan ¢
th+3t
cotg+3tang 5 M0 5 3 (UsingAM 2 GM)

1
(cotd+3tan§)’>>12; tan? (0—¢) < 3

(48) (A) (49) (C) (50) (O)

(1)

(2 sin x — cos x) (1 + cos x) =sin?x
= (1+cosx)[2sinx—cosx—1+cosx]=0
= (I +cosx)(2sinx—1)=0
=>cosx=—1 orsinx=1/2
sosina=1/2[as 0 < a<n/2]

=cosa =+3/2 .. 1)
3 cos?x—10cosx+3=0
=3 cosx—1)(cosx—3)=0
=cosx=1/3ascosx#3
. 2+4/2
So, cosp=1/3, smB:T\/_ ........ )

and 1 —sin 2X = cos X — sin X

= sin?x + cos?x — 2 sin X cos X = cos X — sin x

= (cosx—sinx)(cosx—sinx—1)=0

= Either sinx =cos x :siny:cosyzl/\/z ........ 3)
or cosx—sinx=1=cosx=1,sinx=0
cosy=1,siny=0

So that cos a + cos B + cos y can be equal to

NCJ U BN £}

1
) \/5 or > +3+1

36 +2V2+6 3348

ie. —6\/5 or 5

sin o + sin § + sin y can be equal to

1+2J§+ 1 1 242

= - —+—+0
2 23

2 3
o 3W2+14 31402
ie. —6\/5 or —
and sin (o —f) is equal to

113 22 1-2V6

sinacosB—-cosasinf=—-x———
2 3 2 3 6

P
(A).tanA+tanB+tanC=tanAtan B tan C = E

2p
. tanA+tanB+tanC +tanAtan B tan C = ?

(52)

(53)

(4

(55

(56)

(7

(38)

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

sin Asin BcosC + cos A sin Bsin C + cos Bsin Csin A

cosAcosBcosC

sin B.sin(A +C) + cos BsinCsin A
q

1-cos® B+ cos Bsin Csin A
q

1+ cosB (sinCsin A —cos B)
- q

I1+cosBcosCcosA  1+q
- q q
S.tanA+tan B +tan C +tan Atan B

I+p+q

+tan Btan C+tan Ctan A=

(C). tan?A + tan?B + tan?C = (tan A+tan B + tan C)?
—2 (tanAtan B + tan B tan C + tan C tan A)

p)’ (1+q) p*-2(+q)q

(p)
:Lq) _quJ_ q°

-2, _p’-2¢°-2q
q’ q’

(D). Angle subtended by two consecutive marks at
centre = 30°. Hence at half past 4, is the angle is 45°.

1
(A). Distance covered in 1 second = 5 [27:.5) =5mm

5
Distance covered in 1 hour = T4 60x 60 =56.52
1000 .
2 AN\

(A). Area of region ABC = % ‘\
Area of OAB = Er2.26 -1’0

1 .
Area of OAC = Erz sin® =Area of OBC

2
L2 sin9+r29=% — 3§in0+30=n

. —r°sin0 +lr2
2 2

(C).b—x+c—y+a—z=bsinB+csinC+asinA

c a b

2 2 2
:b+C—+a ~ k=2R

2R

1 1 1 2 p2 2 2 12,2
(C).—2+—2+—2= a2+ 3 02 :u

x° y© z° 4AT 4A° 4A 4A2

—
184
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cost A+ cos B+ cotC B) 9.sinx=1 or sinx=—1/2
~n Tr 1ln T

(9

M

()

(€)

)

R
= e b2+c2-a2 +c2+a2-b2+a2+ b’ - c?)
anc

R ., ., R [4a7 4n’ 4a?) ©
- + + _
aC(b c“+a%) sz 2 sz

csinB+bsinC X+ X
(D)'z X ’z X =0

EXERCISE-3 )
4. tan 9° + cot 9° — (tan 27° + cot 27°)

1 1 2 2

sin 9° cos 9° B sin27°cos27° sinl&° B sin 54°

72_2_8_8
«/5—1 \/§+1 \/g—l \/§+1

4 4 ®

4

C8(S5+D-8(5-1)
B 4 B )]

2. 4cos’ [%—%} + \/4sin4 X +sin’ 2x

=2 [1+cos [g— x)] -1-\/(1—0052)()2 +sin? 2x

= 2(1+sinx)++/1—-2cos2x +1
= 2(1+sinx)+4/2 (1-cos2x)

=2(1+sinx)+2|sinx|=2+2sinx—2sinx=2
cos?x (1 —4 sin?x)=0
cos?x=0 or sinx==+1/2

10

n 3n n St Trn llxm

T Y6 6760 6

11
. ) . Q1))
10. 1-sina

l+sina
2 2 4 4
= = +

1-sin*a l1+sin*a 1-sin®a 1+sin®a

8 8 &x5
16 = = :1
l—sin " a 1—(1/5) 4

X = ) ) ..
26 6 S 2
294.tanx +tany =42 and cotx +coty=49

tanx +tany
ty) =T + =
tan(x +y) - tanxtany’ now, cotx + coty =49

1 1 tan y + tan X
+ =49 —— =
tany tanx -tany

tan x

tanx+tany 42 6

tanx - tany = 49 49 7

42 42

= e T 17

k
2. 1+sin2x+ Esin2x:1
k
sin 2x 1"‘5 =0 for this to be an identity
1+k
~ =0=k=-2
2

27.—sinx—cosx+sinx+ 18 cos x +cos x+ 9 sinx
18 cosx+9sinx=asinx+bcosx

s.a=9, b=18 . a+b=27
11.Let S=co0s0°+cos20+cos40+.......... +cos 100
2 sinf - S=25sinb [cos0+cos20+.......... +cos 100]

=sin 0 +sin ® = sin30 — sin O = sin50 — sin30
=3sin70 — sin50 = sin90 — sin70 = sin116 — sin90

2sin6 - S =sinl 10 + sind
2sin6 - S =2 sin60 - sin50
_ 2sin60cos50  sinnOcosmO
~ 2sin®
=—n=6andm=>5
12. f(x)=asin’x+b
f (x) has a maximum value of 8 which occurs when

sin©

sin2x=1 ..a+b=8 (1)

Illy f(x)hasa minimum value of —2 which occurs where
sinx=0 ..b=-2 (2)
from(l)and(2), a=10; b=—2= a-b=12

28.Letn/16=0
tan20 + tan30 + tan250 + tan270
= (tan% 0 + cot? 0 ) + (tan%30 + cot230)
[ Note that tan76 = tan(86 — 0) = cot0
and tan56 = tan(86 —30) = cot30 ]
= (cotf — tan0)? + (cot30 — tan30)2 + 4
=4 [cot?20 + cot?60] + 4 =4[ cot?20 + tan220 ] + 4
=4[ (cot20 —tan20)% + 2] + 4
=4 (cot20 —tan20)2 + 12
=4.4cot?40+12=16x12+12 =28

[#
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STUDY MATERIAL : MATHEMATICS

-2
|—cosa— s1n2(a/2)
a2 6 cos”(a/2)
sinz[g)
2
sin? (3] 2cos? (E) -1
3 2 2 B 2cosa
sin’ [E) cos’ [ij 1+cosa
2 2
k=2;w=1;p=1 =Kk +w+p?=4+1+1=6
()
ZL\/gJ c0s20° — sin20°
Y
13 4. sin20°  cos20° sin 40°
2
_ sin80° +5in40° — sin 20"
sin 40°
2
B 25in30° cos 50° + sin 40° 4
sin 40°
2
a4 1. ZcosA =—a; ZcosAcosB =b
and HcosA =—cC
now (cos A+ cos B cos C)?
= (Z:cos2 A) +2 (ZcosAcosB)
. cos2A + cos?B + cos2C =a?-2b
1 -2 cos A cos B cos C = a2 —2b?
1-2c=a2-2b% =a?2-2b-2c=1
(15) 9. Note that C must be largest
a’+b>-c* (157 +(28)°-@@D* 4
cosC=""7b 21528
Hence sin C =3/5
B
N
%15 |h
A
=28 C D
. . 3
now h=asin(180-C)=asinC=15"- 5 =9
(16) 3. RcosA= 2RcosBcosC

(C"M = ON = distance of orthocentre from the side)

5

an

(18)

19

cos(B+C)

" cosBeosC 2(ON=2R cosB cosC)

cos BcosC —sin Bsin C

=2 (CB=R)

cosBcosC
l-tanBtanC=-2 ..
s(s—b) s(s—c) (s—a)

B
2.cot— -cot— = : :
co 2 co 2 A A s—a

tan Btan C=3

S 2s

s—a:2s—2a

but giventhat a+b+c=4a = 2s=4a

Hence cots -coto =42 =2
ence cot—- - cot— _Z_

1
9. A:A1+A2:E ab sin C

“avin Cons €
=a SIHZCOSZ A
Lo CL L o L1
= — — 4+ — —_ —_ =
2 SlI'l2 2 asm2 :>a b 9

5. AD = %\/sz +2¢% —a?
2 . .
=AO0= EAD (where O is centroid)

— AO= %\/sz +2¢2 —b?

Il
a2 a2
1
Similarly, BO= 3 2¢2 +2a% - b?

Z AOB=90° = AO? + BO? =AB? = a? + b% = 5¢?

—
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sin20=—1orsin20=1/2; cos 20 =0 and sin 20 =—1
B-C 2si B+C B-C
cos . sin 2 cos > sinB+sinC 29__£ 9__5. Ze_i\/g . 1
20 6. B+C sin (B+ C) sinA =TTy DT Ty sl smAuE G
2
o BT _ g ®5® . mom 5w
CoA =P TV TR T
cos—— . .
Similarly, 2 _sin C.+ sin A 2.
C+A sin B
cos 1 1
2 3 - 3
4cosze+1+5sin26 2[1+cos29]+1+5sin26
A-B
cos 2 _ sinA+sinB 1
and A+B  sinC lies between — to — . Maximum value is 2.
cos — 22
Maximum value of 1 +4cos20 + 3 sin § cos 0
A I+M+isin26: 1+2+200526+Esin26
2 2 2
2 3 :3+200329+2sin29:3— 4423231
Ne 2 V' 272
21 3.
B C line 1 . 1 .
> Pe e So, maximum value of is 2.

22

23

'y
v

(s—b) (s—0)

s(s—a)(s—b)(s—c)

(PB) (PC)=(s=Db) (s—¢)= s(—a)

AA A
= =T. (r=
s(s—a) s(s—a)

s—a A-a S
2(5-)
2
3. (ytz)cos306—(xyz)sin30=0 ... )
(xyz) sin30=(2cos 30) z+ (2sin30)y ... )]
(y+2z)cos30=(2cos30)z+ (2sin36) y
=(y+2z) cos 30 +ysin 30

y (cos 30 — 2 sin 30) =z cos 36 and

y(sin 36 —cos30)=0

= sin 30 — cos 30 =0 = sin 360 = cos 36

oo 30=nn+m/4

3.tan 0= cot 50 = cos 60 =0 ; 4c0s320 — 3 cos20 =0

3
=¢c0820=0 or+ - ; sin 20 = cos 40

= 2sin220+2sin20—sin20—1=0

4cos’ 6+1+%sin26

2n . W
2cos—sin—
n

n__1
. m . 3m . 2m
sin —Sin — s —
n n n
. 4n . 3nm 4n 3n
sin — =sin— ; —:(—l)k—+k1t, kel
n n n n

T 1 .
Ifk=2m= o= 2mm ; o 2m , not possible

Ifk=2m+1= 2" @m+1)x =n=7,m=0
n

EXERCISE-4

(C).cosx+cosy+cosa=0 andsinx+siny+sina=0
- cosx+tcosy+cosa=0

X —
X+y cos 2}’

= 2 cos +cosa=0

X —
X+y cos 2}’

andsinx +siny +sina=0

= 2 cos

=—CcoSC0 (1

X+y cos X-y

= 2sin +sinoa=0

[+
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Q.B. SOLUTIONS

STUDY MATERIAL : MATHEMATICS

()
(€)

)

®)

X+y X—-y

= 2sin cos 5 T sinat . 2)
Dividing (1) by (2) we get

cot 2 — cotor
(A).cos 1°.cos2°.cos3°......... cos 179°=0

{*. in between then cos 90° occurs value of cos 90° =0}
(B).tanx +sec x =2 cos x where x € [0, 27]
-+ In the equation tan x and sec x is given

T
.. both are not define at x=(2n— 1) 3

Soxz=E2,3n2 {0 x €[0,2n]}
Now tan x + sec X =2 cos X
=sinx+ 1 =2 cos?x
=sinx+1=2 (1 -sin?x)
2sin?x +sinx—1=0
(2sinx—1)(sinx+1)=0
2sinx=1 orsinx=-1
sinx=1/2 or x=37/2 {Notpossible from (1)}
x=T7/6, S1/6

.. total no. of solution in [0, 27t] are 2.

(A).tan 50 =cot 20

= tan 50 =tan (/2 — 20)

= 50=nn+(n/2-26)

= 70=nn+m/2

{*- tan ® =tan o = 0 =nn + oo where n € N}
0
AN

©).

A a2 C a2 B

R
From A OAC cosec (m/n)= ——

a/2
a T
= R= —cosec [—] ........ )
2 n
and from A OCB
cot [ Z) = o r=Leor
B P T e ?2)

.. Fromeq. (1) and eq. (2)
T 3{1+cos(n/n)}

a T a
R+r=—cosec—+—cot— = ;
2 n 2 n 2| sin(n/n)

a 2cos? (/2n) a -
~ 2| 2sin(n/2n)cos (n/2n) | ECOtZ

{1 +cos 0 =2 cos? (6/2) and sin 0 =2 sin (6/2) cos (6/2)}

(6

™

®

(D). AD=4
ZDAB=r1/6
Z ABE=1/3

-+ G is centroid

", it divides AD in the ratio
of2: 1 and AD =4 (given)
.. AG=8/3 and GD=4/3

9 H—p .
n BG (nj
—=——=BG=AGtan| —

Nowtan6 AG 6

8,18 1

"3 3oy M

. 1 AD xBG 1X4><8 16

. = —x X =—X—==—F=
.. Areaof AABD 5 B 3\/5 3\/5
...... 2)

2x16 32
. AABC=2AABD= =7

{* amedian divides A into two triangles of same area}
> A 3b

C
(B). acosz—+ccos —_—=—
2 2 2

c( s(s—a)\2 _3b

( s(s—c)\2
*

ab be 2
'.'cosgz S(S_C),coséz s(s=2)
2 ba 2 be
a.s(s—c)+c.s(s—a)_&
ab be 2
s 3b
:>E[s—c+s—a]=— {*» 2s=a+b+c}
S 3b S 3b
—[2s—a—-c]=— —[a+b+c—a—-c]=—
:>b[ ] ;= [ ] 5
sxb_& s—&
% 2772
a+b+c 3b
727 =atb+c=3b=atc=2b
c.a,b,careinA.P.
(C). sides of A are sin o, cos a )
and /I +sinocoso and sino. CosaL.
O<a<m/2
o 0<sina<l1
0<cosa<l

but \/1+sina.cosa >1 J1+sino cosa
1argest side 1+ sino.coso

and we know angle opposite to largest side is greatest.
Let greatest angle is 6

=
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(C)

(10)

( TRIGONOMETRY ) Q.B. SOLUTIONS
1
c0s20c+sin2oc—(\/1+sinotcosoc)2 )
C.cos0= -
2sino.cosa
_ 1-I-sinacosa
2sinocosa
A
¢ b 2,2 2
( COSA=b +c“—a |
2bc
B a ¢
1
cosf0=—-—=0=120°
2
A ee Q1 + 1 — __21
(A). "~ sino+sinp= 5
Squaring both side we get
.5 .5 . . 441
sin“o + sin“P + 2 sin a sin B = 7 e )
(65) 12)
d + i
and cos o+ cos B = 5
Square both side
’ ) 729
cos“o. + cos“3 + 2 cos a cos § = T e )]
(65)
Adding eq. (1) and eq. (2) we get
sinZo. + sin?p + 2 sin o sin B + cos2a + cosB + 2 cos a a3)
8 441 N 729
osBp=———
(657 (69’
=2+2( B +si in B) 1170
COS QL COS sin a sin B) =
(65)°
=2+2cos(a—P) 170 =2[1+cos(a—B)] 170
cos(a—PB) = cos(a—P)]=
65)° (65)*
o- 1170 o— 1170
= 2.2cos? b = 7 = 2 0P = 3
2 (65) 2 4.(65)
,o-Bp_ 9 a-p ___3
= cos > " 130 = cos > = 30
< 3 B2B 3
{"nm<a-B<3m.. > 5 > }
h
. tan30° = ——
(A). fan 40+b
h
= 3h=40+b 30°_<60°
h 5 40 b
tan60°=—=h=+/3b =b=20
b —omam (14)

(B). r—— inradius A
R —— circumradius

_a b ¢
2sinA  2sinB  2sinC

C T
= ZC=— B
2sinc U 2 ¢
C C
R [
2sin(n/2) 2 D
Y
andr=(s—c)tan C/2 '.'4C=5

=(s—c)tan(w/4); =s—c¢ . (2)

c
Adding eq. (1) and (2), R+t =E+s_c

_Cc+2s-2c¢

R+r {-2s=a+b+c}

=2(R+r)=cta+b+c-2s=a+b
(D). 2sin®x + 5 sinx—3=0

2sin?x + 6 sinx —sinx—3=0

= 2sinx[sinx+3]—1[sinx+3]=0

=[2sinx—1][sinx+3]=0

= either2sinx—1=0 orsinx+3=0
=sinx=1/2 or sinx =— 3 (not possible)

o xe[0,3m]

= x=7/6, 51/6, 131/6, 171/6
= four value of x which satisfy - x € [0, 3n]
(B).cosx +sinx=1/2
1—tan2(x/2)+ 2tan (x/2) 1
1+tan2(x/2) 1+tan2(x/2) 2

N 1-tan’(x/2)+2tan (x/2) 1
l+tan2(x/2) 2
= 3 tan® (x/2) -4 tan (x/2)—1=0

4+ 16-43(-1)  4x2J7 [2++7)
2.3 2.3 3
{v 0<x<nt=0<x/2<n/2

tan (x/2) =
". —ve sign neglected}

(2+x/7\
2tan (x/2) 2L 3 J

=@+

tanx= 2 - 273
I-tan”(x/2) X (2+\/7\ 3
3
©). ]
7
BA
A OAB isequilateral .. OA=0OB=AB=a

B
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15

(16)

an

(18)

19

20

(e3)

Now, tan 30°=h/a
(B). BD=AB=7+x
Also, AB=x tan 60°= x+/3

B h:a/\/g A

" X\/§ =T7+x 150 60°
7 C X B

I E]
SR AR B

(B). cos (a— ) cos (B 1) + cos (1-a) = —5

=3+2(cos(a—P)+cos(p—y)+cos(y—a))=0
= (cos o+ cos B + cos y)% + (sin o + sin P + sin y)2 =0

(A). cos(oc+[3)=% = tan (a+[3)=%

= tan(a—-B)=—

sin(a—ﬁ)z%

12
3+i
_ _ 4 12 56
tan20c—tan((x+[3+0tfﬁ)—l_§i—33
12
a m .
(B). r:EcotH ; ais side of polygon
i
. cot—
— n__ il
R =—cosec— ; R R
n cosec—
n
cos T * 2 f N
L3 foranyne
(A). A=sin? x + cos* x
=sin? x + (1 —sin? x)?=sin* x —sin? x + 1
2
1
- [sinzx——) S 3caq
2 4 4
(B).3sinP+4cosQ=6 (1)
4sinQ+3cosP=1 (1)

Squaring and adding (i) & (ii) we get sin (P+ Q) =1/
2

i 5w 5w T
P+Q=— or— R=— or—
= PrQ=or-r= 6 6

Sm v
IfR= o then0<P,Q < 3

= cosQ<landsinP<1/2
= 3sinP+4cosQ<11/2. So, R=m/6

D P C
o L]
0
+q2
. p2+q p
A).
(A) —(9+0¢% N
A
- M q B

LetAB=x

p p
tan(n—0—a)= q:>tan(9+a) q—x

q—x:pcot(9+oc)
x=q-pcot(0+a)

o [cotecota—l]
a-p coto.+cotO

=
=

(g

tO— 1
Pl (qcote p\

Lq+pcot6

P
4 +cot0
p

(qcos@ psme\
qum6+pcose

B q2 sin€)+pqcose—pqcos@+p2 sin O

pcosO+qsin6

3 (p2 +q2)sin9
pcosO+qsind
(22) (B). Given expression

smA
cosA

_ 1 sin3 A - cos3 A
 sinA—cosA cosAsin A

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

cosA cos A

+—
sin A

sin A

sin A —cosA cosA —sin A

=1+secAcosecA

sin Acos A

20 1
20+x

(23) (D). tan30°=

N

0 20m

20+x=20V3 ; x=20(3-1)

Speed is 20 (+/3 —1) m/sec.
1l .4 4 l .6 6
24) (D). Z(sm X +cos x)—g(sm X +cos” X)

3 (sin4 x +cos? X)—2 (sin6 x +cos® X)
- 12

_3(1-2sin*xcos*x) =2 (1-3sin’ xcos’x) 1
12 12

=h3

(25) (D). AO=h cot 30°

h
_h.CO=—
BO=h ; N

e
I70
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E:AO—BO:hﬁ—h:\g mx(4coszx—l—2)=l
BC BO-CO , h 4
NE) cos 3x =4cos3x —3 cos x ;2 cos 3x =1

cos3x=1/2 ; 3x € [0, 37]

) 5x 3x ) 5x L
(26) A). COS7C0S7 +2coS—- COSE = P T T 131
3x =3 27c—§, 2n+§ = Sum= o

Zcoss—x[cos3—x+ cosi} =0
2 2 2 h 1
(€2)) (C)-;—ﬁ ; x=4/3h

2c055—x2cosx-cos§: 0
2 2

200 =3h?+h?
2 _ 2
cosx=0=> x =—, 3—n; X 4h” = (200) .
27 2 4h2=40000 A
5x n 3m h=100 X
cos—=0= x=—,— Q
2 5°5
(27) (O).Let speed be, v (32) (A). We have,
b 3 (sin O — cos 0)* + 6 (sin O + cos 0)2 + 4sin®0
tan 60° = — = /3 b =3 (1—sin20)2+6 (1 +sin 20) + 4sin®0
y l =3 (1 - 2sin 20 +sin220) + 6 + 6 sin 20 + 4sin®0
| =9+ 12 5in20 - c0s20 +4 (1 — cos20)3= 13— 4 cos®0
b=+3y A= X —+— y—B ( )
(33) (D).0<a+P=—and —<a—-B<—
L: = x+y=bx/§ . 2 4 4
V3ox+y Ifcos (a.+ B)=3/5, tan (a.+ B) = 4/3
= 10V+vt1:\/§y-\/§ and ifsin (a.— B)=5/13, tan (o — ) =5/12
= 10v+vt, =3y = 10v+vt, =3t (since o — B here lies in the first quadrant)
= 10+t,=3t;= 2t,=10=t,=5 Now tan (2a) =tan {((a+ ) + (. —B)}
28) (A).tana=1/2,tan6=1/4 5 ﬂ+i
tan B = tan (o.— 0) . _ tan(a+P)+tan(a—-P) _ 3 12 _63
1 1 1 C 1—tan (o +B)-tan (o —P) 1_5.i 16
E_ZZEZE . - 312
1_'_1 9 9 A XL, (B4 (O.a<b<carcinAP.
8 8 < ™ > £ C=2 2/ A(Given)
29) (B).5 (tan2 X — coszx) =2cos2x+9 = sinC=sin2A=sinC=2sinA.cosA
(sinzx—cos“ x\\ sinC c b2 +c?—a’
2 . 2¢ — = Z_n- - -
5L—2J=2cos X+9 ; cos'x=t = SinA 2cosA= a 2 2be
cos” x
b
(1—t—t2\ Puta=b-A,c=b+A,A>0= 7h=§
SL J:2(2t—1)+9
a—b—E—ib c—b+2—@
5-5t—52=4t2+7t; 92+ 15t—3t—5=0 = s TS T s s
3t(Bt+3)-(Bt+35)=0;t=1/3 = Requiredratio=4:5:6
cos2x = 2 x 1_1 _ -1 (35) (C).Bysimilar triangle
3 3 L_ 80
-1)? — X, xp+x, D
cos4x=2x(?1] —1:§—1:?7 ! ! 2 80m
h 20 -
= m
X X1+Xy 7
(30) (D). Bcosx (coszﬁ—sin2 j—l =1 2o
6 2 By (1)and (2) X1 X2
X2
SCosx[é—l—l+cos2 ]:1 —=4 or Xy = 4X, . L:& orh=16m
4 2 X] D SH) 4]

[+
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(36) (C).2(1—sin%0)+3sin0=0 ,
2sin0 -3 sin0-2=0 o |x
(2sin®+ 1) (sin®—2)=0 B Ree
sin@=—1/2, sin0=2 (reject) 42 (). 30| - 30
A LY 45
Root NP R 7 LA A L ’
00ts : G’ 6 5
o x+30
Sum of values =2n tan45°=1= y =x+30=y ()
1
(37) (B). = (2cos? 10°—2 cos 10° cos 50° + 2cos? 50°) I x y
2 an30°=—==—=x=—= (i)
3oy 3
1
= ) (1 + cos 20° —(cos 60° + cos 40°) + 1 + cos 100°) From (i) and (ii), y:15(3+\/§)
1(3 20° + 2sin 70°sin (—30 )j 43) 1 V2sina_ 1 d \/EsinB 1
—| =+ °+2sin70°sin (-30° . TEm—— == =—=
= 713 cos s S 43) \/Ecosa 7 an \/5 0
1(3 °_qj ° 3 tanotzl ; sin =L«t =l
- 5[5+c0520 —s1n70] =7 7 B 0 ° an3 3
(38) (D). (sin 10°sin 30° sin 70°) sin 30° 7
2x— =
1 11 1 3.3_3
—(s1 NV = tan 23 = ===—
2 Cm30=1 7% n2p 1 8 4
9 9
5 1+3 4+21
tano+tan2B 7 4 28
15° t +2B) = = = =1
10 an (a.+25) I-tanotan2p 13 25
39 (©. s 74 28
< > 1 1
) b ! (44) (C). cos’ gSinng sin’ Ecos% = singcosg = Esin% =55
5 5
tan15°=— 2-13=2 ; x=52+3) 4s)  8.00. )
X X log;, |sinx|=2~log;,|cosx[;x € [0, 2x]
= log,,, |sinx|+log;,|cosx|=2
[. 2 . .2 1/2 172
(40) (A) 7 Vsin x—2$1nx+5_4—sm Y <1 - 10g1/2(|SiHXCOSX|):2
[ 2 .2 1 1
pVGinx=1)7+4  52sin"y = [sinxcosx|=, = [sin2x|=
J(sinx —1)> +4 < 2sin?y =sinx=1 and|siny|=1
VAR y=1/2
(41) (C).cot o =& cosec B =242 V
n/2 n 3n/2 2n

X
So, = =32 __(i)
h = 8 solutions

46) (O). x= z (-D" tan’" O =1-tan” 0+ tan* 0+ ....
n=0

h 1
Ttz -

So, from (i) & (i)

h 1
- - = o0
Jio*Z1sn? V7 WE y=Zcoszn93y=1+00529+cos49+...
= 25h?=100x 100 n=0

= h=20.

= x =c0s20

1 1

=Yy
sinZ 0 I-x

= Y= =>y(l-x)=1
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