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TRIGONOMETRICAL RATIOS OF
STANDARD ANGLES

20.1 T-RATIOS OF 45°

Let OMP be an isosceles triangle right-angled at M with sides OM = MP = a (say),
then ZMOP = 45°.

(- LMOP = £LMPO, and £ MOP + £ MPO = 180° - M = 180° — 90° = 90°)
From right-angled AOMP, by Pythagoras theorem, we get
QP2i=8 @V FENTE-
= a2 + g2 = 2g2

P
— OP = 24
: MP a 1
sin 45° = = = :
OP. -J2a ~2 V2a =
o OM a 1
COS 49" = = = ;
or 2a \E
MP o) =
O, i AV Nh KRS a M
tan 45 S 1,
o OV 26 T o)
cot 45° = == il
OP ﬁa
sec 45° = - -y 2o and
OM a J_
(% A G \/—2-51 _

20.2 T-RATIOS OF 30° AND 60°

Let OQP be an equilateral triangle with each side = 24 (say), and let MP be
perpendicular to OQ, then M is mid-point of OQ, .

8 = UNDERSTANDING ICSE MATHEMATICS - IX APC
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Since each angle of an equilateral triangle is 60°,

/. MOP = 60° and

£ OPM = 180° — (60° + 90°) = 30°.
From right-angled AOMP, by Pythagoras

theorem, we get

Downloaded from https:// www.studiestoday.com

OP2 = OM? + MP?
. MP2. = OP2 — OM2 = (24)? — a2 = 4a? — a? = 3a°

= MP' = V3.
(i) T-ratios of 30°

In AOMP, 2 OMP = 90°, £~ MPO = 30°, height = OM = g, base = MP = 3 a and

hypotenuse = OP = 2a.

sin 30° = DBt i
hypotenuse
LS
hypotenuse
tan 30° = L
base
D base -3
o height
o __ hypotenuse _
R alL e e =
RN = hypotenuse _
height

(ii) T-ratios of 60°.

OM= a
OP 2a

MP_JEa=J§

OP 2a s

1
2 !

OM a 1

NE " J5a B
MP Jga 3

OM a >

orP 2a 2

- - and

MP " 34 V3

OP =2a iy

OM a

In AOMP, 2 OMP = 90°, £ MOP = 60°, height = MP = J3a,
base = OM = a and hypotenuse = OP = 24.

sin 60° = hdipnt . -
hypotenuse
cos 60° hasA .
hypotenuse
T G0 height .
base
LI base o
i Ui height
e hypotenuse _
: = base
hypotenuse
S e - -
cosec 60° = height

APC

MP V3a 43
oP 24 2
OM a =l
iipie g 27

OM a
OM gis - 1
TR IO AR [N

D) L
= = 2 and
OM a £

or 2a 2

W .

TRIGONOMETRICAL RATIOS OF STANDARD ANGLES 333
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20.3 T-RATIOS OF 0° AND 90°

Consider the arc APB of a circle with centre at O and
radius = a (shown in the adjoining figure).

Let P (x, y) be any point on this arc. Draw MP
perpendicular to OX, then OM = x, MP = y and
OP =ua:-'Let- 2 MOP.= 6 {hen ]

: el AR B
sin b = —, cos 8= — tan = =,

g L e
cof G = y,sece ~» cosec 0 = 7 -
(i) T-ratios of 0°.
When 6 = 0°, P coincides with A so that x = 2 and y = 0.

sinO":%:O, cosU°=%=1,
tan (° = % = 1§) cot (02 = %, which is not defined,
sec(0° = 2 =1 cosec 0° = 2 hich i defi
= = =1, = 5 Whic i1s not defined.
(ii) T-ratios of 90°.

When 6 = 90°, P coincides with B so that x = 0 and e

gl s = ) cos 90° = % = (),
tan 90° = %, which is not defined, copfd — % ==
sec 90° = %, which is not defined, coHsec O — g =

20.4 AID TO MEMORY

The trigonometrical ratios of the above standard angles can be easily remembered
with the help of the following table :

Ancle —
"3 0° 30° 45° 60° 90°
Ratio |
4 4 4 4 4
st 4 3 2 T 0
4 V4 4 4 4
0 & 1 D 3
tan e 2 Ak e w5
4-0 V21 4-9 459 not
defined

'

1. The values of cot 6, sec 8 and cosec 6 have not been written in the above table, -
for, these are the reciprocals of the values of tan 6, cos 6 and sin 0 respectively.

2. As 8 increases from 0° to 90°, the values of sin 6 and tan 6 go on increasing while

the values of cos 6 go on decreasing.
384 = UNDERSTANDING ICSE MATHEMATICS - IX APC
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TRIGONOMETRICAL EXPRESSIONS INVOLVING

==y (5Y)-Gn) 5

o~
=~
_|_
=
e
o
~
|
-
p—
|
|
S
[ o
Sl

Il
e
N | W
e

[ o)

|
A
Sile
S — "

(o] 1 ' 0 (o] 1
Solution. sin? 30° cos? 45° + 4 tan? 30° + = sin? 90° — 2 cos 90° + 1

Il
e
N | =
e —

(=]

X
e

IH
e SR

%]

+

H=

X
T
&l

+

| =

X

—

b

p—

(%]

|

Mo

X

=

+

S o a2 48_2

: zgwlue of 6 m:d hence find

‘Solution. Given 4sin28-1=0

. 1
= 4B =1 - 311128:1
= sin 0 = % (-~ 0 is acute angle, sin 0 is p051t1ve)
B o
= sin @ = sin 30° ( sinials = 2)
= g .= 30°.
(i) cos? @ + tan? ® = cos® 30° + tan? 30°

[ g 944 13 L1
=5 +(’T§) S
@ 80)° = 60

cos 20 = cos 60° = -;—

(3 % 30)° = 90°.
B ot 1.

P
.
i
N
D
Il

P
o gy
i -
5
o B S ]
[ o S 0 =)
Il Il
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l—l-l.l
<]

=>
cos

= tan 0 = tan 45° (-.-‘ tan 45a =1y
= 0 =45°

S 26in%20-3 cos? 0 + %—c:c:t2 0

= 2 sin? 45° — 3.cos? 45 + %cotz 45° R

Dy R

cosf +sin@ _ 143
cosB - sinB 1—\/§ '

Applying componendo and dividendo, we get

(cosO + sinB) + (cosO - sin 0) i (1+«/§_)+(1—\/§)
(cosO +sinB) - (cos® —sinB) (1+4/3)-(1-4+/3)

2cosf _ 2 S ol
2sinf 243 sinf /3

= Sinﬁ=ﬁ=>tan9=ﬁ | | \

cos B
= tan 6 = tan 60° ' (- tan 60° = /3)
—— el el

s. 2sec20 -3 cosec? B =2 sec? 60° — 3 cosec? 60°

Solution. Given,

=2(2)2-3(72§-)2=2x4'—3x§ i

— g | |

4 e P, P 0 ; 7 g - .
1% X I.'.'. fd TFIF yirirE N sk ) b
4 I R J =R L = R R Lo L AL

t-angled A ABC,

height /3
hypotenuse 2

Solution. (i) From righ

sin x° =

= UNDERSTANDING ICSE MATHEMATICS - IX
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.. ; - : . ki base S
i ) From right gngled_AABC, 00

e e 60° - % | | [+ x = 60 from (i1)]

Solution. Given (cosec 8 — 2) (2 cos 36 — 1) =0
= cosec0-2 =0 or 2cos30-1=0

= cosec =2 or 2cos30 =1

= _1 2 or cos 30
sin O

:
2

S BINED = L or cos 30 = cos 60° i

N
HHE

I

Bl elel = 60°

I
W
=
QI
e

o

sin 0

J

et =50 6= 20",

J

AN AHNOD £,

b
o
¥p]
I
M
Q
N
>
o
f

Solution.

WHOIAY

4
A

cos (60° — 30°) = cos 30° = _‘/.23 and

cos A cos B +sinAsi_nB
cos 60° cos 30° + sin 60° sin 30°

~
T
U
Il

JHHSTIE A

Il
=

LB

B) = cos 60° ( cos 60° = —
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= AYBLere
Also  sin (A-B) = % (given)

5 sin (A - B) = sin 30°

= A-B =30

On adding (i) and (ii), we get 2A = 90°
On subtracting (ii) from (i), we get 2B
Hence A=45° and'B ="15&

Solutmn In the r1ght—angled AABC
sinahc — = e

AG =D 10 G

— AB

(%xlO) CIMI=FES" CI

3 B JE BC
cos 30 =
AG@ & ped i0iom

U

o

@

||
|5

Snlutmn. In the rlght-angled A ABC

tan 60° = B J‘.._==-AB=J§BC

In the right-angled A ABD,

tan 30° = g:jg QD —SUBD = I8 AR

BD = V3 (WB BE)
bEDi= 3 6@
BC.+ CD =3 BE
CD =3 BCG —E\&
4 cmm = 2 BC
BE— D ey

From (i), AB = 3 BC
= AB=(+/3 x2)cm =2V3 cm.
Hence, AB = 2+/3 cm and BC = 2 cm.

R R

w= UNDERSTANDING ICSE MATHEMATICS - IX

== A =45"

= 308 = b=l

10 cm

30°

xlOJ cm = 5v3 om.

[using ()]
(from figure)

(CD = 4 cm, given)

-
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 sin 45° cos 45° cos 60°
Sin 60° cos 30° tan 45°

(i) cos 2_9 2 costf -]
: (1v) cos 30 4 cos? B_ — 3 cos 0.

-

W o e s

" 4 . |

f e e A7 el e 0 g
e o s iy e b gl 2 i i s
P
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(777) tan 30 = 1
15. If tan 3x =

16. If 4 cos?x°~1=0and 0 < x < 90 fmd
o 2u7) A (ii) sin2 o coni |
17. (l) If sec B = *

(i) If tan 6 =
18. If sin 3x = 1 and 0° = x < 90°, ﬁnd the vaitiés of
(/) sin x (ii) cos 2x -(iii) tan? x - secz xm Q i
19. If 3 tan? @ — 1 = 0, find cos 26, given that B is acuted., s
20. If sin x + cos y = = 30° and y is acute angle, f.md

21

i {i = cos (A-B) and A,B (A}?*BJ- L

22, If 0“ = 0 = 90°, solve the followmg equatmm

(i) (sin B~ 1) (2 cos B - 1) = 0
(iti) (sec 6 — 2) (tan 30 - 1) = _:_[l s

23. If the length of each side cxf““‘
find the lengths of the _dl

24. In the-right-angl'ed tr |

w UNDERSTANDING ICSE MATHEMATICS - IX
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20.5 COMPLEMENTS OF QINE AND COSINE

Let OMP be a right angled triangle at M and £ MOP = 8, then
£ OPM = 180° — (£ OMP + LMQP)
ERDE o= h) - 90 - 6.
From right angled AOMP, we get

sin (90° — 0) = %l\lf = cos O and

‘cos (90° - B) = B = sin 6.

Hence sine and cosine are complements of each other.

ILLUSTRATIVE EXAMPLES

sin (90° - 35°) _ cos B [ sin (90° — 0) = cos 0]
cos 35° cos 35°

8

TRIGONOMETRICAL RATIOS OF STANDARD ANGLES
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SHING COMPPAISY

(ii) cos 67° — sin 23° =

(iii) sin 24° sin 66° — cos 24° cos 66° il
= sin 24° sin (90° - 24°) - cos 24° co s
sin 24° cos 24° — cos 24° sin 24°

- g it ; f
,Xa. ' mpie 2. £oa ua £

sin? 34° + sin? (90° - 34°)
= sin? 34° + cos? 34° |

= 1. (~ sin?2 0 + cos?2 6 = 1)
. (sin31°\* [ cos 59°)° & e
i) (e5e7) *(Smare) — 4 sin 45

=( sin 31° )2+ cos (90° - 31°)) 2 iR
cos (90° - 31°) ( sin 31° ] e (_)

Il

(sin :-}1“*)2+ sin 31°) 2 1
sin 31° (sin 31°) £y

=12+12-2=1+1-2=0.

le 3. [7 U L. = 90° then find the value of sin® B + sin® C.

Solution. In A ABC, Z A = 90° | ~ (given)

We know that sum of angles in a triangle is 180°

= LA+ /ZB+ £C=180° 3

= 90°+4LB+4C=180°= 4B + £2C = 90°

= LC=90°- 2B. |

sin? B + sin? C = sin2 B + sin2 (90° — B) |
= sin? B + cos? B (" sin (90° - 0) = cos )
=1 (- sin? 0 + cos?2 0 =1) |

= UNDERSTANDING ICSE MATHEMATICS - IX 2
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%

__3CDE35° +- tan2 600
cos 57° Sy hs:

(if) Fﬂ{l + sin2 52° + sin? 38° — 3 tan? 45°.

31:!

sin

9. In the adjoining figure, ABC is right-angled
triangle at B and ABD is right angled triangle

at A. If BD L AC and BC = 243 am, find the
length of AD.

}1111t
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,quatmns for O :
(n) (cosec 30 — 2) (cot 29 ) =

1 and 'A, B (B' < A_) are acute angles, find
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