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TRIGONOMETRIC IDENTITIES

L

LLAmREYIBION OF KEY CONCEPTS AND FORMULAE
. An Cqu‘”’t}on ® ‘crgllle'd m: identity if it is true for all values of the variable (s) involved.
" An equation 1{1 v1fnf};«l Trigonometric ratios of an angle is called a trigonometric identity if it is
rue for all values of the angle. &

. Following are some trigonometric identities:
> . 2
() sin’0+cos”0=1 or,1-cos?0 =sin?0 or, 1-sing

TS -

= cos? 0
@) 1+ tan?@ = sec’® or, sec?d — tan2 = |
i) 1+cot?0 = cosec’® or, cosec? - cot?g = 1.
(iv) sec0 - tan’0 =1
- (secO+tan®)(secO—tan6)=1
—, secB+tan6= m and, secf- tanf = m

ie.sech +tan6 and sec -tan® are reciprocal of each other.
(v) cosec?® - cot’0 =1

= (cosecO— cotB)(cosecO + cotf) =1

1
= cosecB +cotd = ———  and, cosecO - cotO = ;
cosec6 — cot® cosecO + cot

ie.cosec®+ cot® and cosec 6 - cotO are reciprocal of each other.
_ 'SOLVED EXAMPLES
'MULTIPLE CHOICE QUESTIONS (MCQs)

1 .
BXAMPLE 1 The value of cos?0+———— 1

1+ cot?0
(@ 0 (b) 1 (c) 2 (d) -1
Ans, (b)
OLUTION cos? @ + 1 05?0+ 1 _cos?0+sin?0=1
1+ cot?0 cosec” 0
EXAMPLE 2 The value of (1+ tan? @) (1+sin6)(1- sin0) (1 + cos0) (1 - cos0) (1+ cot? 0) is
@) 1 (b) -1 ©0 (d) -2
OLuTION (1+ tan® 0) (1 + sin0) (1 - sin 0) (1 + cos0) (1 - cos 0) (1 + cot? 0)
1 2 2 _
: =sec?0 (1 - sin20) (1 - cos”6) cosec” 0 = e sl Snio
X
( AMpLg 3 (1+tanA-secA)(1+tanA+ secA) =
Y 2ang (b) 2sinA (c) 2secA (d) 2cotA
10.1

.



MATHEM
102 ATicy,

X
Ans, (a)
SOLUTION (14 tanA - sec A)(1+ tan A + secA)

4 2
=sgec” A+2tan A -sec® A <),
2 2
=(1+tanA)? —=sec? A =1+ tan A+2t ang

2
an A - sec A

2 "
EXAMPLE ¢ If cosA = -‘;, then the value 9 +9tan Ais d) 34
@ o ") 16 (© 2
Ans. () 2

24 9 =09x (_5_) =25

SOLUTION 9+ 9tan? A = 9(1+ tan? A) = 9sec’ A = ——77 3
EXAMPLE § tan'0+tan?0= 3 4 p
(@) secl@-2sec'®  (b) 2sec?B-2sec’d  (0) sec’ 0 —sec 0 (d) sec’d-secty

Ans. (d)

2 29 =gectp_
SOLUTION tan'9+tan29=tanze(tan29+l)=tanzﬁseczf):(sec 0-1)sec” 0 =sec 0 -secly

EXAMPLE & tan20 % cot?8 _
,'A¢ 2 2 -
1+tan“0 1+cot“O . )
(@ 1 (b) 2tan’ (c) 2cot“@ (d) 2sec’®
Ans. (a) ,
tan’0 cot’0  tan’® cot’6 _ 29 + cot? 0 x
= + = tan“ O x
SOCUEAN 1+tan?8 +1+cot29 sect® cosec’® sec? cosec’9
.2 2
=pett 8 xc0529+@2—6xsin29= sin?0+cos?0 =1
cos 0 sin“ 0
EXAMPLE 7 If sin®+cos8 =2, then tan +cot8 =
(@) 1 (b) 2 (c) 3 (d) 4
Ans. (b)
SOLUTION We have, sin®+ cos8 = /2
= (sin6 + cos0)® = 2
1
= sin?0 + cos’0 + 2sinBcos0 =2 = 1+ 2sinBcosO = 2 = 2sinOcosh = 1 = sinBcosB=5
N -2 2
tan9+oot9=sme Cf)se=sm'6+cos 0= 1 _
cos® sin® sin®cosO sin® cosO
2
EXAMPIESM" : in simplified 1
8 G0 sintg’ " Simplified form, is
(a) tan’0 (b) sec?o () 1 @ -1
Ans. (d) (CBSE 202

c:o:az_l_cosﬁ2 12_2 ) . . .
SOLUTION %in%g “sin?0 | 3in0 ) | sing | ~ O 0~ cosec’d =~ (cosec’ § - cot’6) =~

EXAMPLE 9 If 15tan®0 + 4sec?0 = 23, then the valye of (

15
i ) 7 ©

Ans. (b)
SOLUTION We have,

15tan’ 0 + 4sec?0 = 23
= 15tan®0+4(1 + tan? )

sec + cosec)? - sin?0 is

11
@ 5

=23 =>19mn20=19=>tan20=1=~tane=1=>9=45°
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i

v = I 0 = fenn ARo
(e 04 cosec0)” = 8in70 = (seedse C(IS(\c«lS")z_sin!tI‘iﬂ ‘(\/i J2Y 1 2 8 1__1?.
| rLE 10 If J3cot? 0= dcot0 4+ V3 = =0, then the pal ‘ e h(‘:ﬁ.) 2 2
A (b) 7 * value of 3(cot?0 + tan?0) is
,) 15) (c) 10 @4
\1 r'(ﬂLN We have,
b

J3oot?0-4cot0+ 3 =0
J3cot?0-3cot0-cot0+ V3 =
ﬁmm(t‘om-ﬁ)—(cotO-JS):g
(Jjawlﬂ—l)(t‘ol()—-ﬁ):()

bV

A\

&

3cot0-1=0 or,cot0- /3 = 1
2 \/— 0 \/5 03 Cotﬂzﬁ or, C0t9=\[§:> 9=6OO or 9__-300

gt 60°, th en3(cot 0+ tan?0) = 3 (cot? 60° + tan? 60°) = 3( +3) 10

92307, then 3 (€0 -+ an0) =3 (col 30"+ tan? 30°)=3(5+3)=10

AMPLE 11 If 1+sin”0=3sin0cosh, then tand can take values
1 1
() 1'—2_ (®) 1,2 (c) 2’ 2 (d) none of these
Ans. (a)
QLUTION We have, 1+sin?0 =3sin6cos®
Dividing both sides by cos?8, we get

0N

1 sin’6 _3sinBcosO

—_ —=
w0s20 cos’0 cos* 0
_ sec?0+tan”0 = 3tan®

- 1+tan”0 + tan?0 =3tan® = 2tan’0—3tan0+1=0 = (2tanf-1)(tan6-1)=0 = tan® = 1,-;—
EXYAMPLE 12 (cosecB — sin 8)(secB — cos0)(tan® + cotB) is equal to

@ 242 (b) 0 (01 @ V2

Ans. (c)

SOLUTION (cosec® — sin ) (sec® — cos6) (tan@ + cot )

1 ) 1 sin@ cosBO
=| ———sin0 -c0s0 || —+——
sin® cos6 cos® sin0

1 sin20 1-cos?® sin 20+ cos?0 cosB sin?0 1
X X X

sin© g cosO sin 0 cos0 " sin®  cos® sin® cosa
DAMPLE 13 If k+1=sec? (1 +sin6)(1-sin6), then k=
(a) 1 (b) 2 ()0 (d) -1

Ans, (c)
SOLUTION We have,
k+1=sec 9(1 +5in0)(1-5in0)

» k+1= x (1-sin 9)=>k+1— Y sk+1=12k=0
cos*0 cos 0
[(XAMPIL 14 Jf (snn0+cosec9) +(c050+Sec0) =k + tan® 0 + cot0, then k =
2) 1 5 d) 7
Ans (d) (b) 2 (C) ( )

LUTION We find that
(8in 0 + cosec 0)* + (cos 0 + sech)’
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in’ 2 sl 0 4 2cos0secO + sec? () ‘
= sin* 0 + 2sin0cosec 0 4 cosee” U 4 cos ¢
2 2
=sinf0+24 1400204 0?04 2+ 1+ tan0 2 2
=(sin® 0+ c0s?0) + 6 + cot? 0 + tan?0 =7+ tan” 0+ cot” 0
Henee, =7 |
- i (.
EXAMPLE 13 I sin® - cos0 =0, then the value nfsm"O+ cos"0is

2 3 P
@ 3 ) % © 3 (d) 3
Ans. (d) )

SOLUTION We have, o
sinf-cosf=0 = sin0=cosO=>tan0=1=>0= 45

6 6
1 1 1
"0+ cosb = im0 + (cos0) - einds" + (0545 = 75 | +(F5 | =111
sin® 0 + cos® 0 = (sin 0)° + (cos0)°® = (sin45°)" + (cos45°) (Ji 7 8+§=Z
EXAMPLE 16 If ¢ is an acute angle of a right angled triangle, then which of the following equatic, i g
true? ’
(a) sinBcot®=cos® (b) cosOtanO=sin® (c) cosec’@-cot’B=1 (d) tan? B - sec?g .
Ans. (d) [CBSE 20231
. . cos 6 A :
SOLUTION sin9cot 8 = sin Ox — 5 =co0s 0. So, option (a) is true.
sin
sin@

cosBtan 6 = cos 0 x =sin 0. So, option (b) is true.

cos 0

1+cot?0 = cosec’6 and 1+ tan?0=sec?d = cosec’d—cot?0=1 and sec?9- tan2=] |
So, option (c) is true but option (d) is not true.

'ASSERTION -REASON BASED MCQs

Each of the following examples contains STATEMENT-1 (Assertion) and STATEMENT-2 (Reason)

and has following four choices (a), (b), (c) and (d), only one of which is the correct answer. Mark the
correct choice.

(a) Statement-1 and Statement-2 are True; Statement-2 is a correct explanation for Statement-1.

(b) Statement-1 and Statement-2 are True; Statement-2 is not a correct explanation for Statement-l.
(c) Statement-1 is True, Statement-2 is False.

(d) Statement-1 is False, Statement-2 is True.,
EXAMPLE 17 Statement-1 (A): For 0<0<90° sec?0 +cos?0 > 2,

Statement-2 (R): For x>0, x + L 22
x

Ans. (a)
SOLUTION For any x >0, we know that

2
(\/-- ] ] 20=>x+-]—-220::>x+122.
Jx x x

So, statement-2 is true.

. 1
For 050 <90°, wefind that sec’0 and cos?9 are positive real numbers such that sec’0=="Tp'

cos”!
Using statement-2, we obtain

cos? 0 + 12 22=>scc20+c032022
cos” ()

Thus, statement-1 js true and statement-2 is a correct expl

anation for statement-2.
Hence, option (a) is correct.
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A Spatement=1 (A The valye o o
i : 2010 of the product Iy = cos1*cos2* coa 3...coa 1797 con 1807 1¢
f\ St

Statement-2 (R): The val
{ ne t)f ”l(‘ pmdu” ’l) = lan [n tan 2“...'}"’]8{)" fa i

N

"

s find that in the produat P, = i
il N W 1to Hl 1t 1 = cos1°c0s 2°c0s ..o 179° cos 180° one of the terms 15
W h 4 is equal to zero. Hence, product By = 0. So, statement-1 is true.

“
&
Jquat B2 canbe written as
~ PN =

i

R, = (tan1°tan89°) (tan2°tan 88°)... (tan44° tan 46°) tan 45°

P, = (tan1°cot1%) (tan2° cot2°). . (tan 44°cot 44°) tan45° = 1 [E?gg |tar:;.(900 -42?’%0‘0}
e

P d,h‘m““t P, is also true. But, it is not a correct explanation for P
» N“U 1o Statement-1 (A): For 0<0<90° secO+tan® and secO—tan are reciprocal of each
' other.
Statement-2 (R): tan?0 - sec?0 =1

ArS (t)
.LL-"!O\ Clearly statement-2 is not true. We know that

wc-9-tan 9=1
N (ge_me)(sec9+tan9)=lﬁsec0+tan0= 1 and, sec-tanf=———"—
- secO-tan® secO+ tan®

.+ secO+tanB and secB - tan@ are reciprocal of each other. Thus, statement-1 is true.

dab

is true if and
+b)? /

cAMPLE 20 Statement-1 (A): Let a, b be non-zero real numbers. Then, sec?0 =
only ifa=b. (@
Statement-2 (R): sec?021 for 050 <90°.

ins (a)
$LUTION In a right triangle if @ isone of the acute angles, then

secB:EX%:—;ES-QZI:seC:EBZI [+ Hypotenuse > Base]
5, statement-2 is true.
Now, secte 200
‘ (a + b)*
4ab
= 2 o 2
(a+b)2 1 [ sec 021]
- 1- 4ab >0
(a+b)*
s (a+b)2-4ab$0
(a+b)?
2
5 (a-bz a"b i ﬂ-b 2— '-'('ﬂ—_‘l‘,') 3 o necative
(a+b;250=°(a+b) 0= 1= =0 = cannot be negative
5 a-b

=0=>g-b=0=a=b

a+bh
2 is a correct explanation for statement-1.

/]
B ¥
lat‘“fment-l is true and statement
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204 cos'0=1
EXAMPLE 21 Statement-1 (A): If sin0 + cin?0 = 1, then cos” 0 + cos

~ 5 "\ 2
Statement-2 (R):  1-sin?0=cos*0.

Ans. (a)

. 20 =
SOLUTION Clearly, statement-2 is truc as sin0 +cos” 0 =1.
Now, sind +sin®0 =1
= SinQ = 1-sin’0 ‘
= sin® = cos?0 s Slatemem-zl
= o= 0;\& 8 [Squaring both Sideg)
= 1-c0s 0 = cos'0 o Statemenm]
= c0s’0+cos'0 =1

So, statement-1 is also correct and statement-2 is a correct explanation for statement-1.
Hence, option (a) is correct.

20 _
ENAMPLE 22 Statement-1 (A): If tan@ + cot0 =2, then tan?@+cot"0=4.

2sin? A+ 3cot’ A _4
4tan?A-2cos’A 3

Statement-2 (R): If cosecA = ﬁ, then

Ans. (d)
SOLUTION We have, tan0+ cotf=2

= (tan® + cot0)? = 22

= tan® 0+ cot?0 + 2tanBcotd =4 = tan?@+cot’0+2=4 = tan’B+cot’6=2
So, statement-1 is not true.

We have, c0sec A =+/2 = sinA = = = sin A = sind5° = A = 45°

V2

1
— [+3(1
2sin® A+ 3cot? A _ 2sin® 45 + 3cot? 45° B 2(2) @
4tan*A-2cos? A 4tan? 45° - 2 cos? 45° 4x1_2(1)
So, statement-2 is true.

I

2
3

~ PRACTICEEXERCISES
MULTIPLE CHOICE QUESTIONS (MCQs)
Mark the correct alternative in each of the following:
1. If x = ZsinZBandy =2cos*0+1, then x + Y isequal to
(@) 3 (b) 2 (© 1 (d) 1/2

2. If tana + cota = 2, then tan®? g, 4 ¢ot2™0 o =

(@) 0 (b) 2 (c) 2020 (d) 2202
1+sin0 | ual to
1-sing ° %
(a) secO + tan0 (b) sec6 - tan0 (c) sec’d + tan?0 (d) sec’0- tan?0
I ¢ ’1 + cosO
4, The value o 1= cos0 is
(a) cotB - cosecH (b) cosec + cotd (c) cosec?d + cot?9 (d) (cot®+ cosecB)’
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oin b
s oo it hquﬂ to
et ) Locwe 1 - cond [ - 4in®
o aad oo f) (¢ e (C) I—
sm B cow P
e T
2 0 L (©) tnd ¢ coud (d) ain® - cond
;’;‘j 2 .::i: ; e equal to
3) 2tn® (b) 2sec (¢) 2cosech (d) 2 tan0sech
gy = ecosdandy = bsin®, then Mr? + o?y? =
w &M () b () a'd! () o +b*
ji2 = esec@and v = btan®, then bx? - 4%y =
(2) at ) o - (¢) a* +p? (d) o b
The value of (sec A + tan A)(1 - sin A) is
(a) sec A (b) sinA (¢) cosec A (d) cos A

[CBSE Sample Paper 2024]

I
11 I x = asecO008é, v = bsecOsingand z -clmo.thcn?w%!- -
2 3 X z
(@) =¥ (b) 1--(-,— (c) ?—-1 (d) 1+?-
Ssec’ A -9tan® A is equal to
(s) 1 () 9 (c) 8 (@) 0
[NCERT]
(s A + tan A)(1 - sin A) = o . @ oo
inA c) cosec cos
i Bl [NCERT)
1« 2
__‘ﬂ‘i is equal to
ot A i
(2) sec A (b) -1 (c) cot’ A (d) tanA
INCERT]
i 26in’ - cos’ P = 2, then p is equal to
le) 07 (b) %0° (c) 45° (d) 30°
U 8 ABC is right angled at C, then the value of cos(A + B) is
! V3
() 0 (b) 1 (€) 3 @ 5
“uxﬁqunesx,menazzcﬂt & g
: M ; - ——
) T4 ) 5, ® 5 @ =
If sec® 4+ tan® = x, then tand = z l
' o el vl -l
w =21 (b) LT' © 5, o 3
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1

sec' A~ sec? A s equal to

2 4
: 44+ tan?A (d) tan® A +tan 4
(@) tan*A-tan'A () an*A-tan’A (9 tanA+

20. cos' A - sin' Ais equal to

241 (d) 2sin?A+1
() 2cos?A+1 (b) 2cos?A-1 () 2sin”A

21. The value of (1 + cot - cosec0) (1 + tan0 + sec0)is

d) 0
(@) 1 (b 2 (c) 4 1 (d) .
22 e i is equa
22, t:;\sgxe - sin0) (sec:)b; c;;sG) (tan® + cot9)(1CS) (3 ; () none of these
23. If A and B are acute angles such that sin (4 - B)o'—' 0 and 2c0s (A(;')B;S_ol =0, then 4+
(a) 60° (b) 30° (c) 45
24. If sin0® - cos @ = 0, then the value of sin@ + cos*0 is .
@ 1 ®) 3 © 3 r

25. If acosB - bsin0 = ¢, then asinf + bcosb =

@ :Va+ti 42 () ty@ 42— (O Va2 -b  (d) none of these

26. If cos(a+B) =0, then sin(a—p) can be reduced to

(2) cosp (b) cos2p ( sina (), finiZa
27. If 1+sin’a = 3sina cos a, then the values of cota are

@) -1,1 ®) 0,1 (© 1,2 (d) -1,-1

cot® tan0 A

28. is equal to

cot® - cot30 tanB-tan30

(@) 0 (b) 1 (c) -1 (d) 2
29. 2(sin®@ + cos®6) — 3 (sin® 0 + cos*0) is equal to

@ o (b) 1 (c) -1 (d) none of these
30. If acos® +bsin® = 4 and asin® — bcos0 = 3, then a® + b? =

(@ 7 (b) 12 () 25 (d) none of these
31. If acotB +bcosecO = p and bcot0 + acosecd = q, then p? — q* =

(@) o —p? (b) b -a? (c) a*+b? ) b-a
32. If x =rsinBcosd, y = rsinBsingand z = rcos0, then

@x*+y* +22 =12 ) ¥ +y* -2 =42

©x*-y* +22 =1 d) 22 +y? —x2 = 2
33. Ifsin® +sin0 = 1, then cos? 0 + cos* 0 =

(@)1 (b) 1 (© 0 (d) none of these
34. If acosB +bsin® = mand asin@ - bcosO = n, then a2 + b? =

(@) m*-n’ (b) m*n? (© n?-m? (d) m?+n?
35. IfcosA+cos’A =1, thensin? A +sin® A =

(@) -1 (b) 0 (© 1

(d) none of these

'ASSERTION -REASON BASED MCQs

Each of the following questions contains STATEMENT—l (A on) and 17
Lo ding b Chol s e (A)and STATEMENT-2 (Reas
f:(;llo(i)cvéfng . 1ces (@), (B), (<) and (d), only one of Which is the correct answer. Mark the cor®
(a) Statement-1 is true, Statement-2 is true; Statement

2 is a . for statemerlt-l.
] -, C
(b) Statement-1is true, Statement-2 is true; Statement- SRS cxplanation

. t-1
2isnot a correct explanation for Statemen
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. statementr] (A):
gatement-2 (R):

i ment-1 (A):
3 state t-2 (R):

gtatemen _
o Statement-1 (A)

statement-2 (R):

. statement-1 (A):
5tatement-2 (R)

0, Statement-1 (A):
statement-2 (R):
41, Statement-1 (A):

Statement-2 (R):

1. (a) 2
8. (a) 9
15. (b) 16.
2. (b) 23.
29. (c) 30.
3. (a) 37.

. (b)
. (d)

(a)
(b)
(c)
(a)

NOMETRIC IDENTITIES
L

The value of the product P

For 0<9¢ 90°, tan (90° - 9)

The value of the product of P
The value of cos 90°

For 0<0<90° cosec- cot

other.
cot?® B — cosec? 0=1,
For 0<6<90°,

cosec? 0 — cot’9=1.

rement-1 is true, Statement-2 ig false,
tement-1 is false, Statement-2 g true,

is zero.

=tan1°tan2°tan3°,
=cotd and tan45°=1.
= c0s1°cos2°

,tan89° is 1.

10.9

c0s179° as 180° is zero.

If x=4cos® and y = bsin6, then b? x> +ay? = a? b,

c0s20 +sin? @ = 1.

For 0 < 0<90° cosec?8 +5sin20 > 2.

For any x>0, x+1
%

3. (a)
10. (d)
17. (b)
24. (o)

31. (b)
38. ()

22.

ANSWERS :
4. (b)
11. (d)
18. (d)
25. (b)
32. (a)
39. (c)

5. (c)
12. (b)
19. (c)
26. (b)
33. (b)
40. (a)

. (€)
13.
20.
27.
34.
11.

(d)
(b)
(c)
(d)
(a)

® and cosecO+cotd are reciprocal of each

[CBSE 2023]
sec@ + tan and sec® - tan® are reciprocal of each other.

7. (c)
14. (d)
21. (b)

28. (b)
35. (c)



