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NCERT Class 12 Maths

Chapter 2: Inverse Trigonometric Functions

Chapter Overview & Key Formulas

Inverse trigonometric functions are the inverse relations of the basic trigonometric functions. Since
trigonometric functions are not one-one over their entire domain, we restrict them to a specific interval
called the principal value branch to make them invertible. Keep the table below handy — nearly

every mistake in this chapter comes from using the wrong principal-value range.

Domain and Range (Principal Value Branch)

Function Domain Range (Principal Branch)
sin~!a [—1,1] [—E, E]

2 2
cos™lx [—1,1] [0, 7]

T
wen (53
an~ ' x =5
cot~lx R (0,7)

-1 ™

sec” x R-(-1,1) [O,W]—{g}
cosec lz R —(-1,1) {—g, g} — {0}

Important Properties
Reciprocal relations:

Double-angle type:

2z
1+ 2

2tan !z = sin~! <

)

1 1 1
sin~! <) = cosec 'z, cos ! <) =sec 'z, tan! () =cot 'z (z > 0)
x x T
0dd functions:
sin~!(—z) = —sin" 'z, tan"!(—z)= —tan"'z, cosec”!(—x)= —cosec 'z
Supplementary-type relations:
cos I(—z)=m—coslz, cot7!(—z)=m—cot™lz, secTl(—z)=m—seclz
Complementary relations:
sin'z +cosTla = g, tan 'z + cot ta = g, sec !t x + cosec lz = g
Sum/difference formulas:
_ _ Lzt
tan~! z + tan 1y:tanl< y),xy<1
1—2zy
x —
tan! z — tan™? Y = tan™? < b > , Ty > —1
142y
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

Tip: Whenever an angle falls outside a function’s principal branch, first rewrite it using an appropriate
identity (e.g. sin(m — ) = sin 6, tan(mw + 0) = tan#) so it lands back inside the correct range — then
apply the inverse function.
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

1 Exercise 2.1

Find the principal value of the following (Q1-Q10), and evaluate the given expressions (Q11-Q14).

1
Question 1: Find the principal value of sin~! <—2>.

1 1
Solution: Let sin~! <—2> =1y. Then siny = 5= sin% =sin (—%)

Since the range of the principal branch of sin™! is [— T E} and —% lies in this range,

Question 2: Find the principal value of cos™! <\2[>

3
Solution: Let cos™! ({) =1y. Then cosy =

Since range of cos™! is [0, 7] and % € [0, 7],

Question 3: Find the principal value of cosec™!(2).

Solution: Let cosec™!(2) = y. Then cosecy = 2 = cosec %

™ T

Since the range of cosec™! is [—57 5

} — {0} and % lies in this range,

1 s
2)=—
cosec” (2) :

Question 4: Find the principal value of tan™!(—+/3).

Solution: Let tan~!(—+/3) = 5. Then tany = —/3 = —tang = tan (—%)
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

Since range of tan™! is (—g, g) and —g lies in it,

tan_l(—\/g) = —

w3

1
Question 5: Find the principal value of cos™! <—2>.

1 1 2
Solution: Let cos™! <—2> =y. Then cosy = —5 =" cosg = cos (7[‘ — —) = cos =~

2
Since range of cos™! is [0, 7] and ?ﬂ € [0, ],

Question 6: Find the principal value of tan=!(—1).

Solution: Let tan~(—1) = y. Then tany = —1 = — tan — = tan (—%)

4
Since _r c (—W 7r>’

4 272 -
tan"!(—1) = ——
an~(—1) 1
. : . a2
Question 7: Find the principal value of sec — .
V3
2 T

2
Solution: Let sec™! [ — | = y. Th = =sgec—.
olution: Let sec (\/§> Yy en secy \/§ se06

Since range of sec™! is [0, 7] — {g} and % lies in it,

()

Question 8: Find the principal value of cot™*(v/3).
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

Solution: Let cot™'(v/3) = y. Then coty = /3 = cot %

Since range of cot™! is (0,7) and Te (0,7),

cot™H(V3) = s

1
Question 9: Find the principal value of cos™! <—>

2

1
Solution: Let cos™! (—) =y. Then cosy = —

V2

_ T_ ( E>_ 3T
= COS4 —= COS | 7T 4 — COS

1
cos™ ! (—1> _ o
NG 4

Sl

Since Z%r € [0, 7],

Question 10: Find the principal value of cosec™!(—v/2).

Solution: Let cosec™'(—v/2) = y. Then cosecy = —v/2 = —cosec% = cosec (—E>.

) T T
Since —Z S |:—§, §:| — {0}7 _
cosec 1 (—V2) = v

1 1
uestion 11: Find the value of tan=1(1) + cos ™} [ == | +sin™ ! [ —= ).
Q 2 2

Solution: We know:
1 2 1
tan"1(1) = %, cos ™ (—2> = 37r’ sin™! <—2> = _76r

T 27 7r_37r+87r—27r_97r 3T

Adding,

173 7% 12 T 12 4
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

1
Question 12: Find the value of cos™* <2> +2sin~! ()

Solution: We know:

So,

Question 13: If sin~lz =
(A)o<y<m (B)~-

Solution: By definition, the principal value branch of sin~' z has range {—g, %}

Hence if sin~! 2 = g, then —g <y< g

‘Option (B) is correct‘

Question 14: tan~! /3 —sec™'(—2) is equal to
W B-F ©F O)F
3 3 3

Solution: -
tan_l \/g = g

For sec™!(—2): we need y € [0, 7] — {g} with secy = —2.

2
secy=—2:—secg:sec (77—%) :sec?ﬂ = SGC_I(—2):*

Therefore,

2
tan~! v/3 — sec 1(=2) = g - g = —g

‘Option (B) is correct‘
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

2 Exercise 2.2

Write functions in the simplest form (Q1-Q4) and prove the given identities (Q5-Q12) using the
properties of inverse trigonometric functions.

V1 —cosx
v1+4cosx

Question 1: Write in the simplest form: tan™! ( > , 0<z <.

Solution: Using 1 — cosz = 2sin? 2L and 1+ cosz =2cos g

1—cosx 2sin? ’t ’
\/ = |tan =
1+ coszx 20082 g

x x
Since <z <m=0< 5 < g, tan 5 > 0, so the modulus can be dropped:

tan~! (tan f) =2 (since z € (0 E) C (—E E))
2/ 2 2 ) 272

tan-! v1—cosx T
an —— | =
v1+cosx

2

cosx
Question 2: Write in the simplest form: tan™! <> , —g <z <

T
1+sinz 2"

Solution: Write cos x = sin (g — x) and 1+sinxz = 1+ cos <g — x) Using half-angle identities with

. . . 22
t= 5 ~ ... more directly, use cosz = cos? & —sin® £ and 1 +sinz = (cos £ +sin %)~
x 3 x T 3 x T 3 T
cosz  (cosk —sin%) (coss +sin%) cosi—sing
; - . 2 - z in &
1+sinz (cos% + sin %) cos 5 +sing

Dividing numerator and denominator by cos 5

1—tan% T x
:7:‘5&11(7——)

1+ tan 4 2
Therefore,
tan_l _cosTr o\ tan~! [tan (E E)] _mT_z
1+sinz) 4 2)1 4 2
(valid since —g <z < g = % — g € <—g7 g))

e~
[N

tan—1 CcoS T
an — | =
1+sinz
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

Question 3: Write in the simplest form: tan—! (22> , lz] < a.
a’—x

Solution: Put 2 = asiné, so § = sin™! (§>
a

T asin asin @
= = tand

Va2 —a? (/a2 — ¢2sin2g acosd

Therefore,

tan~! (;2> = tan !(tanf) = ¢
a?—x

tan ———— | =sIn -
(12 _ x2 a

. o . 1 3a’x — 23 a
Question 4: Write in the simplest form: tan B 3022 ) a>0, —= <z <
a’ — 3ax

Solution: Put z = atan#, so § = tan™! (£>
a

3a2x — 2 3a®tanf — a’tan>6 3 tan @ — tan> 6

a3 —3ax?2 a3 —3a3tan?f 1 —3tan2d

= tan(360)
Therefore,

_1 {3z — 23 _
tan 1 <a3—3a[1;2> = tan 1[tan(30)] = 39

3a2x — 23 T
-1 _— = -1 —
tan <a3 — 3a:c2> 3tan (a)

1 1
Question 5: Prove that tan™! <2) + tan~! <3> = %

T4y
1—azy

1 1 1+1
tan~! (> —I—‘can_1 <) = tan~! <2131> = tan"! (
2 3 1-— 5°3

1
Solution: Using tan™' z 4 tan~!y = tan~! < > (valid since zy = 8 <1):

ool

) =tan (1) = 1

Hence proved. B
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

Hence proved. B

1 1 1 1
Question 7: Prove that tan—! (5> + tan~ ! <7> +tan~! (3) + tan~ ! <8> = %

Solution: Group the terms in pairs.

1 1 T+1 2 6
tan~* (> +tan_1 <> = tan" " ( 5 17> = tan" ! (gj = tan" ! <>
5 7 1-— 35 3 17
1 1 i41 il 11
-1 -1 _ -1 378\ _ -1 [ 24 ) _ -1
tan (3) + tan (8) = tan (1 — 214) = tan (32 = tan <23>

Now add the two results:

6 11 L4 325 T
tan~! <> + tan~! <> = tan~! (176211 =tan”' | 555 | =tan~'(1) = -
17 23 1—+%-33 %61 4

Hence proved. B

4 12 33
i : P h - =) =cos7H | = ).
Question 8: Prove that cos <5) + cos (13> cos <65)

4 12 4 12
lution: Let A = cos™ [ = B=cos ! (= A=- B=—.
Solution: Let cos <5> and cos <13>, SO CcoS 5 cos 13
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

3 5
Since A, B € [0, 7] (and cosine is positive here), sin A = 5 sin B = E

Using cos(A + B) = cos Acos B — sin Asin B:
4 12

cos(A—i—B):g‘E—g-

48 15 33

5
13 65 65 65

Since A + B € [0, 7], taking cos™! of both sides:

33
A+ B=cos ' =
+ CcOos <65>

Hence proved. B

12
Question 9: Prove that cos™! (1:3) +sin~! <§)> =sin~! <>

12 12
Solution: Let A = cos™! (13> and B = sin™! (?), so cos A = 13’ sinA = 15—3 and sin B =

3 4
—, cosB=-.
5 5

Using sin(A + B) = sin A cos B + cos Asin B:
5 4 12 3 20 36 56

A+ B) =3 st 3 5 5 T e 6

Hence,

56
A+B=sin"!(—
+ sin (65)

Hence proved. B

8 3 7
Question 10: Prove that sin™! (17) +sin~! <5> = tan~! <36>

Solution: Let A = sin~! <187> and B = sin! (2)

1 4
Then sin A = 8 = cos A = 15 = tan A = E, and sin B = g = cos B = 3 = tan B = Z

17 17 15
tan A + tan B
Using tan(A + B) = :
sing tan(A + B) 1 —tan Atan B
8 | 3 32445 77
=+ 3 s = 77
_ 1574 _ "60_ _ 60 _
tan(A+B)_1_§ 3= 0.3~ 36~ 35
151 60 60

T
Since A, B are both acute (positive sine, positive cosine), A+ B € (—— —), S0:

272
7
A+B=tan ' (
+ an <36)
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NCERT Class 12 Maths Chapter 2: Inverse Trigonometric Functions

Hence proved. B

6 5
Question 11: Prove that tan~! (1> =sin~! <> +cos! ()

5 3
Solution: Let A = sin! <13> and B = cos™! <5>

) 12 ) 3 4 4
Th inA=— A=— A= — B=- inB=—- B=-.
en sin 3 = COS 3 = tan ok and cos 5 = sin 5 = tan 3

5 4 5+16 21
tan(A+B)—_12+t8 _ 1 _ 1 _2 36 63
A+ B) =T T T mw ~ I 13 X767 16

12 3 36 36

So A+ B =tan™! (?2), ie.

Hence proved. B

3 24
Question 12: Prove that 2sin™" <5> =tan~! <7)

3 3 4 3
Solution: Let § = sin™! (5>, S0 sinf = R and hence cosf = 5 tan @ = 1
. 2tan6
Using tan(20) = T tan2d’
2.3 53 16 24
tan(20) = S =2="x—==
-3 1 2 7 7

Since # = sin~! (3) € <0, g), 20 € (0,7); and because tan(20) > 0, in fact 20 € (O, g) Hence:

5
24 24
20 = tan~! (7> —  2sin”! (g) = tan ! <7>

Hence proved. B
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3 Miscellaneous Exercise on Chapter 2

Question 1: Find the value of cos™! <cos 1?6)7T> .

13
Solution: We know cos!(cosz) = x only when x € [0, 7]. Here % ¢ [0, ], so rewrite it first.

13m 2T+ T = COoS 13m cos (2 + 7T) Ccos T
_—= T —_ _—= i —_ = —_
6 6 6 6 6

Since % € [0, 7],

COS COS —— | = COs COS =< | = —
6 6 6

7
Question 2: Find the value of tan™! <tan 67r>

7
Solution: We know tan~!(tanz) = x only when z € (—g, g) Here % is outside this interval, so
rewrite it.
T +7T=>t 77Tt<+7r)t7r
— =7+ = an— =tan (7 + — ) = tan —
6 6 6 6 6

3 17
Question 3: Prove that 2sint (5) —tan~! <> = E.

Solution: From Exercise 2.2, Q12, we already showed 2sin™* <§) = tan~! <24)

24 17
So we must show tan~—! <7> —tan—! <31> — %

Using tan 'z — tan™!y = tan™! ( T ):
142y

24 17 24 _ 17 744-119 695
-1 —1 _ -1 7 31 _ -1 217 _ -1 . 1 o
tan <7> —tan (31> = tan (H_ZH; = tan @ = tan <625> = tan (1) —

Hence proved. B
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4
Question 4: Prove that sin™! (5) + 2tan~t () — E.

4 4 4
Solution: Let § = sin™! (5) so sinf = 0s ) = %, tand = 3’ ie. § =tan™! (3)

3
) = <4) (using 2tan~!x = tan—! 1%12: 13/1?;9

Wl

4
5’
From Q6 (Exercise 2.2 method), 2 tan™ (

2/3
L =3

4 3
So we need: tan~! <3> + tan~! (4)

4 1
Since 3 x = =1, and both are positive, using tan~! 2 + tan™! <> = g for z > O:

w

4 x

tan~! é —|—tan*1 § T
3 4/ 2

4 1
Hence, sin™! <5> +2tan~! (3) = g Hence proved. B

1 1—
Question 5: Prove that tan=!\/z = 3 cos™! <1+§> , x €]0,1].

Solution: Put 2 = tan?#, so # = tan~! /2, where 6 € [O, %} (since x > 0).

11—z 1—tan?6
RHS argument: T2 11tan® cos 20

So,
1 1
5 cos 1 (cos 26) = 5(29) =40 (valid since 20 € [0, 7))

Therefore,

Hence proved. B

1+si 1—si
Question 6: Prove that cot™! <\/ t+sine + sm:c) = E, T e (0, z).

V1+sinz — 1 —sinz

. . s r T L
Solution: Since 0 < z < —, we have 0 < — < —, so cos — > sin — > 0.

4’ 2 8’ 2 2
2 2
Write 1 4+ sinz = (cosE + sin E) and 1 —sinz = (cosf — sin E) , SO
2 2 2 2
\/1+sinx:cosg+sing, \/1—sinx:cosg—sing
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Substituting,

V1+4sinz ++1—sinz 2cosg N
= = cot =
V1+sinz —y/1—sinz  2sing 2

Therefore,

cot ™ (cot g) = g (since g € (0,7r)>

Hence proved. B

Question 7: Prove that tan™! <

\/1+x—\/1—:n> T 1
Vitz+vVi—z/)

1
Solution: Put z = cos 26, so 0 = B cos™ !z, with 0 € [O, %} (matching the given range of z).

Then 14+ 2 =1+ cos20 =2cos?f and 1 —z = 1 — cos 20 = 2sin? 0, so

V142 =+v2cosb, V1—12=+2sin6

Substituting:

Vi+tz—+V1—-2 ﬂcos@—ﬂsin@_cos@—sin@_1—tan9 n(i—e)

= = = = ta.
Vitz+vV1—x  2cos++2sinf cosf+sinf 1+4tanb 4

Therefore,

tan_1<\/1+a:—\/1—x>_7r_0 T 1
Vitz+yV1—z 4

Hence proved. W

V3 — 322
Question 8: Prove that cos™!(z) + cos™! (g + 23;) =_, € [’ 1]-

1
Solution: Let A = cos™!x, so cos A = z and, since A € [0,7] and = > v we have A € [0, E}, SO

sinA =+v1—-22>0.
. T
Consider cos (g — A).

cos (z —A) :cosﬁcosAJrsinzsinA:
3 3 3

DO =

/ 1— 2 /U9 2
'l‘+\g§"/1x2:;+3(x) ijM

2 2 2

Since g — A € [0, 7] for the given range of x, taking cos™! of both sides:

/3 _ 372
cos™? <:;;+323x> :g—A:g—cos_lx
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Rearranging,
V3~ 3,2
cos tx+cosH| S+ M _T
2 3
Hence proved. B
Question 9: Solve for z: tan=!(2z) + tan=1(3z) = %
. . 1 1 [ a+b
Solution: Using tan™ " a 4+ tan™" b = tan T ok
—a
2x + 3x T S5z
tan [ —= | == == —— =1
o <1—6x2> 47 1—6a2

1
52 =1-622 = 622 +50—-1=0 = (bz—1)(z+1)=0 = r=gorz=-l

Checking: If + = —1: tan~!(—2) +tan~!(—3) is negative (sum of two negative angles), which cannot
equal % (positive). So z = —1 is rejected.
1 1 1 . 1 . . .

If x = 6: 20 = 3 3x = ok both positive and 2x - 3x = 5 < 1, so the formula applies validly and gives
7. Valid,

1

r=—
6

Question 10: Solve: 2tan~!(cosx) = tan~1(2 cosec x).

2y
-y

Solution: Using 2tan~!y = tan~! <1 ) with y = cos a:

2

sin“ x

2cosx 2cosz
2tan !(cosz) =tan ! [ ———— | =tan" ! [ —5—
1 —cos?x 2

2
Setting this equal to tan™!(2cosecz) = tan™! ( - >:
sin x

2cosx 2 Ccos ¥
5 = = = =1 = cotx =
sin“ x sinx sinx

xr =

T
4
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1-— 1
Question 11: Solve for x (z > 0): tan™! (1 n z> =3 tan~!z.

1—=x

Solution: For x > 0, recall the identity tan—! (1 n ) = %—tzﬂf1 x (a special case of the subtraction
x

formula with tan=! 1 = %)

So the equation becomes:

1 -1 1

r=—tan T =
2

zitan_ xr = tan 'z =

LI m
Z _tan Z
4 4

x = tan

Sl

T
6

Question 12: tan™!' /3 — cotfl(—\/g) is equal to:
A)7 (B)—5 (©)0 (D)2v3

Solution: -
tan "t \/§ = —

w

For cot™!(—+/3), use cot™!(—z) = m — cot ! a:

cot ™ H(—=V3) =7 —cot H(V3) =7 —

SE
D

Therefore,

tan~ 13 — cotfl(—\/g) = g "S- "6 — % g

‘Option (B) is correct‘

uestion 13: If sin™'(1 — z) — 2sin" 'z = E, then z equals:
2

(A)0.5 (B)1,

Solution: Rewrite: sin~!(1 — z) = g + 2sin~! 2. Taking sin of both sides:

1 -2 =sin (g + 2sin~? x) = cos(2sin"tx) = 1 — 2sin®(sin "' z) = 1 — 222

1
l—z=1-22> = 222 —~2=0 = 222 —-1)=0 = szorsz
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Verification (essential, since taking sine can introduce extraneous roots):
For z = 0: LHS = sin—1(1) — 2sin~1(0) = g 0= g v Valid.
1 1 1 1
For x = 3 LHS = sin~! <2> — 2sin! <2> = —sin~! <2> = —% # g Rejected (extraneous).

So the only valid solution is x = 0.

‘Option (C) is correct‘

Question 14: sec? (tan_1 2) + cosec? (cot_1 3) is equal to:
(A)5 (B)13 (C)15 (D) 19

Solution: Let § = tan~' 2, so tan# = 2. Using sec?f = 1 + tan?6:
sec’(tan"12) =142 =5
Let ¢ = cot™! 3, so cot ¢ = 3. Using cosec’¢ = 1 + cot? ¢:
cosec’(cot13) =1+3% =10

Adding,
sec?(tan™! 2) + cosec?(cot ™1 3) =54 10 = 15

‘Option (C) is correct‘
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Quick Revision: Formula Sheet

1. Principal value ranges

sinlz € [—%, !

], cos 'z €[0,7], tan~!

z € (—

)

cot 'z € (0,m), sec 'z €[0,m]—{5}, cosec'ze [-Z,3]—{0}

SE]

Y

2l
rl3

2. Reciprocal identities

sin™! 1 = cosec 'z, cos! 1 —sec tz, tan”! 1 =cot™tz (z > 0)
7 % 7
3. Negative-argument identities
sin!(—z) = —sin"lz, cosT!(—z)=m—coslz, tan"!(—z)=—tan"'z
cot 1(—z) =7 —cot™ 1z, sec}(—z)=m—sec 'z, cosec”!(—z)= —cosec lz

4. Complementary-angle identities

<1 =1,.,_5% =1 =1,.,_% =il =i, _%
sin” ~ x -+ cos :E—§, tan” " x +cot” " x = —, sec " x -+ cosec ZL'—E

\]

5. Sum and difference formulas

tan~! z+tan ! Y = tan ™1 < Tty
1 -2y

y) (xy > —1)

<1), tan'az—tan"'y=tan!
)(a:y ) an_ - z—tan -y = tan T2y

6. Double-angle formulas

2x 1 — 22 2x
- o =il _ -1 _ —1
2tan” "z = sin <1+3:2> = coS (1—1—:1:2) = tan (1_:1;2)

2sin" !tz = sin~! <2m\/ 1-— x2> , 2cos lz=cosT!(222 — 1)

7. Triple-angle formulas

3sin~! 2 = sin~!(3z — 4a3), 3cos ™'z = cos™!(42® — 3x)

.3
3tan 'z = tan~! <?1)$_3;>

Common mistakes to avoid

e Never write sin~!(sinz) = x or cos~!(cos ) = z blindly — this only holds when x lies within
the function’s principal value branch. Outside it, first reduce z using periodicity /symmetry
identities.

rry
11—y
check the quadrant of the final angle.

e tan !z +tan~ly = tan~! ) needs an adjustment of +7 when zy > 1 — always

1

e sin” " x is not the same as — — the —1 is a function label, not an exponent.

Sinx
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— End of Chapter 2: Inverse Trigonometric Functions —
Complete NCERT Solutions e FExercise 2.1, 2.2 & Miscellaneous Exercise
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