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10.1 INTRODUCTION

In this chapter, we intend fto study an important branch of mathematics called
“Trigonometry”. The word "Trigonometry” is derived from the Greek words: (i) trigonon and,
(ii) metron. The word trigonon means a triangle and the word metron means a measure.
Hence, trigonometry means the science of measuring triangles. In broader sense it is that
branch of mathematics which deals with the measurement of the sides and the angles of a
triangle and the problems allied with angles.

10.2 ANGLE

Consider a ray OA. If this ray rotates about its end point O and takes the position OB, then we
say that theangle ~£AOB hasbeen generated.
Thus, anangle is considered as the figure obtained by rotating a given ray about its end-point,

B

0 A
Fig. 10.1

The revolving ray is called the generating line of the angle. The initial position OA is
called the initial side and the final position OB is called the terminal side of the angle. The
end point O about which the ray rotates is called the vertex of the angle.

MEASURE OF AN ANGLE  The measureof anangleis the amount of rotation from the initial side to
the terminal side.

10.3 TRIGONOMETRIC RATIOS

Thé Riagt important task of trigonometry is to find the remaining sides and angles of a
triangle when some of its sides and angles are given. This problem is solved by using
: j y . : i spect to its acute angles. Thes i0s of acute
some ratios of the sides of a triangle with respect to its a\:.ut angle eseratios of acute
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We define the i'lrlll_uwmg six trigonometric ratios;

o Perpendicular I
(i) ‘Sitig = p=nds

— = =, and is written as sin 0
Hypotenuse v

(i) Cosine0) = _ Base

— = i, and is written as cos 0
Hypotenuse  r

. ‘erpendicula 1 . .
(i) Tangent g - M = i, and is written as tan 0
' Base X

. Hypatenuse r ; . s
(iv) Cosecant () = ——:i—.—— = —, and is written as cossec O
Perpendicular

. Hypotenuse
(v) Secanl ) = -—}P———-—.

= —,and is written as sec 0
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R Base X . ;
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In AAMP and A ANQ, we have

£MAP = ZXAY = ZNAQ

and, LZAMP = 2 ANQ = One right angle
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10.3
Thus, the correspanding angles of trian les AM ; A
similarity criterion, we have pEEanANDasegaland, tesibrelydd
AP _PM _ am
AQ ON AN
PM _ QN -
= AP~ AQ )
In AAMP, we have
sin0 = fﬂ
. ON
& sin 0 = 40 [Using (i)]

This shows that the value of sin 0 is independent of the position of point P,
Similarly,

itcanbe proved that the other trigonometric ratios are independent of the position
of point P.

Q.E.D.
10.4 RELATIONS BETWEEN TRIGONOMETRIC RATIOS
The trigonometric ratios sin 0, cos 0 and tan 0 of an angle B are very closely connected by a

relation. If any one of them is known, the other two can be easily calculated.
From Fig. 10.2, we have

sinfl = @—,C{Jsﬂ = ﬂand_ tanf = E
AP AP

+ e
Now, tarl = T

AM

PM
= tano = -AP

AM
AP
sinf
cost
KEMARK It is clear from the definitions of the trigonometric ratios that for any acute angle 8, we have

= tant =

(i) cosecO) = or,sinb =
“ sinh cosec 0
ii) secO = or, cost) = ——
(i) cost secO
(iii) cotp = or, tanfl = EJTE
(iv) cote = <Y
sinl

V) tan 0. cot 0 = 1



FEEE R e N

10.4 MATHEMATICS - X

ILLUSTRATIVE EXAMPLES

LEVEL-1

EXAMPLE 1 Do AABC, right angled at A, if AB =12, AC = 5 and BC = 13, find all the six
trigonometric ratios of angle B.

SOLUTION  With reference to ZB, we have

Base = AB =12, Perpendicular = AC = 5and, Hypotenuse = BC = 13
Using the definitions of trigonometric ratios, we have
sinB = A€ = —5— e
BC 13
AB 12
cosB=—=-_"=
BC 13 » 5
tanB = -“E g i
AB 12
cosec = Eg— = % B 12 A
i EE 13 Fig.10.4
AB 12
AB 12
OtB = — = —
e 8 AC 5

EXAMPLE 2 Ina AABC, rightangled at A, ifAB=5, AC =12 and BC = 13, fi
tan B.

SOLUTION  With reference to 2B, we have
Base = AB =5, Perpendicular =

ndsin B, cos C and

AC=12and, Hypotenuse = BC =13

and, tanB=—= =

With referenceto ZC, we have 5

Base=AC=12, Perpendicular=AB =5 and,
Hypotenuse = BC =13

AC 12 ¢ e A
cosC = TR

13 Fig. 10.5

EXAMPLE 3 Ina AABC, right angled at B, ifAB =4 and BC = 3, find all the
ratios of ZA.

SOLUTION  We have, AB=4and BC=3, o
By Pythagoras theorem, we have

six trigonometric

AC? = AB? + BC?
- 3

= AC = JAB? + BC?
- AC = m = JTE; =5

A

=
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When we consider the t-ratips of ZA, we have
Base=AB = :
4, Perpendicular = BC = 3and, Hypotenuse = AC = 5.
BC 3
sinA=—=2cos4=48 14 BC 3
) SEo==—, lanA=""="1
AC 5 AC ™ 5 AB 14
AC 5 °
mBECA:——=—.5ecA_—,i€=§ d _AB _4
BC 3 AB 42“1.('0!14—3——5
EXAMPLE 4 Ina AABC, rightangled at B, if AB=12and BC =5, find:
(i) sin A and tan A (ii) cos C and cot C C
SOLUTION By Pythagoras theorem, we have '
AC? = AB? + BC? 1 ;
5 L]
= AC* =12* + 5
= AC? =169
= AC =13 A 2 ®
) Fig. 10.7
(i) When we consider [-ratios of ZA, we have ’
Base = AB = 12, Perpendicular = BC=5 and, Hypotenuse = AC=13
. p : 3
o X o erpendicular _ 5 _n Perpendicular _ 5
Hypotenuse 13 Base 12
(if) When we consider t-ratios of #C, we have
Base = BC = 5, Perpendicular = AB = 12 and, Hypotenuse = AC = 13 . i
cos C :L=iand,mti:=—ﬂas?— :i
Hypotenuse 13 Perpendicular 12

EXAMPLE 5 Ifsin A= % » find cos Aand tan A.

SOLUTION We have,
Perpendicular _ 3
Hypotenuse 5

So, we draw a triangle ABC, right angled at B such that Perpendicular = BC = 3 units and
Hypotenuse = AC =5 units.

5iI‘IA=

.

By Py thagoras theorem, we have c
AC? = AB* + BC’ i
= 5% = AB* + 3* o
= AB? = 5% - 3
= AB? =16 | . = _JB
= ..

AB=4 Fig.10.8
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When we consider the l-ratiosof ZA, wehave _5
Base=AB=4, Perpendicular = BC = 3, Hypotenuse = AC =
Base 4 _ Perpendicular _ 3

=—and, tan A 4
Hypotenuse 5 Base 1

EXAMPLE 6 If cosB = ~;- find the other five trigonometric ratios.
SOLUTION  We have,

Base 1
Hypotenuse 3
S0, we draw a triangle ABC, right angled at C such that

Base = BC =1 unitand, Hypotenuse = AB = 3 units,
By Pythagoras theorem, we have

cos B =

AB? = BC? 4 AC? S
=5 R =124 AC?
= AC'=9-1=8
| = AC =B =22 B 1
g ' _ B=2/2 Fig. 10.9
When we consider the t-ratios of £B, wehave

Base = BC =1, Perpendicular = AC = 22

: Perpendicular 2.2 P i
B = o _ Perpendicular 2.2 =
" Hypotenuse < 3 - tanB - Base. . ] %

HY_P‘;*E_"_“E=%

and, Hypotenuse = AB = 3

Hypotenuse 3
cosecB = — -
Perpendicular ~ 23 - S€¢B =

Base =3
Base 1
cotB = ==
Perpendicular ~ 2./3
8 :
EXAMPLE 7 If cosf = T find the other five trigonometric ratips,
SOLUTION We have,
cost = =% = -a—
Hypotenuse 17
So, wedraw a triangle ABC right-angled at A such that
Base = AB = 8 units, Hypotenuse = 4c - 17 uni
= = 17/ units =
BV pythagoras theorem, we havye and, e %
AC? = AB® + BC?
= 172 = 82 + BC?
=3 BC? =172 -
— Bcz = 289 - 64 = 225
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> BC =225 = 15
dhenwec;nmde:;e F-ratios of ZBAC = 9, wehave
ase = AB = :
58 erpendicular = BC = 15, and Hypotenuse = AC =17
sing = —orpendicular _ 15
Hypotenuse — 17 c
tan 0 — Lerpendicular _15
Base 8 17
COSEED PHypotenuse _17
e di '
rpendicular 15 5 B
sech = M -l A 8 8 o
Base 8 Fig. 10.10
ad, cotf = Fase -8
Perpendicular 15
KAMPLE 8 If cosec A = 10, find other five trigonometric ratios.
JLUTION  We have,
cosec A — ypotenuse J10
Perpendicular 1
) wedraw aright triangle ABC, right-angled at B such that
Perpendicular = BC = 1 unit and, Hypotenuse = AC = V10 units. C
v Pythagoras theorem, we have . 41
AC? = AB?® + BC? 0 :
> (v10)* = AB* + 17
AB*=10-1=9
=9 = A 3 5
a8 Jg 5 Fig. 10.11

'hen we consider the trigonometric ratios of £A, we have

Base = AB = 3, Perpendicular = BC =1 and, Hypotenuse = AC= 10

. Perpendicular _ 1 4 Base 3
- Hypotenuse Jio Hypotenuse 10
. —_
A = Perpendicular _ 1 A Hypotenuse Jio
Base 3 Base 3
Base oy _3_ =3
. base _= -
d, cotA Perpendicular 1

; i 3 o
AMPLE 9 Inaright triangle ABC right angled at Bif sin A = 5 find all the six trigonometric
tiosof ~C, .
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MATHEMATICS - X
SOLUTION  We have,

c
sin A — Lerpendicular 3

Hypotenuse 5

So, we draw a right triangle right angled at B such that i 5
Perpendicular = BC = 3 and, Hypotenuse = AC=5
By Pythagoras theorem, we have
AC? = AB* 4 BC?
A 4 8
= 5 = AB? + 32
2 Fig.10.12
= AB* =25-9=16
I = AB = \ﬁg =4
When we consider the trigonometric ratios of £C, wehave
{ Base =BC=3, Perpendicular= AB =4 and, Hypotenuse = AC = 4.
sin ¢ - Perpendicular _ i, WEC = r Base =§
Hypotenuse 5 ypotenuse
i lﬂ“C:M:E' COSECC=—IEEE@_EE_=E
2 Base 3 Perpendicular ~ 4
Hypotenuse 5 Base 3
secC=—r — 7 _°2 and;; cotiC s
I Base 3 = Perpendicular ~ 4
‘ EXAMPLE 10 IfsinA = 3 . evaluate cos A cosec A +tan A sec A.
| SOLUTION  We have,
| ' SIIU"I. = ____dl_c_u]_ﬂ__[‘ = -!-.
{ So, we draw a right triangle, right angled at B such that Perpendicular = BC = 1 unit,
Hypotenuse = AC = 3 units,
By Pythagoras theorem, we have &
AC? = AB® + BC?
= 3 = AB? + 12
3
= 9-1= A.Bz 1
= AB=.B8=2/3
AB 22 AC 3
A s—_—= = —_— = =
Now.  cosA= e =3 coseea BC-71=% A 2/2 s
I BC 1 AC 3 Fig.10.13
nd=—=___,n4 A= 2
| AB 22 A= =0 h
cos A cosec A + tan A sec A =2__"'5x3+ 1 .3
3 22 3f
= cnsﬂcosecﬂ+tandsecA=2J§+§=.1f‘_":i_t_3
8
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TRIGONOMETRIC RATIOS
10.9
EXAMPLE 11 [fcosec A = zﬁ"d”rt’mhrmf ,_sinA .
SOLUTION  We have, na 1+sA
cosec A = —Eﬂmm____“_‘iﬁﬁ_ _2
Perpendicular 1
So, we draw a right triangle, right angled at B such that 1
Perpendicular = BC =1, Hypotenuse = AC=2.
By Pythagoras theorem, we have 2
1
AC? = AB? + BC?
= 22 =12 4 AR?
= 4-1=AB ) i B 4
- AB =3 Fig. 10.14
Now,
tanA~—B—C=—1— A=£=—land 5/‘!-£=—J§
AB 3’ AC 2 AC 2
1, sinA _ 1 1/2
tanA  1+cosA 1 " J3
V3T
1 sin A Vi 172 3 1
+ =—x = —k
= tanA  1+cosA 1 2443 1 2+3 e | o2
2
1 sin A 1 2-43
= + =3 + X
tanA 1+ cosA 2443 2-43
1 sin A 2-43 2 f
I:anA+1+cusA T —{v"-) =)=
. J2
PevPir 12 If tan A = 2 1 show that sin A cos A = T p
SOLUTION  We have,
Perpendicular V2 -1
tanA = = 1
Base
50, wedraw a right triangle ABC, right angled at B such that
Base = AB = 1 and, Perpendicular = BC= 2 -1
By [’ythagoras theorem, we have T
AC? = AB* + BC? S
= AC? =12 + (V2 -1 3 .
= AC? =142+1-242 Mg
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= AC’ =4-2{2
= AC =1 -242
BC J2-1 AB 1
SiINA=—=—n___and, cosA=— = ——
Now, sin c Y yTe r__4—2ﬁ

_ V-1 1 _ V-1 a-1r 1 V2
suu‘l-:usﬂzJ4-2ﬁxJ‘i_2J§—4_zﬁ—2ﬁ{ﬁ_1} 542 -+

EXAMPLE 13 In a right triangle ABC, right angled at C, if tan A = 1, then verify that
2s5inAcos A=1.

INCERT]
SOLUTION In AABC, we have -
tanA=1
5,
i AC -
= BC =x and AC = x
By Pythagoras theorem, we have
AHf = AC? + BC? 2 = c
= AB* = x* + 2 Fig. 10.16
= AB = 2y
; BC X 1 AC X 1 1 1
sin A =E=E=-J—E- and CGSAzi_g:E:

I ey
2 TR A

EXAMPLE 14 Iftan A =1and tan B = 3, cvaluate cos A cos B —sin A sin B.
SOLUTION  We have,

— Perpendicular 1
Base 1
S0, we draw a right angled triangle ABC, right angled at C such that Base = AB=1 and,
Perpendicular =BC =1
By Pythagoras theorem, we have
AC* = AB? + BC?
= ACt =1 4+12 C
=3 AC =2 5
c05'4=§—§=—1—and,sinﬂ=§£=_l_
AC 2 AC 2
We have,
tan B - Ferpendicular } lfi A ] 5
Base 1

Fig.10.17
So, we draw aright triangle ABC, rightangled at A such that

Base = AB = 1 and Perpendicular = AC =3
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By Pythagoras theorem, we have C
BC? = AB® + AC?
= BC* =1* +(V3)* = 4 e
— BC =2
AC
HIHH=;—=-J—§,andcnsB:—B=l |
BC 2 BC' 2 8 i A
Hence, cosA cosB-sinA sinB = ;x—]-— -Lxﬁ = 1-43 Fig.10.18
V2 2 22 22
EXAMPLE 15 Tna AABC right angled at C, if tan A = %,_.ﬁmf the value of
sin A cos B + cos A sin B. ' [CBSE 2008]
SOLUTION Let us draw a A ABC, right angled at C in which tan A = -\;—i
1
Now, tan A = —
J3
BC
= -BE:L [ 1anﬂr—~v:’ B
AC 3 AC
= BC = xand AC = /3x -(1)
By Pythagoras theorem, we have
AB? = AC? + BC?
2 A ) C
= AB? = (V3x) +x? Fig. 10.19
= AB? =337 + 17
= AB? = 447
- AB = 2x

To find the t-ratios of ZA, wehave
Base = AC = V3%, Perpendicular = BC = x and Hypotenuse = AB = 2x
AC  Bx 3

. BC 1 oa At
sind = — =— :Ennd, cosA = 1B 2 =

7
AB 2x <
When we consider the t-ratios of #B, we have

Base = BC = x, Perpendicular = AC = V3x and, Hypotenuse = AB = 2x

. AC J3x 3B

msR=_—BC i =li111d,5il1ﬁ === \-u = £
_ 1.1 8 ¥3_1_3_,
sin A EL]SB+C(]SJ"|SII'IB='2'E§‘| B XT_"I- 4 -
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5 l-tana
EXAMPLE 16 If sec u = =, eoaluate -
1+tana

SOLUTION  We have,

Hypotenuse 5

secu = =
Base 4
S0, wedraw a right triangle ABC, right angled at B such that
Hypotenuse = AC = 5 units, Base = AB = 4 units, and ZBAC = .
Applying Pythagoras theorem in A ABC, we obtain

AC? = AB* + BC?

Cc
= 5 = 4% 4+ BC?
= BC? =5 -4 =9 “
= BC=49=3 .
B 3
bing = — == a
AB 4
A 4 B
3 1 Fig. 10.20
1 - tana 4 4 1
N i = = — = =
o 1+ tana ]+3 7 7
4 4

NOTE It should be noted that: sin® 0 = (sin6)*,sin’ @ = (sin®)*,cos® B = (cos0)® etc.

EXAMPLE 17 If sinB =

SOLUTION  We have,

» show that 3cosB - 4cos’ B = .

b | -

sinB < Perpendicular
Hypotenuse

d
2
50, we draw a right triangle ABC, right angled at C such that

Perpendicular = AC = 1 unit, Hypotenuse = AB = 2 units,
Applying Pythagoras theorem in BCA, we obtain

A
AB? = BC? + AC?
= 2" = BE? + 1 2 ’
= BC* =3
= BC =3
B J3 C
BC 3 J
SosBs —p = Fig. 10.21
Nl“\"l
3
3cmB-4ms"B=3x£—4£ =_3_"‘@_4 3\1@_3\.@ 343
T I
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EXAMPLE 18 If tan A = 2, coaluate sec A sin A + tan® A — cosec A.
SOLUTION  We have,
2 e
A = Perpendic flar 2
Base 1
So, we draw a right triangle ABC, right angled at Csuch that
Perpendicular = BC = 2 unitand Base = AR = 1 unit.

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

= ACE =4 P =5
= AC =5 Fig. 10.22
AC
5&(:;“[:—"—=\{5_,tﬂnﬁ=_c‘=g_ '|n‘-1=—1£=—2-
B 1 AC 5
and, casec A = A—C- = E
BC 2

; 2 7
Now,sec A sin A +tan? A—cosec A =6 x—+(2)° -] 2=
J5 2 ( 2

=2+4-22= =

Jﬁ] V5 _. 5 _12-5
2 2 2

EXAMPLE 19 Given AACB right angled at C in which AB = 29 units, BC = 21 units and
ZABC = 0. Determine the values of

(i) cos*0+sin®0 (ii) cos®0—sinp INCERT]
SOLUTION In A ACB, we have
AB? = AC? + BC?

= AC =JAB? —BC? =/29* —212 =J(29+21)(29-21) = V400 = 20 units
, AC 20 _BC _21
smﬁ_ﬁ_ﬁmd cnaﬂ-AB—zg A
(i} Using the values of sin 0 and cos 0, we obtain
29
21\ [zﬂ)z
2 w20 [£1 £y
cos™ B + sin B—[zg] + 29
N 441 + 400 =1 0
- 84 B 21 c
(i) Using the values of sin 8 and cos 0, we obtain Fig. 10.23
B e (21T Ejz_211'2‘]22{2“20”21‘2”3211_
cos” B —sin H=(E) "[29 T g2 841 841

EXAMPLE 29 If cotB = lfi_z' prove ihat tan® B — sin B = sin' B sec® B.
OLUTION We have,

_ Base 12

Perpendicular 5

50, we draw a right triangle ABC, right angled at Csuch that
BC = 12 units and, Perpendicular = AC = 5 units.

cotB =

Base =

[
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Applying Pythagoras Theorem in ABCA, we obtain
AB? = BC? + AC?

= AR =122 4+ 52 = 169
= AB = J169 = 13
AC 5 AC 5 AB 13
inB="==",tanB="— == e b
) AB 13 BC 12 and, sec B BC 12 A
Now, LHS = tan’ B - sin* B
- LHS = (tan B)® — (sin BY’ 13 ;
5Y (5 25 25
- LHS"(E) _[1_3] EETTRRTT
1 1 169 - 14 B 12 c
= - —— e | = H
W 2‘5[144 1&9] 25[144:-:159] Fig.10.24
25 25x 25 5% x 5° .
= LH5=25 = = -
" 144 169 14 =169 127 x13° ®
and, RHS = sin® Bsec? B
) 5V (13  5'x13? 54 5% x 57
RHS = s‘mﬂh["] [_] ) B -
= TR AR S e
From (i) and (ii), we have
tan® B - sin’ B = sin® B sect B
5 J tana sina
EXAMPLE 21 If seca = =, verify that =
f 4 Wy l+tan’a seca
SOLUTION Wehave,
secq = Jypotenuse 5
Base 4
So, we draw aright triangle ABC, right angled at B such that
ZBAC = a, Base = AB = 4and Hypotenuse = AC = 5.
By Pythagoras theorem, we have c
AC? = AB? + BC?
= 5 =42 4 BC? o
3
= BC*=25-16=9
= BC =3 4
lana=£:-i—andsina=ﬁg=§ A 4 B
B AC 5 Fig. 10.25
3 3 3 3
tana 4 4 i v
Now, i 7= =4 __4 3 16 12 ;
1+ tan’a 1*{%] te2 89 2B o™ ..-(0)
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sinaa 3/5 3
and, =——-‘-=—xil.=_1_‘2_ ...(ii)
seca 5/4 5 5 925

From (i) and (ii}, we obtain
tana sing
1+tan*a  secu

. 4 = .
EXAMPLE 22 If sin® = —, find the value of 4 tan0 Scoaﬂ_
5 sec 0+ 4 cot®
SOLUTION We have,
i c
sin g = 4 _, Perpendicular 4

5 Hypotenuse 5
So, we construct a right triangle ABC, right angled at B such that
ZBAC = 0, Perpendicular = BC = 4 and, Hypotenuse = AC = 5. 5 4
Applying Pythagoras theorem in A ABC, we obtain

AC? = AB? + BC?

3 a3 . 43 0 0
= 5°=AB° +4 > 3 5
= AB* =25-16=9 Fig. 10.26
=5 AB=\9 = AB=3
AB 3 BC 4 AB 3 AC 5
=—— == =—=—, cotd = — = —and, sech = — = =
cos0=2c 5 M3 BC 4 B3
e
4 . 3 16 16-9 '
4tan9——5c059=4x§—5x5 _ 3__'?': 3 _7_1
sec0+ 4cot0 §+4x§ 5,3 2t9 14 2
3 4 3 3

EXAMPLE 23 Inaright triangle ABC, right angled at B, the ratioof ABto ACis 1: /2, Find the
values of
2tan A
(i) —————
1+ tan® A
SOLUTION We have,

B 2tan A
W, ) g et

AB 1
AB:AC=1:J§=:~IE-—J2- )

AB = x and AC = J2x, for some x.
Applying Pythagores theorem in A ABC, we obtain

AC? = AB® + BC?
= (V2x)? = x* + BC?

2
= BC: = 23t —%* =13 i - !

- BC =x Fig. 10.27
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10.16 MATHEMATICS
iﬂnA:EE =£:1
AB  «x
(i) ?.lal‘l.:l _ x11 —_13:‘1
l+tan"A 1+1° 2
8 2tan A 2x1 2
(ii) =

— = = —, whichis undefined,
-t 1-1"0 whichis undefine

PAAMPLE 24 In a right triangle ABC right angled at B, ZACB=0,AB=2cm and
BC = 1cm. Find the value of sin® 0 + tan 0, A

SOLUTION We have,
AB=2cmand BC=1cm,
Applying Pythagoras theorem in A ABC, we obtain

AC? = AB® + BC?

= AC? =2 +1=5 2
c 1 B
= AC =5 Fig. 10.28
Thus,  Base=BC=1cm, Perpendicular = AB=2¢m and, Hypotenuse = AC = J5 cm
o}
sinﬂ:—A—B=—"— and, tan[}:‘—qE:g-:Z
AC 5 1
Now,
2
i - g e 3 2 2 4 24
sin” 0 + tan” 0 = (sin0) + (tan ) =[——] +(2Y = =44 ===
%) =3 5
PRAMTLE 25 Ina AABC, right angled at Cand £ A = ZB,
(i) Iscos A =cosB? (i) Istan A = tan B?
What about the other trigonometric ratios for ZA and £B? Will they be equal ?
SOLUTION We have, :
LA =4£B
= BC = AC [+ Sides opposite to equal angles are equal]
= BC = AC = x (say)
Using Pythagoras theorem in A ACB, we obtain
3 y) A
AB* = AC* + BC?
= ABI =+ .'l.'1
= AB = \2x
(i) Wehave,
AC x 1 BC %
COEAZ——=——'—'—and Ele——o_ % . 1
AB ~ J2¢ 2 N4 e L
- AB 2y J2 d s
cos A = cos B _
(ii) We have, Fig.10.29

¥
=—=== t -
tan A AT and, tan B

8l&
]
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tan A =tan B

Now, sinA:.‘r-E:_-T_: I

sin A = sin B

AC x BC «
cotA=—===1 ; ¢ e L L

o and cot B e s 1
cot A =cotB

AB  2x AB
seCA=—=—"""=4J7 7 o Pt o

AC " ind sec B BC
sec A =sec B
cosec A = _.ﬂS_ = Vax =2 and cosec B =

RC s

cosec A = cosec B

EXAMPLE 26 Im AABC, right angled at B, if tan A =

(i) sin AcosC +cos AsinC
SOLUTION We have,

1
tan A = —
s
BC _ 1
E AB 3
= BC = x and AB = /3x

USing Pythagoras theorem in A ABC, we have
AC? = AB* + BC?

= AC? = (3x)® + x*

= AC? = 4x°

= AC = 2% J_
x BC x 1 _A_B'_ﬁz

Now, sind=—m=g =984 =0c "2

AB _\3x 3 c - BC

i —— =i = — d, cost =
SinC="c~2 2 ™" AC

. ) 1 1 3 _J3

(i) 5h1AcnsC+cusAsmC=ExE+—z-" 2

" _ J3 1 1_43

(ii) CUSﬂCOSC—Sin;"ISIﬂC=—2“"’-§"E"-““.2

12
16cotA = 12 =>cOtA =—= cotA =

SOLUTION We have, 16

sl " _AC
AB % I3 and, sin B = EE =

AB_V2x _ 5

, find the value of

(i1) cos A cos C — sin A sin C

10.17

INCERT]

Il
SR

| =

Y

= e | -
=

I

| S

il i sinA + cosA
EXAMPLE 27 Given that 16 cot A = 12; find the value of prey e

Fig. 10.30

-_—
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[Dividing Numerator and Denominator by sin A)

1018
sinA + cos A
N sinA +cosA - ___sinA
W sinA - cos A smfi_—cosﬂ
sin A
sin A i cos A
- sinAd  sinA
sin A _cosA
sinAd sinA
| 12
_ 1 +C0tf't - ¥ 16
1-cotA 1 1_2
16
3
1+ 4 i
= .
-3 1
4 4

Ssina - 3cosa
EXAMPLE 28 If 5tana = 4, show that —
v sina + 2 cosa

SOLUTION  We have,

Stana = 4 = tana =i

Ssina - 3cosa
N cosa
Ssina 4+ 2cosa Ssina + 2cosa

Ssina — 3¢
Now, sina — Jcosa

cosa

Ssina 3cosa

4

cos a COS o _Stanu—3_5’§'3

" Ssin 2cosa =
SN  Z00sa Stang .+ 2 5:43'-;2
cosa COs 5
_4-3 1
T 442 6
EXAMPLE 29 If tan@ = -}% coaluate M

cos 0 - sin?p’

SOLUTION Wehave, tanfl = %
250 cos
2sin0 cosh B msj{l '

Now, cos’ 0 - sin’ 0 gms2 0- sin"'_ﬂ'

cos? 0

2
wl6cotA =12 = cotA = —

{ q

!
o

Dividing Numerator and
Denominator by cos «

[ ]

[Dividing N*and D" by cos? 0]
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12 24 24
2 T
_l_tai?_=___'_ﬁ‘?=_l“3_=—l——-24xlﬁg_312
~ tan” 0 I_EIZJ 1725 T35 T s
13 169 169

2

2
a- =bs
5, find the values of other five trigonometric ratios.

EXAMPLE 30 [If sin0=

a* + b
SOLUTION  We have,
Perpendicular  4* - b?
Hypotenuse a2 + b
So, draw a right triangle right angled at B such that o

Perpendicular = a® - b%, Hypotenuse = o + b* and, ZBAC = 0
By Pythagoras theorem, we have

AC? = AB* + BC?

(@ + b%): = AB? + (a* - b*)*

sinfl =

Aﬂzzta2+b2}1_{nz_1,:)1 A 2al B

3 Fig. 10.31
AB? =(a* +b* +2a% b?)—(a* +b" - 247 1P) '9.103

AB? = 44%* = (2ab)®
= AB =2ab

When we consider the trigonometric ratios of ZBAC = 0, wehave
Base = AB = 2ab, Perpendicular = BC = a?—Db2and, Hypotenuse = AC =a% + b2

b u 4 U

P dicul 2 b
cos0 = Base _ 32:111 ) tan @ = erpendicular _ 4 b
Hypotenuse a® + b’ Base 2ab
2 2 5 -
Hypotenuse a- +h Hypotenuse a~ + b~
0= =—<—3, sec= =
= EHRes I’erpendicu]ar at — b e Base 2ah
afid, cokiim Base 2ab

Perpendicular  a* - b’
EXAMPLE 31 From Fig. 10.32, write the values of:

(i) sinA (i) cotA (iii) tan B (i) sin® B+ cos® B
SOLUTION In AACD, we have
AC? = AD? + CD? C
= ACt =32+ 4*
= AC? =25 y
= AC=+/25=5
In A BCD, we have A, o & 5

BC? = BD? + CD?
= BC? = 6" + 4

Fig.10.32

L
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BC? = 3 +16
BC? = 52
=5 H(‘:V{E_:“I'[:;x =2\'{1_3

. ch 4 AD 3
N !'ﬂ:“'l"____-i"lij_
' l AC I

4

5 1
o 4 2 co 4 2
anB==—-2_2 4.p CED__4 _
DB 6 3" B o i3

BD f 3
and, cosB = =
BC 2J13 13

2 2
sinzB+cuszﬂ=[—%—] +( 2 J 1,2 .8

—_— SE—— = —_— = 1
J13 J13 13 13 13

PXAMPLE 32 InFig. 10.33, AD=DBand 2B isa right angle. Determine:
(i) sin® (ii) cos0 (iff) tan® (i) sin’0 + cos® 0
SOLUTION  We have,

AB=n
= AD+ DB =g [- AD = DB]
= AD + AD = a
= 2AD =4
= AD=2

2

Thus, AD=DB = %
By Pythagoras theorem, we have

AC? = AR + BC?
= b = a® + BC?
= BC? = p* - g?
. BC = Ji =22 Fig.10.33

Thus, in ABCD, we have

Base = BC = Jb? - 4% and Perpendicular = gp -

i
2
Applying Pythagoras theorem in A BCD, we have
= BC? + BD? = Cp?

> WA (4]

2

= CD*=p -2 4+ O
= CDI= '“‘2—41‘?21*112

4
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= CDZ = b - 3a”
4
2 2
L cp-Yw-32
2
Now,
() sind = 20, sing - /2 i
\l' [l 3;; ,’41,2 - 32
B 2 _ a2 & =2
()  cosB=i= = cosg oYL =0 _ 2V0 g
&2 'J‘;_bzfi Vab? - 342
2
BD a/2
(iii) tanf = — = tan0 = _
BE Vb? - a? 2'~J'l.l'2 -t
2
- 21 - @
(iv) sin’0 + cos? O = [ s ] +
Jab? - 342 4% - 347
=_ 3 4{!:” @) _ ap? —3.:12 )
a0 — 3 4 4b? — 322

EXAMPLE 33 In AOPQ right angledat P, OP =7 cm, OQ - PQ 1cm. Determine Hn’ mhtcs

sinQand cos Q.
SOLUTION In AOPQ,wehave

0Q* = OP* + PQ*

= (PQ +1)* = OP* + PQ?
= PQ? + 2PQ +1 = OP? + PQ*
= 2PQ +1=49
= 2PQ = 48
= PQ =24 cm
0Q - PQ =1cm
= 0Q=[PQ+1}cm=25cm
. oP 7
Now st=‘5c—z=—?3
PQ 24
and, = Bk 22
cos 00

CER

[+ OQ-PQ=1=0Q=1+PQ]

Q

EXAMPLE 34 In APOR, right angled at Q, PR+QR =25¢cm and PQ =5 cm. Determine the

values of sin P, cos P and tan P.
SOLUTION In A PQR,wehave

PR® = PQ* + QR®
= (25 - QR)* = 5% + QR

[NCERT]

[ PR+QR=25ecm = PR = 25-QR]

e
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R
= 625 - 50 QR + QR* = 25 + QR?
= 600 - 50 QR = 0
== QR = i‘;}_ =12¢cm
Now,  PR+QR=25
= PR=25-QR =(25-12) = 13em
. QR 12 _PQ 5 QR 12
SiNP===_— cosP=—x==21 P = = ;
PR 13" ° PR 13 s tan PQ 5 P S5cm O
Fig. 10.35
EXAMPLE 35 If tan®+ —— = 2, fi find the value of tan® @ + —— e
J SOLUTION  We have, o
tan 0 + - =7
tan 0
13
= [tanﬂ + -——] =22
i tan®
= tan® 0 + : +2 % tanf } =4
tan® 0 tan
; = Ianzﬂ # 12 +2= 4
| tan
- tan’ 0 + s— =2
tan“ 0
ALITER We have,
ta.nB+—1— =2
tan 0
= tan’0 + 1= 2tan
= tan®0-2tan 0 +1 =0
= (tan® -1)* = 0
’ - tan0 =1
' 1
{ tan? @ + =1+1=2
_ tan® 0
HEMPEE 36 If ZBand ZQ are acute angles sych that sin B < sinQ, then p that
Z = 3 , rOUf.‘ Iﬂ
SOLUTION  Consider two right triangles ABC and p INCERT)
Vi, QR such that sjp B

=sin Q.
AC PR
sin B = AB and, sinQ = -2 0

sin B =sinQ
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P
A [\\
c B R Q
Fig. 10.36
AC PR
= —_—=—
AB PO
AC  AB
= e = PO =k, (say) ca(1)
¥ AC = k PR and AB =k PQ (i) '

Using Pythagoras theorem in triangles ABC and POR, we obtain
AB? = AC? + BC? and PQ* = PR? + QR?

= BC = VAB* — AC?* and QR = .p'pgz _ PR2

BC _JAB - AC? _ K'PQ* - KPR o

OR - Jﬁg! _ PR? . ;‘pqz _ PR? [Using (ii)]

L, Bc_kPQ'-PRY _, ' s
OR ’PQE _ pR? ...(1ii)

From (i) and (iii), we have

AC AB BC . ®
PR PQ QR

= AACB ~ APRQ

= £ZB=2£Q

— EXERCISE 10.1

]

1. Ineach of the following, one of the six trigonometric ratios is given. Find the values of the

other trigonometric ratios. /

i) si 2 i $ i) tan0 =1 (iv) sin = 22

(i) sinA = > (i) cosA = = (iii) tan0 =11 —

) J3 o 7 8

(V) tano = % (vi) sin@ = —i- (vii) cosB = iEl {viii) tan b = =

i 12 0= 1—3 (xi) cosech = J]_l'i (x11) cos0 = ]_‘-"1

) cot0=2 (9 sech= -2

2. Ina AABC, rightangh:d atB, AB =24 cm, BC =7 cm . Determine

(i) sin A, cosA (ii) sin C,cos C [NCERT]
and cot R. 1s tan P =cot R? INCERT]

3. In Fig, 10.37, find tan P’



10,24 A
=]
\5@ ,.E,
r
A Q
Fig. 10.37
9
I Ifsin A=

41" Computecos Aand tan A.

41

Given 15cot A =8, find sin A and sec A. INCERT]

In APQR, right angled at Q, PQ = 4 em and RQ = 3 ecm. Find the values of
sin I”, sin R, sec P and sec R.

7
If coth = 2? evaluate:

(T 4+sin0)(1 - sin 0) ) . o
@) (1 + cos 0)(1 - cos 0) (i) cot?p INCERTI

s— = cos® A -sin® A ornot. INCERT)]
1+tan" A

9 1f tan0 =, find the value of S50 + sin@

b cosf - sin
4cos0 - sind
2cos0 + sin@
4sin0 - 3cosh
2sinB + 6cosh
asin® - b cos@ = a* - p?
asin® + beos® g2 4 2

10, 1f 3tan® = 4, find the value of

11 1f 3cot® = 2, find the value of

. It =E, rove that
ir tan B b prove

2sinB - 3cosO .

13 Seiiib el )
o] | B . =
11, If sec 5 show that 4sinB - 9cosh

3

12 : 35
14, [f cosB = 7’ show that sinf (1 - tanB) =

—

l 1-cos’® 3
5 If cotB = —, show that ———— ==
: e V3 == 2-sin"0 5 '

In. If tan® = —, show that

1 coseczﬂ—secle 3
______——\—._ —
J7 cosec’ 0 + seclg 4

5 sin® - 2cosg
= = —, find the value of ——— %959
17. Wsech= 2, fn tan 0 - cot

12 . 2sinf) cos@
15 1f tan0 = ﬁ,ﬁm the value of —5————

LT »  dE———
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) E sinf)
19, If cost) = = find thevalue of tan 0
: 2tan 0
3 cosl) I
20. Ifsin®) = =, evaluate —_tanl)
5 2coth

_ 4
21 If tan0) = = find that sin® + cost

1

(T )
@ If sinl) = 5—, find sect + tan® intermsofadand I

23. If 8tan A = 15, find sin A — cos A

20 —sinb +cost 3
55,0 =, sl Hiat o ey 2
21 1+ sin0+cos 7

—

1 sin A

25. If cosec A = 2, find the value of +
- E ¢ tanA 1 +cosA

10.25

36 If #ZA and ZBare acute angles such that cos A = cos B, then show that £A = ZB.

[INCERT]

27. Ina D ABC, rightangled at A, if tan C = J3, find the value of sin B cos C + cos B sin C.

28. State whether the following are true or false. Justify your answer.

(i) The value of tan A is always less than 1.

.. 12

(iiy sec A = — forsome value ofangle A.
(iii) cos A is the abbreviation used for the cosecant of angle A.
(iv) cot A is the product of cotand A.

2 4
(v) sin0 = 3 forsome angle 0 .

LEVEL-zl

sin” () — cos- 0 1
s

29. If sin@ = —:% find the value of

2sincost tan” 0

30, If cosh = 3. 5 ; _— sin” 0 — cos™ 0 .
o Af cos) = — svalue : 2
a8 13’ find the value o 2s5in0 cos0 tan~ 0

3sin A - 4sin YA ~ 3tan A - tan® A

5
I If sec A = =, verify = 5
'r ‘ 4,\erlf} et dcos” A - 3cosA l1-3tan- A

cosec’ 0 —cot’ 0 V7
32, 1f sin® = 2 prove e =
sin () 3 prove that sic2 0 -1 3

3- 4sin” A B tan” A
deos—A-3 1- Jtan- A

3. 1f sec A = -IE:: verify that

(PR TR I

|CBSE 2008]
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¥ I coth = 3', prove that sect - cosec - 1
4 \'sec® + cosec® J7
5. 1f 3cos0 - 45in0 = 2cos0 + sin 0, find tan 0.
L IE 2 A and 21 are acute angles such that tan A = tan P, then show that /A = /P,
ANSWERS
: 5 2 3 3 V5
(i) cosd = X2 = —, 5 =—_—, SeC A =—, cot A = —
(1) cos / = tan A = sec A T COSeC 3 ( >
q
(i) sin A= % tan A = %, sec A = %, cosec A = i. cot A = -‘}
i, 11 1 Ji22 1
(m) sin® = y €05 B = —, cosec ) = —— , sec ) = V122, cot0 = —
vi22 V122 11 11
. 2 2 15
(1v) camsﬂ-z—@, ant):l, s.ecﬁzi. cot b = ZJ_E‘.ICCI&ECU‘—“—
15 226 2J26 11 11
5 3
(v) sinu =—, cosa = ;s ot = —, cnsecu-l—_-i, Sec(Q = —
13 5
(vi) cos0 l tan 0 = 3, sec® =2, cosecd 2 cot ¢ l
¥ Cis =t e u A — - = — " | == wige E e—
2 * 5 7
3 24 2 25
(vil) sinb = % tan t) =?4, sechH = ?, cosecl = L cot 0 = 1
= . ] 8 15 15 17 17
i) sin0 = —, cosh =—, cotB=—, cosecd = L = —
(viil) sin T t T 0 2 COSec sec () T
5 5 12 13 13
ix) tanb=—, sinB=—, cosll ==, 0=—, s = -2
(1) 12 13 it il A
) 12 5 2 13 5
x) sinB=—, cosO=—, tanf ==, pcl = —, ==
(x) sin 3 0s s 5 cosec 5 cot B :
. 1 3 1 J10
i) sinll=—, cosf=—, fanh=— ch=—:, =7
(xi) 0 J10 3 5e 3 cot 0
i @ 9 9 15 12 15
sinf) = —, tanB=—, cosech=— cot@=-= —_ )
(xii) si s B 5" ] 3" ) T
B ] - T E - 3_‘.;. _.?.. 5 5
2 ) 55055 (ii 35’ 35 D tanP=E,cotR :E' Yes,
40 9 15
s A=—,tan A =— 5 sinAd=22 _ 17
4 cos A 1 an 0 5. bmA—-l?,SEcA S
3 5 5 4 49 49
=1 D e = — == = = 3 .=
B, sin P = 5,.,‘-&‘CP 4'5{'.':R 3'““R_5 s (') E_l_ {1—1} E;" B. Yes.
4 1
Q ’Lﬂ 10, B 11. 3 17 E'- 18, 312 19 i
fi—i'.' ba ¥ ? T Ty ’ ]6{}
25
- = u, 5 n [bre 5 7 . .
o 5 25 b-a 17 25, 2 27 1
a8, (i) False (i) True (iii) False (iv) False (v) False
2 I 0. :‘3 15, %
" 3456 3456 '
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10.5 TRIGONOMETRIC RATIOS OF SOME SPECIFIC ANGLES

In this section we shall find the trigonometric ratios of some standard angles by using some
clementary knowledge of geometry. For other angles, we can make use of the trigonometric
tables.

10.5.1 TRIGONOMETRIC RATIOS OF 0° AND 90

Let ZXAY =0 be an acute angle and let P be a point on its terminal side AY. Draw
perpendicular PM from Pon AX.

Y
F
1
A M X
Fig. 10.38
In AAMP, we have

rPm AM PM
sinfh = ——, cosf =—andtanb = —
AP AP AM

It is evident from A AMP that as 0 becomes smaller and smaller, line segment PM also
becomes smaller and smaller; and finally when 0 becomes 0% the point P will coincide

with M. Consequently, we have
PM=0and AP=AM

PM 0 M AP
in0°=—=—=0,c080°=——=—=1
SIS AP T AP AP~ AP
»)
and, tan0°=£-w-=£=
AP AP

Thus, we have

sin0° =0, cos0° = land tan0® = 0
From AAMP, it is evident that as 0 increase, line segment AM becomes smaller and
smaller and finally when 0 becomes 90° the point M will coincide with A. Consequently,

we have

AM =0, AP=PM

PM —Eﬁd—:landcus‘m‘fzﬂ— D

-t e D e = — =
+ sin 90 = AP M AP AP
Thus, we have

sin 90° = 1 and cos 90° = 0
PM PM

RENUARK Tt is epident from the above discussion that tan 90° = R is not defined.

Simr'."ur.?y, sec 90°, cosec 0°, col 0° are not defined.

10.5.2 TRIGONOMETRIC RATIOS OF 30" AND 60

Consider an equilateral triangle ABC with each side of length 2a. Since each angle of an
tquilateral triangle is of 60°. Therefore, v.:.c:h angle of A ABC is of 607, Let AD be
perpendicular from A on BC. Since the triangle is equilateral. Therefore, AD is the bisector of
ZA and D is the mid-point of BC.

' BD = DC = aand £ZBAD = 30°

Thus, in A ABD, 2D is aright angle, hypotenuse AB = 2a and BD =a.

L1
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S0, by Pythagoras theorem, we have
AB® = AD? + BD?

=> (20)° = AD? + &
= AD? = 4g* - #
= AD= 3n

Trigonometric ratios of 30°:

In right triangle ADB, we have [CBSE 2009, 2010]

Base = AD = /3q, Perpendicular = RD =g, Hypotenuse = AB=2aand £DAB = 3(°
A
sinfﬂl“:ﬁ =i:.l_
AB 2a 2 _
I cos3® = ﬂg - V3a = ﬁ “lag” ;
AR 2a 2 a
BD il 1
MmN e e
AD J3a 3
1 60°
cosec 3 = -
| e b a ¢
' | > . Fig. 10.39
¥ ':‘“_IU = e 8 _ B
sec cos 3 3 and, cot30° = v J3

Trigonometric ratios of 60°: [CBSE 2009, 2010]
In right triangle ADB, we have

Base = BD) =a, Perpendicular = AD = 3, Hypotenuse = AB=27and ZABD = 60°

sinépe = A2 _ ‘ﬁ"=£_ cose0e =32 _a _1
AB 2 2a 2
tan60° = 4 Ji"-: V3, cosec6° = : -
BD a sin b0° 3
e T
sec 60° = oS 605 2 and, cot60° = lan]b[P = _;%
10.5.3 TRIGONOMETRIC RATIOS OF 45°
) Consider a right triangle ABC with rightangle at B such that ZA = 45°. Then,
LA+ £B+ £C = 180°
= 457 +90% + £C = 180° c
= 20 = 45°
ZA= £C S
= AB = BC Ja
Let AB = BC =a. Then, by Pythagoras theorem, we have I
AC? = AB® + BC?
=i AC? = a* + 0 45°
= AC? = 2° A a it
=5 AC=v2a

Fig. 10.40

Misor = — ca—
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Thus, in AABC, we have

Il;'l."l — 45*‘, Bﬂ,‘il.," — AH =i, l‘(—]‘l‘}"l'l_'nlii(:l]lt‘lr =RBC = i, ﬂnd ] |}'|.'JUIL‘THIHL' = AC = \,'IIEH .

sin 457 = EC‘-‘ A —]=, cos 45° = Ll ... B L_
AC Vaa 2 AC  2a 2
. BC
lan45" = — = E =1, cosecd’” = 1 = \ﬁ
AB  a sin 45°
o ] =
sec 457 = - =2 and, cotd5° = : = . =1
cos 45 tands3® 1 :
Following table gives the values of various trigonometric ratios of 07, 307, 457, 60° and 90° ftor
ready reference. ,
(0] 0° 307 45° 6" 9()"
T. ratios
. 1 1 J3
sinf) 0 5 \,—5 a I
a | L] |
cos () 1 £ 72 > i
1 T3
tan 0 0 NE] 1 J3 Not defined
2 ' o
cosec b Not defined| 2 g2 :3 1
2
seal 1 7 J2 2 Not defined
1
cot0 Not defined| /3 1 Vel 0

ill illustrate the use of the values of various trigonometric ratios given

F‘JI l(l\'\'ing exa n"lplt:ﬁ W ; . l
Jues of trigonometric expressions.

in the above table to find the va

ILLUSTRATIVE EXAMPLES
LEVEL-1

of the followoing in the simple st form:
(i1) sin60° cos457 + cos60° sin 457

EXAMPLE 1 Evaluate cach
(i) sin60” cos30° + cos6l” sin30°
(i) cos60®cos30° + sin60°sin30° [NCERT]  (iv) cos60°cos30° - sin60° sin 30°

SOLUTION (i) We have,
sin 60 cos30° + cos6l)” sin30° =

»

3
x =4
2

!
2

(i) Wehave
¢ A3 1 11 A8, 1 3
" " . —_— O =3 B R —=N——= il — = =
sin 60° cosd5°+cos6° sinda" ==X e S X TE = BT 202
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(i) We have,
0 60830° » singiPain e Ly M8 o MB 1B B _(E) B
Cos 607 cos 30 + sin 607 sin 30 =§>t-2—+TxE—T = L 3 J 3
(iv) Wehave,
1. V3 V3 1 3 3
086l cos 30° - s 51 f = = - el e L :0
COsb” cos 307 — sin60°sin 30 zx > e 4 n

EXAMIPLE 2 Etw-‘untn’rrchqi"rlrvfm’imw'ug:'nHms.-'mph-sllfnrm:

(i) cosec30” + cot45° (i) cos30° cos45” — sin 30° sin 45°

(1) tan30° sec 457 + tan 60° sec 30°
SOLUTION (1) We have,

cosec3D® +cotd5* =2+1=3
(i) We have,

(iv) sin30°cos45® + cos 30° sin 45°

B8 1 1.1 8 1  JB-1
c0s 30° cos45° - sin30°sind5® = X2 v _ 10 - - =
2 2 2 2 a2 22 22
(1) We have,

tan 307 sec45° + tan 60° sec 30° = —\% x 2 + 3

(iv) We have,

sin 30°cosd45° + cos30° sind5e = Lx L . V3 1, M3 _V3+1

1
N TN W e e i

ENAMPLE 1 Evaluate the following expressions:
() 2sin” 307 tan60° - 3cos? 60°sec? 30°  (if) cosec 30°sin? 45° - sec” 60°

(ii)) tan60°cosec™ 45° + sec’ 60°tan45°  (iv) 4cop? 45° — sec” 60° + sin? 60° + cos2 90°
(V) 3cos” 30° + sec” 30° + 208 0° + 35in 90° — tan 60°

SOLUTION (1) Wehave,

2 sin” 30°tan 60° - 3cos® 60° sec? 30°
= 2(sin30°)° tan60° - 3 (cos 60°)* (sec30°)
- Ex[%] :-:-JE —3):[12)-![32_5)-
=P l « JE -3 x
4
(1) We have,

J3 =2

z=iflles

4
W o= =
3 2

%

1
4
cosec” 307 sin” 45° - sec” 60°

= (cosec30°) (sin 45 - (sec 60°) = (2)? x[—\}?] ~@2P=2-4=-3
(i1i) We have, -

p I 3
tan 60" cosec™ 457 + sec” 60° tan 45°
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= tan 60° (cosec 45%)? + (sec 60°)" tan 45°

(iv) We have,

(v) Wehave,

= 3% (N2 + (3 x1 = Bx2+4 =442

dcot” 45° - sec? 60° + sin? 60° + cos 90°

= 4 (cot45°)% — (sec60°) + (sin 60°)* + (cos90°)?

2
3
=4x(ll2—(2)‘7’+(%] +U=4—4+%+n-3

3cos” 30° + sec” 30° + 2cos 0° + 3sin 90° — tan” 60°

= 3(cos30°)* + (sec30°)° + 2cos 0° + 3sin90° — (tan 60°)*

=3x{§]:+[—%]2+2xl+3xl—(\’ﬁjz=

C =N 2+3-3= Ll
4 3 12
COMRE & Drove it €08 30° + sin60° :ﬁ
YAMPLE 4 Broee e ¥ cos60 + sin30° 2 '
SOLUTION We have,
2.8 {2
c0s30° + sin 60° > 2 _\2)_ V3
1+ cos60° + sin 30° 1+%+; 2 2
INAMPLE 5 Evaluate each of the following:
. sin® 45° + cos” 45° i §in30° - sin90° + 2cos 0°
W tan” 60° - tan 307 tan 60°
..o sinBl? ) . 5sin” 30° + cos” 45° — 4tan” 30°
i) cos” 45° - cot30° + 15¢0590 ) 2sin 30° cos 30° + tan 45°
SOLUTION (i) We have,
1 1
sin” 45 + cos” 45° _ (sin45°)" + (cos45°)° _ {]/w’r_}' + (1/2) _32 R _
tan® 60° (tan 60°)° (V3 3
(i) We have,
1 1
— 2x1 -1+2
6in30° - sin90° + 2cos0° _ 5~ 1*E*T 7 FT 3
tan 30" tan 60° \;_ e 3 1 2
(i) We have, 3
NK
sin 607

_ cot30° + 15c0s90° =

=2 3+15x0=V3-3+0=0
cos” 45° “/\E]ﬁ

ATl gt A

10.31
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() Wehave,

5sin’ 30° + cos® 45° - 4 tan? 30°
28I 30% cos 307 + tan 457

_ 5 (112 + (1742 - 4x (1/43)}

Zntxﬁ+l
272
5.1 4 5
-4 23 1 ¥ 2 5 B _f
3., B+2 12 JB+2 6(B+2 6 )
2 2

EXAMPLE & Show Hhat:
(1) 2(cos® 45° + tan? 60°) - 6 (sin? 45° — tan? 30°) =6

(il) 2(cos* 60° + sin® 30°) - (tan® 60° + cot® 45°) + 3sec? 30° — %
SOLUTION (i) We have,

2 (cos” 45° + tanz'f:[]“‘] ~6(sin* 45° — tan? 30°)

. IR CARC J}
=1[%+3]-a{%¥ ]:3[—23)_
(1) We have,
2(cos" 60° + sin* 30°) - (tan? 60° + cof? 45%) + 3sec? 30°
"“%]* *[%H‘“ﬁl%u}!hs[%f

/ 1
:le+—]—ta+n+3x§=zx-‘s-—4+4— 1

Ll |t
—

16 16 3
ENAMPLE = Fand the value of @in each of Hrt‘foﬂow;‘ng;
(1) 2sin20=43 (i) 20830 =1

(i) 3tan2p-3-¢
SOLUTION (1) We have,

2sin20 =3

=

V3 :
. smzﬁzT:-smzﬂ:sinﬁmr-‘- 2()--6{'1“::-{}:30"
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(i) We have,
2cos30 =1

1
= 0s30 =2 = c0s30=cos60° = 30 =60° = 0 = 20°

(iii) We have,
Jﬂ— tan20-3=0

- Jtan20=3

3
= - = i :
tan20 7 V3 = tan20=tan60’ = 20=60° = 0 = 30°
EXAMPLE 8 Find the value of x in each of the following:
(i) tan3x = sin 45°cos45° + sin 30° (ii) cosx = cos60?cos30° + sin 607sin 30°

(i) sin2x = sin60%cos 30" — cos60°sin 30°
SOLUTION (i) We have,

tan3x = sin 457 cos45° + sin 30°
. P T T |
2 2 2
= tan 3y = l + l
2 2
= tan3r =1 = tan3x =tan45° = 3x=45° = x =15

(ii) We have,
cos ¥ = cos60°cos30° + sinb07sin 30°

1 V3 3.1
= COSK = —K— 4+ —X—

22 2 2
et

4 4
= t:n:;.wr:--"'r;i — cOsX = c0530° = + = 30°
(iii) We have,

v = sin60°cos 30° — €os 60°sin 307

sin2
3 1 1
= 5i:|12.'l.'=—\!2—§-x—42:-£x5
= A 3 v S
sin2y=———=—%72
o 4 4 4 2
= sin 2y = sin30° = 2y =30°=>x=15

EXAMPLE o Solve each of the following cqua tions when 0° < 0 < 90°,

s |
(i) 2cos’0=—

l:i_'ii) 25inlﬂ = j-
2 2

() 2cos0 =1

(iv) 3tan’0-1=0

ke
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SOLUTION (i) We have,

2¢080 =1 = cos 0 = % = 0 =60°
(1) We have,

MATHEMATIC S

bt

2c08% 0 = 1
2
— cos® 0 = L.
+
|
— C[}Sl}=; [ cosB > 0for0” <0 < 90”]
= 0 = 607
(i) We have,
2sin?Q = L
2
=% sin® 0 = -1-
4
- 1
= Hees [~ sinB > 0 for 0° < 0 < 90°]
= 0 = 30°
(iv) Wehave,
3tan’0 =1
2 1
— tan“ 0 =—
3
= I:anl]—‘d',5 [ tanG:vaorU“-iB“{gU]
= 0= 307
EXAMPLE 10 Selveeach of the following equations for e < g < gge
(i) 2cos30=1 (i) 2sin20=3 (i) tan50 =1
SOLUTION (i) We have,
24:0539——-1=>c053ﬂ=%=33=60°=:.9=20°
(1)) We have,
lsin23=ﬁ:5mﬁ=—?:&29=m°: 0° = 30¢°

{ii1) We have,
tan50 =1=50=45" =9 =g°
ENAMPLE 11 Ufx = 30°, verify that

(i) sin3x = 3siny - 4sin’ x (1) cos3x = 4cog? = SeoR Y
2tan x

(iif) tan2x = == (iv) siny }1:_*335__21
‘ 2
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cOLUTION (i) We have,
¥ =230° = 3v =9

sin 3y = sin90° =

I si "—-";"1'-: x o 3 ano — | j ‘I.g 3 1 1
and, sina sin” x = 3sin30°-4sin30° =3x——4| = | ==-==1.
2 = 2 2

* sin3x = 3sinx — 4sin’ v
(it) We have,

x =30 = 3x =90°

cos3y = cos90° = 0
and, dcos’ ¥ =3 cosx = deos’ 30° - 3cos30° ‘

. BY (43 33 33 35 33 ;
= 4cos” x—3cosx = 4| — —3[+~— =4x—-——="-—-=0
2 2 8 2 2 2

o cos 3x = 4cos” x — 3cosx
(iii) We have,

x=130°= 2y = 60"

tan 2x = tan60® = J3

1
and 2tany _ 2Man30" 2"J§ :Hﬁ:?f‘ﬁ:ixE:ﬁ
' l-tan®x 1-tan®30° ]]2 o T J3 o2
" . k-
tan2x = Elﬂn.:
. 1-tan~Xx
(iv) We have,
x =30° = 2x = 60°
1-cos2x _ I—CUS'SDO__. . l:l.md, sit'l.'nr=~.~'.in3(]°'=l
2 2 4 2 2
sin 1-cos 2x
5INXY =
2
INAMPLE 12 Verify that:
o 1—tan® 30> 1
(i) sine0? = 2tan 30 :_‘@ (ii) cosflf = ———=—

1+tan?30° 2 1+tan’30° 2
. 1
(ifi) cos60° = cos® 30° ~ sin® 30° = 5
(V) 4(sin* 30° + cos® 60°) - 3 (cos” 45° - sin? 90°) = 2

SOLUTION (i) We have,

J3

LHS = sin60” = —-

: 1
m-n‘:.s._
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2!1

RHS — _2tan30° Ne :3jJ§=2,’J§: -
C1+an30° 14(1/\3F 1,1  4/3 3

30° V3
LHS = RHS ie, singp® = 230" _ =,

1+ tan®30
(1) We have,
1
2 3 1-=
RHs < L-tan?30° _1-(1/V3) _ A . S
I+tan®30° 14(1/V3F ;.1 4/3 2
3
_ 1-tan’30° 1
= e W T S
LH5-= IS Le., a0 1+tan’30° 2
(iii) Wehave,
2 2
RHS = cos? 30° - sin 30° = i_% —[1] =§‘-‘]-=—2'=l
2 2 4 4 4 2
and.l' I—HS:vCUSﬂ}u:%

LHS = RHS i.e, c0s60° = cos? 30° — sin2 30° — %
(iv) Wehave,

LHS = 4(sin* 30° + cos 60%) - 3 (cos? 45° — 5in? (e

ROROIEEYE
i o) oo

n

EXAMPLE 13 If Bis an acute angleand tan g . o
oth =

SOLUTION We have, 2, find the value of tan7 ;.

tan 0 + coth = 2

1

tan® + — =
= tanf i

tan?0 + 1
— =

tanf

= tan’0 - 2tan 6+ 1 -
= (tanB -1 = @
= tanb-1=0 = tan b

=1 = tanﬂ=tan45° = 0 =45

e
[ m—— ¥
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EXAMPLI

SOLUTION

EXAMPLI

and B
SOLUTION

and,

=

1 3
ETRKIC [KATIC)

tan” U+col” b

14 F.I-Jllfnl-'f il li:'.l'.".l| i -"I.'

We have

cost sin W | J3
cosD+sin 1443
(cosB—smu) + (cost)+
(cosB —sin))—(cost 4
2cost 2
2sintl) 2/3
|
cothl tant!

w9
Y

We have,

cos i) sin) 1 g3
cosl + sinb | + /3
cosh - sint)
cosl) | \1
cost + sinfd L4 A3
cost)
] = tan b 1 -3

| + tant) | + 3

tant) = V3
tant tan 6O

5] )

15 Jf sin(A + B)

We have,
sin(A + B) =1

sin{A + B) = sinW
A+B=90

i
cos(A - ) N_

cos (A — B) = C0s Y

1 B W

Adding (i) and (ii), we gel

(A+ By +(A-B) =%

tan 1_‘

+ Ul

St

I IARE D

L u !

4F

1 anid cos (A

= (tan 45 +(col 457)
costl - sl | =3
vioa b 4 -_||-|||- I 1

)4 ( 1

33— )
tant tan i) 1 i)

J .3
B {1 1 + R TR |

2A =120 => A = 0

[ 37

(1 +(1) 2

Applying compon
t'|1-1| yand din |11|'Ih|l.‘

Dividing Numerator and |

Denominator by cos ()

Oncomparing two sides]

« Rithent find A

()]

L)
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Putting A =60%in (i), we get

60" + B=90° = g - 30°
Hence, A = 0° and B = )y
PXAMPLE 16 If Qs an acute angle and sin |
SOLUTION - We have,

sinb = ¢cosl)

) = cos0, find the value of 2 tan® 0 + sin® 0 - | .

sin b ~ cosl)

= - [Dividing both sides by cos 0]

cosl) cosl) . )
= tanh =1 = tan0 = tan45° = p = 45°

2tan” 0 + sin® 0 - |

2 Y | 5 3

= 2tan? 45° + sin? 45° — 1 =2le+[73_2-] “1=242-1=2023
PRAMIPLE 07 Given that sin (A + B) = sin A cos B + cos Asin B, find the value of sin 75°,
>OLUTION.  Putting A = 45° and B = 30°in sin (A + B ) = 8in A coe B « cos A sin B,
we get

sin (457 + 30°) = sin45° cos30° + cos 45° sin 30°

in7se- L .8 1 1 B 1 34q
—] SIRDY = I s 2 =

— + — =

2 2 22 22 22 2/

ABC is a right triangle, right angled at C. If A = 30° and AB = 40 units, find the
remaining two sidesand /B of A ABC.
SOLUTION  We have,

LA+ ZB+ 2C =180°

EXAMI'LE 15

= 30° + ZB + 907 = 180° [ £A = 30°and £C = 90°]
= ZB = 180° - 120° = a(r
Now, cosA = £
AB B
., AC
— cos30° = Tn—
n 40
v3  AC
— —_——
2 40
J3 o
= AC=—x40 = AC =203 units A <
- .10.41
L HE . e
and, SINA = —
A
C
= sin30° = %—
1 B 1 :
- =— BC =40x - =20 ;
=% >~ 10 = 5 units

Hence, AC = 2043 units, BC = 20 units and ZB = g0°.
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[NAMPLE 19 [na rectangle ABCD, AB =20 cm, ZBAC = 60" Calculate side BC.
SOLUTION  In A ABC, we have D
AB = 20, ZBAC = 60°
3C
tan ZBAC = I—L
AB
B
tan 60 = —
2 20
BC .
5 =25 o
e 20 A 20cm B
= BC = 2043 cm Fig. 10.42

FAMPLE 20 A rhontbus of side 20 cin has two angles of 60° each. Find the length of the diagonals.

COLUTION  Let ABCD be athombus of side 20em and ZBAD = ZBCD=060°.

Note that the diagonals of a rhombus are perpendicular bisector of each other and diagonals
AC and BD are bisectors of ZBAD and ZABC respectively.

S0, A AOB is a right triangle such that ZBAO = 30°, ZAOB = 90° and AB = 20 cm.

cos ~BAQ = %
AB
= cos30° = 9—'1
20 0 c

J3 DA
== L Tl

2 20
= m:ifxzn:mﬁ
Also, sin ZBAQ = % 30°

; BO A 20 cm B
= sin30° = o Fig. 10.43

1 BO
- —_ = —

2 20
= BO = 2—2{} =10

AC =2 A0 = 2x10J3 = 20y3 cm, BD =2 BO =2x10=20cm

Evamprr 21 The altitude AD of a A ABC, in which ZA obtuse and, AD = 10 cm. If
BD=10cmand CD = 1043 cm, determine ZA. :
SOLUTION A ABC is a right triangle, right angled at D such that AD = 10 cm and

BD=10¢m.

BD
tl KBAD = -
an AD )
)
= tan #BAD = !L— =1
10
=2 tan ZBAD = tan 45°

L |

ww
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ZBAD = 45 A
AACD 15 a right triangle right angled at 1 such
that AD = [0 em and DC = 1043 ¢m.
o
tan ZCAD = EI_— 10 em
AD
< IV
> ln"‘..":. .l'.l{] - — \l— L \;3 r
10
B 10 cm D 103em C
> tan ZCAD = wan6l?
. Fig. 10.44
ZCAD = 6

From (i) and (ii), we have
£ZBAC = ZBAD + LCAD = 45° 4+ 60° = 105°

EXAMPLE 22 Anequilateral triangle s inseribed ma cirele
SOLUTION  Let ABC be an equilateral tri
the centre of the cirele, Then,

OA=0B=0C =6cm.

Let O be perpendicular from Oon side
are bisectors of 2B and

<_UH” = "':'l'
In AOBD, rightangled at D, we have
<OBD = 3 and OB = 6 em.

of radius 0 cm. Find its stde.
angleinscribed in a circle of radius 6 cm. Let Obe

BC.Then, Dis the mid-point of BC and OB and OC
<C respectively.

D
cos ZOBD = El—
OB

3

— cos30° = ﬂ-
[
P L] \J'E =
s BD = 6cos ° = 6x X2 = IWiem
N 2 Fig. 10.45

sy BC =2BD =2(3V3) =63 em

Hence, the side of the equilateral triangle is 643 cm .

ExAMPLE 23 feachof a, p and y1sa pﬂs:’a‘fi't'rru:uh'ngh'sudrHm.r

sin(a +ff-v) = -, cos(f + i -U}=%and tan(y+a-p)=1,

b | =

find the values of a, Band Y.
SOLUTION  We have,

|
.\inl;(f“'i’l— 'J-’)= _—,,Cl'lﬁt[!—'r’—[l:lz landl

5 5 an(y+a-p)=1,

- sin(a+PB-v)=sin 30° cos (B+v - w)=cos 60° and tan (y +q -B)=tan 45°

= a+p-y=30° A1)
P' +¥y == 06r {“)
y+a-f=45 - (i)
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Adding (1) to (ii) and (iii) respectively, we get

b ] =

2p = 90" and 2¢ = 757 == = 45" and a = 37
Putting the values f and [Yin (i), we get,

37: +45 -y =30 =y = 52;

-

lll > = 'I'J
Hence, & = 3?5 ,p=45"andy = 325

EXAMPLE 24 .'nmm-:rr!rmwr‘rd!r.-':m,s:h*ABC.;_r'lanm+H—i"i:]'nmf, sec(B+C-A)=2, find

the value of A, B and C.
SOLUTION  We have,
tan (A + B - C) = 1and sec (B + C-A)=2
= tan (A + B—C) = tan 45° and sec{B + C — A) = sec 60°

A+B-C=45and B+C-4 = bl

= (A+B-C)+(B+C~A)=45+60
= 2B = 105°
— B - H‘zln

Putting B = 52% in B+ C—-A =607, weget

52% s C—A=60°= c-ﬁ.:?%'
Also, in A ABC, we have B

A+ B+ C=180°
r 0 AL |
= A + 52; -+ C = ]HU . = :".u;
2 . | 4
= C+A-= 12?— (i)

Adding and %ublrau.tm;., (i) and (ii), we get
2C = 135°and 24 = 120° = Gi= ﬁ?— and A = 60°

a (=]

Hence, A=060708= ':"2-}-|r andC = (1?5 .

— EXERCISE 10.2

Evaluate cach of the ruh'uwm-., (1-19):
I sin45° sin30° + cos45° cos 30°
cos 60 cos 4'5” — sin A" aln 45°
c0s2 30° + cos- 457 + cos” 2607 + cost 90°

3. sin60 cos 307 + cos 60 sin 307
4. sin® 30° + sin” 457 + sin® 60° + sin® 90°
6, tan- 30° + tan” 60° + tan” 45°

N oW

2sin” 30° - 3cos” 457 + tan” 1607

+ Lain290° - 2c0s290° + 1 cos?oe
9 24

- 3
8. sin?30° cos® 45° + 4tan” 30°
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4 (sint 607 4 cog? 30%) = 3 (tan” 60° - tan® 45%) + Scos’ 45
0. (cosec” 45° spc? 30°) (sin’ 30° + dcot? 45° — sec’ 607)

I cosec' 3F coshl) tan ' 45° Sin” 9" sec” 457 cot 30"

= - 3 5 2
12, cot” 30° - 2cos? e — 2 sec” 457 — dsec 307

13, (cosl? + sinds” 4 SIn A7) (SN 90" — cos 45° + cos 67

i _-ln 307~ $in90” + 2cas()°
tan 307 tan60?
4

15, —— + — - cos” 45°

cot”™ 30°  sin- 60°
6. 4 (sin® 30° + cos” 60°) - 3(cos? 45° — sin® 90°) - sin* 60°
= tan” 607 Jeos® 45° 4 3sec 30° + Scos” 90°

cosec 307 + sec60 - cot 3)°
18 Sin 361 LtandsTsine0”  cos30°

Sind3”  sech®  cot45° sin90°

j tands? , Sech0”  5sin90°
cosec 307 cotd5°  2cos()

Frad the value of x in each of the following: (20-25)

. g X
2. 2sin 3x = \."ﬁ 21. 2sin == 1
s in |

.'_'- +
22, ¥3siny =cosx

~3. tanx = sin45°cos 45° + sin 30°
2 J3tan2y = cos6l” + sind57 cos 45° 25. cos2x = cos60°cos 30° + sin 607 sin 30°
};/th' 0 = 30", verify that:
2tan0
(1) tan20 = =il (i) sin20 = 213“9
- tan"0 14 tan“0
1-tan’0 -
(i) cos20 = < (i) cos30 = 4 cos’ @ - 3cos0
1+ tan- 0 5

—

17 IEA=B=60" verify that
/p'} cos(A - B) = cosA cosB + sin A sin B
)ii} sin(A - B) = sinAcosB -cosA sinB
_ tan A - tan
,Liii]l tan{A -B) = ?*_l‘;n_f?t_l;nﬁﬁ
248 WA =30"and B = 60°, verify that
M) sin (A + B) = sin AcosB + cos A sin B
Ja) cos (A + B) = cos A cosB - sin A sin B
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i1 In APOR, right-angled at Q, PQ =3cm and PR =6cm. Determine ~ P and £ R.

10,

. Ifsin (A= B) =sin A cos B-cos A sin Band cos (A -

143

yse L RIC A TTOES
If sin (A + B) = land cos(A - B) = 1,0" < A+ B<90°, A > B find A and B.

1 - .
If tan(A - B) = ;‘F'-l- and tan (A + B) = J3,0° < A + B<90°, A > B find A and B.

|_f.|'ll|

: 1
If sin(A—B) = _;and cos(A+ B) ;,LI' A+ B<90, A< BfindAand B.

= - '™ I 1271
, Il

InaA ABC right angled at B, ZA = £C. Find the values of

(i) sinA cosC +cosA sinC (ii) sinA sinB+cosA cosB

Find acute angles A and B, if sin (A + 2B) = i_?—and cos(A+4B) =0, A =B

W
I

LEVEL-2

B)=cos A cos B +sin Asin B, find the
values of sin 15° and cos 157

In a right triangle ABC, right angled at C, if ZB=60"and AB = 15 units. Find the
remaining angles and sides.

If AABC is a right triangle such that ZC = 907, ZA
ZB, AB and AC.

Inarectangle ABCD, AB =20cm, /BAC = 60°, calculate side BC and diagonals AC and

BD.

— 45° and BC = 7 units. Find
(1

1
If A and B are acute angles such that tan A = =, tan B = and

K " “ B
M_, find A+ B.

tan(A + B) =
o ) ] -tan A tanB
Prove that (J‘} +1)(3 - cot 30°) = tant 60° = 2sin 607 INCERT EXEMPLAR]
ANSWERS
3 +1 ks ﬁ | 2 5 2
5 1 242 2 > g
13 2
—_— -2 1 \I 3
- 9 R, 2 1 lid, 3
n 7 3 13
|l 13, — 4. = -
8J3 12. — 4 2 b
J2#1 =243
. B 17. 9 8. s 19. 0 20, 20°
ﬁﬂ“ 17, 3(‘16 23. 45¢ i | 15'5 25; ISD

0 1 (=} - - ]
A=B=45" 30.A=45° B=15 3. A=45° B=115" 32 (i) 1, (ii) B
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W AW, B=-15 W P=6lr, #R =3 35 si1 15 , cos 15

k-

o«

-
ra
2

5 -
7 5 units and AL - v units

W dB =4S, AC =7, AB=7J2 3. BC = 203 em, AC = 30cm, BD = $0cr 39, 45
10 6 TRIGONOMETRIC RATIOS OF COMPLEMENTARY ANGLES
In this section, we will obtain the trigonometric r
of the trigonometric ratios of the givenangles

COMPLEMENTARY ANGLE T uov angles are sand to by ¢ omiplen

atios of complementary angles in terms

tentbarw. of therr <t o= W)

It folliows from the above definition that 0 and (B0 - 0) are mr‘nplvnwm.lr_\ angles for an
avute angle t)

THEOREM If (hisanacute angle, then prove that

s (Y7 1) = cosi)
Lan (i "l cot bl

s (YUY~ ) = cosec)

Qs (Y -8 = sintd
col (A = 1) = tano
and,  cosec (AF - 0) = el

O Consider a nght triangle OPAL nghtangled at M asshown in Fig, 10.46.
| vt MO = 0, then - OPM = (90 )
For the reterence angle 0, we have

f OM PM
sinl) = — oo 0 = —,fantl = —
P ap OM
A1)
ap OM J
cisecl) = — oot = —— and, sec id = t—j.:
PM PM oM
Vi
P
il
Y o M x
Y
Fig 10.46

For the reference angle ZOPM = (90° - 0), we have

Base = PM. Perpendicular = OM and. I'{}'{mtcnuw =0Op
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. OM M c
sin (90° - 0) = —— , cos (90° - 0) = —, te o _ =
op cos ) 5P , tan (90° - 0)

P —— . i or PM '
cosec (A —8) = 90— ) = — = [
) 5 , sec | 1)) A and cot (90° — 0)

... (11)

|

From (1) and (ii), we obtain
sin (90° - B) = cosh, cos (90° - 0) = sin D, tan (90° — 0) = cotB
cosec (907 — B) = sech, sec (90° — 0) = cosecd and cot (90° - 0) = tan 8

© ILLUSTRATIVEEXAMPLES =

rW EVALUATING EXPRESSIONS INVOLVING TRIGONOMETRIC RATIOS OF
COMPLEMENTARY ANGLES

EXAMPLE 1 Evaluate the following:

- cos37° _ sin4l® . tan 54° i cosec 32°
) sin 53° (i) cos 49° 1) cot 36° iv) cec 58°
SOLUTION (i) Wehave,
_g3e s 53°
cos 37° =cns{?ﬂ° 53]:s!n~3 1 ['.‘coﬁ{?ﬂ“—ﬂjzsmt{l]
sin 53° sin 53° sin 337
(i1) We have,
sin41°  sin (90° = 49°) cos49°
= = = 1 . 3 o _ =
cos49° cos49° cos 49° [ sin (907 - 8) cﬂﬁﬁ]
(iii) We have,
tan54°  tan (90°—36°) _ cot 36°
= - — = 1 v ta.n mn _ =
cot 36° cot 367 cot 36° [ ( 6) = cot6]
(iv) We have,
cosec32®  cosec (90° - 58°) sec58°
=s = =1 . e _ By =
S-ECEBD SECSBB sec 58° [ cosec (90 B] S'ECB]
EXAMPLE 2. Evaluate the following:
(i) sin 3b° = cbs51° (i) cosec25’—sec65” (i) cot34° - tan56°
vy Sin36° _ sin54° (v) cos?13°—sin®77°

cos54°  cos36°
SOLUTION (i) We have,
$in 39° = cos51° = sin (90° - 51°) = cos51°

= cos51° - cos51°=0 [*_' sin (90° — ) = CDSG]
(i) We have,
cosec 25° — sec65” = cosec (90° — 65%) — sec65°
= sec65° - sec65° = 0 [ cosec (90° ~ ) = secf]
(iii) We have,
cot 34° - tan 56° = cot (90° - 56°) - tan 56°
= tan 56° - tan 567 = 0 [+ cot (90° - 8) = tan 6]
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(iv) Wehave,

Sin36°  sin54° sin(90°- 54°)  sin (90° - 36°)

cos54%  coslh Cos 547

cos 36"
cosH”  cosp®

Cos54° s 3R°

=1=1=10 |: SIn(90° - 0) = cos i), |

cos (V07 — 0) = hin[}_u
(v} We have,

cos® 137 - sin 77° = cos? (90° - 77°) —sin’ 77¢

=8in* 77° - sin® 77° = 0 [ €os (90° — ) = sin 0]
IXAMIPLY Evalunte t."n'_ﬁlh’uwmg.
. Coskp” ; 5 - an 20°
(i) u.h ( - + c0859° cosee31° (i) cot 54 , lan20°
sin 10° tan 36°  cot70°
Lo 2tan33  cot80°
() /e

— (1v) sec50° sin40° + cos40° cosec 5()°
cot37  tan10°

(V) sec70” sin20° - cos 20° cosec 70°
SOLUTION (i) Wehave,

c-f]s 80 + €08 59° cosec 31°
sin 10°

05 (90° - 10°

B . ) cos 597 cosec (90° - 59°)

sin10°

. o 37 e 5 5307

_ ‘5]“]0 +C0559¢5t'c59u:'3£‘_10_+g;&39_ =141= 2

sin 107 sinl0®  cos59°

(ii) We have,
cat 54° . tan 20°
tan36°  cot70°

_cot(90° - 36%) P tan 20¢ ~tan36°  tan20°

tn36°  cot(90°-20° °  tan36° tan20s

2=141-2=0
(1) We have,

2tan 53° _ Cot80°

col37®  tan10°

_ 2tan53% cot (90° - 10°) 2tan53°  tan10°

@037 @l T sy qanges =21 =1
(iv) Wehave,

sec 507 sin40° + cos40° cosec 50°

= sec (N)° = 40°) sin40° + cos40° cosec (90° - 40°)

o s
= cosec 407 sin 40° + cos40° sec 400 = 21 40 , o540

sind0®  cosd0°
e have,
se¢ 707 5in 207 = cos 20° cosec 70°

=1+1=2
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= sec (907 = 207) sin 20° - cos 20° cosec (907 - 207)
[ cosec (90° = 0) = secl)

= cosec 20° sin 207 — cos 207 sec 20° ind. sec (90° - 0) = ¢ —

sin 20° B cos20" 1-1<0
sin20°  cos20° o

pxAMPLE 4 Prove that:

ZH sin 35° sin 557 - cos 35% cos 55° = () cos 70° 0889 g in23pe =0
- sin 207 sin 31°
SOLLUTION (i) We have, :

[LHS = sin35° sin35° — cos 357 c0s 557

= LHS = sin (90° - 557) sin (Y0° 35°) — cos 35" cos 557
= L HS = cos 55° cos 35° — cos 35% cos 55° [+ sin (90" — 0) = ¢os 0]
= LHS = 0 = RHS

(i) We have,
08707 cos59” 4
COB/Y B ~ Bsin” 30°

LHS = +
sin20°  sin31°
L -‘ 9 |- - {T- ...‘ 9)!.- o ':_! o .
= PG SR cos(° =317 _ gen?ite
sin 207 sin31°
in20°  sin31° g 2a0c
> LHg < Sin20° , Sn3L_ ggin? 30 [+ cos (90° — 0) = sin 0]
sin20°  sin31°
1V S—
= :1+1—3[;] =2—7 =0=RHS ssin3lt = —

L‘-:\.’\ll’l.[. 5 Expresseach of the following i terms of trigonometric ratios of angles between 07 i
45°- of an,
(i) sin85° + cosec 857 (ii) tan68° + sec 68” (iii) cosec 69° + cot 69°
(iv) sin 817+ tan 81° (v) sin72"+cot72°
SOLUTION (i) Wehave,
sin 857 + cosec 857
= sin (90° = 5%) + cosec (90° - 5%

= cos 5° + sec 5° [ sin (907 - 0) = cosB and cosec (907 - 0) = secO]

(i) We have,
tan 68° + sec 68°
= tan (90° - 22°) + sec (90° - 22°)
= cot 22° + casec 22° [ tan (90 — 0) = cot0, sec (90 - 0) = cosec 0]
(iii) We have,
cosec 69° + col 69°
~21°) + cot (907 - 21%)
[ cosec (907 — 0) = secOand cot (90° - 0) = tan 0]

cosec (907

sec21” + tan21°
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(1v) We have,

SINB1Y + tan 81°

= sin (90° - 9) + tan (Y07 - 9%

- COosY7 4 cot Y’ [ sin (90° - 07) = cos 0 and, tan (90° - 18%) = cot 907
(v) We have,

5in72° + cot72°
= sin (Y0° ~ 18°) + col (90° - 187)
cos 187 4+ tan 18°

[ sin (90° - 18%) = cos 18%and, tan (Y0° - 18°) = colt 18 |
IXAMPLE o Evaluate the following;

sin35° " 1 cos55° s g .
i l -ml g ’ " uln-rn | ] — 2cos60° (ii) 20867 _ tand0® s 0°
. C0s 55" . sin35° sin 23° cot 50°
. - "1) \.2 &
ii) [ sin47° 1 +{ Uf}b-h - Jcos? 45°
os 437 sin 477
SOLUTION (i) We have,
i e S &
| sin35° | | cos55° l
+ = 2¢0s60°
lcos55°| | sin35° |
2 3
sin (Y0° — 55%) | 35 (90° - 35%) |-
sin (90 'lS)} +{aq[. ) i
cos55° sin35° |
[ cos55° ]z ( sin35° r _smiscans [~ cos (90° - 0) = sin@ ]
"\ cos55° ) l sin35°) [_and, sin (90° - 8) = cos0
1 1
:1:*1:-235:1 ['-'KL)SH]O=E:[
(i) Wehave,

2eosh7®  tan 40°
sin 23° cot 50°

2¢os (90° - 23%) ~ tan (90° - 50)

sin 23° cot 50° - cost?
= 2sin 23° ot 50° p— W cos(90% - 0) = sin0
sin 23°  cot 50° and, tan (90° — 0) = cot0
=2x]1=1-1=0 [ cos0® = 1]
(i) We have,
{«.m 47° l 0s 437

- | sin (90° — 45°) [2

. | cos(90° - 470) )2
1 cos43 |

Sind7e } ~ 4cos® 45°
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- [ cos 437 ¥ sind7e Y 1 T M=+ sin(90°-0)= cos ]
cosd3d’ I Lsin -_I? Lo | and, cos (907 —B) = sinl) |
o} - f l '|‘! o I
=1"+1° =4 — =) cosdn —=
\ \"2 ,-'I \2

W'whmn’ cach of the following:
(i) cot12°cot38"cot 52° cot 607 cot 78° |CBSE 2001 C]
(i) tan 57 tan 25° tan 307 tan 657 tan 85° |CBSE 2001 C]|

Ol UTION (i) Grouping termsin such a way that the angles involved are complementary
i.o.. their sum is 90°, we have

cot 127 cot 387 cot 52° cot 60° cot 787
= (cot 127 cot 787) (cot 387 cot 52°) cot 6l)”
~ (cot 12°tan 127) {cot 38" tan 387 (cot607)
[ cot78° = cot (90" - 12°) = tan12° cot52° = cot (50° - 387) = tan 38"]

|

=1)Clﬂ——=—'

J3 3
(i1) We have,
tan 57 tan 259 tan 30° tan 657 tan H5”

= (tan5° tan 85%) (tan 25° tan 657) tan 307

= (tan 3°cot5%) (tan 25°¢cot 257) tan 30”7
— b T - M- tan85° = tan (90° - 59) = cot5° |
A ﬁ - 3 l tan65° = tan (90° - 25°%) = thS“‘J
EX - y WP : i S B+C
XAMPLE 8 IfA, B, Care Hu-mhri;nr:m:\'h'n::f.-ri'mmgh'.#!fit..pmm‘ that: tan R cot—-.

SOLUTION In A ABC, we have
A+ B+C =180

= B+C=180°"- A
e B+C=gﬂc_ﬁ
2 2

A B+ C ) A

= tnnLB;C]Ttm[*}H“—E] = tan[—z—J=cntE

T'ype 11 ON FINDING THE UNKNOWN VARIABLE

EXAMPLE 9 Find 0, 1f sin (0 + 367) = cosB, where 0 + 36° is an acute angle

SOLUTION  We have,
sin (0 + 367) = cost
= cos (907 — (0 + 367)] = cosl

= 90° — (0+36°) =0 = 20=5# =0=27
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EXAMPLY 1
r'{fl}.
SOLUTION  We have,

tan 20 = cot (0 + 6°)

= cob(90° - 20) = cot (0 + 6%
—3

If tan20 = cot (0 + 6°), where 20 and 0 + 6° are acute angles, find the value

N -20=0+6° = 30 = & = 0=28°

FXAMPLE 11 f sin50 = cos 40, where 50 and 40 are acuteangles, find the value of 0.
SOLUTION  We have,

sin50 = cps40

=5 Sin 50 = sin (90° - 40)
— 50 =90° - 40

= 90 = g°

= 0 =10°

PXAMPLE 12 If tan 2A = cot(A - 18°), where 2A i aacuteangle, find the value of A,

INCERT]
SOLUTION  We have,
tan 24 = cat (A - 189)
— tan 24 = tan |90° —(A =189}
e tan 2A = tan (108° - A)
=5 2A=108°-A = 34 =108 = A=736°
PNAMPLE 13 If tan A = cot B, Prove that A + B = 9 INCERT]

SOLUTION  We have,
tan A =cot B

— tanf’l:mn(%“—B]::-,-1=9{]"~B——.s A+ B=9p°

EXAMPUE 14 If sec 5A = cosec (A + 36%), where
SOLUTION  We have,

S€C 5A = cosec (A + 36%)

SA is anacute angle, find the value of A

- sec 5 = sec(90° - (A + 367))
= 5eC 5A = sec (54° - A)
- SA=54-A = 6A=5" = 4 g

INAMPLE 15 If sec 4A = cosec (A - 20°), where4A is an m'urmngh-,_ﬁ'ndHn' value of A.

INCERT, CBSE 2008]
SOLUTION  We have,
sec 4A = cosec (A - 20°)
- a*c-lzt:.ﬂef{‘?ﬂ“-{fl—znﬂ:
— sec 44 = sec (1107 - A)
=% 4A=110°- 4 ﬂirl:!l(}":::A:_Zu




10.51

LEVEL-2|

pyasiet e Evaluate each of the follozeing:

) €os(40° = 0) —sin (507 + 0) + cos™ 407 + cos” 507

0 A [CBSE 2002]
sin~ 40 + sin” A0°

05 707 5 557 cosee 357
E“'? cos 5 cosec ¥ [(CBSE 2002]

(i1)

e — + —
«in 20°  lan5° tan 25”7 tan 457 tan 65° tan &5

cos 38° cosec 52° -
— [C BSE 2008
tan 15° tan 60° tan 757

i " I‘ %r_‘ A
l:iiil' ZL COs

sin 32°

SOLUTION (i) Wehave,

cos” 40° + -:nﬁ2 51

sin” 407 + sin” 50°

cos” 40° + cos (907 — 407)
sin® 40° + sin”(90° — 407)

cos (40° — 0) = sin (507 + 0) +

_ in [90° — (40° — )] — sin (50° + 0) +
[ cosa = sin (907 - )]

cos- 40° + sin” 40° B

I = 0+1=1
sin- 407 4 cos” 407

= sin (50% + 0) — sin (507 + ) +

(ii) We have,
cos 707 cos 55° cosec 35°

sin 20°  tan5° tan257 tan 45° tan 65" tan 857
cos (90° - 207) cos 55° cosec (90° — 55°7)
sin 207 tan 5° tan 25° tan 45° tan (90° 25%) tan (90° — 57)

~ sin20° ¥ cos 557 see 557

= ey
sin20° tan57tan25"tan 45°cot 257 cot 5°

1
tan 45°

=1+ =1+1=2 [ tan 5°cot 3 = 1 and tan 25%cot 257 = 1

(i) We have,
2[ cos 58° ] _f [ cos 38° cosec 52° ]

e
sin 32° tan 157 tan 60° tan 75"

COS [ﬂjﬂ‘:' _ 32&} 3 1 Cios 357 cosec {‘JD" - 330'] 1
e e —— - [ e L i
=2 g | tan 157 tan 60° tan (90° = 15%) |

il

2[ sin 32° ] _ B [ cos 38° sec 387 l

s
sin 32° 1 tan 15° % +/3 x cot 15° |

1
’ cos 387%  aga l
cus . .
2—\5 ===y 1 ﬁ ‘
ltnnlﬁ“xﬁ”

1]

tan 157
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FXAMIPLE 1 Prowe thal

() tan 10” tan 15" an 757 tan 80° - | () tan1” tan 2° tan 3. tan 89° - |

() cosl™ gos?2 cos3t

SOLUTION (1) We have,

cos 1807 = ()

LHS = tan 10° tan 15° tan 75° tan 80
= tan (90 - 80"y tan (90° - 75°) tan 757 tan R0®
COLBO” cot 757 tan 75° tan 80° I tan (90° - 0) = cot l‘.i}

= (cot 80" tan 807) (cot75° tan75%) = 1% 1 =1 = RHS
(1) We have,

[ cott tano = 1]
LHS = tan1° tan2° tan3° . tan89°
= tan (90° - 89°) tan (90" — B8%) tan (90° - 877 _,
= COLBY” cot88° cot 87° .. tan &7 tand8° tan 8§9°

= (cot8Y" tan 897) (cot 88° tan 88°) (cot 877 tan 87°) .. (cot 4° tan H) o tandss
=lxIx1l..x1=1=RHS

[ cotB tan® = 1 and tan45° = 1]
(1) Wehave,

tan 877 tan 88° tan 89°

LHS = cos1® cos2® cos 37 cos180°

=cos1? c0s2® cos3? ... cos 897 cos90° cos 91°. ., cos180°
= 08 17¢0s2°¢0s 3°... x cos 89° « 0 xcos9]" x

081807 = 0 = RHS

[+ cos90° = 0]
ENAMPLE 15 {f A + B =90°, prove that

5 = tan A
sin A sec B 2

tanAtanB + tan AcotB  sin" B
J cos™ A

SOLUTION. We have,
A+B=9"=>B=90°-4

LHS - Il't.m AtanB + tan Acot B sin’ B

V sin A sec B - cos” A
B SR tan A tan (%0° - A) + tan A cot (90° - A)  sin?(90° - A)
= o \{ 5inr1sec|:9ﬂ*-.4) cos® A

LHS = | tan A cpl A+tanAtan A cos” A
\I' sin A cosec A

4

cos” A

LHS = v1+tan® A-1=ytan A = tan A = RHS

— EXERCISE 10.3

o819 iAo
2 iy S22 iy Tnat
cos 70 sin71 Cos 69°

1. Evaluate the following:

sin 20°
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n 1 ”r L' -
tan v () sec ]
cot 80 cosec 7Y

1. Evaluate the following:

(v

) ainalLJ" | cos41° YV’
— & = - L 1s - W4 l}
M | cosdl” L sind9° ) (i) cos 48" — sin 42
. leotdd® 1(cos35%)  (sin27° [ cos 63 ‘"
L tan 507 21 sin55° J (iv) , cos63° J \ Sin27°
tan 35°  cot78" _ sec70®  sin3Y°
W) = ¥ T (vi) — e e
cot53”  tan 12 cosec 20 cos3l
(vii) cosec 317 - sec 597 (viii) (sin72° + cos18%) (sin 727 — cos 187)

@ sin 35%sin 55° — cos 357 c0s55° (x) tan 48° tan 23" tan 42° tan 677

(xi) sec507sind0” + cos 40° cosec 507

3. Express each one of the following in terms of trigonometric ratios of angles lving

between 07 and 457

(i) sin 597 + cos 56° (i) tan65% + cot49” (i) sec76° + cosec 527
(iv) cos78° + sec78” (v) cosec54”+sin72° (Vi) cot 85° + cos 75° INCERT]
(vii) sin 677 + cos 757 INCERT]
1. Express cos75% cot75” in terms of angles between 0% and 307,
5. 1f sin 3A = cos (A — 26°), where 3A isanacute angle, find the value of A. INCERT]
6. 1f A, B, C, are the interior angles of a triangle ABC, prove that
(i) tan[ & ;_ 4 ] = cnt-g (i) sin [ s ;C ] = -:us%1l INCERT]

7. Prove that:

(i) tan20° tan 35° tan 45" tan 35 tan70° = 1
(i) sin48°sec42° + cos 487 cosec 42° =2

1 a ey 7
sin70 LH_L_'.'[L _ 2¢os 70" cosec20” = 0

(i) —— +
cos 20° sec 70°

cos 807
sin 107

+ cos59%casec 31° =2

(iv)

8. Prove the following:

(i) sin0 sin(90° — 0) — cosDeos (90° =0) = 0

(i) cos (907 {l) sec (90%— 0) tan 0 lan (90°-0)
1] —_—— = &
cosec (907 - il:l'ill‘l["JU ~ 0)cot (07 - ”] cot

(1]
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1L Tfcos20=sin40, where20and 4 Oare acute angle

tan (V0% — Ay cot A 4

(i) — —cos* A =

cosect A
cos (907 — Aysin (90 - A) .
— " —sintA
tan(vo° — A)

(V) sin (507 + )

(v)

Cos (407 = 0) + tan 17 tan 10° tan 200 tan 707 tan 80° tan 89° = 1

[CBST 20071
Evaluate:

- |

(cos* 30° - sin? 457) = 3 (sin” 60° - sec? 457) + i—culz a0 [CBSE 2001 (|

2 3 p.) )
(ii) 4 (sin® 30° + cos? 60") - i(sin‘(nﬂ"‘ —Cos™ 45%) + I:tan' 60”

-

ICBST 20014

.oosInS0® cosec 40)°
{(1t) 2 far 4 cos 50° cosec 40°

e [CBSF 2601]
cos4(” sec 507

(V) kan 357 tan 40° tan 45° tan 50° tan 55° [CBSE 2000

(V) cosec (657 + 0) — sec(25° - 8) - tan (55° - 8) + cot (35° + 0) [CBSE 2000
(Vi) tan 77 tan 23° tan 60° tan 677 tan 83°

2s5inb8°  2cot15°

ICBSE 2000]

B _ _ 3tan 457 tan 20° tan 40° tan 50° tan 70° (CBSE 2004]
W) "0s2°  Stan7s0 5 ' »
3 cos 55° 4 (cos 70° cosec 2() 2007
- "HSE 2007
(viii) 7sm 35 7(tan 5° tan 25° tan 45" tan 65° tan 859) |CBSI
sin18° = a . . e o
(ix) — ==z * V3 tan 10° tan 30° tan 40° tan 507 tan 80° | |CBSE 2008
) Cos 2%
cos 587 sin 22° cos 38° cosec 32° 3SE 2009]
- ¥ o T S -
) gin 327 cos 687 tan1se tan 357 tan 60° tan 72° tan 35° 1 e
1B sinG = cos (0 - 45°), where fand 0457 are acute angles, find the degree measure of
0,
It A, B, C are the interior anglesofa A ARC, show that:
. .. B+C A 0 B+C . A
M sin—— = €05 — (i) cos = sin

It 20 + 457 and 30° - ¢ are acute angles, find the degr
sin (20 + 457) = cos (30° - 0)

ee measure of O satisfying

It B1s a positive acute angle such that sec 0 = cosec 60°, find the value of 2 cos” 0 - 1.

:s, find the value of 0.

Itsin 30 = cos (0-67), where3 0 and 0 - 6° are acute angles, find the value of 0.

[F sec 4A = cosec (A -207), where 44 is an acute angle, find the value of A.

[t sec 24 = cosec (A - 42°), where 24 is an acute angle, find the value of A. _
[CBSE 2008]

I tan 2a = cot (A - 18%), where 2Ais an acute angle, find the value of A.  [CHS1 2018]
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[l
Lo 1 (ii) 1 (i) | ({iv) 1 (v
2 (i) 2 (i) 0 (i) 1/2 (iv) 0

(v) 1 (vi) 2 (vii) 0 (viii) 0

(ix) 0O (x) 1 (xi) 2
3. (1) cos31° + sin34° (i) cot25” + tan41°

(i)  cosec 14" + sec38° (iv) sin127 4 cosecl2®

(v) sec36” + cosli® (vi) tan 5° + sin 157

(vii) cos 237 + sin 157 1. sin15° + tan15° 5,
9. (i) L i) = i) -2 iv

-, 24 ) 4 (iii) =2 (iv) 1

i) /3 (vii) 1 {wiii) % (ix) 2
10. ﬁ?iﬁ 1% 158 13, *1- 14. 15°

2 2

15, 24° 16, 22° 17. 447 15. 36°

10.55

ANSWERS
)1

29°

(v} 0

- \F?

(x)

VERY SHORT ANSWER TYPE QUESTIONS (VSAQs)

Answer cach of the following questions either i one word or one sentence oras
fquestions:
1. Write the maximum and minimum valuesof sin 0,

3. Write the maximum and minimum values of cos b,

3. What is the maximum value of 2
sec i)

15

1. What is the maximum value of ———2+
cosec B

g .. E‘Jﬁ” = Hin_u
5. 01f tant = E,fmd the value of Ci1_-—ﬁﬂ e

soc =1
, find the value of ———
sec+1

L]k

b If cosl =

4cos - ‘Sil\_U
2cos+sin

1 4

If 3cot 0 = 4, find the value of

] *
cosec™ 0 —sec” 0

5 Given tan 0 = _JF‘-:-_' what is the value of

3 - ]
cosec” O+ sect 0

; i I —cos 0
9. 1 _ b write the value o =3
If coto = ﬁ L wrile the 2 _sin20

3

10, If tanA = = and A + B =90°, then whal is the value of cot B?
4

per requirement of the

u-l'l--'_-'\ ?L‘
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3 . :
L IE A4 B =900 and cos R = = whatis the value of sin A?

12, Write the acute angle o satisfl\;ing V3sind = cosO-

- Write the value of Cos 1% cos2° cos 3°..... cos 179° cos 180°,

- Write the value of tan 10° tan 15° tan 75° tan 80°.

sl

IS5, 1f A+ B = 90° and tan A = 1 whatis cot B?

; 5
16. If tan A = X find the value of (sin A + cos A) sec A, [CBSE 2008]

. ANSWERS
1
. =1 and 1 2. -land 1 3 ] 4.1 5; :}
& & 8 13 g ; 4 3 3 3
-5 7 1 8. 3 5 10, 1 11 X 12. 30
. B 17
13. 0 14. 1 15, 1 16, ﬁ

e . MULTIPLE CHOICE QUESTIONS (MCQs)
Mark the correct alternative i each of the following:

; 3 sinftan 0 - 1
L. It 0 is an acute angle such that cos 0 = 2, Hhep 202 1N =

2 Ztan:"ll
16 1 3 160
(a) — by — ) - 3 b
) o5 36 © Te0 ® 3
2 1f tan 0 = %, then edieal i i is equal to
) asinf - pcos 6
a + b b at - L, fi+b . a—b
(@) at —b* ] @+ b ) a-h (@) a+h
5s5in0 -4 cos0
3. If 5tan0 - 4 = 0, then the value of - is
asinl +4cosD
D ) © 0 @) 1
(a) 3 P c) d) =
4. If 16 cot x = 12, then M equals
SIN X + COs Y
| 3 2
A = b) = (c) = 1) 0
(a) = ( - ) 7 (d)
5. If 8tanx = 15, then sin v - cos v is equal to
] 17 ] .
a) — (b) — c) — <) P
@ 15 7 17 (d) Vi
0% :U ~ sec’ (
6. If tan B = L,_ then m_oc‘. kuc‘ !
v cosecTl) + sect )

. ...
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=1

10.

12,

13.

14,

16.

17,

18,

1,57

y 2 by = ! |
ol — bl - -
3 . ,
If tanl) = i then cos=0 - sin-0 =
. - A
X !

{a) E (by 1 () 'jq (d) :_:1
01 t | b that 1 20 s | | | f {1 +sin0)(l =sinl) _

5 an ac » anele suce 2 an’” = —, v i g ¥ e R — " is

0 is an acute angle such that tan - then the value o (1 +cos 8) (1 —cdis )

7 8 7 o4
(a) — b) = (c) d) —

8 7 49

= ¥ ]
5sin ) — 2sec O+

If 3cos® = 5sin 0, then the value of — |
S5sint)+ 2sec 0

(a) 3:; h) ‘_’;-il% () ;;f?
If tan” 45° — cos” 30° = v sin 45° cos 45°, theny =
(a) 2 by -2 () ;
. The value of cos” 177 - sin” 73° is
{(a) 1 (b) L (c) O

cos’ 20° - cos® 70° .

3 s
sin” 70° - sin” 207
1
T <
(b) 2 (c)

The value of

e | =

(a)

T cosec’30° sec” 45°
8 cos” 45° sin” 60'

(a) 1 (b) -1 (c) 2

If A and B are complementary angles, then

(a) sin A =sinB (b) cosA=coshb c) tan A

= tan® 60° - tan’ 30°, thenx =

- IF xsin (90° — 0) cot (907 — 0) = cos (90° ~ 0), thenx =

2cos 0,
“

2cos )

() Noneof these

e )

(cl)

(d) -1

I

(<)

(dy 0

- tan B (d) sec A = cosec B

(a) 0 b 1 € =1 (d) 2
If ¥ tan 45° cos 60° = sin 60° cot 607, then vis uu|llﬂ] Lo
| 1
[é’l:l 1 (b) ‘I,r:! E'.] ?.1 () J—:
Ifangles A, B, Cofa A ABC forman increasing AP, thensinB =
3 1
: y &8 (c) 1 (d) —=
{‘1;' ‘2 () .E- 5
; hevalue of L0 — cosec®d '
If 0 is an acute angle such that sec” 0 = 3, then the value o tanlm:i{_} is _
4 3 © 2 @ 1
-~ = LA R a) =
{a) - (1) - > -
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19. The value of tan 1° tan 2° tan 3% tan 89 is

(a) 1 b) -1 © 0 (d) None of these
20. The value of cos 1° cos2° cog3® ... cos 180° is

(a) 1 - [g? 0 o (c) -1 (d) None of these
21 The value of tan 10° tan 157 tan 75° tan 80° is

(@) -1 (b) 0 ) 1 (d) None of these

S (90° — “~0)tan 0 tan (90° - 0) |
22. The value of o) U‘) dee (0" ~4) o ( ) is
cosec (90 ~ 0) sin (90° — 0) cot (90° - 0) cot 0
(@) 1 (b) -1 () 2 (d) -2

23. If g and 29 - 45¢ areacute an

gles such that sin 0 = cos (20 - 45°), then tan 0 is
equal to

1
(a) 1 (b) -1 © V3 @ 73
24. 1f 50 and 46 are acute angles satisfying sin 50 = cos 46, then

2sin30 —/3tan 30 is equal to

(a) 1 (b) 0 () =1 d 1+3
25. 1f A+ B =90°, then tan A taf18+ tan A cot B - sin: B is equal to

sin A sec B cos” A
(a) cot?A (b) cot® B (€©) —tan* A (d) —cot* A
2tan 30° l

26. 1 + tan2 30 S ¢qual to

(a) sin60® (b) cos 60° (c) tan 60° (d) sin 30° [NCERT]
,, l-tan®45° —
27. 1+ tant25° Sequalto

(a) tan90° (b) 1 (c) sin 45° (d) sin0® [NCERT]
28, sin 2A =2 sin A is true when A =

(a) 0° (b) 30° (c) 45° (d) 60° INCERT]

2tan 30° It

29. 1 - tan 30° 1s equal to

(a) cos60° (b) sin 60° (¢) tan60° (d) sin30° [NCERT]
30. If A, Band C are interior angles of a triangle ABC, then sin ( £+ € ] =

2
A A . A
(a) SIHE {b) CDS'E— (c) —sm—z— (d) —cosg—
2 < ,

31, If cosB = 50 then 2sec 0+ 2tan? - 7 is equal to

(a) 1 (b) 0 (c) 3 (d) 4
32. tan5° x tan 30° x 4 tan 85°% is equal to

1
@ 77 (b) 4.3 (c) 1

(d) 4
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. lan 55° )
33. The value of <ot 35° +cot]” cot2° cot 3°,... cot Y0°, is
(a) -2 (by 2 (c) 1 (d) 0
34. In Fig. 10.47, the value of cos ¢ is
5 5 3 i
(a) 1 (b) B (c) 5 (ch) 5
A
D 5 4
[ 902 1]
E c 3 B
Fig. 10.47
35. In Fig. 1048, if AD =4 cm BD =3 cm and CB = 12cm, then col g =
A
D
“RTI
0
c B
Fig. 10.48
RTI 12 5 13 . B2
(@) = ) 13 © 13 (d) 33
RT [CBSE 2008)
O ) S ANSWERS
L () 2. (a) 3. (© 4. (a) 5. (d) 6. (d)
:RT] 7. (a) 8. (a) 9. (a) 10. (d) 1. (c) 12. (o)
13. (a) 14. (d) 15. (b) 16. (a) 17. (b) 18. (d)
19. (a) 20. (b) 21. () 22. (c) 23. (a) 24. (b)
25. (b) 26. (a) 27. (d) 28. (a) 29. (c) 30, (b)
31, (b) 32. (a) 33, (o) 34, (d) 35. (a)
SUMMARY
L An angleis considered as the figure obtained by rotating a given ray about its end -point.
The revolving ray is called the generating line of the angle. The initial position OA is
called the initial side and the final position (R is called the terminal side of the angle.
2. The measure of an angle is the amount of rotation from the initial side to the terminal
side,
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3. FABCis

“th reference to angle 0,
aright triangle right angled at Band ZBAC = 0, then with reference
we have

Base = AB, Perpendicular = BC and, Hypotenuse = AC
Also,

: Perpendicular
sinf = —_.PL__"_

Hypotenuse
] Base
cos ) =
Hypotenuse
. Perpendicular
Base
) Hypotenuse
' cosecd = L= 7
Perpendicular
Hypotenuse
secl) = —
Base
i cot b = Bas?
. Perpendicular
4. Wehave, cosec0 = —l— sect = —}—— and cot § = =
sin 0 cos 0 tan 0
i (]
Also, tan b = N0 and cot 9 = c?ﬁ.
cos 0 sinB
' 5. The trigonometric ratios for angles 0°, 30°, 45°, 60° and 90° are given in table given on
page 10.30.

6. The values of sin 0and cos 0 never exceed 1, whereas the values of sec 0 and cosec B
are always greater than or equal to 1.

7. If nis anacute angle, then
sin (90° - 0) = cos B, cos (90° - 0) = sin 6
tan (90° - 0) = cot 0, cot (90° - ) = tan 0
sec (90° — ) = cosec 0, cosec (90° - 0) = sec f



