Solution
INTRODUCTION TO TRIGONOMETRY WS 2

Class 10 - Mathematics

Section A

5
1. Given: tana = Dy ...(D)
By definition,
Perpendicular

tana = — o ... 2)
By Comparing (1) and (2)
We get,

Base = 12k and

Perpendicular = 5k
C

B A

Therefore,

By Pythagoras theorem,

AC? = AB% + BC?

Now we substitute the value of base side (AB) and the perpendicular side (BC) and get hypotenuse (AC)
AC? = (12k)? + (5k)?

AC? = (144 + 25)k?

AC? = 144 + 25

AC? = 169k?

AC = 13k

Hence, Hypotenuse = 13k
Perpendicular

Now, sind = ———
Hypotenuse

Therefore,

. 5
sina = =

1
Next, coseca = ——
s a
Therefore,

Hypotenuse

coseca = .
Perpendicular

13

coseca =
5

Base
Next, cosa = ————
Hypotenuse
Therefore,

12

cosa = —
13

1

cos a

Next, seca =

Therefore,

Hypotenuse

seca = Base

13

seca = 12
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1

Now, cota =
tan a

Therefore,
Base

cota =

Perpendicular

A 1 B
According to the question,
Perpendicular 2
tanA = ——— = -
Base 1

So, we draw a right triangle ABC, right angled at B such that
Perpendicular = BC = 2unit and Base = AB = lunit

Using Pythagoras theorem,

AC? = AB? + BC?

= AC=.5
AC — BC 2 BC 2
SECA_E_\/’tanA_IE_I_Z’SmA_E_E
Aac 5
and,cosec A = -7
_ 2 V5 V5 V5
Now,secAsinA+tan2A—cosecA=\/5><E+(2)2— 5 =2+4—7=6—7

P

4

| A\

Q gem R
P? + B% = H?(By Pythagoras theorem)
PQ? + QR? = PR?
PQ? +9” = PR?
PQ? + 81 = PR?
PQ?+81 = (PQ+1)2(~PR-PQ=1)
PQ? + 81 = PQ? + 1+ 2PQ
PQ?-PQ?+81-1=2PQ

80 = 2PQ
or, PQ = 40
PR - PQ = 1 (Given)
or, PR=1+40
or, PR = 41
P PQ 40
Now, sinRZE =PR-a

12-+/5
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) 40 9 49
. + =— 4+ — = —
. sinR + cosR TR m

C

&
ﬂjc;:(‘_.
o 12 cm
Py
ya |
A 5cm B

In AABC, «B =90° AB =5 cm and BC = 12 cm.

By Pythagoras' theorem, we have

AC? = (AB? + BC?) = {(5)? + (12)?} cm?
= (25 +144) cm? = 169 cm?.

- AC = 1/169cm? = 13cm.

For T-ratios of ZA, we have
base = AB =5 cm,
perpendicular = BC = 12 cm

and hypotenuse = AC = 13 cm.

. BC 12 AC
..smA=A—C = EandsecA= B
For T-ratios of 2C, we have

base =BC =12 cm,

=

3
5

perpendicular = AB =5 cm and hypotenuse = AC = 13 cm.

AB 5 AC 13

.. sinC = -1 and secC = -1
]
I
A B

we have,

1
nA=—x== °
ta 7 tan30

SLA=30°
In AABC, we have
LA+ «B+ £C = 180°
= 30°+90° +«C=180"
= 120° +«C =180°
=> «C=180°-120° =60°
So,
sinA. cosC + cosA. sinC
=sin30°. cos60° + cos30°. sin60 °
11 V3 3
== =—4 — . — =1
22 2 2
and, cosA. cosC — sinA. sinC

= c0s30°. cos60° — sin30°. sin60 °

\V3
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6. Let us draw a triangle ABC in which «B = 90° and AB: AC = 1: \/E

C

-
A X B
Let AB = x.Then, AC =y/2x.

By Pythagoras' theorem, we have
AC? = AB? + BC?

= BC?2=AC?- AB?

> BC?= (\/Ex)2 - (x)2= 2x% - x2

=x2
= BC = x
BC X
.'.tal‘lAZE 2)—(:1
2tan A 2x1 2
So, the given expression = (1+tan2A) = (1+1) =5= 1

7. Let us first draw a right AAABC, right angled at B and 2C = 0.

Hypotenuse AC V10

Now, we know that cosec = m =3 - 1"

A
J10k k
6
-
C B

So, if AC = (\/B)k, then AB = k, where k is a positive number.
Now, by using Pythagoras theorem, we have:
AC? = AB? + BC?

= BC2=AC?- AB? = 10k? - k?

= BC? =9k’
=> BC=3k
Now, finding the other T-ratios using their definitions, we get:
AB k 1
tanf = BC-m-3
BC 3k 3
cosf = —= = ik = ﬁ
1 1 1 VIO
.. sinf = osocd —10, cotf = i 3 and sech = o0 - 3

3
. Given, tan A = 2

P 3x
=tan A = - o [ from figure ]
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e B

B = 4
H2 =p? + B2 [By Pythagoras theorem]

= (3%)? + (4x)?

= 9x? + 16x°
= H? = 25x2
or, H2:(5x)2
= H =>5x
Therefore,

P 3x 3
SmA=5 =573

B 4 4
and cos A = H- "5
Now, LHS =sin A cos A
3 4 12
=Xz =5 RHS

Hence, proved.
A

.j 6
B c

5 AC

Given sec = 1- B

Let AC = 5K & BC =4K , where K is a positive integer.

In AABC, by Pythagoras theorem
AB? + BC? = AC?
or, AB? + (4K)? = (5K)?
or, AB? + 16K? = 25K?
or, AB? = 25K? - 16K?
or, AB? = 9K?
- AB = \JOK? = 3K

. AB 3K 3
sinf C-K-*
BC 4K 4
cost = - =k T3
AB 3K 3
tanf = BC 4K 4
0 BC 4K 4
oW =573k "3
3 4
N sin 8- 2cos 0 572%3
0 =
w tan 6 —cot 0 3 4
173
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3 8
575
T 3 4
473
3-8
5
= 9-16
12
-5
B -5 -12 12
= = — X — = -
-7 7 s 7 7

1
10. Here, sin 6 - cos 6 = 3

11.

Squaring both sides, we get
1\2
(sin 0 - cos (9)2 = (5 )
= sin?0 + cos2 0 -2sin 6. cos
1-2sin6.cosf=

1

=> 1-Z=251n0.c059

o

3
= 2sinf.cos = 7 ..(i)

Now (sin 0 + cos 8) = sin? 6 + cos® 6 + 2sin 6 cos 6

3
=1+ 7 (using (i)
7
=> (sin9+c059)=\/z

1 2 /7

= sin 6+ cos 6 - ﬁ = 7

Let us draw a triangle ABC in which «B = 90°.

C
4 3
0
A J7 B
Let zA = 6°.
Given,
3
sinf = 2
4
= cosec = 3o )
Perpendicular BC
But,sinf= ————— = — = ~

Hypotenuse T AC
Let BC =3 and AC =5,

By Pythagoras' theorem in A ABC, we have :-

AC? = AB2 + BC2
= AB?=AC?-BC?
=42-32=16-9=7

= AB =7
Now,

Base AB \ﬁ
cotd) = Perpendicular BC 3

9=

EN

(.. sin?6.cos?6=1)
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Hypotenuse AC 4

cos ec?8 - cot® O
- \/ sec2 6-1
\/(4/3)2(\/7/3)2

PN [ from (2) & (3) ]

16/9-7/9
_\/ 12
1
“\/ 97

zv;
V7

3
=RHS
Hence, Proved.
12. Let us first draw a right AAABC, right angled at B and «C = 6.
Base BC 7

Now, we know that cosf = ————— = — = —
’ hypotenuse AC 25

A
25k
9
—
C 7k B

So, if BC = 7k, then AC = 25k, where k is a positive number.
Now, using Pythagoras theorem, we have:
AC? = AB? + BC?

= AB?=AC?-BC? = (25k)? - (7k)%.

= AB? = 625k - 49k? = 576k?

= AB =24k

Now, finding the other trigonometric ratios using their definitions, we get:
AB 24k 24

Sinb = C = T »
o AB 24k 24
@ne = e T T 7
1 7 1 25 1 25
..ocoth = i z,cosecG e 1 and secf = - 7
A
13.
il °
B &
24 AB
Given tanf = ~ =5 (0is «C, see figure )

Let AB = 24K and BC = 7K, where K is positive integer.
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In AABC, by Pythagoras theorem
AC? = AB? + BC?

Or, AC? = (24K)? + (7K)?

Or, AC? = 576K? + 49K?

Or, AC? = 625K?

- AC = /625K2 = 25K

Now,
AB 24K 24

Sinb =50 =%k T B

BC 7K 7
cosb = 7= =7 =

.. sinf + cosO
247

— L=
25 25

24+7 31
25 25

A 4 B

We have,

Hypotenuse 5

seca = Base T4

So,Let us draw a right triangle ABC, «B = 90° such that
hypotenuse = AC = 5 units, Base = AB = 4 units, andzBAC= a.
Applying Pythagoras theorem in AABC, we get
AC? = AB% + BC?

= 52=42+BC?

=> BC?’=5%2-42=9

= BC=9=3

BC 3
tana = AB 1
3 1
l-tana 1737 1 1
Now, we have, Trna _E = ? =z
1+3 4
1-tan a 1
therefore, Trona ~ 7
c
s
A B
we have,

1
tanA = % = tan30

LA=30°

In AABC, we have

ZA+ 4B+ 2C =180°

= 30°+90° +«C =180"
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= 120° + 2C = 180"

= «2C=180°-120° =60"

So,

sinA . cosC + cos A . sin C
=sin30°. cos60° + cos30°. sin60°

11 V3 3
= = .- + _. =/ = 1
2 2 2 2
B
16. p
st
A G

We know that
LA+ 2B+ 2C =180°
= 30°+4B+90° =180"°

= «B=180°-120° =60°
AC

Now, cosA = B

AC
=> c0530°:—0
V3 ac
2 T w0

V3
= AC=— x40

=

= AC = 20+/3 units

) BC
and, sinA = B
BC
= sin30° = 20
1 BC
= 27w

1
= BC =40 x 5 =20
Hence, 2B = 60°, AC = 201/3 units
and BC = 20 units

17.
A 2z 8
According to the question,
Perpendicular 1
SiNA= — = -
Hypotenuse 3

So, we draw a right triangle, right angled at B such that Perpendicular = BC = 1 unit,
Hypotenuse = AC = 3 units.

Using Pythagoras theorem,

= AC? = AB? + BC?

> 32=AB?+1°

= 9-1=AB?

= AB=+8=22

. AB /2 A AC 3
COsA = -= = — =, cosec —BC—1—3
A BC 1 dsecA AC 3
tanA = — = —=andsecA = —— = —=
AB 2\/2 AB 2\/2
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2\/E 1 3
+ =— X3+ —= X —=
cosAcosec A + tanAsecA 3 3 NN
_ 3 16y2+3
=  cosAcosec A + tanAsecA = 2\/2 + 3 =

8
18. Consider a right angled triangle, right angled at B
c

A B
Side adjacent to A

COtA = Side opposite to £A
AB
~ BC
Now given that:-
8
COtA = =
AB 8
= BC - Isee (@8]

Let AB be 8K so BC will be 15K where K is a positive integer.

Now applying pythagoras theorem in AABC
AC? = AB? + BC?

or, AC? = (8K)? + (15K)?

or, AC? = 64K? + 225K?

or, AC? = 289 K?

or, AC = 17K [ taking square root both sides ]

Side adjacent to £A AB
COSA=—T"——— =—

hypotenuse AC
8K 8
TTK 17
side opposite to ZA
tanA = Side adjacent to £A
BC 15
TAB 8
19. Given: cosecf = /10
/10
cosec = e (1)

By definition,
1

cosecd = —
sin 0

Hypotenuse
cosec = Perpendicalar )
Without loss of generality, Comparing (1) and (2) gives
We get,
Perpendicular side = 1 and

Hypotenuse = \/E
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20.

B C
Therefore,
By Pythagoras theorem,

AC? = AB? + BC?

Now we substitute the value of perpendicular side (BC) and hypotenuse (AC) and get the base side (AB)

(1/10)% = AB? + 12
AB? = (y/10)2 - 12
AB’=10-1
AB?=9

AB =+/9

AB=3

Hence, Base side = 3

Now, sinf = Hypotenuse

Therefore,
1

sinf = \/ﬁ

Now, cosf =

Base
Hypotenuse

Therefore,

3
cosf = —

V10

Next, secl =

1

cos 6

Therefore,

Hypotenuse

sech =
Base

V10
sech = Y

Next, tanf =
Base

Therefore,

1
tanf = 3

1
Finally, cotf = s
Therefore,

Base

cotd) = Perpendicular

3

cotf = 1

cotd = 3

Let us consider a right angled AABC right angled at point B.
A

(1] |_

Perpendicular

Perpendicular

c
LetzC =10
Given,
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7 Side adjacent to 20 BC

cotd) = g ~ Side opposite to £0 - E

If BC is 7K then AB will be 8K, where K is a positive integer.
Now applying Pythagoras theorem in AABC

AC? = AB? + BC?
Or, AC? = 64K? + 49K?
Or, AC? = 113K?

- AC = /113K
Now,
. Side opposite to 20 AB
sind = hypotenuse T AC
8K 8
- Bk i3
And,
Side adjacent to 260 BC
cost) = hypotenuse T AC
7K 7
- 13K 113
N 20 cos 0 \2 7 V1132 7\2 49
= = X — = -_— = —
ow cot sin 0 V113 8 8 64
Fl
Q R
In APQR

PQ
sin(«PRQ) = R

6 1
= sin(£PRQ) = =3

N | =

Also, sin 30° =
= «PRQ = 30°
Inright AAPQR, £Q + ZR + «P = 180°
90° +30° + «P =180°
= «P =60°
. 2QPR =60°, «PRQ = 30°
. We have,
AB=a
= AD+DB=a
=> AD+AD=a
=> 2AD=a

a

=>AD=§

a

Thus, AD = DB = 3
By Pythagoras theorem, we have
AC? = AB? + BC?
= b2=a?+BC?
= BC?=b?-a?
Thus, in /ABCD, we have

a

Base =BC = \/b2 - a? and Perpendicular = BD = 3
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Applying Pythagoras theorem in /ABCD, we have
= BC? + BD?= CD?

- a\2
=> (\/b2—02)2+(5) = CD?

a2

> CD*=b’-a’+7

4
’ 4b?-4a?+a?
> CD*=—"""
4
) 4b2-3q?
= CD*=
4
\/4b2—302
=> CDZT
Now,
BD al2 a

i.sinf = == = sinf = =
cD Vab2-3a>  \[4p?-3a?

2
BC \/bzfa2 2\/b2*a2
ii. cosf = —= = cosfO = =
¢b Vab2-3a2 |\ [4h?-3a?

2
BD al2 a

iii. tanf = —= = tanf = =
BC \/b2—a2 2\/b2—a2

LN (R e ()
iv. sin6 + cos20 = — | + p— =—+ T -
\/4b? - 342 \/4b? - 342 4b*-3a 4b*-3a
c
23.
r
A B
we have,
1
tanA = — = tan30°
V3
SLA=30°

In AABC, we have

ZA+ 2B+ £C =180°
=>30°+90° +2C=180°

= 120° + «C = 180°

= «2C=180°"-120° =60°

So,

cos A.cos C - sin A.sin C

= c0s30°. cos60° — sin30°. sin60°

v

2

N -

1
5"

24,
A Zab B
We have,
Perpendicular a%-b?
sinf = Hypotenuse g2+ p2

So, Let us draw a right triangle ABC in which B is right angle, we have
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Perpendicular = BC = a%-b? Hypotenuse = AC = a® +b? and, ZBAC = 6
By Pythagoras theorem, we have

AC?=AB? +BC2

=> (az+b2)2=AB2+ (az—b2)2

> AB’= (a2+b2)2— (az—bz)2

> AB? = (a*+ b+ 20%7) - (a*+ b* - 20%2)

= AB’ = 4a°b? = (2ab)?

= AB=2ab
Now, Let£BAC = 0
We have
Base = AB = 2ab, Perpendicular = BC = a? - b%, Hypotenuse = AC = a2 +b?
Base 2ab Perpendicular a’-b?
Therefore, cosf = Hypotenuse = JERel tanf = e = b
Hypotenuse a®+b? Hypotenuse a®+b?
cosec 0 = Perpendicular - a’-p?’ sect = Base ~ T2ab
Base 2ab
and, cotf) = Perpendicular - a2-p?

25.1In AACB, we have
AB® = AC? + BC?
= AC=/AB? - BC? = /297 - 212 = /(29 + 21)(29 - 21) = /400 = 20 units

- AC 20d 9BC 21
sinf = —— = —and cosf = — = —

i. Using the values of sinf and cos6, we get

N CACEAS
cos 0+sm(—)—(29) +(29)
441 +400
= e 1

ii. Using the values of sinf and cosf), we obtain

21\2 20\2  212-20%  (21+20)(21-20) 41
cos?0-sin®0=|=| - [=] = = =
29 29

292 841 841
c
Jo
26.
A 3 B
We have,
Hypotenuse \/ﬁ
COseCA = ————— =~

Perpendicular 1

So, we draw a right triangle ABC, right-angled at B such that
Perpendicular = BC = 1 unit and, Hypotenuse = AC = /10.
By Pythagoras theorem, we have
AC® = AB® + BC*

= (Y102 =AB? +1?

= AB2=10-1=9

=> AB=,9=3
When we consider the trigonometric ratios of A, we have

Base = AB = 3 units, Perpendicular = BC = 1 units and, Hypotenuse = AC = \/E units
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Perpendicular 1 Base 3

sinA = Hypotenuse - \/E’COSA - Hypotenuse - V10

Perpendicular 1 Hypotenuse \/ﬁ
tanA = Base Ty secA = Base T3
Base 3
and, cotA = Perpendicular ~ 1 3
27. We have

13
cosec 6 = 5

1 12

sinf = —— = —
cosec 0 13

5 12\2 144
sin<0 = Sl 1
We know that,
cos20 = 1 - sin26

3 144
cos0=1- 169
25
20 —
cos<0 169
5
cosO = -

2sin 6 —3cos 0

W, 4sin 6 —9cos 0
12 5
2><1—3—3X1—3

No

12 5
4XE_9XE
24 15
713

= 48 45
BT
9
B9

= T = 5 =3

2sin 8- 3cos 0

Hence 4sin 8 —9cos 0 =3
. 2mn
28.Given, tan 0 = ——......(1)
m°—n

We know that,

sec20=1+tan?0

(2mn)?
=1+ -, [ from (1) ]

mZ*n

2
(mz—nQ) +4m?2n?

(o)
= sec?f =
()
(=)
= secl=
(=)
.

Now,
1 m?-n?

cos 0 = w0 - T [ from (2) ]
1 2_ 2

cot O = 6 - omm [ from (1) ]
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29.

30.

31.

sin

Also, tan 6 =
cos 0
= tan 6 .cos O =sin O
2mn m?2-n?
X =sin 0
m2=n2  m2+n?
2mn
= sinf =
m?+n?
1 m2+n2
& , cosec O = =
’ sin 0 2mn
A
5 a1
B 40 C
Let us draw a /AAABC in which B = 90°.
b A AB 9
Then =—=—
€n, cos AC 41

Let AB =9k and AC = 41k, where k is positive.
By Pythagoras' theorem, we have

AC? = AB? + BC?

= BC?=AC%-AB?

= BC? = (41k)? - (9k)? = 1681k - 81k? = 1600k?
=  BC=/1600k? = 40k

BC 40k 40

9
YTl COSA = I (given);

sin A 40 44 40
tanA = =l=x<T)=7;

SinA =

cos A 41 9
1 41 1 1
A= AT 20 AT 5a7
1 9
and cotA = anA = 40°
R
P Sem O

In APQR, by Pythagoras theorem
PR? = PQ? + QR?

= (25-QR)?> =52+ QR’[ "~ PR+ QR = 25 cm = PR = 25 - QR]

625 - 50QR + QR? = 25 + QR?

= 600 -50QR =0
600

= QR = = = 12 cm
Now, PR + QR =25 cm
=> PR=25-QR=25-12=13cm

. QR 12 PQ 5 QR 12
Hence, sinP = RT3 cosP = T iRlE and, tanP = E ==
Let us first draw a right /AABC, right angled at B and £C = 6.

perpendicular AB V3

Now, we know that sinf = “hypotenuse =1 -7
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32.

33.

A

ik

2k

-
C B
So, if AB = \/3k, then AC = 2k, where k is a positive number.

Now, using Pythagoras theorem, we have:
AC? = AB? + BC?
= BC2=AC? - AB? = (2k)? - (/3k)?

= BC?=4k? - 3k = K?

= BC=k
Now, finding the other T-ratios using their definitions, we get:
BC k 1
cosH = - %-3
AB V3K _
tanf = 2= = 7~ =/3
1 1 1 2
.. cotf = i ﬁ,csc() e ﬁ and secf = i 2
We have,

4
5tanf = 4 = tanf = z

5sin 6 —3cos 6
5sin 6 —3cos 0 Y o .
Now, L.H.S = S 07 2cos 0 - Tom07200s0 [ Dividing Numbers and Denominator by cos6]
—
5sin &  3cos 6 4
w0 <ws8  Stanf-3 °X573 4
T Ssin6 2cos8 Stan 0+2 = 4 [ " tanf = E]
c059+c050 5X§+2
4-3 1
=12-56° R.H.S

Hence proved.
Let us draw a triangle ABC in which #B = 90°.

E
rd
A
rd
rd
P
//
2K 7
pd 1K
rd
P
rd
rd
//A"' H
A Sk B
Let £A = 6°.
AC 2
Then, cosect = -1

Let BC = 1k and AC = 2k, where k is positive.
By Pythagoras' theorem, we have

AC? = AB? + BC2
= AB2=AC?2-BC?
= (2k)? - (1k)? = 4k? - 1k? = 3k?

= BC=+/3k
. BC 1k 1
sinf = C-%"3
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cosf = - -3
cos 6 V3 2 —
cotf = sinf 2 % 1] \/3

sin 0 — 2
= COte-'_1+cos(~) = |v3+ V3

1+

_ 1 2,/3+3+1
- (\/3+ 2+\/§) - ( 2+/3 )
2\/3+4 \3+2
- (2+\/§ ) - 2(2+\/§) =2

sin 6
Hence, |cotd + ——— | =2

1+cos 6

A

.j_ 6

B C
12 AB

Given tanf = = - B (8is «C, see figure )

Let AB = 12K and, BC = 13K ,where K is positive integer.

In AABC, by Pythagoras theorem
AB? + BC? = AC?

Or, (12K)? + (13K)% = AC2

Or, 144K? + 169K?2 = AC?

Or, 313K? = AC?

= AC = /313K = /313K

Now,
AB 12K 12
sin = — = — = —
AC 313K /313
BC 13K 13
cosh=—=—7—=—
AC  \B13K /313
Now,
12 13
IX — X —
2sin fcos 0 V313 /313
cos? §-sin? @ -
13 \2 12 \2
312
313
T 169 144
313 313
312
313
= 169- 144

313
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312
313

25

313

312 313
—_— —
313 25

312
E.
35.In AABD,

Using Pythagoras theorem, we get
AB = /AD? - BD?

=4/10% - 82

=4/100 - 64

= /36

=6 cm

Again,

In AABC,

Using Pythagoras therem, we get

AC = 1/AB2 + BC?
AN Ry

= /36 + 16

= /52

= 2y/13cm

Now,

13
AB

ii. cosB = i

6

213
3
V13
313
BT
13
36. Given: secf = — ...(1)

By definition,
1

sech = o0

Hypotenuse
sech) = ——...(2)

Base

By Comparing (1) and (2), without loss of generality we can take
Base =5
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and Hypotenuse = 13

B

Therefore,
By Pythagoras theorem,
AC? = AB? + BC?

Next we substitute the value of base side (AB) and hypotenuse (AC) and get the perpendicular side (BC)

132 = 5% + BC?
BC? =132 - 52
BC? = 169 - 25
BC? = 144
BC = /144
BC=12
Hence, Perpendicular side = 12
Perpendicular
Next, sinf = ——
Hypotenuse
Therefore,
12
sinf = 3
1
Next, cosec = —
sin 6
Therefore,
0 Hypotenuse
cosect = Perpendicular
13
cosecO = o
1
Next, cosf =
sec 0
Therefore,
Base
cosf = Hypotenuse
5
cosf = I
Perpendicular
Next, tand = —————
Base
Therefore,
0 12
nf = —
ta 5
. 1
Finally, cotf = o
Therefore,
Base
cotf) = Perpendicular
5
cotl = o
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37. Let us draw a triangle ABC in which «B = 90°.

C
oK m
6° 1
A 3k B
Let £A = 6°.
AB 3
Then, cosf = S

Let AB = 3k and AC = 5k, where k is positive.
By Pythagoras' theorem, we have

AC? = AB? + BC?

= BC?=AC?-AB?

= (5k)? - (3k)? = 25k? - 9k? = 16k
= BC=+/16k’ = 4k

1 5 BC 4k 4

secd = 5 = pptand = gp =5 = 3

1 3 AC 5k 5

cotf = —— 4,and cosec = BC- -2

(5 5 4 4 ) 25 16)
X=—4x = —_———
5cosecH — 4tan 9) 4 3 ( 403

( sec B+ cot 0

75-64

12 11 12 11
= — =] — X =] = —
20+9 12 29 29

12
38. Let us draw a triangle ABC in which B = 90°.

C
5
3
0
A 4 B
Let £A =6°.

5 4
sect = 7 = cosf = ¢
Let AB=4and AC =5,
By Pythagoras' theorem, we have
AC? = AB? + BC?
= BC?=AC?- AB?
=52-42=25-16=9

> BC=3

Now,

. Perpendicular BC 3

sinfg= ——— = — = -
Hypotenuse AC 5
Perpendicular BC 3

tanf = Base T AB 4
1 4

cotf = tanf 3
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(sin 6—2cos 6)
" (tan 8-cot )
4

A 8 B

We have,

Base 8

cost = Hypotenuse - 17

So, Let ABC is a right angle triangle in which «B = 90°
Base = AB = 8 units, Hypotenuse = AC = 17 units and, £BAC = 6
By Pythagoras theorem, we have
AC? = AB? + BC?
= 172 = 82 + BC?
= BC? = 172 - 82
= BC? = 289 - 64 = 225
= BC =+/225 = 15
When we consider the trigonometric-ratios of ZBAC = 8 we have

Base = AB = 8 units, perpendicular = BC = 15 units, and Hypotenuse = AC =17 units
Perpendicular 15

s.osinf = —— = —
Hypotenuse 17
0 Perpendicular 15
tang = Base 8
Hypotenuse 17
cosec = —————— = —

Perpendicular 15
Hypotenuse 17

sect = Base T8

Base 8

and,cotd = Perpendicular 15

. Let us consider two right triangles LMN and PQR
Such that ZLNM = £A and «PRO = «#B

cosA=cosB ... Given
NM RQ
= N T rP
NM NL
> RQ T RP k(say) ....... @8]

where k is a positive number
= NM = kRQ
NL =K RP

L

A B
N M R Q

Now, using Pythagoras theorem,
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41.

ML = 1/NL? - NM? = 1/(kRP)? - (kRQ)?

= /k’RP? - k°RQ? = k\/RP? - RQ?
and QP = \/RP? - RQ?

2_ 2
ML k\/RP2-RQ N
“Q® " rReP-rQ?
From (1) and (2), we have
NM NL ML

RQ ~ RP QP

S

.. ALMN ~ APQR ... SSS similarly criterion
.. 2.LNM = «PRQ . Corresponding angles of two similar triangles are equal.

=> Z/A = 4B
V3
Given: sinf = Ey ...(D
By definition,
Perpendiular
sinf = Hypotenuse 2)
By Comparing (1) and (2)

We get,
Perpendicular side = \/gk and

Hypotenuse = 2k
C-|

B A

Therefore,
By Pythagoras theorem,
AC? = AB? + BC?

Now we substitute the value of perpendicular side (BC) and hypotenuse(AC) and get the base side (AB)

22 = AB? + (1/3)?
AB? = (2k)2 - (/3k)2

AB? = (4 - 3)k?
AB? = 1k?
AB =+/1k
AB = 1k
Hence, Base = 1k
Base
Now, cosf = —————
Hypotenuse
Therefore,
o 1
cosf = -
1
Next, cosecl = —
sin 6
Therefore,

Hypotenuse
cosect) = Perpendicular
2

cosech = —
V3
Hypotenuse
Next, sec = ————
Base
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42.

43.

Therefore,
2

sech = T

Next, tanf =

Therefore,
V3

tanf = T

Finally, cotf

Therefore,
1
cotd = —

V3

Consider two right triangles ABC and PQR in which «B and £Q are the right angles.

We have,

A

™,

Perpendicular

Base

Base

Perpendicular

c B
In AABC
AC

sinB = B

R

and, In APQR

' PR
sinQ = 70
0 sinB =

AC

> A

AC
PR

=>

= AC =kPR and AB = kPQ
Using Pythagoras theorem in triangles ABC and PQR, we obtain

AB? = AC? + BC? and PQ? = PR? + QR?
= BC =/AB? - AC? and QR = 1/PQ? - PR?

VAB-

BC

=5 - = =
QR \/PQ2-PR?  /PQ*-PR?
BC ky/PQ? - PR?

= = k...(ii)

sinQ
PR

AB

0 k(say) ...... @)

AC?  /k?PQ*- K2PR?

QR ~/pQ2-PR:

From (i) and (iii), we get

AC AB

PR~ PQ

BC

QR
= AACB - APRQ [By S.A.S similarity]

4B =2Q

Hence proved.

We have,16cotA = 12 = cotA = T = COtA = 7

sin A+cos A
sin A+cos A ~snA
NOW’ sin A—cos A = SinA-cosA
sin A
sinA cos A
snatwma COsA
= SnA cosA [ M = COIA]
SinA  sinA
1+cotA
T 1-cotA
3 7
1+7 3 3
:_3=T=7|:'.'cotA::1
-7 3

[ Dividing Numerator Denominator by sinA ]
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44,

sin A+cos A

therefore, Z—=——— =7
A

»—] 8

o—!

s -

. 20 AB

Given tanf = 21 BC

Let AB = 20K

and, BC = 21K

In AABC, by Pythagoras theorem
AC? = AB? + BC?
AC? = (20K)? + (21K)?
AC? = 400K? + 441K?
AC? = 841K?
AC = /841K = 29K
AB 20K 20

..sm9=E=ﬁ<=2—9
BC 21K 21
0s0=2c =Kk T
1-sin 6+cos 6
LHS = 1+sin 6+cos 6
20 21
I-%5+3
=T 0 a2
I+35+%
29-20+21
29
= 29+20+21
29
30
29
=70
29
30 29 3
= — X — = = =
29 70 7 RHS
(]
45,
8] Tom P

In AOPQ, by Pythagoras theorem
0Q? = 0P? + PQ?

= (PQ+1)2=0P?+PQ?[0Q-PQ=1= 0Q =1+ PQ]

= PQ?+2PQ + 1 = 72 + PQ?

= 2PQ+1=49
= 2PQ = 48
= PQ =24 cm

SL0Q-PQ=1cm = 0Q-24=1 = 0Q=25cm
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OP 7
5

Now, sinQ = O_Q =5
_PQ 24
and, cosQ = 0B
7
46. Given:cosf = 7= ...(1)
By definition,
B Base
cosf = Typotenmse 2)
By Comparing (1) and (2)
We get,
Base = 7k and Hypotenuse = 25k
C'|
B A
Therefore,

By Pythagoras theorem, AC? = AB? + BC?

Now we substitute the value of base side (AB) and hypotenuse (AC) and get the perpendicular side (BC)

(25k)? = (7k)% + BC?

BC? = (25k)? - (7k)?

BC? = (625 - 49) k?

BC? =576 k?

BC=24k

Hence, Perpendicular side = 24 k

Perpendicular

Now, sinf = ET—
ypotenuse

Therefore

24

sinf = 7

1

Next, cosecO = -
sin 6

Hypotenuse
Therefore, cosecO =

25

cosecO = 7

Perpendicular

1

Next, secl =
cos 0

Hypotenuse
Therefore, sec = ————

25

secO = =

Base

Perpendicular

Next, tanf =
Base

24
Therefore, tanf = -

1
tan 6

Finally, cotf =

Base
Therefore, cotd =

7

cotf = >
47. Let us draw a right angled triangle ABC, right angled at B.

Using Pythagoras theorem,

Perpendicular
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48.

49. Let us first draw a right /AAABCG, right angled at B and «C = 0.

7¢m

A 24 cm B

Given, AB = 24cm and BC = 7cm
Using Pythagoras theorem,

AC? = AB? + BC?

AC? =24+ 7% = 576 + 49 = 625

24
S

7

25

.. AC=25cm
o P BC 7 B AB
1.51nA—ﬁ T COsSA = = ac
7 24 168
i = - X - = -
= sinA. cosA = X% = o
o P AB 24 B BC
H'SIHC_E_E_E’ COSC_FI_,E_
24 7 168
j = X — = —
= sinC. cosC = X% = 5
A
il 0
B -
12 BC
Given cosf = Y
Let BC = 12K
and, AC = 13K

In AABC, By Pythagoras theorem

ABZ + BC?2 = AC?

AB? + (12K)? = (13K)?
AB? + 144K? = 169K?
AB? = 169K - 144K? = 25K?

AB = /25K2 = 5K

c.osinf = — = =

.. LHS = sinf(1 — tanf)

5 5
iE] T
5 (12-5
13| 1

5 7
= =— X —
13 12
35
T RHS

Now, we know that tanf =

Perpendicular

Base

AB 15

BC 8
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50.

51.

A

6

Cc 8k
So, if BC = 8k, then AB = 15k, where k is a positive number.

Now, using Pythagoras theorem, we have:
AC? = AB? + BC? = (15k)? + (8k)?

= AC? = 225k? + 64k2 = 289k’

=> AC=17k

[
B

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

AB 15k 15

Sin = Zc T T T
BC 8k 8
cosd) = AC ~ 17k~ 17
1 1 17
..o coth = i E,cosecG i T and secf = i
3 5 9
COSG—E = c0s“0 = 7

. sin%0 = 1 - cos20
9 25-9 16

T25 7 25 T 5
4
=>sin9=g

(sin O—cot 6)
L.HS = o ®
4/5-3/4
2x4/3
16-15
20
8/3
1
— % =
20 8
3

" 160
=R.H.S

w

8
Given: tanf = = ...(1)
By definition,
Perpendicular

tanf = T Base e )
By Comparing (1) and (2)
We get,

Base = 15k and

Perpendicular = 8k
A

B C
Therefore,
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52.

By Pythagoras theorem,
AC? = AB* + BC?

Now we substitute the value of base side (AB) and the perpendicular side (BC) and get hypotenuse (AC)

AC? = (15k)? + (8k)?
AC? = 225k? + 64k?
AC? = 289Kk>

AC = /289

AC = 17k

Hence, Hypotenuse = 17k

Perpendicular
Now, sin = ———
Hypotenuse
Therefore,
8

sinf = T

1

Next, cosecO = -
sin 6

Therefore,

Hypotenuse

cosect) = Perpendicular

0 17
cosecu = —
8

Base
Next, cosf = ———
Hypotenuse

Therefore,

15

cosf = I

1

Next, secl =
cos 0
Therefore,

Hypotenuse

sech =
Base

17

sech = 15

1

Finally, cotf = —
Therefore,

Base

coth = ————
Perpendicular

15

cotd = r

11
Given: tanf = T ...(1)
By definition,
Perpendicular

tanf = T Bae 2)
By Comparing (1) and (2)
We get,

Base = 1k and

Perpendicular side = 11k
C

g

Therefore,
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By Pythagoras theorem, AC? = AB? + BC?
Now we substitute the value of base side (AB) and the perpendicular side (BC) and get hypotenuse (AC)

AC? = (1k)? + (11k)?
ACZ = 1k + 121k

AC? =122k
AC =/122k
Hence, Hypotenuse = /122k
Perpendicular
Now, sinf = —————
Hypotenuse
Therefore,
11
sinf = —
V122
1
Now, cosec = —
sin 6
Therefore,
Hypotenuse
cosect) = Perpendicular
V122
cosech = ETE
Base
Next, cosf = —————
Hypotenuse
Therefore,
0 1
cosf = —
V122
Next, sect =
cos 6
Therefore,
Hypotenuse
sec = B
V122
sec = —
secl = /122
1
Next, cotf = po—r,
Therefore,
Base
cotf = Perpendicular
1
coth = T
and,
1
tan 0 = ord - 11
A

B C
) . . 12 AB
Let 6 is «C . Given sinf = = g (10

Let AB = 12K and AC = 13K ,where K is positive integer.

In AABC, By using Pythagoras theorem :-
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AB? + BC? = AC?
Or, (12K)? + BC? = (13K)?
Or, 144K? + BC? = 169K?
Or, BC? = 169K? - 144K?
Or, BC? = 25K?

- BC = /25K? = 5K

Now,
BC 5K 5

cosf = 20 S 3K - 13 )
AB 12K 12

Now,
sin26 - cos26 1

— x
2sin 6xcos 0 tan2p

5)-()

_ - x ! [ from (1),(2) & (3) ]

12

s 12
2xgxg3 =
5

144 25
169 ~ 169 1

120 144
169 25
144-25
169 25

X —
120 144

169
119 169 25

—_— x — x —
169 120 144
595

3456

12
54. Given: cosf = I (D)

By definition,
Base

cosH = Hypotenmse )

Without loss of generality, Comparing (1) and (2), gives
Base = 12 and

Hypotenuse = 15

C

B A

Therefore,

By Pythagoras theorem,

AC? = AB? + BC?

Now we substitute the value of base side (AB) and hypotenuse (AC) and get the perpendicular side (BC)
152 = 122 + BC?

BC? = 152 - 122

BC? = 225 - 144

BC? =81

BC = /81
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BC=9

Hence, Perpendicular side = 9

Perpendicular
Next, sinf = ———
Hypotenuse
Therefore,
9

sinf = =

1

Next, cosect = —
sin 6

Therefore,

Hypotenuse

cosect) = Perpendicular

15

cosecO = 5

1

Next, sect =
cos 6

Therefore,

Hypotenuse

sect = Base

15

sech = o

Perpendicular
Next, tand = ————
Base
Therefore,
9

tanf = o

1
Finally, cotf = s

Therefore,

Base

cotd) = Perpendicular

12

cotf = 5

55. Let us draw a triangle ABC in which «B = 90°.

C

6 []
A b? — &° B

Let £A =6°.
. 0 a
sino = —
b
. Perpendicular BC a
Then, sinf = Hypotenuse AC b

Let BC=aand AC =b,

By Pythagoras' theorem, we have
AC? = AB? + BC?

= AB2=AC?-BC?
—p2. 22

= AB = /b2 - a?

Now,
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Hypotenuse AC b
sect = Base T AB \/b2—02

Perpendicular BC a
tan = —————— = — = ——
Base AB \/b2 —a2

LHS = (secf + tanf)

b a
— t+ ——
b2—Cl2 _\/bZ_GZ

3 b+a
= \/raz
b+a
GG
Vb+axy/b+a
T Vo yboa
b+a

b-a

=RHS

4
.Given : 3tanf = 4 = tanf = 3
Let BC = 4k and AB = 3k

where k is positive.

Let us draw a triangle ABC in which #B =90° and zA = 6°.

-

sk
, aK

A B
3K

By Pythagoras' theorem, we have

AC? = AB? + BC?

= (3k)? + (4k)? = 9k? + 16k? = 25k?
= AC=+/25K% = 5k

. 4k 4
sinf = il
3k 3
cosf = il
(4cos O—sin 0)
LHS= (2cos B +sin 6)
3 4
4x5-3
EER
2XE+E
8
5
)
5
8 1
= = X =
5 2
4
5
= RHS
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57. xS/ X cm

A 7cm B
Let BC=xcm. Then, AC = (x + 1) cm.

By Pythagoras' theorem, we have
AB? + BC? = AC?
=> 72+x2:(x+ 1)2

= 49+x2=x%+2x +1

= 2x=48
X = 24.
.. BC=24cm, AC=25cmand AB =7 cm.
G
z/f |
&/
q,/ 24 cm
Z N _
A 7om B
For T-ratios of ZA, we have
. BC 24 AB 7
sinA = ac - EandcosA— vl
For T-ratios of 2C, we have
. AB 7 BC 24
sinC = ol gandcosC— T
4
58. Given: sinf = T

We know that,
sin% + cos?0 = 1

4\2
> (E) +cos20 =1

16 )
— 4 =
= 52 *cos 6=1

5 16
= cos0=1- =
5 9
= c0s“0 = =
3
= cosf = s
We have,
cos 6 1
cotf + csch = —— + =
sin 6 sin 6
(%)
5
1
= +

) )

+

AW —
SIS

N Y]

=2
Hence, the value of cotf + cosec@ is 2.

Section B
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59. Let AB be the tree of height h meter and AC = x be the width of river.
Assuming that C be the position of a man standing on the opposite bank of the river. After moving 30 m away from point C. Let
new position of man be D,
Thus CD =30 m, £ZACB = 60°, ZADB = 30° and «DAB = 90°

B
h
30° 60°
D 30m C x A
From right AABC we have
AC 1
B - cot60° = NG
X 1
=5 = NG
h
> X = ﬁ @)

From right ADAB, we have

AD_ . =
A—B—cotSO =4/3

x+30 —
= —— =13
= x = /3h - 30 ...(ii)
Equating the values of x from (i) and (ii), we get
= 2h =303 = h=15//3=15x1.732=2598 m
Thus the height of the tree h = 25.98 m
60. Let AB be the tree of height h meter and AC = x be the width of river.
Assuming that C be the position of a man standing on the opposite bank of the river. After moving 30 m away from point C. Let

new position of man be D, Thus CD =30 m, ZACB = 60°, ZADB = 30° and «DAB = 90°

B
h
30° 60”
0 30m C x A
From right AABC we have
AC . 1
aB - cot60° = ﬁ
X 1
> 7= 7
h
> Xx= ﬁ (1)
Putting the value of h in (i) we get
153
X = ? =15m

Hence the width of the river is 15 m.

61. Let AB be the tree of height h meter and AC=x be the width of river.
Assuming that C be the position of a man standing on the opposite bank of the river. After moving 30 m away from point C. Let
new position of man be D, Thus CD =30 m, zZACB = 60°, 2ADB = 30° and «zDAB = 90°

B
h

30° 60°
) m C x A

Suppose after moving y meters away from the river the angle of elevation becomes 45°.
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62.

63.

64.

45° 60°

D y Ci1sm A
Then in the AABD
y+15

h cot45° =1
y+15=h
y=h-15=25.98-15
y=10.98 m

Hence after moving 10.98 meters away from the river the angle of elevation would become.
Let AB be the tree of height h meter and AC = x be the width of river.

Assuming that C be the position of a man standing on the opposite bank of the river. After moving 30 m away from point C. Let

new position of man be D, Thus CD =30 m, zZACB = 60°, £ADB = 30° and «DAB = 90°

B
h

30° 60°
) m C x A

From right ADAB, we have

AD_ . =
A—B—cotSO =4/3

x+30 —
= —— =13
= x = \/3h - 30 ...(ii)
From (ii) we are having
x=hy/3-30
Given that width of river x = 40 m
Thus 40 = hy/3 - 30
70
R
h=40.41m
Thus in this case height of the tree would be 40.41 m.

In /ABRS
) RS
Sinf = 7B

h

) 8 1

Sinf = -3
s 0=30°

BS

Now, Cosf = 7B

BS
Cos 30° = —

16
V3 Bs
P E_
BS =8y/3m
In ABRS

RS

use, Sin 6 = —
’ RB

8
Slrl(')—l—6
0 =30°

Hence, jib B makes an angle of 30° with the horizontal.
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65. AS =/AB? + BS?

= /242 + 8Y3)
= /576 + 192
= /768
=27.71m_

83

66.tan a = EY

a=30°

37137



