Class X Chapter 5 — Trigonometric Ratios Maths

1. Ifsin 8= , find the value of all T- ratios of &

NG
2
Sol:
Let us first draw a right AABC, right angled at B and 2C = 6

. Prependicular AB 3
Now, we know that sin = frependicwar _ A8 _ V2
hypotenuse AC 2

&

So, if AB =3k, then AC = 2k, where k is a positive number.
Now, using Pythagoras theorem, we have:

AC? = AB? + BC?

= BC? = AC? — AB? = (2k)? — (V3k)

= BC? = 4k? — 3k? = k?

= BC=k
Now, finding the other T-rations using their definitions, we get:
cC_k

Cosp=2=L_1

AC 2k 2

AB _ 3k _
Tan 6 = . V3

1 1 1 P 1

s cotf —m—ﬁ,coseCG = R and sec 0 === 2

2. Ifcos 0= 2l5 , find the value of all T-ratios of &

Sol:
Let us first draw a right AABC, right angled at B and 2C = 6.

Base _BC _ 7

Now, we know that cos = ———=—=—
hypotenuse AC 25

A

25k

B

-
C Tk B

So, if BC = 7k, then AC = 25k, were k is a positive number.
Now, using Pythagoras theorem, we have:
AC? = AB? + B(C?
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= AB? = AC* — BC? = (25k)? — (7k)?
= AB? = 625k? — 49k? = 576k?

= AB =24k
Now, finding the trigonometric ratios using their definitions, we get:
. AB _ 24k _ 24
Sinf =—=—=—
AC ~ 25k 25
Tang =22k _2
BC 7k 7
scotl = ! =l,cosect9 =;=E and secf =1 ==
tan @ 24 sin @ 24 cos@ 7
15 .
3. Iftanf= R find the values of all T-ratios of &
Sol:
Let us first draw a right AABC, right angled at B and £C = 6
Now, we know that tan 6 = Perpendicular _ 45 _ 15
N Base BC 8
15k
) =
c 8k B
So, if BC = 8k, then AB = 15k where k is positive number.
Now, using Pythagoras theorem, we have:
AC? = AB? + BC? = (15k)? + (8k)?
= AC? = 225k? + 64k?* = 289k?
= AC=17k
Now, finding the other T-ratios using their definitions, we get:
. AB 15k _ 15
Sinf =—=—=—
AC T 17k 17
Cosg=2¢_28k_38
AC 17k 17
~cotl = ! =3,cosec6 =.;=£ and secf -1 -
tan @ 15 sin @ 15 cosf 8

4, Ifcot @ =2 find all the values of all T-ratios of &
Sol:

Let us first draw a right AABC, right angled at B and 2C = 6

Base BC
Now, we know that cot 0 =———— = — =2
Perpendicular AB
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a .
C 2k B

So, if BC = 2k, then AB =k, is a positive number.
Now, using Pythagoras theorem, we have:

AC? = AB? + BC? = (2k)? + (k)?

= AC? = 4k? + k? = 5k?

= AC = 5k

Now, finding the other T-ratios using their definitions, we get:

. AB 5 1
Snf=—=—=—
AC 5k V2
BC 2k 2
Cosfp=—=—=—
AC 5k 5
1

1 1 1
..tane—m—z,cosece—ﬁ— \/gandsece—m— 5

|5

5. Ifcosec 8= \/E find all the values of all T-ratios of 0
Sol:

Let us first draw a right AABC, right angled at B.and 2C = 6

Hypotenuse Ac. 10
Now, we know that cosec 0 = yp—_ e = ——
Perpendicular AB 1

So, if AC = (V10)k, then AB = k is a positive number.
Now, by using Pythagoras theorem, we have:

AC? = AB? + B(C?

= BC? = AC* + BC*

= BC? = 9k?

= BC =3k

Now, finding the other T-ratios using their definitions, we get:
AB _ k _ 1

tanf=—=—=-=
BC 3k 3
COSO_BC_ 3k 3
AC ~— Y10k V10
) 1 1 1 1 V10
~sin Q= =—,cotf = ——=3and secf§ = — =—
cosec @ V1o’ tan 0 cos 3
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2 2

6. Ifsin@= 612—_22 find all the values of all T-ratios of &
a +
Sol:
. _a%-p?
We have sin 0 = —ip2
As,

Cos?6 =1 —sin? 6

a?-b2\?
_-]'_-(a2+b2)
1 (a2-p2)
T 1 (az+b2)?
_ (a?+p?)°-(a2-p?)°
- (az+b?)
_ [ +0?) (@ =b)]i(a+17) 4 (a?-2)
- (a%+b2)?
__[a?+b?-a?+b?]|[a?+b?+a?-b?]
- (aZ+b?)?
_ [r][2a’]
= @

4a?b?
(a%+b2)2
4a2p2
(a%2+b2)2
2ab
(a?+b?)

=c0s% 0 =

= cosl =

= cosl =

Also,

tanf =

sin6

cos6
a?-b?
— _~a?+b?
( 2ab )
a?+b?

__a?-p?
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7. If 15 cot A=8 find all the values of sin A and sec A

Sol:
We have,
15cotA =8

= cotd = 3
15
As,

cosec’A=1+cot?* A

289
= cosecA = |—
225

17
= cosec A = —

15
L 17
sin4d 15

. 15
SinA= —
17

Also,

Cos?A=1-sin’A

-1- ()

_ 225
- 289
_ 289-225
289 )
= c0s%A = —
289
64
= cosd = [—
289
8
= cos4d =—
17

_ 8

secA - 17
17
= secd = "
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8. Ifsin 4= % find all the values of cos A and tan A

Sol:
We have sin A =2
41

As,
Cos?’A=1-sin’A

-1- (Y

81
1681
_1681-81
T 1681
1600
=c0s%? A = —
1681
1600
=c0sd = |—
1681
40
= c0s4 =—
41
Also,
SinA
Tand =
coSsA
9
_ @D
- 40
G
_ 9
40

9. Ifcos 6=0.6 show that (5sin 6 -3tan 0) =0

Sol:
Let us consider a right AABC right angled at B.
Now, we know that cos 6 = 0.6.= % = %

A

&

£

s 3k

So, if BC = 3k, then AC = 5k, where k is a positive number.
Using Pythagoras theorem, we have:

Ac? = AB? + B(C?

= AB? = AC? — BC*

= AB? = (5k)? — (3k)? = 25k? — 9k?

= AB? = 16k?

= AB = 4k
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Finding out the other T-rations using their definitions, we get:

. AB _ 4k _ 4
Sinf=—=—=-
AC 5k 5
AB _ 4k _ 4
tanf = —=—=-
BC 3k 3

Substituting the values in the given expression, we get:
5sinf —3tand

=5(3)-3()

=4—-4=0=RHS

i.e., LHS =RHS

Hence, Proved.

10. If cosec =2 show that (cot 0+ sin 0 ) =2
1+cos@

Sol:
Let us consider a right AABC, right angled at B and 2C = 6.
Now, it is given that cosec 0 = 2.

. 1 1 AB
Also, sinf = ===
cosecl 2 AC
A
2k k
8
-
C 3k B

So, if AB =k, then AC =2k, where k is a positive number.
Using Pythagoras theorem, we have:

= AC? = AB? + B(C?

= BC? = AC? — AB?

= BC? (2k)? — (k)?

= BC? = 3k?
= BC = 3k
Finding out the other T-ratios using their definitions, we get:
BC _ 3k _ V3
s =—=—=—
AC T 2k 2
AB Kk 1
Tand === 7
Cotf =——= V3
tan 8

Substituting these values in the given expression, we get:
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11.

_ V3(2+V3)+1

T 213

_ 2V/3+3+1

T 243
_2(2+v3) _

T o2+3
i.e., LHS =RHS

Hence proved.

1 (cos ec’f —sec’ 0) 3
If tan @ = —show that > > ==
\/7 cosec @ +sec” 0 4

Sol:

Let us consider a right AABC, right angled at B and 2C = 6.

o AB 1
Now it is given that tan 8 = R W

So, if AB =k, then BC = 7k, wher k is a positive number.
Using Pythagoras theorem, we have:

AC? = AB? + B(C?

= AC? = (k)% + (V7k)*

= AC? = k? + 7k?

= AC = 2V2k
Now, finding out the values of the other trigonometric ratios, we have:
Sing=48_-_% _ 1
Mo =~
Cos@ = B¢ = N7k _ N7
OSY = e T 2k 22
: 1 122
=~ cosec B = e 2V2 and sec = o

Substituting the values of cosec 0 and sec 0 in the give expression, we get:
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cosec?0-sec? 6
cosec20+sec? 6

_ @)
@2 +(35)

7
=2 _-2_RHs
64 4
i.e., LHS =RHS
Hence proved.

(1-sin&+cosd) 3
(1+sin @+ cos ) 7

12. Iftan 8= %, show that

Sol:
Let us consider a right AABC right angled at B and £C = 6
Now, we know that tan 6 = B2

BC 21

A

20k 20k

A

& 7k

So, if AB =20k, then BC = 21k, where k is a positive number.
Using Pythagoras theorem, we get:

AC? = AB? + BC?

= AC? = (20k)? + (21k)*?

= AC? = 841k?

= AC = 29k
. AB 20 BC 21
Now. Sinf =—==— andcosd = — =—
AC 29 AC 29
Substituting these values in the give expression, we get:
LHS = 1—s.in 6+cosO
1+sin8+cos 6

120,21
_ 2929
1+242
29 29
29—20+21 30 3
- =32 _3_RHus
29+20+21 70 7
29
~ LHS = RHS

Hence proved.
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13. Ifsec 8= % show that

Sol:
We have,

5
Secf ==

4
1 5

cosfO 4
4
= cosfO = S

Also,

Sin?0 =1 —cos?8

1)

16
:1—_

25
9

25
) 3
= sin 6 =z

Now,

LHS (tanO6—cotB)
__(sinf-2cosH)
- (sin 6 _cos 6)
cos6@ siné
_ (sinf-2cosf)
" [sin2 6—cos? 0
( sin @ cos @ )

(sin@—2cosb) 12

(sin@-2cosB)

(tan6—cot9) 7

sin@cos & (sin@ —2cos6)

(sin2 6 —cos” 6’)

I
N
1

sec —cosecl 1

14. Ifcot 6 =%, show that \/— —

sect +cosect 7
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Sol:

secf—cosec 6
LHS = |———
secB+cosec 6

(sin 6—cos 6
sin 6 cos @
(sin 6+cos 6
sin 6 cos 6

S— |N—r

sin 6—cos 6

— ( sin @ )
(sin 6+cos 9)
sin @

(sin 6_cos 9)
sinf sin6
sin@  cos@
(sin 9+sin 9)

__ |1—cos®@
1+cos @

I
S
§ N N —~|—
RN )
w2 — I —

cosec’@—cot’ @ T
sec’ 6 -1 3

15. Ifsin 0= %, show that \/

Sol:
/cosecze—cot2 6
LHS = sec22-1
_ 1
- tanZ 0

= +Vcot? 0
=cot @

=+/cosec?0 — 1
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b+a

16. Ifsin 6 = %, show that (sec+tan6) =
—-a

Sol:
LHS = (sec6 + tan9)

1 sin 6

cos @ cos @
1+sin @
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ind—cotd
17. Ifcos 0= 3 , show that (sm co ) = 3
> 2tand 160

Sol:

__ (sinf—cot8)

sin? 6—cos @
— sin 69
(Zcf)lsne )
cos 8(sin? —cos 0)
2sin2 0
cos @(1—cos? 6—cos O
2(1-cos? 6)

18. Iftan 6= %, show that (siné +cos @) =

(VNN

Sol:

Let us consider a right AABC, right angled at B and 2C = 6

A
Now, we know that tan 8 = % 4

3
A

sk 4k

—
C Ik B

So, if BC = 3k, then AB = 4k, where k is a positive number.
Using Pythagoras theorem, we have:
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AC? = AB? + BC? = (4k)? + (3k)*
= AC? = 16k? + 9k?* = 25k*

= AC =5k
Finding out the values of sin 8 and cos 8 using their definitions, we have:
: AB 4k _ 4
Sinf =—=—=-
AC 5k 5
Cosg=2C=3k_3
AC 5k 5

Substituting these values in the given expression, we get:
(sinf + cos @) = (§+z) = (Z) = RHS

i.e., LHS =RHS

Hence proved.

19. Iftan 0= %, show that

5 5

(asin@—bcosH) _ (CZZ —bz)
(asin6’+bcos€) A+ b

Sol:
It is given that tan 6 = %

LHS =

asinf—-bcos 6
asin6+bcos b

Dividing the numerator and denominator by cos 8, we get:

atan6-b sin 6
( tan @ = . )

atan6+b
Now, substituting the value of tan @ in the above expression,we get:

os 6

a(%)+b

a2
I
=3

T+b

aZ_bZ

— = RHS

i.e., LHS = RHS

Hence proved.

20. If3tan € =4, show that

(4cosO—sind) 4
(4cos@+sind) 5

Sol:
Let us consider a right AABC right angled at B and 2C = 6.

We know that tan 8 = AB

4

BC 3
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21.

5k
4k

—
C 3k B

So, if BC = 3k, then AB = 4k, where k is a positive number.

Using Pythagoras theorem, we have:
AC? = AB? + BC?

= AC? = 16k?* + 9k?

= AC? = 25k?

= AC =15k

Now, we have:

. AB 4k 4
Sin=—=—=-
AC 5k 5
BC 3k 3
Cosf=—=—==
AC sk 5

Substituting these values in the given expression, we get:
4 cosf-sin@

2 cos B+sin @

3 4
2(3)+5
T
_5 5
6 4
515
12—4
—__5
()
5
8 4
=—=-=RHS
10 5
1.e., LHS = RHS
Hence proved.

(4sin&—4cos0) 1

If 3cot 8 =2, show that - =
(2sinf+6¢c0s) 3
Sol:
It is given that cos 8 = %
LHS = 4s1n9—3c059
2sinf@+6cosO
Dividing the above expression by sin 8, we get:
4-3cotd cosfO
2+6cotf [ cotd = sinH]

Now, substituting the values of cot 8 in the above expression, we get:
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2
2+6(§)
_4-2 _ 2 1

244 6 3
i.e.,, LHS =RHS
Hence proved.

1—tan’ @
( )

If 3cot 8 =4, show that %
(l+tan 9)

= (cos2 0 —sin’ 6’)

Sol:
LHS =

(1-tan? 6)

(1+tan2 9)
1

ey

cot? 9

(1+—5>)

cotZ 9
cot? §—1
_ __cot?9
cot? 6+1
( cot2 0 )
cot?6-1
cot? 6+1

() 4
=3 (As,3cot9=4orcot9=—)
3

25
RHS = (cos? 8 — sin? 0)
_ (cos? 6-sin? 9)
1
cos? 6—sin? 6
— ( sin2 0 )
T
(sinz 0)
cos? 6 sin?g
_ sin%6 sin24
cosec?0
_ (cot?6-1)
(cotz 6+1)

13-y
[(2) +
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Since, LHS = RHS
Hence, verified.

17 (3—4sin2 9) (3>—tan2 0)
23. Ifsec @ =— verify that =
8 (4cos2 6’—3) (l—tan3 6’)

Sol:
. . 17
It is given that sec 8 = .y

Let us consider a right AABC right angled at B and 2C =6

1 8 BC
We know that cos = —=—=—
sec@ 17 AC

A

17k 15k

.

So, if BC = 8k, then AC = 17k, where k is a positive number.
Using Pythagoras theorem, we have:

AC? = AB? + BC?

= AB? = AC? — BC? = (17k)? — (8k)?

= AB? = 289k? — 64k? = 225k?

=AB = 15k.

AB 15 . AB 15k 15
Now, tanf = —=—andsinf =—=—=—
BC 8 AC 17k 17
3—-4sin?6 _ 3-tan?0
4cos20-3  1-3tan26

Substituting the values in the above expression, we get:

The given expression is

2
Lis =24

4(55) -3
900

— 2 289
256

289
_ 867-900 _ 33 _ 33

© 256-867  —611 611
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(&)
RHS= s
1—3(1—5)
8
225
_3 =
675
Sarye
_192-255 33 33
64—675 —611 611
~ LHS =RHS

Hence proved.

24. In the adjoining figure, ZB=90", ZBAC =6°, BC = CD =4cm and AD = 10 cm. find (i) sin @

and (i) cosd
D
4em
=)
3
) C
4cm
0
A B
Sol:
D
4cm
&
2 B

In AABD,
Using Pythagoras theorem, we get

AB = YAD? — BD?

SN T

=+/100 — 64

- V36

=6cm

Again,

In AABC,

Using Pythagoras therem, we get

AC = VABZ + B(C?
SN GEYH
=36+ 16

=52

=213 cm
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25.

Now,

N i _ BC
(1) sin@ =

I
[\S]
[\S]
ﬁl-h
w

24

[
w

kS

[y

(i1) cos

AN
Il
y
2

I
wjl ¥
| w
§|w §|
w w

=
w

Ina AABC, ZB=90°, AB=24 cm and BC =7 cm find (i) sin A (ii) cos A (iii) sin C

(iv) cos C
Sol:

25cm 7 cm

A 24em B

Using Pythagoras theorem, we get:
AC? = AB? + B(C?

= AC? = (24)% + (7)?

= AC? =576 + 49 = 625

= AC =25cm

Now, for T-Ratios of £A, base = AB and perpendicular = BC

N BC _ 7
(1) sind=—=—
AC 25

24

.. AB
(i) cosA = T

Similarly, for T-Ratios of £C, base = BC and perpendicular = AB

AB _ 24
AC 25
7

. BC
(iv)cosC =—=—
AC 25

(iii) sinC =
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26.

27.

In AABC , ZC=90° LABC =6°
(cos2<9—sin2 9)=£
841

Sol:

29 cm 20
20 cm

G
-
B 21 cm C

Using Pythagoras theorem, we get:
AB? = AC? + BC*
= AC? = AB* — B(?
= AC? = (29)% — (21)?
= AC? = 841 — 441
= AC? = 400
= AC = V400 = 20 units
BC _ 21

. AC 20
Now, sinf = —=— and cos 0 = —
AB~ 29 AB . 29

Cos? 6 —sin? @ = (E)Z—(ZQ)Z =28 _90 5

29 29 841 841

Hence proved.

Ina AABC, Z5=90°, AB= 12 cm and BC =5 c¢cm Find

(1) cos A (i1) cosec A (iii) cos C (iv)cosec C
Sol:

C

13 em Sem

A 5% B

Using Pythagoras theorem, we get:
AC? = AB? + B(C?

= AC* =122 + 5% =144 + 25
= AC? =169

= AC=13cm

BC = 21 units

41

841

. and AB= 29 units. Show that

Now, for T-Ratios of £A, base = AB and perpendicular = BC

. AB 12
()cosAd =—=—
AC 13
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L _4c_ 13
sinA  BC 5
Similarly, for T-Ratios of £C, base = BC and perpendicular = AB
BC _ 5
(i)cosC = —=—

AC 13

1L _sc_13

sinC  AB 12

(il)cosec A =

(iv)cosec C =

28. Ifsin a = %prove that (3 cosa —4cos’ a) =0

Sol:
LHS = (3cosa — 4 cos® a)
=cos a(3 — 4 cos? a)

=1 —sin?a[3 — 4(1 — sin?a)]

- (-
S ]

29. IF AABC,ZB =90° AND Tan'4 = . Prove that

1
NG)
(1) Sin A. cos C+ cos A. Sinc =1
(i1) cos A. cos C -sin A. sin C =0
Sol:

C

B A
In AABC, 2B = 90°,

1
As, tan A = 5
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30.

BC_ 1

AB 3
Let BC = x and AB = x /3
Using Pythagoras the get

AC = VAB? + B(?

= /(xx/?)z + x2

N
v

= 2x

Now,

(1)LHS =sinA.cos C + cos A .sinC
_BC BC , AB AB

AC "AC = AC" AC
2 2
-(Ge) + ()
2 2
() +()

=RHS

(11)LHS = cos A .cos C — sin A . sinC
_AB BC _BC AB

AC "AC -~ AC "AC

I
=RHS

If ZA4 and £B are acute angles such that sin A = Sin B prove that £4=2/B
Sol:

A B
In AABC, 2C = 90°
Sind = B¢ and

AB

: AC
SinB =—
AB
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As, sinA = sin B

Bc _ A
AB ~ AB
= BC = AC
So, 2A = «B (Angles opposite to equal sides are equal)

31. If LAand £B are acute angles such that tan A= Tan B then prove that £4= 2B
Sol:

A B

In AABC, 2C = 90°

TanA = B¢ and
AC

Tan B = <
BC

As,tanA = tan B

Bc _ A

AC  BC
= BC? = AC?
= BC = AC
So, 2A = «B (Angles opposite to equal'sides are equal)

32. Ifaright AABC, right-angled at B, if tan A=1 then verify that 2sin A.cos A=1
Sol:
We have,
TanA =1

SinA

COSA
= sin4d = cos A

= sind—cosA= 0

Squaring both sides, we get

(sind — cosA)? =0

= sin?A + cos?A —2sind.cosA =0
= 1—2sinA.cosA=0
~2sinA.cosA=1

33. Inthe figure of APOR, ZP =0° and ZR = ¢° find

(1) ~X+1coty
(ii) ~x’+x* tan6
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(i)  cos @

Sol:

In APQR, 2Q = 90°,
Using Pythagoras theorem, we get

PQ = \/PRZ = QR?
=J(x+2)7—x?

=VxZ + 4x + 4 — x2

=J4(x+1)
=2Vx+1

Now,
(i) (Vx+1)cot®d
_ QR
’_(VG?;jIIKEE
= (vx + 1))(2\/%

T2

(i) (Vx3 + x2) tan @
- (VG + D) <&
=x\/(x+1)x2\/%

x2
2
(iii)cos 6

_PQ 205

PR X+2
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2 2
34. Ifx=cosecA+cosAandy=cosecA—cosAthenprovethat( 2 ) _{x;y) =1
X+y

Sol:
LHS = (L)2 + (ﬂ)2 ~1
x+y 2
_ [ 2 ]2 [(cosecA+cosA)—(cosecA—cosA)]2 -1
[ (cosec A+cos A)+(cosecA—cos A) 2
_ [ 2 ]2 [cosecA+cosA—cosecA+cos A]z _1
| cosecA+cos A+cosecA—cos A 2

- 2 2
2 2C0sA
- ] [ ] 1
|2 cosecA 2

i 2
S ]+[cosA]2—1

| cosecA

[sinA]? + [cosA]? — 1
=sin?A+cos?A—-1
=1-1

=0

= RHS

2 2
35. Ifx=cotA+cos A andy = cot A —cos A then prove that (x—yj +(x—yj =1
xX+y

Sol:

LHS = (’C;y)2 + (ﬂ)2
x+y 7

_ [(cotA+cosA)—(cotA—cosA) 2 (cotA+cosA)—(cotA—cosA) 2

_(cotA+cosA)+(cotA—cosA)] [ 2 ]

__[cotA+cosA—cotA+cosA 2 COtA%CosA—cotA+cosA]?

B _cotA+cosA+cotA—cosA] [ 2 ]

__[2cosA 2 2c0sA]?

_2cotA] [ 2 ]

COSA

2
= ml + [COSA]2
(G)

[sinA cosA

2
= —] + [cosA]?

CoSA

= [sinA]? + [cosA]?
=sin®? A + cos? A
=1

=RHS




