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. J _ ,!cu’t_ i, .m/olvmg trlgonometric ratios (sin @, cos @, etc.) are called trigonometric identities.
| “Clistance Formula:

Let P(x,Y;) and Q(X,,y,) be two points. If d * denotes the distance between them, then

d :|PQ| = \l(xl _X2)2 +(y1 - Y2)2 = \/(Xz _X1)2 +(y2 - 3/1)2
Fundamental law of trigopnometry:
Let « and g any two angles (real numbers), then

cos(a — B)=cosacos S+sinasin B
Proof:
Let « > >0, consider a unit circle with centre at origin 'O".

N

B(cosp.sinf)

a-§

3 A (cosa - B.ain(r['{
(cosa,sina) B : )

' - 71 _p
X €

> X
0 D(1.0)

- LN, .'.I .I _.-".:_..: \
Let terminal sides of angles a and "'qut theurii=cirdle Al Aand|Bresylectively:

I_- :___ 2

Evidently ZAOB=a /3 | A R\RCR\R =D,
Take &(p lint {G-on er uri, cwglé\s\» tha* ./\\uv = mLAOB o— ,B
Join A, B &na, u,,.lli,_: %y

A |. "'l"."-’_"v ang!es 'w-, oz and .;z— S are in standard position.

\ J | %1% L the coordinates of Aare (cosa, sina)

- the coordinates of B are (cos S, sin )

the coordinates of Care (cosa — 3, sina — f3)
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and the coordinates of Dare (1, 0)

Now AAOB and ACOD are congruent by SAS theorem

- |AB|=|CD|
= |AB|" =|cD[

using ¢! v:*anctn 4U|mUic

(cosx -\ cCs B)7! +(snc s ’1/)’) —[cos(a L) — 1]

+[sin(a - B)-0]

. J AN “53% 2 cos? B—2€0sa €os B +sin% ar +sin? B—2sinasin B
[ 1 -

=cos’ (a— B)+1-2cos(a—B)+sin’(a—B)

(cos® ar+sin’ ) +(cos® B +sin® B)—2coscrcos f—2sinarsin 3

= cos’(a — f) +sin*(a— B) +1-2cos(a — f)
1+1-2(cosa cos f+sina sin f)=1+1—-2cos(a - ff)
2—2(cosa cos B+sina sin ) =2—2cos(a — f3)
Subtracting "2"from both sides

—2(cosa cos B+sina sin ) =-2cos(a — B) dividing by '-2' both sides

cosa cos B+sina sin =cos(a - )

Hence |cos(a—f3)=cosa cos S+sina sin

Note:
It is true for all values of « and g
Deductions from Fundamental Law:

(1)  We know that cos(a—f3)=cosa cos B+sina sin

Putting « :% in it, we get

T T N
cos (E — ﬂj = cosEcos Brdin—sia3 o7 _
L | - { | 1 ' <

_T ) VS W WL

= 0.cpg AL L.sin A U (

. cosZ :O,SinZ :1j
2 2

(i)
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(2)  We know that cos(«—f3)=cosa cos B+sina sin

Putting ,8:—% in it, we get - e A1 ’

V4 AN Ay AR
cos{a—(—?ﬂ=005acoaj;(-._—3- st xs!n&l—_—?— J ;
= COS\ }_— ,(_S(, L*+sm(x( 1)"

X
2!
J. cos J _sina (ii)

(3)  We know that cos(%— ﬂ]zsin i [(i) above]
T ..
Put ﬁ:5+a In It, we get
T T . T
cos| =—| =+a ||=sin| =+«
5502 |-(3+2)
. T
= cos(—a)zsm(5+aj
. T
= cosa =sin £E+aj .+ C0S(—ar) = cosa

. T
.'.SII’][E+0£) =CO0Sa

(4)  We know that cos(a—f3)=cosa cos B+sina sin

Replace g by —p
we get AN

cos| a—(~ ]_COSO‘COS(—,B)Hmasm!—B\ (ol

Hence |E)s(a+,8) cowcos/—unxsn; ARCA\E R

__:-_A._

5) We knu 7 tﬂaL hO“"\r’Z-f ﬁ }v\ca / —amasm[)’

'-._IIQ-‘{E,WCQ a‘_ .b.\, E +a"we get

ARTEAY I ' -
AR L

| V4 _ V4 . (7 .
COSK§+0{}L'B} = COS(E+a}cosﬂ—sm[5+a)smﬁ
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®)

(7)

(8)

'I,—.eme |S|n(a+,8) =Sina cos f+cosa sin B

-_~|q[| ‘%-LP}_

COS[%+(a+ﬂ)}=—SinaCOS,B—COSO( sin g

T . T . \ B .'. _‘ rn . ‘ﬂ_‘ .L. ."'b-_l _.| i .- e )
cos—cos(a+ﬂ)—5|n53|_r_1_(a+/?) _-—[__sl._w. eg £+ 0S¢ 8in\6] ,
O—sin(a# -’%):—(sinnccs,t-?-rcocasin 6’)
—Sin(C-rL) (>|16. C')SU+JL§ﬂvulﬂ)

It |I[|ply bcth s1(e< by——1"

We know that sin(a+ £)=sina cos 8 +cosa sin B
Replace " g"by "-g"
sin(a— ) =sina cos(—p)+cosasin(—4)

Hence |sin(a— ) =sina cos S —cosa sin

We know that cos(a—f3) =cosacos B +sinasin
Let a=27,and =6
».€0s(27 —68) =cos27cosf+sin 2zzsin &

=1.cos@+0.sin@
=Ccosd

cos(2z—6)=cosd

We know that sin(a — ) =sinacos f—cosasin 3
Leta=27 and =6

=.sin(27z — ) =sin 2z cos & —cos 27.sin &

=0.cos@-1.sin@ e [T\ ([
i i = '.-"' -\._. Y | | _-" # ' -\..:":-..
=-sing e T OV AN A
. " 1 = 4 p _ '.l 1 ! \ '.I i .'. 1 N
snn(zﬂ—e):—sune . 2T\ | -_ \RSR\RR=NY

ra "'\-_

We knvat131 a?(af;,)l S' *{(0‘32))
\ L eOs(a +

nacosﬁ+cosa sin g
COSa Cos f—sina sin

1\

dividing cose« cos g in numerator and denominator
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sina cos f | Cosa sin g
__Cosa Ccosf3 cosa cospf3 ¢
cosacosf sinasing SN | 7
cosacosf cosaposB o L\ s

sina ‘II’IB

sna >rn,? _

| e0sacos f

J I \ : NE |tan(a+ﬁ)

tana+tanﬁ
l-tana tan g

_sin(a - p)
~ cos(a— f)
_ sina cos f—cosa sin B
" cosa cos B+sinea sin B

(10)  We know that tan (o — f)

Dividing by cos« cos £ in numerator and denominator

sinacosfB  cosasinf

__Cosa Ccosf cosa cospf
cosa cosﬂ+ sina sin g

COSa COS 3 COS« COS f3

_ tana-tan B
l+tana tan g

tana —tan
tan(a—ﬁ) :aa—a'B
l+tanatan B
Allied Angle:
The angles associated with basic angles of measure @ to a right angle or its multlple ara i
called allied angles. So, the angles of measure 90° + 0, 180° +.4 210--+ @ 590" e am
known as allied angles. — R ) ' ' j '-";,__; -
ﬂ'll N _ 5 . \ I- ‘ |I
— ‘:sme \anf— «9[— zow /
S ! .2 ) e ___\ 2 ]

—cotd

sin (——9\ cosé, cosL
{4

L \:—sme tan[ +9]
?) 2

Nl’$

sin( ._+9] (059 i
- = \2 1% ] -.--
J, |J .|[,,m\h L‘y):sin 0, cos(r—0)=—-cosd, tan(r—0)= =—tand
13in(;z+¢9)=—sin9, cos(r+6)=—cosé, tan(z+6)= =tand
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sin 3—7[—9 =—-c0sé, cos 3—”—0 =-sin@, tan 3—”—
2 2 2
i

sm(3—+9j:—cose cos(s—nj sn¢9 *:n/ —+.\ '
2 2 )T AT

%,

{sm(zw— g} =—sin 6?, e0¢ (20 ~6,=cps9. tal;-(?::'—e)': :—taﬁé

0]: cote_ -

M

\—eotg

A

|
LA | &

sin (277 ) +<1m9 ?o.._(._27,_-+flj---cos'(9; tan(27 +0)= =tan g
(1) = G5 addéd o__r_s'lbtra(,ted from odd multiple of right angle, the trigonometric ratios
- J J -g'fhartge into co-ratios and vice versa.
w | N

.e. sin — cos,

2 If &is added to or subtracted from an even multiple of %

remain the same.

tan —— caot,

seCe—= coSec

Note:

1) If basic angle @ is greater than 360°, we subtract multiples of 360° to ba5|c angle

For example:

sin 750° =sin(750° + (~2)(360°)) =sin(7501 7 720°)=i130° " ﬁ'
(2)  If basic angle @is betweer;u to 368 Q’we wil reflune! It rrrto mult plea of 90°
-sm.(3 900 \ '

sin 240 rsll (270° —°G”) =

- L i 8
o k_JI.~|,.~_

T

130))= - cas 6™

T
Measure of the angle Quad. A

. sint+ve All+ve

——60or2x+6 I

2

72' ”~

_ _ X <

5 +6 or 7—6 I )

3z
7+0 of 7_0 I tantve costve
%’He or2z—0 \Y; '1

-~ !
| # =
| —_

o]

> X

the trigonometric ratios shall

I_- :___ 2
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Q.1

Exercise 10.1

Without using tables, find the
values of:

(i) Sin(_7800)

Solutiog_:

sin(=780% A\ A O\
_sin(ra0 +p(3ne)y L
s (C780°+ 720°)
=sin(-60°)

=—sin60°

B3

2
(i) cot(-855°)
Solution:
cot (—855°)
= cot(-855°+2(360°))
= cot (—855°+720°)
= cot(—135°)
=—cot135°
=—cot(90°+45°)
=—(-tan45°)
=1
(iiiy  cosec(2040°)
Solution:
Here cosec(2040°)

1 .___-"

~cosds 2 FTBze)) p

- oprec| 204041800

\L tasec( 240°)

= cosec(180°+60°)

= —cosec60°

\ fiv)| | sc(—96CP)

| '_'Séllllti.}-r._: W\ [ A

- '\/;5 = ...- _.. H- ’

&

Soiution:

sec(—960°)

= sec(—960° +3(360°))
= sec(—960°+1080°)
=sec120°

= sec(90°+30°)

= —cosec30°

=2

(v)  tan(1110°)
Solution:

Here tan (1110°)
= tan (1110° + (~3)(360°))
= tan (1110°-1080°)

=tan 30°
1

5

(vi)  sin (..-3000..}'_":. W\

=sin (—3000 + 3600)
=sin60°

3

2
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Q.2  Express each of the following as a =tan(3x90°+24°)
trlgon?metrlc function of an angle ——cot2a> [
of positive degree measure of Ies_s il o0k sogd | (e ),
then 45°. A \
= L Soadtiond
(i) _S_'_n(-j*_%o) WAV OV WD N —eesTaBe
Solutioas | | L T s [ = cos(728°+(-2)(360°))
sin1.96° | -
_ . =cos(728°—720°)
o =30 (130°+ 16°)
, J [ WM 4 = =C0s8°
| . =sin(90°x2+16°) i sin(~625°)
=—sinl6 Solution:
I 147° .
(i) _ 608 sin(—625°)
Solution:
0s147° = sin(—625°+2(360°))
= c0s(180° - 33°) =sin(—625°+720°)
=cos(2x90°-33°) =sin95°
— _c0s33° =Sin(90°+5°)
(i)  sin319° =C085°
Solution: (viii)  cos(-435°)
sin319° Solution:
=sin(360°—41°) cos(—435°)
=sin(4x90°-41°) = c0s(—435° +360°)
=—sin41° =cos(—75°)
(iv) | c0s 254 _ 0 75°
Solution: e RN AN
cos 254° -\ =Cos(@TIS?) [ | Lo
— cos(270°-16°) A O AV R Y
B X BYFA L X)L L siseR.
= D004 —16°) - LU T T L N I R
_COS(“__;:L‘-’.IO _-1-51_{_‘* A\ o L Solution:
==sinfB}) )\ AW sin150°
Ly [ et — sin(180° - 30°)
J' ~| I '-.;'5')i?-!-;iun:' ) . .
N RV A I =sin(2x90°—-30°)
 tan (270° + 24°) =sin30”
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Q3

Prove the following:
(i) sin(180° + a)sin(90°— &) = —sinacosa
Solution: ) [
LH.S =sin(180°+a)sin{sn°—a),
=(=tina)(cose), | W/
< sirl e’ -
= RH.S

(il “in780°sin 480° + cos 120°sin 30° =

Solution:
L.H.S =sin780°sin480°+c0s120°sin30°

=sin(780°+(—2)(360°))sin (480°+(—1)(360°))+cos (90°+30°)sin 30°
=sin(780°—720°)sin(480°—360°)+(—sin30°)sin 30°

=sin 60"sin120°—l.1

22
J3

= T.Sin (90°+30°) -

_\B

ANlF

> .(cos30°)-=
B £_1
2 4
3 1
T4 4
3-1
T4
— 2

(i) cos3 ’)6°+C(_)s?3’.1° +w:162°+ ‘odltf C)
Soluticer, | | | =0 W \
L.H.S —LGSJJS°+ ‘o‘ 2’34‘-’ +00s162° +C0s18°

e jl =) cul 4667 — 54°)+cos(180°+54°)+cos(180°—18°)+cosl8°
| IR

= cos(4x90°—54°)+cos(2x90°+54°)+cos(2x90°—18°)+c0s18°

= c0554° —co0s54° —cos18° + cos18°
=0=R.H.S
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Q.4

- -\'
- LY i 8
o k_JI WY

(iv)  c0s330°sin600°+c0s120°sin150° =1

Solution:

L.H.S =c0s330°sin600°+ 00512005|n150°

LA | [} &

= c0s(270°+60°) i3 (600" _L_‘\_—z 0600\) c,'Js_’QO‘-:+.3(,°~)sin\’9(.')'°+60‘;)

=08 (3x90° 50 )‘sir’v-'6:)0°'—-}-20'-°)h'+( -5in30” )(cos60°)"'

nE,J s.n — z:)°\ -sin3

NN :--sin60°sin(90°+30°)—— =

=—£-cos30°—1
2 4

_ BB 1

2 2 4

31

T4 4

4

T4

=-1=R.H.S
Prove that:

sin’ (7 +@)tan (32”+0]

()
cot? [327[ - 0] cos’ (7 — @)cosec(2z - 0)

Solution:

LHS =

sin? (7 +6)tan (3;+0)

cot? (3: — Qj cos® (7 —@)cosec(2z - 09)

| U-'

I:Sln T H‘))—l “__]L3 _ AR

i
A - ._.\,_._-__

=_ L\ ot‘ Sﬁ— HU ["()Sm\\uu. .cosec(27z 0)

(—sm 0)" (~cot0)

- (tan 49)2 (—00549)2 .(—cosecd)

o
L
o -.\.
f :-__ - .:
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Q5

~ sin? @(—cot )
~ tan®@.cos’ 6(—cosecd)

. cosé ) [ Y s '
(smzﬁ)(— ‘n_é)j O A ATV Y ’
_ (:223\ wea| L)\ \\ U\ .

sm(y
1n€as9 )

——=———1—i-

.—_.ST[].

.'_' " L=tos@=R.H.S

N cos(90° + &)sec(—6)tan(180°-9)
(i) - =-1
sec(360° - 8)sin(180° + &) cot (90° - 6)

Solution:

_ c0s(90°+0)sec(—0)tan(180°—-0)

~ sec(360°-6)sin(180°+ @) cot (90° - )

_ (—sin@)(secd)(—tan )
(secd)(—sinO)(tan o)

=-1=R.H.S
If a, B,y are the angles of a triangle ABC , then prove that
(i)  sin(a+pB)=siny N COS(a—'_ﬂj os[ j
Solution:
Since «,f,y are the angles of — cos(OHﬂj: n?
triangle ABC 2
S0 a+pB+y=180° (iii)  cos(e@+pB)=—cosy
= a+ f=180°—y Solution:
= sin(a+/)=sin(180°-y) Here o+ f+y=180°

. . = a+ [ =180°—y
= sin(a+ p)=siny = coab +,B) res(lSC’ —7\
(||) Cos(ﬂj=s|n%_‘. J = ",."_ \ —: .- '._. (OS (A+[) C'b /

T ATV VL Wiv) tcﬂ,i\al.ﬂi')+tany=0
Solutigi | |~ Y \ |4~} —Solution:
Here @ I—B w _._800 AN i Here o+ f+y=180°
= ..'x i ,rf -185° —-- = a+p=180°—
VIAIEsl® = tan(a + f)=tan(180°—
NN oL, e, (a+ ) = tan(180°~7)
= 5 T =  tan(a+p)=-tany
= tan(a+ f)+tany =0

- “;ﬂ 90° - 2 (a+h)r
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Q.1

L.H.S.

L.H.S

Exercise 10.2

Prove that

(i) sin(180°+ @) =—siné
Solution: ~ |
=sin(1809+9) :
=sin1&0° 5,?5"’-)' +(0r1€07sing |
=(0] (et {1Hsin0)

L 6ind =RH.S

(i)  cos(180°+8)=—cosé
Solution:

=c0s(180°+0)

= €0s180°cos & —sin180°sin &
=(-1)(cos8)—(0)(sinH)
=—c0sd =R.H.S

(i)  tan(270°-6)=cotd

Solution:

LH.S =tan(270°-0)

J '

_sin(270°-0)
~ c0s(270°-0)
_ (sin270°)(cos @) - (cos 270°)(sin &)
~ (cos270°)(cos §) +(sin 270)(sin §)

~(-1).cos0-0.sin0
- 0.cos@+(-1).sin@

_ (=1)(cos0)
(-1)(sin®) \ - -

—cosd, | —

CJ)Q.

| sn(‘
_cotH R.H.S

(iv)  cos(6-180°)=—cosé
Solution:

_ - a1 b e _ % | L -_- '|. 5, k
—sin7 | R R

L.H.S

L.H.S

L.H.S

L.H.S

\ F tan ‘-I-’ MS L
'QV||1) \cts{360°—6) = cosf

! “Solution:

L.H.S

—cos(49 180°) :
—C’)SP 05(;8(; )+>|r*(/9|n\*8u )

= os(»') 1)--(5in)(0)
:—cose R.H.S
(v)  cos(270°+6@)=siné
Solution:
= c0s(270°+6)
=(c0s270°)(cos#)—(sin270°)(sin 6)
=0—(-1)sing
=sin@=R.H.S
(vi)  sin(6+270°)=—cosé
Solution:
= sin(6+270°)
=(sin®)(cos270°)+(cosd)(sin 270°)
=(sin&)(0)+(cosd)(-1)
=—-cosf=R.H.S
(vii)  tan(180°+6)=tand
Solution:
=tan(180°+6)
_ tan180° +tan &

1-tan180°tan @

_ O+tané P s~
(O\ta I" l,"*;_' > :__ k : '

=c0s(360°—0)
=0s360°.cos @ +sin360°.sin @
=(1)(cos8)+(0)(sino)

=cosd=R.H.S
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Q.2

Find the values of the following:
Q) sin15°

Solution:

sin15°

=sin(45°—30°)

=sin45°¢6530° - cos45°sind0” |

(J‘/ k\/2‘>} I~ 1 ] (%)

(i) cos15°
Solution:
cos15°

=cos(45°-30°)
= 0545°¢c0s30° +5sin 45°sin30°

(FHEHFG)
_ N3 1
22 22

_x/§+1
=5
(i)  tanl5°
Solution:
tan15° = tan(45°-30°)
_ tan45°-tan30°
_1+(tan45°)(tan30°)

]

SINZAG° v N

(iv)  sinl105°
Solution:

=i (307 4459) |

-+5in60°C0s 45° + cos 60°sin 45°
1) y (i)
2) 2

2J_ 2J’
«/§+1
= A
(V) cos105°
Solution:
c0s105°
=cos(60°+45°)

= C0s60°cos45° —sin 60°sin 45°

(HEHZHE
1 B

2J2 22

2\2
(vi) tanl105°
Solution: NN
tanlO';"- SNV

| S

_tan 67° +4’5°) A

" 1a|.oO°+tar *o
1 tan 60° tan 45°

_\E+1
_1—«/5

I_- :___ 2
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Q3

L.H.S

L.H.S

Q.4

L.H.S

‘LHS

[ | h

Prove that

(i) sin(45°+a) =

Nilg

Solution:
—sin(45°4 1) _
=Sin452 "(\S(¥+Luq4’) -:Il |

] AR
e co:a—'-—=smc;
o2

[N \‘II

<
_ %(sm a+cosa)=RH.S
(ii) cos(a+45°)=%(005a—
Solution:

=cos(a +45°)

= COS &x C0S45° —sin o sin 45°

=(cow)(%)—(sin a)(%j
= %(cow —sina)=R.H.S

Prove that

(sina+cosa)

sina)

(i)  tan(45°+A)tan(45°-A)=1

Solution:
=tan(45°+ A)tan(45°— A)

[ tand5>°+tan A [ tan45°—tan
1-tan45°tan A

_(1+tan A 1-tan A
1-tanA)\1+tanA)

=1=RHS&

=

.-/'.I.' /'__'-\}..

Ay
_".

Q ta.wLZ--0}+t§1L3

"‘IS\Iﬂ_‘U_’.I ¥ -

=tan(z—9]+tan(3—ﬂ+9j
4 4

A
1+tan45°tan A

N

3z
tan” —tan@ ( T’“(
:( 4 __.L_) "\-\.__'_k _Z 0
1™ i
'+r~wtme Lt |
LAY 4_ L JE’r1\4J
i= tanej i —1+tan¢9
1+tané@ 1 tan¢9

=
1-tan@ 1+tané@
(1+tant9j (1+tan0)
1 tand—-1+tanéd
1+tand

0

=1+tan6?
=0=R.H.S

(iii) sin(0+£)+ cos(0+£)
6 3

=Cc0s@
Solution:

L.H.S :sin[0+£j+cos(0+£j
6 3

= SiﬂHCOSz+COSGSinz + cos:9cos£—sin05inz
6 6 3 3

B3

=sin 0—+cos¢9£+cos«9l—sin
2 2 2

=lcos¢9+1.cos¢9
2 2

= ZXECOSH- - I-\.\,._." y ) -' .
F _.2 " ) kN .I .__.-' P ) i W\ l\.:_
=rosf R ES | LT
.-. i1 1 , i | _|I 0
| s T sin@—tosftan 0
P (IV) 2 _ tanE

cose+sin0tanz
Solution:

sine—cosetan‘z

LHS = 7
cos«9+sin49tanE

j+tan€\1: 41 .

lall@J

B3

o2
2
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. 0
sin—
sin @ —cos @ x

COS —
2

Si—
_ UL 6 +Sinfx ﬁ%
AN (Tros

| s @nte 7\ eoso.sin?
= 2 2

0
Cos—
2

cosecosg+sin Hsing
2 2

0
COS—

sin Hcosg—cosﬁsing
2 2

COSQCOSQ-FSin esing
2 2

=

.0
sin—
2

0
Cos
2

= tang = R.H.S
2

Alternate solution:

sin@—cos&tang
LHS = 2

cosé)-as i'h' 9tan i 7
D|V|d|ng up and ,.ov ’I bJ <5

’_)
T 'St 6 - coseua"
|.,,, 2

"-:"' VYT coso

cos @ +sin Gtanz

cosd

.

0
sing cosftan_

_ CosP—. 5 D 0"

—— ;\- ]
| indtan .~
_’.I'-)Sr9 S n ta1 2

L (oss curé’

tan @ —tan Q
2

1+tan Gtanz

:tan(e—gj
2

= tang =R.H.S
2

1-tan@tang cos(6+¢)
l+tan@tang cos(6—-g¢)

(v)

Solution:
_l-tan@tang
1+tan@tan ¢

L.H.S

sin@ sm¢5

_ cos@ COS ¢
14 sing y sing
coséd cos¢

cosdcos¢g —singsing

cosf#cos ¢
cos@cos¢ +singsin g

coS 49 €os @

ro°9r0<'¢ qnf)smd) \

Lo~67\o>¢+,.p(-f‘- I(/}'". -

Cf-S(A) i)

= oos(09) =R.H.S
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Q.5  Show that cos(a+ B)cos(a— B)=cos’ a—sin’ B =cos’ B—sin*a
Solution: P [
Consider _ N \ \ 1 T\ ¢ IR R

cos(a+,6)cos(a [ﬂ

Rt

£k0d¢r cos/)’-—< m asin ’?)( ""?JCUSﬂ-FSanlSlnﬂ)

. (_cc%_(.:co.s/)’) —(sinasinﬂ)

cos’ acos’ B—sin” asin® S

.

= cos’ ¢(1-sin* B)—(1-cos’ & )sin®
= cos’ o —c0s” aesin® B—sin’ f+cos’ asin®
=cos’ a—sin’
Further it can be written as
=(1-sin*a)—(1-cos’ B)
=1-sin’*a —1+cos® S
=cos® f—sin’«a

sin(a+ B)+sin(a- )

Q6 Showthat cos(a+ B)+cos(a—B)

=tana

Solution:

sin(a + B)+sin(a - B)
cos(a + B)+cos(a - )
SinaCOSﬂJFWHinacosﬂ_W ,E,a
COSaCOSﬂ—W ‘““‘OSO{COS‘% ,nwesﬁ' N e
2<;1M RYZAR '_'. y

1.."'

JZcds wxfos‘;?— ™ \ \ A

LHS =

I_- :___ 2

~|16-

A= ——'—r i

) TR
Y ] N J U Setana =RH.S
TR RN Y
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Q.7  Show that:

: cotecot f—1 1+ tanafan
(|) COt(a + ﬂ) = a—ﬂ = —'—.j—'“:l-.—"-
cota +cot S o e ane-lan
-. : - | | 3 1 . .-.l\.
Solution: = A ALY \ -.77-1
LHS ~oa+rm),—\ L\ D WD cdtacotg
1 1
AAR'RA R R L™ cota cotf
T Y o (er3) cotacot f+1
.._ J I-_ .i & -... hy B i 1 :—w
A " tana+tan g cot 5 —cote
1-tanatan B cota cot 8
_l-tanatan B =COtaCOtﬂ+1=R.H.S.
tan o + tan cot 5 —cota
1 1 (i) tana+tan g _sin(a+ )
_ 7 cotacotf tana—tanB sin(a-B)
R o
coter | cot 3 Solution:
tan o + tan
cotacot S -1 L.H.S :—ﬂ
TR tana —tan g
_ cotacotp
~ cotB+cota sina+sin,3
cotacot _cosa cospf
tacotf-1_ ~sina_sing
cota+cot,8
tocot B+l sina cos S +cosasin f
. cotacot B+
(ii) cot(a—ﬂ)=a—’3 cosa cos A
cot f—cota " sinacos f=rosasin
Solution: ) e c<;~w m)s,S’
LH.S =cot(a—p) . DR snL c0>p+cﬁsa5|nﬂ
1 AVziRY{(aR\RSA) ) 'sir acgs B —cosasin
— ] _ B . ._I I'._." i '.I.- -II. .... ".“ "I... -'I-. N R )
e RN () g
BN '-1' - sin(a - )
YA .J-.;"x"' MY} S\ Haite — tan Yi;
\ J ANAYE 1+tanatan B
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Q.8 Ifsina=%andcosﬂ=%where0<a<%and0<ﬂ<%.Showthat -

14,

sin(e—-B)=—. - - VST
(@=£)= 205 )
Solution: YA
T\ A Y4
Given t=at 'sin ¢ =f fl , CUs B = _._0’ i
A e T L
[l N — :.(n 2\
N _Il"'H"" = sinfa - p)
J. N YT =sinacos B-cosasin B

:sinacosﬂ—\/l—sinza\/1—cosz[f’ Here cosa =+y1-sin’«a '.'0<a<%

4\( 40 16 1600 . T
== || = |- 1= 1-— sinB=+y1-cos’ f QO< f<=
(5)(41) \/ 25\/ 1681 P pRO<f<5

160 \/25 -16 \/1681—1600
205 1681

_ 160 J7 \/W
205 1681
160

205 (5)(41)

160 27

205 205

16027
205

133

© 205

Q9 If sina:%and sinﬂ:%,where %<a<7r and %<ﬂ<7z. Find ~ ™,

(|) Sin(a+ﬂ) . { -'\-_. - o ____.---. ‘_ .:--H. .I .. I.-" e . .-.:.
Solution: = o AR : —
Given Iha_i 'é'ma:i.- ,-
£\ 5 :_' T \ _ e
] 4:>casp1——/i gin® o Q%<a<”
NNV
| B 25
_ |25-16
25

I_- :___ 2
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cosa =—— -

] -b

and Sl!-’-f% =

L5

= c'osz?—— iﬁ—am ﬁ

Y
- J N RN
; Y R
& I 1 | %
v | I ) -
RINE \
" W ¥
{0
h "

169

,169 144
\J 9

Cosf=——
4 13

Using sin(a + f) =sinacos S+cosasin B

(s 55

(i)  cos(a+p)
Solution: [
Using cos(a+,8) c05arns,6’ ‘In xsp

4 12
O\ \ e *’(-5 klﬂ,l
RIRY 15 a8,

~ R ! | .-,_II. AR Ob 65
W {'~] AN AV A= 15-48
L | \.'H.. -

65

cos(a+f3) :_6—353

~aT\ \
- .'_ L ! LA i
= ad ’ — ..l | - II. I- ..- : Ly 5
= - | r
T P h \ -

} \TyZe

|, o i
| T 1 b, o
'\.I | -.-. ) " 4
k| | -
"y -.-H
L~
T
Q§<ﬂ<7f
— -
- —
; <
I =
L B, e | ! 3
ALY B R P | ‘.L_-f"' i
LT R A (S | —
1 & |
%, -
1 s .-
lI ]
L | |
L
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(iii) tan(a+ ,3)
Solution:

Using tan(a + B) _sin(@+p)  ~

\k _3\ \
65

56

tan(a+ﬂ)=§

COS(a'+'"'/J’)_. = 7 L)

Note Here sin(a+f)= _6—556&cos(a+,8) :_6—?;3 are both are negative, it means terminal arm

of a+ g liesin Il Quadrant

(iv)  sin(a—2)

Solution:

Using sin(a— ) =sinacos B —cosasin

(a5
5/\13 5 /{13
20 36

_+_

65 65

_ —20+36

65
16

sin(a—ﬂ)zg

(v)  cos(a-p)

Solution:

Using cos(c—f)=cosacos ﬂ+s‘i:r:|}x sin.2 SRR

R SN () 12\’

SART _\ )I 13 l \(\J[ 3
J e%+65
' 63

cos(a— ) T
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(vi) tan(a-p)
Solution: —_— B
. sin@-p) ~ [\ oY (2
U t - = ! oy ol o )
sing tan(a - ) cos(c28) = /o
NREEARY
| 163
65
16

[WNINN tan (o) =

Note: Here tan(a - /) :g and cos(a—f) :% that is both are positive, so terminal arm of
a—f lies in 1% quadrant.

Q.10 Find sin(a+ B) and cos(a+ B), given that
Q) tana = % cos B = % and neither the terminal side of the angle of measure

a nor thatof g isin the | quadrant.

Solution:
It is give that «, # are not in quad.l, it means, « liesinllland A lies in quad.IV.

Here tana :% and « lies in quad — 111
So  sina=— cosa =— 5 3
5 5
Also  cosf=— > and g liesinquad - IV 4 )
13 — A=)
12 e RN (@ 91N\ e
So smﬂ_——3 . Y Dt AN, S

= 1 o 3 L. i
1 = - L, [, \ -
- -k L . L J L /-
LT ‘ s
T
L 4

Using sin(a + B) =sinacis ’)’+c0¢ smﬁ-

._-x;»—3f5\ 4{—;4\
r JMS ﬁ /\ 13 )
o =15 48
=[S B 0 a =—+—=
N NIV A=A, 65 65
k | % 33
sin(a+ )= o
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cos(a+pB)="?

Using cos(a+,8):cosacosﬁ—sinasinﬂ - (]
(‘Wf’)— s TN G
43 \b KLU " BABR
- _-_f’o_ 136 A | I &
L85, 6
éa')s..'r.' .. .,,\. 56
; i ar= =
I .| % . 3 /J} 65

(i) tanaz_T15 and sinﬁ=;—; neither the terminal side of the angle of

measurea nor that of g isin IV quadrant.
Solution:
It is give that «, £ are not in quad. IV, it means, « liesinquad. Iland £ lies in quad. I11.

Here tana=—— and « lies in quad — I

8 17 15

. 15 -8
So Sina =— CoSa =— o
17

. 8

And for sin,B:;—5 and A lies in quad — Il
25 7

—24
So CoS ff=——
p= 25 B

. . . . 24
Using sin(a+ B)=sinacos f+cosasin 3
_(B) 24 (B
17 )\ 25 17 )\ 25
-360 56
425 425 <A (CUD)UY
_-304 A NN [ o o
125 ’} AANVVWAVNN
Now ARERIE R

Tk (L +B,, Wosmog[;’ sncwn,?’

AN ( 187j 2” )( ls)

N NN __192 105
NIV A s s
- 297

425
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° —sing° R.H.
Q.11 Prove that Mztan37° S
€0s8° +sin8°
Solution:
L g 00s8°—sing = T

an8° +sin8°

Dividing: n nmeraies ar d den o mam‘ ~
bvces8t, wa get | '

_Ju_{[:'_h'ﬁ i_sm8°
TATIRY A ___ cos8°

sin8°
+
cos8°
_1-tan8°
1+tan8°
_ tan45°-tan8°
1+tan45°tan8°

= tan(45°-8°)

=tan37°
=R.H.S

Alternate Solution:

Q.12 If a,B,y are the angles of a triangle ABC, show that

cot ® +cot® + ot = cot “cot B ot Y
2 2 2 272

Solution:
It is given that o, 3, ¥ are the angles of triangle ABC, so
a+f+y=180°

= a+p =180° -7 = :-' &

:> a ﬂ 900 '_. .'.".u'. ! ..I 1 L ._I _I- .-. ] -.. ]

KON

= cot g [_3 J‘: 'C(")t '-_g.oo-_-.IZ_ A W
- ?‘I 2 / \ A - 2

Tl J | % Y -
\ J U ot %ot 1
L ] = # =tan

B

cotE +cot 2
2 2

7

=tan37°

= tan( 457 KRy,

| [} &

{ari45°— an 8=

|14 tah 45°tan 8°

_1-tan8°
~ 1+tan8°
sin8°

_ - €0s8°
1+ sin8°
cos8°

€0S8°—sin8°

_ cos8°
€0s8°+sin8°

cos8°

_ €0s8°-sin8°

=———— =LHS
C0s8°+sin8°

x.
-..... .y ..h-
e %)
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cot% +cot 2
= —2—Z-cal )
cot%cot -1 2 [ e NN | e

= cotg+cotﬁ.=cotz{cotg;ob-[i-_.-l_|
2 o 2 1 2,_.- ._ 2 [T | )

= cotZ+ cnt-__L—J__=.p'-3t i _:o.'ﬁz'- cot g —cotZ
2, ? o

N ,"' ot —-+L0tr)+C0t7—C0t cotZ cot”
| 2 2 2

Q.13 If a+p+7y=180°, show that cota cotp +cotp coty +coty cota =1

Solution:
Here a+ S+ y=180°
= a+ [=180°—

= cot(a+p)=cot(180°-y)

_, Cotacotp-1_ oty
cota +cot S

=  cotacotS—1=—coty[cota+cot 3]

=

=

cotacot f—1=—cot ycota —cot ycot 5
cot e cot S +cot fcot y+cot ycotar =1

Q.14 Express the following in the form of rsin(6+¢) or rsin(6—¢), where the terminal
sides of the angles of measure @ and ¢ are in the first quadrant.
Q) 12sin0+5cos 0

Solution:
Let 12=rcos¢ —
5=rsing . O\ I.- 1> ,(H) DU
Squaring (i) & (ii) and then addinc,::\iye get | __ | o=
rz(cosigf_k_sin2¢) 144 + 5 y ..—_;I ,» A=y
..__.-:. -_I. -_ r-\,,-'_ 169 .. .II x \\
— r 1330 " L
J' | Jl ’|l|| 2y \n) by (|) we get,
NERSA rsing 5
rcos¢g 12
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5
tang= —
/ 12

¢ = tan‘l(%]

Now glven nxpressmn can heiw rmeﬂ ash |
123|n0_4?51:0” TEr CJZ¢ né‘ Hﬂ“uwﬁ L,’“Q

_ _ ( ing \,os¢+cosesm¢)
, N o= —rsin(6+9)
Where r =13and ¢ = tan ™" —

(i) 3sin® —4cosO

Solution:
Let 3=rcos¢
4=rsing

Squaring (i) and (ii) and then adding, we get,
r’(cos’ g+sin® ) =9+16

r:=25

r=5

Dividing (ii) by (i) we get,
rsing 4

rcos¢ 3

4

tang=—

¢ 3

4
=tan*=

¢ 3

Given expression can be written as,—., _
3sin@ —4cosf =r! cc¢¢sm 5 I”§II“-‘"C(’J'~ 49
"\ _lfalr.t?cgg/» c~osU~m 75}

=sinlg—g)

L] '.I '.. .'u 'u_ |1 L1 |
- J LT T T T T
Fodas | o AR

Ik J W ST Wihere r=5andg =tan™ —

.-'

":__.-\.
(i)
(i)
|, ) [ Ly
1N ‘“— =
i . |
" e
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(ifi))  sin@—cosO

Solution: ; A

Let  rcosg=1 A NN [ (o \ow
rsing=1 D ANOWWWAY T o

Squarlnu(,ﬂnd (i) anr* fhénumdtn(, v g?.t;- - - U

r ((5‘275 iRy 96) 48 N f

\ -.r-.z_-.q =

[ _I.., |__> J - .

| Dividing (ii) by (i) we get .

rsing 1

rcos¢_1
tang=1

= $=tan"'1
Given expression can be written as,
sin@—cosé =rcosgsing —rsingcosd
= r(sindcos¢—cosdsing)
=rsin (0—¢)
Where r=+2and¢=tan1
(iv)  5sin@—4cos6
Solution:
Let rcos¢g=5 ()
rsing=4 (i)

Squaring (i) & (ii) and then adding, we get, N , O

rz(cosz¢+sin2¢)=25+16 e NN Y R WA T

2= 41 O\ oA AN
! ,__.- L | . TR A
D|V|d|ng UL\ ty (| \,le qe.t Vo \
|‘|n(,» AL

|‘“J . I' eey=s

4
tan ¢ =—
¢ 5
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4
= =tan" =
/ 5

Given expression can be written as,
5sin@—4cos @ =r cos gsind —rsin $Hcos £
=r(sinAcosip- oz 5 ng) | |\

|| #rsino4) |

\/u’.h.«*r > ='«/21Iand p= tan‘lg

(V) Sin® + cosO

Solution:
Let rcosg =1
rsing=1

Squaring (i) and (ii) and then adding, we get,
r*(cos’ g+sin’g) = 1° +1°
r’=2
= r=y2
Dividing (ii) by (i) we get,
rsing :}
rcosg 1
tang=1
= ¢ =tan" (1)
Given expression can be written as,
sin@+cos@ =rcos¢@sin@+rsingcosé
=r(sin@cosg+cosfsing)
=rsin(6+¢)

Where r =2and = tan U5, \\ )

(vi)  3sinfd—5cosO AYFARR SRS
Solutidnd | |\ — "~ L L s
Let  rissg=r3 L L L \ -

hsing 5 |

A _]',‘-.j'ﬂ;.';':::s'ri 15'G) and (ii) and then adding we get,

“r*(cos’ psin® ) =3 +5°
r’=9+25

- .

(i)
(i)
(i)
(i)
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Dividing (ii) by (i) we get,

rsing _5

rcos¢ 3

5

tang =—

= ';6=" i‘an*-.é -
| B

(:l "-"] exorw S!ﬂl .,an be written as,

J I"- W '%;l..@ 500860 = r cos¢sin@—rsin¢cosé
= r(sin@cosg—cosdsing)
=rsin(6—¢)

Where r =+/34and ¢ =tan >

Double Angle Identities:
(i) sin 2a. = 2sina cosa.

(i)  cos2a=cos’a —sin‘a

= 2cos’a —1
=1-2sin’a,
i) tan2e=-2"2N%
1-tan“a
Proof:
(i)

We know that
sin(a + ) =sina cos B +cosa sin B

Replace 'S'by '« 'we get
sin(a+a)=sina cosa +cosa sira

K,

Hence!sini2¢; = 25111 cowﬂ

We knoty that | | | |
- | \ae(k BY=-s0sa cos B—sinasin 3
Wl N % |

Replace S by a

._.-'_'_'I_ - .___. "'\, \ |

(iii)

cos(a+a)=cosa cosa—sina sina

Hence |cos 2a =cos? a —sin’ a

Now
cos2a = c0s? a —sin a
—cos’ a —(1—cos2 a)

=c0s? ¢ —1+cos* «

Hence |cos2a = 2cos? o —1
Again cos2a =cos’ a —sin’
=1-sin*a—-sina

Hence |cos2a =1-2sin’«|

We know th_at i N [ WA\
i x-f—Lln,L e’
\ r—tma mnﬂ

' ..!:'»_eg_-pl.ar‘é "5yt we get.

tana +tan

tan(a+a)=————
l-tano tana

2tana

Hence |tan 2a = >
1-tan" o
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Half Angle Identities: (i)
_ a 1+ cosa. We knowthat 1A
(i) COS— ==, [——— - -
2 2 ~ . -u*\<26’ 1250’ 6’ o
. .o [1-cosa, ey RUIAR) n’.erl : "6"b” ' we get.
(i) SIN— = h——=7"\ V L} W 2
L =._=_.=. . I-_ \ i} 1 - ] g _1_ -2 g
e "-'-rl"—'-c'ow' cosZ(Zj_l 2sin 5
(i) fan - = E ==
o TR RO =1 + cosa .
ol cosa =1-2sin? =
=roof:
[
® 2sin2% =1-cosa
We know that 2
c0s 26 = 2cos” -1 sin2 & _1=cosa
2
Replace 6" by "we get.
. a l1-cosa
Hence smE:i 5
oS Z(gj =2c0s’ (gj -1
2 2 (iii)
cosq =2cos? & _1 We know that
2 (04
o sinE
1+cosa =2cos? < tan — =
2 2 @
cosE
l+cosa .o
2
1+cosa a
+ =C0S—
2 =
Hence cos%:i 1+czos.a_—|rl :;:i_ A\
D ¥ x N N A
AN AR =L Hence
J.'._'-.|“'J"~|"~. '
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Triple angle identities:
(i) sin3a = 3sina —4sin’a

(i)  cos3a=4cos’a —3cosa ) PV 1
i) tandg =>ne - tan‘e )
.1—3tan_(z_ uyYs
Proof: /oy V4
() = | ()

L.H.S sin3ax=sinf 2+ ),

_ W R RisIn2a Cos ar+cos 2a sinar

SR T =(2sina cosar)cos o+ (L-2sin” a)sina

' ' =2sina cos? o +sina —2sin’
=23ina(1—sin2a)+sina—25in3a
=2sina—2sin a+sina—2sin* «

Hence [sin 3 = 3sin . —4sin® «|

ii
I(_.?—LS cos3a =cos(2a+a)
=C0S2c COSa —Sin 2a Sinax
= (2cos2 a—l)COSa—(Zsina cosa )sina
=2c0s’ o —Ccosa —2sin’ o cos o
=2cos’ a - cosa —2(1-cos’ ) cos
=2c0s’® @ —Cosa —2C0S o +2¢0s° o

Hence |cos3a =4cos’ a—3c05a|

(iii)

LH.S tan3a=tan(2a+a)
_ tan2a+tana
1-tan2a tana

2tan o
__l-tan’a o
2tana P Y

-————.lana ) Ty T VS

1-tan’a PRI R ERLEE Y
2tana+tana(1— an YHaRIBRPRIBR=EE

M A

+tano

= - 1—xa|| & W { i "'--'J,
o (1 tan ) rLtaMz ‘ean\\

\ 1 tcn f).
1 Ltan wnaha tan® «

J|||" Tl tan? g —2tan’a
WAV 3tana—tan*«
1-3tan’

Hence [tan3a =

I_- :___ 2
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Exercise 10.3

Q.1  Find the values of sin 20, cos 2a. tap g 2
and tan 2a , when: — e N KTy
()  sino === A i\ chsie =)
N AN RATE Suiution: .
SOIUtiOI.-1.' RIRIRE RN Given that: cosar =
el <,5-3\,'.31thc,t_:. St = 1—2 sina =1-cos’a
! 'JI =7 = cosa=+1-sina = 1—(%}
12)
(13] = 1—2—5
_ 1_% _ [25-9
25
_ [r69-144 T
169 = 25
= 25 Sinoz—ﬂ
169 :
cosgr = 2 Using sin2a = 2sinacosa
13 43\(3
Using sin2a =2sinacosa = 2&)(5)
12\ 5
= Z(EJ[EJ sin2a = %
. 120 N 20 = COS2 or —sin?
sin2g = === OW C0s2a = Cos” a —sin’«a
169 2 2
. 3 4
Now cos2a = cos” a —sin’ a =[—j —(—j
5) (12Y P
COSZaz(—) —(—J - TG
2513 14413 ~ TV T N (220
169 169.. Yy Y "-. | '. 1 ,- AR :—,5—
ARV RLES \ N CoS20r =—
RIRIET AR 25
- CUS 4t == g? _ 24
~ (RN |~ -~ 1o
. J' J AN AV ASEs 120 Now tan 2a = sza =2—§
AINIAN AV _ 120 cos2a  —1
Now tan2a = sin2a __169 25
cos2er 119 tan2a = -4
169 7
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Prove the following Identities:
Q.2 coto—tana =2cot2a
Solution:
L.H.S. =cota—tanx
_Cnsa sina
i caser-

Gos®ia —5in? |

 sinacosa
2C0S2x
=Zsin a-CoS
2C0S 2
- sin2a
=2cot2a=R.H.S.

sin2
Q3 M —tana
1+cos2a
Solution:
LHS —_Sin2a
1+cos2a
_2sinacosa
2cos’ a
_sSina
cosa
=tana = R.H.S.
1-cos
Q4 _—(lzta.nE
Sina 2
Solution:
LH.s, =100
~ Siha — |
'_ 2I‘_|I]20i 1 ",. .'.I.'. :'.

4 A ——

Al
3 =3lN—C0S —
2 2

.
Sin—
2 -

52| |
eesS—>:! |
w2 A

@n%<RH.s.
2

Q.5 cosa—sina —sina =sec2a —tan2a
COoSa + sino

Solution:

R.H.S. =sec2a —tan2a
1 sin 2a
T cos2a cos2a
_1-sin2a
"~ cos2a

_sin®a+cos’ a—2sinacosa
cos’ a—sin*a

(cosa—sina)’
~ (cosa —sina)(cosa +sina)

_cosa—sina
cosa +Sina
Alternate Solution:

=L.H.S.

cosa —Sina
cosa+Sina

LHS. =

_cosa—sina y cosa —sina
cosa+sina  cosa—sina
- 2
(cosa—sina) _
e T e L A e

Sost e+ SNt o - zeingcos a

bV opsla

W '-."---.:I'—sin 2a

]

cos2c
_ 1 sin2a
CoS2a COS2a
=R.H.S.

=sec2a —tan 2«
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sin o +cosu cos 4
+5i 9 2 2
Q.6 «/1 -2 2 =—2CA
-sina g 0 . @ ) e LA
2 2 : | VAN N
Solution: VOO Y ket =R s
LHS - 1+Sln’1 \ P L W 2
T S a@ng W O e Q8 1+tanatan2a =sec2o
' ' IITZ;{_PU_S_w 25_ingcosg solution:
. J N .: |_ PIE) oo™ S + P L.H.S. =1+tanatan 2«
& | - -
! ' \/sinzg+c052§—25ingcosz _q, Sina sin2a
cosa CoS2a
sinZ +cos % 2 _ cos2acosa +sin2a.sina
_ COS & COS 2
- 2
(sing—cosgj _ o0s(2a-a)
COS COS2¢x
sin% +cos & _ _ Cosa
- 2 2_-RHS. COSar COS 2cx
. o (04
sin——Ccos—
2 2 __ 1
+ Cos2«x
Q7 cosecO +2cosec20 _ cot 9
secO 2 =sec2a = R.H.S.
Solution: inOsi
9 M = tan20 tan0
LHS _ cosecd +2cosec 20 Cc0s0 + cos30
secd Solution:
cosecd 2cosec20 i i
_ N LHS. — 2sin@sin 20
secd secd cosé +cos 360
cos@ 2cosd "nean?é
sing  sin20 — . Lc% L(ﬂfms 9_95@) S
COSH 2cos6 = -; = \ .. AL nH nf2¢9
~sing  2sindco: 49_ nATilaR\RC RIS f5lnes >
e 1~ VWD N ~ cost[1+4cos’0-3]
'.‘x-s'?ni'?' qin e, ﬁ‘ \ — _ 2sin@sin20
B 1+_<E§Q_ - cosH(4cosz<9—2)
sSing i gsi
J I | M ' ) 2sin@sin 20
| 2 =
2¢0s 2cos€(2c052¢9—1)
.. 0 6
25in—Ccos —
2 2
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_ 2sin@sin20 _ 2x2sin26cos 20
2€0s6.cos20 2 cOs- Qs'i'n g
_Sin@ sin26 _48in "9103211 '
cos@ cos20 __b_n)_g
_. tan6'tan20 R -I J . :4cos‘2(9: RH.S
sin30'_cos30 . " )
Q10 e T el tang+cote
Solutian: Vi Q12 0 = sech
st n M cotE—tanE
_ J. \ CHS _SI-I’I39_COS319 _
' sinf  cos@ Solution:
sin3@cos @ —cos34sin g o 0
= - tan— +cot —
sindcosd LHS = 5
sindcosé _ne 0
 sin2o Si E+cos§
sin@cos O cos sinz
_Zsinecow = 0 . 0
sin@cosd cos SNy
= 2 =R.H.S. Sinz Cosz
0.11 00839+Sl.n30:400526 o 0
cos®  sin0O sin E+cos >
Solution: singcosg
cos36 sin360 _ 2 2
LHS = +— = 7 7
cosd sind cos2? —sinz?
_€0s30sind +sin30cos O Z—QZ
cosdsin @ SIn=FB=N  (C
_sin30cosd +cos30sing .HI 4 AN o
singcos -, s SI']‘*'-}COS?E
- cm(39+9) : ;', -.;' coszli ein? Q
- (o<6fsm9 ARLE \ _ 2
..;_-:ﬂ‘iﬁ_. e 1 _seco=RHS.
: | | | CUsAsiTy cosé
N _ 2sin26¢0s20
cosdsind
-~ multiplyanddivide by 2
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i H
Qi3 SIN30,cos30 - o0 ore 2
Cos®  sin@ sin®g=(sin*0)” . 1)
Solution: _ NN | e
: ™ LA e L -fds 29N <
LHS. :sm3¢9+co_s36 P L __:L.i.__?____J |
cos® sing | A -
¢ §5n_3_€_”.'_b_,'_+.__°ig___c'_‘_s§ A _1 (1-cos26)
o eps@sing 4
RN 1 CoeSe=0) =l(l+00322¢9—200329)
NINIAVAS R arrrmry 4
_cos20 :1(1+1+C°S49—2cos29)
cos@sind 4
__2c0s2¢ :l£1+1 cos49_200829)
2sin@cosd 4 2
2c0s26
== _ 13 COS49—200520
sin 260 4\ 2 2
=2 cot20=R.H.S. _3,c0s49 2c0s26
Q.14 Reduce sin'®@ to an expression 8 8 4
involving only  function  of _ 3+c0s460—4c0s20
multiples of 8 raised to the first 8
power. _ 3-4c0s20 +cos46
Solution: 8

Q.15 Find the value of sin® and cos@ without using table or calculator, when @ is
(i) 18° (ii) 36° (iii) 54° (iv) 72°

Hence prove that: cos36° cos72° cos108° cos144° = % I-' , 5 ) k
Solution: . O Ve TV OV AN [ A
O ERAYZAR LRS- '
Let _::. A » 9:130‘\‘ \ \ A
(T |—> |\ 55420 = 90°
o= 30 =90°-260
= sin3¢ =sin(90°—26)

3sin@—4sin® @ =cos 20
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Chapter-10 Trigonometric Identities

3sin@—4sin®@ =1-2sin’ 0

Using synthetic division here Vo — M\ '_ AN L=

1 4 2 -3

- r 1 s 1 )
r & A L L LY L i
| 1 = o - i & 1 ° ...- -]
ARty o \ e
1 1 5 1

! ."-__'-_'_'Tf___—'_']'o

| &

J |J A L') }_).:16 St tne root of equation is

N ' sin@=1= 6 =90° (neglect it because our §=18°)
Depressed equation is

4sin®@+2sinf—-1=0

Here a=4,b=2,c=-1

Sing 2+ [A-4@)(-])

2(4)

244516

8

_—2+420

8

2425
8

-1+
4

sin@ = >0 , sin@=

V51 [ _%_1<0
4 4

As here 9=18° lies in 1¥ quadrant, so sm@ should be po;ur \u;.ﬁ - -'“_;f::‘_ A =y v

\/_ Pt \ \ \ '. ! , L, N
= '._.-'I _r"- _ L7 U T T T T T T T |.

So, [sin18° = L R A T T TR A N R .

Nowco._az"—-mos(‘a@“"la" Ix\
—a.n18 =

YN R
.-\.\."'-I '\:-] | w-_H'-l J'%."‘.J. \/_ 1

Next let @ = 36°
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= 50 = 36°x5
50 = 180° o
30+ 20 =180° ) VL AT N e
30=186-220 = - \\ |
- \sin22 :am(mo”—zep \h ™~
3810 Jagj e _="-si'2-]'7-’>.,ﬁ"~ -
N A .’.;sli_.ll‘.b.---érsinse.—23in9cos@:O
- sing (3—4sin” 9 2cos6) =0
sin@ = 0 because here 8 =36° so sin36°=0
and 3—4sin’@—-2cosf=0
4sin*+2cosfd-3=0
4(1-cos” #)+2c0s0-3=0
4-4c0s’ @+2c0sf@—3=0
—4c0s’ @+2c0s0+1=0

4c0s°@—2c0s6—-1=0
Here a=4,b=-2,c=-1

Using cosé = 2 d4;(2()4)(_1)
_ 2+/4+16
8

_2+420
. 2+ 2’\/5 - . - "'.\_"'-- . ] l,'\.._ .."', I'._ L _ iR
= 8 _---\.\.: '_.. -.I .I-- | — .. — h W I.... ._--__..--.-:.

- ' ' 14 i "o
r - 1 | f - -". N II L I. Ly - |
AR g LA A
S T T | T Y -

Here, cos 6'.,95 kip ) a0 CosO = L5 >0

1-5
4

So neglect cosd =

<0 because here 9=236° lies in 1% quadrant so cos36° should

be positive.
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1+\/§
4

S0 |c0s36° =

Also cos36°=cos(90°-54°)
—sins4° | | T

AV s W
N .JN-B—:,V. cng? 1'3’-11—"sin218°
W I % -

:,;‘:_.J R VN L { 45_—1J2

4

16

16—(6—2\/5)

16
cos1ge - 10+2\5
16
= cosl8° =+ M
16
.0 =18° lies in quad.l so cos18° >0
COSlSO — M
4
Also  c0s18°=cos(90°—72°)
=sin72°
..€0818°=sin72° = M

Now co¢2’34° 1 5|n_54° \

:-,h_’-'. / + /_5 I \

" cos;%r.- -rs 1 54* _tf{—l \\ N

p
i | A
| p ; 3 |.. I..
wl I~ L .
k| | =
"y - .-H
_. P
. L __-'-\.‘ 1 I y
’ | | %
LN I "'.:\__.-"h'
L N N -
%, _-'"-' al

772



Chapter-10 Trigonometric Identities

16—(1+5+2\/§)

_10-25 O AtaNN [ (Bl
16 ) Ay BN RIRR RN
: SN
CUL:.5#::O = l/:g'_ S
0 541‘3;![.5 rﬂ qua1 iS(" LO_,540>0
=
| A\ i005540_41042£

Also  cos54° =cos(90°—36°)
=sin36°

Sin36° =co0s54° = N_TZ\E

Next we show that
€0s36°c0s 72°c0s108°cos144° =—

L.H.S. =c0s36°co0s72°cos108°cos144°
= c0s36°C0s 72°c0s(180°—72°)cos(180° —36°)
= C0536°c0s72°(—C0s72°)(—C0s36°)
=cos’ 36.cos” 72

MJ (I 1}2
{ J

i
I:\-\._" 'h‘ fr )
" h 'H.I I .-". ) .-\-I""— -
- i —
Fa y i ___.-.-
"'_ ':"'I. o |
e T [
5 1W Yol )
— = — L | 1R o) o
R 128 i’ B "'\."-. = I' I. LY -
_ 1 RN
2 4 L
AN -
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Sum, Difference and Product of Sines and Cosines:

2chs ot :'._6‘35'\;0; AR oé(ok‘i B)

2 sin acos,b’:sin(a+ﬁ)+5i”(0‘—./{)

2 cosasin B =sin (' ) ,:a.n(x-/)’) ARIARE

i
Ao

W)

—2 n:usmﬂ :.cos(a +f3)—cos(a—f)
and

sin P+sinQ:23in(P;Q)cos(P;Q

sinP—sinQ =2cos(PZQ]sin

14,
..I _-'.
L [
-
I,
L} | -.
YWos | | #
T B |
%
. |
| |
1 _I
| -
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Exercise 10.4

Q.1

Express the following products as
sum or differences:

0] 2sin30 cosO

Solution:

We know that|_

2sinacos 3 -

=Sl H DI+ (=5

N

2sin 36cos b

= sin(36 + 0) +sin(30 — )
=sin46+sin 20

(i) 2c0s50sin30
Solution:

We know that

2cosasin

=sin(a + ) —sin(a — )
So

2co0s56sin 30

= sin(50 + 30) —sin(50 — 36)
=sin86¢ —sin 20

(iii)  sin50cos260
Solution:

sin56cos 26

= 1(23in 50 ¢0s 26))
2

:% [sin(50+20)+sin(50-20) 1

A r N 1 5 L '_- .u. L

:% [sin 760+ si._n;.;%t'?_] Vi

(iv) . 2sinTosiniy \!

w0 BN
woawatien)
“2sin70sin 20

=—(—2sin76sin 20)

=—[ cos(76+26) —cos{75-20)]

| 4 es99— 60550 |, i

T\ =ICpshE — nhs g

cos(x+y)sin(x—y)

Solution:

(vi)

cos(x+y)sin(x—y)
- %2cos(x+ y)sin(x—y)
= %[sin(x+ y+Xx—y)=sin(x+y-x+y)]

= % [sin2x—sin2y]

cos(2x +30°)cos(2x—30°)

Solution:

(vii)
Solution: [T )

[ bin12osin 65—\ N [ C 0

| =} —F} | _sinaeesimL2q1 )

cos(2x +30°) cos(2x —30°)
= %[2 cos(2x+30°)cos(2x — 300)]

1| cos(2x+30°+2x—30°)

2| +cos(2x+30°-2x+30°)

= 1[cos 4x+c0s60°]
2

sin12°sin46°

a

(Vi

. :_—1[005(46O +12°)—cos(46° —120)]

2

= _?1 [c0s58°—cos34°]

L [cos34°—c0s58°]
2
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(viii) sin(x+45°) sin(x—45°)

Solution:
sin(x +45°)sin(x —45°)

= _—1[—25in X + AEP)sin (x-45?)_] |

-1 cos(x+4‘°+ ( £‘5°). J

_ ’)_.Llf_ﬂl>\x14s —x 45“)

%‘L[cés 2x—c0s90°]

1 [cos90° —cos 2x]

Q.2 Express the following sums or

differences as products;

Q) sin50 +sin30
Solution:
sin58 +sin @

. (59+39) (59—39)
=2sin > cos >

80 20
=2Sin—Ccos—
2 2

=2sin46cos

(i) Sin80 —sin40
Solution:

sin86 —sin 46

(8«9+4H] . (849—449)
=2C0S > sin >

126 . 460
=2C00S——Sin—
2 2

— 2c0s60sin20) | | T\

(iii) cos60 4 ccsm

~Sal ~5ul||
\ed60 -cos 30

60+30 60-30
COosS 5

= 2C0S

~Iv)  cos7@=ces9
. -S:)‘uum '
CCS7E- ccsﬂ

90 36
= 2C0S—C0S—
2 2

’ . 10+60 . 710-60
=-28In sin
2 2

. 80 . 66

=-2Sin—sin—

2 2
=-2sin48sin36
(v) €0s12° +c0s48°
Solution:
€c0s12° + cos 48°
12° 4+ 48° 12° —48°

CoSs >

= 2C0S

60°  —-36°

= 2C0S Cos

= 2c0s30°cos(—18°)

= 2c0s30°c0s18°

(vi)  sin(x+30°)+sin(x—30°)

Solution:

sin(x+30°)+sin(x—30°)
.[x+30°+x—30°) [x+30°—x+30°j

2sin| ——— = = |cos| — =~

2
2X 60°
= 2Sin—Cos
=2sinxcos30°~5 N | | o
| Q“' Plove tIe Oi!OW ng. |qe>mt|es
A =~ 0t sm’x dink -
)| U =l cot2x
TN 885X —C0S3X
—~Solution:
sin3x—sin x
LHS =——W—M—
COS X —C0S 3X

(3x+xj ) (3x—xj
2C0s sin
_ 2 2
. (x+3xj. (x—3x]
-2sin sin
2 2
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4x 2X
2C0S—sin—
2 2

4x —2X
-2sin—sin——
2 2

2C0s2Xsin X
—25i."r2/:su:1(—x) A

2cas2ysinix | |
"TSIN2XS! (-1,

e A [N o
-y J I'. I \J 2Los2xsin x
' +2sin 2xsin x

=cot2x=R.H.S.

.. iNn8X + sin2x

(i) sin8x +sin2x _ tan5x
C0S8X + c0s2X

Solution:

sSin8x+sin2x

COS8X + C0S2X

. 8X+2X 8x —2X
2sIn 0S

_ 2 2
8X+2x 8x—2x
2C0s cos

2

LHS. =

10x 6X
2sin—-cos—
2 2

10x 6X
2C0S——C0S—
2 2

_ 2sin5xcos3x
2C0S5X€0s3X
= tan5x=R.H.S.
(iii) S!na—smB

sing +sinf
Solution:
L.H.S.

-

sma w0

~sine #sm ,3’

L 2RNS

=tan (“—_BJcot[“—J’Bj
2 2 )~

LS.

Q.4  Prove that:
(1 €0s20° +¢0s100°+;

30|Ut|0r'

C0s140° =i

| [} &

cos: ’O ' +CoS 1( 0°+ cosl40°

20°+100°  20°-100°

© —2c0s cos +c0s140°
2 2

= 2003(1220 ]cos(_Szo )+ c0s140°

= 2€0s60°cos(—40°)+cos140°

=2x %cos 40° + cos140°

=c0s40° +cos140°
(40° +140°j (40°—140°j
= 2C0S > cos >

(180°j (—1000]
= 2C0S cos
2 2

= 2c0s90°cos(-50°)
=2(0)cos(50°)
=0=R.H.S

(i) sin| -9 |sin| Z+0 =1c0s20
4 4 2

Solution:

L.H.S. —sm(——@
4

~—
‘2
/—'\
BN
+
D)
~—

iy
R (

= %cosze =R.H.S
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(iii) sin@ +sin30 +sin50 +sin70 _
C0S0 +c0s30 + cos50 +cos70
Solution:
sin@+sin 30 +sin 5¢9+<m 9

LHS. = e
cos@+cosB€+cosSH+Lo< 70

(S|r.7(~ -SinG +(>|1'56+S|r*36\

.4__________,_.__ .

(cosze ;04 c?)~—(co"‘«6’ +c8530)

tan40

-30

= [T\ p (?6+uj (70—9 .(5e+3ej (59
ATV RN A cos +2sin cos
NN VA 2 2

2

)

-360

10+6 70-6 560 + 360 50
2C0S > Jcos( > +2cos( 5 jcos[

. (860 60 . (86 20
2sin| — |cos| — |+ 2sin| — |coS| —
_ 2 2 2 2

B 80 60 80 20

2C0s| — |cos +2c0s| — |cos| —

2 2 2 2
2sin46cos368 +2sin40cos @

B 2c0s40cos360 +2cos46cosl
_ 2sin 46[cos36 +cos 6|

~ 2c0s46[cos30 +cos 6]
_sin440

cos40
= tan46 =R.H.S.

Q.5 Prove that:

Q) c0s20° cos40° cos60° cos80° = 116

Solution:
L.H.S. =co0s20°cos40°cos60°cos80°

! r

:100580%0540000320O ) _':-- I .:_ ||
:%{ZL'_ﬁii-E".OC'"CSEQL ﬁcs ﬁO’-’ ™ \

T . 1 .-I Ic \\ ol o o o
| J| N {Cf‘o\S‘ +40 )+cos(80 —40°)}c0s20

= %{003120o +C0os 40°} c0s20°

2

)

I_- :___ 2
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= 1{_—1 +C0s 40°} cos 20°
412
-1 1 = . v M ' e
= —0s20° +—cos40°cos 20° - - \ -
:_El cos20° _I—%( 2e0840°CsP0%) | |
ARY AN e

= _:1 cod 209 + L chay ot T"Z.O"’.) +C0s(40°—20°) |
[ Bl
- TN BN AN _," -
; JI L +

5 c0s20°+ %(cos 60°+c0s20°)

:_—1c0320°+E 1+c0520°
8 8\ 2

:_—100520°+i+£c0320°
8 16 8

= 1. R.H.S.
16

(i) sinfsinz—“sinfsin“_“zi
9 9 3 9 16
Solution:

L.H.S. =sin20°sin40°sin 60°sin80°

B3

= [sin80°sin 40°]sin 20°

B3

= —T[—ZsinSOosin 40°]sin 20°

= %/g[cos(sm+4oo)—cos(800—4oo)}sin 20°

=__*/§ c0s120°— c0s40°]sin20° ~ | | —~ T\ WY G x
4 } 1 {1 11 I N —

_ 1. N TRY, oA AN
:—ﬁlr—cow‘}m 206 V4 W W LA
452 AT LR IES \

] J \ éﬁi—‘_{sir}'ZC*"_J_r.f\i;.voSZIOOsin 20°

- '\-I .'\-\._. | -
..':. "._..J..I '-\._ -, % ,\/g

= ?sin 20°+?(2cos40°sin 20°)

L L -'I
=T A R T
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B \/g[sm

=-==sin20°+ (40°+20°)—sin(40°-20°) |
sin 20%)-,

|
%2)
=
N
o
i | O
<‘“=|°°|<<m°°|
—_
(28
-
(@))
(e»]
O

—=2iN 207 ]x
' )

(iii)  sin10°sin30°sin50°sin70° = %

Solution:
L.H.S. =sin10°sin30°sin50°sin 70°

= %(sin 70°sin50°)sin10°

= %(—ZSin 70°sin50°)sin10°

_ i4[cos(70°+500)—cos(70°—5oo)]sinlo°
_ [005120° —€0520°]sin10°

= _—1{—1 —C0S 20"}sm10o
41 2

= 1sinlO°+%cosZO°sin10°

=%sin10°+%(200520"sin10°)
:%sin10°+%[sin(20°+10°)—sin(20°—10°):|
1. 1, . . —
= =sin10°+=(sin30°—sin10°) ()
gsin +8(sm sin10 ) O

=l

LA

1 n1n°" I i --E'-si';?.lfi)“
R -

- (RN '.3.' AR
'-I'\-._-JI I'l

. '.. | '.. Y
IINIA
L 5,
L1 e

‘= —=RH.S.
16

_§Sm“’ +E(2,, u-!.-.llo ) N \ N
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