RANKERS MATHS ACADEMY

MATHEMATICS - Xl

3 TRIGNOMETRIC FUNCTIONS-Solution

Al1l. Given length of Pendulum =75 cm
Radius (r) = length of pendulum = 75 cm
Length of arc () = 21 cm

Now, 9=—=—=1rad.

A2. L.H.S.=tan 225"

= / 45° cot 45° — tan 45° cot 45°
=0=RHES. Proved.

A3. Let rbe the radius of ciréle

and length of the chord AB=20cm

Thus, triangle OAB is an equilateral triangle.

0=60°x —— =~ rad.
180 3

_ Arc . AB
radius

We know that 0

AmAB=9xr=gx20

A4. Clearly the sum of two acute angles of a right triangle is 90°.

\°
(2] =30
6
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Let the two acute angles be x° and y°.
x+y=90
x—y=30
Solving Eq. (i) and (ii),
x=60° y=30°
A5. The angle traced by the hour hand in 12h = 360°
The angle traced by hour hand in 3h 30 min.

360 7)°
= | — w — =1 °
[12 xzj 05

(Sh 30min = %h)

The angle traced by minute hand in 60 minute = 360°,

The angle traced by minute hand in 30 min.

AG.

bseca+dtana=c
= b=ccosa—dsin a

= a*+ b*=c*+d%

.. (i)

. (0)

... (i)

A7. FromL.H.S. sin Asin(60—-A)-sin (60 + A) [ {sin (A + B) - sin (A — B) = sin> A —sin’ B}]

=sinA [E —sin? A]
4

% sin A (3—4sin? A)

2 (3sin A—4sin® A) = - - sin34

1
4

3

sin 60° = —
2

Proved
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A8. From L.H.S. cos a-cos (60 —a) - cos (60 + «)

= cos « [cos? o — sin? 60]

= cos o [cos2 o— %}

= 1[4 cos’ oo — 3 cos o] = lCOS 3
4 4

Hence, L.H.S.=R.H.S.
A9. - f(0) = 30° (Degree measure)
g(0) = 30’

A10. A+-B) = 45° MY
B, AN ERS e ACADE
tan A + tanB
= =
1-tanAtanB
= tanA+tanB=1-tan Atan B
= tanA+tan AtanB+tanB+1=2

= tan A(1+tanB)+1 (1 +tan B)=2
= (1+tan A) (1 +tan B) =2 Proved.

All. - cot? x+ 3 cosecx+3=0

—  cosec’x—1+3cosecx+3=0

= cosec’ x+ 3 cosecx+2=0
= cosec x=—1 or cosecx=-2
i T
x=nn+(—1)”+1-€, or x=nn+(—1)"-§ ne z.
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Al12. - sina+sinf=a

o+

. o
= 2 sin -C08 — =

. (0)

Similarly, —2sin %38 gin 2=P _p ... (i)
2 2

Dividing (ii) by (i), we get

tan a-p_ b

A13. 1o e
o cot7 - 2cos“ 7 — .
0] L.H.S. cot71— = 12: _ - 2 . 1+_cos105
sin7— 2sin7—cos7~  Sin15
2 2 2

1+ cos (45° —-30°) 1+[cos 45°cos 30° + sin 45° sin 30°]
sin (45° — 30°) 8in 45° cos 30° — cos 45° sin 30°

X\/§+1
\/§+1

=\/§+\/§+ 3+2= ' /: +x/Z+\/§=R.H.S. Proved.
A14. We have, a=sinx+siny ()
and b=cos x+cosy ... (i)

Squaring (i) and (ii) and adding, we get

a’ + b? = (sin? x + sin? y) + 2 sin x sin y + (cos® x + cos? y) + 2 cos x cos y

= a’+b?>=1+1+2(cos xcos y + sin xsin y)
= a’+b?>=2+2cos (x—y)
= cos (x —y) = % (@ + b*-2) Proved.
A15. sec x—tan x = /3
= 1 _smx=\/§ = (‘I—sinx)=\/§cosx.
COSX COSX
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=

J3 cos x +sin x =1 .. (i)

Dividing both sides by /(+/3)? + T , we get

T . .
= COSX-COSE"‘SIHX-SIH

A16.

Al17. We have,

Now,

J3

—— cos X+ 1sin X =
2 2

Nl= N =

R.H.S. = cos?(A— B) + cos? B—2 cos (A — B) cos A cos B

= co8” B ¥ COS (A — B){cos (A— B)—2cos A cos B}
B+ COS( Acos B+ 8in Asin B—2 cos A cos B}

¢os A cos B}
4 sin B)
32 B — (cos? A — sin? B)
cos® A =sin’ A=LHS. Proved.
tan A= and tanB=
m-1 2m -1
tan (A - B) = tan A —tan B N0

1+ tan A tan B

Putting the values of tan A and tan B in (i), we get

m 1
m-1 2m-1

1+[mni1](2m1—1]

_2m*-m-m+1 (m-1)(2m-1) _2m2—2m+1_1
(m-n2m-1) 2m*-3m+1+m 2m*-2m+1

tan (A-B) =
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= tan (A - B) = tan r { tan =~ = 1}
4 4

= A—B= % . Proved.
A18. L.H.S.=tan 6° tan 42° tan 66° tan 78°

sin 6° sin 42°sin 66°sin 78° (2 sin 66° sin 6°)(2 sin 78° sin 42°)

~ cos 6° cos 42° cos 66° cos 78° (2 cos 66° cos 6°)(2 cos 78° cos 42°)

_ (cos 60° — cos 72°)(cos 36° — cos 120°)
(cos 60° + cos 72°)(cos 36° + cos 120°)

_ (cos 60° —sin 18°) (cos 36° + sin 30°) _ (2 4 4 2
(cos 60° + sin 18°)(cos 36° — sin 30°) [1 J§_1J(\/§+1 1J

J— + ——

4 2

1 6—1}(\/§+1+ 1]

2 4

Proved.
A19. L.H.S.
@=60°:|
15
_1 \/§+1 T 27 4n . w n
= — COS — C0OS — C0OS — sIh — C0Ss —
2 4 15 15 15 10 15
=1{\/g+1]00310032—RCOS4—R(J§_1J0037£
2 4 15 15 15 4 15

115-1 T 27 4r T
= —| —— |C0S — COS — X COS — COS —
2\ 16 15 15 15 15
171 T 47\ 1 27 T
=—|—||2co0s—-cos— |—|2c0os—CcoS —
812 15 15 )2 15 15
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1 [ 5rn 3n][ On 511:}
= — cQos — +C0s — || COS — + C0OS —
15 15 15 15

=i 1+\/§+1 cc:s[£+1]+1 :i 1+“/§+‘I [—sin1+1j
32\ 2 4 2 10) 2) 321|2 4 10 2

=i[%+£+q[—\/§+1+1}——[2 +V5 +1[-v5 +1+2]

32 2 4 2) 12
1

1 (345)(3-B)= 1 (9-5)=— =RHS. Proved.
" 512 3 VBR-) 512( )= 128 Y

A20. We have,

4sinxcosx+2sinx+2cosx+1=0

= 2sinx(2cosx+1)+1(2cosx+1)=0

= (2sinx+1)(2co

= +1=0 or 2cosx=0C
=
N 1 TE] T
ow, —— | = X=——
L 6 6
The general solution of this|is
n n n+1 n
+ (-1 =nn+ (-1
(- 5)-mme (]
(_1)n+1 .
= X=T7|ln+ I (
ﬂ[ 5 (i)
1 T 2n 2%
And COSX= —— = COSX=COS|MT—— |=CO0S— = X=—
2 3 3 3
The general solution of this is
2 1
x=2nm+="  je, x=2n|nt— ... (ii)
3 3
From Eq. (i) and (ii), we have
SO ]
i n+T and 2rn 3 are the required solutions. Ans.
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A21. cos 3A=4cos® A—3cos A
L.H.S.= cos® [X—Z—n]+0083X+COSS (x+2—nJ 1 3
3 3 cos® A=—cos 3A +~ cos A
4 4
1 T 3 27 1 3
=|—cos3|x—-—— |[+—cos| x—— ||+—|cos3x +—COS X
4 3 4 3 4 4
1 2n) 3 2n
+|—cos3| x+—|+—cos| X +—
4 3 4 3
3 2n 2n 1
=2 cos x-? + COS X + COS x+? +Z[cos(3x—2n)+cos3x+cos(3x+27c)]
3 2n| 1
= 2 COS X + 2 COS xcos? +Z[COS 3X + 2 cos 3x cos 2n]
i 27 1
= —cosx|1+2cos— |+—cos 3x[1+ 2 cos 27]
4 3 4
3
= —COS X
4
=0+—cos3x=—
A22. Step-1: Convert seco
Step-2: Convert minutes into degree.
Minute obtained from Step-1 = [é}
=50
60
(L}' _ (LXLJ" - (L)
60 60 60 3600
Step-3: Convert degree into radian.
Degree obtained from Step-2 = (LJ
3600
. T
radian measure = 180 x degree measure
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T « 1 _ o ‘
180 3600 648000

ad.

T 410°° rad.

6.48
A23. We have, cos 15° = cos (45° — 30°) = cos 45° cos 30° + sin 45° sin 30°
= cc:s,15°=i2-§+l2-%=‘/2§\/21 ... (i
Putting, A= 15°in sing =+ 1'°2°SA ,we get

o

sin71— =
2

[ sin7 1— is + ve}
2

Multiplying num. and den. by v/2 ]

Ans.

A24. From L.H.S. nator both by cos 11°.

tan (A + B)= tan A +tanB
1-tanA-tanB

= tan(45° + 11°) = tan 56°

A25. e ° °
(i) LHS.= tan1421—=tan 180“—371— =—tan371—
2 2 2
[+ 10 10
10 tan 45 —75 1—tan7?
= —tan[45°—?—)=— =" =~ [ tan45° =1]

1+tan45°tan 7 — 1+tan71—
2 2

2
1o ) 10 1° . 1°]
L 4 cos7 —-sin7 —

_cos?z sm72 [ 2 2

00371—°+sin71—0 cos"‘?’AI—o—sinszl—o
2 2 2 2

VIKAS GUPTA, IXX,XLXILIT-JEE, C-6/75, YAMUNA VIHAR, Ph.:+91 -9810929414, www.rankersmaths.com Page 9



cc1|3271—a+sin271—0 —2sin71—o-c:037t
2 2 2 2

1° 1°
7 2|7
cos 2+COS [ ZJ

1— @ As shown abovesin 15° = @
_ 1-sin15° 22 242
cos15° 3+1
3+ cos15°=£+1
242 ) 2V2
__22-V3+1 V3-1
J3+1 31
_ 26 +2V2+3-/3-V3+1_-2J6-2V3+2J2+4
3-1 2
= -6-3+V2+2=\2-3+J/4-J6 =RH.S. Proved.

A26.
LHS.

2 (1+ cos 80)

[* 1+ cos 20 =2 cos’ 0]

J2(1+ cos 20) = /2.2 cos2 0 = /4 cos? 0

=2cosO=R.H.S. Proved.

A27. FromL.H.S.
c0s 5 x = cos(3x + 2x)

= c0s 3x - cOS 2x — sin 3x - sin 2x

= (4 cos® x — 3 cos x) (2 cos? x— 1) — (3 sin x — 4 sin® x) ( 2 sin x cos X)

= (8 cos® x — 10 cos® x + 3 cos x) — 6 sin x - cos x + 8sin® x- cos x

= (8 cos® x — 10 cos® x + 3 cos x) — 6 (1 — cos® x) - cos x + 8(1 — cos? x)? cos x
= 16 cos® x — 20 cos® x + 5 cos x

Hence, cos 5x = 16 cos® x — 20 cos®x + 5 cos x

VIKAS GUPTA, IXX,XLXILIT-JEE, C-6/75, YAMUNA VIHAR, Ph.:+91 -9810929414, www.rankersmaths.com Page 10



A28. Step-1: Convert seconds into minutes.

Here given degree measures have seconds and minutes. So firstly convert second
into minutes.
(&
60

30”7 = 30Y - (1
60 2
Step-2: Convert minutes into degree.

Minutes obtained from Step-1 = [—) )

Total minutes to convert

Step-3: Convert degree

Total degree to convert

= 48° +(§) = (@]
8 8

. T
Radian measure = 180 x degree measure

= (389] X T - 389n radian.
8 180 1440

A29.
We have, cosg = iJW ... (i)

Putting, A =45°in Eq. (ii), we get

003221— = ,/M 003221—is+ve
2 2 2
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Ans.

1
1° 1+ﬁ_ J2 +1
=

= cos 22 — =
2 22

A30. - Angle traced by hour hand in 12 hours = 360°. )

Angle traced in 7 hours 20 minutes.

9 3
= 2—; hours /?\

= [360 XE] = 220°
12 3

Angle traced by minute hand in 60 min. = 360°

Angle traced by minute hand in 20 min = [%x 20] =120°

Hence, required angle between two hands 54220° — 120°) = 100°

A31l. - In 60 minutes, the mingte hand moves through (2x)~.

Distance moved by a tip of minute hand in 15 minute is given by

I=r@= [2.1&) =21x 1«2 233¢m
2 27 7

 cos(5 ) con (T oo (5 ) reor (5
Ccos"| — |+CO8"| — |+COS"| — |+ COS" | —
8 8 8 8

S IT

2cos? X 4+ 2‘::0323—ﬂ +2cos’ 5 + 2cos’—
8 8 8 8

=1
2

1 o 3n 5n n
—[1+cos—+1+cos— +1+cos— +1+cos—
2 4 4 4 4

=2 Proved

A33. LHS.=cosa+cosfB+cosy+cos(a+ff+7)
= (cos o+ cos B) + [cos y+ cos (o + B + V)]
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= 2cos a+p cos +2cos OHB vy -COS w
2 2
= 2cos a+p cos[ 2005[ JCOS[MJ
2 2
= 2cos Q;FB cos B]+cos(u+B+2YJ}
o— B 0L+B+2'}f at+B+2y a-B
=2003 2 cos cos 2 2 2
=2c:os[ ] 2co ( > cos( ?]}
= 4co0s [—BJ cos (B—] cos[ i R.H.S. Proved.
2 2 2
A34. We have,
B = cos (A— B)—cos (A+ B)]
= 1 80" = — 00320"—1] sin 80°
2 2
= % (2 cos 20° sin 80° —sin 80°) = — [sin 100° — sin (—60°) — sin 80°]
. % [sin (180° — 80°) + sin 60° —sin 80°] = — [sin 80° + sin 60° — sin 80°]
[ sin (180 —0) = sin 0]
=1 singoe =1 x Y3 _Y¥3 _rus. Proved.
4 4 2 8
A35.
L.H.S. = cos [ﬂ+x]—cos [s—ﬂ—xJ
4 4
3n 3n 3n 3n
X+ =X X=X
= 2sin 4 4 sin 4 4
2 2
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.+ cosC—cos D=2sin 2P gin 2=C

2 2

. [ 3m . . b . . .
= Zsm[T]-sm (—x)=—2sm[n—z]-smx [+ sin (- 6)=—sin 0]

o . .
=—2xz-smx [ sin (m—0)=sin 6]
= —2xlsin x=-+2sinx =R.H.S. Proved.

V2
A36. L.H.S.=cos 6 + cos (120° + 0) + cos (6 — 120°)

=cos 0+ 2 cos 0 cos (240°)
=cos 0+ 2cos 0 cos (180° + 60°)

=cose+20030(%1}

Proved.
Now,
Here,
=
= c0s° 0 + cos>(120° + 0) +
= 3::039 2 cos? 8—‘1—1]
2 i 2
3 2
= 20039(4 cos” 0-3)
3 3 3
= 1(4 cos” 6 — 3 cos B)ZZCOS 30 Proved.
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