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he word ‘trigonometry” is derived from three Greek
words “Tri’ means three, ‘gon’ means sides, ‘metron’
means measure. The literal meaning of trigonometry is
measurement of triangle. In fact, it is the study of relations
between the angles and sides of a triangle.
TOPICS
» Trigonometric Ratios

m > Trigonometric Ratios of

= Some Specific Angles

™ » Trigonometric Identities

|l Use of Trigonometry

: Sometimes we observe imaginary right triangle in nature, e.g., if we look at the top - 27 " _
o of a tower then a right triangle can be imagined, as shown in figure. e&?\,%' ) z >
— In this situation, if we need to find the distances or heights then this can be done ol e :
P using trigonometry. Trigonometry also play an important role in the study of ﬁ’ BaseLine O
= Physics, Engineering, Surveying, Navigation, etc. R\ g
S TOPIC 1 : TRIGONOMETRIC RATIOS (T-RATIOS) 3
o Here, we shall study about the ratios of the sides of a right triangle with respect to its acute angle, called trigonometric : -
v ratios of the angle. o
= Consider a right-angled AABC with ZB = 90°. <

Now, with respect to its acute ZA = 6 (say),

side BC = side opposite to 0 is called perpendicular (P),

side AB = side adjacent to 0 is called base (B),

and side AC = side opposite to 90° is called hypotenuse (H).
The trigonometric ratios of ZA i.e., 0 in the right-angled AABC are defined as below :

(N

adjacent to 0

w OPposite to 0

A (Angle of reference)

» WNYHL HITdWO!

B£ = sideopposite tof is called the sine of 0 and written as sin 6.

OH:

AC hypotenuse

e e SaCadaGEnt 00 is called the cosine of 6 and written as cos 8.

AC  hypotenuse

‘B£ = Sidedpposite 66 is called the tangent of 8 and written as tan 6.

AB  side adjacent to©

- HIVOWYY

@ _ sideadjacentto®

=2 " t of 8 and writt
BC side oOppoSietoD is called the cotangent o written as cot 0.
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AC hypotenuse '
AB = qidcy:dj'\ccnl 00 is called the secant of 0 and written as sec 0.
AC _ hypolenuse

BC  sideoppositeto is called the cosecant of 0 and written as cosec 0.

Thus, we have

sin0=P/H cos0=B/H
cosec 0=H/P sec0=H/B
Note : The ratios in row 2 are reciprocals of the corresponding ratios in row 1.
Similarly, if we consider ZC as angle of reference, we gel

tan0="/B
cot0=nB/P

sin C=£=i\£ Ccos ‘=—Ii=R—L, tan C:—’i=ﬂ, COS C=ﬂ=i\£, sec =ﬂ= and cot C=——=E
H AC’ H AC B BC P AB B AB
EPOINTSTO ™
o .
< Lvery trigonometric ratio is a real number and has no unit.
sin A never means sin X A i.e., sin A # sin x A. Similarly, in case of other trigonometric ratios.
sin® A = (sin A)' but sin (A" # (sin A)k where k is any natural number.
~ The values of trigonometric ratios of an angle do not vary with the lengths of the sides of the triangle, if the angle remains the
same,
3= = If one of the trigonometric ratios of an acute angle is known, then the remaining trigonometric ratios of that angle can be easily
) determined.
E — Technique to Remember T-ratios
4 Some (sin0) ——» People (P) + Have (H)

L&+ £/ OF

3 @ In the given triangle, indicate =
™ thelengthsofthe perpendicular / T
oy (P), the hypotenuse (H) and ¢ a
the base (B3) with respect to the / l
angles A and B. A== sec B = e = = and cosec B = T s

Curly (cos0) » Brown (B) = Hair (H)
To (tan0)) — Present (P) + Beauty (B),
where P is perpendicular, B is base and H is hypotenuse.

<~ Pythagoras Theorem

other two sides.

In APQR, (PR)* = (PQ)* + (QR)*

\E

In right angled triangle, the square of the hypotenuse is equal to the sum of the squares of the

ILLUSTRATIONS!

Sol. With respect to angle A,

perpendicular = a, hypotenuse = ¢ and base = b
With respect to angle B,

perpendicular = b, hypotenuse = ¢ and base = a

In a AABC, right angled at A, if AB =8 c¢m,
BC =17 cm, find all the trigonometric ratios
of angle B.

Sol. We have ZA = 90°, AB L
=8 cm and BC = 17 cm. By

Pythagoras theorem, we have 17 cm it ) c il
BC? = AR + AC2 positive number,

= 172=82+AC2 A By Pythagoras theorem, we have AB* = BC? + AC?
= AC?*=289-64 =225 gem = Bk =k+AC > AC =9 -K*=8K

= AC=15cm = AC= J8k=2v2 k units

CBSE-MATHEMATICS

®

Now, with respect to £B,

R
P Q
il
sinB=f\_C.=1_5.,cosB=£=£ >
BC 17 BC 17 7
tanB=-/—\£=l§,cotB=£=£ :
AB 8 AC 15 :
BC 17 BC 17 ;
c

1

Ifcos B= — | find the other five trigonometric

ratios.

Sol. We have, cos B = - =1
Hypotenuse 3

Let us draw a triangle ABC, A

right-angled at C such that base

_ - . 3k

= BC = k units and hypotenuse

= AB = 3k units, where k is a

A 8 P STUDY CIRCL
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Now, we have By Pythagoras theorem, we have
Base (B) = BC = k, perpendicular (P) = AC = 242 k AC?= AB?+BC = 10K = AB*+ K
and hypotenuse (H) = AB = 3} — AB =10 -k =9k = AB =3k units
P22k 22 AB _ 3k 3
B= = N "y A= —=—m—,
T T oW COSA=ACT ok V10
P 22k 242 BC k 1 AB 3k
= === = === A= —=— 3
tan B 5 . _T W2, tan A FTRETRE and cot BC.
cosecB=H_ 3k _ 3 (i) sin® A+ cos?A = (sin A)* + (cos A)*
P 22k 202’ 1Y (3 pP_1,9_10_,
. 1 () ) -
secB= = =1 =3 andeon= B K1 ) ") 10 1010
1 EENT: 22 ) ~+3
If sin A = "o . i (if) tanA+cotA 3
@ Ifsin A= 1/V10, then find value of 3sin A+ 2cos A 1 3
: N ) A 7o
) sind + cos?A. (ii) t:.m A+ cot A . 1 :
3sin A + 2cos A _10/3 _10J10
Sol. We have, sin A = {1_ _ perpendicular "9/ J10 27
V10 hypotenuse @ If sina = 1/2, then find the value of N
Let us draw a AABC, right-angled c 3sina — dsin“a. (CBSE 2017)
at B such that perpendicular = BC Sol. We have, sina =1/2
= k units and hypotenuse = AC = Viok x Now, 3sin o - 4 sin” o
% V10 k units, where k is a positive = a(l]_‘}(l):’ _3_4_3 1_ 1
- number A B 7 2 2 2 8 2 2
B[ €\ TRY YOURSELF
;_- 1. In the given triangle PQR, find cos R, cos @, cot @. sec R and tan R.
R
2 3o ? 1 J10 1 :
f ’ 1 em Ans.cosR=T cosQ = J—,cotQ—— secR = 3 andtanR=3 :'.:.1
- 2. InaAABC, right angled at A; AB=AC = 1 unit, write down all the T-ratios of angle B. o
1 1 )
Ans.sinB= — ,cosB= ,tanB=1,sec B= xﬁ,cosecB— /2 and cotB=1
( 2 7 ) !
3. InAABC, tan A = 4/3, find the other trigonometric ratios of angle A.
(Ans.sin A=4/5,cos A=3/5,cot A=3/4,cosec A=5/4and sec A =5/3)
4. Consider AACB, right-angled at C, in which AB = 29 units, BC = 21 units and ZABC = 6.
Determine the values of
() cos®0 + sin®0 (i) cos’® — sin®® (Ans. (i) 1 (i) 41/841)
If 5 h luate 1-tano
= — alu —_—
5. sec o 1 en ev 17 tanc
(Ans.1/7)
Fundamental Relation between Trigonometric Ratios
x 1 o (i1) sec 0= or cosb = !
(i) cosecO= e or sinB p—— 050 -
. sin® ) ;
= =— (iv) tan 0= and cotg = &5 o
(iii) cot 0 — or tan® — 0 p— ey &
b
=
T
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ILLUSTRATIONS

@ If sin® = 3/5 and cos0 = 4/5, then evaluate

all other trigonometric ratios of 6.
Sol. We have, sin® =3/5 and cos0 =4/5
sin®

We know that, tan 8 =
cosB

3 3
:x ——rl
5? 4

w
i
o
g
-
D
[

Similarly, sec 8 =

cosec B =

sin® (_g_j
5
Find the valueof S2A+CO5 4 se1600tA=12.
sinA-cosA
12. 3

Sol. Wehave, 16 cotA=12 = cotA= —=—
16 4

2
3

sinA  cosA
sinA +cosA _sinA_sinA
sinA-cosA SinA cosA
sinA sinA
(Dividing both numerator and denominator by
sin A)

Now,

1+cotA_1+

1-cotA 4_

W | O [ W
1l

NI RN
1l
N

cosec? 0 — sec’0 3

(® Show that

cosec?0 +sec’ 4’

&\ TRY YOURSELF

1
iftan 0 = 7——%‘

MATHEMATICS

¢

1 1
29 —sec? (‘z-\)
Sol, LES, =05 8000 8 _\sin6 sy
cosec”0+sec 0 1 o 1
-2 \2
(cosze—sin_z_e] sin“6  cos“@
_ \ sin®0cos*®

(cos?0+ sin2 0

sin29c0529
cos>0 —sin%0
= X

sin?0cos%0 )

sin20 cos’0 cos?0+sin?0
cos?® sin’@

_ c0s20—sin’0 _ —co?é—m
" cos20+sin?0 " cos?@ ﬂnz_e
cos?8  cos’

[Dividing both numerator and denominator by
cos0]
_l-tan’0 _1-1/7

1+tan?0 1+1/7

1 o) 2 1]
+ tanf=— = (tanB)” =tan“0=—
[ ki 5

= —877- = g = Z = RH S
2p 52
Prove that Ecigsﬂ=cosec29- c0s20.
tan“ 0
. 2
; ————sin“0
Sol. LHS. = sec’0—sin”6 _ cos?0
tan® sinZ 0
cos’®

1-cos20sin’0

I
_ 0520 _ 1-cos*@sin’0 " cos” 0 Z
sin’9 cos’ 0 sin’ -
cos? 0 :é
_ 1-cos?0sin>0 A _coszesinze
- sin’0 " sin?@ sin’0

= cosec’d - cos?0 = R.H.S.

6. If m cot A = n, then find the value of

msin A —ncosA

ncosA+msinA’

ecA —cosec A 1

7. If 3 tan A = 4, then prove that \/;

osec20 — cos’0
cot2 0
9. 1If5 cosd = 7 sind, find the value of

8. Prove that e

7sin®+ 5co0s6
5sin®+ 7 cos0

CBSE-MATHEMATICS

(Ans. 35/37)

sec A + cosec A - J1°

=sec’0— sinZe.

A e

9. .9
m--n
Ans. )
m-+n

HFZZ146T8

c

P STUDY CIRCL



- ANI14dT3H

OELPBE6ESAG L6

§0506

i IT-MEET-CESE

| =
S5TUDY CIRCLE

ACCENTS E0UCATIONAL PROMOTERS

a2 NCERT rocus

¢

1. In AABC, right-angled at B, AB = 24 cm,
BC =7 cm. Determine :

(i) sinA, cos A (i) sin C, cos C

2. In the figure, find tan P - cot R.

P,
12 cm 13 em
Q R

: 3
3. IfsinA= 1 then calculate cos A and tan A.

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

5. Given sec 0 = 13/12, calculate all other

trigonometric ratios.

6. If ZA and ZB are acute angles such that
cos A = cos B, then show that ZA = ZB.

7. If cot 6 = 7/8; evaluate:
 (1+sinB)1-sin6) B y
@ Grcosbll—cosh) @ O Cotl

Ay
~
P
m
A4

8. 1f 3 cot A =4, check whether
1-tanA
1+tan® A
9. In triangle ABC, right angled at B, if
tan A = 1/4/3, find the value of :

(i) sin A cos C + cos A sin C

(i1) cos A cos C —sin A sin C

10. In APQR, right-angled at @, PR + QR
=25 ¢cm and PQ = 5 cm. Determine the values of
sin P, cos P and tan P.

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

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

(ii) sec A = 12/5 for some value of angle A.

(iii) cos A is the abbreviation used for the cosecant

of angle A.
(iv) cot A is the product of cot and A.

(v) sin 0 = 4/3 for some angle 0.

= cos? A —sin? A or not.

Objective Type Questions
MCQs (1 Mark)

1. If2tan A= 3, then the value of 4sin A +3cos A

4sin A -3cos A

1s
7 1
(¢) 3 (d) does not exit

(CBSE 2023)

2. Given that cos 6= 2 , then the value of

2
cosec? @ —sec’ O .
5 5 18
cosec“ 0+ sec” 0 1 1
@) -1 M) 1 © 3 @ -5

(CBSE Term 1, Standard 2021-22)

’

CBSE-MATHEMATICS

is equal to

+
cosecO(l —cotB) secOB(l-tan®)
(a) 0 () 1

(¢) sin 0+ cos 0 (d) "sin 6 —cos 0

(CBSE Term 1, Standard 2021-22)
Fill in the Blanks (1 Mark)
4. Iftan A = 4/3, then cot®> A =

5. Ifcos A =3/4, then cosec A =

VSA Type Questions (1 Mark)

6. In a AABC, right-angled at A, if AB = 5 cm,
AC=12cm and BC =13 cm, find sinB and cosC.

7. 16 cos0 — 5sin0 = 4 sin0 + cos0, then find the
value of cot0.

[ =

A P STUDY CIRCLE
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Short Answer Type Questions

29
: 14. If cosecO0 = —, then find th .
SA Type | Questions (2 Marks) 20 e value of

8. If 15 cot A = 8, then find the value of 42tan6+58sin6
8cosec A 10coto
- . 15. If 0 is an acute angle and secO = J10 , then
9. If sin 6 = a/b, then find the values of tan 0 evaluate : (i) cosecO —cot® (ii) tan0 — cot0.
and sec 0. S
16. If cot 0 = i then evaluate M'
15 2sinBcosO

10. If sin a = %, then show that

(3 cos a — 4 cos®x) = 0 Long Answer Type Questions

11. Iftan 9 = i, then prove that = e Ouestlon.s .[5_ i A
J3 17. In the adjoining
7 sin® 0 + 3 cos® 0 = 4. figure AB =12 cm, BC = BR
16 cm and CD = 21 cm,
SA Type Il Questions (3 Marks) then find the value of all S
12. For the given triangle XYZ, find : X trigonometric ratios.
(1) sin Y . sem 18- InaAABC, right angled at 4, if tan B= /3,
(i1) cos ¥ then find the value of sinB cosC + cosB sinC.
T (?n) tan Y _ Y Z 19. InAABC, Z/B=90°, AB=8cmand AC=10cm.
ql| G secZ 3 If CD bisects AB and ZDCB = 0, then find :
ql 1. o sgure, it 4R =14 T 2 (i) sin (ii) cos (iii) tand (iv) sin’0 + cos®.
!-n cm,AC= 13'CIn’BC=5 = 20. IDAPQR,AQ=900,PQ=8CHI,PR—QR=
M|l cm.then find the value of 4™ P[——"AC 2 em. Find the lengths of PR and QR. Also,
T tan®. % 1+sin P
4 . l > Sem  gyvaluate A
w 4 B 1+cos P
= 1. (c): Wehave,2tanA =3 B H 2k H 2 2 8
) 3 p s cosec@=—=—=2, sec0=§=—=— e
© = tanA= i = E 3% 13 P k 3k 3 "
N Let P =3kand B = 2k 4
A 2y @P-|F| 4-2
= AB=+22 +32 C 2% ) cosec’0 —sec” 0 _ J3 __ 3 =i=_1_
:‘_T (By Pythagoras theorem) " cosec’0+sec’ 27+ 2 2 i+ 4 16 2 j
-P_3 B =
smA——H—m,COSA H-713 ) 1 1 m
3. (c) : Wehave, + <
(_3 )+ 3 ( 13 ) cosecB(1—cotB) secH(1-tanb) -
Néw 4sin A+3cosA _ 13 13/ _1 sin® cos6 _%
* 4sinA-3cosA 4 3 2 = ) Z
W)\ fu . i 3
13 sin cos0 [x
V3_B 1 1 sin® cos8] || 2
2. (c) : Given, cos@=—=— - - = cosO,tanf=—— ,cote-—‘-] 3
= 2 H 2k [ cosecd T ek sin®
Let B=+3kand H =2k _sinf | cos’O
= 2_ 2 " sin@-cos® cosB—sin®
= J(2k)> - (V3k) ik i
[By Pythagoras theorem] _Sin"0-cos Y _ . 0+cosO
=S i i = sin® - cos®
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Now, cot A =

tarl1A :4_/_3=% - ot A = (%)2 _9
at B such that AB = 3 k units and
AC=BC" + AB=> (4k) = (3K)? + pC2
cosec A = 5 fl\ N

4. Wehave tan A =4/3
5. Wehave,cos A =3/4
C
NE

AC =4k units.

A B
=BC* =16k -9 =7k = BC= 7k units,
6. InAABC, ZA =90°

1
Consider a AABC, right angled
By Pytha§0ras theorem, we have K
AC _ 4k 4
) AC 12
s sinB=——=— o,c‘*\
BC 13 5cm

lso, cosC = ac_12

Also, BC 13

12 em
7. Given, 6 cos - 5sinf = 4sm6 + cosh
= 5cos0 =9sinf = cos6 == 9 = cotf = 2
sin@ 5 5

8. Consider a right triangle ABC, such that ZB = 90°

Now, 15cot A =8 (Given) A
B —¢C

8 AB_ 8
=
15 BC 15
Let AB = 8k units and BC = 15k units
Using Pythagoras theorem, we have
AC* = AB> + BC? = (8k)* + (15k)°
= 64k + 225k = 289K” = (17K)

= AC= (17k)* =17k units
AC _17k _17

BC 15k 15

Thus, 8 cosec A § 17 136

5 5715 75
9. Consider a AABC in which #B = 90° and #BAC = 0.
BC
AC c
Let BC = ak units and AC = bk units
Usmg Pythagoras theorem, we have
AC = AB2+BC? = b2 = AB? + a2k ak| - \Dk
=  AB?=b%? - a%k? A
=  AB=+b% -k units
b
tanG:E: “ and sec6=é£=
A b2 — 22 AB b2 — a2
10. Consider a AABC in which ZB =90° and ZBAC = o.
. BC 1
singl = —=—
AC 2 . .
Let BC = k units and AC = 2k units, where k is a positive

number,

By Pythagoras theorem, we have

AC?= AB? + BC? x/ |

= AB’=AC?-BC?=4k - K =3K :

= AB= 3k units A B
AB_Bk_+3

CosQ, = _

AC 2k 2

cosec A=

. . a
Given, sinf=—=

CBSE-MATHEMATICS
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3V3
Now, L.H.S.= (3cost—4cos (1)=—-—4 8 =0=R.HS.

11. Consider a AABC in which ZB = 90° and ZBAC = 6.

1 . C
We have, tan 0=—= (Given)
J3
. ; 9=— k
Also, tan B
1 BC A B

N 2

Let BC =k units and AB = 3k units

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

= AC?=(V3k)2 + k% =3k? + k* = 4k* = AC = 2k
BC k 1 o AB_JEk_\/g

AC 2k 2' AC 2k 2 -
2 2
2 29-7(1 ¥3) _7,9_16_
Now, 7sin“ 08+ 3cos 9—7(2 +3 > 4+4 1

Hence Proved.
12. Given, ZYXZ =90° XY = 8 cm and XZ =6 cm
Now, in AXYZ, YZ? = XY? + XZ?

[Using Pythagoras theorem]
= YZ?=82+6=64+36=100
= YZ=4100 =10cm

8
(i) sinY—iZ %% (i) cosY=%=ﬁ=%
(i) tanY_;(i g % (iv) secZ_—=%=g

13. Inright angle AABC, we have

AC*= AB*+ BC? [Using Pythagoras theorem|]
= 13°=AB*+ (5 = AB®=169-25=144
= AB=12cm=DC
Also, EA=14 cm
= ED+DA=14 =ED=14-5=9cm (-
Now, in right angle ACDE, we have

tan 0 = % = tar19=£=E

3
14. Consider aright AABC in which ZB =90° and £A = 6.

Given, cosecB = § = E
20

BC
Let AC = 29k units and BC = 20k units

Using Pythagoras theorem, we have

AC?= AB +BC?

= AB* =AC’-BC?= (29k)? -
= 841K - 400K* = 44112

V)
= AB=+441k* = 21k units 4
BC 20k 20

DA = BC)

(20k)? 4

Now, sinf = B C

AC 29k 29’ 20k

BC 20k
—-— 20 and cotf = AB 21k 21

AB 21k 21 BC 20k~ 20

tanf =

20
42tan0 +58sin® 42><§i+58><5

=~——___29,_
10cot

10x == 21
20

Now,
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_2x20+2x20 _2(40+40) _160
. 21 T oA
2
15. Consider a AABC in which ZB =90° and ZC = 0.

Given, sec 6 = Jﬁ A
AC
Also, sec 0 = BC l/’}.(.
J10 _ AC
"1 BC B - e

Let AC = 10 k units and BC =k units
Using Pythagoras theorem, we have

AC*= AB*+BC* = (V10 k)’ = AB? + K2
= AB*=10K-,*=9K = (3k)2 = AB = 3k units

cosece-A—C—‘/_l_%_@

AB 3k 3 '
C0t9=B—C=£=l and tan9=iq=3—k=3
AB 3k 3 B k
(1) cosece—cotez‘/ﬁ_l=‘/1_0_1

3 3 3
1 9-1 8
ii) tan@-cotf=3-—="—-=2=
(i) tanB8-co e

16. Given, cot0=8/15
sinZ @ B cos? @
sinZ 0 — cos2 0 _ sin?@  sin’8@

O 2sin® cos®  2sinBcosO

2
sin“ @
(Dividing both numerator and denominator by sin’6)
1-cot?0 ( cos® )
=——— | ——=cotb
2cot® sin®
_1—(8/15)2_(1 64))(9_161)(15_161

2(8/15) "225)716 225 16 240

17. Given, AB=12cm,
BC=16cmand CD =21 cm.
Using Pythagoras theorem in
AABC, we have
AC?=AB?+ BC?
= AC? = (12)* + (16)?

=144 + 256 = 400 = 20>

= AC=20cm sai(d)
Again using Pythagoras theorem in AACD, we have
AD?*= AC? + CD? = AD? = (20) + (21)? [Using (i)]
= AD?=400 +441 = 841 =29 = AD =29 cm
sine—ﬁ—z(2 c:osf)—gg--—21
AD 29’ ~AD 29

sin@ _20/29 20

Now, 0= 8-21/29" 21
i 21 1 29
Cow:ta_r\():E; SGCG=E=E}
cosece—-l—=§
in® 20
18. Inright AABC, ZA = 90° and tan B = /3
tanB=\—/_§=§£
1 AB

CBSE-MATHEMATICS
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Let AC = 3k units and AB = k units
Using Pythagoras theorem, we get

2 - AC2 + AB? ¢
ic Bé2c= 31?Ek2=4k2=(2k)2 1
= BC =2k units @
. AC_Bk_\B
smB=§E=—2—k‘— 5! &% S
AB_k _1
cosB E_C_—-ZI_Z
AB k1 C_ﬂ;:ﬂ:ﬁ
Slnc—’B—C'—"z_k‘—zr —BC k 2

sin B cos C + cos Bsin C

4
=[§x_\/_§+}_x}_=.§+l=_=l
2 2 2 2 4 4 4
19. Given, AB=8cm, AC =10 cm and £B = 90°.
In right AABC, AC? = AB? + BC?
[Using Pythagoras theorem]

= BC2=10%-8%=100- 64 =36 = 6>

= BC=6cm
Also, CD bisects AB N

o I R S

2 2
Inright ADBC, DC* = BD*+BC? 4 | p 10cm
= DC’=4*+6*=16+36
2
=52 =(213) g B

= DC=2V13cm

(i) sinf=—=——=—+—=""+
(i) cosO=

2
iij) tanf=—=—==
(iii) 3

b5 2 2V (3YV 4 9 13
(iv sm29+c0526=(—) +(—) =—+—=—=1
) _ vi3) \V13) 1313 13
20. InAPQR, PQ=8cm, Z£Q =90°

and PR - QR =2 cm.
Let QR =xcm
PR =(2+x)cm

Using Pythagoras theorem, we have
PR*= PQ* + QR? @+x)cm
= (+x)?=8+x o
= 4+ +4x=64+2° R
- 4x ~ 60 Q xcm
= x=15
ie, QR=15cm
So, PR=2+15=17cm
%:E’COS

R 17 PR 17

1 15
l+sinP _""37 32
1+cosP 1+£ 25

17

sinP =
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n M)

c

ACCENTS

TOPIC 2 : TRIGONOMETRIC RATIOS OF SOME SPECIFIC ANGLES

Trigonometric Ratios of 0°

Consider a right angle AABC, right-angled at C. Now, if ZA B B
is made smaller and smaller in the right AABC, till it become

. S B

zero, then the side BC also decreases and point B gels closer
and closer to the Point C. Finally when ZA becomes ver " B
close to 0° the point B will almost coincide to point C and -
AB becomes almost equal to AC, A C A c
So, when ZA = 0°, then

: : Perpendicular BC 0
sinA=sin0°=—"rF——°< _“~ _ U _ s =

Hypotenuse AB ~ AC 0 [ AB=AC]
. AC AC

Similarly, cos0°=——=""=1 [-- AB= o_BC 0

1 ) AB  AC [ AB AC], tan0 -—A—C—A—C—()r

1 1 1
cot0°= =—=Notdefined, sec0°= ===14 =
tan0® 0 ¢ cos0° 1 1.and cosec sin(°

.. Not defined.
0 —]
Trigonometric Ratios of 30°, 45° and 60°
Consider an equilateral AABC in which each side is of length 24 units. Note that each angle of AABC will be of 60°.
c

= Draw AD perpendicular to BC.
© Since, ABC is an equilateral triangle.
= AD is the bisector of ZA and D is the mid-point of BC. [ AADC = AADB by RHS congruence rule]
M ZA _60°
+ = ZBAD=ZCAD =T=63 =30°andBD=CD=%BC=nunits
; Now, as AABD is a right angled triangle, in which
0 £D =90°, AB = 2a units and BD = a units
© Usins Pythagoras theorem, we get
‘ AB*= AD* + BD?

'i;l E’ {

= (2)’=AD?+ (a)?
= AD*=44*-a*=3a* = AD = 34 units

S OEL

Trigonometric ratios of 30°
In AABD, ZA = 30°,

[
Lo
-
=
o
I~
L]
sl
7]
T
=
=

,c0530°=£=—@=£3-,tan30°=3—D 4 1

1 i g Vs
20 2 AB 22 2 AD 3a 3

! 1 2 and cosec 30° = 1 = 3

1 1
_—e——— — = _=2
cos30° V3/2 V3 sin30° 1/2

cot30° = NE) , sec30°=

tan30° 1/43 B

Trigonometric ratios of 60°
In AABD, £B = 60°

AD 3a 3

sin60° = —=——=——, cos60° =—, tan60° =

_BD_a _1 AD_\Ba_
AB~ 22 2 " AB 21 2 BD a

3.

1 i v & 1 1 _2
= , sec60 = sin60° J§/2 Nel

= =2 and cosec 60° =
cos60°

1
cot60° = 1/_2

tan60° —\E

Trigonometric ratios of 45°

Consider a right angle AABC, right-angled at B, such that ZA = 45°.

Then, ZA + /C = 90° [ Sum_of ir:terior angles of a triangle is 180° and /B = 90°)
= 2C=450 [+ £A =45

- HY W Sy
HYYOWYY
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Now, as sides opposite to equal angles are equal
ZA = £C =45° = BC = AB = a units (say)
Now, by using Pythagoras theorem, we get AC?= AB*+ BC?
— AC*=a*+a*=2a° = AC= V24 units
In AABC, ZA =45°

. BC a 1 AB a 1 BC a ALx
sind5°=——=— =, cosd5°="—=—=— , tand45°=—=—-=1, a B
AC 2a 2 AC V2a V2 AB a
1 1 1 1 1 1
cotd5° = =2=1, secd5°=——=—— = d 45° = - =2
tand45° 1 see cosd5°  1/2 V2 and cosec sind5°  1/2

Trigonomedtric ratios of 90°

Consider a right triangle ABC, right-angled at C. Now, if ZA is a
made larger and larger till it becomes 90°, then the side AC
decreases and point A gets closer and closer to the point C. Finally
when ZA becomes very close to 90°, the point A will almost
coincide to point C and AB becomes almost equal to BC. M c

So, when ZA = 90°, then
BC _BC _
AB BC

1 [ BC=AB]
Similarly, cos90° = f‘£= i =0, tan90°= ﬂ:— =£= Not defined ,
. AB AB AC 0
::0t90°‘=£ i—0, sec90°=i8—=§§=Notdeﬁned and cosec90°=iq—3=£=1.
0 BC BC
c

sin A = sin90° =

BC BC AC
Note : (i) As we know that the values of trigonometric ratios do not vary, if the angle remains same, therefore above
values are standard values.
(ii) Since the hypotenuse is the longest side in a right triangle, so the value of sin A or cos A is always less than 1 (or
in particular equal to 1), whereas the value of sec A or cosec A is always greater than or equal to 1.
The following table gives the values of various trigonometric ratios of 0°, 30°, 45°, 60° and 90° for ready reference.

Table for T-ratios of 0°, 30°, 45°, 60° and 90°

: AMIT4T3H

T-Ratios
sinB cos0 tanb cot@ sech cosect

-
L

o° 0 0 Not defined 1 Notdefined

-
s
0
O
=

[§S]

o
]

30°

1
5 3

lat SF OEL9BEAEAST

ALY

& |l

‘el

» WNYHL HIATdWOD 1A«

1

45°

60°

— I-Jl&&'ﬂ M| =
IS R b
i

— (_%lllu &

J3 % 2
0

90° Not defined Notdefined

From the above table, it can be seen that the value of sin 0 increases from 0 to 1 and that of cos0 decreases from

1 to 0 as 0 increases from 0° to 90°.

' ILLU STRATI ONS ) Sol. We have, sin® 30° + cos” 45° + 4 cot’ 60° -

(@) Write the value of sin? 30° + cos® 60°. 2 sin® 90°
(CBSI 2020)

VO H:

Sol. We have, sin?30° + cos’ 60°

(Y (1Y 11 1412 1
“2) \3) TitaT s Ta2
® E_v%mate:
sin” 30° + cos? 45° + 4 cot? 60° — 2 sin” 90°

(T~ o

2 25-
_25_,_25-24_1

1 4
t=—t—==2=—=
2 3 12 12 12
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@ For A=30°and B =60°, verify that
sin A cos B + cos A sin B = sin (A+B).
Sol. L.H.S. =sin A cos B + cos A sin B
=in 30° *cos 60° + cos 30° - sin 60°
byl BB 1 B

2722 -2 4.4

R.H.S. = sin(A + B) = sin (30° + 60°) =sin90° =1
Thus, LHS. = RH.S.

By what number cos 45° must be multiplied
to get tan 60°?

Sol. We know that, cos 45° = 1/¥2 and tan 60°

w303
@\ TRY YOURSELF

Q)

MATHEMATICS

¢

Let x be the required number.
Then, x--1—=\/§=>x=\/§x\/§=x/g.
V2
If cos (A + B) = 1/2 and tan (A—B) = 1//3;
0°< A+ B<90° A> DB, find A and B.
Sol. We have, cos (A +B)=1/2
and tan (A - B) = 1/43.

We know that cos 60° =1/2 and tan 30° = 1/43

. A+B=60°...(i) ; A-B=30° .. (i)
On adding (i) and (ii), we get 24 = 90° = A = 45°
On substituting the value of A in (i), we get
45°+ B=60° = B=60°-45°=15°
Hence, A = 45° and B = 15°.

4c0s%30°-5sin90°

10. Evaluate: (1)

11. For A = 60°, verify that

i cos30°
6sec? 30° + 2cos90° sinZ 45°
14+sinA _ cosA

12.

s 3sin3A +2cos(bA +10)°
valuate :
J3tan3A + cosec (bA —20)°
sin90° i 1
tan45° sec30°
(Ans. 1+(/3/2))

13.

14. Evaluate:

Some Special Type of Problems

Here, we shall see, if one of the sides and any other part (either an acute angle or any side) of a right angled triangle
is known, then the remaining sides and angles of the triangle can be determined.

s

(& ABC is a right angle triangle, right-angled
at C. If ZA = 30° and AB = 40 units, then
find the remaining two sides and ZABC.
Sol. We have, ZA + £B + ZC =180°
= 30°+ «£B +90°=180°

[ ZA=30°and £C =90°]
= /B =180°-120°=60°

Now, cos A = —i% = cos30° = %g' ]
i _ac
= T3 40 19
= AC= ?mo Pt c
= AC= 20v3 units
BC . icansia BS
Also, sin A = 25 = sin30° = 20

CBSE-MATHEMATICS

0sA 1-sinA’
. 1
Ifsin(A-B)= 5,cos(A+B)= %,O°<A+Bs90°,A>B,ﬁndAandB.

, when A = 10°.

—tan60°+5sin0° (Ans. (i) —Tl (i) 0)

(Ans. A =45°and B = 15°)
(Ans. 5/6)

1_5C

=>BC=40X1= 20 units
2 40 2
Hence, AC= 20\/5 units, BC=20 unitsand ZB =60°.

In the given figure, p
APQR is right-angled at @,

WHL X31dW

PQ=3cmand PR=6cm. 3cm 6 cm
Determine ZQPR and
Z/PRQ. (NCERT) % 2

Sol. Given, PQ=3cmand PR =6 cm

Clearly, sin R = rQ

. 3
PR = sinR = E = sinR:l
sinR = sin 30°

[ sin30° = l]
ZPRQ = 30° G
Now, in APQR, ZP+ ZQ + /R = 180°
[By angle sum property of triangle]
= £P+90°+30°=180° = /P =180°-120°
£P=60° or ZQPR = 60°

=

Hi
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15. In a AABC, right-angled at B, AB =5 cm
sides BC and AC.
16. InAPQR,rightangledat@,if PQ =+/2 em

and PR = 2/2 cm, then determine
ZPand ZR. (Ans. ZP =60° and ZR = 30°)

% NCERT rocus

and ZACB = 30°. Determine the lengths of th¢
(Ans. BC = 53 cmand AC=10 oy

EXERCISE - 8.2 ¥
1. Evaluate the following: (iii) sin 24 = 2sin A is true when A =
(1) sin60° cos30° + sin 30° cos 60° (a) 0° (b) 30° (c) 45° (d) 60°
(i) 2tan® 45°+ cos?30° — sin%60° .. 2tan30° _
T o (lV) 2 o
m (i) cos45 1-tan®30 _
= " Sec30°+ cosec30° (a) cos 60° (b) sin 60°
= (iv) sin 30° + tan 45° — cosec 60° (c) tan 60° (d) sin 30°
. sec30° + cos60° + cot 45° 3. Iftan(A+B)= J3 and tan (A-B) =1/ \/§;
=0 2 o 2 o 2 o
5 ) ac0s 60 ;—4sec 302 —tan 45 0°<A+B<90°%A>B, find A and B.
‘: 9. Cl S";l 30°+cos 30? o 4. State whether the following are true or false.
L; h . .1oose the correct option and justify your Justify your answer. .
o || . °‘°eé can 30° () sin (A + B)=sin A +sin B. =
o R T e (1) The value of sin0 increases as 0 increases. E
1.“" tax: 30 (i11) The value of cos0 increases as 0 increases. o
(a) sin 60 (b) cos 60° : . :
. : (iv) sin 0 = cos 0 for all values of 0. w
(c) tan 60 (d) sin 30° ; . >
5 (v) cot A is not defined for A = 0°, -
... l1-tan“45°, A
(i1) i =
1+ tan“45° =)
(a) tan 90° (b) 1 (c) sin45° (d) 0 o
\ I/ o
~ c -’ .
: ) c B s E :
” ~ 3
w FOCUS
v

T

o

Objective Type Questions =
2. Gi that si =£ _ 1 m

MCQs (1 Mark] " v;:leen ; at sino | andtanf = E’ then ;:
1. The value of (sin 45° + cos 45°) is ¥ R ((; —PBis 2
@ 1/¥2 ) V2 (© V3/2 @ 1 @5 ®s ©o @ —= .

(NCERT Exemplar) J2

(CBSE Term I, Standard 2021-22)
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3. Ifsin (A+ B)=cos (A-B) =1, then

@ A=B=0° () A=B=45°

¢ A=60°B=30° (d) A=90° B=60°
(CBSE Term I, Basic 2021 -22)

Fill in the Blanks (1 Mark)

4. Ifcot 30 = 1/V/3, 0° < 0 < 20°, then the value
of 0 1s
5. If tan (3x + 30°) = 1, then the value of x is

VSA Type Questions (1 Mark)
6. Find the maximum value of sin 0 and cos 0.

7. If0° <0 <45° then find the value of 6 when
J3 sin20 = 3/2.

8. Ifsin 6= 1/V2 and sec ¢ = 2/4/3, then find
the value of (0 + ¢).

Case-Study Based Questions (5 x 1 Mark)

9. Hide and Seek

Three friends — Anshu, Vijay and Vishal are
playing hide and seek in a park. Anshu and Vijay
hide in the shrubs and Vishal have to find both
of them. If the positions of three friends are at A,
B and C respectively as shown in the figure and
forms a right angled triangle such that AB=9 m,

BC=3\/§m and ZB = 90° then answer the
following questions.

33m
.
B 9m A
(i) The measure of ZA is
(a) 30° (b) 45°
(©) 60° (d) None of these

CBSE-MATHEMATICS

mnrnemnncs

c

(ii) The measure of ZC'is

(a) 30° (b) 45°
(c) 60° (d) None of these
(iii) The length of AC is
(@ 2V3m ® V3m
() 4v3m (d) 6v3 m
(iv) cos2A = \/_
3
@0 < © %— @ =
L[ €.
(v) sm(—z—)—
1 1 3
< -_ _ d LN
(@) 0 (b) 5 (c) 75 (d) 5

Short Answer Type Questions
SA Type | Questions (2 Marks])

10. Evaluate 2sec’0@ + 3cosec’0 — 2sinfcosf if
0 = 45°. (CBSE 2023)
11. Prove that
(V3 +1)(8 - cot30°) = tan® 60° — 2 sin 60°.
(NCERT Exemplar)
cosA+sinA \/§+1?
cosA-sinA J3-1
=1, then find the value of

12. For what value of A,

1+tan A
1-tan
sin A + cos A.

13. If

SA Type Il Questions (3 Marks)

14. If /3 sec(3x — 21)° = 2, then find the value of
sin® (x + 13)° + cot? (x + 13)°.

15. If sin (A— B)=1/2 and tan (4 + B) = V3 , then
find the values of A and B.

16. Inarectangle XYZW, XY=30cm, £ YXZ=30°,
Find the lengths of YW and YZ.

Long Answer Type Questions
LA Type Questions (5 Marks)
17. Find cosec30° and cos60° geometrically.

18. .An equilateral triangle is inscribed in a circle
of diameter 24 ¢cm. Find its side.
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PP/ SOLUTIONS . N

1. (b):Clearly, sin 45° + cos 45° =

V3
2

=2

-
1
i

2. (a):Given, sina = ~=

V3

= a=60° (. sin 60° = 1

1

—

J3
= p=30° (- tan 30° = 51

i,

NO\‘\’, COS((X - B) = c05(60° - 300) =0s30° = _g

and tanf =

3. (b): We have, sin (A+B)=1

= A+B=90° (i)
and cos (A - B) =1

= A-B=0°

From (i) and (ii), we have, A = B = 45°,

(i)

4. Given,cot30 = L = cot 30 = cot 60°
V3

= 30=060°=0=20°

5. Wehave, tan(3x + 30°) =1

= tan(3x + 30°) = tan 45° [ tan45°=1]
= 3x+30°=45° — 3x =45°-30°=15°= x =5°

6. Maximum value of sin 6 = 1 when 0 =90°

and maximum value of cos § = 1, when 6 = 0°,

7. Given, ~/§sin26=g =5 sin26=i=£

243 - 12
= sin 20 = sin 60° = 20 = 60° = 0 = 30°

1
2
=sec 30° = ¢ = 30°

8. Given,sinf= =5in45° = 0 = 45° sssf1)

...(i)
0 + ¢ = 45° + 30° = 75° [Using (i) and (ii)]

9. (i) (a):Wehave, AB=9m, BC = 3\/3: m
In AABC, we have

Also, sec ¢ = %

= tanA =tan30° = ZA =30° w{1)

5

AB
(ii) (c):Similarly, tanC=—

3f

= /C= 60° -(2)

= tanC = tan60°
B¢
AC

[Using (1))

BC A
(iii) (d):Since, sin A = 4C = s§in30°=

e =¢AC=6\/5m

CBSE-MATHEMATICS

(iv) (b):- £A=30° 1 [From
cos 2A = cos(2 x 30°) = cos 60° = o
(v) (b):wr 2C=60° (Using ()

0° . o
sin(g)=sin(6 )=sm30 =—
2 2

10. Pul 0 = 45° in 2sec?0 + 3 cosec? 0 - 2 sin O cosf
= 2 sec?(45°) + 3 cosec” (45°) - 2 5in(45°) cos(45¢)

=2(v2)? +3(v2)? —ZXJ' ,/“_4+6 1=9

11 LHS.=(¥3+1)(3-cot30% = (V3 +1)(3-3)
=(V3+1)V3(/3-1) =VB[(v3)*-1]=V3(3-1)=23
R.H.S. = tan®60° - 2sin60°
=(ﬁ)3_zx§=3ﬁ-ﬁ=zﬁ

LHS.=RHS.
19. Givei CcosA+sinA _ V3+1

cosA-sinA  V3-1
= V3cosA-cosA++/3sinA-sinA

= 3cosA—\/§sinA+cosA—sinA
= 2V3sinA=2cosA

1
= tanA=—==tan30°
NE)
A=30°

13. Wehave,m_l = 1l+tanA=1-tanA
1-tanA

= 2tanA=0 = tanA=0=A =0°
" sinA+cosA=sin0°+cos0°=0+1=1

14. Given, V3 sec (3x - 21)° =2

V3

= 3x- 21 30::»3\—51:\—17
Now sin? (x + 13)° + cot" (x+13)°
=sin’ (17 + 13)° + cot? (17 + 13)° = sin* 30° + cot* 30°

(3 v

15. Given, sin (A - B) = % and tan (A + B) = 3

tan 60°
(i)

= sec(3x-21)°= = sec(3x —21)° =sec30°

= sin (A - B) = sin 30° and tan (A+B)=
= A-B=30°...(ij)and A + B = 60° ..
Adding (i) and (ii), we get, 2A = 90°

= A =45°

Substituting the value of A in (i), we get 45° - B = 30°
= B=15°
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16. In a rectangle XYZW , it is given that XY = 30 cm

and ZYXZ = 30°. = = AD = J3a units
Z
Now,tan 30° = % 2 In AABD, cosec 30° = ng = 2—““ =2
£ l:ﬁ:z)r::s_oxﬁ g Again in AADB, we have ZABD = 60°
J3 30 V3' 3 - B o_BD a 1
30\/5 X 30cm Y s cos 60 ='A—B=2—=E
- ZY=—7—=103cm a0
3 18. It is given that an
Also, sin 30° = ZY g 10V3 equilateral triangle ABC is

XZ 2 XZ =XZ=20V3 em= Yw inscribed in a circle of diameter

) 7y I?iagonals of a rectangle are equal) 24 cm.
17. Consider an equilateral triangle ABC with each ~Since, ABC is an equilateral

side of length 2a units, and ZA = /B = /¢ = g0 triangle, so ZA = ZB = £C=60°
= AB=BC=CA=2q

A Now, draw the perpendicular
Now, firaw AD 1 BC / from each vertex to the
Now, in AADB and AADC corresponding opposite side such that it bisects the
ZADB = ZADC (Each 90°) vertex angle as well as the opposite side.
AB=AC (Given) A - ZOBD =30°
AD = AD (Common) B D €  Radius=0A=0B=0C=24/2=12cm
AADB=AADC  (By RHS congruency criterion) Now, in right angled AOBD
BD =DCand ZBAD = ZCAD (By CP.C.T
PCT »_BD _ 3 BD
- BD = DC = a units and ZBAD = 30° ) cos30°= = = ~==——=BD=63 cm
L OB 2 12
- In AABD, by Pythagoras theorem, we have __ =63
= AB?= AD? + BD? Similarly, CD = 6v3 cm
M - (0)?=AD*+a’ = AD’=4d- =32 “ BC=BD+DC= 6/3+6y3=12/3cm
° TOPIC 3 : TRIGONOMETRIC IDENTITIES
0 . . . . of ty s
° As we knf)w tha.t an equation is called an identity, if it is true for all values of the variables involved. Therefore, an
0 equation involving trigonometric ratios of an angle (say 0) is said to be a trigonometric identity, if it is true for all _
oo values of 6 for which the trigonometric ratios are defined. pa
_ For example, tan@ = 1/cot 6, is a trigonometric identity, as it holds for all values of 8 except 8 = 0° and 90°. :
= [ tan 90° and cot 0° are not defined.] o
Thus, tan® =1/cot 8 for all 0° < 6 < 90°, o
Some Simple Trigonometric Identities and their Proof 2
=
We have three simple trigonometric identities which are given below : A
(i) sin’0+cos’0=1 (i) 1+ tan® =sec’® (iii) 1+ cot?d = cosec?d
Now, we will prove one trigonometric identity and use it further to prove other useful trigonometric identities.
Consider a AABC, right angled at C. Then, by Pythagoras theorem, we have B
AB?= AC* + BC? o)

On dividing each term by AB?, we get
AB? AC? BC? acY (Be¥
i e IR b s G
AB- AB° AB AB AB
= 1=(cos A)2 + (sin A)2 [ sin@ = % and cosf = %]
= 1=cos’A+sin?A = cos’A+sin"A=1
This is true for all A such that 0° < A < 90°. So, this is a trigonometric identity.
AB? AC%* BC? AB)? BC \?
WL 2 = ol 1 (R bl
Now, let us divide (*) by AC, we get AC2 - AC + AC = (AC) 1+(AC)

= sec®A =1+ tan? A, which is true for all A such that 0° <A <90° [ tan A and sec A are not defined for A = 90°)

. AB> _AC?  BC? ABY [AC)
Similarly, when (*) is divided by BC*, we get Bcz - BC2 Bcz = (R) = (E) +1

A C
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= cosec® A =cot’A + 1, which is true for all A such that 0° < A < 90° [

Now,

: P IIT-MEET-CBSE
STUDY CIRCLE

TS E0UCATIONAL PROMOTERS

from the above discussion, we have

(i) sin®0+cos’0=1V0°<0<90°
(ii) sec®0=1+tan>0V 0° <0 <90°
(iii) cosec® 0 =1+ cot®> 0V 0° < 0 < 90°

Note:
e sin*0=1-cos?0 ) cos?0=1-sin%0
e sec’0-1=tan? 0 e cosec® 0 -1 =col?0

ILLUSTRATIONS

@

N

Check whether the following equations are
identities or not :

(1) tan®0 + cosd = sin®0 (ii) cos?0 + cos0 = 1
Sol. (i) For 0 = 45°,

LHS. = tan? 45° + cos 45° = 1+1/+2

1Y d
R.HS. =sin?45° = (—) =—
V2) 2
L.H.S. #R.H.S. for 0 = 45°
Equation given in (i) is not an identity.
(ii) For 6 =60°,
L.H.S. = cos” 60° + cos 60°
1. 1. 3
= —+—=—%#RH.S for 6 =60°
4 2 4
Equation given in (ii) is not an identity.

Evaluate : (i) (sec’ 0 — 1) cot® 0

(i1) cosec ¢ (1 — cos ¢)(cosec ¢ + cot ¢)
Sol. (i) (sec* 0 - 1) cot? 0 = tan®0 - cot’0

1

tan’0
(ii) cosec ¢ (1 - cos ¢)(cosec ¢ + cot ¢)

= tan’0 - =1

= [cosecq)—%) (cosec ¢ + cot ¢)

( cosech = sanq))

TRY YOURSELF

Q)

¢

cosec A and cot A are not defined for A = 0°]

o sec? 0 -tan’0 =1
° cosec’ 0 - cot? 0 =1

= (cosec § - cot ¢) (cosec § + cot §)
= cosec? $p-cot?p=1
Iind the value of (sin?33° + sin?57°).
(Delhi 2019)
Sol. We have, sin®33° + sin?57°
= 5in%(90° - 57°) + sin?57°

= c0s?57° + sin’57° [+ sin(90° - 0) = cosb]

=1 [+ sin®0 + cos?0 = 1]
1 1
Prove that + = 2cosec’A .
1+cosA 1-cosA
Sol. LHS. = e + i
1+cosA 1-cosA
_ (1-cosA)+(1+cosA) 2 2
1% —cos’ A 1-cos’A sinZA

[ 1 -cos®® = sin’0]
=2 cosec’A = RH.S.

" - cos0—2cos® 0
Simplify : 2sin®0—sin®
cos®—2cos> 0 _ cosf(1- 2cos>6)
2sin®0—-sin®  sinO(2sin20-1)
_cosf(1-2(1- sin20)) _cosO(1-2+ 2sin?6)

sinf(2sin’0-1)  sin6(2sin20-1)

_ cosf(2sin’0-1) cosB _
~ sinB(2sin?0—1) sin®

Sol. We have,

cotf

MATHEMATICS

(Ans. 1)

1
17. Evaluate: sec? @ - e
cosec“0 —1
18. Prove that: sec A (1 —sin A) (sec A + tan A) = 1.
19. Prove that: cot A + tan A = sec A cosec A.
20. Prove that : —2 8 1 +.cos9 = 2cosec 0.
1+ cosO sin 6
21. Evaluate : sin0 (1+ cotz()). (Ans. 1)

Transformation of Trigonometric Ratios in Terms of other Trigonometric Ratios

Usi.ng. the identities, sin 0 + cos? 0 = 1, sec’0 =1+ tan?0 and cosec’0 = 1 + cot’0, we can express each trigonometric
ratio in terms of other trigonometric ratios as shown in table.
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Transformation of sing in terms of cos0,
tan6, cotb, sec and cosecO.

| e

Transformation of cos0, tan6, cotd, secd and . <3
cosecO in terms of sin®.

We know, sin®0 + cos?0 = 1

—~sin’0=1- cos? 0 = sin 0 = td‘l—cnszﬂ
But sin@ 2 0 for all 0° < 0 < 90°

- sin@ = V1-cos*® [Transform

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

= cos2 0 =1 - sin’0 = cosf = :l:\?l—sinze
But cos0 2 0 for all 0° <0 =90°

cot®

1

:\I'1+c0t26

_[Jcot29+1

Also we know, sin 8 =

[Transformation of sinf in cot0]

1

= X
} cot®  Jeot20+1

cosecB

[Transformation of sinf in cosecf]

Also, cosecO =

sin®

ation of sin 0 in cos 0] | - cosO= 1- Sin26
1 L [ 1 [Transformation of cos 0 in sin 6]
= T enrl N eosh = —
V' sec®® Scco]
ec’f-1
e v ) in0
= p— [Transformation of sin0 in sec0] | Now, tanf = zg;ﬁ
2
tan~ 6 sinf .
= | [ sec?0=1+ tan20] | =—F——— [Transformation of tan 0 in sin 0]
V1+tan?0 1—sin%0
tan®@ ) / .2
= — [Transformation of sin0 in tan0] | Also, cotd = 1 _ 1—sin“0
1+tan~8@ tan0® sin®
[Transformation of cotf in sinB]
1/ cot® 1 1
1+— cot® c0s8  \1_sin?0
V' cot”® [Transformation of sec in sin6)]
1/ cot6 1 cot®

[Transformation of cosecO in sin0]

=
=
L=
-
A
(@]
(8]
e

Similarly, we can express other trigonometric ratios.

Similarly, we can do other cases, shown in next table.

Transformation of Trigonometric Ratios in Terms of other Trigonometric Ratios

» WNYHL HITdWO!
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A

[ =

sin 0 cos 0 tan 0 cot O sec O cosec 0
. ! 3 tanB 1 *’seczﬂ—l 1
sin 0 sin 0 V1-cos“0 \/1 +tan26 \/1 +cot2 ~ ach cosecH
. = 2d 1 cot6 1 vVcosec?8 -1
s 1-sin®0 0 J1+tan?0 V1+cot?0 sech cosecH
tan 0 e e T tan 6 Vsec?9—1 T
1-sin%0 cos cot® Jeosec?9 -1
s 2 cosf 1 1
1-sin"6 — cot 0 — [ 2
cot 0 T 1—cos20 tan® \ }Secz 8-1 cosec -1
1 1 3 V1+cot?® cosec
sec 6 V1+tan“0 _— sec 0 —
J1-sin?8 cos® cot Jeosec?0-1
1 1 V1+tan20 J‘—z sec
cosec 0 - 29 an® 1+cot“0 _\(2=— cosec 0
L sin® 1-cos an sec"0-1 e
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IEEUSTRATIONS inA " "8/47" "6
ILLUSTRATIONS Novy A S4T30

(@® Express the ratios tan A and cosec A in

terms of cos A (Note : We can also do this by the methoq

discussed in Topic 1)

. 2
Sol. We know that, tanA = sinA - 1-cos”A 39— cosO Y
cos A o8 A @® Provethat: 2¢0s” U — COSH . cot® (CBSE 2020)
sin® —2sin” 6
[ sin®0 =1 - cos?0 = sin0 = V1-cos20 ] 3
_ 2cos” @—cosb
Now, cosec A = _1 = . il LR 9—2sin 0
sinA /1 _cos? A sin®—2st 2
@ If sin A = 3/4, find cos A and tan A. _ cos0(2cos> 0—-1) " cotB(2(1—sin“0)—1)
Sol. We have, sin A =3/4 sin6(1—2sin” 0) (1-2sin”0)
i ol 20
Now, CosA = V1-sin? A G sl llimcanti= D

_ cotB(2—2sin”0—1) _ cotB(1-2sin" 6)

2
=Jl—(%) =J1—igg=\/% = cosA=+7/4 (1-2sin’0) (1-2sin”6)

=cot 0 =R.HS.

I
2] @ TRY YOURSELF
= 22. Express the ratios cosec A, tan A and cot A in terms of cos A.
+ / 2
=2 [Ans. cosec A= L ,tanA = LOSA and cotA= cosd
[ \_ll—coszA cosA \_/l —cos’ A
= 12 1+sin6
L} 23. IftanB = = then find the value of TP (Ans. 25) S
= 24. If tan 0 = 1/+3 , then find the r-"_:_)
Ny value of 3 sin”0 + 7 cos?6. (Ans. 6) 2
7 FOCUS
P EXERCISE - 8.3 W 2
=
1. [Express the trigonometric ratios sin A, sec A (11) (1 +tan® + secO) (1 + cotd — cosec0) = 'f'
and tan A in terms of cot A. (@ 0 ®) 1 o
2. Write all the other trigonometric ratios of z4 () 2 (d -1 A
in terms of sec A. (iii) (sec A + tan A) (1 — sin 4) = =
3. Choose the correct option. Justify your choice. (@) secA (b) sin A L_Q
() 9sec’A-9tan’A= (©) cosecA (d) cos A T
5 .
@ 1 () 9 (iv) 1”“\"2*4 P
(C) 8 (d) 0 1+cot“ A E
S
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(a) sec2A (h) -1
() cot” A (d) tan% A4
4, Prove the following

angles involved are acute
expressions are defined.

(i) (cosec O —cot 0)?=1 ~ ¢cog 071+ cos0

identities, where the
angles for which the

.. cosA L 1+sinA
(i) 1+sinA cos A =2sec A
tan 6 cot 6

(i) T ot " T—tang ~ ) *8¢c 0 cosec o

l1+secA  sin?A
sec A 1-cosA

(iv)

cosA -sinA+1
cosA +sinA -1

v)

=cosec A+ cot A, using the

identity cosec’ A =1 + cot? A.

¢

(vi) M—- =gecA +tan A
1-8in A

8in0 - 2sin”0 _

2 cos® 0 — cos 0

(vii) tan®
(viii) (sin A + cosec A)% + (cos A + sec A)?
=17 +tan? A + cot’ A
(ix) (cosec A —sin A) (sec A —cos A)
B 1
" tan A+cot A

1+tan?A 1-tanA
(x) =

2
= =tan’ A
1+cot? A l—cotAJ

E Focus

Objective Type Questions
MCQs (1 Mark]

1. If cosec B — cot O = %, then the value of
cosec B + cot O is
(a) 1 (b) 2 () 3 (d) 4
(CBSE Term I, Basic 2021-22)
2. Given that sin6 =2, tan 8 is equal to
q

(a) e (b) —g—q

p*-q p’ -4
(© —2 @) ——

¢*-p* Jg* - p?

(CBSE Term I, Standard 2021-22)
3. IfsinA + sin4 = 1, then cos?A + cos*A =

@) 1/2 1 () 2 (d) 4
K ) ‘ (NCERTExemplar)

4. Ifsin A = 1/2, then the value of cot A is

@ V3 () 1/¥3 (© J3/2 @1
(NCERT Exemplar)

CBSE-MATHEMATICS

5. Ifsecd= %, then sin”0 — cos’0 =

15 8 161
(a) 1 (b) I (¢ 17 (d) 289
Fill in the Blanks (1 Mark)
6. The value of[ _1.?1 t 121 ) is ;
cos“A cot A

7. If cotd — cot’® = 1, then the value of cosec®® —
cosec’0 is

VSA Type Questions (1 Mark)

2
8. Prove that 1+ LY. = cosecx.
1+ cosecx

(NCERT Exemplar)
9. Simplify : (1 + tan®0) (1 - sin®) (1 + sind)

(NCERT Exemplar)

- 2
10. Simplify : ‘L‘E“_:i
tan A + 1
A e P STUDY CIRCLE
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Short Answer Type Questions
SA Type | Questions (2 Marks)

11. If 2sin%0 — cos?0 = 2, then find the value of 0.
(NCERT Exemplar)
cot(90° - A)

12. Simplify : 05 A cos(@0° - A)—

1

13. If cot®0(secd — 1) (1 +cos 0) = k cos0, then find
the value of k.
14. Evaluate:

cos70°  4(sec?59° — cot? Sl 2 . ”
—_— ——sin 90
3sin 20° 3 3
15. Prove that Jl Feosh + \/1 S50 = 2cosecH
1-cosB 1+ cos@

SA Type Il Questions (3 Marks)
(cos®31° + cos® 59°) _5
5(sin®25° + sin® 65°)
value of VP .

17. Express sec in terms of coseco.

18. Prove that : (tan A + cosec B)? —
(cot B—sec A)? = 2 sec A cosec B (sin A + cos B).

16. If

P | then find the

mnrnemnncs

4sin6 - cosf +1

— T R T

(CBSE 29 18)
20. Prove that sin%0-tand + cos?0-cotd + 23in6-c°sg
= tan0 + cot®. (CBSE 2017

Long Answer Type Questions
LA Type Questions (5 Marks)

1+secO—tan® _1-sin®
1+secO+tand cos O

21. Prove that

(NCERT Exemplar)
22. Prove that
tan® A " cosec’A _ |
tanZA -1 sec?A—cosec’A 1-2cos’A’
(Delhi 2019)

23. If tanb + sin® = m and tan6 — sind = n; prove
that : m? —n? = 4Jmn.

24. Ifcot 0= V1— k> , then find the value of cosec

+ cot® 0 sec.

25. If cosec O + cot O = p, then prove that
pZ-1

p2 o

cosO =

1. (c) : We have, cosec 0 - cot § =
“+ cosec’d - cot’d =1
= (cosec 8 + cot 0) (cosec § - cot ) =1

= (cosec 6 + cot 0) =

W=

cosecO—cot®

2. (c) : Given, sinf="
q

2
cosO = 1—(2) [ cosO = l—sinze]

q
{2_ 2
= cosb= ] 4
q
2
sin® q P
tanf = = =
s cos® qu_pz qu_pz
q

3. (b):Given, sinA +sin’A =1

= sinA=1- sinA

= sinA=cos’A i
On sq}lazzn_g;c;gl; sides, we get,

= iu—l cos2A = cos*A = cos?A + cos*A =1

sin%0 + cos?0 = 1]

CBSE-MATHEMATICS

4. (a):Given, sinA:%
2
cosA=\/1—sin2A=Jl—(l) =,,1-1=\[§—=£
2 4 V4 2
V3
Now, cotA = C?SA =L=\/§
sinA 1
2
5. (d):Given, sec = 17 = cosO = 3
8 17
2
Now, sin20=l -c0520=1 % (Sh)2=§
(17) 289

sin0 - cos?0 = g _ﬁ - E

289 289 289
6. We have, LOI + &
cos’A  cot?A

— 1 2 — —
( 1(2)1 101 x sin® A 101(1 Sil’\2 A)
COs“ A =

Cos“ A COS2 A

. -101cos? A -
cos2A 01 [

sin?A + cos’A = 1]

A e P STUDY CIRCLE
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7. Given, cott —cot“ 0 =1

ot cot9=1+c0t29 (D) _ sin20° +4(sec 59° — tan? 59°) 2 1+4 2_3_
= cotf= cosec %0 -..(i) B 1%coifk < 2 3sin20° 3 3 333 3
Now, cosec” 0 - cosec® § = cot 0 - cot?g etk [ sec’® - tan%0 = 1]
s [Using (ii)]
i [Using (i)] 15, LHS. = \/1+cose N \ll—cose )
g LHS.=1+ ot” x 1-cos® V1+cos6
*+cosecx _ V1+cos0 V1-cos6 _ 1+cos0+1-cosB
B - -
- (_-10iec x-1_ o (COSGC-\‘—I)(cosec\-+1) J1 ;os() J1 +;:039 J1-cos0+/1+cos®
cosecx
1+ cosecx = = =—— =2 cosecd =R.HS.
=1+cosecx-1=cosecx=RHS. J1-cos?0 VsinZg sin®
9. (1+tan“6)(1 - sin0 f
¢ - e)(l)( in’0) - e 16, Given, 08 l4cos’s®
= - sin = $ ’ =
B i-4 hasd 5(sin?25° + sin? 65°)
[+ 1+tan®0 =sec®d and 1 - sin’0 = cos?0] 2 2
5 -, _€0s"31°+sin"(90°-59°) _
=——-cos"6 =1 [ sec = 5(sin? 25° + cos?(90° — 65°)
cos“6 cos6 ol )
[ sin(90° - 0)= cos 6 and cos (90° - 6)= sin 0]
10. Consxder, L= Sm 24 /cos A = cos?31° +sin%31° _
tan A + 1 sec A 5(sir12 250 + cosz 250)
T s'nze + = 20 = sec?
E [ si cos’0=1and 1 + tan? 0 sec0] 1 _5p [ sin®0 + cos?0 = 1]
E = \/coszAxcoszA=\/cos4A=coszA 5X11
o 11. Given, 2sin%0 - cos?0 = 2 BT
o = 2sin’0 - (1 - sin%0) = 2 [ sin®0 + cos?0 = 1]
Al = 2sin%+sin®6-1=2 = Al 25 5
w = 3sin’0=3 = sin®0=1 1 -
Al = sino=1=sin90° [+ singoe=1] 17 Weknow that, secd = —— = sec’8=— pa
o cosf cos“ 0 =
= 6=90° . 1 -
2 = sectf=—— [ sin?0 + cos’® = 1] o
- o__ -2 !
19, Consider. c;t(90 90A) —-1= t;nA - 1 1—sin26 8
o_ “ah ]
cos A cos( ) cosA-sin ) 1 ) 1 ) cosec20 i
[ cot(90°-A) = tanA, cos(90°- A) = sin A] 1 1 cosec?0-1 cosec’0—1 2
1 - T, T3 -~
= 25 1 1= 12 —1=sec?A-1 cosec’d cosec?d g
cos“ A-sin A cos“ A 5 BRSAGD =)
sec 0 = =
=tan’ A [+ 1+ tan?A = sec’A] —T g
13. Gi » - = 3
3 lein, cot” 0 (sec 0 - 1) (1 + cos 0) =k cos 0 18. L.HS. = (tan A + cosec B)? - (cot B - sec A)? =
- COSZG( i _1)(1+cose)=kcose = tan® A + cosec’ B + 2 tan A cosec B - [cot® B + sec® A £
sin20\ cos® -2 cot B sec A] T
P, (1-cos6) = tan® A + cosec’ B + 2 tan A cosec B - cot® B - sec® A E
= — X " (1+cosB)=kcosB + 2 cot B sec A >
sin’@  cos® -

=-1+1+2tan A cosec B+ 2 cot B sec A

T

-~ 1-cos 29 —k [+ 1+tan® A =sec’A, co? A +1= cosec’A| :
sin% = 2[tan A cosec B + cot B sec A]
in? . 20 = i =
= an29=k =k=1 [+ sin’0 + cos’0 = 1] =2[Sln.A>< .l +C?SB>< L z
sin“0 cosA sinB sinB  cosA o
0 22q0 _ ~nt231° =2 sec A cosec B [sin A + B]=R. =
14, Wehave 0870°  4(sec 59°—cot”31°) _ 2 . gge : [si cos B] = RH.S. 2
" 35sin 20° 3 3 19. Given,4tan0=3= tan 0 =3/4
[ %]
o o o 2 °_59° 2 2 -0
= £08(0°-207) | 4sec’ 59°—cot”(90° =59 _ 3 x1 Also, secO=v1+tan?0 = |14(3) - [16+9_5 -
3sin20° 3 4 16 b
£
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sin@ cos® 1 tanZ A cosec’A
dsinf-cosb+1 4o ——at—r 2. LHS.=—2
We have, =_cosO cosH 0 o s 2 27— 2
¢ 4sinB+cos0 -1 sin® cosO cols A1, e a=cosecia
4d—¢ ———_ .2
cos® cos® cosO sin” A 1
)
_4tan6-1+secH sin@ ~_Cos2A + sin” A
= an0+1—ssch P'Mh0=a;6andmm9= ! ] sin? A .
S cos@ - 2 in?
cos2 A cos“A sin“A
3 212 B 1l
_4 1 ‘1"‘2 —4—»—]+Z ‘1‘““5 13 = sin? A + cos® A
4 4 & 4 _ sin? A+ cos® A
20. LHS. =sin0tan0 + cos* 0 cot 0 +2 gin 0 cos 0 sin? A —cos’ A
- wn2nSing 2, Cos0 - 1 -+ sin? 2
= sin2@ 2 . P — [ sin“A+cos“A=
L oah | hos esine +2sinBcosH S A Cose A 1]
_sin'8 cose = ; - —= L —=RHS.
= E+ s +2sinBcosO 1-cos“A-cos“A 1-2cos“A
23, +5sin 0 = i
R T ‘ We hav?, tan 0 +sin 6 =m (i)
i e 2sinBcosH and tan 0 - sin 0 = n (i)
M Squaring (i) and (ii) and then subtracting, we get
- - sin'@+cos?o+ 2sin?0cos2 0 m? - n*=tan®0 + sin’0 + 2tan 0 sin 0 - tan® 0 - sin®0 +
m sin6cos0 2tan 0 sin 0
- (sin2 Do 9)2 1 = m’-n*=4tanOsin O ..(i)
Z T SinBcosh (1) Multipl)zring (i) 2and (ii), we get
;_ Now, RHS. = tan 6 + cot 6 g 26 e
; _ sin® N cos6 _ sin®0 +cos20 = 22 —sin*@=mn [ tanO:ﬂ]
i cos® sinB sinBcosH c052 cosd
‘;1 _ 1 e sze(l—cos2 ) =mn r
= e p— ...(ii) cos“ 0 Z
ta = tan’0sin% = !
S From (i) and (i), L.H.S. = RH.S. == S 0
T el = tan6sin®=+mn o
21. LHS.= T seeD b i Using above value in (iii), we get £
On multiplying numerator and denominator by m? —n? = 4Jmn ;
(secH - tanB), we get =
: (=]
(1 +sec6 — tan6) (sec — tan ) 24. Given, cot 6= v1-k* = cot?0 =1~k =
1+sec6+tan6 - &
(1+sec )(secO — tan6) =y . A R P 1 - =
= (1+secB—tanB)(sech — tanB) ; tan"@ 1-k m
(secB—tanB) + (secB + tan 6)(secH — tan 6) Now, sec?8=1+ tan20 =1 + 1 - :_E,
_ (1+sech—tan6)(sec6 - tanB) 1-k it
(secO— tan6) + (sec2 6 tan26) = . gl 1—k2:1=2-k§ -
4 _ -k 1-k T
= (1+sec6—tan 9)(seec(i tan@) [+ sec?0 - tan®0 = 1] . r
6—tan6+ -
(sec6—tan6+1) o suplyes Jok
= secf - tan0 1-k2 =
S Sl [ secd= —— and tan6 = Sine] Again, cosec’ 0 =cot’ 0 +1=1+ (1 - ) 5
| Smiem—— e e b
cos@® cos® cos® 0 = cosec 0= /2 _ 2 %
1-sin® _ 2 :
= * cosecO+ cot’OsecO= 2 kZ 1 (1 k2)/2 X\/g;
1-k
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1+ cos®0 +2cos0 2

— K2 = -
1k sin0 4
= = 2 -2 =\/ — 2 ;2
R -1 =22 )=(2-k%)2 , . 1+cos’0+2cos0
25. Given, cosect + cot = p Now, RHS.= /- =1_ sin”0
1 cos O pe+1 14 cos*0+2cos0 1
= R T R
sin@ sin® sin“0
_ 1+ cos? 0+ 2 cos0 - sin? 0
[" cosect = s and cot0 = ::g(())J 14 cos? 0+ 2cos0+sin%0
1
1+ cosO = c0s20+2cos0+ cos 0 [ sin) + cos’0 = 1)
= ?n_e_= 4 1+1+2cos0
2
(1+c059)2 5 _ = 205”0 +2cos0 _ 2cos0(cos+1)
= ——_T—P [Taking square on both sides] 2+2cosH 2(1+ cos®)
sin :
=cos0 = L.H.S.
s+
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