Chapter 3

(TRIGONOMETRIC FUNCTIONS)

3.1 Overview

3.1.1 Theword ‘trigonometry’ isderived from the Greek words ' trigon” and ‘ metron’

which means measuring the sides of atriangle. An angleisthe amount of rotation of a
revolving line with respect to afixed line. If the rotation isin clockwise direction the
angle is negative and it is positive if the rotation is in the anti-clockwise direction.

Usually wefollow two types of conventionsfor measuring angles, i.e., (i) Sexagesimal

system (ii) Circular system.

In sexagesimal system, the unit of measurement is degree. If therotation from the

1
initial to terminal sideis == thof arevolution, theangleis said to have ameasure of

360
1°. Theclassificationsin this system are asfollows:
1° =60
1 =60"

In circular system of measurement, the unit of measurement isradian. Oneradianis
the angle subtended, at the centre of acircle, by an arc equal inlength to theradius of the
circle. Thelength sof an arc PQ of acircleof radiusr isgiven by s=r6, where 6 isthe
angle subtended by the arc PQ at the centre of the circle measured in terms of radians.
3.1.2 Relation between degree and radian
Thecircumference of acircle awaysbearsaconstant ratio to itsdiameter. Thisconstant

22
ratio is a number denoted by m which is taken approximately as - for all practical

purpose. The relationship between degree and radian measurements is
asfollows:
2right angle= 180° = &t radians

_ 180°
lradian= —— =57°16 (approx)
T

1° = ﬁ) radian = 0.01746 radians (approx)



TRIGONOMETRIC FUNCTIONS 35

3.1.3 Trigonometric functions

Trigonometric ratios are defined for acute angles as the ratio of the sides of a right
angled triangle. The extension of trigonometric ratios to any angle in terms of radian
measure (real numbers) are called trigonometric functions. The signs of trigonometric

functionsin different quadrants have been givenin thefollowing table:

I I 1 v
snx + + - -
COS X + - _ +
tan x + - + -
COSeC X + + - -
SeC X + — — +
cot x + - + -
3.1.4 Domain and range of trigonometric functions
Functions Domain Range
sine R [-1, 1]
cosine R -1, 1]
T
tan R—-{(2n+1) E:ne Z} R
cot R—-{nn:ne Z} R
T
sec R-{(@n+1) E:ne Z} R-(-1,1
cosec R-{nn:ne Z} R-(-1,1
3.1.5 Sine, cosine and tangent of some angles less than 90°
0° 15° 18° 30° 36° 45° 60° 90°
. B-vZ| -1 | 1| ool | 1| B
sne 0 = | V— —_— 1
4 4 2 4 V2 | 2
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J6+2 | 10+ 245 | B \/_5_+1

cosne| 1 2 7 7 7

~
N|
(@)

1 not
tan | 0| 2-4/3 %_Tmﬁﬁ 5-245 | 1 | f3|defined

3.1.6 Allied or related angles Theangles n—znie arecalled allied or related angles

and 6 = n x 360° are called coterminal angles. For general reduction, we have the

nr
following rules. The value of any trigonometric function for (7 £0) isnumericaly

equal to

(a) thevaue of the same function if nisan even integer with algebaric sign of the
function as per the quadrant in which angleslie.

(b) corresponding cofunction of 6 if nisan odd integer with algebraic sign of the
function for the quadrant in which it lies. Here sine and cosine; tan and cot; sec
and cosec are cofunctions of each other.

3.1.7 Functions of negative angles Let 6 be any angle. Then
sin (-0) =—sin 6, cos(—0) = cosH
tan (-0) =—tan 6, cot (—6) =—cot 6
sec (—0) = sec 0, cosec (—0) = — cosec 6

3.1.8 Some formulae regarding compound angles

An angle made up of the sum or differences of two or more angles is caled a
compound angle. The basic resultsin thisdirection are called trigonometric identies
asgiven below:

() sn(A+B)=sinAcosB +cosAsnB

(i) sin(A—-B)=sinAcosB —cosA snB

(i) cos(A +B)=cosA cosB-snA snB

(iv) cos(A—-B)=cosAcosB +snAsnB

tanA+tanB

V) @ (A+B) = T AtanB

tanA-tan B

) A8 = atne



(vii)

(viii)
(ix)

(x)

(xi)

(i)

(i)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)
(xxi)
(xxii)

(xxiii)
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LA + B) = wtAcaB-1
cot( )= CHATcoB
ootAcotB+1
cot(A-B)= ———
cotB —cot A
2tan A
SN2A=2siNA COSA = ————
1+tan“A
. _ 1-tan®A
Cos2A = CogA —sinPA=1-2sn?A=2cos’A-1= ———
1+tan"A
2tanA
tan 2A = ————
1-tan"A

sin 3A =3sinA —4sin*A
cos 3A = 4cos* A — 3cosA
3tanA —tan°A

tan 3A = 2
1-3tan"A

A+B A-B
COsA + cosB = 2cos > cos

2
. A+B . B-A
COSA —cos B = 2sin sin

2 2

SinA+sinB= ZsinA+B oosA_B
2 2

. ) A+B . A-B
sinA—sin B = 2cos {n >

2sinAcosB=sn(A +B)+sin(A-B)
2cosAsnB =sin(A+B)—-sin(A-B)
2cos A cos B = cos (A + B) + cos (A —B)
2sin Asin B = cos (A —B) —cos (A + B)

+if % liesin quadrants| or Il
sn

é:i 1-cosA
2 2

—if % liesin Il or IV quadrants
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+if % liesinl or IV quadrants

. A 1+cosA
(xxiv) COSE:J_r > A
—if > liesinll or 11l quadrants
AL
+if — liesin| or lll quadrants
o) tan— 1-cosA 2
2 1+ cosA

—if AE liesin Il or 1V quadrants

Trigonometric functions of an angle of 18°
Let 6=18° Then 26 = 90° — 30
Therefore, sin 26 = sin (90° —360) = cos 3
or sin 20 = 4cos’0 — 3cos 6
Since, cos 6 # 0, we get
2sin6 =4cos?6 —3=1-4sin’6 or 4sin?6+2sn6-1=0.

_2+J4716  -1+.5

Hence, sind
8 4
5-1
Since, 0 =18° sin0> 0, therefore, sin 18° = J-4
| ——— 6—2+/5 10+ 24/5
Alwy 005180 = 1—Sn218° Z,J - 16\/- = ‘VI 4 \/-

Now, we can easily find cos 36° and sin 36° asfollows:

_6—2\/3 B 2+2\/§_\/§+1
5 = =

8 4

cos36°=1-2sin218° =1

\/g+1
4

Hence, cos 36° =

Also, sin 36° = y/1— cos? 3602\/ B 6+12\/E_3 _ \/10:12\5

3.1.9 Trigonometric equations

Equations involving trigonometric functions of avariables are called trigonometric
equations. Equations are called identities, if they are satisfied by all values of the



TRIGONOMETRIC FUNCTIONS 39

unknown anglesfor which thefunctions are defined. The solutions of atrigonometric
equations for which 0 < 6 < 2 m are called principal solutions. The expression
involving integer n which givesall solutions of atrigonometric equationiscalled the
general solution.

General Solution of Trigonometric Equations
() Ifsin® =sina for someangle o, then
0 =nm + (-1)"o. for ne Z, gives general solution of the given equation
(if) If cos6 = cos a for some angle a., then
6=2nt+a,Nne Z,givesgeneral solution of the given equation
(i) If tan ® = tana or cot 6 = cot o, then
0 =nm +a, ne Z, gives general solution for both equations
(iv) The genera value of 6 satisfying any of the equations sin 6 = sin? o, COS?0 =
cos? o and
tan2 6 =tar? avisgivenby 6 = nm = o
(v) The general value of 6 satisfying equations sin 6 = sin o and cos6 = cos o
simultaneously isgivenby 6 =2nt + o, ne Z.
(vi) To find the solution of an equation of the form a cosd + b simd = ¢, we put

b
a=rcoso.and b=r sina, sothatr?=a + b? and tana. = a

Thuswefind
a cod + b sind = ¢ changed into the form r (cos © cosa +sin B sino) = ¢

C
or rcos(6—oa)=candhencecos(6—a)= T Thisgivesthe solution of thegiven

equation.
Maximum and Minimum values of the expression Acosd + B sinfare /A2 + B2

and — A%+ B? respectively, where A and B are constants.

3.2 Solved Examples
Short Answer Type

Example 1 A circular wire of radius 3 cm is cut and bent so as to lie along the
circumference of a hoop whose radius is 48 cm. Find the angle in degrees which is
subtended at the centre of hoop.
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Solution Given that circular wire is of radius 3 cm, so when it is cut then its
length=2n x 3=6m cm.Again, it isbeing placed along acircular hoop of radius48 cm.
Here, s =6n cmisthelength of arcand r = 48 cmistheradius of the circle. Therefore,
the angle 0, in radian, subtended by the arc at the centre of the circle is given by

Arc  _6n_n

= — =—=—=225
Radius 48 8
3
Example 2 If A=cos0 + sin*0 for all values of 6, then prove that 71 <AL
Solution We have A=cog0 +sin*0 =cos?0 + sin? 0 sin? 0 <cos’0 +sin? 0
Therefore, A<l
Also, A=cos0 +sn*d=(1—-sirk o) +sin‘o

2 2
= (sinze—ij +(1_Ej = (gnze_ij +§2§
2 4 2 4 4

3
Hence, ZSASL

Example 3 Find the value of f3 cosec 20° — sec 20°
Solution We have

J3 1

Sin20°  cos20°

J3 cosec 20° — sec 20° =

V3 1.
_ \/§COSZO°—sin20° 4 700820°—§sm20°

sn 20° cos 20° 2sn 20° cos 20°

_ 4(sinGO" 00s 20°—cos60° sin 20°]

sn40°
(Why?)
= 4(—5'” (60"~ 200)j =4 (Why?)
sin40°
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Example 4 If 6 liesin the second quadrant, then show that

=-2sec 0

Jl sind [1+S|n9

1+9n0 Vl sin®
Solution We have

[1 sno \/1+sine 1-sn0 1+sin0

Vivsno V1-$n6  Ji_ane  yi_sn?e /

" | cosO|
Given that 6 lies in the second quadrant so |cos 6] = — cos 6 (since cosO < 0).

(Since \/_ |o| for every real number o)

Hence, the required value of the expression is =—2 secO

—coso
Example 5 Find the value of tan 9° —tan 27° —tan 63° + tan 81°
Solution We have tan 9° — tan 27° —tan 63° + tan 81°

=tan 9° + tan 81° —tan 27° — tan 63°

=tan 9° + tan (90° — 9°) —tan 27° —tan (90° — 27°)

=tan 9° + cot 9° — (tan 27° + cot 27°) Q)
i . 1 2 ,
Also tan 9° + cot 9° = Sin% cos9°  sinls° (Why?)  (2)
- 1 2 2
Similarly, tan 27° + cot 27° = = = (Why?) (3)

Sin27° c0s27°  sin54°  cos36°
Using (2) and (3) in (1), we get
2 2 2x4 2x4

tan 9° —tan 27° —tan 63° + tan 81° = Sn18° %’ Jo1 Bl

s£c80-1 tan80
sec40-1 tan20

Example 6 Prove that

ec86-1  (1-cos86)cos4 6
sec40-1  0s80 (1—cos40)

Solution We have

2sin?4 0 cos40 Wi
~ 0S80 25220 (Why?)
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sin40(2sn46 cos40)
T 2c0s80sn220
sn406sn80
= Why?
2c0s80sn?20 (Why?)
_29n26c0s20sin80
~ 2co0s860sn® 20
_ tan86 Why?
" tan26 (Why?)
Example 7 Solvethe equationsin6+sin30 +sin56=0
Solution Wehavesn0 +sn30+sn50=0
or (snB+sin%)+sin30=0
or 2sin30 cos20 +sn3IP =0 (Why?)
or sin30 (2cos20+1)=0
1
or sin3e:00r00526:—§
nn

Whensin30 =0,then30=nmor 6 = ?

1 2n 2n
WhencosZG:—E = COoS ?,thenze:Znnt ? or 6=nnz

wla

T Y
which gives6 = (3n+ 1) 3 or06=(3n-1) 3
n
All thesevalues of 6 are contained in6 = ?Tc ne Z.Hence, therequired solution set

isgivenby {6:6 = %,ne Z}

Example 8 Solve2tan®*x + sec?x =2for0<x<2n
Solution Here, 2tan®x+se@x=2
1

whichgives tanx = + 75
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1 n_In
If we take tan x = ﬁ,thenxz EOFE (Why?)
-1 51 1ln
Again, if we take tan x= 7= then X=%5% (Why?)

Therefore, the possible solutions of above equations are

n 5n Tn 1r

— , — and —/— where0<x<2n

=66 ' 6 6

Long Answer Type

3n n
Example 9 Find the value of 1+cos 1+cos§ 1+cos— 1+cos?

coton w02 (1012 1o’
e

= (1—coszf) (1 coszﬁj hy?
- gn?Zginr
8
- 1(1 cosnj(l Cos?m) hy?
1(1 cosnj(hcosn) )
=2 2 2 (Why?)

2n 4r
Example 10 If x cos0 =y cos (0 + ?) =zcos(0O + ?), then find the value of

Xy +YZ + 2X.
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Solution Notethatxy+yz+zx=xyz(l+i+ij.
X y z

2n 4n
If we put x cos® =y cos (6 + ?)=zcos (6+?j =Kk (say).

Th L S dz= —*
en X= 0s0' Y= ( znj andz= ( 4nj
s| 0+ — s| 6+ —
3 3
1 27 4n
sothat —+—+— = —|cosO+cos| O+— |+cos| 0+—
k 3 3
1 2 2
= —[cos6 +cosH cos—n—sinesin—n
k 3 3
4 4
+ cosecos—n—sinesin—n]
3 3
1 1. 3 1 NG
= —[cosO + cosO (—)— — sInO ——cosO +—sin0] (Why?
k[ (2) > > > 1 (Why?)
1
=—x0=0
k
Hence, xy+yz+zx=0

Examplell If oo and  are the solutions of the equaionatan 6 + b sec6 =c,

c
then show that tan (a0 + ) = 2 2

Solution Given that atan® + bsecO=c or asndO+b=ccos0
Using theidentities,
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a(Ztangj c(l—tanzg)
We have, 29 +b= 62
1+tan®—= 1+ tan®—
2 2
,0 0
or (b+ c) tan E+2atan§+b—c=0

0
Aboveequationisquadraticin tan > and hence tan% and tang aretherootsof this

etion (Why?), Therefore, tan =+ tan> = —22 and tan tan® = 2= (why?
equation (Why?). Therefore, > > “bre an anE = (Why?)
o B
Using theidentity tan(ngE) - w
2 2 1—tanﬁtanE
2
-2a
a B bic _ —2a -a
We have, a5+ )= =——=— e
o e (2 2) _b—C 2C c ( )
b+c
Again, using another identity
o+
a+B 2tan >
tan 2 2 = a+B ,
1-tan?
2
2(3)
_ c) _ 2ac
We have tan(oc+[3)— 1_£ SR [From (1)]
2
c

Alternatively, given that atan® + b secO = ¢
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= (atan® —c)? = (1 + tan’0)

= & tan’® — 2ac tanb + ¢ = I? + b? tan’0
= (22— ?) tartd — 2ac tan® + c2—b?2 =0
Since o and 3 are the roots of the equation (1), so

c® —b?
a’ - p?

2ac
tano. + tanf = Z 1 and tano tanf3 =

Therefore, tan (a + B) = 1 tanc tanp
— o

2ac

a’ —b? 2ac

tana + tanp

a - b?

c“-b*  a’-c

e

Example 12 Show that 2 sin*3 + 4 cos (oe + B) sina sin § + cos 2 (o + ) = cos 2o

Solution LHS=2sin?f3 +4 cos (o + ) sin o sin B + cos 2(o + B)
=28’ +4(coso cosP —sinasinf) sin asin

+ (cos 20, cos 2P —sin 2o sin 2f3)

=2smpB+4snacososinfcosP—4sirtasinzgfy

+ €0s 20, c0s 2B —sin 2o sin 23

=28 B +sn20sin 2B —4sin?> o sn? f + cos 2o cos 2B — sin

20.sin 23

=(1—-cos2pB)—(2sin? o) (2 sire B) + cos 20, cos 2P
= (1 —cos 2pB) — (1 —cos 2a) (1 — cos 2p) + cos 2o cos 23

= COS 20

(Why?)

(Why?)

Example 13 If angle 6 is divided into two parts such that the tangent of one part isk

times the tangent of other, and ¢ is their difference, then show that

o= k+1
sin —k_lsmq)

Solution Let® =a +p. Thentan oo =k tan B
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tana k
or aﬁ =7
Applying componendo and dividendo, we have
tana+tanf  k+1

tano—tanp k-1

sino.cosB+cosasinB  K+1

or = Why?
sna cosp—-cosa.sinf k-1 (Why?)
. sin(a+p) k+1
i.e., - = Why?
sn(a—-p) k-1 (Why?)
Giventhat oo —p = ¢ and oo+ 3 = 6. Therefore,
sin@  k+1 - k+1
— - =—— o sSnf=-—agin
sing k-1 k-1 ¢
Example 14 Solve /3 cos® +sin 0 = \[2
Solution Divide the given equation by 2 to get
écoseJrlsinezi or COS=C0S0 + SN =sin6 = cos~
2 2 J2 6 6 4
TC T T T
cos| ——0 |=cos— or cos| 6 ——= |=cos= ?
or (6 j 2 ( 6) 7 (Why?)

s

T
Thus, the solution are given by, i.e., 6 =2mr + " + 5

Hence, the solution are
T T T o . 5n T
0=2mm+ —— and 2Mm—- ——, ie, 6=2Mm+ — and 6 =2 — —
4 6 4 6 12 12
ObjectiveTypeQuestions
Choosethe correct answer from the given four options against each of the Examples

15to 19

-4
Example 15 If tan 6 = —3 then sind is
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__4 b 4 -4 4
(A) 5 but not 5 (B) 5 or G

4 4
(© T but not —g (D) None of these

4
Solution Correct choiceis B. Sincetan 6 = —5 IS negative, O lies either in second

4
quadrant or in fourth quadrant. Thus sin© = 5 if 6 liesin the second quadrant or

4
sno = T if © liesin the fourth quadrant.

Example 16 If sin © and cos 6 are the roots of the equation ax2 —bx + ¢ = 0, then a,
b and c satisfy the relation.

(A) &+b’+2ac=0 (B) @&—-b*+2ac=0
(C) &+c*+2ab=0 (D) & -b*’-2ac=0
Solution The correct choice is (B). Given that sin 6 and cos 6 are the roots of the

b c
equation ax2— bx +c¢c=0,sosin® + cos O = 3 and sin® cos O = 3 (Why?)
Using the identity (sin® + cos 0)2 = sin?0 + cos?0 + 2 sin 6 cos6, we have

b? c
—=1+— ora’-b?+2ac =0
a a

Example 17 The greatest value of sSin x cos X is

(A) 1 (B) 2 © 2 (D)

Solution (D) isthe correct choice, since

1 1
SinX Ccosx = 2 sin2x < E,sincelsin2x|31.

Eaxmple 18 Thevalue of sin 20° sin 40° sin 60° sin 80° is

-3 5 3 1
(A) 16 (B) 6 © 6 (D) 6
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Solution Correct choiceis (C). Indeed sin 20° sin 40° sin 60° sin 80°.

V3

3 . . . . .
=% sin 20° sin (60° — 20°) sin (60° + 20°) (since sin 60° = 7)

3
= Sin20° [Sin* 60° —sin? 20°] (Why?)

_\,5 H 200 E H 2200
=3 sin [4—sm ]

Va3 1o .
=5 %2 [3sin 20° —4sin® 20°]

J3

1
- x = (sin60° Why?
> 4( ) (Why?)

3.1 3 3
2 "4 2 16

T 2n 4r 8n

Example 19 The value of cos S cos 3 cos 5 cos 3 is

1
() 3 () 0 © 3 ) 7

Solution (D) is the correct answer. We have

b8 2n 4r 8n

COS T COS —— COS —— COS—/
5 5 5 5

1 LT T 2% 4r 8n
= 29n— cosg COS— 00S— COS—

2si nE
5

1 . 2% 2n 4r 8n
= an— COS— COS— COS—

25in% 5 5 5 5 (Why?)

4sin§ 5 5 5 (Why?)
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1 T 8n
= an— COS—
gsnt ° 5 (Why?)
5
Sn@ sin(3n+—]
= 5 =
165|nE 165|nE
_S'n_
- Why?
16snZ (Why?)
5
1
16

Fill intheblank :
Example 20 If 3tan (6 —15°) =tan (6 + 15°), 0° < 6 < 90°, then 6 =

Solution Given that 3 tan (6 — 15°) = tan (6 + 15°) which can be rewritten as

an(6+15°) 3

tn(6-15°) 1°

ten(0+15°) +tan (9 ~157) _,

Applying componendo and Dividendo; we get
Pplying comp V! N0 S (0+15°) — tan (0 —15°)

sin (0 +15°) cos(0—15°)+sn (0-15°) cos(6 +15°)
sn (0+15°) 0s(0—15°)—sn (0 —15°) cos(0+15°)

sn 20
sn30°

=

=2 ie, sn20=1 (Why?)

. T
giving 9= —
4
State whether the following statement is True or False. Justify your answer

Example 21 “Theinequality 25 + 2o > 21‘% holds for al real values of 6”
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Solution True. Since 25 and 2°°® are positive real numbers, so A.M. (Arithmetic
Mean) of these two numbersis greater or equal to their GM. (Geometric Mean) and
hence

i N0 cosO
2M+2 > \/Zsine x00s0 — \lzsine +cos0

. T
Since, 1< SN(TOJS 1, we have
zsune +Zcose =1 1— 1

Match each item given under the column C, toiits correct answer given under column C
Example 22

2

Cl CZ
1-cosx . otzx
@  gnx i oo’
1+ cosx X
®  Toosx @ ooty
1+ cosx
(©) anx (i)  |oosx+siny
X
j i tan—
(d) ,/1+ an 2x (iv) >
Solution
.o X
1-cosx 2sin > X
@ snx X x:tanz'
ZSinEcos—

Hence (a) matches with (iv) denoted by (a) <> (iv)
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1+ cosx Zsinzg X o _
(b) T oox - o2k =cot2§. Hence (b) matches with (i) i.e., (b) < (i)
2sin 5
2 X
1+ cosx 200s E X
(c) - = = cot —,
sinx . X X 2
2sin—cos—
2 2

Hence (c) matches with (ii) i.e., (c) < (ii)

(d) \/1+sin2x = \/51'n2x+cos2 X+ 2SN XCOS X

= ,,(sin X + CoS X)°

= |(sinx+cosx)|. Hence (d) matches with (iii), i.e., (d) <> (iii)

3.3 EXERCISE |
Short Answer Type

tanA +secA -1 B 1+9nA

1. Provethat =
tanA —secA +1 COsA
2sn - i .
2. |If —a_zy , then prove that M isalsoequal toy.
1+cosa+3Sna 1+sna
_ 1-cosa+sina 1-cosa+sSho 1+cosoa+Sha
Hint:Express - = - . .
1+d9na 1+sina 1+o00sa+Sna
_ _ m+n
3. Ifmsin® =nsn (6 + 20), then prove that tan (6 + o) cot o = mn
) sin(6+2 m .
[Hint: Express Mz— and apply componendo and dividendo]

sin® n

4 5 T
4. Ifcos(a+P) = Eandsin(oc—B) = E,WhereocliebetweenOand Z,findthe

value of tan2c [Hint: Expresstan 2 oc astan (o + B + oo — f3]



10.

11.

12.

13.

14.

15.
16.
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b _ a+b N a-b
If tanx = E,thenflndthevalueof 2D a+b
0 9%

Prove that cosO cos >~ €0s30 cosE =39n70 sin 8.

1 0 [o's)
[Hint: ExpressL.H.S. = E[Zcose cosE— 2 cos360 cos7]

If acosO+bsnO=mandasin®—bcosO =n, then show that a%+ > = n? + ?

Find the value of tan 22°30" .

sin9 29 ngcosg
[ o 2 2 2 sin®
[Hint: Let® = 45°, use tanE: S = 5 :1 -
COSE 20032E +COoS

Prove that sin 4A = 4sinA cos’A — 4 cosA SirfA.

If tanB + sinf = m and tan® — sinB = n, then prove that n¥ — r¥ = 4sin® tano
[Hint: m+n=2tan®, m—n= 2 sinB, then usen? —n?> = (m+ n) (m—n)]
p+q

1-pq

If tan (A + B) =p, tan (A —B) = q, then show that tan 2 A =

[Hint: Use 2A = (A + B) + (A —B)]
If cosx + cosf3 = 0= sina + SinB, then prove that cos 2o + cos 28 =—2cos (o + B).
[Hint: (cosx + cosP)? — (sina. + sinf)? = O]

sin(x+y) a+b

tanx a_
then show that _y:B [Hint: Use Componendo and

sn(x-y) a-b’ tan
Dividendo].
Sno —cosa _
If tand = —————, then show that sino. + coso. = /2 cosf.
sino.+ cosa

s T
[Hint: Expresstand = tan (o — Z) = 0=a- Z]

If sinb + cosO = 1, then find the general value of 0.
Find the most general value of 0 satisfying the equation tar® = —1 and

ol

cost =
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17. If coto + tan® = 2 cosech, then find the general value of 6.
18. If 2sin?0 = 3cosO, where 0 < 6 < 27, then find the value of 0.

T
19. If secxcosbx + 1 =0, where0 < x< E , then find the value of x.

Long Answer Type

20. Ifdn® +a) =aandsn (6 + B) =b, then provethat cos 2(o. — ) —4ab cos (o —P) =
1-222 -2 [Hint: Expresscos (o — B) =cos ((0+ a) — (0 + B))]

1-m
21. If cos (06 +¢) = mcos (6 — ¢), then prove that tan® "I cotd .
+m

cos(6+¢) m
os(0-¢) 1
22. Findthevalue of the expression

[Hint: Express and apply Componendo and Dividendo]

3[sin4(3?n —a)+sn 3+ a) —2{sin6(§+oc) + S (57 — 0))]

23. Ifacos20 +bsin260= chaso and B asits roots, then prove that

tano +tan = —.
a+c

1-tan” 0 dsn oo = _2tano
Lo 9SN20= T e )

24. lfx=sec ¢ —tan¢d and y = cosec ¢ + cot ¢ then show that xy +x—-y+1=0
[Hint: Find xy + 1 and then show that x —y = — (xy + 1)]

[Hint: Usetheidentities cos 20 =

8
25. If 0 liesin thefirst quadrant and cosd = E , then find the value of
cos (30° + 0) + cos (45° — 0) + cos (120° — 6).

26. Find the value of the expression cos® g +cos4%n +COS4%+COS4 %

T 3n
[Hint: Simplify the expression to z(cos4§+cos4§)

T 3 2 T 3
=2 (cosz—+oosz—j —2cos?=cos? =
8 8 8 8
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27. Find the general solution of the equation 5cos’0 + 7sin’0 —6 =0
28. Findthegeneral solution of the equation
Sinx — 3sin2x + sin3x = cosx — 3c0s2X + CoS3X

29. Find the general solution of the equation (f3 —1) cosd + ( 3+ 1) sirp =2

[Hint: Put \f3 —1= rsina, \f3 +1=r coso which givestano. = tan (%—%)

I

:>0€:E

Objective Type Questions
Choosethecorrect answer from the given four optionsin the Exercises30t0 59 (M.C.Q.).
30. If sin® + cosecO = 2, then sin0 + cosec’ O is equal to

(A) 1 (B) 4

© 2 (D) None of these
31. If f(X) = cos? x + sec? x, then

(A) fx<1 B) f(x)=1

(C) 2<f(x)<1 (D) fx)=>2

[Hint: AM>GM]

1 1
32. Iftan6 = 3 and tan ¢ = §,thentheva|ueof6+¢is

(A) < ®) © 0 (D)

33.  Which of thefollowing isnot correct?

Sk

1

(A) sinez—g (B) cosb=1
1

(© secezz (D) tan6=20

34. Thevalueof tan 1° tan 2° tan 3° ... tan 89° is
(A) O B) 1
1
<O = (D) Not defined

2
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35.

36.

37.

38.

39.

40.

41.

42.

EXEMPLAR PROBLEMS — MATHEMATICS

1-tan?15°
Thevaue of ———is
1+tan”15°
J3

(A) 1 (B 3 © - (D) 2
The value of cos 1° cos 2° cos 3° ... cos 179° is
A L B) O C) 1 D) 1
(A) Nz (B) © (D) -
If tan ® = 3and 6 liesin third quadrant, then the value of sin6 is

1 1 -3 3
(A) J10 (B) Ji0 © J10 (D) J10
The value of tan 75° — cot 75° is equal to
(A) 23 (B) 2443 ©) 2-43 (D) 1
Which of thefollowing is correct?
(A) sinl°>sinl (B) snl°<sinl
(C) snl1°=snl (D) sinl°= 8 snl

180°
[Hint: 1 radian= —— = 57° 30" approx]
T
Iftano = m tanp = ! then o + B isequa to
m+1’ 2m+1’ &

A i B - C - D i
A 3 B) 3 © 3 ®) 3
Theminimum value of 3cosx+4sinx+ 8is
(A) 5 B) 9 <© 7 (D) 3

The value of tan 3A —tan 2A —tanAisequal to

(A) tan3Atan 2A tanA

(B) —tan3Atan2Atan A

(C) tanAtan 2A —tan 2A tan 3A —tan 3A tanA
(D) None of these



43.

44.

45.

46.

47.

48.

49.

50.
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The value of sin (45° + 0) — cos (45° —6) is
(A) 2cosH (B) 2sinb © 1 (D) 0O

The value of COt(% - 6) cot(% —ej is

(A) -1 (B) 0 (© 1 (D) Not defined
€0s 20 cos 2¢ + sin2 (6 —¢) —sin2 (6 + ¢) isequa to

(A) sin2(6 +¢) (B) cos2(6 + 0)

(C) sn2(6-0¢) (D) cos 2(6—¢)

[Hint: Usesin? A—sin® B =sin (A + B) sin (A —B)]
The value of cos 12° + cos 84° + cos 156° + cos 132° is

A ! B) 1 C 2 D L
A 3 (®) © -3 (D) 3
1 1 .
IftanA=E,tanBz5,thentan(2A+B)|sequaIto
(A) 1 (B) 2 € 3 (D) 4
. .13
Thevalue of SN— SN s
10 10
1 1 1
A 3 ® -3 © -3 (D) 1
. . 5-1 J5+1
[Hint: Usesml8°=Tand00536°= 2 ]
Thevalue of sin 50° —sin 70° + sin 10° isequal to
1
(A) 1 (B) 0 © 3 (D) 2
If sin 6 + cos 6 = 1, then the value of sin 20 is equal to
1
(A) 1 B) 3 (C) 0 (D) -1



58

51.

52.

53.

54.

55.

56.

EXEMPLAR PROBLEMS — MATHEMATICS

T
If o + = —, thenthevaueof (1 +tana) (1 +tanp)is

4
(A) 1 (B) 2
(© -2 (D) Not defined
Ifsn® = _?4 and 0 liesin third quadrant then the value of COS% is

1 1 1 1
(") 3 ®) ~To © ~F ©) 75

Number of solutions of the equation tan x + secx = 2 cosx lying in the interval
[0, 2nt] is

(A) O (B) 1 © 2 (D) 3

.m .. m .. 2t . 5t
Thevaueof 9Sn—+sIin—+9n— +9N— jsgiven by
18 9 9 18

It . 4xn
(A) SnE-l-SnE (B) 1
i 3n T . N
(C) cos—+cos— (D) cos—+sin—
6 7 9 9

If A lies in the second quadrant and 3 tan A + 4 = 0, then the value of
2 cotA — 5cosA +sinAisequa to

- 23 37 7
(A) To ®) o © T O
The value of cos? 48° —sin? 12° is

5+1 5-1
(A) \r; (B) IT

J5+1 J5+1
© 5 (D) 2

[Hint: Usecog A —sir? B = cos (A + B) cos (A —B)]
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1 1
57. Iftanocz7,tanB=g,thencosZocisequalto
(A) sn2p (B) sn4p (C©) sn3p (D) cos2p
a
58. Iftan6= B,thenbcosZ@ +asn 26 isequd to
a
(A) a B) b © b (D) None
1
59. If for real values of x, cos 0 = X+;,then
(A) 6 isanacuteangle (B) 6isrightangle
(C) 6isanobtuseangle (D) Novaueof 6 ispossible

Fill intheblanksin Exercises60to 67 :
sn 50° .
is

60. The value of — .
sin130°

61. Ifk= sin(ij gn(ﬂjsin(ﬂj , then the numerical value of kis
18 18 18

B
- , then tan 2A =
snB

62. Iftan A=

63. If Sinx+ cosx = a, then
(i) sin®x+cos’x=
(i) |snx—cosx|=
64. Inatriangle ABC with ZC = 90° the equation whose roots are tan A and tan B
is
2
sn 2A]

[Hint: A+ B=90° =>tanAtanB=1andtanA +tan B =

65. 3(sinx—cosX)*+ 6 (sinXx + cos X)?+ 4 (sin®x + cos® X) =

66. Givenx>0,thevaluesof f(X) =—3cos (/31 x+ x? lieintheinterval
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67.

EXEMPLAR PROBLEMS — MATHEMATICS

The maximum distance of apoint on the graph of thefunctiony= J;'g Sin X+ cosX
from x-axis is

In each of the Exercises 68 to 75, state whether the statementsis True or False? Also

givejustification.
1-cosB
68. IftanA= ———,thentan2A =tanB
snB
69. Theequality sin A +sin 2A +sin 3A = 3 holdsfor somereal value of A.
70. sin 10° is greater than cos 10°.
2n Ir 8n 16n 1
71. COS— COS— COS — COS — = —
15 15 15 16
72. Onevalue of 6 which satisfies the equation sin* 6 — 2sir? 6 — 1 lies between 0
and 2m.
T
73. If cosec x = 1 + cot x then x = 2nm, 2nm + E
74, 1ftan 6 +tan 20 + f3 tan 6 tan 20 = f3, then GZ%JF%
: T 1
75. If tan (m coM) = cot (rt sinB), then cos| 6 ——| = £ —=
4 \2
76. Inthefollowing match each item given under the column C, toitscorrect answer

given under thecolumn C, :

(@) sin(x+y)sin(x-y) (i) cox—sin’y
_1-tanb
(b) cos(x+y) cos(x—y) (i) 17 om0
(c) cot (“—+e] (i) L+ ten®
4 1-tanbd

() tan (%*E’j (iv) smx—sinty

- O F e ——



