Chapter - 3

Recording of Transactions-I

Ex 3.1

Question 1.

Identify the quadrant in which an angle of each given measure lies
(i) 25°

(ii) 825°

(iii) -55°

(iv) 328°

Solution:

(i) 25° =1 quadrant

(ii) 825° =105° (90° + 15°) =1l quadrant
(iii) -55° =1V quadrant

(iv) 328° =1V quadrant (270° + 58°)

360 )825(2

720
105

(v) -230° = 360° - 230° = 130° = (90° + 40°) II quadrant

Question 2.

For each given angle, find a coterminal angle with measure of 0 such that 8° <
0 < 360°

(i) 395°

(i) 525°

(iii) 1150°

(iv) -270°

(v) -450°

Solution:
(i) 395°=360° + 35°
-~ coterminal angle = 35°



(ii) 525° - 360°= 165°
coterminal angle = 165°

(iii) 1150° =360 x 3 + 70°=70°
coterminal angle = 70°

(iv) -270° = coterminal angle =+90° {270° + 90° = 360°}

(v) -450° = -360° - 90° = -90°
-~ coterminal angle = 360° - 90° = 270°

Question 3.
Ifa cos B —bsinB =c,show thatasin® +bces 0= +\a’ +b" -¢*.

Solution:
acosB-bsinB=c
= (acos B -bsin0)2=c2
(i.e) a2 cos? B + b? sin2 O - 2ab sin 0 cos 0 = c?
(i.e) a2 (1 -sin2B) + b2 (1 - cos?B) - 2ab sin O cos B = c?
aZ-a?sin?0 + bZ - b2 cos? 6 - 2ab sin 6 cos 6 = c?
aZ 4 b2 -c2=a?sin? 6 + b? cos? 6 + 2ab sin 6 cos 6
(i.e) (asin B+ bcos 0)2=a® + b2 -2

=  asin@+hcosB=+Ja" +b>-¢?

Question 4.

_4-3(m’ -1y’

If sin O + cos 0 = m, show that cos® 0 +sin®0 = 3 , where m? < 2.

Solution:

Given, m = sin +cos 0
(sin 8 + cos 8)* —1 =sin% 6 + cos? 6 + 2sin 6 cos 6 — 1

=]+2sinB cos8-1=2sinBcos O

m? — 1



(m* 1)

R.HLS.

L.H.S

= (2sin O cos B)2 = 4sin? 0 cos? O

4-3(m*> —1)* _4-3(4sin’ Bcos’ 0)
4 4
e 3 2
_ 4[1 3sin” Bcos” B

7 ]=1—3mﬁem£e (1)

= cos® 0 + sin® B = (cos? 0) + (sin? 0)3 [@ + b3 = (a + b) (@* — ab + b?)]
= (cos> O +sin? ) [cos? O + sin? O — cos? O sin? 0]

1[(cos® O +sin® 0)? — 2sin? O cos® O — sin? O cos? 0]

=1-3sin?0 cos’ 0 .(2)

(1) = (2) = LHS=RHS

Question 5.
4 . 4
If msla 3 smlu =1, prove that
cos"fB sin“f
4 il
P 5 5 i . COS sin
(?) sin? o + sin* p =2 sin? a sin?p (i) zﬁ+ 2|3 =1
cos”" o sin“ o
Solution:
4 . 4
o cos O sin”
(/) Given 5 = |
cos“f  sin"P

cos’ o sin® o sin® B —sin® a

s =]- =
2 . 3 g
cos” sin“ 3 sin” 3
4 - g
: cos @ sin” f-sin” o : : :
= Given i B - = cos® asin” B = (sin® P —sin* o) cos? B
cos” B sin“ p

= (1 —sin?a) sin®p = (sinP — sin* &) (1 — sin? B)

(1 + sin* a - 2 sin «) sin® B = sin? B — sin® & — sin* B + sin* « sin? B
= sin® B + sinYa sin? B — 2 sina sin? p = sin? B — sin® o — sin? B + sin* o sin? p



= sin* a+sin*p =2 sin’ a sin® B
(if) sin* @ + sin? B =2 sin? o sin’P

= sin*a+sin* f-2sin asin?Bf=0

(sin? @ - sin? B)2=0

= sin a=sin? B
So, 1 -Siﬂzl‘l_: I —sin? B
(i.e.) cos? a. = cos? B

4 4.3
cosz B _ (cos 2m) il
cos"o  cosT o

sin? B 5 (sin’ ar)?

sin’ o sin” o

So

and =sin’ o

LHS =cos? a + sinZ o = 1 = RHS

Question 6.
2sinc 1—coso+sino
Ify= ——, then prove that - =
1+coso+sino : 1+sino
Solution:
: B gk
o T 2sinex . _ ] c{}sa‘ sin o
|+ cosax + s l+sing
LHS = 2sin @ 2sina - (1+sina)—cosex

l+cosa+sina l+cosa+sine (l+sina)—cosa

2sina{(l+sina —cosa)

= . (1)
(1+sin@) —cos’ &
Dr = 1+sin?o + 2sina—cos? a
2

= sin a + 2sin o + (1 — cos? o)

= sin? o + 2sin o + sin? a



= 2sin? @ + 2sin o

= 2sin a (1 + sin a)

2sinefl+sin@—cose] _ l+sina—cosar

- : = RHS
2sina(l+sin ) 1+sine

() =

Question 7.

- n o s Inm = . n
Ifx= zﬁﬂlms2 0,y =2n=nsmz Bandz= zuﬂcusz" Bsin’"0,0<0 <2 then show
thatxyz=x+y+z.

[Hint: Use the formula 1 +x+x2+x3 + ... = %, where |x| <1].

Solution:
| |
x = l+cos?0+cos*®+cosbO+...= =S
l-cos“8 sin“ 6
; : 2 1 |
y = 1+sin?0+sin*@+sinf0+...= ———=—:3
1-sin“0® cos“0
z = |+costOsin20+cos?*Bsin*O+ ... = 2' 5
l—cos” Bsin“ 6
1 1 ]
LHS = 7 = 2 :
w sin’ @ cos’@ 1—sin’Bcos>@
1

= (1)

sin® Bcos? B(1 —sin’ Bcos* B)

. 1
RHS=x+y+z=——+ iz + 21 3
sin“® cos“0 1-—sin“Ocos 0

1 1 ]
= + +
[sinzﬂ CGSZB] [l—sin2 Hcoszﬁ]

cos’ 0 +sin’ 0 1

sin®Bcos’® 1—sin®Bcos’ O



I l
+
sin®Bcos’® 1-sin’Bcos’ O

_ 1—sin"Bcos” O+ sin® Bcos’ O
- (sin® Bcos” B)(1 —sin® Bcos® 0)
_ l

~ (sin’ Bcos? B)(1 —sin’ Bcos? 6)

(1) = (2) = LHS=RHS (i.e)xyz=x+y+z

(2)

Question 8.
If tan? 0 = 1 — A%, show that sec 0 + tan® 6 cosec 6 = (2 — k%)*2, Also, find the values of
k for which this result holds.

Solution:

tan’0 =1-42

—k =tan®0-1

2k =tan?0—1+2=1+tan?0 =sec? 9

2-k2 =sec?O

RHS = (2 - k2)32 = (sec? 0)¥2= sec’ 0 (1)
Now LHS = sec 0 + tan3 0 cosec 0

1 sin'@® 1 1 sin 0

+ —_——
cosO cos O sin® cos® cos’@

2 .2
_ cos {-Il+331n 6 _ l3 S Q)
cos” O cos 0

(1)=(2) = LHS = RHS

2-i220=>-K>-2> ~ K<2=k=2
ke(-1,1)



Question 9.
If sec 8 + tan 6 = p, obtain the values of sec 6, tan 6 and sin 0 in terms of p.

Solution:

Given,sec® +tanB=p

we know sec20 -tan20 =1

(i.e) (secO +tan0) (secO-tanB) =1
1

=sec-tanf= —— = l
secB+tanB p

Now secB+tanf=p 1)
sec @ —tan O = L I iy
P 2
(D+(2)= 2secO= p+~l—:‘IEJ +1
5 P P
|
= secB= Pt
2p
2_
(D-(2)= 2tanb= p—l:P l
P _P
2
=% l'an{}:p—l
2p
Now wnﬂ:i]@-stﬂzsi-nﬁ
secO® cosO
2 _ 2 L
s ging = tnb_ p | ul:ﬂ__{_ L
sec®  2p 2p pr+1
2 2 _ 2
SU,SECB=F +1; fElHB=p 1;5iﬂﬂ=p2 1
2p 2p p°+1
Question 10.

If cot O (1 + sin ) =4m and cot 0 (1 - sin 0) = 4n, then prove that (m? -
n?)Z = mn.

Solution:
cot8 (1 +sin ) =4m



cos0

= ——(1+5in0)=4m
sin@
=5 cotB+cosB=4m
- _ cotB+cosB ()
4
cotO (1 —sin®) =4n
— 7 G‘fjs{ilil—.-sin[:'il}l = 4n
sin
= cotB —cos O = 4n
- i cot8—cosB Q)

4
To prove (m* — n?)2 = mn
cot +ﬂﬂsﬁ] [cutﬁ - CDSH]
4 4

_ cot’B—cos’H
= ..(3)
16

Now (m*—n?) = [(m + n) (m—n)]

Now RHS = mn = [

cotB+cosB+ cotB®—cosH _ 2cot® cotB

m+n =
4 2
—_— _ cut9+c058—cntﬂ+cnsﬁ-= 2cos0  cosB
4 4 2
L (mtaym-n) = cot® cos® _ cotBeos6
z 2 4

SoLHS = (m?-n?)? =[(m—n)m +n)2

cotBcosB _-:ntzEcnsEE
4 B 16

]




o cot? 8 —cos’ 0

RHS = mn=
16
1 | cos®® 5 cos’ 0 . 2
= — —cos B | = — 1-sin“ 0
lﬁ[sinzﬁ ] l6sin” 6" !

1
= E cot’ Bcos’ B = LHS

. LHS =RHS = (m? - n*)®> = mn

Question 11.
If cosec 0 - sin 8 = a3 and sec 0 - cos 8 = b3, then prove that a?b? (a2 + b?) = 1.

Solution:
cosec & —sin O =a’
| .
= ~sin®@ =a?
sin B “
—_— : 2
(i) 1 1:1111 0 2
sinB
3 _ cos” @ (cos 8)*>
= g = = a=

sin O (sin8)"?

Similary, sec 6 —cos § = b°

= ~cos® =b3
cosf
l—cos’® 3
cos0
o 3 . 21
sin" @ _ B3 s (sin @)
cos (cos®)"”
. 60529_53 sin’ 0




ok el
Lap =28 SN D bl = ab = (sin 6 cos 9)13
sin® cos@ .

= a?h? = {(sin O cos 8)13}2 = (sin O cos 0)>3

= sin®30 cos?3 @

To prove a?b? (a* + b*) =1

Bl (cos 8)*" 2+ (sin®)*" ;
(sin®)"? (cosB)"’
_ (c0s0)"  (sin0)*”
(sin®)*?  (cos®)*”

cos’0+sin“ 0 I
(sin®cosB)*”?  (sinBcosB)*”

1
(sinBcosB)

LHS a’h® (a? + b%) = (sin B cos B)*3 x

2/3

=1=RHS

Question 12.
Eliminate 6 from the equationsasec® -ctan® =bandbsec® +dtan 0 =c.

Solution:
Taking sec 6 = X and tan 6 =Y we get the equations as

aX-cY=»h (1)
WX +dY =c .(2)
(1)xd =% adX —cdY = bd .(3)
() xe = beX + cdY = ¢ (4

3H+4)= X(ad + be) = bd + ¢?



_ bd+ct

~ ad +bc
bd ¢
ad be

-(1.e) sec B =

(2)xa=> abX +ad¥Y =ac 0 |
Now (1) x b=  abX — bcY = b? ..(6)
(5) - (6) = Y(ad + be) = ac — b
ac — b*

ad + be

ac—b’

= b

We know sec? 0 — tan? 0 = |
(bd +c?)’ B (ac—b*)? -
(ad +bc)*  (ad +be)®

(bd +c*)* —(ac—b*)? _
(ad + bc)?
= (bd + c?)? —(ac— b2)? = (ad + bc)?

= (bd + 22 =(ad + bc)? + (ac - b2)?

Ex 3.2

Question 1.

Express each of the following angles in radian measure:
(i) 30°

(ii) 135°

(iii) -205°

(iv) 150°

(v) 330°



Solution:

(@) 30° o

| )
0x——=— radians

(i) 135° = 135}‘1_::6:% radians

(i) —205° = —205x % " '3—;“ radians

(iv) 150° = lSUx%:i—; radians

(v) 330° = HGKT;%:% radians

Question 2.
Find the degree measure corresponding to the following radian measures
2

0% @ 3 N
Solution:

T m_ 180 t m_ 180

= —xX—=60° iiy — = —X—=20°
%3 3 n @ 3 9" x

2n 2m_ 180 n T 180
i) — = —=x—=72° iv) — = —x——=420°
( ’} % 5 =@ ) 3 3 %
wlon _jom 180

9 9 =
Question 3.

What must be the radius of a circular running path, around which an athlete
must run 5 times in order to describe 1 km?

Solution:

Distance travelled in 5 rounds = 1 km = 1000 m
Distance travelled in 1 round = 1000/5 = 200 m
Let the radius of the circular path be r metre



So 2mtr = 200

(i.e) 2}«1%:»{;- =200

_ 200X7 3185 m

I

Question 4.

In a circle of diameter 40 cm, a chord is of length 20 cm. Find the length of the
minor arc of the chord.

Solution:

O = centre of the circle

PQ = diameter = 40 cm

~0Q=20cm

radius = 20 cm

= 0A=0B=20cm

chord AB =20 cm

OCLrAB

~AC=CB=10cm

Now from the right angled triangle OCB

20 cm 0cm

10cm [-Tlﬂc

sin B = E_—_l:}l}:ﬂ:fﬁ
20

T

So ZAOB = 2x2 =L _gpe
5 3

Now r= 2(5 cm, 0 =n/3

Soarc AB = —2nr

it ﬂxzxnx 20:2{]_11 cm (or) 20.95 cm,
360 3



Question 5.
Find the degree measure of the angle subtended at the centre of circle of
radius 100 cm by an arc of length 22 cm.

Solution:
r =100 cm; arc length = 22 cm

Arc Iéngth = ix 2mr
360

B G B A i e300, A2 i O i dasig
360 7 44x100 10 10
Question 6.

What is the length of the arc intercepted by a central angle of measure 41° in a
circle of radius 10 ft?

Solution:
0 =41°r=10ft

Arc length = ix 2nr
360

= ﬂ>~< ZxExl{}
360 7

= ﬁ= 7.16ft
63

Question 7.
If in two circles, arcs of the same length subtend angles 60° and 75° at the
centre, find the ratio of their radii.

Solution:

Let the two radii be r1 and >

The central angles arc 60° and 75°
The arc lengths be s1 and s>



We are given 5, =5,

60 75
—><21tr| = ——-u><2'n:r2
360 360

60 K= 75 ry

i T 5
r, 60 4
Fyiry = 5:4

So their radii are in the ratio 5 : 4.

Question 8.
The perimeter of a certain sector of a circle is equal to the length of the arc of a

semicircle having the same radius. Express the angle of the sector in degrees,
minutes and seconds.

Solution:
Let r be the radius and so perimeter of a sector =1+ 2r

Length of arc of the semicircle = nir
we are givenl + 2r = mir
(i.e)l=mr-2r

B30 _F0 x> i %xﬁi}

11 11 11

= 650 20 _gsop7: 2
1 1]



3x60

=: 6572T =65°27'16"

Question 9.
An airplane propeller rotates 1000 times per minute. Find the number of
degrees that a point on the edge of the propeller will rotate in 1 second.

Solution:
Number of rotations in 1 min = 1000
So Number of rotations in | sec = @ = ?

The angle rotated in 1 rotation = 360°

50
So, the angle rotated in 5—; rotation = '3—>< 360° = 6000°

Question 10.
A train is moving on a circular track of 1500 m radius at the rate of 66 km / hr.
What angle will it turn in 20 seconds?

Solution:
Speed of the train = 66 km/hr

= 66xime’ sec
18

55
= —m/sec
3
. . : 55
(i.e) Distance travelled in sec = ?m
So, distance travelled in 20 sec = 53—5>< 20 = gm
Now radius of the circular track = 1500 m

we are given g—‘x 2}{-%?% 1500 :ll@
360 7 3

_ 1100 360x7 ..

=8 =
3 2x22x1500




Question 11.

A circular metallic plate of radius 8 cm and thickness 6 mm is melted and
molded into a pie (a sector of the circle with thickness) of radius 16 cm and
thickness 4 mm. Find the angle of the sector.

Solution:
Area of the circular plate melted

= m(82) = 641 cm?
Thickness = 6 mm= % cm

So, volume =

Area of the pie made =

Thickness of the pie made =

-. Volume of the pie made =

We are given V, =V,

64n£

10

=

A =

area x thickness

64ﬂx£=v1
10

6 2
—XT(16
360 e

0
256m)—
( }36{}

4 mm
4
— Ccm
10
4

0
2567) — X— =V
( )361} 10

[25671}(-9—) 4 i
360 10

deixLx%ﬂxE
10 256 4

in
135° (1.e) O0=—
(1.e) 2



Ex 3.3

Question 1.

Find the values of
(i) sin(480°)

(ii) sin(-1110°)
(iii) cos(300°)
(iv) tan(1050°)
(v) cot(660°)

(vi) tan (1g—w)

(vii) sin (— %)

Solution:

(i) sin 480°
sin 480° = sin (5 x 90° + 30°)
/3

o530 = o

(i) sin (- 1110%)

sin (- 1110°) = sin (1110°)
=—sin(12 x 90 + 30°)
S T |

=—sin 30° = 2

(1) cos 300°

cos 300° = cos (360° — 60°)

=cos 60° = %

(iv) tan(1050°) = tan [3(360°) — 30°]

]
= —tan 30°= ——

V3



(v) cot(660°) = cot (360° x 2 — 60°)
1

= —cot60°= ——=
3
(vi) tan L tanﬁx180=tangx@
3 3 3 2

= tan % (360°)

= tan3%{3ﬁﬂ°)

= tan[3(36ﬂ}°+ B{f :| = tan 60° = \/3

(vif) sin ‘11_7: = -sin—lu]it=—sin]—l><18ﬂ
3 3 3

= -—sin ﬂ % L —sin 36ﬂ°[ﬂJ
3" 2 6

= ~sin 36{13(2 -—1]
6

= - !sin{360°x2)~—36ﬁ]

= - (-sin60°)=3/2
Question 2.

(%, ﬁ) is a point on the terminal side of an angle 0 is standard position. Determine the

trigonometric function values of angle © .

Solution:

—Z;E ; ON? + NP2 = OP?

~1 | L

In the diagram ON = —; PN =



25 24 49

(i.e) = Z=0P’=0P=1
49 49 49
. PN 2J6/7 2J6
sinf = = =
op 1 7
ON 5/7 5
cosh =—=—=—
OP 1 7
PN 2/6/7 2J6
tan® = = =
ON 5/7 5
(}OSE:CB=L—L
sin® 26
sech = : =-?-
cosB 5
cot = -
tan© EJE
Question 3.

A

Find the values of the other five trigonometric functions for the following:

(i) cos 6 = —1/2; 0 lies in the III quadrant.
Solution:

Taking the Numerical values

cos 0 = —%; 0 from AABC, AB = V4—1=1/3

0 is in III quadrant. .. tan 8, cot 6 are +ve

Now sinll‘3=——~'E = cosecﬂ=—i
2 V3
+t:l;mslfil=~l : sec9=—2=—2
2 1
tanB=+£=~f3_ : cntB=—]-
1 J3

(ii) cos 8 =2/3; 0 lies in the I quadrant




Solution:

cos O = %;E]fmmaABC,AB= Jo—4=15

6 is in | quadrant
. All trigonometric values are +ve
: 3
sin 0= — ; cosec B= —
3 NG
cos O = 2— ; secb=—
3
tan O = ﬁ ; cot@ 1
2 Vs

(iii) sin @ = -2/3; O lies in the IV quadrant

Solution:
8 from A ABC,BC=V9-4 =45

0 is in [V quadrant .. cos 8, sec 8 are +ve

Sinﬁl=~E : cnsecﬂ=_—3
cos 0 = ﬁ : secH e
3 3 \E
2 V5
tan = —— ; oot =——o
Js 2
(iv) tan 8 = -2; 0 lies in the Il quadrant
Solution:
A




tan B8 =-2;
From AABC, BC = V4+1=4+/5

0 is in IIT quadrant
.. sin B, cosec 0 are + ve
sin O = i ] : cosecO= ﬁ
J5 2
I J5
cosB= — : sec@=——=—5
tanﬂ=—g=— : cutﬁ=—1
1 2

(v)sec6=13/5;0 lies in the IV quadrant

Solution:
sec B8 =13/5
From A ABC, BC = v13% —5% =169—25 =144 =12
0 is in IV quadrant A
cos 0, sec 0 are +ve.
sin 0 = 12 : cosec 0= L2 (12)
13 12
cos B = 2 : EECG"—'E B
13
tan 6 = 22 ; m:nt'3=—i
5 12
Question 4.

cot(180° + 8)sin(90° — 08)cos(—0)
sin(270° + B)tan(—0)cosec(360° + 8)

Prove that = cos0 cot 0.
Solution:

cot(180° +6) =cot 6

sin (90°-0) =cos 6

cos(-0) =cos 6

sin (270 + 6) =-cos 0



tan(-0) =-tan 0
cosec (360° + 0) = cosec ©
cotB.cos0.cosO

LHS =
(—cosB)(—tan8)(cosech)
gﬁ .cosB.cosB
- SinB =cot® cos’® = RHS

sinf 1

cos.———.——
cosB sinB

Question 5.

Find all the angles between 0° and 360° which satisfy the equation sin2 0
=3/4
Solution:

sinZ @ = 4

V3
E

=&

| W

= sin@ = i‘j
NE)

sin® = 4+— =0
2

Ne

sin@ = 5 = 0 = —60° (or) 240° (or) 300°

Il

60° (or) 120°

Question 6.
41
Show that sin? £+ sin® Lo + sin ?—E +sin’ —=2.
18 9 9
Solution:

LHS = sin? 10° + sin? 20° + sin? 70° + sin? 80°

= sin% 10° + sin? (90° - 10°) + sin? 20° + sin%(90° - 20°)
= sin? 10° + (cos 10°)2 + sin2 20° + (cos 20°)2

= (sin? 10+ cos? 10) + sin? 20° + cos? 20°
=1+4+1=2=RHS



Ex 3.4

Question 1.

Ifsinx=

(i) cos(x —y)

Solution:

(iii) tan(x + y).

: 15 .
sin x = — : x is in | quadrant

cos 12
T
y is in I quadrant

From AABC, BC

= V172 -15% =/289-225

= J64 =8
From APQR, PQ = v13*-12% =169-144
= \25=5
; 8
Now, sinx=-—, COSX=—:tanx=—
17 7 8
sin y = » cos "E -
ol AT
(i) sin (x + y) = sinxcosy+ cosxsiny
_ a8 5
17 1713
i [3{} 40 220
22[ 221 221

(i)cos (x—y) =

cos x cos y +sinx siny

12 15§

1317 13

E and cos y = E, l]-::x-r:E, {Ic:yc:g- find the value of (i) sin(x +y)

A
17
15
B e
(8)
F
13
(5)
¥
Q 12 R



96 N 75 171
221 221 221

13 3

tanx+tany g +]i
| -tan xtan y l—Exi

(fiytan (x +y) =

812
_ 45410/, 75_55 /96-75
24 9% 24/ 96

55 /21 _55 96 220
24/ 96 24 21 21

Question 2.
: 3 9 T T .
If sin A= % and cos B = ’ 0< A{E,l]{ B {E, find the value of (/) sin(A + B)

(ii) cos(A — B).

Solution:
sin A= E C
2 5
0<A<n2 3
From A ABC, AB = /52 —32 =/25-9 =/16 = 4 . A,
(4)
cos B= E
4]
0<B<nR2
From A BAD
AD = V41> -9? = [(41+9)(41-9) s
= J50%32 =/100x16 41
(40)
= J10°x 4> =10x4=40 =
Now, 3 F A 9 B
From AABCsin A = g; cos A= g
From AABD,sinB = 4—{}; cosB= 3
: 41 41



(i) sin(A+B) = sinAcosB+cosAsinB

3. .9 4 40
= | Zx— || =x—
[5 41] [5 41]

27, 160 _ 187
205 205 205

(ii) cos(A-B) = cosAcosB+sinAsinB

4 9 3 40
—X— | =x—
[Fa ) {<%)

36 & 120 _ 156
205 205 205

Il

Question 3.
24
Find cos(x - y), given that cos x =~ '_;, withn<x< 3?“ and sin y = —2—5 with

ﬂ{y{—m
2

Solution:
cosx=-4/5

n
<X <—

= x is in III quadrant

From A PQR, PQ = 52 -4 ={25-16 =/9 =3

P
3)
Q

: ™

since x is in Il quadrant



Both sin x and cos x are negative

; 3
c.sinx=—— and cosx = ——
245 ’ &
sin y = —— and y is in III quadrant 25
e : 24
Both sin y and cos y are negative }\
From AABC, BC = V25 —24> =\/625-576 B ™ €
= J49=7
: 24 7
So, = —— and it
0, sin y > and cos y 5%

COS X COS ¥ + sinx sin y

5= (5))

28 72 _100_4
125 125 125 5

Now cos (x —¥)

Question 4.
8
Find sin(x — y), given that sinx= — with0<x < il and cos y = —E with n <y < 3—“
) 17 2 25 2
Solution:
. 8 . - B
sinx = ﬁ,(]{x-iﬁfZ:}Wherexls in | quadrant
17
.. §in X, cos x are +ve 8 \
From A ABX, AX = V17282 =,[17+8)(17-8) = h\x
= J(25)9) =5%3=15 L (13)
. 8 15
sosiny=-— andcosx= — 25
24 ; g
cos y = o n <y < 3n/2 = Where y is in III quadrant - Y




So, sin y and cos v are —ve

From AALY, AL = 257 —242

L Cosy = L and siny = — L
h 25

=49 = 7

25

sin{x—y) = sinxcosy—cosxsiny

Question 5.

FEHE)

192 105 _ 87

+ =
425 425 425

Find the value of (¢) cos 105° (i) sin 105° (iii) tan I—:—

Solution:

105° = 60° + 45°

(7) cos 105° = cos (60° + 45°)

(if) sin 105°

cos 60° cos 45° — sin 60° sin 45°
11 BB1_ 1 3
2V2 22" 242 22
1-3

22
sin (60° + 45°)
sin 60° cos 45° + cos 60° sin 45°




(iif) Now tan F:—:: = tan%x]ﬁﬂ“ =tan 7 % 15° = tan 105°

1+43 /1-43
T 22/ 22
1+V3 22 _1+43
2 1= 1-3

_ 143 1443
1-v3 1+43
_ 1+«J§+J§+3_4+2J§
1-3 =3

= M=_(2+\E)
2

Question 6.
V'E cosx —sinx

Prove that (/) cos(30° + x) = (if) cos(m + 0) =—cos O

2
(iii) sin(n + 6) =—sin 0.
Solution:
() LHS=cos (30°+x) = cos 30° cosx - sin 30° sin x
V3

L ;
= ——COSX——SInx

ﬁcau-sinx _

2

RHS

(ii) cos (t+08) =-cos O

cos (m+ 0) =cosmcos B -sinmsin 6
=(-1)cosB-(0)sin06

cos (m+0)=-cosB



(iii) sin (m+0) =-sin 6

sin (1t + 8) = sin 1w cos B + cos 1 sin O
=(0)cosO+(-1)sinB
sin(m+0)=0-sin®=-sinH

Question 7.
Find a quadratic equation whose roots are sin 15° and cos 15°

Solution:
sin 15°

sin (45° — 30°) = sin 45° cos 30° — cos 45° sin 30°
R U U S T
J2 2 22 32 2

_ W3-1_+3-1 V2 _J6-v2
N RN N

cos 15° = cos (45° — 30°) = cos 45° cos 30° + sin 45° sin 30°
_ 1L 11 B 1
22 R

Al Vi _ e
N
Now the quadratic equation with roots cos 15° and sin 15° is
x% — (cos 15° + sin 15°) x + (cos 15° sin 15°) =0
J6+J7  JB-12

4 4

2v6 _J6
4 2

Now, c¢os 157 +sin15° =

cos 15° % sin 15°

i
e

ey
|+

)
s S
HET—
'

JE—JE]



Now the required quadratic equations

[-‘{é)x+(%]=ﬂ
(i.e) 42 —2V6x+1=0
Question 8.

Expand cos(A + B + C). Hence prove that cos A cos B cos C = sin A sin B cos C
+ sinBsinCcosA+sinCsinAcosB,ifA+B+C=m/2

Solution:

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

=cosAcos (B+ C)-sinAsin (B + C)

= cos A [ cos B cos C - sin B sin C] - sin A [sin B cos C + cos B sin C]

= coS A cos B cos C - cos A sin B sin C - sin A sin B cos C - sin A cos B sin C
GivenA+B+C=m/2

~ cos(m/2) = cos A cos B cos C - cos A sin B sin C - sin A sin B cos C - sin A cos
B sin C

0 =cosAcosBcosC-cosAsinBsinC-sinAsinBcosC-sinAcosBsinC
cos A cos B cos C = cos A sin B sin C + sin A sin B cos C 4 sin A cos B sin C

Question 9.

Prove that

(i) sin(45° + 0) - sin(45° - 8) = V2sin 6.
(ii) sin(30° + 6) + cos(60° + ) = cos 6.

Solution:
(i) sin (45°+0) = sin45° cos O + cos 45° sin O
1 1 .
= —cosfB+-—=sinB A1
5 7 (1)
sin (45° - 6) = sin45° cos B — cos 45° sin O
1 1
= — c0sB——sin0 .(2)
NI

From (1),(2) = LHS =sin (45" + 0) —sin (45° — 0)

| 1 | 1
= —cost+—sinB——cosB+—sinbh
V2 2 2 V2



1 1 1 1
—— 080 + —=5in 0 — —=cos0 + —=sin0O
5Ot R et

2 22
sin@ = ———=sinf= J2sin6= RHS
I a7 )
(if) sin (30° + 8) = sin 30° cos B + cos 30° sin O
= ; cosB+ —\gsinﬂ ..(3)

cos (60°+8) = cos 60° cos O — sin 60° sin O
= cusB-—~—35inH (4)
2 2

(3)+(4)= LHS =sin (30°+ 0) +cos (60° +0) = —;—cnsﬂ+ %sinﬁﬂr%cﬁsﬂ——?sinﬁ

1 |
= Ecnsﬂ+5cusﬂ=c{}sﬂ = RHS

Question 10.
Ifa cos(x+y) =b cos(x -y), show that (a + b) tanx = (a-b) coty.

Solution:

acos(x+y)=bcos(x-y)

aJcos x cosy - sin x sin y] = 6[cos x cos y + sin x sin y]
(i.le)acosxcosy-asinxsiny=bcosxcosy+bsinxsiny
acosxcosy-bsinxsiny=asinxsiny+ b cosxcosy

COSs sin x sinx
a2et _pRBF  LORF i)

siny cosx _ cosx  siny

(i.e) _ :
Sin ycosx sin y cosx
=acoty-btanx=atanx+ b coty
acoty-bcoty=atanx + b tanx
= (a+b)tanx = (a-Db) coty.

Question 11.
Prove that sin 105° + cos 105° = cos 45°.

Solution:
sin 105° = sin (60°+ 45°)
= sin 60° cos 45° + cos 60° cos 45°



B 11 B

2 2 22 2o

cos 105° = cos (60° +45°) = cos 60° cos 45° — sin 60° sin 45°
11 31 B 13
Ty 247 WE 2 b

J3¥1. 1-+3
So, LHS =sin 105° + cos 105° _—
22 22
\@+1+]—J§_ 2 1
22 W2 2
= cos 45° = RHS
Question 12.

Prove that sin 75° - sin 15° = cos 105° + cos 15°.

Solution:

sin 75° - sin 15° = sin (45° + 30°) - sin (45° - 30°)

= (sin 45° cos 30° + cos 45° sin 30°) - (sin 45° cos 30° - cos 45° sin 30°)
= sin 45° cos30° + cos 45° sin 30° - sin 45° cos 30° 4+ cos 45° sin 30°

= 2 cos 45° sin 30°

sin75°—sin15°=2x L x 1 = L (1)
V2 2T

cos 105° + cos 15° = cos (90° + 15°) + cos 15°

= -sin 15° + cos 15°

= cos 15° - sin 15°

= cos(45° - 30°) - sin(45° - 30°)

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

_1_J§+|_1_1.J§_1.1
Tl 2 J2 2 22 2 2
Vit 3 1
242 2.2 242 2J2

It




o o 2 _ 1
cos 105° + cos 15° = 23 v (2)

From equations (1) and (2)

sin 75° —sin 15° = cos 105° + cos 15°

Question 13.
Show that tan 75° 4+ cot 75° =4

Solution:
tan 45° 4 tan 30°

1—tan45° tan 30°

tan 75° = tan (45° + 30°) =

1
B B Bl (B4
T T R AN BN B
Np
13-l
tan?5°_ﬁ+l

cot 75° =

So, LHS = tan 75° + cot 75°
ﬁ+|+J3'—1
g R |

_ ("EH)ZJ'(‘E_]]E =3+l+2J§+3+I~2J§
(vﬁ*]](\ﬁﬂ-l) \@2 ~12

L BNV
3-1 2

Question 14.
Prove that cos(A + B) cos C - cos(B + C) cos A = sin B sin(C - A).

Solution:
cos (A + B) cos C = (cos A cos B - sin A sin B) cos C
cos (A + B) cos C = cos A cos B cos C - sin A sin B cos C —— (1)



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

cos (B + C) cos A =cos A cos B cos C - cos A sin B sin C ——— (2)

Equation (1) - (2) =

Cos (A+B)cosC-cos(B+C)cosA=cosAcosBcosC-sinAsinBcosC-
cos AcosBcosC+ cosAsinBsinC

=sin Asin B cos C + cos Asin Bsin C

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

=sin Bcos (C-A)

Question 15.
Prove that sin(n + 1) 8 sin(n-1) 6 + cos(n + 1) 6 cos(n - 1)0 = cos 20, n € Z.

Solution:

cos (n+1)6 cos(n-1)0 + sin(n + 1)0 sin(n-1)0
=cos[(n+1)0-(n-1)06]

= cos [nO + 6 - nb + 6]

=cos20,nEeZ

Question 16.

4
If x cos 0 =y cos [B-I‘-z?n] = Z COS [B+?“), find the value of xy + yz + zx.

Solution:

4
x cos 8=y cos [B+2—;]=zms [B+?ﬂ]=k(sa};}

E s cos 0

X

£ o COS (B+2E]

y 3

A cos ([—Hﬂ]

z 3
£+£+E = =w59+cas(B+E]+ms[9+ﬂ)
x y z 3 3



ki k. K

—+—+— =0
X ¥ =z
Xyz
Question 17.
Prove that

(i) sin(A + B) sin(A - B) =sin2 A - sin? B

(ii) cos(A + B) cos(A - B) = cos? A - sin? B = cos? B - sin? A
(iii) sin?(A + B) - sin2(A - B) = sin2A sin2B

(iv) cos 86 cos 20 = cos? 50 - sinZ 30

Solution:

(i) sin(A + B) sin(A - B)= (sin A cos B + cos A sin B) (sin A cos B - cos A sin
B)

= sin2A cos?B - cos2A sin?B = sin2A (1 - sin?B) - (1 - sin2A) sin?B

= sin2A - sin?A sin?B - sin?B + sin?A sin? B

= sin?A - sin? B

(ii) LHS = cos (A + B) cos (A -B) = (cos A cos B - sin A sin B) (cos AcosB +
sin (A sin B)

= cos? A cos? B - sin? A sin? B

=co0s?A (1-sin2B) - (1-cos?2A)sin?B

= cos? A - cos? A sin? B - sin? B + cos? A sin? B

= cos? A - sin? B = RHS

Now cos? A - sin? B = (1 -sin2 A) - (1 - cos? B)

=1-sin?A-1+cos?B

= cos? B -sin? A

(iii) sin2(A + B) - sin?(A - B) = (sin(A + B) + sin(A - B)) (sin(A + B) - sin(A
-B))

= [sin A cos B + cos A sin B + sin A cos B - cos A sin B] X [(sin A cos B + cos A
sin B) - (sin A cos B - cos A sin B)]

= (2 sin A cos B) X [sin A cos B + cos A sin B - sin A cos B + cos A sin B]

= (2 sin A cos B) (2 cos A sin B)

= (2 sin A cos A)(2 sin B cos B)

= sin?A . sin?B



(iv) LHS = cos 860 cos 26
= cos (50 + 30) cos (56 - 30) .

We know cos (A + B) cos (A-B) =cos? A -sin?B
=~ cos (50 + 30) cos (50 - 30) = cos? 50 - sin? 30 = RHS

Question 18.
Show that cos? A + cos? B - 2 cos A cos B cos(A + B) = sin2(A + B).

Solution:

sinZ2(A + B) = [sin(A + B)]?

= (sin A cos B + cos A sin B )2

= sin? A cos? B + cos? A sin? B + 2 sin A cos B cos A sin B

= (1 - cos?A) cos?B + cos?2 A (1 - cos?B) + 2 sin A sin B cos A cos B

= cos? B - cos2A cos?B + cos2A - cos2A cos? B + 2 sin A sin B cos A cos B
= cos? A + cos?2 B - 2cos?2 A cos?B + 2 sin Asin B cos A cos B

= cos? A + cos?2 B -2 cos A cos B (cos A cos B - sin A sin B)

sinZ (A + B) = cos2 A + cos2 B - 2 cos A cos B cos(A + B)

Question 19.
If cos(a - B) + cos(B -y) + cos(y - a) = —3/2, then prove that cos o + cos 3 +
cosy=sina+ sin 3 +siny

Solution:

=> G1ven cos (o~ P) +cos (P —y) +cos (y— ) = _?
2cos(a-B)+2cos(B-vy)+2cos(y-a) =-3

2cos(a—-B) + 2cos(B-vy) +2cos(y-a) +3 =0

[2 cosacos 3+ 2 sin asin 3] +[2 cos B cosy + 2 sin siny] + [2 cosy cos a
+sinysina] +3=0

=[2cosacosB+2cosfBcosy+2cosycosal+ [2sinasinf+ 2sinsiny
+ 2 siny sin a] + (sinZ a + cos? a) + (sin% 3 + cos? 3) + (sin2y + cos?2y) =0
= (cos? o+ cos2 3+ cos2y+ 2cosacos3+ 2cosf3cosy+ 2cosycosa)+
(sinz a + sinZ ) + (sin2 y + 2sinasin B+ 2sinBsiny+ 2sinysina) =0
(cosa+cosPB+cosy)?+ (sina+sinf3+siny)?2=0
=(cosa+cosB+cosy)=0andsina+sinf+siny=0

Hence proved



Question 20.

1+tan A T
Show that (/) tan(45° + A) = —— i tan(d5° — A) =
e SEETYU )= Ftana
Solution:
(5 LHS =t (450 4 Ry 2045 +tank
1—-tan45° tan A
_ l+tanA — RHS
| —tan A
(if) LHS =tan (45° - A) = tan45" —tan A
14 tan45°tan A’
_ l—tan A — RHS
l+tan A
Question 21.
Prove that cot(A + B) = cotAcotB-1
cot A +cotB
Solution:
+
i By = oo Euh

l-tanAtanB
1
tan(A+B) tanA +tanB
l-tanAtanB

LHS = cot(A+B) =

l-tan Atan B
tanA+tan B

+ both Nr and Dr by tan A tan B
|-tan AtanB tan A+tan]§

tan A tan B tan AtanB

_ ! ]/ I +L:E'f'_l_‘§‘_mtﬂ*l.=m.[s
tanB tanA cotB+cotA



Question 22.

Iftanx = and tan y = 1 , find tan(x +y)
n+l1 1
Solution:
_ tanx+tany
BGN | —tanxtan y
n 1
n+l 2n+1

) e

n(Zn+)+1ln+l) [(n+1)2n+1)-n
(n+1)(2n+1) (n+1)(2n+1)

20 +n+n+l  2n° +2n+1

E = =1
20 +n+2n+l-n 2n7° +2n+1

Question 23.
Prove that tan [E+B] tan (i—ﬂ+ BJ =_1

Solution:
T
tan— +tan®
s [E-i-ﬁ'] _ 4 _ =,1+tan[-]
] —tan—tan O I-tan®
4
tanE+ta.n{-}
tan EH-} = 4 = 1)+t
4 1—(-1)tan®

in
|—tan—tan®
an 4 an



tan B —1
|+ tan

tan [g+9]tan (%4_3]: ]+tﬂnEl><—1+l:anB

l-tan® [+tan®

- tan8+1=_1 — RHS
1—tan®

Question 24.

Find the values of tan(a + ), given that cot a= %, ae [m% ] andsecf= —;,[SE (E, n]

2
Solution:
1
cota= —
2
cotan o= =2, a is in Il quadrant &
coto 5
; | ) L
secf=——
3 B -3 h\{:

cos P = -%. B is in ITT quadrant

: 4
. B is in II quadrant, tan B = -3

4
24| ——
tano+tanf ( 3J

I—tan_atanﬁ_l_(z)(_ﬂJ
3

Now tan (a + p) =

6—4 ll.l'll3+8

3 72 3



Question 25.
If 6 + ¢ = o and tan O = & tan ¢, then prove that sin(6 — ¢) = ui%: sin a.

Solution:
B+¢d=o,tan O = k tan ¢
k=tan_g

tan ¢
tand_,

k-1  tan¢g  tanf—tang

k+1 1ﬂn9+1 tan @+ tan ¢

tan @
sinf sing

cosf cosg _ sinfcos@—cosfsing
sinf _ sing  sin&cos g+ cossin ¢
cosf@ cosg

k-1 sin(6-¢) sin(6—¢)
k+1 sin(6+¢) sina
k—1

sin(0-¢) = Tl sin o

Ex 3.5

Question 1.
Find the value of cos 2A, A lies in the first quadrant, when

g [ [ 'M = — (i1 t A —
{I'} CDSA ] (Iﬂ 51 {Hn an

1L
Solution:



15
17

0] cos A

BC = J17%-15% =/289-225 =64 =8

A

Now cos A= E;sin}\ i
17 17 ; 3
cos 2A = cos*A—sinfA= Y (8
17 17
_ ZZSL 64 161
289 289 289 C
) 4 17
5
4
= 1-2sinfA=1-2|—
cos 2A sin (ST B 7
= ]— E =]_E
25 25
_ 25-32_-7
25 25
(i) tan A = 16/63
—tan? u 2
s B = tanzA=1 (16f63)2=3?13
l+tan" A 1+(16/63)" 4225
Question 2.
If 8 is an acute angle, then find
i) sin | ——— |, when sin 6 = — . (ii) cos | —+— |, when sin 68 = —
0 [4 z)’ 25+ @ [4 2]’ 9

Solution:

1 Tt 0
Givensin® = — Tofindsin|—-—
@ Y 25 (4 2]



Now cos 2 [%*%)= cm(%-—ﬂ}= sinﬁ=2—15(giv¢n)

We know cos 20 =1 — 2 sin%0

= 1-2sin? o PR
4 2

25
1 24
o Bl Eer]| = fhat
4 2 25 25
24 12
So sin? .9 = e
4 2 25x2 25
. (n © 12_2J3
= sin| ——— = ===
4 2 25 5
4]
(#) . Givensin® = §, To find cos | E+=
9 4 2
Now cos 2 E+E = cosl Z+0 =—si|1[-],.—._E
4 -2 2 9
[We know cos 20 = 260529-‘1]_
' 8
=5 2 cos? E+E -1 = — =
4 2 9
( \
So, 2 cos? —"'-17‘—+E = 1_E=l
h4 / 2 9
zr'ﬂ: 9‘1' - 1 1
= cos?| —4—| = —=—

: n O
= Cos —+E = =



Question 3.

Ifcos 0= L .:r+l , show that cos 30 = Ha +i,I .
2 a 2 a
Solution:
Given, cos 8 = l[ai-l]
2 a

3 3
cos’ @ = [l[a+iﬂ :l[a+l]
2 a 8 a
a +~1{-+ 3(:1}[1] [a+—1~”
| a a a
oy a3+L+3[a+l)]
8_ a3 a

Now cos 30 = 4 cos 0 — 3 cosb

_ 4[;{[i]3{ljﬂ 3&[%

il

I
S0 |

=

+

Il
P | —
-~ =
m...J
e
m]_
Lad
N \-__.-r’+ o S
b | a2
—_——
o
+
o |-
|
i ST
oy
b
+
£ |—
e

Question 4.
Prove that cos >0 = 16 cos®> 0 - 20 cos3 0 + 5 cos 0.

Solution:
cos >0 = cos(20 + 30) = cos 20 cos 30 - sin 20 sin 30



=(2cos20-1) (4cos?0-3cosB)-2sin0O cosB (3sin6-4sin30)
=8c0s°0-6c0s36-4cos30+ 3 cosB-6sin?20cosB+ 8cosHsin*b
=8c0s°0-6c0s30-4cos?0+3cosO-6(1-cos20)cosO+8cosO(1-
cos? )2
=8c0s°0-6c0s30-4cos?0+3cosO-6cosO+6cos30+ 8cos0(1+
cos* 0 - 2 cos2 0)
=8co0s°0-6c0s30-4cos30+3cos0-6cosB+6cos30+8cosO+8
cos®> 0 - 16 cos3 0

=16 cos® 0 - 20 cos?® 6 + 5 cos 6 = RHS

Question 5.
z
Prove that sin 40. =4 tan o lt;uzaz z
(1+tan” o)
Solution:
| —tan”
RAS =4 tan g — 0 &

(14 tan® o)’
[ 2tanc ] [I—tanzu]
.—2 —2 w| - 5 L
l+tan® o I+ tan® &
= 2 sin?a cos2a = sin 4a = LHS

Question 6.
If A+ B =45° show that (1 + tanA) (1 + tanB) = 2.

Solution:
A+ B=45°
=tan (A+ B)=tan45° =1
tanA +tan B :
i =]l=tanA+tanB =1-tan AtanB
LLe) l—tan Atan B < G = (1)

Now LHS = (1 + tan A) (1 + tan B)
=tanA+tanB+tanAtanB+1
=(1-tanAtanB) + (tanAtan B + 1) from (1)
=2 =RHS



Question 7.
Prove that (1 + tan 1°)(1 + tan 2°)(1 + tan 3°)... (1 + tan 44°) is a multiple of
4.

Solution:

LetT=(1+tan1°) (1 + tan 2°) (1 + tan 3°) .......... (1 + tan44°)
T=(+tan1°) (1 + tan 44°) (1 + tan 2°) (1 + tan 43°) (1 + tan 3°) (1 + tan
42°) e (1 +tan 22°) (1 + tan 23°)

[If A+ B =45° then (1 + tan A) (1 + tan B) = 2]

Z2X2X2Z2X i 22 times

T = 222 = (22)11 = 411 which is a multiple of 4.

Therefore, (1 + tan 1°) (1 + tan 2°) (1 + tan 3°) ............. (1+tan44°)isa
multiple of 4

Question 8.

Prove that tan [g+ B}—tan(% - El]= 2 tan 20.

Solution:
tanE+ta:n{-}
mn(_?_t_l_e] - 4 _1+tan@
I-tan"tang 1—tan®
4
s
tan- —tanB _
M[E_B) _ 4 _1-tan®
4 I+tan“tang !*1ano
4
Now LHS =

tan (gw)_m[g_e)

l+tan® 1-tan® _ (1+tan6)’ — (I - tanB)
1-tan® 1+tan® I—tan® @




1+tan’0+2tanO—1—tan’ O +2tan O

1—tan’0
4tan O 2tan@
- T s 2
l-tan“ 6 1-tan“ 6
= 2 tan26 = RHS

Question 9.

Slmwthntcot[ ] J‘+J§+J‘+J—

Solution:

Wehavetnpmv-:thatcot[ 2] 2+3+V4+6
o l I}
_ 1 _ cos(?/é ) .
LHS =cot | 7— =Rt i ol
2 sin(7 15°)

To find cosg multiply numerator & denominator by 2 cos 0
sin

2cos @ I+c(132a9 1+cosl5®
2sinfcosf  sin26 sin]3°

1+3 +1 J_ a5l
V3-1 / J3-1

/22
Multiply numerator & denominator by V3+1

(2V2 +V3 +1)(V3+1)
B-1)(3+1)

Z\E+3+J§+\/§+I
3-1

23+242 +4

2

Let8=71/2°
20=15°



2[«.5+J§+JE+2)
2

V2+3+J4+/6

= RHS

Question 10.
Prove that (1 + sec 20)(1 + sec 40)..... (1 + sec 270) = tan 270

Solution:

2
LHS (1 + sec 20) 1 cos20+1 2cos" @

1+ + =
cos26 cos2B cos 28

1 -, cos46+1 20052{29}
cos48  cosdf cos48

(1 + sec 48) 1 +
1 cos2"@+1 2cos’ 2" @
2"g 2" @ cos2" @
(1 +sec 28) (1 + sec 40).... (1 + sec 2"8)
2" cos® @ cos?28 cost2"'@

cos28 cosdf  cos2"8

]

(1 + sec 2"0) L4

= I CﬂsH{cns&cns?ﬂﬂ...mﬂ"“'9}
cos2"@
g #ysin2" @

- o {sm }={an2"&cn59
2" sinBcos2" @

Question 11.

Prove that 32[ﬁ}sin%ms 4—2{:05%%5 %cns% =3

Solution:



LT T 2n_m
32/3| sin — xcos— 163 | 25in-" cos—~- | =16 3
[ 48 43J ‘f[ 48 48] V3sin 24( ]

48 24

i T
Now lﬁm”?[smixm%j—‘;} _SI[ZWEEGS_] Sx/'_[sm—] E‘-x@sm—

Now Sxﬁ sin 14::4:}5E =43 25in£ms£
12 12 T 1

s /
= 4~J§ f-:inE 241./3 SinE
12 6

\

Il

Now 4\"5 sin %msg

% - b9
2«,@ 28In—cos—
[ 6 5]

fl

Zﬁ[sin%] Eﬁsing =2v§x%= 3 = RHS

Ex 3.6

Question 1.

Express each of the following as a sum or difference
(i) sin 35° cos 28°

(ii) sin 4x cos 2x

(iii) 2 sin 1006 cos 26

(iv) cos 56 cos 26

(v) sin 50 sin 48.

Solution:

() sin 35° cos 28° = %[25in35“¢0528“]
= %[Sin{?ﬁ"‘ + 28%) +5in(35° - 28%)]

= % [sin63° +sin 7°]



(1) sind x cos2 x = é{ZSin 4xcos2x]

F

o é[sin{f-l_r + 2x) + sin(4x - 2x)]

- %[sin 6x + sin 2x)

(iif) 251100 cos26 %[ESinl[]'B c0s20]
= %[5in([ﬂl3+26}+5in{]ﬂ&—29]

= %[Sin 126+sin 86]

(iv) cos Sé} cos 20 = %[Ecﬂs 56 cos20]
= -;-[CGS{SE} +26) + cos(50 - 28)]
= %[cos 70 +cos30)
(v) sin 50 sin 40 = %[2 sin 56 sin 40|
= %[CGS(SB —48) — cos(50 + 40)]

= %[cusﬁ' —c0s90)

Question 2.

Express each of the following as a product
(i) sin 75° - sin 35°

(ii) cos 65° + cos 15°

(iii) sin 50° + sin 40°

(iv) cos 35° - cos 75°.



Solution:
()  sin75°—sin35° = 2cos [75 +35 ] m[75 35

2 cos 55° sin 20°

(i)  cos 65°+cos 15° = 2::(13(65 +15 ] 65 —]5

= 2 cos 40° cos 25°
(iii)  sin 50° + sin 40° (

25m(5” +40 ]

= 2 sin 45° cos5°
(iv) cos35°—cos 75° = 2sin (35 +15 ) {?S —35

= 2 sin 55° sin 20°

]
=)
s
)

Question 3.
1
Show that sin 12° sin 48° sin 54° = =
Solution:
LHS = sin 12° sin 48° sin 54°

- % [25in12°sin 48°]sin 54° -

= —;— [cos (48° — 12°) — cos (48° + 129)] sin (90° — 36°)]

= -1- [c0s36° — cos 60°]sin 54° Since

* 2 sinxsiny=cos (x—y)—cos (x +y)
* sin 54° = cos 36°

v"§+1
4

= [cos36° —l}ms 36°
2 2

* cos 36° =

1 , 1
= —(cos36°)" ——(cos36”
5 (c0536°) —~(cos36°)



o 1f+1) 1[5+
2| 4 4| 4
= $(5+1+2J§]—%(J§+1}

= %(mzﬁ)—%(ﬁﬂ) = [(:HJ') («J’_Hﬂ

A
16

= —[3+I J5-1] ——[2]—

1
8

Question 4.

T 2n In 41': Sn 6m n 1
Show that cos—C0Ss—C0S—COS—COS—COS — (08 — = ——
15 15 15 15 15 15 15 128

Solution:

(n/15 =12°)
LHS = cos 12° cos 24° cos 36° cos 48° cos 60° cos 72° cos 84° kL)
consider (we know that)
cos A cos (60° + A) cos (60° —A)
= cos A [cos? 60° —sinZ A]

= cosA [é—{] —~cos® A}]

cos A cos (60° + A) cos (60° — A) = i cos 3A

cos A [c-::-s2 A ——3:]
4

4cos’ A —3cosA
4




cos 12° cos 72° cos 48° = - cos 3(12°) = ~ cos 36° = V541
4 4 N
Similarly

cos 24° cos 84° cos 36° = ir— cos3 (24°) = ::- cos 72° = ;I: cos (90° — 18°)

- 4
5+1 1]J5-1] 1 1[{+5+1 y5-1]1
H= LHS = l‘j_ .__._=_J_ ‘j_ i
4 4 4 4 2 4 4 4 2
_ 5-1 1
128x4 128
Question 5.
. sin8xcosx —sinb6xcos3x e
cos2xcosx —sin3xsindx
Solution:
sin 8xcosx = -%[25'11181 cos x]

i

[sin(8x + x) + (sin(8x — x)]

[sin9x +sin 7x]

sin 6x cos 3x = —[2sin6x cos3x]

= %[sin{6x+ 3x)+sin(6x —3x]

%[sin 9x +sin3x]



cos 2xcosx = %{2 cos2x cosx]

= —li—[cns{Zx+ x)+cos(2x —x]

= %[c«us 3x +cosx]

sin 3x sin4x = %[2 sin3x sin4x]
1
= 5 [cos(4x—3x) — cos(4x + 3x)]

1
= E[r.:us x —cos 7x]

sin8xcosx—sinbxcosix

LHS

cos2xcosx —sin3xsindx

;— (sin9x +sin 7x) — ; (sin9x +sin 3x)

= —

|

(cos3x+cosx)— % (cosx—cos7x)

%[(sin 9x +sin 7x) —(sin 9x + sin 3x)]

-;—[(cos 3x+cosx)—(cosx —cos7x)]

sin 7x —sin 3x
cos3x+cosTx

Tx+3x . Tx=3x
5 e _ sin2x

2cos 1% ?ﬁ cos Tx ;’_3x cos2x

2¢os
=tan2x=RHS




Question 6.
(cos® — cos30)(sin 80 + sin 20) ~1

Show that — -
(sin 58 —sinB)(cos 40 — cos 68)
Solution:
cosB-cos38 = 2sin i sin 392_ 9
= 2sin28snb
sinf80+sin20 = 2sin i Cos Bh=28
2 Z
= 2 sin 56 cos 30
sin 56 —sin@ = 2cos (39-£6) sin (582_ o)
= 2cos30sin20
cos 40 —cos 60 = 2sin iigi sin ﬁﬂ;:‘&
= 2sin50sin0
& s og ‘
LHS = 25in20 sTnEl 25“1.59 m:TSB —1= RHS
2¢0830 sin20- 25in 56 sin B
Question 7.

Prove that sin x + sin 2x + sin 3x = sin 2x (1 + 2 cos x).

Solution:

. ox+3x 3Ix—-x
2sin cOs 5

sin x + s 3x

= 2s8in2xcosx
2 sin 2x cos x + sin 2x
= sin 2x (2 cos x + 1) =RHS

LHS = sin x + sin 3x + sin 2x

Question 8.

i oo as
Prove that sadx+sinly =tan3x

cosdx+cos2x




Solution:

dx+2x 4x—-2x
COS

sindx +sin2x = 2sin 5
= 2sin3xcosx
cos 4x +cos 2x = 2 cos 4x-;2x msdx-;Ex =2cos3xcosx
- LHS = sindx+sin2x _ 2sin3xcosx _ tan 3x = RES
cosdx+cos2x 2cos3x cosx

Question 9.
Prove that 1 + cos 2x + cos 4x + cos 6xXx = 4 cos X c0oS 2X cosS 3X.

Solution:
1+ cos6x = 2 cos? 3x
2x+4x 4x—2x
cos 2xtcosdx = 2cos cos

2
= 2cos3xcosx
LHS =1 4+ cos 2x + cos 4x + cos 6x
= (1 + cos 6x) + (cos 2x + cos 4x)

= 2c0s? 3x + 2cos 3x cos x
= 2 cos 3x (cos 3x + cos X)

3x+x 3x—x]
5

= 2cos 3x | 2cos co
2 2

= 2 ¢os 3x (2 cos 2x cos x)
= 4 cos x cos 2x cos 3x = RHS

Question 10.

Prove that sin gsiHT—zﬂ+ .«‘.in:,’z—l?'lsilllzIHI =sin 20sin50.

Solution:



. B . 78 .8 . 78
siIn — sin — = —|2smm—sin—
2 2 2 2

[ 2]

COs— —CO0s

70-6 TB+E]

b | -
1

= é— (cos38—cos40)

[ . 38 . llEl]
2sin—sin—
2 2

e _ 1
21

sin—sin— =
2

1
—|c
2

[ 110-30 119+39]
05 = C0Ss

= %[cns 40 —cos70]

LHS = sinE sin7— +sin ﬁ:«:‘inl—y—a-
2 2 2 2

= %{cns 30 —cos40) + % [cos 46 —cos 70]

= é—[cus 30 —cos 40+ cos40 — cos 76)

i

%{cnﬂﬁ —cos70]

;[ . 70+30 . 79—39]
= —|2sin sin
2 2 2

sin 560 sin 20 = RHS

Question 11.
1
Prove that cos (30° — A) cos (30° + A) + cos (45° — A) cos (45° + A) =cos 2A + i

Solution:



cos (30° - A) cos (30° + A) (cos 30° cos A + sin 30° sin A) (cos 30° cos A —sin 30° sin A)

= cos? 30° cos? A — sin? 30° sin? A
2 2
= -\E cos’ A — : sin® A
2 2
- S A= Siint A (1)
4 4

cos (45° —A)cos (45°+ A) = (cos45°cos A +sin45°sin A) (cos 45° cos A—sin45° sin A)
= cos? 45° cos? A — sin? 45° sin? A

i % : %
= == | cos® Al — | 80 A
(&)%)
= —l-coszh-isinzA (2)
2 2

gmsz A- lsin2 A+lcusz A —lsinz A
4 4 2 2

]

LHS =(1)+(2)

= Ecos" A .
4 4

3 | | 1

= cnszA——smzA——51n2A+—51n2A+—c052A
4 4 4 4
: 1 .

= (cos” A —sin’ zﬁu}+1(s.m2 A +cos® A)

= cos2ZA +%{1}=c052A +% = RHS

Question 12.

— sinx+sin3x+sinS5x+sin7x T
cosx+cos3Ix+cosSx+cosTx

Solution:



Nr: (sin x + sin 7x) + (sin 3x + sin 5x)
. Tx+x Tx—x . Sx+3x S5x-3x
2sin 5 cOos > +| 2sin 5 Cos

2

2sin 4x cos 3x + 2 sin4x cos x
= 2sin 4x (cos 3x + cos x) (1)

Dr. (cos x + cos 7x) + (cos 3x + cos 5x)

.Tx+x Tx—x Sx+3x 5x-3x
2cos 5 cos 5 +| 2¢cos 5 cOS

Il

2

= 2cosdxcos3x+2cosdxcosx

= 2 cos 4x (cos 3x + cos x) (2)
LHS = (1) _ 2sindx (cos3x+cosx)
(2) 2cosdx (cos3x+cosx)
= tan 4x = RHS
Question 13.
Prove that sin(4A —2B) +sin(4B - 2A) =rtan(A +B)
cos(4A —2B)+cos(4B-2A)
Solution:
: (4A—EE+4B—2A ] {4A~ZB-4B+2A]
2sin| - 5 — fcos| - — %
LHS =
[4&—2B+4B—2A (4A-ZB—4B+2A ]
2cos| — — fcos| —————-
2 2
= 2sin(A + B) cos(3A -3B) ~ tan (A + B) = RHS
2cos(A + B)cos(3A - 3B)
Question 14.

dcos2A

Show that cot (A + 15°) -t A-18= ——
P Kms ROt o ) 1+2sin2A



Solution:
cos(A +15°) B sin(A —15%)
sinfA+15°) cos(A—15°)

LHS =

cos(A +15%)cos(A —15°) —sin(A +15°) sin(A —-15°)
sin(A +15°) cos(A -159)

cos(A +15°+ A —15°)
-lz-fsinm +15°+ A —15°)+sin(A +15° — A +15°)]

2cos2A _ 2cos2A

Siﬂ2ﬁ+3m3{]° % +SIH2A

_ 4-::03‘23% _ RHS
1+ 2smn2A

Ex 3.7

Question 1.
If A+ B+ C=180° prove that
(i) sin 2A + sin 2B + sin 2C =4 sin A sin B sin C

(if) cos A+ cos B—cos C=-1+4cos —‘:—ms%sin%

(iii) sin2 A+ sin? B + sin2C=2 + 2 cos A cos B cos C
(iv) sin?2 A + sin2 B - sin2 C =2 sin A sin B cos C

A B B [ B C A
(v) tan— tan— +tan— tan— +tan— tan—=1
2 2 2 2 2 2

(vi) sin A + sin B + sin C =4 cos A2 cos B2 cos c2
(vii) sin(B+C-A) +sin(C+A-B) +sin(A+ B-C) =4sin Asin B sin C.

Solution:

(1) LHS = (sin 2A + sin 2B) + sin 2C
=2sin(A+B)cos(A-B)+2sinCcosC
[sin (A + B) = sin (180° - C) = sin (]
=2sinCcos (A-B) + 2sinCcosC
=2sinC[cos (A-B) + cos C]



{cos C=cos [180°- (A + B)] =-cos (A+ B)}
= 2 sin C [cos (A - B) - cos (A + B)]

2sinC Zsinz—ﬁsing}
2 2

]

= 4 sin A sin B sin C = RHS

(ii)
(cosA+cosB)y—-cosC = 2cos A+BE{?SA_B

—[1-2sin*C/ 2]
2 2

Hint: [c{}s LM — sinE
2 2

= Esingcns —1+ 2sin? ¢
2 2

= =1+ ZsinE cos
2

= =] +25in% CcOs

= =] +25i1‘1E 2(:95——-:05—]
2 4

= —l+25inE Et:a:mssi-:-::lsE
21 2 2
= —1+4 cnsicns%sin%=RHS

(iii)

l—cos2A I1-cos2B 1-cos2C
+ 4
2 2 2

LHS =

_ 2 —]~[cns2A +¢0s2B + cos 2C]
Hint: 2 2



[sinz e 1—cos2A

] . %—%[2(:05(A+ B)cos(A —B) + 2cos* C - 1]
2

= %—ms(m B)cos(A —B) —cos® C+%

= 2+ cos Ccos (A—B) —cos? C

= 2+ cos C[cos (A~ B) (cos (A+ B)]
[cos (180° - C) - cos C - cos C]
=2+ cosC[cos (A-B) + cos (A+ B)]

= 2+ cos C[2 cos A cos B]
=2 + 2 cos A cos B cos C =RHS

(iv)
LHS = 1—{;052A+]-c052]3_1—m52€
2 2 2
1 1 1 1
= |—4=——=|—-= [cos 2A + cos 2B - cos 2C]

2 & 21 2
Hint: = %—% [Zcus{A+B)cos{A—B)—(ZcosEC—l)}
[sin2ﬁ=1—mczsi:| = %—ms{ﬁ+B}ms(A—B)+cnsZC—%

= cosCms(A—B)erszC
= ¢o0s C [cos (A—B)—cos (A + B)]
= ¢os C[2sinAsin B]=2sin Asin B cos C=RHS



)

Given A+ B + C = 180° = A*S”’C:Q{}ﬂ
A+B=gﬁu_E
2 2
So tan i = tan 'Eii1lﬁl"“'~~E =c:1::|tE
2 2 2
um%+mn§ |
(1.€) = cot—=
l—t;ané tang tanC
2 2
A B
= 'I:Elll—+t:arjE tan(—:- = |—tan—tan—
2 2
(ie.) tanitan?—-ktangtang = l—lanﬂtssmE
2 2 2 2 2 2
(i.e.) taﬂﬁtaﬂE+tanEtan.g+lﬂH£tan£ =1
22 2 2

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

. A+B A-B . C
= 2sin cos + 25in—Ccos—
2 2 2

2

c[ ra-BY . C]
= 2cos—| cos +s51In—
A 2 2 |

C r’A-B) A+B]
- + CDs

= 2¢0s—| cos
: L \

= 2::055 2-::05%::05%]:4«:05&(:05—%(:059 = RHS

(vii) Now A + B + C = 180°
SoB+C=180°-A



sin(B+ C-A)=sin (180°-A-A)

= sin(180° - 2A) = sin 2A

Now LHS = sin 2A + sin 2B + sin 2C

= 4 sin A sin B sin C (from (i) ans) = RHS

Question 2.
If A+ B + C = 2s, then prove that sin(s - A) sin(s - B) + sin s sin(s - C) = sin
A sin B.

Solution:
Now sin (s —A) sin (s —B) = %{cns[{s —A)=(s=B)]-cos[(s=A)+(s-B)]}

= %cﬂs(s —A—s5+B)—cos[25s— (A +B)]

%{cns(ﬁ —B)—cosC}
[.. cos (A—B)=cos (B-A)]

Againsinssins—C = %[CDSC —cos(A + B)]
|
So, LHS = E{ms{ﬁ —B) ~cosC + cosC —cos(A +B)}
= %[cos (A —B)—cos(A + B)]

| ; . : .
= E[EsmAsm B] =sin A sin B =RHS

Question 3.

2
If x +y + z = xyz, then prove that + +

Solution:



Takingx=tan A, y=tan B and z=tan C
2x 2tan A

=% = =tan2A
R l-tan” A
o 2y 2
Similarly, L4 > = tan 2B and : —-=tan 2C
-y l=2"

Givenx+y+z =xyz
(i.e) we are given tan A + tan B + tan C = tan A tan B tan C

= A+B+C = 180°
=>A+B=180°-C
multiply 2 on both sides
= 2A + 2B =360° - 2C
= 2(A+ B) =360°-2C
= tan(2A + 2B) = tan(360° - 2C) = -tan 2C

G tan2A +tan 2B _ tan 2C

l-tan2A tan2B

= tan 2A + tan 2B = -tan2(C[1 - tan 2A tan 2B]
= tan 2A + tan 2B = -tan 2C + tan 2A tan 2B tan 2C

= tan 2A + tan 2B + tan 2C = tan 2A tan 2B tan 2C

: 2 2 2 2 2 2
(1e.) x2+ y2+ zz = xzx ‘vzx 22

=% 1=y" 1<z I=x* 1=y" 1=z
Question 4.

If A+ B+ C=m/2, prove the following
(i) sin 2A + sin 2B + sin 2C =4 cos A cos B cos C
(ii) cos 2A + cos 2B + cos 2C =1 + 4 sin A sin B sin C.

Solution:

(i) LHS = (sin 2A + sin 2B) + sin 2C

=2sin(A+B)cos(A-B)+ 2sinCcosC=2sin (90° - C) cos (A-B) + 2 sin
CcosC

=2cosC[cos(A-B) +sinC]+cos(A+B)(~A+B=n/2-0C)

=2 cos C[cos (A-B) + cos (A + B)]

=2 cos C [2 cos A cos B]

=4 cos A cos B cos C = RHS



(ii) LHS = (cos 2A + cos 2B) + cos 2C
=2cos(A+B)cos(A-B)+1-2sin2C
=1+ 2sin C (cos (A -B) - 2sin2 C)

{+ cos (A + B) = cos (90° - C) = sin C}
=1+ 2 sin C [cos (A- B) - sin C]

=1+ 2sinC[cos (A-B)-cos(A+B)]
=1+ 2sin C [2 sin A sin B]

=1+ 4sinAsinBsinC

= RHS

Question 5.

If AABC is a right triangle and if £A = nt/2, then prove that
(i) cos2B 4+ cos?2C=1

(ii) sin?B + sin2C =1

(fiffcos B—cosC= -1+ Zﬁms%sin%

Solution:

() £A=9U“;EGSB=E ;cusC=£
BC BC C

. LHS = cos? B +cos? C

AB’ AC? AB?+AC?

= + =
BC' BC'  BC all
2
= BC2 =1 =RHS
BC
AC AB
i) From di ,sinB=— . sinC=—
(if) From diagram, sin BC sin BC

L.H.S = sin?B +sin? C

AC? AB? AC?+AB?
st == )

BC? BC BC

BCY

BC?

1 =RHS



(#if) A+ B+ C=180° Given A= 90°
B+C

LSBHC=90° = = 45°

Dl i

z 2 B &
RHS = -1+2~Ec053 sin;

= 1+\E(2cnsgsin§}

We know that 2 cosA sin B = sin (A + B) —sin (A - B)

i (SEH(B+C)_SM(B—~C)]

2 2

mfm)
2

=—1+'\E (sin45°—siﬂ
2
_1+\E [:}?-sin{B_ZC} ]

~1 +1— -JE sin (B-C)
2

= - \.E sin{_B.__C}. well)
2

LHS = cosB- cos C

(B+C) sin (C-B)
2 2

= 2 sin 45° sin (C-B)

2
() ()
=._J55m{B;C}uim

From (1) & (2) = LHS = RHS

i

= 2 sin




Ex 3.8

Question 1.

Find the principal solution and general solutions of the following:
1 1

(Dsin@=—— (i)cot@=+3 (itanf=- —
V2 _ NE

Solution:
) 1 .
(1) sinf = —E{ 0, the principal value lies in IV quadrant
Hint: sin6=sin a
sia1lEl=L:‘.>{?ﬁ=E B =nt+ 1
JZ_ 4 =nn+ (—1)'a
. | i
Heresin® = ——=sin| ——
a1
n
= 0 = ——
4

The general solnis 0 = an +(-1)" o

" (ie) = pm+ (1) -{{,n cZ
(ii) cot® = 3
1
= tan@ = —=tann/6
3
=% B = n/6
The general solnis 0 = nm+ /6, n e Z
(iif) tan 0 = -

J3

Here tan 6 =—-]-—:;r9=~rn.fﬁ

J3
The general soln is 0 = nn + (-1/6)
=nn-n6, ne

Question 2.

Solve the following equations for which solutions lies in the interval 0° < 0 <
360°

(i) sin* = sin2x



(ii) 2 cos2x+ 1 =-3cos X
(iii) 2sin?x+ 1 =3 sinx
(iv) cos2x=1-3sinx - 3 sinx

Solution:
(i) sin x —sin*x =0
sin? x (1 —sin?x) =0
sin x (cos?x) =0

2
[% (2sin xcos x}] =0

= (sin2 x)2 =0
— sin2x =0=0,x, 2n, 3x, 4%
X _3In
x =0, E,‘.ﬂ:,?,zﬂi
(1) 2cos?x+3cosx+1 =0
' 2cos2x+2cosx+cosx+1 =0
2cosx(cosx+ 1)+ 1(cosx+1) =0
(2cosx+1)(cosx+1) =0
2cosx+1=0 cosx+1=0
2cosx=-1 cosx =-1
cnsx=-——1~ =DX=N
n 2r T 4n
X={W——=— x=M+—=—andx=n
3 3 3 3
(i) 2sinx-3sinx+1=0
2sin’x-2sinx—sinx+1=0 (sinx—1)=0
2sinx(sinx—1)—(sinx—-1)=0 sinx =1 =sin n/2
(2sinx-1)(sinx-1)=0 x = m/2
2sinx-1 =0

2sinx =1



sinx = l=s.irn|'l:a”6
2
x=1/6
(iv) cos2x =1-3sinx

1-2sin®x =1-3sinx
3sinx—2sin®x =0
sinx(3—-2sinx) =0
sinx =0 3-2smx=0
=x=0 = sin x = 3/2 is not possible
ssinx=0=x=0(or)n

Question 3.

Solve the following equations:

(i) sin 5x - sin x = cos 3x

(i) 2cos?20+3sin6-3=0

(iii) cos 0 + cos 30 = 2 cos 20

(iv) sin 8 +sin 30 +sin 50 =0

(v) sin 20 - cos 20 -sin® + cos8 =0
(vi) sin 6 4 cos 6 = 3-V/

(vii) sin 6 + 3-Vcos0=1

(viii) cot 8 + cosec 8 = 3-/

(ix) tan 6 + tan [B+§]+tan{ﬂ +%]= \E
J5+1

4

(x) cos 26 = (xi) 2cos?x—Tcosx+3=0

Solution:

(#) sin 5x —sin x = cos 3x

Sx+x . S5x—x
2 cos 5 sin

=cos3x



2cos3xsn2x—cos3x=0
cos3x[2sin2x—~1] =0

cos 3x=0 = cos g
The general soln 1s

Ix =(2n+1)325(m)

2sin2x-1 =0
sin 2x =l=sinE
2 6

2 =nm+ (_1)*% (1)

T ni T
x _{2H+1}E x _?.;.(_lyrri_z_
The general soln is
x=02n+1)n/6 (or)x=nn/2 + (-1Y'n/l12,ne Z
(i) 2cos?®+3sin@-3=0
2(1 —sin2 @) +3sin6—-3 = 0
2-2sin?0+3sin@-3 = 0
sinf-1=0 2sinB-1=0
sinf =1 sin 6= 1/2
= 8 = n/2 8= n/6
The general soln is
B=nn+(-1Y"n/2 ; O=nn+(-1)"n/6,n e L
(iif) cos B+ cos 38 =2 cos 20
2c059+39c0539;‘a = 2cos 260
2cos20cos0—-2cos20=0
2cos20 (cosB-1)=0
2cos20 =0 cos@ =1
cos20 = 0 B =0
— 20 =(2n+1) n/2 B =2nn+0
D =02n+1)n/4 B =2nn

The general soln is 8 = (2n +

1)n/4(or) B=2nm.ne L



(iv) sin® +sin 30 +sin 560 =0
(sin 0 +sin 560) +sin 360 = 0
56+6 56-0
n cos

2si +sin30 =0

2sin30cos20+sin30 =0
sin30[2cos26+1] =0

sin36 =0 2cos20=-1
e 30 =nn cos 20 = —1/2 = cos (m - n/3) = cos 2 n/3
0 = nn/3 = 20 = 2n/3

20 = 2nm+2n/3
The general solnis 6 =nn/3 (or)8 = nntn/3,neZ

(v) (sin 26 —sin 8) — (cos 20 —cos ) = 0
2cosﬁsin9— —ZSinﬁsing =0
2 2 2 2

ZSin-(2 cos£+singg =0
2 2 2

2sing =(0=sin0 (cos-3—9+sin£J=O
2 2 2
0 3 . 30
— =N coOs — = —sin—

2 2
Esinﬂ =0=s5m0 1;:tn:|sE+sinE =0
2 2 2
e 36 306
E = NI co§ — = —8In—

General solnis 0 = 2nn = taﬁ ? =_1=tan [_?ﬂ]



36 |3
:} P — g
. 4
36 n
2
2 2
=0 = —nr—-——
3 34
_2nw 7
3 6

The general soln 1s 0 = 2nxn (or) g-zﬁ —% MHEL

(vi) sinB +cosf= V2

Multiplying by % on both sides

: S ] 1
— sinf+ — cos0 = —\ﬁ:]
2 2 V2
cos B cos E+5ini3lsi11E = 1
4 4

The general soln 1s cos (0 — /4) =1
cos (0 —m/4) cos 0
L 0-n4 = 2nmt0

The gencral solnis® = 2un+nd, ne Z
8nm+
= "4 E=%(Sn+l),néz

(vii) sinB+ 3 cosf=1

e i 1
Multiplying by — = — t
PR s T g e

l5i118+—-\§1’.‘.{}5[:1 =
2 2

Il

1

2

cos 0 cos £ + sin 6 sin i l
6 6 2



cos (0 — n/6)
= 0 - /6
General soln is 6 — /6
0
iy 228 o
sin@ sin®

cnsB+l=‘f§sjnﬂ

wf?—? smB-cosB=1

(+by2) ﬁsinﬁ—lcuﬂﬁ=l
2 2
(i.e) cos@cos E-sinﬁlsinE = _ i
3 3 2
= Cos (HJ’_E) = COs TE—E =|;USE.T.E
- 3 3 3
= 8+ IC_ = Et.
3 3
Thegeneral'soln 150 = Zrurig;-—?,n c 7
(i) Nowmn(e+EJ=M and m(ﬁ+z_n)= tan6 -3
3) 1-\3tan6 3 )T t+Bng
B+2?—[

So, tﬁn[ﬁ+§]+t&n[

’)

tan 0+ /3 ; tan8—+3 _ (tanB++/3)(1+/3 tan8) + (tan 0 —+/3)(1— /3 tan 6)

= cos /3

Il

1
2
/3

=2nntn/3
=2nmn+n6tn/3,neZ

© 1-tan® 1+Btan@®

1-3tan? 0



tan®++3 +3tan’ 6+ 3tanB+tan6-+3tan’ 0 —3+3tan® _  8tan®
1-3tan’ 6 1-3tan’®

Given, tan0+ tan[ﬂ+§)+ tan{ﬂ+2?nJ=J§

: ! 3
=> tanﬂ+ita.n._92__=ﬁ:> tan 6 —3tan B;ﬂtanl&}:ﬁ
(x) cos20= V541 =cﬂ536”=cusz—ﬂ

4 10
= 20w
10
The general solnis 20 = 2nrt %:
g = mrii,ne@
10
(xi) 2cos?x—Tcosx +3 = 0
T£v49-24 T7%5
cosx = =
2(2) 4
T+5 7-5
cosxy = — —
4 4
cosx = 3(or) l
2
cosx = 3 isnot possible
1 T
COSX = — =008 —
2 3
e x = /3

The general solnisx=2nn + ©/3,ne Z



Ex 3.9

Question 1.
In a AABC, if st“ i = an{A . , prove that a2, b2, ¢ are in Arithmetic Progression.
sinC  sin(B-C)
Solution:
a
[HS = sinA _ JR _a
sinC ¢ ¢
2R
RHS = sin(A —B) _ sin AcosB—cosAsinB
sin(B—C) sinBcosC- cosB sinC
N = 9 =P _ b b? +c* —a?
2R 2ac 2R 2be

1
2R

=5 PR i
2c 2c

|

_ I _a2+c2—bz—bz—c2+a2_
ZR_ 2c )
1 [222-20 1 [a?-8?]
2R 2ab 2R c
Dr:_b:az+bz—c2 e a’+ct—h?
2R_ 2ab 2R 2ac
_ L-¢:12+.-lelz—a::2 _.r;|12+|:‘2—4?'32
ERL 2a 2a
1 [a 4+ - -d -+ _L(ZbI—Zcz
~2R| 2a 2R\ 2a




2 32 242
Given LHS = RHS = 5=5[“ b ]=.>“ b -

- =b-c = P+ =2

= a?, b, c?arein AP,

Question 2.
The angles of a triangle ABC, are in Arithmetic Progression and if b: c =V3:
V2, find 2A.

Solution:
Givené=—{—§—and ZA, ZBand ZC are in AP.
c 2
& 2/B =/ZA+/2C
= 3B =ZA+£4£B+ZC
Now from sine formula, we have
b .. e
sinB sinC
b _sinB 3 sin60°
— - = — =
¢ sinC 2 sinC
V3
Vi _ 5
= - =
\E sinC



1
sinC = — 1e,Z2C=45°
V2
 LA=180°-(£LB+ £C(C)
Z A=180° - (60° + 45°) = 75°,
Question 3.

In a AABC, ifcos C = ;_n ~ show that the triangle is isosceles.
I

Solution:

sinA sinB n
Let . _s e

=k (say)
a b c
. e o . sin A
= sin A = ak, sin B = bk and sin C = ck we are given cos C = —
. 2sinB
a* +b* -c? ak a
— == —_—
2ab 2bk  2b
at+b*-¢? _a
2a 2
a’ +b* -¢? _a
a l

> a2+b2-c2=a2=>b2-c2=a?-a?
=>b2-c2=0=>b=c
~ A ABC is isosceles

Question 4.

In a AABC, prove that STHB == Ll i
sinC b—-acosC

Solution:



c—acosB
b—acosC

e =
2ac

RHS =

Nr. c—acosB = c—a[

=8

: A+t b ) 22 -at -t +b’
2c 2¢

B p*+ct—a’ _b2+c2—a2 xb

2¢e 2c 3
i
= b u :bcﬂsA
2bc
> I, .
Dr.b—-acosC =b-a Eﬂ__':_
2ab

- a?+b’-c? | 26 -a’ b’ +¢?
2b 2b

_ bz+cl—az_b2+c2-—a2 c
2b 2b c
R '
= ¢ M—a -—_CWS.A
2bc
. RHS = bccrsh::!i
ccosA ¢
e ZRS"‘B:S?I‘B:LHS
2RsinC  sinC
Question 5.

In an AABC, prove thata cos A + b cos B + c cos C = 2a sin B sin C.

Solution:
We have A+ B+ C=180°



2A + 2B + 2C = 360°

Also ‘a = _b = .r.: = 2R
sin A sin B sin C

a = 2R =4 a = 2R sin A
sin A

b - 2R = b = 2RsinB
sin B .

5 = 2 = ¢ = 2RsinC
sin C

acosA+bcosB+ccosC=2RsinAcos A+ 2R sin B cos B+ 2R sin C cos C
= Rsin 2A + Rsin 2B + R sin 2C
= R (sin 2A + sin 2B + sin 2C)
= R[sin (360° - (2B + 2C)) + sin 2B + sin 2C]
= R [-sin(2B + 2C) + sin 2B + sin 2C]
= R [- (sin 2B cos 2C + cos 2B sin 2C) + sin 2B + sin 2(C]
= R [- sin 2B cos 2C - cos 2B sin 2C + sin 2B + sin 2(]
= R[sin 2B(1 - cos 2C) + sin 2C(1 - cos 2B)]
= R [sin 2B 2 sin2C + sin 2C.. 2 sin2B]
= 2R [2 sin B cos B sin 2C + 2 sin C cos C sin 2B]
= 2R. 2 sin B sin C [sin C cos B + cos C sin B]
= 4R sinB sinC [sin (B + C)]
= 4R sinB sinC [sin (180° - A)]
= 4R sin Bsin Csin A
=2 (2Rsin A) sin B sin C
= 2asinBsin C
Question 6.
B-C
In a AABC, ZA=60° Prove that b + ¢ = 2a cos (T ]

Solution:



LHS = b+c¢c=2RsmB+2RsinC

= 2R[sinB+sinC]=2R[23in B:;:Ccos B;C]

B_C=4R‘fcosB;C L)

= 4R cos—';—cos

RHS = 2a cos(B;C]

= 2x2RsinAcosB_C

= 4Rsin60°cos

= 4R[£ }:osB—_C AZ)
2 2

(1)= (2) = LHS = RHS

Question 7.
In an AABC, prove the following.

() asin (%+B]=(b+c}sin% (if) a (cos B+ cos C)=2(b +c)sin2%

a’ -c* _ sin(A-C)

a sin(B-C) - bsin(C—-A) _c sin(A - B)

(iid) ' sin(A +C) () PYpE! P P T
9 a+b — (A-!- n] mt(A—BJ
( a-b 2 2
Solution:
a 2Rsin A
(7)

b+c  2RsinB+2RsinC



(i.€)

(i)

Now

2R(sin A)

sin A

2R(sinB+sinC)  sinB+sinC

= 2sinA/2cosA/2 _ sinA/2cosA/2
25inc+BcusC_B CDSAIZE:}S[—:;—B
o sinA/2 _ sinA/2
Sin90° — C-B Sin._ﬁ.+B+C_{C—B}
2 2 2
_ sinA/2 _ sinA/2
sin ﬂ_,_E_,_E_E_,_E sin '-A“+B
2 2 2 2 2 2
a _ sinA/2
b¥e sin(éﬂa]
2
. a sin i+B =(b+c) sinﬁ
2 2
a_ _ 2RsmA _ sinA/2 from (7)
b+c 2RsinB+2RsinC i B-C
2sin®A/2 _ 2sin’A/2
cosB+cosC ZCDSE*‘_C_«'_GOSB*C
2 2
ZsinIi si::.ii
A B-C B-C
2sin—cos 08
2 2

. (1)

-(2)



2sin? é
2

a
== b+¢ ~ cosB+cosC

= a(cosB+cosC)=2(b+¢c) sinz%

(iii) Using sine formula
a®-c* _ k’sin? A—k*sin®C

LHS = =
b* klsin’B
_ sin® A—sin®C _ sin(A +C).sin(A —C)
sin’ B sin’ B
_ sin B sin(A —C) _ sin(A —C)
sin’ B sinB
= sin(A - C)/sin(180°— A +C)
B oo &
sin(A + C)
(iv) asin (B—C) = a[sin B cos C — cos B sin C]
B b (a2+b2-.-:2 _a2+c2—bz c
ZRl 2ab 2ac | 2R
_ 1 a’ +b* - c? _a?' +c? —b?
2R 2 2
= -1—{a2 +bht—ct—at-c* +b%)
_ 2 -¢Y)
4R
- ] L ik
asin(B-C) _ 2(b"-c") bg_Cj:_.E._:L )
b2 — ¢ 4R 4R 2R

b(sinC—-A) =b[sinCcos A—cosCsinA)

= p el B Jie~ ~a” _az+b2—c2x a
2R 2be 2ab 2R




|
= —[b2 +c*—-a* -d? —-b2+c2]

= 1 ) 2 _CE—HE
* el S Y
bsin(C—A)  c*—a° / 5 g
Sodanknd ORGS0 v SN SN (2
Hod R /¢ T TR @)
. sinfA B) |
Similarl =
Y =2 b’ 2R

. asin(B-C) bsin(C—A) esin(A-B) 1
T pr =t AT at b 2R

a+b 2RsinA+2RsinB

(v) LHS = = - -

a-b 2RsinA-2RsinB

26 A+B A-B
_ 2R(sinA+sinB) _ ", %
2R(sinA-sinB) ,  A+B . A-B
¥ S
2 2
Question 8.

In a AABC, prove that (a2 - b2 + c2) tan B = (a2 + b2 - ¢?)tan C

Solution:



2 2 2
[E*‘*_f’} — cosB
2ac

So, a2+ c?2—b? = 2accos B
5. LHS (a? + ¢ - b%)tan B = 2ac cos B x tan B

sin B

= 2accos B x
cosB

= 2acsinB= .'—La:::)-(i
2R

2ab b
= e (1)
2R R
2 2 2 '
{Bia i, R
2ab
L@+ -2 =2abcosC
RHS = (¢ — 2+ b?) tan C = 2ab cos C tan C
= 2ab coscsmc =2absinC
cosC
c abe
= 2abX—=—0 (2
2R R @)

(1)=(2) = LHS = RHS

Question 9.

An Engineer has to develop a triangular-shaped park with a perimeter of 120
m in a village. The park to be developed must be of maximum area. Find out
the dimensions of the park.

Solution:
Given, the perimeter of a triangular-shaped park = 120 m



Perimeter of triangle =a + b + ¢ = 120 m and we know,

S 25=120m=s=60m 3 2 s
Maximum area of triangular shaped park < %
3
5
(.9—::}{5‘"!1)(3—::'}5?;; ¢ b
When area is maximum, thena=5b=r¢
3
R e B e
S(s—ay < 7 =
o)
L s—ays (—)
(s—a) 3
N |
S-as g

60
60 —a< 3 (substitute s = 600)
60—a<20 . 40<a

All sides of a triangular part would be 40 m.
i.e,a=40m,

b =40 m,
c=40m.
Question 10.

A rope of length 12 m is given. Find the largest area of the triangle formed by
this rope and find the dimensions of the triangle so formed.
Solution:

The largest triangle will be an equilateral triangle

Side of the triangle = %=4m=a

azw@=4jﬁ
4 4

Area of the triangle = =443 5q.m

Question 11.

Derive Projection formula from
(i) Law of sines,

(ii) Law of cosines.

Solution:
(i) To Provea=b cos c+ ccos B



Using sine formula

RHS =bcosC+ ccos B
=2RsinBcos C+ 2R sin C cos B
= 2R [sin B cos C + cos B sin C]
=2Rsin (B+ C) =2R [sinmt - A)
= 2R sin A=a=LHS

(ii) To provea=bcosc+ ccos B
Using cosine formula

RHS =bcosC+ccos B

a4+ b =¢ A e -k
= b —_— el —
2ab 2ac

_ a’ +b* -¢? +a1+cz—-b2
2a 2a
o a®+b* - +a* +ct - b’ = 2d°
2a 2a
= g=LHS
Ex 3.10
Question 1.

Determine whether the following measurements produce one triangle, two
triangles or no triangle:
<B =88° a =23, b = 2. Solve if solution exists.

Solution:

We are given a = 23,
b =2, and

4B = 88°.

So we can



a 7]

€. =

s sin A sinB
23 2 2 . : .

=5 . = — =— [." sin 90° = sin 88° is near x]

sin A sin88° (1)

: 23 .. :

= sinA = > which is not possible

Question 2.

If the sides of a AABC area =4, b = 6 and c = 8, then show that 4 cos B + 3 cos
C=2.

Solution:

a=4,

b =6,

c=28

To prove 4 cosB+ 3 cosC=2

a’+c®—b* 16+64-36 _ 80-36 44 11

cosB = e e T
2ac 2(4)(B) 64 64 16
a’l+b*—c* 16+36—64
cosC = =
2ab 2(4)(6)
-2 1
48 4

SoLHS =4cosB+3cosC

16 4
11 38

= ——=="=2-RHS
4 4 4

Question 3.
Ina AABC, ifa = V3 - 1,b= V3+1andC= 60°, find the other side and other

two angles.



Solution:

2 2 2 3
Ci]s{'j:m:,cosﬁgo: (3+1 Z\E}+(3+l+2\ﬁ] ¢

1
2 2 23 -1(\3 +1)
8—c 1 8-¢* 1

=—=
23-1) 2 4 2

-

16 -2 c?
22 =16 -4=12
c? %:ﬁ; ;;-:\,[E

5N
I

NDW' .ﬂ = .C
sin A sinC
.« BT o
(le) — = —
sin A sin 60°
931 N33
sin A ﬁ; 2,
= sinA = &!ﬁ — A =]5°
' 2J2

Now A= 15° ;Czﬁﬂc
. B=180° - (15 + 60°) = 105°

Question 4.
e B
In any AABC, prove that the area A = u.
4cot A
Solution:
S, B
RHS = b*+c¢” —a
dcotA
-
Lu = 03 A
2be

b? +c? —a*=2bccos A



2, 2 -2
Now b*+c¢*—a _ ZbcmshzlbcsinA
4_1::03&

sin A

area of A=LHS

Question 5.
Ina AABC,ifa=12 cm,b =8 cm and C = 30°, then show that its area is 24
sg.cm.

Solution:
a=12cm,
b =8 cm,
C=30°
Area of AABC = % ab sin C
1 )
= — x12x 8§ xsin 30°
2
=== l = 12 X S > l
2 2
96
= —=24 sq.cm
2 8q. ¢
Question 6.

Ina AABC,ifa=18 cm, b = 24 cm and ¢ = 30 cm, then show that its area is
216 sq.cm.

Solution:

a= 18 cm,
b =24 cm,
c=30cm

The sides form a right-angled triangle



Area el *axh
2
1
=—x]8x24
2
=216 sq. cm
Question 7.

Two soldiers A and B in two different underground bunkers on a straight
road, spot an intruder at the top of a hill. The angle of elevation of the intruder
from A and B to the ground level in the eastern direction are 30° and 45°
respectively. If A and B stand 5 km apart, find the distance of the intruder
from B.

Solution:
By using sine formula
T . 5
sin30°  sin 15°
P
X
A 30° 45°
5 km B
5
@) o7 = =
¥ sin15°%
: 5
sin 15° = — (1
x si 5 | (1)
sin 15° = sin (45° — 30°) = sin 45° cos 30° — cos 45° sin 30°
1 V3 11 43 1 f3-1

B2 22 3P 2h a2
5
ﬁ—l]zg A
2

bstituting sin 15° value in (1 t = X= - k
Substituting sin value in (1) we ge x[ "0 X B N m




Question 8.

A researcher wants to determine the width of a pond from east to west, which
cannot be done by actual measurement. From a point P, he finds the distance
to the eastern-most point of the pond to be 8 km, while the distance to the
western most point from P to be 6 km. If the angle between the two lines of
sight is 60°, find the width of the pond.

Solution:
p?=W?2 + E2 - 2WE cos P
P2=64+36-2x%x8Xx6 X Cos 60°

~100 — %x; 100 _48 = 52
— P=4/52 =/4x13 =213 km

Question 9.

Two Navy helicopters A and B are flying over the Bay of Bengal at same
altitude from the sea level to search a missing boat. Pilots of both the
helicopters sight the boat at the same time while they are apart 10 km from
each other. If the distance of the boat from A is 6 km and if the line segment
AB subtends 60° at the boat, find the distance of the boat from B.

Solution:

Herea=x,b=6,c¢=10
By using cosine formula
¢? = a*+b?-2ab cos 60°

(ie) 100 = .¥E+36—2xxxﬁx%
(i.e) x2—6x—64=0




6+/36 +256
2
64292 _ 2(3+V73)
2

2
= x =3+ 73 km (as 3 — J73 is not possible)

(1.e.) X =

Question 10.

A straight tunnel is to be made through a mountain. A surveyor observes the
two extremities A and B of the tunnel to be built from a point P in front of the
mountain. If AP = 3 km, BP =5 km and £ZAPB = 120°, then find the length of
the tunnel to be built.

Solution:

A, B are the two extremities of the tunnel.

P - Point of observation.

PA, PB are the directions of the points A, B as observed from the point P
AP = 3 km, BP =5 km, £ APB = 120°

Using cosine formula in A APB

ABZ = AP? + BP2 - 2AP. BP. cos(120°)

AB2=32+452-2 %3 x5 cos (180° - 60°)

=94 25-30 (- cos 60°)

=34+30x1/2
=34 + 15 =49
AB =+/49 =7

~ The length of the tunnel AB = 7 k.m.

Question 11.

A farmer wants to purchase a triangular-shaped land with sides 120 feet and
60 feet and the angle included between these two sides is 60°. If the land costs
X 500 per sq. ft, find the amount he needed to purchase the land. Also, find the



perimeter of the land.

Solution:
= %x 120 %60 xsin 60°
3

= 361}()){7':]8{][!}(],?32:3] 17.6 sq. fi

Cost of the land = 3117.6 x 500 = T 155880
Length of the third side ¢ :
et =at+b*—2abcosC
= 12072 + 60% — 2(120°) (60°) cos 60°
— 14400 + 3600 — 2 x 120 % 60 x —
= 18000 — 7200 = 10800
¢ = 10800 =104108
= 10%x 63 =603 -
Perimeter =a + b + ¢ = 120 + 60 + 603 = 180 + 2027 feet

Question 12.

A fighter jet has to hit a small target by flying a horizontal distance. When the
target is sighted, the pilot measures the angle of depression to be 30°. If after
100 km, the target has an angle of depression of 60°, how far is the target from
the fighter jet at that instant?

Solution:
. . b :
Using sin formula, ,a = ——= ": A 100 km B
sin A sinB  sinC :
= 10 = d = d=100 km

sin30° sin 30°
II method: In AABT
ZA= ZATB=30° (an isosceles triangle)
;. AB=BT
= d= 100 km

100 T



Question 13.

A plane is 1 km from one landmark and 2 km from another. From the plane’s
point of view, the land between them subtends an angle of 60°. How far apart
are the landmarks?

Solution:
2 =a+ b -2abcosC

¢t = 1+4-2(1)(2)cos 45°

N P Y. Y
- JE'S = ﬁ_s 22

e=5-2v2 km

Question 14.

A man starts his morning walk at a point A reaches two points B and C and
finally back to A such that ZA= 60° and 2B = 45°, AC = 4 km in the AABC.
Find the total distance he covered during his morning walk.

Solution:
b
'a = — ¢ =bcosAt+tacosB
sin A sinB
, 4
(1.e.) . & = - ¢ =4cos60°+26 cos45°
sin 60° sin 45°
a 4 1 1
V32 12 2 J2
a =42 x§=2\/3 ¢

Total distance covered =a + b + ¢

=2J6 +4+2+23
=6+2v6 +23km

Question 15.
Two vehicles leave the same place P at the same time moving along two
different roads. One vehicle moves at an average speed of 60 km/hr and the



other vehicle moves at an average speed of 80 km/hr. After half an hour the
vehicle reaches destinations A and B. If AB subtends 60° at the initial point P,
then find AB.

Solution:

Speed of vehicle A = 60 km / hr
Distance (AP) travelled in half an hour = 62—(]:39 km

Speed of vehicle B = 80 km / hr

Distance (PB) travelled in half an hour

= @=4(} km
2

AB? = AP2+ PB?-2 (AP) (PB) cos 60°

302 + 402 -2 (30) (40) [% )

=900+ 1600 - 1200 = 1300
S AB=41300 = 10413 km

Distance between two destinations after one hour = I{I\Jﬁ + 10 \fﬁ =20 \."E km

Question 16.

Suppose that a satellite in space, an earth station, and the centre of earth all lie
in the same plane. Let r be the radius of earth and R be the distance from the
centre of the earth to the satellite. Let d be the distance from the earth station
to the satellite. Let 30° be the angle of elevation from the earth station to the
satellite. If the line segment connecting earth station and satellite subtends
angle a at the centre of the earth, then prove that

[

d= RJ]+(--{J ~2  cosct.
R R



Solution:

& = 2 +R2-2Rrcos a

2
= Rz(r—;ﬂ—z—r cnscr]
R~ R

x 2
d= R\]rl+]——r—cus.{x
R R

Ex 3.11
Question 1.

. Find the principal value of (/) sin™! % (i) cos™! % (iii) cosec™1(~1) (iv) sec! (= ) )
) tan™ (\/3) -

Solution:
1
(i) sin! — =@
J2
: ] m
Sosinf= — =68 = —
2 4
{:‘r“,l_m:ns"é =ﬂ':>cnsﬁ=£=£
2 2 6
(iii) cosec™1(-1) =0 = cosec B -1

Ba e S Y &
sinf



(iv) sec™! {—\E) = 0= sech=—+2

= cosb=——
V2
B = E—E:%ﬂ
0 tan' (V3)  =8=tanb=3 :;,19:;

Question 2.

A man standing directly opposite to one side of a road of width x meter views
a circular shaped traffic green signal of diameter a meter on the other side of
the road. The bottom of the green signal is b meter height from the horizontal
level of viewer’s eye. If a denotes the angle subtended by the diameter of the
green signal at the viewer’s eye, then prove that

o= tan‘t[‘I i ]- tan™! (ﬂ]
X X

Solution:

From the right angled triangle ABC

tanH=£:>ﬁ=tan"{£] A1)
X X

From the right angled triangle ABD



a+b ya+b

tan (0 + ) = = 0+0o=tan  ——
X A
Soa = tan_l(aer]—ﬁ
X

From (1) o = tan™ (a+h )— tan_l(ﬁ)
X X

Ex 3.12

Question 1.

i V3

cos80° sin80°
(@) 2-V
(b) 3-V

(c)2
(d) 4

Solution:
(d) 4
Hint:
S
1 NEI 2 2

cos80° sin&0°

l X cos80°  sin80°x 1—
2 2

1. o 3 .
9 sin80°~ = cos80 _ sin80°cos 60° — cos80°sin 60°

G - i(?sinﬁﬂ“ccsﬂﬂ”)
2 2 2
sin20°  4sin20°  4sin20° _
I (sin160°] ~ sin(180°=20°)  sin20°
4




Question 2.

If cos 28° + sin 28° = k3, then cos 17° is equal to

K K k>
ko b e i +—
Solution:
kS
(a) Ve
Hint:

cos 28° +sin28° = &3
(i.e.) cos28°+sin (90°—62°) = k3

= cos 28° + cos 62° = i3
ECDSEQCGS% = i

2cos45%cos 17° = i

2><~—1—- cosl7° = K

5

= c0s17° = kF'x——=—

Question 3.

. : ;X b
The maximum value of 4 sin? x + 3 cos? x + 51[15 + COS 5 IS toeeeneaen

(@) 4 + V2
(b) 3 +?2
©9
(d) 4

Solution:

(@) 4 + V2



Hint:

s n .
The max value of sinxis 1 atx= E and the max valuc ofcosxisl atx =10

The valueatx=0i1s3+ 1 =4

|4 | 1 2

The valueatx= = is4+0+ —=+—= = 4+—==42
2 V2 2 v2

So the maximum value is 4 + 2

Question 4.

T in 5w n
(1 +c05—] [l + ces—)(l +cus—) (I +co€~—] .
8 8 8 8

Solution:

() 1/8
Hint:

i
LHS= l+c{:5£)(]+ws§£)(l+msn-E](chsn—i)
L 8 8 8 8
= [1+cusE)(l—cnsE)(l+m53—nJ (lﬂms;—ﬂr)
| 8 8 8 8

/
= 1-«:«:»5EE l—cnsla—ﬂ =5in2E5in23—H
8 8 8 8

%

(. n . 3mY¥ [1[.. = . 3z])°
= sin—sin— | =<¢—| 25in— sin—
8 8 2 8 8

[cos (A— B) - cos (A + B)J

cos™ —cos® [ 2 LY 21,1 1

4 2 4| 2 4 2 8
Question 5.
If n<20 < %’5 then y2+v2+2c0s40 cqualsto .......... .

I S e




Solution:
(c)2cosB
Hint:
2+2cos40 =2(1 +cos 40) =2 (2 cos? 20) = 4 cos? 20

. \4cos’20 =2cos20 [1 + cosB = 2 cos?6]
J2+2c0s20 = \/2{1+c0526) =/2x2cos* 0

= \J4cos’ 0 =2 cos b
Here 0 is in II Quadrant

Question 6.
tan140° —tan130°

If tan 40° = A, then T
1+ tan140°tan130°

1-22 I 1 5% O
(@) 2 (h) x (c) 7 (d) o
Solution:

1—A2
(d) =5
Hint:

Given tan 40° = )

tan140° —tan 1307

ow = tan (140° — 130°) = tan 10°
1+ tan140°tan130°

1 ] 1

— —

cotl0® cot(90° —80°) B tan 80°
Now tan 80° = tan 2(40)
2 tan 40° 2h

—tan®40° 1-A°
o 1=
" tan80° 24

Question 7.
cos1°+cos2°+cos3°+ ...+ cos179°= .......



Solution:

@a~o

Hint:

LHS = (cos 10 + cos 179°)+(cos 2° = cos 178°)+ ..... +cos(89° + cos
91°)+cos 90°

cos 179° =cos (180°-1) =-cos 1°

cos 178° = cos(180° - 2)= - cos 2°

So (cos 1°- cos 1°)+(cos 2° - cos 2°) + (cos 89° - cos 89°) + cos 90°
=0+4+0..+40+0=0.

Question 8.

Let f,(x) =%[sin* x+cos” x] where x € R and k 2 1. then f,(x) — fc(x) = ..ccccrnnene

1 - 1 ST |
i P — ) — —_
(a) r (b) T (c) g (d) 3
Solution:
(b)1/12
Hint:
filx) = % [sin® x + cos*x] = f, (x) = i[sindfx + costr)
i) —folx) = -;:[sin"t x+cos® x] — %[sinﬁ x+cos’ x]
= %[[sin?‘ x+cos” x)— 2sin? xcos® x]

:
—E[(:?-m2 x+cos® x)* = 3sin® xcos” x]



1 . 1 . 2
= E“ — 2sin? xcos’ x}—g{l —3sin® xcos” x)

I 1

= ———sin’ xcos’ x——+—sin’ xcos® x
2 6 2
_1.1.3-2_1
4 6 12 12

Question 9.
Which of the following is not true?
(u)sin9=—% () cosbB=—1 (c) tan 6 =25 (d) seeﬁ=£
Solution:
(d)sec6=1/4
Hint:

sec 8 =1/4 = cos 6 = 4, which is not true.

Question 10.

cos 20 cos 2d+ sin? (0 - ¢) - sin? (0 + ¢) isequal to .......
(@) sin 2(0 + )

(b) cos 2(86 + ¢)

(c)sin2(0 - ¢)

(d) cos 2(6 - d)

Solution:

(b) cos 2(6 + ¢)

Hint.

Given cos 20. cos 2¢ + sin? (6 - ¢) - sin? (0 + ¢)
=cos20cos2¢p +sin(0-p+0+P)sin(0-d-0-0¢)
= cos 20 cos 2¢ + sin 20 sin(-2¢)

= cos 20 cos 2¢ - sin 20 sin(2¢)

=cos (20 + 2d) = cos 2(6 + ¢)

Question 11.
sin{ A —B) A sin(B—C) 5 sin(C—A) "
cosAcosB cosBeosC cosCcosA e

(@) sinA+sinB +sinC
(b) 1
©0




(d) cos A+ cos B + cos C

Solution:
(©0
Hint:
sinfA-B) _ sinAcosB-cosAsinB
cosAcosB cosAcosB
=tan A-tanB
Similarly L) tan B —tan C
cos BeosC
and BuC-A) _ tan C — tan A (adding we get 0)
cosCcos A
Question 12.
cos pO + cos g0 = 0 and if p # q, then 0 is equal to (n is any integer) .......
m(3n+1 7(2n+1 rintl) a(n+2)
@ B gy BED g (@ T2
P—q ptq ptq p+q
Solution:
(b) 2n—|—1
H1nt.

cospB +cosqb =0

2[ ]Sm [T@']g_

a52:&[}ms(’uz ]3 U{or}ms(‘nzq]ﬁ =0




ms(erq}f}':U cus(}_q}f):l}
2 2

p+q o 1 P=q 5_ j
2_{3,_[2%5}% E-4 o= @n+nya/2
_ @nthyx g Qnthx
rPtq pP—q
—— (2n+1) &
compinin T
8 pEq
Question 13.
sin(a+3)

If tan a and tan B are the roots x2 + ax + b = 0, then *®***# jsequal to .......

Solution:

(b) a/b

Hint:
tan?x+atanx+b=0
a and 3 are the roots of the equation
> tan’a+atana+b=0...(1)
tan2f+atanf+b=0 ... (2)
(H-2)=>tan?a-tan?B+a(tana-tan ) =0
(tana-tanf) (tana +tanfB) +a(tana-tan ) =0
=>tana+tanf=-a...(A)
(1)) XtanB-(2) Xtan

= tan‘atan B —tan?f tana + b (tanf—tana) =0

tan o tan § (tan o —tan B) + b (tan p —tan ) =0

= tanatanf-b =0
= tancztanf = b (B)
H " + -
Now S]—m‘_.mﬁ) - sino.cos P+ cosasin 3

sinotsin b sin ocsin B



+ by cos @ cos 3

tanco.+tan 3 a
Weget —————— =i

tan o tan B b

Question 14.

In a triangle ABC, sin? A + sin2 B + sin? C = 2, then the triangle is .......
(a) equilateral triangle

(b) isosceles triangle

(c) right triangle

(d) scalene triangle

Solution:

(c) right triangle

Hint.

Given sin? A + sin? B + sin2 C =2

Suppose the given triangle is a right angle triangle with 2C = 90°, then

sin2C=sin290°=1 ....... (D
~sinfA+sin2B+1=2

sin? A+ sin?2B=1
AlsoA+B=90°=>A=90°-B

sin A = sin (90° - B) = cos B——- (2)
sin? A+ sin? B+ sin? C = 2

Using equations (1) and (2)

= c0s? B + sin? B + sin? 90° = 2
1+1=2

2=72

~ sin? A + sin? B + sin? C = 2 is true.

= A ABC is a right-angle triangle.

Question 15.
Iff(8) = |sin 8| + |cos B[, @ € R, then f(0) is in the interval .......

(a) [0, 2]

Solution:



(b) [1,V2]

Hint:
Ai6) = [sin B] + |cos O]
at0=20, 0)=1
at@=mn, fln) = |sin x|+ |cos w|
=0+1=1
noT 1 8 %43
th==—, f(=) = —+—=—==1136
W= /e Tt T

b9 T 1 1 2 o
tﬁ:.._, i = e = — = 2:!_4]4
=iy 2

3

T T |
tb=—, f(—=) = —+—=1.36
a 3 .f(a} i
So the interval is [1, »E}
Question 16.
cosbx+6¢cosdx+15cos2x+10 .
— 18 equal 1. usenvewin

cosS5x+5cos3x+10cosx

Solution:

Nr: cos 6x + cos 4x + 5 cos 4x + 5 cos 2x + 10 cos 2x + 10
= 2 cos 5x cos Xx+5(2 cos 3x cos x)+10(2 cos?x)

= 2 cos x [cos 5x + 5 cos 3x + 10 cos x]

Nr _ 2cosx[cos5x+5cos3x+10cosx] _ cas i
" Dr cos5x+5cos3x +10cos x
Question 17.

The triangle of maximum area with constant perimeter 12m
(a) is an equilateral triangle with side of 4m

(b) is an isosceles triangle with sides 2m, 5m, 5m

(¢) is a triangle with sides 3m, 4m, 5m

(d) does not exist

Solution:
(a) is an equilateral triangle with side of 4m



Hint.

Given the perimeter of the triangle is 12m

2s=12=>s=6

Maximum area is obtained when it is an equilateral triangle with a side of 4m
each.

Question 18.

A wheel is spinning at 2 radians/second. How many seconds will it take to
make 10 complete rotations?

(a) 10T seconds

(b) 20T seconds

(c) 51 seconds

(d) 15m seconds

Solution:

(a) 10T seconds

Hint.

In 1 second, it rotates = 2 radians

For 2 radians rotation time taken = 1 second

~ For 1 complete rotation (2 1 radians) time taken
=1/2 X 21t = 1t seconds.

~ For 10 revolution time taken = X 10

= 10 1t seconds.

Question 19.
If sin a + cos a = b, then sin 2a is equal to ........

(@) b2 -1,if b < \2 (B) b2-1,ifb> 2
(©) b2 -1,ifb> 1 (d) b2 -1,ifb> 2
Solution:

(b) b2-1,ifb>/2

Hint:

sina+cosB=b

(sin a + cos )% = b?

sinZ a + cos? o + 2 sin a cos a = b?
sinfa=b2-1



Question 20.

In a AABC, (i) sin % sin% sin%} 0 (ii)sin Asin B sin C = 0then................. .

(a) Both (i) and (ii) are true
(b) Only (i) is true

(c) Only (ii) is true

(d) Neither (i) nor (ii) is true

Solution:

(a) Both (i) and (ii) are true
Hint.

We know in a A ABC

n Ao B . C
5|n25|n25m_2>0

Alsosin AsinBsinC >0

. Statements (i) and (ii) are true.



