11. Differentiation

Exercise 11.1

1. Question

Differentiate the following functions from first principles :

e—X

Answer

We have to find the derivative of € with the first principle method, so,
f(x) = e

by using the first principle formula, we get,

fi{x+h)—f(x)

f*(x) = lim
h—0
_|: h ——
f'(x) =lim= e
ho0
-x,_-h
f(x) = lim= Gl
h=0

-xf_.—h
£x) = Tim & (e™M—1)(-1)
(%) = lim —=

X_
[By using lim == = 1]
x—=0 X

f'(x) =-eX
2. Question

Differentiate the following functions from first principles :

e3x

Answer

We have to find the derivative of e3* with the first principle method, so,
f(x) = e

by using the first principle formula, we get,

f(x) = lim fGeth)—G)
h—0

, . o2 (xth)_ 23
f(x) =lim
h—0

h
f(x) = lim &2
h—0

, . e3¥ eah—l 3
f(x) = lim =& 153
h—=0 3h

[By using lim =2 = 1]
x—=0 X
f(x) = 33

3. Question

Differentiate the following functions from first principles :



eaXx + b

Answer

We have to find the derivative of €@**b with the first principle method, so,
f(x) = eax+b

by using the first principle formula, we get,

fx+h)—f(x)

f‘(x) = lim

h—0

, . ealx+hl+b_ ax+b

f(x) = lim

h—0

ax+b - ah_

f*(x) = Jim ——= 2

h—0 ah

X _
[By using lim == = 1]
x—=0 X

f'(x) = a e+

4. Question

Differentiate the following functions from first principles :

eCOS X

Answer

We have to find the derivative of €5 X with the first principle method, so,
f(x) = eCos x

by using the first principle formula, we get,

. . flx+h)—fi(x
f(x) = lim =0
h—0
, . Ec‘os(x+h)_ecosx
f(x) =lim
h—=0
, . gfosx erosix+hl—cosx _
f*(x) = lim ¢ )
h—o0 h
¢ ‘(X) - lim ec‘osx(ecos(x+h)—cosx_l] cos(x+h)—cosx
h—0 cos{x+h)—cosx h

X_
[By using lim == = 1]
x—=0 X

f “(x) = lim ecosx Sostx+h)—cosx
h—0 h
cosx cosxcosh—sinxsin h—cosx
h

f(x) = Lllj}]e

[By using cos(x+h) = cosx cosh - sinx sinh]

cosx [cosx(cosh—l] _ sinxsinh]

F00 = lim e 3 .

sinx

[By using limy_,q =1 and

X
cos 2x = 1-2sin? x]

cosx(—z sinzg)(;’] — sinx]

f(x) = lim e®°* [
h—0 h(y)



. ol R
, — i cosx ccsx(—Zsm E)(;] o
f'(x) = hm%.e [ —sinx]

2z
f“(x) = -e®°s X sin x
5. Question

Differentiate the following functions from first principles :

e

Answer
We have to find the derivative of €/2X with the first principle method, so,
f(x) = eV2X

by using the first principle formula, we get,

f/(x) = lim "R
h—0

. Je(x+h)_ 23X
f(x) = lim = °
h—0

E“'ﬁ(e J2lth)—/zx_ 1)

f(X) = lim
h—0 h
VEX o z(ath) —Ex e N
f(x) = lim =& D)  y2lcth)-yex
h—0 h y 2(x+h)—/2x

X_
[By using lim == = 1]
x—=0 X

“(X) = Tim s X (2T — 3 ) x L2E
f(x) %1“}31 — X (y/2(x+h) \'ZX)X\,’MWE

[By rationalising]

REE (2(x+h)-2x)

f'(x) = Sy
(x) LIEE. h xg‘?(x+hj+vﬁ
2x
fix)=25_
V2K

6. Question

Differentiate each of the following functions from the first principal :

log cos x

Answer

We have to find the derivative of log cosx with the first principle method, so,
f(x) = log cos x

by using the first principle formula, we get,

f1(x) = lim "=
h—0

logcos(xt+h)-logcosx

100 = lim =2

1og(cos(x+h)]

f(X) = lim —hmﬂL



cos(x+h)
oy _ o logi+ 1)
fX) =lim ——"cosx
h—=0

[Adding and subtracting 1]

cosix+hl-cosx

f '(X) = lim log(1+ COSX )
h—0
[Rationalising]
cos(x+hl-cosx cos(x+h)—cosx

) _ log(1A )

f (X) = %}Ea hcosx x COS[XE'FOE){COSX
COSX
. . 1 1+3

[By using limy_,q @ =1]

cos(x+hl-cosx
f'(x) = lim ——<cesx
h—0

. C-D . C+D
[cosC - cosD = -2 smT smT]

2x+hsing

—2 5in

f'(X) = |jm ——egzx—— [By using limy,o
2

h—0

sinx

1]

X

. zx+h
f ‘(X) — ]il't] —2sin——
h—0 2cosx
f‘(x) =-tan x
7. Question

Differentiate each of the following functions from the first principal :
eﬂ'CDE X

Answer

We have to find the derivative of g¥eotx with the first principle method, so,
f(X) = e\.'cotx

by using the first principle formula, we get,

fi{c+h)—f(x)

f*(x) = lim
h—0
. lcotix+h)_ _+/COtX
f'(x) =lim < °
h—0 h
[COTH .,/ cotx+h)—/cotx _
F00 = Jim & —
h—0 h
VCOTX .,/ cotix+h) —/cotx _ s
f(X) = lim (e 1} , (4 cot{x+h)—/cotx)
h—0 h y cot{x+h) —/cotx

. . e¥_1
[By using limy_,g — = 1]
X

f (X)=Lm%'e x (/cot(x + I) — y/cotx) x eetxthytieoty)

h y cot{x+h)+ycotx

[Rationalizing]

VCOTX 1

— X (cot(x+h) — cotx) x

f'(x) = lim = e W
h—0 y eot{x+h)+/cotx



evcotx

. . cos(x+h) sin x—sin{x+h) cosx 1
f(X)=LmE] — X Lxth)

sinx sin{x+h) \ cotlx+h)+y/cotx

[sinA cosB - cosA sinB = sin(A-B)]

f(x) = lim gVEotx sin(x—x—h) 1

h—o h sinx sin(x+h} ./ eot(x+h)+y/cotx

. . sinx
[By using limy_,q = 1]
JCOTX -1

f(x) = lim — X ——

h—o0sinx sin(x+h) ~ /cot(x+h)++/cotx
f(x) = —cosec?x eV COME

2y cotx

8. Question

Differentiate each of the following functions from the first principal :

x2 eX

Answer

We have to find the derivative of x2eX with the first principle method, so,
f(x) = x%eX

by using the first principle formula, we get,

f(x) = lim fGeth)—fG)
h—0

(x+h) 2alx+h)_p 2%

f(x) = lim
h—0
. . %2 +h2+2hy)el ¥ _y 2%
f(x) = lim )
h—0 h

[By using (a+b)2 = a2+b2+2ab]

x® e¥{(hZ+zhx+1)elM—_1)

f(x) = lim
h—0 h
z x- . h (x+h)r,2
‘ . 1 . hZ+2hs
fx) = lim =& =Y | gy (R +2hx]
h—0 h h—0

. . e¥-1
[By using limy_,q =1]

X

f(x) = x2eX + limy,,0 e*+M [h+2x]

f(x) = x2eX + 2x &

9. Question

Differentiate each of the following functions from the first principal :

log cosec x

Answer

We have to find the derivative of log cosec x with the first principle method, so,
f(x) = log cosecx

by using the first principle formula, we get,

f/(x) = Jim S0
h—0 h



log cosec(x+h)-logcosecs

f*(x) = lim

h—0 h

. logsin x—log sin(x+h
f(x) = lim —= Bsin(x+h)

h—0 h

o sinx

f(x) = lim Ssins+l)

h—0

[By using log a - log b = log E]
sinx
f(x) = lim 13g[1+sin{x+h)_ ]
h—0

[adding and subtracting 1]

sinx—sin{x+h)

‘ — 10g[1++]
f'(x) = lim sin(x+h)
h—0 h
log[llsinx—sim:x+h) sinx-sin(x+h)
‘ 1 " sin(x+h) sin{x+h)
f (X) = Lll];l] bd sinx—sin(x+h)

sin{x+h)
[Rationalising]

. sinx—sin(x+h
f/(x) = lim Snx_sinCcth)
h—o hsin(x+h)

Zcosﬂsin_—h
X)) = lim——=——=
h—0o hsin(x+h)

. . . C-D C+D
[sinC-sinD =2 smTcosT ]

9 pogtith . Ch
f'x) =lim—=—=
h—0 (—1)hsin(x+h)

sinx

[By using limy_q 1]

—=
f‘(x) = - cot x

10. Question
Differentiate each of the following functions from the first principal :

sin"1(2x + 3)

Answer

We have to find the derivative of sin"1(2x+3) with the first principle method, so,
f(x) = sin"1(2x+3)

by using the first principle formula, we get,

fi{c+h)—f(x)

f'(x) = lim
h—0
f(x) = lim sin™!(2[x+h]+3)— sin”}(2x+3)

h—=0 h
Let sin"1[2(x+h)+3] = A and sin"}(2x+3) = B, so,
sinA = [2(x+h)+3] and sinB = (2x+3),

2h = sinA - sinB, when h-0 then sinA-sinB we can also say that A-»B and hence A-B-0,

2(A-B)

f (X) = A-B—osinA—sinB



2(A-B)

‘ = lim —F——=%
P00 = Bl 0 2emEcos™E

. . . C-D C+D
[sinC - sinD =2 smT cosT ]

2
“(x) = lim ——%
00 = T80 Teoil®

sinx

[By using limy_,q —= 1]
. _ 2

f ( - cosB

f(x) = :

[By using Pythagoras theorem, in which H = 1 and P = 2x+3, so, we have to find B, which comes out to be
4 1—(2x+3)? by the relation HZ2 = P2 + BZ]

fr(x) = —

~ Ji-@xeap?

Exercise 11.2

1. Question

Differentiate the following functions with respect to x:
sin(3x + 5)

Answer

Lety =sin(3x + 5)

On differentiating y with respect to x, we get

dy d
o £[5111(3x+ 5)]

d, .
We know = (sinx) = cosx
X

5 % — cos(3x + 5)%(3x+ 5) [using chain rule]

dy d d
adre cos(3x+ 5) i (3x)+ & (5)]

== cos(3x+ 5) [3& (x) + & (5)]

However, di (x) = 1 and derivative of a constant is 0.
X

d
=>d—i=cos(3x+ 5)[3 x 1+ 0]

dy
S i 3cos(3x+ 5)

Thus, % [sin(3x+ 5)] = 3cos(3x+5)

2. Question

Differentiate the following functions with respect to x:
tan?x

Answer



Let y = tan?x
On differentiating y with respect to x, we get

dy d
o —(tan X)

We know di (x™) = nx™1
X

4 4. d . .
= d—}' = 2 tan? 1XE (tanx) [using chain rule]
X b

dy d
== Ztanx&(tallx)

d
However, —(tanx) = sec®x
X

y 2
— =21t
= anx (sec”x)

s~ —— = 2tanxsec’x
dx

d
Thus, = (tan?x) = 2 tanx sec?x

3. Question

Differentiate the following functions with respect to x:
tan(x® + 45°)

Answer

Let y =tan(x® + 45°)

First, we will convert the angle from degrees to radians.

o_ (T (x+45)m
We have 1° — (180) = (x+45)° = [ 180 ]
. (x+45)m
= ¥ =1an 180

On differentiating y with respect to x, we get

d d
& —{tan }

dx dx
d
We know — (tanx) = sec?x

(x+ 45
180

dy _ __ o[G&+ds)a] d [(x+45)m ; ,
=, =sect|— ]d‘( oo ][usmg chain rule]
Y sec?a+ 45 L (x + 45)
dx 180 dx
dy m 2(x° + 45° )[ ( )+ (45)]
= T = JR—
%~ 1g0 8¢ X

However, di (x) = 1 and derivative of a constant is 0.
X

dy m 2f 0 o
= 2%~ 180°¢¢ (x®+ 45°) [1 + 0]
dy

L
—_= 2 45"
i lgosec (x°+ )



Thus, % [tan(x® + 45°)] = %}secz(xc‘ + 45°)

4. Question

Differentiate the following functions with respect to x:
sin(log x)

Answer

Let y = sin(log x)

On differentiating y with respect to x, we get

d

y d .
= dx[sm(logx)]

We know% (sinx) = cosx
> _ cos(lo x)i(lo x) [using chain rule]
dx g dx g

d 1
H r, — ==
owever, = (logx) -

\§ 1
= cos(logx) x <
¥

=

d 1
= x cos(logx)

Thus, % [sin(logx)] = écos(logx)

5. Question

Differentiate the following functions with respect to x:
ea’n o

Answer

Let y= esin Vx

On differentiating y with respect to x, we get

dy d sinyx
&—E(E )

We know & (%) = e*
dx
dy sinyx 4 (o f i i
. X _— using chain rule
gl - (sinyx) [using ]

d . .
We have = (sinx) = cosx
X

dy sinyx f d I~ i i
- — : — using chain rule
L =¢ cos\,xdx(\,x}[ g9 ]
d .= dys 1
LY eV g \fx — (XE)
dx dx

However, di (x™) = nx™?!
X

d —— 1 2
= d—i = e"™V¥cos/x [Ex(i_l)]



dy 1 _ - 1
= d—i = Ees‘“ V¥ cosyxx 2
d 1 . -
d_z - Z_&esm V¥ og \.&
v

Thus, & (esin V';) = L esinVX o5 /x
dx 24x

6. Question

Differentiate the following functions with respect to x:
etan X

Answer

Lety = efanx

On differentiating y with respect to x, we get

dy_

d
_ (atanx
dx  dx (€=

d
We kn —(e¥) = e*
e know X(e)

d d . .
= d_l" - etanxd— (tanx) [using chain rule]
X X

d
We have = (tanx) = sec?®x

|

- — EtanxSECZX
dx

Thus, % (etanx) — gtanxgac2y

7. Question

Differentiate the following functions with respect to x:
sin2(2x + 1)

Answer

Lety = sin?(2x + 1)

On differentiating y with respect to x, we get

g = é[sin2 (2x+ 1)]

We know di (x™) = nx™?!
X

- ? = 25in?1(2x + l)%[sjn(ZX-}- 1)] [using chain rule]

dy . d .
= 2sin(2x+ 1)& [sin(2x + 1)]
We have % (sinx) = cosx

= = 2sin(2x + 1) cos(2x + 1) - (2x + 1) [using chain rule]

= 2 = sinf2(2x+ 1)]<-(2x + 1) [ sin(26) = 2sin6cose]



dy d d
== sin(4x + 2) [&(Zx) + i (1)]

- g — sin(4x+2) [2%@) + % (1)]

However, di (x) = 1 and derivative of a constant is 0.
X

dy
= sin(4x+2)[2x1+0]

dy .
S i 2sin(4x+ 2)

Thus, % [sin?(2x+ 1)] = 2sin(4x + 2)

8. Question

Differentiate the following functions with respect to x:
log7(2x - 3)

Answer

Let y =logy(2x - 3)

Recall thatlog b = i:::.
log(2x—3)
= log,(2x—3) = T

On differentiating y with respect to x, we get

dy d [log(2x—3)
dx  dx log7

dy 1yd
& (logi') dx llog(2x - 3)]

d 1
We know = (logx) = -

E _ 1 1 i _ . .
= dx (log?) (Zx—a)dx (ZX 3) [usmg chain I’U|E]

dy 1

d d
Tax (2x—3)log7 [& (2%) - dx (3)]

dy 1 d d
Zax (2x—3)log7 [zﬁ (x) - 5(3)]

However, di (x) = 1 and derivative of a constant is 0.
X

dy

Tax (2x— 3)10g7[2 X 1-0]

_ dy B 2

Tdx (2x—3)log7

Thus, = [log,(2x— 3)] = ————
us, dx 0g7l2X - (2x—3)log7

9. Question

Differentiate the following functions with respect to x:



tan(5x°)
Answer
Let y =tan(5x°)

First, we will convert the angle from degrees to radians.

[
We have 1° = (l) = 5x° = Ex X ——"
130 180

= y =tan (5){)( %)

On differentiating y with respect to x, we get

d d
d—i -~ & [tan (5:{ X %}]

d
We know — (tanx) = sec’x
X

S _ cac? (53 % l)i(5x % l) [using chain rule]
dx 180/ dx 180

dy s oy T d

= o = Sec (5}{)@&(5}{)
dy 7 5 0[ d ]

= = 180 °¢¢ (5x°) SE(X)

d
H r—(x)=
owever, — (x)=1

dy w s o

= E—ﬁsec (5}{ )[5]
dy bm o s

KA E = ESEC (5:’{ )

4 tan5x) = ST sec?(5x°
Thus, = (tan5x°) = __sec’(5x°)
10. Question

Differentiate the following functions with respect to x:

3

~X
Answer
Let y — 2¢°

On differentiating y with respect to x, we get
v _d e
dx dx

We know di (a¥) = a®loga
X

ﬂ_ x2 i 3 i 1
== 2 1ogzdx (x*) [using chain rule]

We have di (x™) = nx™?!
X

dy % 3-1
el 2% log2 x 3x



dy %¥ 2
i 2% log2 x 3x

dy ol 2
S 2* 3x"log2

4 rox® _ axf g2
Thus, = (2) = 2¥"3x%log2
11. Question

Differentiate the following functions with respect to x:

X

3|.
Answer
Lety — 3¢

On differentiating y with respect to x, we get
dy d o
il C)
i XY _ aX
We know dx(a )= a*loga

dy _ qe® 8 rax i i
= =3 log3 - (e*) [using chain rule]

i Ky _ X
We have dx(e J=¢e

W _ 3¢ 10g3 x e
:)dx_ og3xe
dy e¥ _x
"dx_3 e*log3

i ey _ qe® _x
Thus, dx(?} )—3 e*log3

12. Question

Differentiate the following functions with respect to x:

log,3
Answer
Lety =log,3
Recall thatlog b = £
eca atlog,b = —
log3
=log, 3 =——
logx

On differentiating y with respect to x, we get

dy d (logB)
dx dx\logx

dy_l 3d( 1 )
Tax T %% logx

dy d .
== 10g3& (logx)



We know di (x™) = nx™*
X

dy

= =
dx

log3[—1 x (logx) 1] % (logx) [using chain rule]

dy 5 d
il log3 (logx) i (logx)

d 1
We have ™ (logx) = .

dy 5.1
diale log3 (logx) % x <

dy 1 log3
T ax % (logx)?

dy 1 log3 log3
dx  x(logx)? X log 3

dy 1 (log3)?
dx  xlog3(logx)?2

dy 1 (1033)2
Tk xlog3 \logx
dy 1
dx logx)\?
xlog3 x (@)
dy 1

“dx~ xlog3(log,x)?

d 1
Thus, 7 (l0g3) = = oarm®

13. Question

Differentiate the following functions with respect to x:
%xz— 2x

Answer

Let y — gx"+2x

On differentiating y with respect to x, we get

g_ i x> +2x
dx dx(3 }

i XYy _ X
We knowcl (a¥) = a®loga

X

= ? = 3x2+2x10g3di(xz + 2x) [using chain rule]
X X

d}’ i d 2 d ]
=>£—3 log3 E(x)+&(2x)

dy_ % +2x% [d 2 d ]
=>£—3 log3 E(X )+ Zﬁ(x)

i mwy __ n—1 i —
We have = (x™) =nx and = (x)=1



dy % +2%
:5—3 log3[2x+ 2 x 1]

dy X +2x%
=>£—3 log3 (2x+2)

d 2
d—z = (2x + 2)3%¥ **]og3

Thus, di (3°+2) = (2x + 2)3<*2X]og 3

X

14. Question

Differentiate the following functions with respect to x:

Answer

aZ—x?

Lety:

aZ+x?

On differentiating y with respect to x, we get
dy d a? —x?
dx dx| . Ja?+x2
1
dy d |fa?—x?\2
= — = —
dx dx|\a?+x?

We know di (x™) = nxt
X

=

1
-—1 . .
dy _ 1 (32—3‘2)2 d (az—xz) [using chain rule]
2

dx aZ4x? aZ+x?

dx

1
dy 1/a?—x%\ 2d fa®—x?
Tdax  2\az+x2) dx\az+x?

I
Recall that (E) = L'z“‘; (quotient rule)
& V

1 d d
dy 1 (a2 - XZ) 2|(@° + Xz)ﬁ(az —x%)—(a*— Xiz)ﬁ(a2 +x2)

Tax 2\ +x2 (a2 +x2)2
dy
:bdx
d d d d
1 /a2 —x2 - (32+X2)(ﬁ(32)—ﬁ(xz))—(az—xz)(ﬁ(az)ﬁ-ﬁ(xz))
35 e

However, di (x?) = 2x and derivative of a constant is 0.
X

1
dy 1 a? —x2\ Z[(a2 +x1)(0—2x) — (a2 —xH) (0 + 2x)
Tax 2\a? + x2

(a2 +x2)2




dy 1 a? —x?\ Z[-2x(a?+x?) — 2x(a>—x?%)
dx  2\a? +x2 | (aZ + x2)2
1
dy 1/a?-—x?\ z[-2x(a?+=x?+a?—x?)
dx 2\az+x2) | (a2 +x2)2
1
dy 1 a? —x?\ 2[-2x(2a®)
dx 2\az+x2) |(az+x2)2
1
dy [a?—x?%\ 2[ —2xa’
Tax \az+x2 (a2 +x2)2
1
dy (a2—x?)7z[ —2xa’
= — =
dx (a2 + xz)_il (a2 + x2)2

1

dy —2xa?(a?—x?%)7z

= — =
dx

1
(a2 +x2)7z*°

1
dy —2xa’(@®-x?)72

Tax T (az + xz)g

dy —2xa?
Tax (a?+ x2)g(a2 - x2)§1
dy —2xa’

= .
dx (aZ + x2)2va? — x2

Thus d ( faz—xz) —2xa®
L z..2 ] 2 ——
dx attx (aZ+x®)z,/a%—x2

15. Question

Differentiate the following functions with respect to x:
3x log x

Answer

Let y= gxlogx

On differentiating y with respect to x, we get

dy_i xlogx
E_dx(3 =)

i Ky _ X
We know dx(a )= a*loga

ﬂ_ xlogx i H H
=-_-=3 logde (xlogx) [using chain rule]

dy ) d
_ axlogx
= 3 log3 = (x x logx)

Recall that (uv)’ = vu’ + uv’ (product rule)

dy ) [ d d ]
— axlogx
= 3 log3|logx dx(x} —l—xdx (logx)



We have % (logx) = % and % (x)=1

:ﬂ=3"1°gxlo 3[]0 X X 1+x><3]
dx g g X
d

= d—i = 3%1°8%]og 3 [logx + 1]

dy )
S = Xlogx
= (1+logx)3 log3

4 xlogxy _ xlogx
Thus, (3%!°8%) = (1 + logx)3 log3

16. Question

Differentiate the following functions with respect to x:

1+sin x
1—sin x

Answer

1+sinx
Let y=
1-sinx

On differentiating y with respect to x, we get

dy d 1+ sinx
dx  dx|.1-sinx

dy d (l+sinx)
T dx dx

=
z

1—sinx

We know di (x™) = nx™1

X

1
: =-—1 . . .
= E=E(ﬂ)2 i(m) [using chain rule]
dx 2 M -sinx dx \1-sinx

1
dy 1 (1 + sinx)'i d (1 + sinx)

= — =—|— -
dx 2\1-—sinx/ dx\l-—sinx

!
Recall that (E) _ vl (quotient rule)
-

w2

dy 1 (1 + Smx)—al (1- sinx)%(1+ sinx) — (1 + sinx)% (1— sinx)

Tdx 2\1_sinx (1— sinx)?2

dy
= dx

: d d . . d d .
1 (1 + sinx)‘% (1— sinx) (ﬁ (D+ = (smx)) — (1 + sinx) (ﬁ(l) - E(Smx))

2

1—sinx (1—-sinx)?

d I :
We knowd— (sinx) = cosx and derivative of a constant is 0.
.4



1
dy 1 (1 + Sinx)_i (1—sinx)(0+ cosx) — (1+sinx)(0 — cosx)

Tdx 2 (1—sinx)?2

1—sinx

1
dy 1 (1 + sin){)_ﬁ (1—sinx)cosx + (1 +sinx)cosx

Tax 2 (1— sinx)?

1—sinx

1
dy 1 (1 + sinx)'i (1—sinx+ 1+ sinx)cosx

Tax 2 (1— sinx)?2

1—sinx

1

dy 1(1+SH]X)_§' 2cosx

Tdax 2 [(1— sinx)?

1
dy_(l—l—sinx)_i[ COSX ]
“ax \1_sinx (1— sinx)?2
dy (1+sinx)7z [ COSX
:b_
dx (1

1—sinx

—sinx)7z sinx)?

1
dy (1 +sinx) zcosx
dx

1
(1—sinx)z*?

1
dy (1 +sinx) zcosx

3
dx (1—sinx)z
dy COSX
1 1
Tax (1 —sinx)**2(1 + sinx)z
dy COSX
dx . 1 1
(1—sinx)(1— sinx)Z(1+ sinx)z
dy COSX

= — =
dx  (1- sinx),/(1 — sinx) (1 + sinx)

dy COSX
Tax (1 —sinx)V1—sinZx

d
Y R (~sin%0 + cos26 = 1)
dx  (1-sinx)y/cos®x

dy COSX
= =
dx (1—sinx)cosx
dy 1
= =—
dg 1-—sinx
dy 1 1+sinx
X
dx 1—-sinx 1+sinx

dy 1+ sinx
dx 1—sinZx

= & _ 1Fsinx 029 4 0520 = 1)
dx cosZx

dy 1 sinx
= =
dx «cos?x cosZx



2

dy ( 1 ) ( 1 )(sinx)
= — = +
dx COSX COSX/ \COSX

dy 5

= — =38ec“Xx+secxtanx
dx
dy

~— = sec¥(secx +tanx
= ( )

dx 1—-sinx

d in >
Thus, —( lmm) = secx(secx + tanx)

17. Question

Differentiate the following functions with respect to x:

1—-x°
1+x°
Answer
Lety — 1=
y 1+x2

On differentiating y with respect to x, we get

dy d 1—x2
dx — dx| . 14+ x2
1
dy d|/1-x%\?
=)ldx_d}:; 1+ x2

We know di (x™) = nx™*
X

1
__1 . .
W _1 (1—32)2 1(1—32) [using chain rule]
2 \1+x2 dx \1+x2

dx
1
dy 1/1—-x*\2d [1-x?
= — = — —
dx 2\1+x? dx\1+x2

[
Recall that (E) _ vu'-u! (quotient rule)
v

w2

g_l(l—xz)-% (1 +3) 801 -3) - (1- )L +x)

Tax 2\1+x2 (1+x2)2

dy
&

AR (Hxﬂ(%(l)—%(xz))—(1—x2)(%(1)+%(x2))
:E(l+x2) (1+x2)2

However, di (x?) = 2x and derivative of a constant is 0.
X

1
dy 1 1—x2\ 21+ x2)(0— 2x) — (1 —x2)(0+ 2x)
:>dx_2 1+ x2

(1+x2)?




1
dy 1 (1 - xz)_i [—2x(1+ x?) —2x(1—x?%)
2

T ax 2\1+x? (1+ x2)2
1
dy 1/1—x%\ 2[-—2x(1+x*+1—x?)
Tax 2\1+x? (1+ x2)2
1
dy 1/1—x%\2[ —2x(2)
= — = =
dye 2\1+x2 [(1+x2)2

1
dy (1-x?\71 —2x ]
Tax \1+x2 (1+ x2)2

:Q_(l—xz)‘%[ —2x ]
dx_ (1+X2)—% [:1+X2)2

1
dy —2x(1—-x*)2

=0T 1
dx (1 4 x2) 5%

1
dy —2x(1—-x%)2

Tax (1+x2);
. ﬂ_ —2x

A (1 4 x2)3(1 - x2)3
_ ﬁ B —2X

— = -
dx (1+x2)2y1—x2

d 1-x? —23
Y I
dx 1+x (1+x2)21-x%

18. Question

Differentiate the following functions with respect to x:

(log sin x)?2

Answer
Let y = (log sin x)2
On differentiating y with respect to x, we get

dy d . 5
i &[(108(5111?()) ]

We know di (x™) = nx"t

X

= g = 2(10g(sinx))2‘1%[log(sinx)] [using chain rule]

dy . d .
i 2 log(smx)a[log(smx)]

d 1
We have = (logx) = .

=Y _ 21og(sinx) [Ktx%(sinx)] [using chain rule]

a
dx



dy

d
= " sinx og(smx)—(smx)

d, .
However, ™ (sinx) = cosx
b4

Y2 ogsing)
= " sinx log(sinx) cosx
dy COSX

= 2 (sm ) log(sinx)

Y ;
e 2 cotxlog(sinx)

Thus, %[(log(sinx})z] = 2 cotxlog(sinx)

19. Question

Differentiate the following functions with respect to x:

1+x
1-x
Answer

\’ 1-x

On differentiating y with respect to x, we get

dy d 1+x
dx  dx\J1-—x

dy d (1—1—){)

::'&:& 1—x

1
z

We know di (x™) = nxt1
X

l . .
LWy _1 (ﬁ‘) d (“-“) [using chain rule]
dx 2\Ml-x d'{

1
dy 1(1+X)_§d (1+x)
dx 2\ —x/ dx\1-

Recall that (E) = u (quotient rule)
& V

gy 1(1+X)—%'(1—x)%(1+x)—(1+x)§—x<1—x)
Tdx 2\1-x (1—x)2

[ d d d d
a1 (1—x)(ﬁ(1)+ﬁ(x))—(1+x)(ﬁ(1)—ﬁ(x))
= dx 2(1—){) (1—x)2

However, di (x) = 1 and derivative of a constant is 0.
X



dy 1(1+X)-% (1-%)(0+1) — (1+x)(0— 1)]

Tdx 2\ _x (1—x)2

g_l(lﬂ)-% (1-3)+ (1+%)

Tdax 2\—x (1-x)2

1
dy_1(1+x)§' 2 ]
Tax 2\1—x (1 —x)2
1
dy (1+X)_5[ 1 ]
= — =
dyx \1-—-x (1-x)2

:ﬂ—(ler)_%[( 1 )]
1-—x)?

= 1
dx (1—-x)"z

1

dy  (1+x)72
B T
dx (1-—x)z%°

1
dy (1+x)7z
= — = —

dx (1—};)%

dy 1
T & (314
LIy _ 1

B ——
dx (1—-x)21+x

Thus i( Ji‘) =—3
da\Vi=x/ o oii=

20. Question

Differentiate the following functions with respect to x:

1+x2
1-x°

Answer

sin

Lety = sin(lﬂz)

1-x2

On differentiating y with respect to x, we get

d ., .
We knOWE (sinx) = cosx

1+x2Yy d 1+x . .
== cos( = ) ( = ) [using chain rule]
X

1—x2/ du M2

I
Recall that (E) - "“F_;w; (quotient rule)
v v




dy (1+x2) (1-3)F (145~ (1+x) £ 1 -x)

I (1_x2)?
dy
i
- (1—x2)(%(1)+%(x2))—(1+x2)(%(1 —%(XE))
:Cos(l—:ﬂ) (1—x2)2

However, di (x?) = 2x and derivative of a constant is 0.
X

[(1—x2)2

dy 1+x\(1-x20+2x) — (1 +x2)(0—-2x)
T aix B\1—x (1—x2)2
dy 1+x2\[2x(1—x?)+ 2x(1 +x2)
Tax 1k | (1—x2)2
dy 1+x2\[2x(1—x?+1+x?)
Tax %1 x | (1 —x2)2
dy (1 +x2) [ 2x(2)
= — =08

_(1—42?)2]

dy  4x 1+x?
Tdx (1—x2)?cos 1—x?

Thus, % [sin (1“2)] —_cos (H—YZ)

Py (1-x2)? 1-x2
21. Question
Differentiate the following functions with respect to x:
e3X cos(2x)
Answer
Let y = e3%cos(2x)
On differentiating y with respect to x, we get

dy d ax
——&(e c0s 2x)

dy d

e 3x
= dx(e X c082X)

Recall that (uv)’ = vu’ + uv’ (product rule)

_y_ i 3x axi
:dX—COSZXdX(e )+ e dx(cost)

i XY _ aX i — _ ai
We know = (e¥) = e*and = (cosx) = —sinx

ﬂ_ 33{1 3| _ o3 i ;
= - =C0s2X [e » (3x)] +e [ sin 2x— (Zx)] [chain rule]



% o[ o] annf o]
== CoS2X &(3)() —e?*sin 2x &(Zx)

dy 3x d 3% o3 [ d ]

=g ¢ cos 2x [3 = (x)] —e**sin2x|2 = (x)
d}’ _ 3x d 3K o3 [d ]

i 3e**cos2x [dx (x)] — 2e**sin 2x = (x)

d
We have = x)=1

d
== 3e3¥cos2x x 1 —2e3*sin2xx 1
d
= ¥_ 3e¥*cos2x — 2e3*sin 2x
dx
dy
n— = @3%(3 2x —2sin2
== (3cos2x — 2sin2x)

Thus, % (e**cos2x) = e**(3cos2x — 2 5in 2x)

22. Question

Differentiate the following functions with respect to x:
sin(log sin x)

Answer

Let y = sin(log sin x)

On differentiating y with respect to x, we get

dy d .
i &[Sln(log(smx))]
We know% (sinx) = cosx

= % = cos(log(sinx))% [log(sinx)] [using chain rule]

d 1
We have = (logx) ==

= % = cos(log(sinx)) [ﬁ% (sinx)] [using chain rule]
dy 1 . d
Tax mCOS(log(smx))& (sinx)

d .
However, = (sinx) = cosx

dy 1 .
= o mcos(log(smx))cosx
dy_ (cosx) (log(sinx))
= 3¢ = \sipy/ CosUlog(sinx

dy .
S cotx cos(log(sinx))

Thus, i [sin(log(sinx))] = cotx cos(log(sinx))

23. Question

Differentiate the following functions with respect to x:



etan 3x

Answer
Lety = etan 3x
On differentiating y with respect to x, we get

dy d tan3x
& = E (e )
We know % (eX) = e*

dy

d : .
= ™" 3*¥—(tan 3x) [using chain rule]
dx dx

d
We have - (tanx) = sec?x
X

= Y _ gtan3xga234.9 (3x) [using chain rule]
dx dx
dy d
-~ 3etangxse‘:2 Ix—(x

- e

d
However, = x)=1

d
- E}; = 3et03%gac?3x x 1

dy

s 3" 3 sec? 3x
X

d
ThUS, d_ [:Etangx) — 3etanaxsel:2 3Ix
X

24. Question
Differentiate the following functions with respect to x:
e,ﬂCU[ X
Answer
Let y= e\.'cotx
On differentiating y with respect to x, we get
% — i(eucctx}
dx dx
d

We k —(eX) = o¥

e know = (e¥)=e

——d . .
% _ ewotxd— (\.fcotx) [using chain rule]

dx X

dy —— d 1

¥ _ pveotx =
== = [(cotx)z]

We have di (x") = nx*
X

=% aVveotx [3 (cotx)ﬁ‘ii (cotx)] [using chain rule]
dx 2 dx

dy 1 — 1d
— _ avecotx -5
= %-3° (cotx) e (cotx)



d
However, —(cotx) = —cosec’x
X

dy 1 — 1
= —— = —eV*°™(cotx) 2 cosec’ x
dx 2
d y cotx 2
¥ e cosec x
P
dx 1
2(cotx)z
d \ cotx 2
v e cosec x
dx 2y cotx
Thus, & (gVeer) o =0 cosec’
dx 24/cotx

25. Question

Differentiate the following functions with respect to x:

sin X
l+cos x
Answer

Lety= log( sinx )

1+cosx

log

=

. X
sin2 x 3

1+c052><%

=y=lo

We have sin26 = 2sinBcosb and 1 + cos26 = 2co0s26.

. X X
2sinscos+

=y=log 2 x2
Zcoszi
sh1§
=y =Ilog %
cosy

=>y= log(tan;

On differentiating y with respect to x, we get

d d
d—i ™ [log (tan%)]

d 1
We know = (logx) = ,

o 3y (_lx)i (tang) [using chain rule]

dx  \tan-/ dx
z

dy x d X
= & = COtE&(tanE)

d
We have —(tanx) = sec’x

dy X Lxd x
::.&_COtESEC E&(E)



dy 1 x _xd
:E—icotisec E&(X)

d
However, = x)=1

dy 1 tx 2xx1
= 9 — g cotysecs

X
d 1 COS= 1
L1 cosg,

dx 2 X 2 X
sin  cos®5
dy 1
= — =
dx X X
2511120:152
dy

1 . .
Fr. ['" sin26 = 2sinBcosb]

dy 1
= — = —
dx sinx

S cosecx
dx

Thus, i [log(ﬂ)] = cosecx

1+cosx
26. Question

Differentiate the following functions with respect to x:

l-cosx
log |— — &

=

l+cosx

Answer

1-cosx

Let y= log

1+cosx

On differentiating y with respect to x, we get

dy d 1—cosx
dx ~ dx o8 1+ cosx

1
dy d 1 (l—cosx)i
Tax  dx| 25\ + cosx

d 1
We know = (log){) ==

- dy _ 1 d (l—cosx)i . .
dx 1 cosmdas |\Ircosx [using chain rule]
(J.-I'COSXj
1 1
dy (1—1:05){) zd (1—cosx)2
=2 — =|— JR— —
dx 1+cosx/ dx|\1+ cosx

We know di (x™) = nx™*
X

dx l+cosx l+cosx dx \1+cosx

1 1
1 1y . _
S (1-“’“) 23(1-““)2 i(ﬂ) [using chain rule]
2



2
2

1
dy 1(1—c05x) (1—::05){)_5 d (l—cosx)
=)ldx_z 1+ cosx 1+ cosx/ dx\l1+ cosx
dy l(l—cosx)'l d (1—c05x)
dx 2\1+cosx/ dx\l+cosx
dy 1(1+c05x) d (l—cosx)
dx 2\1 —cosx/dx \1+ cosx

‘.l.l

Recall that (‘E) —

l.l‘.

(quotient rule)

d d
(1+ cosx)ﬁ(l —cosx)— (1 — cosx) ﬁ(l + cosx)

dy 1 (1 + cos x)

T dx  2\1—cosx (1+ cosx)?

dy
:) —

dx

(1+ cosx) i(1) —i(cosx) — (1—cosx) i(1) +i(cosx)

171 + cosx dx dx dx dx

:Z(I—COSX) {1+ cosx)?

d
We know = (cosx) =

— sinx and derivative of a constant is 0.

dy 1 (1 + cos x) [(1 + cosx)(0+sinx) — (1— cosx)(0— sinx)
“ax 2\1_cosx | (14 cosx)2
dy 1(1+c05x) [(1 + cosx)sinx + (1 — cosx) sinx
dx 2\1—cosx/| (1+ cosx)?2
dy 1(1+c05x) [(1+ cosx+ 1 — cosx)sinx
dx 2\1-—cosx (1 + cosx)?
dy 1(1+c05x) 2sinx ]
dx 2\1—cosx/L(1+ cosx)?
dy sinx
= — =
dx (1—cosx)(1+cosx)
dy sinx
= — = —
dg 1—cos2x
= W _ SIX (- 5in20 + cos?0 = 1)
dx  sin®x
dy 1
dx sinx
d
~—— = cosecx
Thus, —(Iog 1_00“) = cosecx
l+cosx

27. Question

Differentiate the following functions with respect to x:

tan(eSi” X)

Answer



Let y = tan(eSin X)
On differentiating y with respect to x, we get

dy d sinx
& = & [tan(e )]

d
We know —(tanx) = sec’x
X

dy 2f sinx} 4 sin x i i
- = x)— ¥} [using chain rule
= o = sec (e }dx (esin*) [using ]

i Ky _ A%
We have dx(e J=e

. . ood .. . .
= ? = Secz(esm-‘f}es“‘-‘fd— (sinx) [using chain rule]
X

X
d, .
However, = (sinx) = cosx
X

dy . .
- = Sec?{esm x)esmx COSX

dx

Y 2( siny
S e"MX cosx sec (es““)
Thus, % [tan(es®*)] = e5'"* cosx sec?(e%"¥)

28. Question

Differentiate the following functions with respect to x:

log(x—m)

Answer
Lety = log(x +VxZ+ 1)

On differentiating y with respect to x, we get

Y L flog(x +vi 7 1))

d 1
We know = (logx) = -

d d = . .
-2 —{x—i— Vx? + 1) [using chain rule]

dx x4 xZ41dx

dy 1 d d J'z—]
:DE_X7+\,—X2+1[&(X)+(1X(VX +1)

dy 1 d d g]
- Tl e

We know di (x)=1and di (x™) = nx!
X

X

dy _ 1 1. tad 2 . .
== x+\,"'xz_+1[1 + > (x*+ 1)z = (x*+ 1)] [using chain rule]
dy 1
e i ————
dx x++x2+1

1(d d
1+ %(x? +1)7z (E (x?) + Em)l

However, di (x?) = 2x and derivative of a constant is 0.
X



dy 1

—_— .
= —=——"|1+-(x*+1)2 Zx—i—O]
dx x+vx2+1l 2( ) )

dy ! _1+l(2+1)‘1 2]
==—=— S(x ZX2X
dx x+vxz2+10 2

dy 1 I 1
—=—1+xx2+1_§]

dx x++xz2+11 ( )

dy 1 [ X ]
=== 1+

dx x++vxz+10 Vw241

dy 1 [x +x2+1

= — =
dx x+vx2+1| Vxz2+1

dy 1
Tdx xZH1

1

Thus, % [log(x+ VxZ+1)] =

\.'I:(2+1
29. Question

Differentiate the following functions with respect to x:

e" logx

X_'
Answer

Let y = < logx

x2

On differentiating y with respect to x, we get

dy d (e-“logx)
dx  dx\ x2

! ¥ "_ "’ .
Recall that (E) — YU "W (quotient rule)
-

w2

d d
dy (x%) gz (e*logx) — (e*logx) g (x*)
Tax (x2)2

We have (uv)’ = vu’ + uv’ (product rule)

d d d
dy (x?) [10gxﬁ (e¥) + e 1y (logx)] — (e*logx) i (x?)
= — =
dx x*

drxy_ ax 9 _1 4 ey =
We knowdx(e J=-e .dx(logx) = xand dx(x )= 2%

dy (x?) [logx X e¥+ e¥x %] — (e*logx) x 2x

dx x*

(x3) exlogx+e—- — 2xe*logx
dy X

dx x*

dy x?e*logx + xe* — 2xe*logx
= — =
dx x4

dy x%e*logx xe* 2xe*logx
= — = _—
dx x4 x4 x4



* 2e*logx

d e*logx e
dy _e*logx

Tax T x2 x3  x3
dy e* (1 N 1 2 logx)
= dx ~ x2 0gx X X

_dy_ 3_2(1 +1 2] )
..dx—ex 0gX - Xogx

Thus, i (Ex 1ng) — e¥x 2 (logx + % - ilogx)

x
30. Question

Differentiate the following functions with respect to x:
log(cosec x - cot x)

Answer

Let y = log(cosec x - cot x)

On differentiating y with respect to x, we get

dy d
o &[log(cosecx —cotx)]

d 1
We know = (logx) = ,

d 1 d . .
=~ =—————(cosecx — cotx) [using chain rule]
dx cosecx—cotx dx
dy 1 d
= —=————|—/(cosecx) ——(cotx ]
dx cosecx —cotx dx( ) dx ( )
d d
We know = (cosecx) = —cosecx cotx and = (cotx) = —cosec®x
dy 1

=—=— [ cosecxcotx — (—cosec?x)]
dx cosecx —cotx

dy 1

= —=———[—cosecxcotx + cosec’x]
dx cosecx—cotx

dy 1

=——— [cosec?x — cosecxcotx]
dx cosecx—cotx

dy 1
= —=———[(cosecx — cotx) cosecx]
dx cosecx —cotx
dy
. — = C0Secx
dx

d
Thus, = [log(cosecx — cotx)] = cosecx

31. Question

Differentiate the following functions with respect to x:
e{‘){ 0 e—_')i

elx . e—?x

Answer

On differentiating y with respect to x, we get



dy d[e**+e
dx dx\e2x— e-2x

Recall that (E) _ vulou! (quotient rule)
v vz

2% e —2x X —2x d x 2y
dy (e**— 2) (e + e7B) — (e™ + ™) (e — ™)

= — =
dx (EZY e—?x)?

( 2x _ —2‘() [_ (EE‘() +— dx —2‘()] [:EZ‘( + E—Q‘() [_ (EQ‘() _ _( —2:()]

[:EZ\: — E—Z\:)Z

d
We know — (g¥) = e*
e know dx(e )J=-e

(e2¥ — e72¥) [ez"% (2x) + e‘“% (—Zx)] — (e +e72%) [eh% (2x)— e‘“%(—?.x)]

[:EZX — e—Zx)Z

-
dx
—2x X d —2x d X —2x X d LK d
(e2%— ¢ 2_)[292_5(:{)_29 Z'E(X)]—(Ez' +e 2-)[Zez-ﬁ(x)+29 E'E(X)]

- (ezx _ e—zx)z

d
H r—(x)=
owever, — (x)=1

(e2¥ — e 2X)[2eZ* x 1 — 2 2% X 1] — (eZ* + e 2¥)[2eT¥ x 1 + 202X x 1]
[:EZ)(_ e—Zx)Z

d}’ (EZX_ e—Zx)[ZEZK_ 29—23] _ (EZK + e—?x)[zelt + 29—2:{]
dX [:EZ:::_ e—Zx)Z

dy B 2(92:{_ E—Z:{)(EE:{_ e—?x)_ Z(EEX + e—?x)(EQ:{_'_ e—?x)
dx (e2x — p-2x)2

d}’ 3 2[(92:\(_ e—2x)2 _ (92x+ e—Zx)2]
ds (ezx _ e—zx)z

d}’ 2(92:(_E—Z:{_’_EE:{_’_E—Q:{)(EZ:{_E—Z:{_EE:(_E—E:{)
dx (e2x — g—2%)2

dy 2(2e¥)(—2e7%%)
dx (Ez‘(_e 2‘{)2

d}’ _862x+(—2x]
==
dx (EZX_ e—Zx)E

dy —8
Tdx (ezx _ e—zx)z
Thus, & (sz”_u) = -8
dx \e2X_g—2X (e2X_g—2K)2

32. Question



Differentiate the following functions with respect to x:

x2+x+1
log) ——
X —-x+1
Answer
xZ+x+1
Let y= lOg (xz—x+ 1)

On differentiating y with respect to x, we get
dy d x2+x+1
- = lOg -
dx dx ¥x2—x+1

d 1
We know = [logx) =2

dy 1 d %% +x+1 . .
a (x2+x+LJE < —x+1/ Lusing chain rule]
X3-x+1

dy [x?—-x+1\d [x*+x+1
= — = —
dx X2 +x+1/dx\x2—x+1

I
Recall that (E) _ vu'-u! (quotient rule)
.

dy

" dx
(XQ_}H_ 1) (x*—x+ 1)%(x2+x+ 1) —(x*+x+ l)%(xz—x—l— 1)
x2+x+1 (x2—x+1)2

dy
= dx

(x> —x+1) (%(x2)+%(x)+%(l))— (x*+x+1) (%(xz)—%(fo—X(l))

x*—x+1
CAxz+x+1 (x2—-x+1)2

We know di (x2) = 2x, di (x) = 1 and derivative of constant is 0.
X X
dy [x*—-x+1
= — =
dx  \x?+x+1

dy (x*-x+1
“ix \Xrx+d

(xZ—x+1D(2x+1+0) - (X +x+1(2x—1+0)
(x2—x+1)2

(x+1DE2 —x+1) - 2x—DEZP+x+ 1)

(x2—x+1)2
dy
=>ldx
3 l—x+ 1\ [2x(x2-—x+1D)+(x?—x+1)—2x(x*+x+ D+ x*+x+1)
CAxT+x+1 (x2—x+1)2
dy
:bdx

2x(xP—x+1-x?—x—-1D+ & *—-x+1+x*+x+1)
(x2—x+1)2

x2—x+1
Tlxz4x4+1

dy (x*-x+1
“ix \Xrx+d

2x(—2x)+ (2%x%2+2)
(x2—x+1)2




—4x? 4+ 2x%2 4+ 2

dy (xz—x—l— 1)
o

dx  \x24+x+1/| (x2—x+1)2
dy [x*—x+1 2 — 2x°
Tax \xZixei (x2—x+1)2

dy 2 —2x?
= dx  (x24+x+1D(x2—-x+1)

dy 2(1-x2)

Zax (x2+1)2 —x2
dy 2(1-x2%)

= dx (x2+1)2 —x2

dy 2(1—x2)
= — =
dx x*+2x2+1—x2

dy 2(1—x?)
Tdx o x4+ x24+1

Thus, % [log(xzﬂﬂ)] _ 2(1=®)

KZ—x+1 K+ +1

33. Question

Differentiate the following functions with respect to x:
tan~1(eX)

Answer

Lety = tan"1(eX)

On differentiating y with respect to x, we get

1

d
We know — 14y =
= (tan~'x) P

dy 1 d
dx  1+(eX)2dx

(e*) [using chain rule]

d 1 d
- ()

= dx 1+ e2xdx

d
However, — (¥} = e*
oweve X( )

dy 1 .
= —= X e
dg 1+4+e2x
dy e*
Tdx 14e2x
d -1 %y _ e*
Thus, = (tan'e¥) = o

34. Question
Differentiate the following functions with respect to x:

es'm_l 2%

Answer



Let y= esin_l 2x
On differentiating y with respect to x, we get

dy _ i in~t 23
& e (esm x')

i XYy _ X
We knowdx(e J=e

dy sin~
===z
dx

lzxdi(sin‘l 2x) [using chain rule]
X

1
Vi1-x=

d
We h —(sin™'x%) =
e have — (sin"'x)

dy sin”t2x 1 d ; ;
—=e * ———{(2%) [using chain rule
™ Nemer: . (2%) [using ]

dy esin_le 3 d ( )
:bdx_\,fl_c;xz ax

d}’ Zesin_*zx d
Y
dx 1 —4x2 dx

d
However, = (x)=1

1

d}’ ZESjn_ 2x

- T x1
dx /1 —4x2
dy Zesin_le

. sin"1zx
Thus, d (esm J'2:() — 2e

dx Via
35. Question
Differentiate the following functions with respect to x:
sin(2sin™1x)
Answer
Let y = sin(2sin"1x)
On differentiating y with respect to x, we get

dy d -
&—&[5111(25111 x)]

d ..
We knowa (sinx) = cosx

d _— d . . .
= d—i = cos(2 sin 1:{);(25111 1 %) [using chain rule]

dy — d | -
== cos(2sin™1x) x 2& (sin™1x)

dy a4
= 2 cos(2 sin x)& (sin"'x)

1
Vi1-x2

A 10y
We have ClK(sm X) =

d
= d—i =2cos(2sin™!x) x ﬁ



dy 2cos(2sin™!x)
Tdx (T —x2

2cos(zsin™*x)

Thus, L [sin(2sin"1x)] =

= [sin(2sin™1x)] s

36. Question

Differentiate the following functions with respect to x:
-1

otan Jx

Answer

Let y= etan_l\.@

On differentiating y with respect to x, we get

dy — d tan™t %
- &(E )

i Xy — X
We know dx(e J=-e

dy

_ atanTtyx d -1 /% i i
=g —(tan %) [using chain rule
dx dx[: v ) [ 9 ]

1
1+x2

We have % (tan"'x) =

dy _ tan™tyx_ 1 d
dx ;|_+{ h-‘i}z dx

(\ﬁ) [using chain rule]
d}’ etan_J' VX d ( E)
= dx = 1+4x dx X

However, di (x*) = nx*?!
X

-1 =
:bﬂ:etan \,x(l 1_1)
dx 1+x

d}’ etan_* VX 1 1
Tax . 1+x (EX 2]

dy etan_l v
“ax T 2vx(1+ %)

- tan”'vE
Thus, £ (gtan™ V) = il
dx 24x(14x)

37. Question
Differentiate the following functions with respect to x:

%J

tan ™




On differentiating y with respect to x, we get

We know di (x™) = nx™*
X

1

24

d; 1 11X d 1 X i i

S _1 (tan 1_)2 —(tan 1_) [using chain rule]
dx 2 2 dx 2

_1
= g = % (tan‘lg) ? % (tan‘1 %)

1

1+x2

We have % (tan‘l X) =

1
d; 1 _yxyz 1 d (> . .
= _Z (tan 15) 2 Z—GJ [using chain rule]
X X X

1
dy 1 X2 1 1d
:E—E(tan E) —+X_2XEE(X)
4
dy 1 Xz 4 1d
_Z 12y 2_*F T
dx z(ta“ 2) vz ™
1
dy Xz 1 d
:E—(tan 5) 4+X2x£(x)
However, % (x)=1
dy X3 1
-~ -12) 2
=>dx (tan 2) 4+x2><1

(1

(4 +x2) (tan‘l %)

_dy_ 1
Tdx

(4+x2) tan—l%

d _1X 1
ThUS, d_ tan E = T =
X (4-+x2]\||tan'*5

38. Question

Differentiate the following functions with respect to x:
log(tan~1x)

Answer

Let y = log(tan~1x)



On differentiating y with respect to x, we get

dy d .
&—&[log(‘can %)]

d 1
We know = (logx) = ,

dy 1 d

dx  tanlxdx

(tan~!x) [using chain rule]

We have % (tan‘l X) = !

1+x2
dy 1 1
= = N ——
dx tan—ix 1+x?
dy 1

Tdx (1+x2)tan1x

Thus, %[log(tan‘lx)] = :

T (1+x2)tan~1x
39. Question

Differentiate the following functions with respect to x:

2* cos x
(_x2 —3);

Answer

2% cosx
(x2+3)°

Lety =

On differentiating y with respect to x, we get

dy d [Zxcosx]
dx  dxl(x2+3)2

I
Recall that (5) _ vulou’! (quotient rule)
v

v2

dy (x*+3)? % (2%cosx) — (Zxcosx)% [(xZ+3)?]
T ax [(x2+3)2]

We have (uv)’ = vu’ + uv’ (product rule)

dy (x%2+3)° [cosx% (2%) + ZX% (cosx)] — (2 cosx)% [(x%2+3)7]

7 i (x2 + 3)4
We know i (a*) = a*loga, % (cosx) = —sinx and % (x7) = nx®?!
dy
= dx
(x2+ 3)*[cosx (2*log2) + 2*(—sinx)] — (2¥cos x) [2(};2 + 3)2‘1%(}&2 + 3)]
- (x2+3)4
dy
= dx

(x?2+ 3)%[2*log 2 cosx — 2 sinx] — (2% cosx) [2(}{2 +3) {% (x2) + % (3)}]
- (x2 +3)*




However, di (x?) = 2x and derivative of constant is 0.
X

dy (x*+3)?[2*log 2 cosx — 2¥sinx] — (2% cosx)[2(x* + 3){2x + 0}]

Tax (x2+ 3)4

dy (x2+3)?2%(log2 cos x — sinx) — 2¥4x(x? + 3) cosx
T ax (x2+ 3)%

dy (x2+3)?22%(log2cosx— sinx) 2%4x(x%+ 3)cosx

Tax (x2+ 3)* T (x2+3)"
dyv 2*(log2cosx—sinx) 2%4xcosx
dx (x2 4 3)2 (x2+ 3)3
dy * . 4x cOSX
S 213 (logz cosx —sinx ———— )
2%cosx 2% . 4xcosK
Thus, E ee? ] e (logz CoSX —sinx ——— )

40. Question

Differentiate the following functions with respect to x:
xsin(2x) + 5% + k< + (tan?x)3

Answer

Let y = xsin(2x) + 5% + kK + (tan?x)3

On differentiating y with respect to x, we get

d d
d—i = &[x sin 2x + 5% + kX + (tan?x)?]
dy d . d % d k d 2.3
:E—&(xsmzx)—l—&@ )—i-&(k )—i—&[(tan x)*]
d d d
= d—i — (x X sin 2x) + — (5“) + —(kk)+ X(tans x)

Recall that (uv)’ = vu’ + uv’ (product rule)

d d d
= di = sin Zx—(x) + X (sin2x) + —(5“) —|— l:kk) —|— — (tan X)

i XYy _ X i : _ i ny _ n—1
We know = (a*) = a*loga, = (sinx) = cosx and = (x™) = nx

Also, the derivation of a constant is 0.

= dy =38in2x + x cos ZXE(ZX) +5%logh + 0 + 6‘[:;111""1:&i (tanx)
dx dx & dx
dy d d
== 5in 2x + 2x cos Zx—(x) + 5%logh + 6tan® X (tanx)

8 ) = 4 — car?
We have = (x)=1and = (tanx) = sec®x

d -
= E};: sin2x + 2xcos2x X 1 + 5%log5 + 6tan®x X sec?x

d

d_z = sin2x + 2xcos 2x + 5*log 5 + 6 tan® x sec®x



Thus, o [x sin 2x + 5% + kX + (tan?x)?| = sin 2x + 2x cos 2x + 5%log5 +
6tan®xsec’x

41. Question

Differentiate the following functions with respect to x:
log(3x + 2) - x%log(2x - 1)

Answer

Lety = log(3x + 2) - x%log(2x - 1)

On differentiating y with respect to x, we get

dy d 2
e E[log(3x+ 2) —x*log(2x — 1)]

dy d d_
= &[log(?zx—i- 2)] —&[X log(2x — 1)]

dy d d_ .
= - & [log(3x + 2)] & [x* x log(2x— 1)]

Recall that (uv)’ = vu’ + uv’ (product rule)

dy d d , d
= E[log@x—l— 2)] — |log(2x— l)&(x J+x E[log(ZX— 1)]

dy d d ., ,d
=" i log(3x + 2)] —log(2x—1) E(X )—x &[log(ZX— 1)]

i — E i my _ n—1
We know = (logx) =3 and = (x") = nx

dy

1 d
= _ _ 2 =g —
( x+2) —log(2x—1) x 2x —x* X % — 1w (2x—1)

dx 3x+2dx

dy d d x? 1d d
S mrz YT E(Z)] ~ 2xlog(2x—1) — 5o [& (2%) - Em]

dy
dx 3x+2

[ G )+—(z)] 2xlog(2x — 1)

- 25 (9~ (1]

X
2x

We have di (x) = 1 and derivative of a constant is 0.
X

dy 1 x2

=i " 3% +2[3><1+0]—2xlog(2x—1)—2x_1[2><1—0]
dy x?

= 3X+ZX3_2XIOg(2X_l)_2x—lxz

dy 3 2x?

& amea Mesx-D -5

d 3 2x?

&y — 2xlog(2x—1)

"dx 3x+2 2x—1

Thus, —[ 0g(3x +2) —x*log(2x—1)] =

Yzl —2xlog(2x— 1)

3\:+2 2x—

42. Question

Differentiate the following functions with respect to x:



3X7sin X
f7T—x"

Answer

3x°sinx

Lety::

—

VT—x2

On differentiating y with respect to x, we get

dy d (3x*sinx
dx  dx\ 7 —x2

v
dy d (x%sinx
23—
dx dx \\/7 —x2

I r )
Recall that (E) = % (quotient rule)
.

v

l V7 — x2 (x sinx) — (x? sinx)%(\,’?—x?}

(VT —x2)°

We have (uv)’ = vu’ + uv’ (product rule)

7—x?

1
l\ﬁ —x2 (sinx% (x2)+x2 % (sinx)) — (x%sinx) % ((7 - xz)ij

d d
We know — (si = nd £ (%™} = nx1
e know — (sinx) = cosx and — (x™) = nx

dy -\,’7 —x2(sinx (2x) + x2(cosx) ) — (2 smx) (7 x? )"1— (—x?)
dx =3 7 —x?

dy V7 — x2(2xsinx + x? cosx) +X (7 x?)” 2 SInX g (xz)

dx =3 7 — XZ

d
However, — (x2) =
oweve dx(x) 2%

] . .
dy _3 (2xsinx +x?cosx)(7 —x?)z + x¥sinx (7 — x?) 2
dx 7 —x2

a . A
dy _s (2x sinx + x? cosx) (7—x2)§+ x¥sinx(7—x?)z
dx 7 —x? 7 —x?
dy [2xsinx+x2cosx  x3sinx l

1 3
T (7—-x2)2 (7—-x2)2
dy 3x . x?sinx
I i 2sinX+ xcosx+ R
X (7-x2)z X
dy 3x 5 sinx + . x%sinx
s#—=———|2sinx+ xcosx
dx  7—x2 7 —x2



d [3x%sinx 3x %% sinx
ThUS,—( é)z—,_(ZSinx—l—xcosx—l— )
dx \ V7—x2 VT —x2 7—x2

43. Question

Differentiate the following functions with respect to x:
sin?{log(2x + 3)}

Answer

Let y = sin2{log(2x + 3)}

On differentiating y with respect to x, we get

dy d . )
i ﬁ[sm {log(2x + 3)]]

We know di (x™) = nx™ !
= g = 2sin®* *{log(2x + 3)}% [sin{log(2x + 3)}] [chain rule]

dy . d
e 2 sin{log(2x + 3)}& [sin{log(2x + 3)}]

d, .
We have = (sinx) = cosx

d d
= d—i = 2 sin{log(2x + 3)}cos{log(2x + 3)}£[10g(2x+ 3)]

As sin(26) = 2sinBcosO, we have

dy d
= sin{2 x log(2x + 3)}& [log(2x + 3)]

dy . d
o sin{2log(2x + 3)}&[10g(2x+ 3)]

d 1
We know = (log};) ==

= g =sin{2 log(2x + 3)} [ﬁ% (2x+ 3)]

dy sin{2log(2x+3)}d
Tax x+3  ax XY

dy sin{2 log(2x + 3)}1d
= dx 2x+3 dx

d
(20)+=(3))]

dy sin{2 log(2x + 3)}
T ax 2x+3

2500+ £

However, di (x) = 1 and derivative of a constant is 0.
X

dy sin{2log(2x+ 3)}
o

dx 2%+ 3 [2x1+0]

dy sin{2log(2x+ 3)}
= — =
dx 2x+3

dy 2 sin{2 log(2x + 3)}

Tdx 2Xx+3

Thus, < [sin®{log(2x + 3)}] = 222822

2x+3



44. Question

Differentiate the following functions with respect to x:
e* log(sin 2x)

Answer

Let y = eX log(sin 2x)

On differentiating y with respect to x, we get

dy d_ .
&—&[e log(sin 2x)]

We have (uv)’ = vu’ + uv’ (product rule)

dy . d X X d i
= log(sin ZX)E(E )+e E[]og(stx)]

4 (o¥) = ¥ 4 -2
We know — (e*) = e* and — (logx) =

- log(sin2x) x e*+ ¢ [ (stx)] [chain rule]

dx sin 2x dx

X

dy . e
== log(sin2x) + p— [dx (stx)]

d ..
We have = (sinx) = cosx

X

d d
= &_ e*log(sin2x) + [cos ZXE (Zx)]

dx sin2x

dy . 2e*cos2x
= E—e log(sin2x) + ——— - [ﬁ( )]

W . d
== log(sin2x) + 2e*cot2x E(X)]

d
However, = x)=1

d
= d—i = e*log(sin2x) + 2e*cot2x x 1

d
= E}; = e*log(sin2x) + 2e*cot 2x

d
d_i = e*[log(sin2x) + 2 cot2x]

Thus, i [e*log(sin2x)] = e*[log(sin 2x) + 2 cot 2x]

45. Question

Differentiate the following functions with respect to x:

v()-;:—l—\f'x2 -
\/)-;2—1—\&2 —

Answer

Let v — VxZF+H1+yYxZ—1

YEZ+1-Vx3-1



VEZH14+Vx2 -1 VxZ+1+4+4x2-1

= = ><
VZ+1—-VxZ2—-1 VxZ+1+4x2-1
(\."IXZ +1+x2- 1}2
=y =
(\.‘f){z +1—+x2— 1){{){2 +1++x2- l)
:by_(x,x? 1)’ —l—(y’x?—li +2/(x2+ 1D(x2—-1)
[:\; X2+ l) — (\-’IXZ — l)
X*+1+x7—1+2(x2)2—(1)2
== =
y x2+1)-(x2—1)
2x2 £ 24x4— 1
Sy=—"-—7"—"-—

2

=sy=x"+xt-1

On differentiating y with respect to x, we get
dy_d(>, -7
= 4 _
= dx(x + X 1)

=TS e (1)

T [y

We know di (x™) = nx™*
X

dy 1, 1.d .
:;‘E_ZX_'_E(X —1)2 E(X —1)

dy 1, 1d R
::.E_ZX—FE(X —l) 2£(X —l)

dy "
::.&_ZX—FT m[dx( )__[:1)]

We have di (x*) = 4x® and derivative of a constant is 0.
X

dy 1 2
= o = 2+ ———[4x° - 0]

2Vxt—1
dy 1
=~ =2x+—— x 4x°
dx 2Wxt—1
y 2x3
—=2x+
d Vxt—1
Thus, _(y x2+1+yx3— 1) 2% + 2x?
dx \x2+1- V-1, - -1
46. Question

Differentiate the following functions with respect to x:

log%x—ﬁ— 2 i 4x + 1:



Lety =log(x +2+ VxZ+4x + 1)

On differentiating y with respect to x, we get

dy d _—
i E[log(x+2+vx2+ 4x + l)]
d 1
We know = (logx) ==
9 _ = i(x—l—z—l— VXZ+4x + 1) [using chain rule]

dx  x+2+4/xF+4x+1dx

dy 1
= — =
dx x+2+xZ2+4x+1

S0+ S @+ (VT ax e 1))

dy 1
dx_x+2+fx2+4x+1

[% ) +%(z) +%(x2 tax+ 1)%]

We know di (x)=1and di (x®) — nx1
X

X
Also the derivative of a constant is 0.

1

d 1 1 d
I [1+0+E(x2+4x+ 1)5_1&(x2+4x+ 1)]

= =
dx x+2+VxZ2+4x+1

dy 1 L
= — =
dx x+2++xZ2+4x+1

1 d d d
+%(x2 +4x+1)7zZ (E (x%) + = (4x) + o (1))]

dy 1
= — =
dx x+2+x2+4x+1

1 d d d
| w2 _ _
* 2VxZ+4x+1 (dx X+ 4dx(x) * dx(1)>l

4 g2y = 4 %)=
However, = (x*)= 2x and — x)=1

dy 1 [ 1
== 1+ 2x+4><1+0]
dx x+2+Vx2+H4x+ 1L 2\,’X2+4x+1( )
dy 1 ‘1+ 2x + 4 ]
- — =
dx x+2+xZH4x+ 1L 2WxZ+4x+1
dy 1 [ X+2
A + ]
dx x+2+Vx2+H4x+ 10 Vx2+4x+1
dy 1 (V2 +4x+1+x+2
= — =
dx x+2+Vx2+H4ax+ 1| Vx2+4x+1

dy 1

Cdx VvxZ+4x+1

Thus, % [log(x+ 2 +Vx2+4x+1)] = =

v xF+4x+1
47. Question

Differentiate the following functions with respect to x:

(sin~1 x4)%4



Answer

Lety = (sin"1 x4

On differentiating y with respect to x, we get

dy so—1 4
&—&[(sm x*)7]

We knowdi (x™) = nx**
X

d . 4 d A . .
= d—" = 4(sin"'x*)* 1d—(s1n 1x*) [using chain rule]
X

X

dy -1 43d 14
:E—-ﬂf(sm xt) dx(sm xY)

1
V1-x2

We have 4 (5111_1;{) =
dx

1 t 4)2%@{4) [using chain rule]
y1-ix 3

dy _ 1,433
= dx—-‘-}(sm x%)

dy 4(sin"'x*)*d
5 —=——""" (39
dx Vi—x® dx

d gy 43
Wehavedx(x)—ﬂrx

dy 4(sin~1x*)3

== x 4x3
dx V1—x®

dy 16x3(sin'x*)?
Cdx VI—x°®

- -3
Thus, % [(sin—! x*+)4] = 2e2(sn )

Vi1-x%
48. Question

Differentiate the following functions with respect to x:

X
X" +a”

Answer

. -1
sin

Let y = sin™! (

" xz+az)

On differentiating y with respect to x, we get

ol ()
== oS Ny

1

We have 4 [5111_1){) =
dx

Vi1-—x2
dy 1 d ( X )
= — = - . .
dx || « \2ax\/x®+a2/ [using chain rule]
41_(.,"x2+a2)
dy 1 d ( X )
\.a'xz + 32

:DdX_Jl %2 &
T x2+a?



Tax

Recall that (E) _

:bdx

= ()
x2+a? — x2dx \Wx2 + a2

X% +a?

1

az
x2+a?

=)
dx \-"IXZ‘FEIQ

a

dx

dy_\,’x2+azd( X )
V

/%2 + a2

¥ "_ "’ .
— YU "W (quotient rule)

w2

d

i d d
dy xrva V2 +a? (%) —x g (V2 + a2)

(Vxz+az)’

F ——— d d 1
dy B VXZ+aZ|Vvx?+ azﬁ(x) —Xﬁ[(xz +a?)]z

=D£—

a

x? + a?

We know di (x™) = nx®!
X

[ 1
vxZ+azxl—x (% (x% + az)ﬁ‘lé(xz + az))

dy +xZ+a?
- — =
dx a X2+ a?
-’xz—l—a?—x 1(xz—l—az)_ili(xz—l—az) ]
dy vx?+a? v 2 dx
= — =
dx a X2+ gz

dy

dx

(s X (4 d o]
N AR Nm(dxtx )+ @ ))

a

x2+a?

We have di (x?) = 2x and derivative of a constant is 0.
X

fer2 2 _L
dx a x2 + a2
— Il'i Xz
2 .
:ﬂ_\,xz_l_az vxo+a VX2 + a2
dx a %2 +a?
r 2
(VxZ+az) —x2
ﬂ _ VxZ + a2 Vx? + a2
dx a x2 +a?
dy VxZ+az[ x?+a%—x?
= — =
dx a  |VxZ+a(x?+a?)




2

dy 1| a
= —=—|—
dx al|x?+a?
_dy_ a

Tdx x2+aZ

d . X a
Thus, — [5111 1 ( )] =
dx JxZ+a? xZ +a?

49. Question

Differentiate the following functions with respect to x:

e”sin x

Answer

e¥sinx
(x2+2)3

Lety =

On differentiating y with respect to x, we get
dy d [ e*sinx ]
dx  dxl(x2+2)3

! T 'r_ ,.f .
Recall that (E) — B TW (quotient rule)
.

v2

d. .. o .d
dy (x2+2)3 T (e*sinx) — (e’ smx)ﬁ [(x%+2)3]

T ax [ + 2)°2

We have (uv)’ = vu’ + uv’ (product rule)

. d d . . .. d
- dy _ (x*+2)3 [smxﬁ (e¥)+ e & (smx)] — (e snm)E [(x%+2)?]
dx (x2+ 2)8

d d d
W kn — = X' — i = and — m — n—1
& know —— (e¥)=e = (sinx) = cosx 3 (x™) =nx

X

dy (x%+ 2)3*[sinx (e¥) + e*(cosx)] — (e*sinx) [3(){2 + 2)3‘1%(:{2 + 2)]

~ i (x2+ 2)8
dy
= dx
(x? + 2)%[e*sinx + e* cosx] — (e*sinx) [3(){2 +2)? [i (x?)+ i(2)}]
_ dx dx
(x2+2)8

However, di (x?) = 2x and derivative of a constant is 0.
X

dy (x%+2)*[e*sinx+ e*cosx] — (e¥sinx)[3(x% + 2)? x 2x]
T ax (x2 + 2)6

dy (x2+2)%e*(sinx + cosx) — 6xe*sinx (x? + 2)2
Y _

dx (x2+2)¢

dy (x%+2)%e*(sinx+ cosx) 6xe*sinx(x*+ 2)2
dx (x2 + 2)6 (x2+ 2)6

dy e*(sinx+ cosx) 6xe*sinx

Tax . (x2+2)3 (x2 + 2)*




dy e* ( x4 6x sinx)
n—=-——H-—(sinx+ cosx—
dx  (x2+2)3 X242
d [e¥sinx _ e® ( , 6xsin x)
Thus, ™ (x2+2]3] = SIMX+ COSX ———

50. Question

Differentiate the following functions with respect to x:
3e 3Xlog(1 + x)

Answer

Let y = 3e73Xlog(1 + X)

On differentiating y with respect to x, we get

dy d —3x

- ix [3e™**log(1 + x)]
dy d ..

== 3_dx [e7**1log(1 + x)]

We have (uv)’ = vu’ + uv’ (product rule)

d}’ d —3x —3x d
= 3 log(l—l—x)&(e J+e &[Iog(l—l— x)]

8 Xy = ax 4 =2
We know —(e¥) = e*and —(logx) = -

| o d L f 1 d
::.E_?, lOg(l+X)XE &(—BX)‘FE (m&(l*‘)ﬁ))

dy | . .. d e (d d
::.E_?, —3e 10g(l+X)&(X)+1+X<£(1)+£(X))l

However, di (x) = 1 and derivative of a constant is 0.
X

—3x

dy

e
- _ 33X
:bdx 3[ 3e log(l+x)x1+1+x(0+1)
dy —3x e_gx
=>£—3[—39 lOg(l+X)+1+x
dy —ax[ 1
:£—3e 3log(l+x)+1+
Ly

1
—3x _
"o 3e [1+x 3103(1+x)]

Thus, % [3e7**1og(1 +x)] = 3e73% [i —3log(1+ x)]

1+x
51. Question

Differentiate the following functions with respect to x:

el

X +2
4/C0s X

Answer



x* 42

Lety =

—
\ COSX

On differentiating y with respect to x, we get
dy d/x*+2
dx dx\/cosx

Recall that (E) = u (quotient rule)
L5 V

d d
dy  Weosxge (x*+2)—(x2+2) E(\;cosx)
Tax (-‘,*-:-:)s:«;}12

dy VeOSE[ () + 5 ()] - 2+ 2) | cos?]

dx COSX

We know di (x™) = nx® ! and derivative of a constant is 0.
X

vcos x[2x+0]—{xz+2}

1
g(cosxﬁ_l%(ws"]l [chain rule]

> _
dx COSX
2 1
dy Zx\}cosx—w(cosx)_i [% (cosx)]
dx COSX
dy 2x+/cosx ( 2) (cosx) ™2 [d (cosx)]
dx COSX
We know % (cosx) = —sinx
o X +2) 2) _
dy 2xycosx— (cosx)~ 2( sinx)
dx COSX

2 .
&y 2%y/Co5X + (x®+ 2)sinx

2+/CosX
dx COSX

2
dy 4x(ycosx) + (x?+ 2)sinx
dx 24/COSXCOSX

dy 4xcosx+ (x?+ 2)sinx

dx 24/C0SX COSX
dy 4% cosX (x%+ 2)sinx

dx 2y/cosxcosx 2+/cosxcosx

dy 2% N (x%2+ 2) sinx

Tdx  Jcosx 3
VCosx 2(cosx)z
d [ x%+2 2x %% 4+2)sin x
ThUS,_(.—)= ,—+{ } 3
dx \4cosx y COSX

2(cosx)z
52. Question

Differentiate the following functions with respect to x:



£(1-x)

cos 2X

Answer

2(1-x2)*
Let y _ £0=)

cos2x

On differentiating y with respect to x, we get

dy d x?(1—x2)3
dx dx| cos2x

Recall that (E) = u (quotient rule)
v V

dy cos?.x [xz(l x2)P]-x2(1- x) (COSZX)

dx (cos2x)?

We have (uv)’ = vu’ + uv’ (product rule)

dy
ﬁ —_
dx
cosEx[(l—x )3 —(x2)+x (l xz)g}]—x (1-x ) (cos?.x)
- c0522x
We know% (x™) = nx™"* and % (cosx) = —sinx
dy
= dx
cos 2x[(1 —x2)3(2x) + x? {3(1 - xz)Ei (1- xg)}] —-x2(1—-x?)3 —SillZXi(ZX)
dx dx
- cos?2x
_ W
dX d d d
_ cos 2x[2x(1— x2)% + 3x%(1 —x2)? [E (1) — I (xg)}] +2x2%(1—x?)3 sinzxﬁ(x)
cos22x

However, di (x™) = nx® 1 and derivative of a constant is 0.
X

dy cos2x [2x(1 —x*+3x2(1—xD¥0—-2x}] + 2x? (1 —x¥)3¥*sin2x x 1
dx C0s?2x

dy cos2x [2x(1—x?)* +3x2(1 — x2)%(—2x)] + 2x?(1 — x?)®sin2x
dx c0s22x

dy cos2x [2x(1 —x®)® —6x*(1 —x?)?] + 2x%(1 — x?)%sin 2x
dx C0s8?2x

dy 2x(1-—x%)%cos2x — 6x3*(1—x%)?cos 2x + 2x%(1 —x?)*sin2x
= — =
dx c0s22x

dy 2x(1—x%)%*cos2x 6x3(1—x%)%cos2x+ . 2x%(1—x%)%*sin2x
dx c0s22x c0s22x cos22x

dy 2x(1—x?%)°3 6:&3(1—}{2)2_'_ng(l—xz)gsirlzx
dx C0s2X Cos 2X COS2X X COS2X




dy 2x(1—x?)° 6x3(1—x2)2+2x2(1—x2)3ta112x

dx C0s2X CO0s 2X COs2Zx
dy 2x(1—x%)? 5 . 5

= W[(l—x ) —3x% +x(1—x?)tan 2x]
dy 2x(1—x?%)? . 5

= W[l—-’-}x +x(1—x%)tan 2x]

dy

s 2x(1—x%)?sec2x[1 — 4x% + x(1 — x?) tan 2x]

d [(—=2) 232 2 2
ThUS'E o =2x(1—x%)*sec2x [1 — 4x* + x(1 — x*) tan 2x]

53. Question

Differentiate the following functions with respect to x:

<
2
Answer

ety togler ()

On differentiating y with respect to x, we get

b = gelioe(cor G+ )]

d
We know = [logx) ==

log { cot L

dx = co:{“ ) ax [COt( g)] [using chain rule]

- ton (D) e leor(G 3]

We have di (cotx) = — cosec?x
—()[( DaG+3)]

- -t Feosec G+ 5[5 ()+ 5 6)]
- et Peosec (+3) [ 0) 55

However, di (x) = 1 and derivative of a constant is 0.
X

gz—tan@—i—;)cosec ( [(H— X l]
? =— %tan (g + E) cosec? G + g)

g —Exsm(g—l—%)x
2 () e Y




LY !
dx Zsin(g—i—%) cos(g—l—%)

= ? = —% ['v sin26 = 2sinBcost]
X 5111[2 (T'Ej]
dy 1
- -
dx sin(g—l—x)
- ? — 1 [vsin(90°+6) = cosb]
dy
e secx

Thus, % [log[cot G—l— 3}] = —secx

54. Question

Differentiate the following functions with respect to x:
e%Xsec(x)tan(2x)

Answer

Let y = e®*sec(x)tan(2x)

On differentiating y with respect to x, we get

dy d aAx

- i (e**secxtan 2x)

dy d ax

e &[e X (secxtan 2x)]

We have (uv)’ = vu’ + uv’ (product rule)

dy d ax ax d

= o = Sec Xtan Zx_dx (e®)+e e (secxtan2x)
dy d ax ax d

= 9 = Sec Xtan Zx—dx (e®) +e = (secx x tan 2x)

We will use the product rule once again.

Y secxtan2x (e%) + e [tan 2x - (secx) + secx —(tan 29)|
= dX—SECX dall de e e all de s5ecx SECXdX dll £X

d d d
We know — (g¥) = ¥, — = nd — - 2
€ know dx (e¥) = e¥, ax (secx) = secxtanx and ™ (tanx) = sec?x

dy ax 4
= o = secxtan 2x [e i (HX)]

d
+ e [tan 2x (secxtanx) + sec :«z{sec2 ZXE(ZX)}]

d d d
= &_ ae*secxtan 2x — (x) + e [sec xXtanxtan 2x + 2 secxsec?2x— (x)]
dx dx dx

d
However, = x)=1

d
Y _ ae™secxtan2x X 1 + e™[secxtanxtan 2x + 2 secxsec? 2x X 1]

-2
dx
dy 2

= Fi ae*secxtan 2x + e®*[secxtanxtan 2x + 2 secxsec” 2x]



d
= d—i = ae*™secxtan 2x + e™secx [tanx tan 2x + 2 sec? 2x]

d

d_z = e™secx(atan2x + tanxtan 2x + 2 sec? 2x)

d
Thus, = (e®*secxtan 2x) = e™ secx (atan 2x + tanx tan 2x + 2 sec? 2x)

55. Question

Differentiate the following functions with respect to x:
log(cos x2)
Answer

Let y = log(cos x2)

On differentiating y with respect to x, we get

dy d ,
= &[Iog(cosx )]

d 1
We have = (logx) ==

d.}" 1 d 2 . .
= = — (cosx?) [using chain rule
dx cosx? dx ( ) [ 9 ]
d .
We know = (cosx) = —sinx
dy 1

d . .
: 2 2

= — — using chain rule
dx cosxz[ SIx dx[:x )][ 9 ]

dy  sinx®d

2
=—=————(x%)
dx cosx2dx

dy Zd 2
:E——tanx E(X )

d
However, = (x®) = nx"~*
X

d
=Y tanx? x 2x
X
d
A —2xtanx?
dx

Thus, %[log(cosxz)] = —2xtanx’

56. Question

Differentiate the following functions with respect to x:
cos(log x)2

Answer

Let y = cos(log x)2

On differentiating y with respect to x, we get

dy d .
i E[cos(logx) ]

d :
We have = (cosx) = —sinx



d-_ R 2 d 2 . .
= — = —sin(logx)® —[(logx)*] [using chain rule]
d ny __ n—1
We know = (x™) = nx

= ? = —sin(logx)? [Zﬁlogx)z‘li (logx)] [chain rule]

i sin(logx)?|2logx o (logx)
dy : 2 d
= e —2logxsin(logx) E(logx)

d 1
However, = (logx) = -

dy . , 1
== —2logxsin(logx)* x <
dy 2 . 5
S —glogxsm(logx)
Thus, %[cos(logx)z] = —%logx sin(logx)?

57. Question

Differentiate the following functions with respect to x:

x -1
log ,[——

X +1
Answer

Let y= log f:%i

On differentiating y with respect to x, we get

dy d l x—1
dx  dx 8 x+1

1
dy d 1 [x—l)i
Tax ax| B\x+1

d 1
We know = (logx) = -

=

1
dy 1 d (x—l

2 . .
i (Fjéa m) ] [using chain rule]
+1

1 1
dy_ (x—l)‘f d (x— 1)5
=>ldx_ x+1/) dx|\x+1

We know di (x™) = nxt
X

1 1

- iy . .

W (‘;1) ZE(E)Z i(ﬂ) [using chain rule]
dx w+1 2 \x+1 dx \x+1

1
dy_l(x—l) z(x—l)‘i d (x—l)
Tdx 2\x+1 x+1/ dex\x+1




dy_l(x—l)‘l d (x—l)
Tdax 2\x+1/ dx\x+1

dy_l(er 1) d (x— 1)
Tdax 2\x—1/dx\x+1

L} r !
Recall that (E) — B TW (quotient rule)
-

v2

dy 1

:bdx_z

(x+ 1) _(x+ 1)%(};— 1) —(x— 1)%(x+ 1)

x—1 (x+ 1)2

(x+ 1) (%(x) —%(1))— (x—1) (% (x) + %(l))
(x+1)2

dy_l(x—i— l)

:E_E x—1

We knowdi (x) = 1 and derivative of a constant is 0.
X

dy 1/x+1 [(x+1)(1-0)— (x—1)(1+0)
ﬁﬁ_i(x—l) (x+1)2

2

1(x+1

[(x+1) —(x—1)
x—1 ]

(x+1)2

dy_ )

dx

dy 1(x+1)' 2 ]
= — =

dx

2\x—1/1(x+1)2
dy 1
= =
dx (x— D+ 1)
dy 1
Tdx x2-1
d J:{—l 1
ThUS, E (log m) = 21
58. Question
dy -1
If y= log{x,fx -1-+/x +1}_ show that — = ———".
) dx  24x? -1
Answer

Giveny =log(vx—1—yx+1)
On differentiating y with respect to x, we get

d d
d—i = E[log(\ﬁx —1—Vx+1)]

d 1
We know = (logx) = -

dy 1 d

dx YE—1—yx+1dx

(Vx—1—+yx +1) [using chain rule]

dy 1

d d
A S Ml O sraw i Wl Y e s
- dx_\;x—l—\!x+1[dx(x'x 1 dx(mx—i_l)]

dy 1

d 1 d 1
Ta VRo1-yxrl el D g 7]



We know di (x™) = nx®1
X

dy 1

1 1 .d 1 1, d ]
. E‘m[i(x_ D27 (k- D) — 5 e+ DI (x+ 1)

dy 1 _1(d d
T& 2(x—1-vxi1) [("_ 1z [E(X) ‘Em}

—(x+ 1)-%%(;{“%(1)}]

However, di (x) = 1 and derivative of a constant is 0.
X

dy 1 [ ‘El L _%
S b e eyl (G CRL R CER {1+0}]

dy ! -1 - (x4 D3]
= = x—1)z2—(x z
dx Z(ﬁx—l— /X + 1} L

-2
dx 2(Vx—1—-x+1)LWx=1 x+1

dy 1 1 1]

dy 1 [Vx+1—+vx—1

= — =
dx 2(Vx—1—-yx+1)| Vx+1Vx—1

dy L
Yy 1
dx 22X+ 1IVx—1
dy 1
Tdx 2Wx2 -1
4 A—1—vxs1)] = ———
Thus, —log(Vx =1 - Vx+1)] = —-=

59. Question

If y = Hx_l_ﬂa'x_l‘ prove that +fx? _13223;.

Answer
Giveny = x+1+vx—1
On differentiating y with respect to x, we get

d d
Y L (xF1+4x-1)

dx — dx

dy d d
AN oY — (=
=4 dx(\,x+1)+dx(\,x 1)
dy d 1d 1
ﬁﬁ—ﬁ(?ﬁ"‘l)?'FE(X—l)z

We know di (x™) = nx™!
X

dy 1 1,d L L

dy 1 ird d 1 ird d
:;'E:E(}H_ 1)z &(x)—i—&(l)]ﬁ-i(x—l) 2[&(7{)—&(1)]



However, di (x) = 1 and derivative of a constant is 0.
X

dy 1 1 1 1
:—Xzi(x+ 1) 2[1+0]+§(x—1) Z[1— 0]

dy 1 11 !
&—E(X‘l‘l) 2+E(X—l)2
d 1r 1 1
E = E _[:X‘i‘ 172+ (x— l)_f]
dy 1y 1 1 ]
dx 2Lyx+1 Vvx-1

dy 1[vx—1++x+1

x 2| yx¥IWx—1

dy Vx—1+yx+1
= — =
dx 2Wx2 -1

But, y = x+1++x—1

_y_ ¥y
dx  2¢yxz—1

d 1
o L

dx 2}’

Thus, x2 — dy 1
VX ldx Qy

60. Question

. prove that xd—‘ =(l-vy)v:

|f}-‘:
X+2 dx

Answer

. X
Giveny = -
X

On differentiating y with respect to x, we get

dy d, x
&=&(x+2)

! ¥ "_ "’ .
Recall that (E) — YU "W (quotient rule)
-

w2

dy (x4 2) 5 (%)~ () oe (x4 2)
Tax (x+2)2

dy (5t 20— (0[S0 + & (2)]
Tax (x+2)2

However, di (x) = 1 and derivative of a constant is 0.
X

dy (x+2)x1—(x)[1+ 0]
Tax (x+2)?

dy x+2-x

Tax (x+2)2



dy 2
Tax (x+2)?

On multiplying both sides with x, we get
dy 2x
ax (x+ 2)2
dy 2 y X
dx x+2 xX+2

dy Xx+2-x X
*
T x+2 Xx+2

dy(_x)x

— = X
:;‘de XxX+2 Xx+2

X
But,y=E

dy
:xa— (1-y)xy

dy
Xy T (1-yy

Thus, x = (1-y)y

61. Question

) dy -1
\&—%J prove that &‘ZX—

|f -':1 .
e X 2x(x+1)

Answer
. _ w1
Given y log(\,x—i— &)
On differentiating y with respect to x, we get

- loe(+ )|
ax  axl os\vX Vx

d
We know = (logx) =-

dy 1 d

S = )dx (\:&‘F ) [using chain rule]

- hlat &3

dy VX [ d _g]
dx x+1 &(X) +&(X) ?

We know di (x*) = nx*?!
X

AT [3 (07t + (—%) (0]

dx Xx+112

dy VX [1 11 3
dx X+ 1 E(X) E_E(X)z



dy V¥ [1 1
:dX_Z(X-I-l)

dy \.& [ 1 1
- — —
dx 2(x+ DLx x/x

dy \.& X — 1

T dx 2(x+ 1) L xyx

dy x—1
Tdx 2x(x+1)
Thus, &¥ = =2

dx 2x(x+1)

62. Question

l+fan x /
If y =log |————. prove that d_‘ =sec 2X.
l-tan x dx

Answer

Given y _ lﬂg 1+tanx

1-tanx

On differentiating y with respect to x, we get

dy d 1+tanx
dx  dx g 1—tanx

1
dy d (1+tanx)§
Zax x| 22\1 “tanx

d 1
We know = (logx) = -

= dy _ 1 d (1+tanx)§ . i
A rranmldx | \I-tanx [using chain rule]
(l—tﬂ.]’lx)
1 1
dy (1 + tanx)_i d (1 + tanx)i
= — =|— JE— -
dx 1—tanx/ dx|\1—tanx

We know di (x™) = nx"t
X

1 1
- ] . .
- dy (1+tanx) z}(l+tanx)z i(l+tanx) [usmg chain rule]

dx  \l—tanx 2 \l1—-tanx dx \1—-tanx

1 1
dy 1(1+t311X)_§ (l—l—tan:{)_i d (1+tanx)
2

:Ddx_ dx

1 —tanx 1—tanx 1—tanx

dy 1 (1 +tanx)_1 d (1 +tanx)

Tdx 2\1—tanx/ dx\l—tanx

dy 1(1—‘[311){) d (1+tanx)

“dx  2\1+tanx/dx\1— tanx

I r )
Recall that (E) = "W (quotient rule)
.

v2



dy 1 (1 —tanx) (1 —tanx)%(l—l— tanx) — (1 —l—tanx)%(l— tanx)

T dx  2\1+tanx (1 —tanx)?2
dy
= dx
(1—tanx) 4 (+ 4 (tanx) |— (1+ tanx) d (1) — d (tanx)
1/1—tanx dx dx dx dx
_§<1+tanx) (1—tanx)?

We knowdi (tanx) = sec?x and derivative of a constant is 0.
X

B 1( —tanx)\ [(1—tanx)(0 + sec?x) — (1 + tanx)(0 — sec?x)
dx_z 1+tanx (1 —tanx)?2
dy 1
T dx  2\1+tanx (1—tanx)?2

[(1—tanx+ 1 +tanx)sec?x

dx_i 1+tanx

2sec’x
(1 — tanx)?

—tanx

1
dxz

dy 1 (1 —tanx

1+tanx

dy sec?x
= — =
dx (1+tanx)(1—tanx)

dy sec?x
dx 1—tan®x

2
o Gy _ Htantx . oec29 - tan?0 = 1)

dx 1—tan®x

2 2
sin“x
+
dY C0sZx
dx B sin?x
cos?x

dy cos?x +sin’x
dx cos?x —sinZx

1 —tanx) [(1— tanx)sec?x + (1 +tanx)sec®x
) (1—tanx)?

But, cos26 + sin26 = 1 and cos26 - sinZ6 = cos(26).

dy 1
dx cos2X
dy

X & = sec2x

d
Thus, & = sec2x
dx

63. Question

If y = J§+ dy

prove that 2x —

Ned

Answer

Giveny = VX +—

VH

L
=Jx =

On differentiating y with respect to x, we get



d d 1
243

dx_& \.&
dy d d /1
A O = Wl el
T dx dx (V) + dx ({i)
dy d 1 d 1
:E—E(X)Q+E(x) 3

We know di (x™) = nxt1
X

dy 1 1, Iy, 1,
> m =@ (-5) 07
dy 1 1 1 3
" 2™ P

64. Question

ity ) LY

X sin"'x
= . prove that (1_;;-

\.Fl—x2 ' &:X_;

Answer

xsin"tx
—
Vi1-x2

Giveny =
On differentiating y with respect to x, we get
dy d /xsin™'x
dx ~ dx V1—x2

[
Recall that (E) _ vu'-u! (quotient rule)
v

w2

d (xsin- -, o.d
L VI—x2 g (xsin™ %) — (xsin~ %) ;- (VI—x7)
™ VI-x)




We have (uv)’ = vu’ + uv’ (product rule)

d d d 1
fqa soa—1 . Y el s a—1 _ - a—1 el I
dy V1 —x2 (sm Xqx (x)+ X3% (sin x)) (xsin™'x) Ix ((1 X )2]

dx 1 —x2

d d
We know — (sin~1x) = 4 romy _ en-1
e know — (sin™'x) and ~ (x") = nx

dy
= 2
dx
1 1
M1 —w2(gin—1 - 2 1 _ 2
V1 x(sm xxl+xx¥ﬁ) (xsin~ x)z(l x) (1 x)
B 1—x2

o in~t Ird d
V1—x2 (sm lg 4 —= )_xsm X(l—xz) 2[5(1)—ﬁ(x2)]

d}’ v1-—x2 2
dx 1—x2
1T _ w2 ain—1 -1
\,W("l x2sin x—l—x) xsin~!x [ (1) 4 (xz)]
d}’ V1—x2 2v1— X X
dx 1 —x2

However, di (x?) = 2x and derivative of a constant is 0.
X

T —xZsin—'x + _ xsinT'x (—2%)
dy Vi—xisinixdx - e (2

dx 1—x2

o XxsinT x
V1I—xZsinix+x+ 00— xx

g: Vv1—x2
dx 1—x2
dy x%sin™1x
=2(1-x2)—=y1—-xZsin'x+x+——
( g =V T
v
dy — x%sin™tx
=2(1-x?)—=x+41—-x%sin'x+ ——
( )dx v Nigee:

2
(VI—x7) sin"'x +x?sin"’x

V1 —x2

d
= (1 —XE)d—i =X
(1-x¥)sin"*x +x?sin?

V1 —x2

X

d
= (1—x2)d—i=x+

(1-x?+x%sin"'x

d
= (1—x2)d—§=x+

v1—x2
dy sin~'x
Cx) Y g T
= (1 X)dx Nigee

But, y =- ; == = :
dy

. 2 _

~(1-x )dx X+

Thus, (1-x?)F =x+!

65. Question



X —x
_ v .
fy=S "¢ __provethatd_-'zl_v—'_
et +e

Answer

ef_g¥

eXpe X

Given y=

On differentiating y with respect to x, we get

dy d (e" - e‘x)
dx  dx\ex +e—x

I
Recall that (E) _ yu'-uv’ (quotient rule)
.

v2

—x d X —x X —x d X —x
dy_(e“re -)ﬁ(e- —e ) —(e*—e -)ﬁ(e- +e7¥)
dx (ex+ ex)2

dy (& + e [5e9 — 5] - (e [F (e + £
Tax (ex+ex)2

d
We know — (g¥) = p¥
e kno dx(e) e

_dy (e re)le — (e )]~ (¥ - e [e* + (e )]
dx (ex + gx)2

= dy (e*+e™)[e*+ e —(e¥—e™)[e*—e™]

dx (ex + ex)2
dy B [:EX + E—X)Z _ [:EX _ e—x)?
Tax (ex +ex)2

d}’ B [:ex + e—x)z [:ex _ e—x)Z
dx  (ex+e )2 (ex+ex)2

d X _ a—X
=;-—y=1—(e e )

2

dx ex + e~
e¥_a¥
But, y= e¥ie X
dy
S = l —_ 2
dx y

Thus,ﬂz 1—y2

dx

66. Question

=

Ify = (x - 1)log (x - 1) - (x + 1) log (x +1), prove that i% =log

x—1 J
1+x )
Answer

Giveny = (x - 1)log(x - 1) - (x + 1)log(x + 1)

On differentiating y with respect to x, we get

dy d
i &[(x— 1 log(x— 1) — (x + 1)log(x + 1)]

dy d d
== &[(x— Dlog(x —1)] —&[(x+ 1)log(x+ 1)]



dy d d
= &zﬁ[(x_ 1) x log(x— 1)] —&[(x—l— 1) x log(x + 1)]

Recall that (uv)’ = vu’ + uv’ (product rule)

dy d d
== log(x — 1)&()(— 1)+ (x— 1)&[10g(x— 1)]

d d
- (1og(x+ DG+ 1) + (e 1) [log(x + 1)])

d d d d
= 2 —logx — 1) [ 0 — = ()] + (x— 1) Dlog(x— 1]
d d d
- (1og(x+ 0 [ﬁ(x) T (1)] +(e+ 1) [log(x + 1)])
We know % (logx) = % and % (x)=1.

Also, the derivative of a constant is 0.

Y oa(x— 1)1 — 0]+ (x— 1) x ——

dx x—1 )
- (1og(x+ D[1+0] +(x+ 1) X m)
dy
= log(x — 1)+ 1 —(log(x+ 1) + 1)
dy
= o log(x — 1) — log(x+ 1)
Sdy 1 (x— 1)
Tax o OB\x 11
dy x—1
Thus, dx 10g(x+1)
67. Question
dy . T
If y = € cos x, prove that a:er Ccos X—I .

Answer
Given y = eXcos(x)
On differentiating y with respect to x, we get

Y < (e cosx)
dx_ dx e7C0SX

dy d
:E_E(e X COSX)

Recall that (uv)’ = vu’ + uv’ (product rule)

dy . d
— = cosx— (e¥) + e*—
= cosxdx(e) e dx(cosx)
A raxy _ ax 4a —
We know = (e*) = e* and - (cosx) = —sinx
- cosx (e¥) + e*(—sinx) [chain rule]

= e*cosx— e*sinx

ay
dx
dy
= dx



= &_ e*(cosx — sinx)

dx
d}’ \.E
= — =e*(cosx —sinx) X —
= e x5
g _ e COSX — smx)
dx V2
. 1 1 )
[2e |:051=;><—J,_—5111:>;><J,—E
i . T 1
We know cos (Z) — sin (Z) -5
dy JTex T . TII)
e*{cosxcos— — sinxsin—
dx 4 4

However, cos(A)cos(B) - sin(A)sin(B) = cos(A + B)

e*cos (X-ﬁ-:)

Jdy
Tdx

[\31

W Fax =
Thus, =V 2e*cos (x + 4)
68. Question

1 1—cos 2x v
If v =_log ______J_mmmﬂmtnglcmecbb
T2 dx

“

1+ cos 2X

Answer

1—0052:{)

1+cos2x

Given y= El]g.g(

We have 1 + cos(20) = 2c0s?0 and 1 + cos(26) = 2sin?6.
1l 2sin?x
=y =_
y 2 08 2cos?x

1
=y= Elog(tan2 x)

1
=y = Elog(tan x)?

=y= 51 x 2log(tanx) [ log(@a™) = m x log(a)]

=y = log(tanx)
On differentiating y with respect to x, we get

dy d
i &[log(tanx)]

d
We know = (logx) =-

dy
- — - using chain rule
dx tan x dx (tanx) [ 9 ]

d
However, - (tanx) = sec?x

d 1
y__— x sec?x
dx tanx



dx tanx
dy (coszx)
()

dy 1 COSX
= = = X —
dx cos?x sinx

dy 1
dx sinxcosx

We have sin(20) = 2sinBcosb

dy 1
= — = —
dx sin2x
(557)
dy 2
dx sin 2x
d

_y = 2 cosec2x
dx

Thus, & d = 2 cosec2x

69. Question

5 dy . _
If y=xX SI'II_IX—J].—X". prove that &': sin~!x.

Answer
Giveny = xsin~tx + /1 — x2
On differentiating y with respect to x, we get

dy d
dx  dx

dy d o odg——
:E—&(xsm x)+&(\fl—x)

(x sinTlx+1— xz)

dy d ,
== —(x><5111 x)—i——[(l x)]

We have (uv)’ = vu’ + uv’ (product rule)

dy ., d d d[ 23]
=5 = sin x&(x)+x&(sm x)+& (1—x%)z

We know % (sin™1x) = — (x“) 1

d

= i=5111‘1x><1+x>< += (1 xz)“l (1—x2)

Vv1—1x2

dx

dy . _, X 1 2_g[d d 2]
= 3 = Sin x+\m+2(1 Gl dx(l) dx(x)

d

d

X 1
3'r=sin‘1:«;+ —( )——(XE)]
X Jl—xz 241 —x2ldx

However, di (x?) = 2x and derivative of a constant is 0.
X



d 1
= —y=sin‘1x+ [0—2x]

dx V1i—x2 241 -—x2

d X 2x
=Y sintx+ -

dx V1I—x2 241 —x2

d X X
= sintx+ -

dx vi—x2 J1-x2
by =sin"'x

dx

d .
Thus, & = sin~1x
dx

70. Question
J dx
Answer

Given V= VX2 4+ a2
On differentiating y with respect to x, we get

Y2 (e

dy dr. .., z]
= - & [(X +a%)z
We know di (x") = nxt1

d; 1 1i34d . ;
= d_i = (x2 +a?): 15(32 + a?) [using chain rule]

dy 1 2 z—l[d 2 d 2]
=>£_§(x +a)2£(}i)—£(a)
dy 1 d , d 2]
:bdx_z\;x?+a2[dx(x) dx(a)

However, di (x?) = 2x and derivative of a constant is 0.
X

dy 1

2 [2x-0
~ i 2\,’}{?—1—32[ x—0]

dy 2x
=== —
dx  24%2+ a2

dy X

:b — —
dx  x2+ a2
But, y = yx2 + a2

dy
= — =

X
dx vy

dy_
::.yﬁ—x

.'.y——X:O



Thus,y?_;{: 1]
X

71. Question
_x dy 3
Ify = & + e, prove that = = vy —4.
dx

Answer
Giveny = X + e
On differentiating y with respect to x, we get

dy d . x
&—E(e +e7¥)
dy d « d x
=>£=&[:E )+£(E )
We knowdi (e¥) = e®
dy X —x d . .
= =e + o E(_x) [using chain rule]
dy X —X
:E—e —e ™ —(x)

dx

d
We have ™ x)=1

&y _ o
:E e e x1
&y _ o

=>dx e¥—e
d
=>d—i=\,(ex—e-1)2

R G COLEFICIC)

= —i = /(€92 + (e7)2 — 2(e¥) (™) + 2(e¥) (e~¥) — 2(e¥) (e7¥)

= g = \MEK)E + (e—x)‘z + Z(EK) [:E—K) — 4(9")[9—3)

dy —————
— X X -
=>£—V(E'+E )2—4

But,y = eX + X

72. Question

dx

Answer



Given y= vaz —x2
On differentiating y with respect to x, we get

dy _ i[\fﬂ)

dx dx
dy dp,, 21]
:E—E[(a—x)z

We know di (x") = nxt—1
X

dy _ 1.5 94igd .3 3 i i
:;.dx_z(a x2)z dx(a x?) [using chain rule]

dy 1 ) oy L d 5 d 2]
:E—E(a —x%) 2£(a) dx(x)

dy 1 fd, . d 2]
:E—izrz_xz[&(a)—&(x)

However, di (x?) = 2x and derivative of a constant is 0.
X

dy 1

= [0-2x
- dx Zn’az—xg[ ]

dy —2X

= —=—
dx 2ya? —x2
dy —X

S
dx vaz —x2
But, y= vaz —x?

dy —x
T v
dy
=>y&=—x

dy
..yE+X—0

Thus,yg+x= 0

73. Question
dy 5
If xy = 4, prove that x| — +y~ [=3y.
dx
Answer
Given xy =4
4
- =
y X

On differentiating y with respect to x, we get

dy_ d (4)
dx  dx\x

dy_ﬂrd (1)
Tdx dx\x



dy d
:5—4&(){ )

We know di (x™) = nx®*
b4

d
)

dx

dy -
= ax- —4x
_ dy_ 4
Tdx x?2

Now, we will evaluate the LHS of the given equation.

dy 2) xly?—4
=>x(£+y = =

dy 2) (xy)? — 4
~ (G-

However, xy = 4

d 4% —4
=>x( y+y2)=

dx X
dy 2) 12
=>X(£+y -

s ev)s()
x(g—i— yz) =3y [ xy =4]
Thus, x(%+y2) =3y

74. Question

dx | 2 2 a

d JX B B ?12 . X ) )
If provethat — < —+fa” — X" +—smm —:=+a —Xx
Answer
Lety ==yaZ —x2 + Zsin1X

2 2 a
On differentiating y with respect to x, we get

dy d [x a? X
LA 2 _ w2 4 gin—l_
i dx(zva X? + —-sin a)

dy 1(d ; —— x]
L 2 _ 2 2 gin—1_
=>dx Z[dx(xva X-+ a“sin a)

= g = % [% (XJH) + %(az sin‘lg)]



gi % % (x X vﬂ) +a’ % (sin‘1 9]

We have (uv)’ = vu’ + uv’ (product rule)

dy 1‘!7d d/ —— d x]
_ 2 2 i 2 2 2__ i—l
dx > _Va X = (x)+xdx(\fa X )+a = (sm a)

_dy 1= d[2 21} , d ._lx]
= w3z V¥ X E(X)—H{ﬁ (a® —x%)Zt+a &(5111 5)

We know % (sin~'x) = N (x“) Pt

1.d
52 — 42 2 _ L2351 S r2 2
Z\fa X ><1+x[ (a® —x°)z2 dx(a x)}

dx
d
S T
w2dx \a
1—(5)
dy 1| 5—— X z_g{d ,, d 2} a’ [ld
:bdx_zva x+2(a x)zdx(a) dx(x)_'_ Zadxx
32
dy_l' — X { , 2} a?
=53V =l @ (x) mdx(")

However, di (x™) = nx® 1 and derivative of a constant is 0.
X

dy 1] ——— X a’
- 2 2 - — -
= = a X%+ 0—2x}+ x1
dx  2|" 2\,’32—){2{ ) VaZz —x?2
d [ ——  =x(—2x a’
:—y——VaZ—XZ—i— ) +

d 2_ Z\IIaz_Xz \‘u'laE_xz

dy 1] —— x° a’
:;._y:_\faz_xz_

dx 2| Vaz—x? VaZ-x2

dy 1| ——  a?—x°
_y=_\fa2_x2+7

dx 2 vaz—x2

d

d_izi \faz—xz-i-\fa?—xz]

dy P —

&ZEXZ\faE—XE

&=\;a2—xg

dfx 5——5, 8 . _13 ——
Thus,d—g\,az—x2+%sm 13}= Va2 —x2
X a

Exercise 11.3
1. Question

Differentiate the following functions with respect to x:



Answer
y = cos {2xy/1 — x2)
let x = cosB

Now

y = cos {2cosB,/1 — cos28)

= cos~{2cos8,/sinz 6}
Using sin28 + cos20 = 1 and 2sinBcosb = sin26
= cos1(2cosBsind )

= cos™1(sin20)

y =cos™ ! (cos g— 29))

Considering the limits,

1
—<x<l1
V2

1
=—<cosB<1
V2

0<p<s
s T
4

i
=>0<?.B<§

1
=:-0>—29>—5

T T T T
=377 82373
i T

=>0<§—29<§

Therefore,
y = cos™! (cos (g— ZBD
y = cos™! (cos g— ZBD

=52

i 5 1
=——2cos
Y=3

X

Differentiating w.r.t x,

—=—|=-—2c0s"

dy d
di dx(ﬂ x)




dy 2

- =
dx /1 —x¢2
2. Question

Differentiate the following functions with respect to x:

cos_l{ JI_TX —lax <l

~

Answer

1+x
2

1

y = cos”

letx = cos20

Now

_,) [1+cos28
y = cos 2

_y) |2cos?B
y = cos >

Using cos26 = 2cos26 - 1
y = cos }(cosb)
Considering the limits,
-l<x<1

-l1<cos20 <1

0<286<m

0<f<Z
2

Now, y = cos }(cos8)

y==96
1
= — _l
Vv 2cos X

Differentiating w.r.t x, we get

dy_l( 1 )
dx 2\ y1—x2

3. Question

Differentiate the following functions with respect to x:
- 1-x
sml-}J —r.0=x <=1

Answer



= sin~
y 2
letx = cos20
Now
. _y ) [L—cos28
= sin _
y 2
__, ) |2sin?8
v = sin 5

Using cos28 = 1 - 2sin20
y = sin"1(sinB)
Considering the limits,
0<x<l1

0<cos20<1

0<20<
2

0<f<Z
4

Now, y = sin"1(sin®)

y=6

1
I -1
y—2c05 X

Differentiating w.r.t x, we get

dy 1( 1 )
dx 2\ y1—x2
4. Question

Differentiate the following functions with respect to x:

1

2 |

sin | 1-x~ .|=.0 <X <1
Answer

y = sin™? [\.‘W}

letx = cosB

Now

y = sin™t [\fm}

Using sin26 + cos28 = 1
y = sin"1(sinB)

Considering the limits,



0<x<l1

O<cosb<l1

0<@<=
2

Now, y = sin"1(sin®)

y=806

y = cos 1x

Differentiating w.r.t x, we get

dy 1

dx Vv1—x2
5. Question

Differentiate the following functions with respect to x:
-1 J X
fan 1T——-a<X<a
l a —x
Answer

=tan ! {7}
Y vaz—x2
Let x = a sinB
Now

; _1{ asinB }
y=tan '} ————
VaZ — aZsinZ @

Using sin20 + cos28 = 1

. —1{ asinf }
=tan  {—
y avl—sinZB
y = tan~! {sinﬁ}

cosB

y = tan1(tan@)
Considering the limits,
-a<x<a
-a<asind<a

-l1<sin6<1

Tcp<l
2 2

Now, y = tan"1(tan®)
y==6

y = sin™! G)

Differentiating w.r.t x, we get

d d
Yot ()



dy a 1

— = X
dx Vaz—x2 a

dy 1

dx vaZz —x2
6. Question

Differentiate the following functions with respect to x:
. =1 J X

Sl ———

Answer

X
-1
= sin [7}
Y vx? +a?
Let x = a tan®
Now

_— [ atanf }
=sin"'{————=
y vaZtan? @ + a?

Using 1 + tan?6 = sec?0

. _1[ atanf }
= sin” j——
Y avtan?26 + 1

. _1[ atan® }
y=sin"ty——
avsecZB

y = sint [tanﬁ}
secB

y = sin"1(sinB)
y=26
X
_ -1(_
y = tan (a)

Differentiating w.r.t x, we get

d d X
d_i = E(tan‘l (ED
dy a? 1
dx  aZ+x? X a
dy a

dx  aZ+x?

7. Question

Differentiate the following functions with respect to x:
sinl (2x?2-1),0<x<1

Answer

y = sin~}{2x? — 1}

letx = cosB

Now



y =sin™! ['\.’ 2cos20 — l}

Using 2cos26 - 1 = cos28

y = sin"}(cos26)
y = sin™? [sin (g — 28)}

Considering the limits,
O0<x<1

O<cosb<l1

i
0<B<E
0<286<m
0>-20>-m

T
775 28> 5
Now,

i

y = sin 1[5111(5—28)}

i
y=i—28

T -1
y=§—2cos X

Differentiating w.r.t x, we get

d d
d—z = &g — Zcos‘lx)

2-0-a(- )

dx W1 —x2
dy 2
d}‘:_\,l—}‘i2

8. Question

Differentiate the following functions with respect to x:
sinl(1-2x2),0<x<1

Answer

y = sin"}{1 — 2x?%}

letx = sin®
Now
y = sin™! [‘\.‘ 1 — 2 sin? 8}

Using 1 - 2sin26 = c0s26

y = sin"1(cos26)

y = sin™! [sin G — 28)}



Considering the limits,
O<x<1

O<sinb<1

i
0<9<E
0<20<m
0>-20>-n

T
775 28>
Now,
a1
y = sin 1[5111(5—29)}
i
y=§—28
n -1
y=5—251n X

Differentiating w.r.t x, we get

dy d,m .
&—E(E—Zcos x)
d 1
2-0-s()
dx V1 —x2
dy -2

dx  J1—x2

9. Question

Differentiate the following functions with respect to x:

_1J X
l X +a

Answer

—
-1
= c08 H{——
y [\, X2+ a2
Let x = a cot®
Now
_1[ acoth }
= 0§ —
y vaZcot? 0+ a?
Using 1 + cot?6 = cosec?8
_1[ acotd }
= 0§ {——————
y avcot2B+ 1

_1[ acotf }
y=cos i ——
av/cosec2 6.

cotb }

-1
= cos [
y cosecB

y = cos 1(cos@)



y=6

y = cot™* G)

Differentiating w.r.t x, we get
dy d i (X

ax &(mt [g))

dy —-a? 1

= x
dx az+=x? a

dy —a
dx a2+ x2
10. Question

Differentiate the following functions with respect to x:

. _[sinx+cosx| 3m T

sim Ty ————— = — <X <—

2 4 4
Answer

— [sinx + cosx}
y=sin""{——

V2

Now

1 1
- .
= 51 SINX—+ COSX—}
Y [ NG NG

y= sin™?! [sinx cos (g) + cosxsin G)}

Using sin(A + B) = sinA cosB + cosA sinB
L8
— oin—1la _
y = sin [sm(x—i— 4)}

Considering the limits,

3Tr< <TII
L e xe—
4 4

Differentiating it w.r.t x,

y=x+ 7
dy
=1

11. Question

Differentiate the following functions with respect to x:

sifcosx+sinx| w s
COS § — =/, — <X <—
] > ] /
Answer
_; (cosx +sinx
y=c0s j————
V2

Now



1 1
=cos?! [cosx——l— sinx—}
Y vz vz

y= cas™t [cosx cos (9 + sinxsin G)}

Using cos(A - B) = cosA cosB + sinA sinB

g con s )

Considering the limits,

b ™
3 <xX<g
i b
_§<X_E<O
Now,
s
y=—-X+ z

Differentiating it w.r.t x,

dy_
dx

12. Question

-1

Differentiate the following functions with respect to x:

tan_IJ# —lex =l
1 1+J1-x°
Answer

X
= tan‘l{i}
y 1++1—x2
Let x = sin®
Now

y= tan‘l{ sinf }
1++1—sin2B

Using sin20 + cos28 = 1

y= tan‘l{ sinf }
1++/cos28

y= tan‘l{ sinf }
1+ cos®

Using 2c0s20 = 1 + cos26 and 2sinB cos = sin26

Zsing cosg

y=tan™! —73=
Zcoszi

6
— -1 _
y = tan {tan 2}

Considering the limits,

-l<x<1



-l1<sin6<1

i b
—5<0<5
m_6_m

4 2 4
Now,

G
— tan—1 e
y = tan {tan 2}

y = —sin"1x

et
Il
B3 = Al @D

Differentiating w.r.t x, we get

dy dgs1 |
EZE(ESIH X)
dy 1

X~ 2V1—x2

13. Question

Differentiate the following functions with respect to x:

ol

_1J X
fan 4 ———= .—a <X <a
la— a- —x

Answer

X
y= tan‘l{i}
a+a?—x?
Let x = a sin®

Now

; —1{ a sinf }
y = tan .
a+ vaZ —aZsinZ 0

Using sin20 + cos20 = 1

. —1{ asinf }

=tan {——————

Y a+avcos?@

y= tan‘l{ sinf }
1+ cos®

Using 2c0s20 = 1 + cosB and 2sin cosb = sin26

25in® cos
. 51112 C052

y = tan~
Zcoszg

t ‘l{t 8}
= tan an—
y 2
Considering the limits,

—a< X<a



-l1<sin6<1

i b
—5<0<5
m_6_m

4 2 4
Now,

G
— tan—1 e
y = tan {tan 2}

3]

Y=3
1 X
e
y=5sin™ -

Differentiating w.r.t x, we get

dy d (1 . —1X)
dx ~ dx 25111

dy a 1
—_——_— % —
dx 2aZz—xZ a

dy 1
dx  2va? — x2

14. Question

Differentiate the following functions with respect to x:

._Jx— 1-x°
sin iYL jox<l
| V2
Answer
. _1{x+ Vi-— xz}
= 5In _—
y 72

Let x = sin®

Now

sinf + 1 — sin2 9}

V2

y = sin‘l{
Using sin20 + cos?6 = 1
sinf + cos[—l}

= sin‘l[
¥ NG

Now

1 1
= sin~?! [sinB— + cos 9—}
Y V2 V2

T T
— ein—1lai _ P
vy = sin [smﬂ cos (4) + cos @ sin (4)}
Using sin(A + B) = sinA cosB + cosA sinB

y = sin~! [sin (B + g)}



Considering the limits,
-l<x<1

-l1<sinB<1

y = sin™* [sin (8 + g)}

y= 0+

|

T

L1
=s8n""Xx+ —
y 4

Differentiating w.r.t x, we get

dy = i(sin‘l:x:+ E)

dx dx 4
dy 1
i~ Vi—x

15. Question

Differentiate the following functions with respect to x:

cos_l{% —lex <l

Answer

1 X+ \fﬁ
-
Let x = sin@
Now

, [5in® + /1 —sin? 9}

= C0s~
Y { vz

Using sin26 + cos?6 = 1
sin@ + cosﬂ}

= cos?! [
¥y NG

Now

1 1
= cos ! [sinB— + cos B—}
Y V2 vz

y = cos™! [sin[—l sin (g) + cosBcos (9}

Using cos(A - B) = cosA cosB + sinA sinB



y = cos! [cos(ﬂ — 9}
Considering the limits,

-l<x<1

-l1<sin6<1

Now,

y = cos! [cos(ﬂ — 9}

y=-(0-3)

= —gin" x4+ —
y sin™" x 2
Differentiating w.r.t x, we get
dy d s
—~ — | —gin~1 —
= dx( sinT x+ 4)
dy 1

dx Vv1—x2
16. Question
Differentiate the following functions with respect to x:

-1 J 4x } 1
fan - —r—— <X <
l1-ax®[" 2

1| =

Answer

4x
= =]
y an 1 —ax?

Let 2x = tan®

; _1{ 2tanB }
Y= T —tanze

Using tan 20 2tan®
singtan 28 =-—— -4

y = tan"*(tan20)

Considering the limits,

1_ 1
2 SX55

-l<2x<1

-l<tanb<1

Tco<l
7 2



T e20<l
2 2

Now,

y = tan"1(tan20)
y =26

y = 2tan"1(2x)

Differentiating w.r.t x, we get

dy d .
i E(Ztan 2x%)
dy 2

& 2Ty (we
dy B 4

dx 1+ 4x?2

17. Question

Differentiate the following functions with respect to x:
ax =17

1
_].—x =X <0
Xz

fan~

Answer

x+1
y=tan™! 27
1— 4=

Let 2% = tan®

2x 2%
y = tan? {7}
1— (292

. —1{ 2tanb }
y=tn 1—tan20

Using tan 20 2tan®
singtan 28 =—-—— -+

y = tan~!(tan20)
Considering the limits,
—o<x<0

27° < 2X < 20

O<tanb <1

0<0< 2
4

0<20<n
2

Now,
y = tan"1(tan20)
y =20

y = 2tan"1(2¥)



Differentiating w.r.t x, we get

dy d o
i &(Ztan 2%)
dy 2*log2

- — W —
dx 1+ (2x)2
dy 2%llog2
dx  1+4x

18. Question

Differentiate the following functions with respect to x:

s P

! ,}_J.a<1.—x<x<0

tan~

1-a
Answer

2a*
y = tan‘l{l — ah}

Let a*X = tan®

_t —1{ 2tan B }
y=tan 1—tanZ0
Using tan 26 2tan®
singtan 20 = ——
& 1—tan?0

y = tan~(tan20)
Considering the limits,
—0o<x<0

a® <aX<al

O<tanb <1

0<9 <
4

0<20< <
2

Now,

y = tan"}(tan20)
y =26

y = 2tan"1(aX)

Differentiating w.r.t x, we get

dy d 1 x
i &(Ztan a*)
dy a*loga
& TE @
dy 2a*loga
dx 1+ a?x

19. Question

Differentiate the following functions with respect to x:



[T s

sin~ 1 O<wx =l
Answer
N Vi+x+ V1-x
y = sin {f}
Let x = cos26
Now

__, [V1+cos2B8++1—cos26
y = sin 5

Using 1 - 2sin26 = c0s26 and 2c0s20 - 1 = cos26

- V2cos28 + 4/2sin2 8
= sin
y 2

Now

1 1
= sin~! [sinﬁ— + cos B—}
Y V2 V2

y = sin™! [sinﬁ Cos G) + cosBsin (9}
Using sin(A + B) = sinA cosB + cosA sinB
y = sin™! [sin (8 + g)}

Considering the limits,
O0<x<l1

O<cos26<1

s
0<29<§
s
0<B<Z
Now,
s
y = sin 1[5111(8—1— Z)}
s
y= 06+ y
-1 T
y=gcosTix+ &

Differentiating w.r.t x, we get

d d/1 T
_ —(—cos‘lx—i— —)

dx — dx\2 4
dy 1>< -1

dx 27 J1—x2

dy -1

dx  2y1—x2

20. Question



Differentiate the following functions with respect to x:

IJ-ﬁjl—agxz -1

fan - x=0
1 ax

“

Answer

Vv1i+azxz—1
ax

y = tan‘l{
Let ax = tan®
Now

. v1+tan26 —1
y=tan " {j————

Using sec?8 = 1+ tanZ6

. _l{y’secze —l}
y=tan }{—

tanf

tanf
y = tan~! {sec@ - 1}
tan®
y = tan~! {1 - COSB}
sinB

Using 2sin20 = 1 - cos26 and 2sinB cosd = sin26

L)z sinzg
y= tan 2979
Sll'l2 COSZ

6
— tap—1 i
y = tan {tan 2}

1

y = -tan™"ax

=
[
BN D

Differentiating w.r.t x, we get

dy_d(lt 1 )
dX_dX 2 dan —ax

dy 1 a

x 271+ (ax)2
dy a

dx  2(1+a?x?)
21. Question

Differentiate the following functions with respect to x:

1| sinx
tan

l+cos x

}.—‘I<X<TE

Answer



y= tan‘l{ sinx }
1+ cosx

Function y is defined for all real numbers where cosx = -1
Using 2c0s20 = 1 + c0s28 and 2sinB cosb = sin26

2 2

X
2=
2cos 5

. X X
. 2s8inscoss
y=tan " {—=—~=

y = tan™? {tan%}

}’=§

Differentiating w.r.t x, we get

d d x
Rt
dy 1

dx 2

22. Question

Differentiate the following functions with respect to x:

1 ‘]
1+x°

Answer

sin

1
= sin‘l[ }
y v1+x2
Let x = cotb

Now

/ 1 }

o1
=sin"H——

y [\, 1+ cot?6
Using, 1 + cot?6 = cosec?6

Now

1
-
= sin [ }
Y vcosec?f

(1
y=sm [cosecﬁ}
y = sin"I(sin 0)
y=806

y =cot1x

Differentiating w.r.t x we get

dy .
i (cot™ x)
dy 1



23. Question

Differentiate the following functions with respect to x:

_ l_Xgn A
cos™! 5= [[0<x <=
1+x°
Answer
1_X2n
— -1
Vv = Cos {71 +x?“}
Let x" = tan®
Now
_,[1—tan®8
=cos t{—+—

y 1+ tanZ0
Usi 1— tan?0 i
sing ——— = cos

g 1+ tan?6

y = cos *{cos26}
Considering the limits,
O<Xx<w

O<xX"< o

0<0<m
2

Now,

y = cos }(cos20)
y =260

y = tan"}(x")

Differentiating w.r.t x, we get

dy d

= & (tan™%(x™))
dy = 2nx"?

dx 1+ (xm)2

dy 2nx™*

dx 1+x20

24. Question

Differentiate the following functions with respect to x:

C [ 1-x? 4 1+x~

sin™! - +sec! - .XeR
1+x° 1—-x~

Answer

A + sect 1+x?

¥ = sin 11 x2 secC 1_x2

1
cos—1x

Using,sec™'x =



(1% + cost 1—x?

= sin cos™H{——

y 1+x2 1+x2
; 1 -1 I
Using,cos 'x + sin"'x = 3

y=3

Differentiating w.r.t x we get

dy d,m
&ZE[E)
dy

=0

25. Question

Differentiate the following functions with respect to x:

a—xJ
l—ax

Answer

tan "

a+x)

=t —1(
y=tan—\r—

X+y)

Using,tan 'x + tan~ly = tan‘l(
g y T—xy

y=tan 'x+tan'a

Differentiating w.r.t x we get

g = é(tan‘ix+tan‘la)
dy 1

dx  1+x2

dy 1

dx 1+x2

26. Question

Differentiate the following functions with respect to x:

A Nx 2
tan —_—
1—+fxa
Answer

et (YRR
y 1—vxa

Using,tan"!x + tan~'y = tan™? (fj:fy)
y =tan"tyx+ tan"!ya

Differentiating w.r.t x we get

dy d

- i (tan™ VX + tan™* Va)



d 1 d
7 = —3 Vx)
dx 14 (Vx) dx

dy 1

dx N 2\.@[:1 + Xz)

27. Question

Differentiate the following functions with respect to x:

_i/ a+Dbtan x
fan= | ——M—
b—atanx
Answer
— (a+btanx)
=tan ' |{——
y b—atanx

Dividing numerator and denominator by b

a
p + tanx
y=tan!| —5—
1-— b tanx
|
tan(tan™ ;) + tanx
y =tan™*

a
1—tan (tan—l E) tanx

tanx+tany )

Using tan(x+ y) = (—1 “tanxtany

y = tan™* (tan (tan‘l %—i— x))

a
y=tan - +x

b
Differentiating w.r.t x we get
g = &(‘can‘lg—l— x)
g =0+1
Y

28. Question

Differentiate the following functions with respect to x:

a—bx]
b —ax

Answer

-1
tan

a+ bx)

— -1
y=Ttan (b —ax

Dividing numerator and denominator by b

24x
y = tan™! 5

bX




X+y)

Using,tan 'x + tan~ly = tan‘l(
g y vy

a
y=tan"'—+tan"!x

b
Differentiating w.r.t x we get
dy d _,a .
& = &(tall E + tan X)
dy 1
dx * 1+x2
dy 1
dx 1+ x2
29. Question

Differentiate the following functions with respect to x:

X—a
X+a
Answer

y = tan™* C; :)

-1
fan

Dividing numerator and denominator by x

a
1__

y=tant| —%

l+l><§

¥ —
Using, tan™!x — tan~ 'y = tan™! ( Y )
1+xy

a
=tan!1—tan~!-
y X

Differentiating w.r.t x we get

g = é(tan‘l 1— tan‘lz)
dy 1 d sa
x- 0 T@za@
dy x? a

dx ~ aZ+x? (_;)

dy a

dx  aZ+x?

30. Question

Differentiate the following functions with respect to x:

L
1+6%°

Answer

y = tan™? (ﬁ)

-1
fan




Arranging the terms in equation

3x — 2% )

=tan?! (7
y 1+3xx2%

¥ —
Using,tan *x — tan 'y =tan™* ( Y ]
1+xy

y = tan~(3x) — tan~1(2x)

Differentiating w.r.t x we get

g = % (tan™(3x) — tan™*(2x))
dy 3 2

dx 1+ (3x)2 1+(2x)2

dy 3 2

dx  1+9x2 1+4x?

31. Question

Differentiate the following functions with respect to x:

_1[ 5x } 1 1
fan « —— . ——= < X < —=

l1-6x*[" 6 J6

w

Answer

- ()
¥ an 1 6x2

Arranging the terms in equation

1-3xx2x

X+y)

Using, tan 'x + tan~ly = tan‘l(
g, y ——

y = tan"1(3x) + tan"1(2x)

Differentiating w.r.t x we get

g = é(tan‘l(?)x) + tan™!(2x))
dy 3 2

ax 1+ (2 1+ (2002

dy 3 2

X 1+ox? | 1+4x

32. Question

Differentiate the following functions with respect to x:

_IJcosx—sinx s T
fan”  ——————  —— < X < —
1 COos X —sIn X 4 4
Answer
_; [COSX+sinx
y=tan | ————
cosX — sinx

Dividing numerator and denominator by cosx



sinx

1 cosx
_sinx
COSX

y =tan~

1+ tanx)

=tan~?! (
y 1—tanx

tan (g) +tanx
1—tan &) tanx

y=tan!

tanx+tany )

Using tan(x+y) = (—1 “tanxtany

y=tan! (tan (g + XD

T+

Differentiating w.r.t x we get

dy d,m
oY)
dy

3 =0+1

dy

=1

33. Question

Differentiate the following functions with respect to x:

_IJXIS_aIB
fan - 7
[1-(ax)

Answer
1 1
[ X+ a2
y=tan | ——
1—(ax)3

Arranging the terms in equation

X+y)

Using,tan 'x + tan~ly = tan‘l(
g, y vy

1 1
y = tan~}(x3) + tan~*(a3)

Differentiating w.r.t x we get

_d (1: 1(x3) + tan" (a3 )
—_ = — 3 3
% gxl\@n (x3) +tan " (az)
dy 3 d /1
it v )

dx — 1
1+ (xa)



dy 3 17 2

w3l
1+(x§)

dy 1

dx 2 142
3x3z(1+ (xé)
34. Question

Differentiate the following functions with respect to x:

%=1 )
1+ 4" ]
Answer

x+1
y = sin™! 2
1+ 4x

For function to be defined

. -1
sin

2x+1
—-1<

<1
1+4%

Since the quantity is positive always
2x+1

0= <1
BT

=0<2¥ < 1+ 47
=0<2<27%4 2%
This condition is always true, hence function is always defined.

2x 2%
y = sin™! [7}
1+(22)x

Let 2% = tan®

. _1[ 2tanb }
Y= T +tanze

2 tan®

Using sin 20 = ————
sing sin 1+ anZ6

Now,

y = sin"1(sin20)
y =20

y = 2tan"1(2%)

Differentiating w.r.t x, we get

dy d 1
o E(Z‘can 2%)
dy 2*log2

ax X T¥ 22

dy 2“'log2
dx  1+4x



35. Question

2x ‘ 1
~ |+sec
1+x~

+ 4

1+x°

. -1
If y =simn

¥

.0<x<1, provethatﬁz
1-x dx

Answer

2% 1+x?
_ ain-1 -1
y = sin (1+X2)+sec (l—xz)

Put x =tan 6

1
cos1x

2x 1—x?
=sin™* +cos™?
y=sh (1—1—}{2) R e

. _1( 2tan® )+ _1(1—‘5&11128)
y=sin"!{————|+cosH{——

Using,sec™1x =

1+ tan?6 1+ tan26

2tan® 1 —tan?8

—— =sin20 and ——— = cos 28
1+ tan2@ 1+ tanZ@

Using,
y = sin"*(sin26) + cos *(cos26)
Considering the limits

0<x<1

O<tanBb <1

0<8 <
.‘.1.

0<20<
2

Now,

y =20+ 26

y =46

y = 4tan"1x

Differentiating w.r.t x we get

dy d .
v &(-’Han X)

dy 4
dx 1+ x2

36. Question

X -1
——— |+ CO0s
1+x~

1 i
If y =sin

.0 <X < o, provethatgz
dx

1+x” 1+x”

Answer

X 1
+cos‘1( )
J1+x?) 1+ x2

y =sin™! (
v

Put x =tan 6

o



y = sin™* (ﬂ) +cos™?! (é)
v 1+ tanZ6 v 1+ tanZ6

Using,sec?0 = 1 + tan?0

y = sin‘l( fan® )+c05‘1( L )
Vsec? B Vsec?8

L _l(tanej_1L _1( 1 ]
Y =5 "\seco/ " % \seco

y = sin~!(sinB) + cos™*(cos0)

Considering the limits
O0<Xx<w

O<tanB < »

0<9<2
2

Now,
y=06+86
y =26

y = 2tan"1x

Differentiating w.r.t x we get

dy d .
&—&(Ztan X)
dy 2
dx 1+ x2

37 A. Question

Differentiate the following with respect to x:
cos-1 (sin x)

Answer

y = cos 1(sinx)

Function is defined for all x

= o o)

o

Differentiating w.r.t x we get

dy d,m
&=&G_@
dy

x- !

37 B. Question

Differentiate the following with respect to x:

l—xJ
1+x

-1
cot




Answer

1-x
y=c0t‘l( )

1+x
Put x =tan 06
t_l(l—tanﬁ)
= co _—
y 1+tanB
tan @) —tan@
— -1
y = cot
1+ tan (4)‘[3118

tanx—tany )
l+tanxtany

y = cot™? (tan (g — BD

y = cot‘l(cot g - g—i— G))

Using, tan(x—y) = (

Z+o
=13

b1
y = E+tan‘1x

Differentiating w.r.t x we get

dy dm .
&—&(Z—l—tan X)
dy 1

dx +1+x2
dy 1

dx 1+ x2

38. Question

—1_[ \/1— sin X —\/l—sinx

. show that gis independent of x.

If y =cot
l\/l +s1n X —\/1 —sin X
Answer
_,(VI+sinx+ V1 —sinx
y = cot . .
V1+sinx —+1—sinx

Multiplying numerator and denominator

. n 2
. (VT +sinx ++/1—sinx)
= co
Y (VI + sinx — /1 — sinx)(y1 + sinx + V1 — sinx)

1 +sinx+ 1 —sinx+ 241+ sinx+y1— sinx
\,*1 + smx) - (\,*1— smx)

1{ 2+ 241 —sin?x }

= cot~
y (1+ sinx)— (1 —sinx)
22y - smEX}
= cot~
2sinx



2(1+ cosx)}

= cot‘l[
y 2s8inx

Using sin?6 + cos?6 = 1

1+ cosx}

= cot‘l[ ,
Y sinx

Using 2sinB cos® = sin26 and 2co0s26 - 1 = cos26

Zcosg%
y = cot™? —2 —~X X

sinz cos3
Now

y = cot™t {cot%}

Y=E

Differentiating w.r.t x, we get

dy d /x
&:&(E)
dy 1
dx 2

39. Question

2x ) -1
~ | +sec
1-x7

1+x% /
— |, x>0, prove thatd_}:
1-x~

1

1+x%

1

If y =tan™

Answer

2x 1+x?
— -1 -1
y = tan (l_xz)—i—sec (1—x2)

Usi -1 !
sing,sec™'x =
& cos1x
can-1 ( 2x )+ L f1-%7
= tan cos
y 1—x2 1+ x2
Putx =tan 6
. —1( 2tan B )+ _,[1—tan’8
=tan~*|(——— |+ cos _—
y 1 —tan20 1+ tanZ@
Usi 2tan® tan 26 and 1—tan®0 26
sing, ———— =tan 26 and ——— = cos
& 1 —tanZ0 1+ tan28

y = sin~1(sin20) + cos™!(cos20)
Considering the limits
O<x<w

O<tanB < x

0<<n
2

0<20<™




Now,

y =26+ 26
y =40
y = 4tan"1x

Differentiating w.r.t x we get

g= é(-’-}tan‘lx)
dy_ 4
dx 1+ x?
40. Question
If v :seu:_1 —_IJ —5111_1 X__IJ x > 0. Find d_t
’ x—1 X+ dx

Answer

yf(xt1 o, (x—1
y = sec (m) + sin (m)
Using,sec 'x = 1_1

cos—1x

L (x—1 ., (x—1
y = COS (m) + sin (x+ 1)
Using,cos™'x + sin™'x =g

SR

y=

Now differentiating w.r.t x we get

dy d (TII)
dx — dx\2
d
dy _ .
dx
41. Question
. . 1—X | 7
If y =sin| 2 tan‘lJ — |, find d_‘
l 1+x dx
Answer
_ sin | 2tan—t 1—x
vy = sin | 2tan Trx
Put x =cos 26
— sin | 2tan— 1— cos26
y = sin <tan 1+ cos28

Using 2cos?8 — 1 = cos 20 and 1 — 2sin?0 = cos 20



2s5in20
= sin |2tan~? ’—
y 2cos20

y = sin[2tan"1(tan 8)]

y = sin(20)

. [2 4
y = sm[ix cos x]

Using cos™'x = sin™* /1 — x2
y = sin[sin‘l J1—x2 ]
y=+1-x2

Differentiating w.r.t x we get

BIES
%_ 1

- w2
dx 21— x2 dx(l x7)

dy 2x

dx 2yI—x2

dy X

x VT-x2
42. Question

p 1 . dy
e -_1 ' .—1 A s _ - .
If y =cos™(2x)+2cos™ vJ1-4x". 0<x<2.flnd —

Answer
y = cos 1(2x) + 2cos ™11 — 4x2
Put 2x = cos ©

y = cos™*(cos0) + 2cos™1/1 — cos20

y = cos1(cos@) + 2cos1(sind )
™
_ a1 -1 r_
y = cos™*(cosB) + 2cos (cos (2 B))
Considering the limits

0<<1
=3

0<2x<1

O<cosb<1

0<<n
2
0>-8>——



Now,

y = cos *(cos@) + 2cos™* (cos G — B))

i
y=9+2(5—9)
y=n—26

y = Tt - cos 1(2x)

Differentiating w.r.t x we get

g= %(ﬂ—cos‘l(ZX))
& _ o [‘_2
i N
by__ 2

dx  1—4x2

43. Question

If the derivative of tan™! (a + bx) takes the value 1 at x = 0, prove that 1 + 2 =b.
Answer

y = tan'l(a + bx)

Andy'(0) =1

Now

dy d 1
&—&(tan (a+ bx))

dy b
dx 1+ (a + bx)2

At x =0,

dy b
dx 1+ (a +b(0))2

b 1
1+a2

sb=1+a?
44, Question

Ify = cost (2x) + 2 cost [/ _ 452 <x<0,find dy
) dx

Answer

y = cos1(2x) + 2cos /1 — 4x2
Put 2x = cos 6

y = cos™2(cosB) + 2cos™1/1 — cos20

y = cos }(cosB) + 2cos1(sind )

y = cos~*(cosB) + 2cos™! ('305 (g - 9))



Considering the limits

1< <0
—-<X
2

-1<2x<0

-1 <cosb <0

i
§<9<T[

i
—E>—9>—TII

0>C_p>_1
2 2

Now,

y = cos !(cosB) + 2cos™! (cos @ - B))

y=o+2(-G-0)

y=-mT+38
y = -1 + cos 1(2x)

Differentiating w.r.t x we get

d d

d—i = E(—TII + 3 cos™(2x))
Y _o+ 3[ —2

d J1— (2x)2

dy -6

dx  I—4x2

45. Question

If\,-':‘[an_IJ Irx—+l-x find d_"
) W\Jl—x—«fl—x dx

Answer

g tan_l{\;l—l—x—\,’l—x}

Vi+x+vV1l—Xx

Put x = cos 26

V1+cos28 —+1— cosZB}

y = tan‘l{
V1+ cos28 ++1— cos26

Using 2cos?8 — 1 = cos 20 and 1 — 2sin?0 = cos 20

V2cos28 —+/2sin? 9}

y = tan‘l{
V200528 ++/25in2 8

tan- {cosﬁ — 51119}
Y =R 1cosh + sind

Dividing by cos@ both numerator and denominator,



cosB sinb

cosB  cosbB
=tan™ cosB sinb
cosB " cosB
" {1 — tane}
= tan~
1+ tanb
tang —tan®
y=tant{ ———F——
1+ tanatane
T
_ -1 —_
v =tan [tan(4 B)}
T o
¥=3
m 1
=———cos"!x
Y=3 2

Differentiating w.r.t x, we get

dy d(TII 1

e = —— -1
dx dx\4 ZCOS X)

dy_o 1( 1 )
dx 2\ 1T —x2

dy 1
dx 21— x2
46. Question
3 —
If vy =cos” IJ# _ find d_
L J3 dx
Answer

[13

2x — 341 — xz}
v

y= cos‘l{

Put x = cos 6

. {ZCOSB — 31— cosEG}
y = coS

Vi3

2 3
y = cos™! [—cosﬁ -— 51118}

V13 V13
let cosd = %

V13
Now,

=sin¢p =1—cos?¢

= sing = /1 —cos?¢

4
= sing = ’1—E
3



Again,

y = cos™{cos d cosB — sin ¢ sin6}

Using cos AcosB —sin AsinB = cos(A + B)
y = cos™{cos(¢ + 0)}

y=¢+80

2
= cos ! [—} + cos™x
Y Vi3

Differentiating w.r.t x, we get

d d 2
v_ —(cos‘l[—} + cos‘lx)

dx ~ dx V13
d 1
e
dx VI-x2
dy -1

dx VI-x2

47. Question

Differentiate sin'l. with respect to x.

Answer

2){+1 3:{
== i _l —.
y==n {1+(36)x}

g 2 X 2% x 3F
y=sh [1+(62)x }

2% 6%
y = sin~! [—}
1+ (6%)2

Put 6% = tan6

o —1[ 2tanb }
y=sh 1+tanZ0

2 tanb

Using sin 20 = ————
sing sin T anZ6

Now,

y = sin"}(sin26)
y =20

y = 2tan"}(6%)

Differentiating w.r.t x, we get

dy d .
= E(Ztan 6%)
dy 6*log6

ax - 2% 17 (69

dy 2x6%loge
dx 1+ 62x



48. Question
If y = s1'11_1(6xxa'1 —9x’ ].—

Answer

<X < ! . then find d_‘

1
32 32 dx

y = sin™? [6){\; 1— 9x2}

y=sin"! [2 x 3XV’W}
let 3x = cosf

y = sin™? [2 X sinﬁ\f’m}
Using sin?0 + cos?6 = 1

y = sin™ {2 x sinBcos6}

Using 2sinBcosB = sin260

y = sin"1(sin20)

Considering the limits,

1
3 \."E 3 \."E
1

1
——=<3x<
V2 2

-

1
—— < cosb < —

Now, y = sin"1(sin26)
y =20

1

y = 2C0S X

Differentiating w.r.t x, we get

dy 1
dx Vv1—x2
For
T c20<0
2

Now, y = sin"1(sin26)
y =-20

y = -2cos 1x



Differentiating w.r.t x, we get

dy 1

dx V1 —x2
Exercise 11.4

1. Question

Find 9% in each of the following:

dx
xy = c2
Answer

We are given with an equation xy = c2; we have to find ? of it, so by differentiating the equation on both
X
sides with respect to x, we get,

By using the product rule on the left hand side,

d(xy) dc?
dx  dx

x4 y(1) =0
dx

dy v

dx  x
Or we can further solve it by putting the value of vy,

2

dy —c

dx  x2
2. Question

Find Ein each of the following:

dx
y3-3xy2 =x3 + 3x%y

Answer

We are given with an equation y3 - 3xy? = x3 + 3x2y, we have to find ? of it, so by differentiating the
X

equation on both sides with respect to x, we get,
3y2 9. 3[y2(1) + 2xy ¥] = 3x2 + 3[2xy + Y]
dx dx dx
Taking ? terms to left hand side and taking common ?, we get,
X X
?[By2 - 6xy - 3x2] = 3x2 + 6xy + 3y?
X

dy 3x® + 3y® + 6xy x> +y’ + 2xy

dx  3y2 - 3x2-— 6xy y2—x2 - 2xy

3. Question

Find gin each of the following:

dx

x2/3 4 y213 = 52/3



Answer

We are given with an equation x%/z + yzfg — a%/3, we have to flnd of it, so by differentiating the equation
on both sides with respect to x, we get,

2 1 2 1 dy
3x75 1 3yifidx

dy B _ylfa
dx  x1/3

Or we can write it as,

JRN—
dy —Ja2/z —x2/3
dx x1/3

4. Question

Find 97 in each of the following:

dx
4x + 3y = log (4x - 3y)

Answer

We are given with an equation 4x + 3y = log(4x - 3y), we have to flnd of it, so by differentiating the
equation on both sides with respect to x, we get,

T I

4+3 = (4:(—31;][4 BE]
d}r 3 d}r _ 4 .

(4x— Ey]d\: (4x-3y)

dy 12y— 16x + 4
dx 4x— 3 3(4x—3y)
12y — 16x + 4
dy T3 —3y)  l2y—1lex + 4
d«  4x—-3y+1 = 12x—9y + 3

4x — 3y

5. Question

Find %in each of the following:

¥ ¥

X~ yT
'3_'1:1
a- b°
Answer

We are given with an equation "_: + :_2 1, we have to ﬁnd of it, so by differentiating the equation on
a

both sides with respect to x, we get,

2x  2ydy
2 o ¢
dy  —xb?
dx = ya?2

6. Question



Find 97 in each of the following:

x> + y° = 5xy

Answer

We are given with an equation x> + y> = 5xy, we have to find? of it, so by differentiating the equation on
X
both sides with respect to x, we get,

5x4 + 5y4% = 5[y(1) + x¥]
dx dx

Diyd _x]=y -4

dx
dy y-x*
dx  y*—x

7. Question

Find % in each of the following:

dx
(X + y)2 = 2axy

Answer

We are given with an equation (x + y)2 = 2axy, we have to find ? of it, so by differentiating the equation on
X

both sides with respect to x, we get,

2(x + y)(1 + ﬂ) = 2aly + xﬁ]
dx dx

x+y+ﬂ[x+y]=a[y+xﬂ
dx d:

X

E[x+y—ax]=ay—x—y
dx

dy yl@a-1-x
dx vy + x(1—a)

8. Question

Find ¥ in each of the following:

(X2 +y?)? = xy
Answer

We are given with an equation (x2 + y2)2 = xy, we have to find ? of it, so by differentiating the equation on
X
both sides with respect to x, we get,

2(x2 + y?2)[2x + 2y%] =y(1) + x%
Lay(x2 +y?) - xI =y - 4x(¢ + y?)
X

dy  y—4x(x* +y?)
dx  4y(x? + y2)—x

9. Question



Find 97 in each of the following:

tan 1 (x2+y%) =a
Answer

We are given with an equation tan ~ 1(x2 + y2) = a, we have to find? of it, so by differentiating the equation
X
on both sides with respect to x, we get,

L (2 + 2 dy) =0
x2 + y? X Yax) =
dy -—x
dx y
10. Question

Find 3 in each of the following:

X

e* ¥ =log

Answer

We are given with an equation e*~Y = Iog(i) = logx - logy, we have to find? of it, so by differentiating the
X
equation on both sides with respect to x, we get,

x-y(q-Syy -+ __t 4
€ (1 dx) xIn10 ylniodx
E = —eX-Y] = 1 _aX-y
dx[}'lnlo € ] xln10 €
1 —y
dy _xInio ¢
a1
yInl0 ey
1—xIn10e*¥ .
ﬂ T x y(1—xIn10e*7)
dx ~ 1-ylnl0e™ = x(1—yIn10exY)
y

11. Question

Find % in each of the following:

dx
sinxy + cos (x+y) =1

Answer

We are given with an equation sinxy + cos(x + y) = 1, we have to find? of it, so by differentiating the
X
equation on both sides with respect to x, we get,

cosxy (y + xﬂ) -sin(x +y) (1 + ﬂ) =0
dx dx

?[x COSXy - sin(x + y)] = sin(x + y) - y cosxy
X



dy  sin(x + y) — ycosxy

dx  xcosxy— sin(x + y)

12. Question

If \/I—KE +,\/1_}(3 :a(x_y)_prove that %:

Answer

We are given with an equation /1 —x2Z + \;1 —y2= a(x - y), we have to prove that% = fl‘_l"z by using the
X 1-x

given equation we will first find the value of? and we will put this in the equation we have to prove, so by
X

differentiating the equation on both sides with respect to x, we get,

Put x = sinA and y = sinB in the given equation,

V1 —sinZA + /1 — sinZB = a(sinA - sinB)

cosA + cosB = a(sinA - sinB)

A+B

A-B
2cos( .

A-B A+B, . A
)cos(T) = aZCOS(T)SIn(T)

By using cosA + cosB = 2cos($)cos(A;B) and sinA - sinB = 2cos(A;B)sin($)
a= cot(ﬂ)
2
cot~la =28
2

2cot-la=A-B
2cot “la =sin " 1x-sin- 1y

-1 1 &
0= vi—x®  J1-y?dx
dy J1-y?
dx  1_x2
13. Question

dy

If }.'\[fl_xz —X\/l—}_-'z — 1. prove that

Answer

We are given with an equation y/1 —x2 + qu_—yz = 1, we have to prove that% = E by using the
given equation we will first find the value of% and we will put this in the equation we have to prove, so by
differentiating the equation on both sides with respect to x, we get,

Put x = sinA and y = sinB in the given equation,

sinBv1 — sinZA + sinAy1—sin2B=1

sinB cosA + sinA cosB =1

sin(A+B)=1

sin~1l1=A+8B



g=sin‘1x+sin‘1y

Differentiating we get,

-1 ! dy
0= V1-x2 J1-y2dx
dy —J1-—y?

& V1 —x2

14. Question
If xy = 1, prove thatg +y?=0.
dx

Answer

We are given with an equation xy = 1, we have to prove that? + y2 = 0 by using the given equation we will
X

first find the value of? and we will put this in the equation we have to prove, so by differentiating the
X

equation on both sides with respect to x, we get,

By using product rule, we get,

y(1) +x§=0
dx

dy _ ¥

dx X

Or we can further solve it by using the given equation,

§=__y=_2
dx 1 y
v

By putting this value in the L.H.S. of the equation, we get,
-y? +y> =0 =RHS.
15. Question

If xy? = 1, prove that QE_ v} =0.

dx
Answer
We are given with an equation xy2 = 1, we have to prove that 2? + y3 = 0 by using the given equation we
X

will first find the value of? and we will put this in the equation we have to prove, so by differentiating the
X

equation on both sides with respect to x, we get,
y2(1) + 2xyﬂ =0
dx
dy v
dx 2x

Or we can further solve it by using the given equation,

dy _ -y
dx 2%
dy -y?

dx 2



By putting this value in the L.H.S. of the equation, we get,

2('73"3) +y3=0=RH.S.

16. Question

If ,‘1_}: _}.-,l‘l_x =().prove that(l _Xf%_l =(.
X

Answer

We are given with an equation xy2 = 1, we have to prove that 2% + y3 = 0 by using the given equation we
X

will first find the value of? and we will put this in the equation we have to prove
X

But first we need to simplify this equation in accordance with our result, which is that in our result there is
no square root and our derivative is only in the form of x.

xJ1+y+yl+x=0

%/1+y=-y/l+x

Squaring both sides,
X2(1 +y) =yX(1 +x)
x2 + x2y = y? 4 xy?
x2 - y2 = xy2 _ x2y

(X - y)x +y) = xyly - x)
X+y=-Xxy

—X

y= 1+x
So, now by differentiating the equation on both sides with respect to x, we get,

By using quotient rule, we get,

dy (L + 0D - (0O

dx (1 + x)?

dy -1
dx (1 + x)?

17. Question

If log\jXx~+y~ = tan ™

Answer

dy x+vy
.prove that— = -

X

X-y

. . . d ; . .
We are given with an equation Iogvfxz + y2 =tan” 1(%), we have to prove thatd—i = };—: by using the given

equation we will first find the value of? and we will put this in the equation we have to prove, so by
X
differentiating the equation on both sides with respect to x, we get,

log(x2 + y2) = 2tan " 1({)

d d
x+2yg 2 xg—y()

x2 + y2 - 1+ (3)2 %2




dy dy

x+ya=xdx—y
dy x+ vy
dx  x-—y

18. Question

If sec

X—‘.." v oy
— |=a.,prove thatd_-':;.
-y dx x

Answer

We are given with an equation sec(%) = a, we have to prove that? — Y py using the given equation we
X= X X

X

will first find the value of% and we will put this in the equation we have to prove, so by differentiating the
X

equation on both sides with respect to x, we get,

d d
sec(*=Y) tan(2Y) [(X‘F](l ) et yl(l—%l] -0
x=y x—y p——r
d d
s B

(x-y)?

—2y+2x§=0
dx

dy _y
dx X

19. Question

X -y

dv x(l-tan a
If tan™'| =~ | = a.prove that— = —g.
X“+y° dx y(l+tana)
Answer
xz—]_.rz

) = a, we have to prove thatg = r(-tana) by using the given

. . . -1
We are given with an equation tan = *( 7 (1 tana)

2 +y?
equation we will first find the value of? and we will put this in the equation we have to prove, so by
X

differentiating the equation on both sides with respect to x, we get,

z__z
* ¥ —tana

2 +y*
x2-y2 = (x2 + y?)tan a
Now differentiating with respect to x, we get,

2X - Zy? = (2x + Zy?)tan a
.4 X

?[ytan a + y] = x - xtanx
X

dy Xx—Xtana

dx vy + ytana

dy X (1—tana)

dx ;(1 + tana)

20. Question



y(x'y+x+y)

dy
If xy log (x +y) = 1, prove that— = . .
dx x(xy‘—x—}-‘)

Answer

2.
We are given with an equation xy log(x + y) = 1, we have to prove that® — YXvy+x*y
dx x(yZx+x +¥)

by using the given

equation we will first find the value of? and we will put this in the equation we have to prove, so by
X
differentiating the equation on both sides with respect to x, we get,

By using the triple product rule, which is, Auvw) _ qu + vwE + uvﬂ,
dx dx dx dx
d 1+E
(1)y log(x + y) + xXZ log(x + y) + xy**a = 0
dx (x+y)
From the equation put log(x + y) = ?ll,,
y  xdy  _xy dyy _
Xy + xy dx (x+_1_.r][: dx’ 0
1, 1dy Xy xy dy _
x+ ydx (x+y]+ (x+y]dx_
Y+ +y dy VIR +X+ Y =0
ey T axl Gy 1
Xy + X+ ¥y
dy  “xEyx Ky +x+yy
dx Y+ x+y (yE+x+yx
x+ ¥y
21. Question
vy sin(a+y
If y = x sin (a + y), prove thatd_" =— ( - ) .
dx sin(a+y)—ycos(a+y)
Answer
. 2
We are given with an equation y = x sin(a + y), we have to prove that ¥ — = a+y) by using the
dx sin{a + y)—ycos(a +y)

given equation we will first find the value of? and we will put this in the equation we have to prove, so by
X
differentiating the equation on both sides with respect to x, we get,

& (1) sin(a + y) + x cos(a + y)E
dx dx

dy  sin(a + y)

dx 1-—xcos(a+vy)

We can further solve it by using the given equation,

dy sin(a + )
ax ¥

* 1 sin(a + y) cos(a + y)
dy sin®(a + y)

dx  sin(a + y) —ycos(a + y)

22. Question



_ _ dy sin’(a+y)
If xsin(a+y)+sinacos(a+y)=0,provethat—=——~ -~
S a

Answer

We are given with an equation x sin(a + y) + sina cos(a + y) = 0, we have to prove that? _ sinf@+y) by
X

sina

using the given equation we will first find the value of? and we will put this in the equation we have to
X

prove, so by differentiating the equation on both sides with respect to x, we get,

—sina

tan(a +vy) =

sina

2 dy _
sec (a+y)I = —

X X
we can further solve it by using the given equation,

tan®(a +y)

d .
sec®(a + Y)d—J'r = sina
X

sin®a

dy  sin’(a +y)

dx sina

23. Question

If i th tdy sin y
y - X siny, prove that— = ———.
dx (l-xcosy)

Answer

siny

. . . . d . . .
We are given with an equation y = x siny, we have to prove thatd—i = by using the given equation

l-xcosy

we will first find the value of% and we will put this in the equation we have to prove, so by differentiating the
X

equation on both sides with respect to x, we get,

& = siny + x cosyE
dx dx

E[1 - X cosy] = siny
dx

dy  siny

dx 1-—xcosy
24. Question

If yy/x? +1= log(a.f')-;‘j +1 —x).show that (X— + 1)d_‘ +xy+1=0.

dx

Answer

We are given with an equation yy/x2 + 1 =log(y/x2 + 1 —x), we have to prove that

(x2 + 1)? + xy + 1 = 0 by using the given equation we will first find the value of? and we will put this in the
X

X

equation we have to prove, so by differentiating the equation on both sides with respect to x, we get,

2x N Fﬁd 1 [ 2x 1
e X = _
ez r 1 Y dx  VxZ + L-x2vx2 + 1

X d 1 X—yx2+ 1
———y + X2 + 1= =
VxZ + 1 dx  VxZ+1-x VxZ2+1



d
xy + (x* + 1)d—i B -1

V2 + 1 VxZ + l]

xy + (x2 + 1)%=—1

xy+(x2+1)%+1=0
X

25. Question
. Y 7 Yoo dV
If sin(xy )+~ =x"—y-.find .
X dx

Answer

We are given with an equation sin(xy) + % = x2-y?2, we have to find % by using the given equation, so by
X X

differentiating the equation on both sides with respect to x, we get,

dy
cos(xy) [(1)y + ] + % YD) = 2x -2y ¥
dx 2 dx

ycos(xy) + xcos(xy)¥ 4 19 _ ¥ = ox oy
dx xdx x2 dx

dy 1 _ v

—[x cos(xy) + = + 2y] = 2x - y cos(xy) +

dx X X

dy  2x-ycos(xy) + %
dx

X cos(xy) + % + 2y

dy  2x°—yx’cos(xy) +y
dx ~ x[x2cos(xy) + 1 + 2xy]

26. Question

Iftan (x +y) +tan (x-y) =1, find%.

dx

Answer

We are given with an equation tan(x + y) + tan(x - y) = 1, we have to find ? by using the given equation, so
X
by differentiating the equation on both sides with respect to x, we get,

sec2(x + y)[1 + %] + sec?(x - y)[1 - %] =0
?[secz(x +y) - sec?(x - y)] + sec?(x + y) + sec?(x -y) = 0
X

dy sec?(x + y) + sec’(x—y)

dx  secz(x—y) —sec(x + y)

27. Question

gy <1 gy

IfeX+e¥=eXtY, provethat =L = ———— —or, =2 ¥ % ()

e’ (_e" —1) dx

Answer

—e¥(e¥-1)

R by using the given

. . . d.
We are given with an equation eX + e¥ = eX* Y, we have to prove thatd—i =



equation we will first find the value of? and we will put this in the equation we have to prove, so by
X
differentiating the equation on both sides with respect to x, we get,

X + eV — ox +¥) [1 4+ &y
dx dx

E[ey_ex“'Y]:ex“'y_ex
dx

dy pXtY — p¥
dx ey — px+y
dy —e*(e¥—-1)
dx  ev(ex—1)
28. Question

_ dv cosz(a—‘;‘)
If cosy = x cos(a + y), with cos a #*1, provethat — = —— "~
s a

Answer

cos*(@+¥) py using the given

sina

We are given with an equation cosy = x cos(a + y), we have to prove that? =
X

equation we will first find the value of? and we will put this in the equation we have to prove, so by
X

differentiating the equation on both sides with respect to x, we get,
. dy . dy
-siny = =cos(a +y) -xsin(a +vy)=
dx dx
?[xsin(a + y) - siny] = cos(a + vy)
X

dy cos(a + y)
dx  xsin(a + y) — siny

We can further solve it by using the given equation,

dy cos(a + y)
dx = __COSYy _
cas(a + y)

x sin(a + y) —siny

dy cos?(a + y)
dx cosysin(a + y) —sinycos(a + y)

By using sinA cosB - cosA sinB = sin(A - B)

dy cos’(a+y)  cos’(a+y)

dx sin(a+y—y) sina
29. Question

If sin2y + cosxy = k, find gat x=1y :E,

dx 4
Answer

We are given with an equation siny + cos(xy) = k , we have to find% atx=1,y =E by using the given

b4
equation, so by differentiating the equation on both sides with respect to x, we get,

2siny cosy ? - sin(xy)[(1)y + X%] =0
X X

?[ZSiny cosy - xsin(xy)] = ysin(xy)
X



dy y sin(xy)
dx  2sinycosy — xsin(xy)

By putting the value of point in the derivative, whichisx =1,y =z

T, T
—sin(—}

dy
—(x=1ly=m/4) T ST ~ T
dx 2sin_cos; (l]s::n‘:l

T T
d]," _ 4z — Az — n
ax=ly=mwa4 = 4 L ot T oaz-1)
Va2 vz

30. Question

o Y
Ify = {log  SInX; {109

COSX SEnx

Answer

4’

-1 2x ; ,
cosx}- +sin 1[ q_J_ﬁnd ﬂatx:}

1+x dx

We are given with an equation y = {10gcsxSinx} {logsinxcosx} =1 * sin - 1(%), we have to find ? at
X X

X = E by using the given equation, so by differentiating the equation on both sides with respect to x, we get,

By using the properties of logarithms,

— . 2 L1, 2x
y = {l0gcosxSinX}< + sin (—1”2)

Insinx, 2 L o_1 2x

= {——}° + sin ™ )

y {111::35:{} 1+x2
COSX . _—sinx o
dy _ 2{1nsinx hwosxsinx Insin x cosK g 1 {1 +x }2_23‘(23‘]
- = T
dx Incosx (Incosx)? [1-¢ zX )2 (1 +x2)2
| 1+x2

E= 2 Insinx, Incosx(cotx)—Insinx{—tanx)

dx Incosx (Incosx)?

Incosx(cotx) + Insinx{tanx)

J+x2)2 2(1-x7)
J1—x3)2 (1 4+ x3)2

2

E — 2{11151'11)(

dx Incosx (Incosx)?

Now putting the value of x =E in the derivative solved above, we get,

In- (1) + I (1) 2
dy NE V2 —_—
E(X=H/4)=2{1} (111%]2 l+(;]2

In: 2
2{1} —2—+ 1e+n2

dy
3 (x=T4) = G2y —

—4In2 + 32
{In2)2 16+ (m)?

d;
d_i (x =n/4) = 2{1}

dy -8 32
dx (x=m/4) =15 + 16 + (m)?

31. Question

|f\/;_\/},-fx:c_showthat§:

dx

Answer

1+ %2

}.’
X

We are given with an equation vﬁy + x4+ ny— X = C, we have to prove that ¥ _

dx

Y
X

— fl"_z_ 1 by using the
K2



given equation we will first find the value of? and we will put this in the equation we have to prove, so by
X
differentiating the equation on both sides with respect to x, we get,

v v_
5 @Hog
2)y+x 2yy—x

v ..\ (S e (N s
YR YR Y by b

2Jy +xjy—x

=0

dy Y el
JY—X+ y—x_+ |y +x—fy +x=0

i g / =/ - =
dx[\,y X+ Jy+xl=Jy+x— [fy—x

dy Jy +x—y—x

dx  fy-x+ [y +x

E _ V¥ R y—X X\,-'],r + Xy y—x
dx Jy—x+y+x Gy +x—/y—x

dy 2y—2/y + x/y—x
dx 2x

iy y-

dx X

b _y_Jy-x

dx X X
dy _y

dx X

dy _y

dx X

by _y__,
dx X x2

Exercise 11.5

1. Question

Differentiate the following functions with respect to x :

Xl/x
Answer

1
Lety = xx

Taking log both the sides:
1
= logy = logxx

1
= logy = Elogx

{log x@ = alog x}

Differentiating with respect to x:



d(logy) (5 logx)
= =

dx dx
d(logy) 1 d(logx) d(x™)
=~ ~x X 0 +logx x I

d(uv)_ dv_l_ du
ax  lax ' dx

{ Using product rule,

ldy 1 1|d}>{_H (—1)
:Dydx_xxxdx 8%\ x2

{d(logu) 1du d(u®) - du}
=—-—; ="t —
dx

dx  udx’' dx
1dy 11
:Dydx_xz xz 08X
ldy 1-logx

=>yldx_ x?

dy (1—10gx)
T Y\ k2

1
Put the value of y = xx:

dy 171—logx
Tax (T )

2. Question

Differentiate the following functions with respect to x :
sin x

Answer

Lety = xSinX

Taking log both the sides:

log y = log (xI" X )

log y = sin x log x {log @ = alog x}

Differentiating with respect to x:

d(logy) d(sinxlogx)
= =

dx dx
d(l d(l d(si
= (logy) =sinx X (logx) +logx x (sinx)
dx dx

Usi oduct rul d(uv)_ dv_l_ du
sing product rule,——— =u—+v -

1dy | N 1dx+1
= - = = N
y i sinxx —— 0gx(cosx)

d(logu) 1du 2 d(sinx)
dx  udx ax O

1dy sinx
= — —=——+logxcosx
vy dx X



dy (sinx_l_l )
= -V 0gX COSX

Put the value of y = »8in X :

dy o« ( sinx 41 )
=z X - 0gXCOSX

3. Question

Differentiate the following functions with respect to x :
(1 + cos x)*

Answer

Lety = (1 + cos x)X

Taking log both the sides:

=logy = log (1 + cos x)

= logy = x log (1+ cos x) {log ¥ = alog x}

Differentiating with respect to x:

d(logy) d[xlog(1+ cosx)]
A dx

d(logy) d[log(1+ cosx)]
= ——"=3XX

+ log(1 + ) dx
ogl COS X xdx

dx dx
Usi oduct rul d(uv)_ dv_l_ du
sing product rule,———— =u-—+v o
1dy 1 d(1+ cosx)
:;E—xx 1+ cos%) = +log(1+ cosx)
[d(logu) 1 du}
dx  udx
Ldy_ L inx) + log(1 + )
=:~y =~ X 1+ cosx)( sinx) + log COS X
d(1+cosx) d(1) d(cosx) Cdx .
{ o = i + = =0+ (—smx)ﬁ— —sinx

1dy —xsinx

yax —l+cosx+ log(1 + cosx)

—Xsinx

= e y [714_‘:05){—1— log(1+ cosx)}

Put the value of y = (1 + cos x)* :

dy - . { —xsinx
= — = a
Ix ( COS X)

4. Question

T+ coox + log(1+ cos x)}

Differentiate the following functions with respect to x :

Xcus_lx

Answer

cos lx

Lety = x



Taking log both the sides:
= 10gy _ logxcos_*x
= logy = cos ' xlogx {log x? = alog x}

Differentiating with respect to x:

d(logy) d(cos 'xlogx)
= =

dx dx
d(logy)  _,  d(logx) d(cos™tx)
=g T osTX X T +logx x B

d(uv) dv du }

{ Using product rule, = U +v =

1dy_cos‘lx+1 ( -1 ]
Sy x B\ e
d(logu)  1du 2 d(cos™'x) -1
dx  udx dx 1 -x2
1dy cos'x  logx
= - — = —
y dx X V1 —x2
dy cos 'x logx
= dx Y X V1—x2

Put the value of y = x°°  *:

-1
. ﬂ _ qoostx COs™"X logx
dx X V1 —x2

5. Question

Differentiate the following functions with respect to x :
(log x)*

Answer

Let y = (log x)*

Taking log both the sides:

= log y = log (log x)*

= log y = x log (og x) {log x® = alog x}

Differentiating with respect to x:

d(logy) d(xloglogx)
= =

dx dx
d(logy) d(loglogx) dx
= —XXT—i—loglogxx&

d(uv)_ dv+ du
ax  lax | dx

{ Using product rule,

1dy o 1 d(logx)
=—-—= —
vy dx x logx dx

+loglogx

[d(logu) 1 du}
dx  udx



ldy x 1+l |
=>3,’|[1}>§_1-:)g}>;}<}>; 0gloeX

dy[

1
= &zy —_— +loglogx}

logx

Put the value of y = (log x)*

Y_a f " 4 logl }
:dx—(ogx) logx oglogx

6. Question

Differentiate the following functions with respect to x :
(log X)€OS x

Answer

Let y = (log x)c0s X

Taking log both the sides:

= log y = log (log x)c05 X

= log y = cos xlog log x {log x® = alog x}

Differentiating with respect to x:

d(logy) d(cosxloglogx)
= =

dx dx
d(logy) d(loglogx) d(cosx)
i COSX X T + loglogx % =
Usi oduct rul d(uv)_ dv_l_ du
sing product rule, —-— =u + v —
1dy 1 d(logx) .
= y s COSX X logx  dx +loglogx (—sinx)

[d(logu) B E@ 2 d(cosx)

dx  udx dx —smx}
ldy cosx 1 los]
= y %~ Togx X ;. sinxloglogx

dy COSX

i xlogx - smxloglogx}

Put the value of y = (log x)°>*:

08X

dy —_ 1 COSX { C 3 1 l }
i (log x) xlogx sinxloglogx

7. Question

Differentiate the following functions with respect to x :
(sin x)€os X

Answer

Let y = (sin x)0s X

Taking log both the sides:



= log y = log (sin x)c05 X
= log y = cos x logsin x {log x® = alog x}
Differentiating with respect to x:

d(logy) d(cosxlogsinx)
= =

dx dx
d(lo d(logsinx d(cosx
= ( gy)=cosxxL+logsinxx ( )
dx dx dx
Usi oduct rul d(uv)_ dv_l_ du
sing product rule, ——— =u + v —
Ldy 1 d(sinx) + lowsi .
= ydx COSX X snx  dx ogsinx (—sinx)
d(logu) 1du d(cosx) __d(sinx)
& - nde e = O simx;— o =cosx

1 dy
= — — = cotx (cosx) — sinxlogsinx
y dx

d
= d—z = y{cosx cotx — sinxlogsinx}

Put the value of y = (sin X)€% %

d
= E}; = (sinx)“*** {cosxcotx — sinxlog sinx}

8. Question

Differentiate the following functions with respect to x :
eX log x

Answer

Let y = ex 09 x

Taking log both the sides:

= log y = log (e)<109 X

= log y = x log x loge {log x® = alog x}

=>logy =xlogx {loge =1}

Differentiating with respect to x:

d(logy) di(xlogx)
= =

dx dx
d(logy) d(logx) dx
= I =X X I +logx><dx
Usi oduct rul d(uv)_ dv+ du
sing product rule, 0 _udx v =
ldy 1dx+ 1
dx xd ogx

[d(logu) 1 du}
dx  udx



Put the value of y = €09 %

dy L
— axlogx
== e {1+logx}
= = elos (1 +logx} { €92 = a; alog x = X}

dy “{1+]
= — =%
=% (1+1ogx]

9. Question

Differentiate the following functions with respect to x :
(sin x)!°9

Answer

Let y = (sin x)'09 x

Taking log both the sides:

= log y = log (sin x)'°9 X

= log y = log x logsin x {log x® = alog x}
Differentiating with respect to x:

d(logy) d(logxlogsinx)
= =

dx dx
d(logy) d(logsinx) . d(logx)
I —logxxT—l—logsmxxi

d(uv)_ dv_l_ du
dx _udx de

{ Using product rule,

1dx

1d 1 d(sinx)+l . ( )
ogsinx -

y
ydx 0gX X sinx dx
{ d(logu) 1du d(sinx) }
=—-—; = COSX

=

dx — udx’ dx

1dy logx logsinx
=>——y=,—g(cosx)+ d

y dx sinx

d logsinx
= d—i=y{logxcotx+ & }

Put the value of y = (sin x)!°9 % :

dy - logsinx
= ix = (sin x)"°8* {logx cotx + }

10. Question
Differentiate the following functions with respect to x :
1009 sin x

Answer



Let y = 10/09 sin x

Taking log both the sides:

= log y = log 10/°9 sin x

= log y = log sin x log10 {log x® = alog x}
Differentiating with respect to x:

d(logy) d(log10logsinx)
= =

dx dx
d(logy) d(logsinx)
= dx = lﬂg 10 x T
d(au) du
[ Using chain rule, el where a is any constant and u is any Variable}
1dy 1 d(sinx)
= 3_{ E-loglﬁx sinx dx

d(logu) 1du d(sinx)
dx  udx’ dx %%

1dy logl0
y dx  sinx

(cosx)

Y _ orog10 cot
:dx—y{og cotx }

Put the value of y = 10log sin x.

= ﬂ = 1(Qlogsinx {logl0cotx}
dx &

11. Question

Differentiate the following functions with respect to x :
(log x)'09 X

Answer

Let y = (log x)'09 x

Taking log both the sides:

= log y = log (log x)'°9 X

= log y = log x log (og x) {log x® = alog x}
Differentiating with respect to x:

d(logy) d(logxlog(logx))
= =

dx dx
d(logy) B d(log(logx)) d(logx)
i logx % B P + log(logx) x =

d(uv) dv du }

{ Using product rule, = U +v T

ldy | 1 d(logx)
= ydx ik logx dx

+logl (ldx)
Og ng de

[d(logu) 1 du}
dx  udx



1 dy logx( 1 dx) log (logx)
Tk [
ydx logx\x dx X

d 1 log(l
L {_+ og(OgX)}

ax Yk X
dy {1 + log(logx) }
Tax Y X

Put the value of y = (log x)!°9 % :

dy . {1 +log(logx) }
-~ 0gX
= (logx) —

12. Question

Differentiate the following functions with respect to x :
10(10x)

Answer

Let y = 1010x

Taking log both the sides:

= log y = log 100%

= log y = 10x log 10 {log x® = alog x}

= log y = (10log 10)x

Differentiating with respect to x:

d(logy) d{(10logl0)x}
== =
dx dx

=SB _ 10 x 10g(10) x °= {Here 10log (10) is a constant term}

d(au) du }

[Using chain rule, el where a is any constant and u is any variable
X X

lld'y—lol 10
= © g = 1010g(10)

d(logu) 1du d(sinx)
dx  udx’ dx %%

lld'y—lol 10
= © g = 1010g(10)

v_ 10log(10
= 35 — Y{10log(10)}

Put the value of y = 1019 %:
dy 10x

== 10" {10log(10) }

13. Question

Differentiate the following functions with respect to x :
sin (xX)
Answer

Let y = sin (xX)



Take sin inverse both sides:

= sinly = sin’ (sin x¥)

=sinly = xX

Taking log both the sides:

= log (sin'l y) = log x*

= log (sin'l y) = x log x {log x@ = alog x}
Differentiating with respect to x:

. d(log (sin™'y)) d(xlogx)

dx dx
d(log(sint y)) d(logx) dx
= I =XX T +logx x i

d(uv) dv du }

{ Using product rule,T =u4 +v ™

1 d(sin™? 1dx
( y)zxx———l—logx
x dx

sin~ly dx

[d(logu) 1 du}
dx  udx

1 1 dy X+ l
= sin-t y X JT—y2ax Ty 8%
{ d(sin™*u) 1 du}

dx V1 —uzZ dx

1 dy
= -
sin~1 y(/1— y?)dx

=1+logx

v _ (=
=>£=sm y(\,l—yE)(l—Hogx)

Put the value of y = sin (x*):

d
= d—i = sin™! (sinx¥) (\,’1 — sin?(x")) (1+logx)

dy xf [ aZfwx
nirriabs (\, cos?(x? ))(1 +logx)

{sin? x + cos? x=1}

W_ o *(1+1
= 35— X cosx ( 0gX)

14. Question

Differentiate the following functions with respect to x :
(sin'l x)*

Answer

Let y = (sin'! x)*

Taking log both the sides:

= log y = log (sinl x)*



= log y = x log (sin"! x) {log x@ = alog x}

Differentiating with respect to x:

. d(logy) d(xlog (sin 'x))

dx dx
d(log y) d(log (sin ~x)) . dx
=~ X X = +log(sin 7'x) X =

d(uv) _ dv du}

{ Using product rule, 0 x =

1dy 1 d(sin"!x)
= ydx_xxsin—lx dx

+ log(sin ~1x)

[d(logu) 1 du}
dx  udx
1 dy X 1 dx
=»——= X —
ydx sin'x 1—xzdx

{ d(sin™u) 1 du}

dx _-\jl_uzﬁ

+ log(sin ~1x)

1dy X

- .- - @@ pon —1
ydx sin—1x/1—x2 +log(sin ™)

dy [
= —=y]l————————+1o sin‘lx}
dx y sin1 x+1—x2 & )

Put the value of y = (sin™t x)*:

dy _ cinmig X -
= s (sin™"x) [m—i—log(sm x)}}
15. Question
Differentiate the following functions with respect to x :

Xsin_lx
Answer

Lety = xsin %
Taking log both the sides:

= logy = logxsi®

= log y = sin'! x log x{log x@ = alog x}
Differentiating with respect to x:

d(logy) d(sin™'x logx)
= =

dx dx
d(logy)  , d(logx) d(sin"'x)
=g SmTx X ix +logx x B —
Usi oduct rul d(uv)_ dv+ du
sing product rule,—— = u—+v -
ldy | | xldx+l o 1 dx
= —_ — = _—— —_—
y dx sin™hx x — — +logx T adx



d(logu) 1du d(sin™*u) 1 du
dx  udx’ dx V1o dx
1dy sin7'x N logx
ya&x x  Vi-=
dy 5111‘1x+ logx
" Y x V1—x2

Put the value ofy = xSinTX

S {sin‘1 X, logx }
= — =x5n
dx X V1—x2

16. Question
Differentiate the following functions with respect to x :
(tan x)1/x
Answer

1
Lety = (tanx)x
Taking log both the sides:

1

= logy = log(tanx)x
= logy =-logtanx {log x? = alog x}

X

Differentiating with respect to x:

1
. d(logy) _ d (glogtanx)

dx dx
d(lo 1 d(logtanx dix*
:bw: _XL-Hogtanxx &)
dx X dx

d(uv)_ dv+ du
dx _udx de

{ Using product rule,

1dy 1 1 d(tanx)

ydx x tanx dx

{d(logu) 1du d(u®) - du}
_ . e

+logtanx (—x7?)

dx  udx’ dx . dx
1dy 1 (sec?x) logtanx
= y dx  xtanx seCx x?
[d(tanx) 5 }
= sec’x
dx
dy sec’x logtanx
dx 7 |xtanx X2
1
Put the value of y = (tanx)x :
dy @ )1 sec’x logtanx
dx A ranx x2

17. Question



Differentiate the following functions with respect to x :

Answer
LEty — Xtan_lx

Taking log both the sides:

tan"tx

= logy =logx
= log y = tan'! x log x{log x® = alog x}

Differentiating with respect to x:

d(logy) d(tan™'x logx)
= =

dx dx
d(lo d(log x d(tan™'x
= ( g:’()=tan‘1:>(><7[: E )—i—logxxi( )
dx dx dx

d(uv) dv du }

{ Using product rule,T =u4 +v =

1 dy_t . 11[1}={_H 1 dx
= ydx an XX x dx ngxx2+1dx
d(logu) 1du d(tan™*u) 1 du
dx  udx’' dx 2 uZ+1dx
1dy tan'x logx
= — = =
y dx X x2+1
dy ta11‘1x+ logx
Tax Y X x2+1

Put the value of y = x®=° =

dy . - (tan'x logx
-~ : +
“ax - X x2+1

18 A. Question

Differentiate the following functions with respect to x :
(3% )V

Answer

Lety = (X)*+x

Taking log both the sides:

= logy = log(x)* vx

= logy = log(x)* + log yx {log (ab) = log a +log b}

1
= logy = log(x)* + logxz

1
= logy =xlogx + Elogx

{log x® = alog x}



1

=logy = (x+£) logx

Differentiating with respect to x:

1
) d(logy) ) d ((x—i— i) logx)

dx dx
d(logy) 1y d(logx) d(x+3)
= T = (x + E) X I +logx X 7{1}{

d(uv)  dv du}

{ Using product mle,w =u +v =

1dy_( +1) ldx_H dx
:Dy ax T2 ke T
d(logu) 1du
dx  udx’
d(u+a) du
Using chain rule, = & where a is any constant and u is any variable
1dy (2x+1) 1
:§£—Tx;+logx
dy (2x+ 1) i
Tax YT = 8%

Put the value ofy = (x)*x:
dy (2x+1)
Rl Ml

= (x) -Vx{ % +logx}

dy 2x 1
L E S S
= = (x) \,x{ZX+ZX+logx}

dy 1
B A v il
= = (x) \,x{l+2X+logx}

18 B. Question

Differentiate the following functions with respect to x :

[sin x—cos x| N x" -1
x> +1
Answer
2
LEtyZ X(sinx—cosx] + -1
x2+1
=>y=a+b
. x2—1
where a = x(smx—cosx];b —
x2+1
d da db
dy _da db
dxk dx dx
. . d(u+a) du da .
[Usmg chain rule, ——— = — + — where a and u are any Vanables}
dx dg  dx

a= X(sinx—cosx]



Taking log both the sides:
= loga = lOgX(Sjn X—CO5X)

= loga = (sinx — cosx)logx
{|Og Xa = alog X}

Differentiating with respect to x:

d(loga) d((sinx— cosx)logx)
- _

dx dx
d(loga) d(logx) d(sinx — cosx)
— (sinx — cosx) X +logx x =
Usi oduct rul d(uv) dv+ du
sing product rule, —— uT =
lda 1dx 1 d(sinx) d(cosx)
= (sinx — cosx) X ;ﬁ—i_ og x( T — )
d(logu) 1 du
dx  udx’

d(u+a) du+da her duar iabl
= 3z | gx Where aand uare any variables

1 da (sinx — cosx)

Using chain rule,

+logx(cosx — (—sinx))

adx X
d(cosx) . d(sinx )
= —sinx; = COSX
dx dx

1 da (sinx —cosx) .
——  +logx(cosx + sinx )

adx X

da [sillx—cosx+l ( L )}
= —=aj—— + logx (cosx + sinx

dx X &

Put the value of a = x(sinx—cosx) ;

da _ o (sinx—cosx) [sinx — COSX 1 ( . )}
= =X < ogx(cosx +sinx
b x2—1
X241
d(x?—1 d(x*+1
db (x2+1) %_ (x*-1) Q
S (x2+1)2
u du dv
d(;): Vg U ﬁ.d(un):I s du
dx vz Todx dx
db  (x*+1)(2x)— (x*—1) (2x)
= — =
dx (x2+1)2
d(u+a) du
[Using chain rule, % ix where a is any canstant and u is any van‘able}

db (2x3 + 2x) — (2x* — 2%)
Tk (xz+ 1)

db (2x* + 2x — 2x3 + 2x)
& (x2+1)2




db_ 4x
Tdx . (x2+1)2

dy da . db
dx dx dx
dy (sinx—cosx) {sinx— COSX 4l ( s )} N 4x
= — = x\¥ W d————+ logx (cosx + sinx —_—
dx X & (x2+1)2
18 C. Question
Differentiate the following functions with respect to x :
XCOSK X" +1
x* -1
Answer
Lety = x*°o5* ¢ Xl
x2—-1
>y=a+b
x2+1
where a = x*°"%;b =
x2—-1
d da db
dy _da, db
dx dx dx
. . d(u+a) du da .
[Usmg chain rule, ——— = — + — where a and u are any Varlables}
dx dx dx
a= XKCOSX

Taking log both the sides:

= loga = logx*°o%*

= loga =xcosxlogx

{log x® = alog x}

Differentiating with respect to x:

d(loga) d(xcosxlogx)
= =

dx dx
d(loga) d(logx) d(xcos x)
i xcosxxT+logXXT
Usi oduct rul d(uvw)_ dw+ duv
sing product rule, ———=uv_—+w —
B dw+ dv+ du
= W “{udx Vax
d(loga d(logx d(cosx
= (log )zxcosxx (log )+logx{x ( )+cosx}
dx dx
lda ldx—l—l . N
= s xcosxxxdx ogx{x (—sinx) + cosx}
[d(logu) 1 du}
dx  udx

1da =xcosx

= — — = + logx(cosx — xsinx
a dx X gx( )



{ d(cosx) . d(sinx) }
= —sinx; = COSX

dx ’ dx
da .
= ™ = afcosx+ logx(cosx — xsinx)}

Put the value of a = x™°°%* :

da
= F x*%*%fcosx + logx(cosx — xsinx)}
da
= F x*9%fcosx + logx cosx — xsinxlogx}
da
= F x*9%fcosx (1 + logx) — xsinxlogx}
3 x2+1
T x2-1
d(x®+1 d(x?Z—1
db [:Xz—l) [:dx )—(X2+1)%
= — =
dX (XZ — 1)2
u du dv
d(;): Vﬁ —u ﬁld(un):I n-1 E
dx V2 "odx dx
db  (x*—-1)(2x)— (x*+1) (2x)
& x2+1)2
. . d(u+a) du , : .
[Usmg chain mle,T =% where a is any canstant and u is any vanable}

db  (2x*—2x) — (2x° + 2x)

~dx (x2+ 1)2
db  (2x* —2x —2x° — 2x)
= dx - (Xz + 1)2
db B —4x
= dx  (x2+1)2
d d db
dy _da, db
dx dx dx
dy __ 4 XCOEX 1+1 i | =
= e X {cosx ( 0gx) —xsinxlogx} X2+ 1)z

18 D. Question
Differentiate the following functions with respect to x :
(x cos x)X + (x sin x)1/X

Answer

1
Lety = (xcosx)*+ (xsinx)x
=>y=a+b

1
wherea = (xcosx)%b = (xsinx)x

dy da+ db
dx  dx  dx



d(u+a) du da

[Usmgchammle, % & &

a= (xcosx)®

Taking log both the sides:
= loga = log(x cos X)*

= loga =xlog(xcosx)
{log x@ = alog x}

Differentiating with respect to x:

d(loga) d(xlog(xcosx))
= dx dx

d( dq d
_, dloga) _ XXM+]Og(XCOSX) &

dx dx dx
{Using product rule, d(uv) =u E +v d—u}
dx dx dx
l1da 1 d(xcosx)
= T XX tcosx + log(xcosx)
[d(logu) 1 du}
dx u dx

1da X { d(cosx)
= X

= + cos x} + log(xcosx)

= —— =
adx =xcosx

Ao . oduct rul d(uv) dv+ du
gain using productrule,—-— =u +v -

lda_ 1 { (—si 4 }]—H
:badx_cosx x(—sinx) + cosx og(xcosx)
[d(cosx) . }

= —sinx

dx

da [cosx—xsinx+l }
= — = _—

i p— 0g( X cosx)

Put the value ofa = (x cos x)*:

COSX —Xsinx

da
= . (x cosx) { + 10g(xcosx)}

COs5X

a
ademt (x cos x)*{1 —xtanx + log( x cosx)}

1
b= (xsinx)x
Taking log both the sides:
1
= logb =log(xsinx)x
= logh =$log(xsinx) {log x® = alog x}

Differentiating with respect to x:

1 .
d(logb) d (glog(xsmx))
T ax dx

— + — where a and u are any Variables}



d(logh 1 d( i dx!
= (logh) ==X d(log(xsinx)) 0g(xs1nx))+ log(xsinx) x &™)

dx X dx dx
Usi oduct rul d(uv) B dv_l_ du
sing product rule, = udx v =

1db 1 1 d(xsinx)+l (x sinx) s
bdx x  xsinx dx og(x sinx) (=x7%)

{Agaln using product rule, % V% +v i

1 db 1 ( d(sinx) dx) log(x sinx)
= X +sinx—|— ————
dx dx

db b{xcosx—l—sinx log(xsinx)}

= — — =
b dx x2sinx x2

= — =
dx x2sinx x2
d(sinx)
= C0SX
dx

1
Put the value ofb = (xsinx)x:

db !
= dx—(xsmx)x

xcosx+sinx  log(x sinx)
xZsinx x2

E

db .
i (xsinx)x

xcotx+1  log(x sinx)
x?2 - X2

= — = (xsinx)x

dx

1t (xcotx+ 1 — log(x sinx)
XZ

dy da+ db
dx  dx  dx

d
= d—i = (xcosx)*{1 — xtanx + log(x cosx)}
l{x cotx+ 1 — log(x sinx)}

+ (xsinx)x =

18 E. Question
Differentiate the following functions with respect to x :
X

\ T
1 g

(x——J +x" *
X

Answer

X

133 1
Lety = (x+§) + x5
>y=a+b

1) 1
wherea = (x—l—g) ;b= X(1+§)

dy da+ db
dx dx dx
d(u+a) du da

[Usmgchammle, % & =

duv) dv du d(u")

du
n-1 7
1 dx }

— + — where a and u are any Variables}



l X
a=(x+-)
X

Taking log both the sides:
1 X
= loga = 10g(x+ ;)

1
= loga = xlog(x+£)

{log x@ = alog x}

Differentiating with respect to x:

_ dgoga) _d(xlog(x+ 5))

dx dx
1

d(loga) d(log(ﬁg))ﬂ (+1) dx
= dx - X dx osX xxdx
Usi oduct rul d(uv)_ dv+ du

sing product rule, —-— =u - + v -

1

1da 1 d(X+g) 1
=——= xx—i—i—log(x—i——)

adx x—l—l dx X

X

[d(logu) 1 du}
dx  udx

1
lda X dx+d(§) 41 (+1)
Zadx X241 )dx | dx OB\XT}
X

d(u+a)_du+da e ; ‘ " }
dx  dx dx“ ere a and u are any variables

lda x? [1+( 1)}+1 (+1)
Tadx xZ+1 x2 CB\X TS

{ d[:Lln ) — n—1 @}

[Using chain rule,

dx nu dx

da x? {1 l}+l (+1)
=)dx_a X241 x2 oB\X X

X

Put the value ofa = (x+ g) :

da_( +1)“ x? {1 1}+1 (+1)
Tax Ty k21 x2 CE\XTX
da (+1)" x? 1 1 (+1)
= — = — — —
dx X X x2+1 x2+41 0ElX X

da_( +1)“ xz—l_H ( +1)
Tax %) \xze1 TR

Taking log both the sides:



1
= logh = logx(“ij
1 a_—
= logh = (1 +;) logx {log x® = alog x}

Differentiating with respect to x:

_ dgogb) _ 4((1+)10ex)

dx dx
1
d(logb 1y d(l d{l+
= (log )= (1+—)>< (OgX)Jrlogxxi( X)
dx X dx dx

Usi oduct rul d(uv)_ dv+ du
sing product rule,——— =u——+v -

1
1db x+1 1dx | d(1)+d(g)

b dx X xxdx 0EX dx dx

d(logu) 1du

dx*  udx’
d(u+a) du da

= — + — where a and u are any variables
dx dx  dx Y

Using chain rule,

1db—x+1+1 ( 1)
=>bldx_ x2 0B X x2

{d(un) - du}
=nu*t —

dx dx

db b {x+ 1 logx}

T x?2 x2
db {x+ 1—10gx}
= dx x2

1
Put the value of b = x(“ij:

db_x(lé) [x+1—logx}

:E_ x2
d d db
dy _da, db
dx dx dx
dy_( +1)x X2_1+1 ( +1) N (1+g)[x+l—logx}
Zax T FTx) \xzer TBR T X X2

18 F. Question

Differentiate the following functions with respect to x :
eSiN X 4 (tan x)X

Answer

lety = eSINX 4+ (tan x)X

=y=a+b

where a= eSiNX ; b = (tan x)*

dy da+ db
dx  dx  dx



d(u+a) du da

[Using chain rule, ——— = — + — where a and u are any Vat‘iables}

dx  dx  dx

a= esinx

Taking log both the sides:

= log a= log eSin x

= log a=sin x log e

{log x@ = alog x}

= log a=sin x {log e =1}
Differentiating with respect to x:

d(loga) d(sinx)
T Tax | dx

1da
= —— = (08X
adx

d(logu) 1du d(sinx)
dx  udx’ dx %%

da
== @ (cosx)

Put the value of a = eSin x

da :
= e e ¥ cosx
b = (tan x)*

Taking log both the sides:

= log b= log (tan x)*

= log b= x log (tan x)

{log x@ = alog x}

Differentiating with respect to x:

- d(logb)  d(xlog (tanx))

dx dx
d(logb) d(log(tanx)) dx
== — X X T+ log(tanx) x T

Usi od t_ld(uv)_ dv+ du
sing product rule, Sug v

Ldb 1 d(tanx)
= b dx_x % tanx dx

{d(tanx) ) }
=sec?x
dx

+ log(tanx)

1db  x 241 + los(t
Rd N tanx(sec ¥) + log(tanx)

1 db xcosx( 1

= b~ sinx ) +log(tanx)

cosZx



- — — =
bdx sinx
db

LN -
dx sinx cosx

1db  x ( 1 )+l )
P og(tanx)

+ log(tan x)}
Put the value of b = (tan x)* :

db
= — = (tanx)* + log(tanx)}

dx {sinxcosx
d d db
dy da db
dx dx dx
dy
:b —
dx

18 G. Question

= e5™* cosx + (tan x)“[ + log(tanx)}

sinXcosx

Differentiate the following functions with respect to x :
(cos x)X + (sin x)1/X

Answer

1
Lety = (cosx)*+ (sinx)x

>y=a+b

1
where a = (cosx)*;b = (sinx)x
d d db
dy _da db
dx dx dx

d(u+a)_du+da e . ‘ . }
dx  dx dx“ ere a and u are any variables

[Using chain rule,

a= (cosx)*

Taking log both the sides:

= loga = log( cos x)*

= loga = xlog(cosx)

{log x@ = alog x}

Differentiating with respect to x:

s d(loga) d(xlog(cosx))

dx dx

d(loga) d(log(cosx)) dx
=~ X X S +log(cosx) x i
Usi oduct rul d(uv)_ dv+ du

sing product rule, —-— =u - + v -

1da 1 d(cosx)+l
= ——= R

adx xx cosx dx og(cosx)
[d(logu) 1 du}

dx = udx

1da X

i @( —sinx) + log(cosx)



[d(cosx) . }
= —sinx
dx

1da —xsinx

= T~ cosx + log{cosx)

da

=5 a{ —xtanx + log(cosx)}

Put the value ofa= (cosx)*:

a
i (cosx)*{ —xtanx + log(cosx)}

1
b= (sinx)x
Taking log both the sides:
1
= logh = log(sinx)x
= logh = % log(sinx) {log x® = alog x}

Differentiating with respect to x:

. d(logb) d (%log(sinx))

dx dx
d(logb) 1 d(log(sinx)) . d(x™1)
=~ "~ x X T—i— log(sinx) x o
Usi oduct rul d(uv)_ dv+ du
sing product rule, —— =u=—+v

1db 1 1 d(sinx)

. : 2
:bb dx x sinx dx + log(sinx) (=x7)

{d(un) s du}
=nu™ ! —

dx dx

1db 1 ( ) log( sinx)
Thdx xsinx X x2
[d(sinx) }

= COSX

dx

1db cosx log(sinx)
= — — = —

b dx xsinx x2

db cotx log( sinx)
= —=5b —

dx X X2

1
Put the value of b = (sinx)x:

db 1 f{cotx log( sinx)
= dx—(smx)x - "
d d db
dy da db
dx dx dx

dy . 1 (cotx log(sinx)
= (cosx) {—xta11x+log(cosx)}+(smx)x{ — 22

18 H. Question



Differentiate the following functions with respect to x :

.);2—3 - )X2

X' T 4+(x-3
Answer

Lety = x¥ 3+ (x—3)%
sy=a+b

wherea= x* 3b= (x—3)%

dy da+ db
dx  dx dx
d(u+a) du da

=—+ — whereaand u are an Vat‘iables}
dx dx  dx Y

[Using chain rule,

a=x~3

Taking log both the sides:
= loga = logx* 3

= loga = (x?— 3)logx
{log x® = alog x}

Differentiating with respect to x:

_ d(loga) d((x*—3)logx)

dx dx
d(loga) d(logx) d(x?-3)
i (x=—3) % - +logx % =

Usi oduct rul d(uv)_ dv+ du
sing productrule,———=u+v

lda 5 1dx
S (x-—3) xgﬁ—l— logx % (2x)
d(logu) 1du d(u") noy du
d&x  udx’ dx | dx’

d(lu+a) du da .
— + — where a and u are any variables

Using chain rule,

dx  dx @ dx
lda_(x2—3)+2 |
. xlogx
da (x2—3)+2 |
= — =
= " xlogx

Put the value ofa = x* ~3:

da ... (x2—3)+2 |
==X " xlogx

b= (x—3)*
Taking log both the sides:
= logh = (x — 3)%

= logb = x2log(x — 3) {log x® = alog x}



Differentiating with respect to x:

_ d(logb)  d(x*log(x— 3))

dx dx
d(logb) , _d(log (x—3)) d(x?)
== =X XT—i—log(x—B)x o

d(uv) dv du }

{ Using product rule, = Vi +v =

1db 1 dx-3) %o
:bbdX_X X(X—B) = og(x—3) x (2x)

d(logu) 1du d(u") ~ du

dx  udx’ dx % dx

d(u+a) du+da - o n
% dx | dx 'vhereaanduare any variables

Using chain rule,

1db x° dx  d(3) o] 5
:bbdx_(x—?;) dx dx xlog(x—3)

Ldb_ XT )4k 3

bdx (x—3) xlog (x—3)

d_ X 3
“ax D |x-3) xlog(x—3)

Put the value of b= (x—3)¥":

2

db _ (x—3)" | — 4+ 2x1 3
T (x—3) *loglx —3)
d da db
dy _da db
dx dx dx
dy 23 (Xz —3) x2 x?
= 5= X {T+2xlogx +(x—3) (X_3)+leog(x—3)

19. Question

Find d_‘ when

dx
ly = X + 10% + xX
Answer
lety = e + 10X + x¥
>y=a+b+c
where a=eX; b = 10%; ¢ = xX*

dy da db dc
dx~ ax T dx | ax
d(u+a) du da

=—+ — where aand u are an Variables}
dx dx  dx Y

[Using chain rule,

a= eX
Taking log both the sides:

= log a= log X



=loga=xlog e
{log x® = alog x}
=loga=x {loge =1}

Differentiating with respect to x:

d(loga) dx
Tax dx
1da
:;'E&:l
d(logu) 1 du
[ dx :EE}
da

= =@

Put the value of a = &%

da_
T ax

b = 10%

e:(

Taking log both the sides:

= log b= log 10*

= log b= x log 10

{log x@ = alog x}

Differentiating with respect to x:

d(logb) d(xlog10)
= =

dx dx

d(logb) dx

I e log10 % =
d(au) du

[Using chain rule, x @ where a is any constant and u is any Variable}

Ldb_ b(log10
[d(logu) 1 du}

dx  udx

db—bl 10
= — = b(log10)

Put the value of b = 10X

= @= 10*(log10)
dx

c=xX

Taking log both the sides:

= log c= log x*

= log c= x log x

{log x@ = alog x}



Differentiating with respect to x:

d(logc) d(xlogx)
= =

dx dx
= d(l;)fc) =X X dﬂ;fx) +logx x %
{ Using product rule,M = 1,1E +v %}
dx dx dx
1dc ldx
= TH- X x££+logx
[d(logu) 1 du}
dx u dx
1dc
= 1 +logx

dc
et c{1 +logx}

Put the value of ¢ = xX
dc
—=x*{1+1

= =X { ogx}

dy da+ db+dc
dx  dx  dx dx

d
= a{ = e*+ 10*(log10) + x*{1 + logx}

20. Question

d}.— , when

dx

Find

y=x"+n*+x*X+n"

Answer

lety = x"+ nX + xX +n"
=>y=a+b+c+m

wherea=x" b=n*;c=xX; m=n"

dy_da+db+dc+d1n
dx dx dx dx dx

[U' hain rul d(u+a) du+da her d ] iabl }
sing chain rule, % ix dx“ ere a and u are any variables

a=x"

Taking log both the sides:
= log a= log x"

= log a= n log x

{log x@ = alog x}
=loga=nlog x {loge =1}

Differentiating with respect to x:



d(loga) d(nlogx)
=1 =

dx dx
d(loga) d(logx)
T ax "V @&
[Using chain rule, dE;u) =a 3—2 where a is any constant and u is any Variable}
1da de

= ——=nX—-—
adx x dx

[d(logu) 1 du}
dx  udx

1da n
adx x
da an
= —=—
dx  x
Put the value of a = x"

da nx"

dx  x
da_
dx

{d(un ) _ -~ ﬂ}

Ian_ 1

dx dx
b =nX
Taking log both the sides:
= log b= log n*
= log b= xlog n
{log x@ = alog x}
Differentiating with respect to x:

d(logb) d(xlogn)
= =

dx dx
= d(logb) =logn xﬁ
dx dx
[Using chain rule, dE;u) =a 3—2 where a is any constant and u is any Variable}
= Eﬁ: b(logn)
b dx
[d(logu) 1 du}
dx u dx
= @= b(logn)
dx

Put the value of b = nX;
db (]
= Hx= 0 (logn)

c = xX



Taking log both the sides:
= log c= log x*

= log c= x log x

{log x@ = alog x}

Differentiating with respect to x:

d(logc) d(xlogx)
= =

dx dx
d(logc) d(logx) dx
= —q X X I +logx X i

d(uv) dv du }

{Usmgproductrule, = YtV :

ldc_ 1dx
= cldx_x xxdx

d(logu) 1du
et

dx udx
tde_ 1
= Cd}{_ OgX

dc
= 5= c{1 +logx}

Put the value of c = XX
= 5= x*{1+logx}

m = n"

dm d(n")
T a&x | dx
dm 0
= — =
dx

[du 0ifu " t}
— = 0 if uis any contan
dx v

dy da db dc dm
& d&x T axax X

dy

adeie nx" ' +n*(logn) + x*{1+logx}+ 0
dy n—1 X X
= g X + n*(logn) + x*{1+logx}

21. Question

Find d_‘ when

dx

(_x3—1)3(2X—1}
(x-3)(4x-1)

y=

Answer



(xZ-1)°(2x—1)
=9 D
(X -1)%(x-1)
(- 3)(x— 1)z
3 (x2-1)3(2x—1)

(x— 3)3 (4x— 1)3

Lety =

Take log both sides:

(x2— 1)3(2x — 1)]
(x—3)% (4x— 1)z

= logy = Iogi

log(ab) = loga + loghb;log ) loga—1logh
{ G

1 1
= logy = {log(x?*—1)* +log(2x — 1)} — {log(x — 3)z + log(4x — 1)z}
1 1
= logy = log(x?— 1) +log(2x — 1) — log(x — 3)Z — log(4x — 1)z
= logy = 3log(x?— 1) +log(2x— 1) — Ellc-g(x— 3) —;log(-ﬂrx— 1) {log x® = alog x}

Differentiating with respect to x:

d(logy) _s (og(x —1)) d(log(2x—1)) 1d(log(x —3))
dx 2 dx

1d(l og(-‘-}x— l))

2 dx
. . d(u+a) du da
[Usmg chain rule, i E i where a and u are any Vanables}
1dy 3 dx?-1) 1 d(2x—1) 1 d(x—3)
::';&:)ﬂ—l dx +(2x— 1) dx  2(x—3) dx
1 d4x—1)

C2(4x-1) dx

[d(logu) 1 du}
dx  udx

1dy 3

1 1 1
“Jax 21 @ T T @
. . d(a+u) du
Using chain rule, = where a is any constant and u is any variable;
d(u™) .y du
dx = dx

ldy  6x N 2 1 4
Tydx x2—1 (2x—-1) 2(x—-3) 2(4x-1)

ldy 6% . 2 1 2
ydx x2-1 (2x—-1) 2(x-3) (4x-1)

1 2
=y [x (2x— 1) 2(x-3) (4x— 1)}
(xZ2—-1)°(2x—1) _

JE=3) (-1

Put the value ofy =



ﬂ_(XZ—l)g(ZX—l) 6% . 2 1 2 }
dx  (x—3)(4x—1) &2—-1 (2x—1) 2(x-3) (4x-1)

N

22. Question

Find d_‘ when
dx

~_eVsexx logx

- 1-2x

Answer
Let e sec*xlogx
2 = —
y V1—2x
e sec*xlogx
2y=——"-37—

1
(1—2x)z
Take log both sides:

e sec*xlogx
= logy =log| ————
(1-2x%)2
1
= logy = loge®* + logsec*x + loglogx — log(1 — 2x)2
a
{log(ab) =loga + logb;log (—) =loga —log b}
b
= logy = axloge + xlogsecx +loglogx — ilog(l — 2x) {log x@ = alog x}

= logy = ax + xlogsecx + loglogx — Ellog(l —2x) {loge =1}
Differentiating with respect to x:

d(logy) d(ax) N d(xlogsecx) N d(loglogx) 1d(log(1—2x))
T Tax | dx dx dx 2 dx

d(u+a) du da .
= — + — where a and u are any Vanables}

[Using chain rule,

dx  dx dx
1dy dx d(logsecx) dx 1 d(logx)
= 3_1& = a&Jr {:«;7{1}i + logsecx& +—logx I
1 d(1-2x%)

T2(1-2x)  dx

Usi oduct rul d(uv) dv+ du d(logu) 1du
sing productrule, ——— =u—+ v o —— = - —

ldy . 1 d(secx) 1 N 1 1dx 1 5
=>ydx_a XX Secx dx opsecx 1ogxxxdx 2(1—2){)( )
d(logu) _ 1du d(u”) I du
dx udg " dx dx
ldy 1 (—2)

X
= 37& =a+ [ﬁ (secxtanx) + logsecx}Jr xTogx 20—

[ d(secx)

= sec xtanx}
dx



1dy +{xsecxtanx+l }+ 1 N 1
=:.ydx_a ogsecx x logx  (1—2x)

s5ecx
Ldy + {xtanx +1 }+ L + !
= de_ d Xtanx 0gsecx - logx (1—2}{)
dy _ {+ tanx +1 + ! + ! }
= dX_y 4T Xanx 0gsecx - 10gx [:l—ZX)

e sec*xlogx

V1 —2x

Put the value ofy =

dy e*sec*xlogx

1 1
= a+xtanx + logsecx + }
dx V1-—2x [ &

X logx * (1-—2x)

23. Question

Find d_‘ when

dx
y = e3X sin 4x 2%
Answer
Let y = e3X sin 4x 2X
Take log both sides:
= log y = log (3% sin 4x 2%)

= log y = log (3X) + log (sin 4x) + log ()
a
[Iog(ab) =loga + logh;log (E) = loga —log b}
= log y = 3x log e+ log (sin 4x) + x log 2{log x@ = alog x}
=logy = 3x + log (sin 4x) + x log 2 {loge = 1}

Differentiating with respect to x:

d(logy) d(3x) d(logsin4x) d(xlog2)
= = + +

dx dx dx dx
[U' hain rule, St ) _ U 98 e aand uar "bl}
sing chain rule, ——— = — + - where a and u are any variables
ldy 3 dx+ 1 d(sin4x) g2 dx
- ydx “dx sin4x dx 98 “ax
. . d(au) du . . .
Using chain rule, i where a is any constant and u is any variable ;
d(logu) 1 du
dx  udx
1dy cos 4xd(4x)
= ;& - sin4x dx *log2
[d(sinu) B du }
- osug
ldy_3+ t4 4dx+l 2
= y dx = cot4ax X dx og

d
= E}; =vy{3 + 4 cot4x +log 2}



Put the value of y = e®**sin4x 2% :

d
= E}; = e¥*5in 4x 2*{3 + 4 cot 4x + log 2}

24. Question

dy

Find —_, when

y = sin x sin 2x sin 3x sin 4x

Answer

Let y = sin x sin 2x sin 3x sin 4x

Take log both sides:

=log y = log (sin x sin 2x sin 3x sin 4x)

=logy = log (sin x ) + log (sin 2x) + log (sin 3x) + log (sin 4x)
a
{log(ab) =loga +logh;log (E) =loga—log b}

Differentiating with respect to x:

. d(logy) _ d(log (sinx)) . d(log (sin 2x)) . d(log (sin 3x)) N d(log (sin 4x))

dx dx dx dx dx
[U' hatn rul d(u+a)_du+da her d ] 1abl }
sing chain rule, % & where a and u are any variables
ldy 1 d(sinx) N 1 d(sin2x) N 1 d(sin3x) N 1 d(sin4x)
ydx sinx dx sin2x  dx sin3x dx sind4x  dx
d(logu) 1du
dx  udx

1dy cosxdx cos2x d(2x) cos3x d(3x) cos4x d(4x)
ydx sinxdx sin2x dx sin3x dx sin4x dx

=CosUu———

[d(sinu) du}

dx dx
1dy dx dx dx
= -——=Ccotx+ cot2x X 2 —+cot3x X3 ——+cotdx x 4 —
ydx dx dx dx
. . d(au) du , . .
Using chain rule, = Y dx where a is any constant and u is any variable
1dy
= 3—(& =cotx+ 2cot2x + 3cot3x + 4 cot4x

d
= d—i = y{cotx+ 2 cot2x + 3cot3x + 4 cot4x}

Put the value of y = sin xsin 2x sin 3xsin 4x :

d

= E}; = sinxsin2xsin 3xsin 4x {cotx + 2 cot2x + 3cot3x + 4 cot4dx}

25. Question

Find d_‘ when



y = x8NX 4 (sin x)X
Answer

let y = x5IN X 4 (sin x)X
=sy=a+b

where a= x5N%; b = (sin x)X

dy da db

A dx | dx

[Using chain 1‘1,1113,M = d_u + E where a and u are any Variables}
dx dx  dx

a= xSinx

Taking log both the sides:

= log a= log x*I" X

= |log a= sin x log x

{log x@ = alog x}

Differentiating with respect to x:

d(loga) d(sinxlogx)
= =

dx dx
d(loga) . d(logx) d(sinx)
=g - sinx X I + logx x o
Usi oduct rul d(uv)_ dv_l_ du
sing product rule, ——— =u + v —
1da 1dx 41
i sinx % <z Flosx (cosx)

d(logu) 1du N d(sinx)
dx  udx ax %X

1da sinx
T T+ logx cosx
da sinx

= Fi a( +logxcosx)

Put the value of a = x8IN X :

da . sinx
= —=x""*|—— +logxcosx
dx X

b = (sin x)X

Taking log both the sides:

= log b= log (sin x)*

= log b= x log (sin x)

{log x® = alog x}

Differentiating with respect to x:

d(logb) d(xlog (sinx))
" Tax dx




d(logb) d(log(sinx))
> ———— = XX—————
dx dx
d(uv) B dv+ du
dx  ldx U dx

+ log(sinx) x
og(sinx) X x

{ Using product rule,

1db 1 d(sinx) .
R T X P + log(sinx)
d(sinx)
{ Fran cosx}
1db X
RN m(cosx) + log(sinx)
1db =xcosx
= b~ sinx + log(sinx)
1db .
i xcotx + log(sinx)

db
= o b{ xcotx + log(sinx)}

Put the value of b = (sin x)*:

e (sin x)*{ xcotx + log(sinx)}
d da db
dy _da db
dx dx dx

dy
= ix

26. Question

. sinx
= xsinx (T + logxcosx) + (sinx)*{ xcotx + log(sinx)}

Find d_‘ when

dx
y = (sin X)€°5 X + (cos x)5iN X
Answer
let y = (sin X)°5 X + (cos x)5in X
=>y=a+b
where a= (sin x)°5%; b = (cos x)5IN X
d da db
i rhd

d(u+a)_du+da her . . . }
dx  dx dx“ ere a and u are any variables

[Using chain rule,
a= (sin x)c0s X
Taking log both the sides:
= log a= log (sin x)<°5 X
= log a= cos x log (sin x)
{log x@ = alog x}

Differentiating with respect to x:



d(loga) d(cosxlog(sinx))
= =

dx dx
d(loga) d(log(sinx)) . d(cosx)
= —g - CosX % B P +log(sinx) x ix
Usi oduct rul d(uv)_ dv_l_ du
sing product rule, —e—— =u + v —
lda 1 d(sinx) . . .
= g = Cosx X snx  dx og(sinx) (—sinx)
d(logu) 1du d(cosx) . d(sinx )
= - —: = —sinx; = COSX
dx u dx dx
1da : inx] .
= — — = —_
T  Cotx (cosx) —sinxlog(sinx)

da
= afcosxcotx —sinxlog(sinx)}

Put the value ofa = (sinx)®®* :

da
= e (sin x)“*** {cosx cotx — sinxlog (sinx)}

b = (cos x)sin X

Taking log both the sides:

= log b= log (cos x)Sin X

= log b= sin x log (cos x)

{log x@ = alog x}

Differentiating with respect to x:

d(logb) d(sinxlog(cosx))
== =

dx dx
d(logh) . d(log(cosx)) d(sinx)
=g - sinx X = +log(cosx) x Ix
Usi oduct rul d(uv)_ dv_l_ du
sing productrule,——— =u__+Vv
1db 1 d{cosx) 41
=i gx = Sinx % onx  ix og (cosx) {cosx}
d(logu) 1du d(cosx) __d(sinx)
% —undx’ ax — sinx;— g =cosx
Ldb_ t inx) + 1
=y anx(—sinx) + cosxlog(cosx)
db
== b{—sinxtanx + cosxlog(cosx)}
Put the value of b = (cosx)si*:
b (cos x)5""* {cosxlog(cosx) — sinx tanx}
dy da db

dx dx | dx



d .
= d_i = (sinx)°°** {cosx cotx — sinxlog (sinx)} + (cos x)*"* {cosxlog (cosx)

—sinxtanx}

27. Question

Find d_‘ when

dx
y = (tan x)°tX + (cot x)tan x
Answer
let y = (tan x)°tX 4+ (cot x)tan x
=>y=a+b

where a= (tan x)°tX; b = (cot x)tan x

dy da db
dx dx | ax

. . d(u+a) du da .
[Usmg chain mle,T =% + i where a and u are any Vanables}

a= (tan x)cotx

Taking log both the sides:
= log a= log (tan x)cot X
= log a= cot x log (tan x)
{log x@ = alog x}

Differentiating with respect to x:

d(loga) d(cotxlog(tanx))
= =

dx dx
d(loga) d(log(tanx)) d(cotx)
= CcOtx X = +log (tanx) x o
Usi oduct rul d(uv)_ dv+ du
sing product rule, Suo v
1da x 1 d(tanx)+l . 5
= — — = S _
S g O X — — - og (tanx) (—cosec x)
d(logu) 1du d(tanx)  d(cotx) 5
% ndx’  de CSec X = —cosecx
1da
-7 _ 2 25y p)
= & cot?x (sec”x) — cosec®xlog (tanx)
1
[tanx = —}
cotx

da 2 2 2
i a{cot“xsec”x — cosec“xlog (tanx)}

Put the value ofa = (tanx)®%™:

da
== (tan x)°°*{cot?x sec®x — cosec’xlog (tanx)}

b = (cot x)tan x



Taking log both the sides:
= log b= log (cot x)tan x
= log b= tan x log (cot x)
{log x@ = alog x}

Differentiating with respect to x:

d(logb) d(tanxlog (cotx))
= =

dx dx
d(logb) d(log(cotx)) d(tanx)
= B P tanx x B + log(cotx) x I
Usi oduct rul d(uv)_ dv+ du
sing product rule, ——— =u+ Vv —
1 db—t 1 d(cotx)+l . 5
e anx x olx  dx og (cotx) {sec”x}
d(logu) 1du d(tanx)  ,  d(cotx) .
dx  udx’  dx oo XiTTgg T coseex
Ldb_ tan? %) + sec?x1 t
=45 @ mAn X (—cosec“x) + sec*xlog(cotx)
1
[cotx= —}
tanx
== b{—tan?x cosec’x + sec®xlog(cotx)}

Put the value of b = (cotx)¥®"*:

b
== (cotx)™™* {sec*xlog(cotx) — tan® xcosec’x}

dy da db

dx  dx | dx

d
- d—i = (tan x)“°™ {cot? xsec?x — cosec?xlog(tanx)}

+ (cotx)®™™* {sec’x log (cotx) — tan® x cosec?x}

28. Question

dy

Find , when

y =(sin x )x +sin~'x
Answer

Lety = (sinx)* + sin™1x
=>y=a+b

where,a = (sinx)* ;b = sin™x

dy da db

A dx | dx
d(u+a) du da

[Usmg chain mle,T =% + i where a and u are any Vamables}



a = (sin x)*

Taking log both the sides:

= log a= log (sin x)X

= log a= x log (sin x)

{log x® = alog x}

Differentiating with respect to x:

. d(loga) d(xlog(sinx))

dx dx
d(loga) d(log(sinx)) . dx
== "~ X X T+ log(sinx) x I
Usi oduct rul d(uv)_ dv_l_ du
sing product rule, ——— =u + v —

1da 1 d(sinx)
= — — =X X —|—
a dx sinx dx

{d(sinx) _ cosx}

+ log(sinx)

dx

lda «x . .
= Smx(cosx) og(sinx)

1da xcosx

- sinx + log(sinx)

1da_

= — —= xcotx+log(sinx
i g(sinx)

a .
= 5= af xcotx + log(sinx)}

Put the value of a= (sin x)* :

a
= 5= (sin x)*{ xcotx + log(sinx)}

b= sin"1x
1
= b =sin"!(x)z
Differentiating with respect to x:

1
ap d (5111‘1(};)5)
dx dx

{ d(sin~tu) 1 du}

dx  JI-wdx

IR (EX(%*J)

dX \el—x?.



d(u™) I du
x0T

db = L (x(_il))

= — =
dx 241 —x

db 1 (1)
= — = —— | —
dx  2V1-—x WX
db 1
5> —=———
dx 2\.&\-1—}{

db 1

.22
dx  2./x(1-x)

dy da + db
dx  dx dx
Y _ (sin*{xcotx + log(sin®)} + ——
= — = (sinx)*{ xcotx + log(sinx —r———
dx & 2/x(1—x)
29 A. Question
Find d}r, when
y = xCOS X 4 (sin X)tan X
Answer
let y = x9S X 4 (sin x)tan x
=y=a+b
where a= xS X ; b = (sin x)tan x
d da db
dy _da, db
dx dx dx
[U' hatn rul d(u+ a) du+da her d ] 1abl }
sing chain rule, i where a and u are any variables
a= xCOs X
Taking log both the sides:
= log a= log (x)0s X
= log a= cos x log x
{log x® = alog x}
Differentiating with respect to x:
d(loga) d(cosxlogx)
T ax dx
d(loga) d(logx) d(cosx)
= = CcosX +logx x
dx
Usi oduct rul d(uv) dv_l_ du
sing product rule, —e—— =u + v —

1 da ldX+l .
=3 dx—cosxxxdx ogx (—sinx)



[d(logu) B }@ ~d(cos x)

dx udx’ ax smx}

1da cosx

= — —=———sinxlogx
a dx X &
da [cosx inx] }

= —=a;———sinxlogx
dx X &

Put the value ofa = x%%%:

da cosx [COSX
==X [T — Smxlogx}
b = (sin x)tanx

Taking log both the sides:

= log b= log (sin x)tan x

= log b= tan x log (sin x)

{log x® = alog x}

Differentiating with respect to x:

d(logb) d(tanxlog (sinx))
= =

dx dx
d(loghb) d(log(sinx)) . d(tanx)
A tanx X = + log(sinx) x i
Usi oduct rul d(uv)_ dv_l_ du
sing product rule, ——— =u + v —
1db ; 1 d(sinx) +l . 5
RN anx x % dx og(sinx) {sec” x}

d(logu) 1du d(tanx)  , d(sinx)
dx  udx’  dx | e T osx

1db sinx 1

P T s S 2 .
= b dx cosx X sinx (cosx) +sec”xlog (sinx)
db
ik b{1 + sec?xlog(sinx)}

Put the value of b = (sin x)™"* :

=== (sin x)®™"* {1 + sec?xlog(sinx)}
d d db
dy_da_db
dx dx dx

dy_ COSX
= dx—X

29 B. Question

cosx
[T — sinxlogx} + (sin x)™™* {1 + sec? xlog(sinx)}

Find 9 when

y = XX + (sin x)X
Answer

lety = x* + (sin x) X



=>y=a+b

where a= x*; b = (sin x) X

dy da db
dx x| ax

: . d(u+a) du da
[Usmgchamlule, = =E+£

a= x*

Taking log both the sides:
= log a= log (x)*

= log a= x log x

{log x® = alog x}

Differentiating with respect to x:

d(loga) d(xlogx)
= =

dx dx
= d(ffa) =XX d(l;;gx) +logx x %
{ Using product rule,M = 1,1E v %}
dx dx dx
1da 1dx
R xx; E+10gx
[d(logu) 1 du}
dx u dx
1 da
= 1 +logx
a
i af{l + logx}

Put the value ofa = x*:

= gz x* {1+1logx}

b = (sin x)*

Taking log both the sides:

= log b= log (sin x)*

= log b= x log (sin x)

{log x@ = alog x}

Differentiating with respect to x:

- d(logb)  d(xlog(sinx))

dx dx
d(logb) d(log(sinx))
= =XX —)———
dx dx
Usi oduct rul d(uv) dv+
sing productrule,——— =u__+v

where a and u are any Variables}

+ log (sinx) x
og (sinx) x x

du
dx

}



1db 1 d(sinx)
“bax ~Fsinx dx

d(logu) 1du d(sinx)
dx  udx ' dx %

+ log (sinx)

1db X +1 .
= —- —_— = —
L& snx (cosx) + log(sinx)

COSX
{cotx = —}
sinx

db
= e b{xcotx + log (sinx)}

Put the value of b = (sinx)*:

e (sinx)* {xcotx + log (sinx)}
d d db
dy _da db
dx dx dx

d
= d_i =x*{1+logx}+ (sinx)* {xcotx + log (sinx)}

30. Question

Find d_‘ when

y = (tan x)°9 % + cosz[ EJ
4

Answer

18
Lety = (tanx)'°8* + cos? (Z)

=sy=a+b

T
; . _ logx .14 — 2
where, a = (tanx)°*;b = cos (4)
d d db
dy da, db
dx dx dx

dura) du, 9 hereaanduar ables|
dx _dX dX“ ere a and u are any variables

[Using chain rule,

a= (tan x)'09 x

Taking log both the sides:

= log a= log (tan x)'°9 X

= log a= log x . log (tan x)

{log x@ = alog x}

Differentiating with respect to x:

d(loga) d(logxlog(tanx))
A dx

d(loga) d(log(tanx)) d(logx)
ST logx X I +log (tanx) x o




Usi oduct rul d(uv)_ dv+ du
sing product rule, UtV

= E E = logx % L d(tanx) + log (tanx) (E%)
a dx tanx dx xdx
d(logu) 1du d(tanx) 5
[ dx =E&"T=SECX}
1da logx log(tanx)

2
= - —=— X
adz tanx )

1 da logx cosx( 1 )+ log(tanx)
adx  sinx

cos?x X
sinx 1
[tanx =——:88CX = —}
COSX COSX
1 da logx N log(tanx)
a dx sinxcosx X
da logx log(tanx)
= —= a{ , + }
dx sinx cosx X

Put the value ofa = (tanx)'°8*:

- $= (tan X)logx[ logx N log(tanx)}

sinxXcosx X

b = cos? (g)

Differentiating with respect to x:

s (D)

dx dx
[ﬁ = 0, where u is any constant}
= ﬁ =0

dx

T
Here, cos? (E) is a constant value

AT[—-‘-}B"
5,4—
2
2 E — 2 0_(i) _E

Ccos (4)—::05 45° = \E =3
d d db
dy _da db
dx dx dx

logx log(tanx
gx a( )}+0

dy
= — = (tanx)k’g"‘{ :
sinxcosx X

dx

] log(t
{ 0gX +0g( anx)}

dy
5 (tan }[)logx .
SINXCOSX X

dx
31. Question

d}.— , when

dx

Find

y = XX 4 x1/x



Answer

Here,
y = X 4 x1/x

1
=elogxx + elogxﬁ

1
y = e¥ logx+ E(E logx)

[ Sincelog a® = blogal
Differentiating it with respect to x using the chain rule and product rule,

dy d, dyo1, )
Y T [axlogx — | axlosx
dx  dx (e ) * dx (e.

_ xlogx_i_i 1 i Elogxi(ll )
=e Ix (xlogx) + ex %\ 108%

d d ir1d d /1
— plogx® ] logxx | — (_]]
e X (logx) +logx = (x)|+e dx(logx) + logx

o) o] ¢ 2 (2) () + o ()

< 171 1
=x*[1+logx] +xx (;—;logx)

dy 1(1 - logx)
=X [1+logx] +X:~:T

32. Question

Find d_‘ when

dx
y = X% X 4 (log x)*
Answer
Here,
y = X% X 4 (log x)*
Let
u = (logx)*, and y = xlesx

~ y=u+v

dx dx dx

E du dv ( | )

u = (log x)*
log u = log[(log x)¥]
logu = xlog(logx)

Differentiating both sides with respect to x, we get

1 dau d d

i & (x) x log(logx) + x&[log(logx)]
du 1 d

il [1 x log(logx) + x.@.& (logx)]



du_

[ x 1
i (logx) _10g(10gx)+@.§]

M _ (logx)*[logllogx) + 1)‘]
3x — (log)* logllogx) +

du [{log(logx) x logx} + 1
Fi (log x)*

logx

du_ (log x)*"*[1 + {log(logx) x logx}] ... .. (ii)

X

l1dv d

- 2

. dx[UOgX) ]

1 dv d
T 2(logx).£(logx)
dv 1

= ZV(Iogx).g

E — leogxlogx

dx X

dv = 2x'"°8%71 Jogx (iii)
= Jdogx ... ..

Therefore from (i), (ii), (iii), we get

d
d—i = (log x)* *[1 + {log(logx) x logx}] + 2x'°8*~* logx

33. Question
If x13 y7 = (x + y)29, prove that d_‘ _y
X
Answer
Here,
x13y7 = (x + y)20
Taking log on both sides,
log(x**y7) =log(x + y)*°
13 log x+7log y = 20 log(x+y)
[ Since, log (AB)=logA+logB ; log 3'=b log a]

Differentiating it with respect to x using the chain rule,
13d(1 )+7d(l ) ZOdl (x+vy)

dx ogx dx 08y = dx oglxTY
13 7dy 20 d
— - = —(x
X ydx x+ydx

+y)

7dy 20 20 13

ydx X+y x+y x

dy[7 20 ] 20 13

dxly x+yl x+y x
dy|7(x+y) —20y| 20x—13(x+y)
dx y(x+y) (x+y)x




dy [20x—13(x+y) y(x+v) ]

dx (x+y)x 7(x+y) — 20y

dy [20};— 13x — 13y] [ v(x+7vy) ]
B (x+y)x 7x+ 7y — 20v

dy y [7x— 13

dx  xl7x— 13y

dy_vy

dx x

Hence, Proved.

34. Question

If x16 y9 = (x2 + y)17, prove thatxﬁ =2y

dx

Answer
Here,
x16 y9 = (x2 + )17
Taking log on both sides,
log(x'®y?) = log(x * + y)*’
16 log x + 9logy = 17 logk 2+y)
[ Since, log (AB)=logA+logB ; log 3b=b log a]

Differentiating it with respect to x using the chain rule,

d d d
16— (logx) + QE (logy) = 17 —log(x % +y)

dx dx
16 9dy 1 -
';+§a—17a?rﬁaﬁ y)
16 L2 9 dy [ N ﬂ
X y dx (x 2+ y) T4
16 9 dy 34x

X ydx [(xz—l—y) dx [m

9dy 17 dy (34){) 16

?&_(xz—l—y)& X2+y X

dy 19 17 ]_34x2—16(x2+y)
dxly (x2+y)] (x2+y)x

dy[9(x?+y)— 17y| 34x*—16x?— 16y
dx[ y&x2+y) | x+yx

dy[9x*+9y—17y| 18x*— 16y
dx| y(x2+y) T (x2+y)x

dy[9x*+9y— 17y] 2(9x?— 8y)
dx[ yx2+y) | (x2+yx

dy[9x? —8y

_ 2(9x 2 —8y)
dx|y(x2+y) |~

(x2+y)x




dy [2(9x*—8y)|[y(x* +¥)
dx | (x2+y)x [[9x2—8y
dy 2y
dx x

Hence, Proved.

35. Question
If y = sin (xX), prove that % - cos(x"),x" (1+log x)

Answer

Here,

Taking log on both sides,
log u = log xx
log u = x log x

Differentiating both sides with respect to x,

d d
=X (logx) + 1ogx& (%)

=X G) +logx(1)

S
udx 0gX

LS
= u( 0gX)

% =x*(1+logx) ... (iii) [from (ii)]

Now, using equation (ii) in (i)
y =sinu

Differentiating both sides with respect to x,

dy d

i &(sm u)
du

= Cosu E

Using equation (ii) and (iii),

y X X
g = OsXh X (1+1logx)

Hence Proved.

36. Question



- )
/ X (l+logx)+v . logy
If x* + y* = 1, prove thatﬂ _ _J ( gX )+ gy
dx ] x.y* b
Answer
Here
XX+ y*=1

elogxx + elogyx =1
exlogx 4 exlog\_.r =1

[ Since eleg2 — 3, Jog a® = blogal

Differentiating it with respect to x using chain rule and product rule,

d d
_ axlogx  © xlogy _
dx ¢ * dx ¢ dx S

d d
xlogx xlogy —
e = (xlogx) + e = (xlogy) =0
d d d d
logx® [ — _ ] logy™ |y — ] =
e X (logx) + lOngx (x)|+e X (logy) + logy = (x)|=0
1 1
x* [x (g] + logx(l)] +y* [x (;) + logy(l)] =0
“[1+ logx] + X(Xdyﬁ )—0
X ogX|+¥ v dx ogy )=

xdy
Y X Jgx = ~IX*(+logx) +y*logy] =0

d
)% — ~[x<(1+ logx) + y*logy] — 0

dy  [x*(1+logx) +y*logy

& ny—l
Hence Proved.

37. Question

If XX + y* =1, find d_‘ = ——Y(Y +xlog y)
dx X(ylog x+x)
Answer
LetxX*=uandy*=v
Taking log on both sides we get,
xlogx=logu...... (1),
xlogy =logv...... (2)
Using loga® = bloga
Differentiating both sides of equation (1) we get,

><1+l 1du
X X ng_udx



N (141 3
x-X ( 0gx) ....(3)

Differentiating both sides of equation (2) we get,

1dy+l _ ldv
X Xydx ogy

dv X dy)

&Y (1083’*;&

Tvdx
. (4)

We know that, from question,
u+v=1
Differentiating both sides we get,

du dv B

= T

Putinng the value of eq(4) and eq(5) in equation above we get,

(1+1 )+“(1 +Xdy)—0
X 0gx ) +y |logy yax) ~

(Xdy  —x¥(1+logx)
Y yax y* (logy)
dy —x*1(1+logx)

dx  yZx-llogy

38. Question

IFxY +y*=(x+y)*tY, find d_.\
dx

Answer

Here,

XY+ y* = (x+y)<v
elog:(y+ elog}rx _ elog(x+}r]x+y
gvlogx 4 xlogy _ e(x+}r]10g(x+}r]

Differentiating it with respect to x using chain rule, product rule,

i p¥legx iexlc’g}' = i alx+y) loglx+y)
dx dx dx

el"l"g"‘[ i(lcr )+ 1o xﬂ]—l—exl"g‘-"[};i(lo )+1o d—}}j
Yax o8 TIoBX gy dx OB TIOEY g

d
— elx+loglesy) — [(x + y)log(x+y)]

1 dy = [xdy
log:{?[ ( ) ] logy™ |Z L ]
e y - + log:x;dX +e |yd + logy(1)

d d
_ log(x+}r]x+y[ — - ]
e (x+y) log(x+y) +log(x+y) - (x+y)

d < [¥dy
xY E + logxaﬂ +y° E& + logy]

d
=+ )% ey, -

i, (x+y) +log(x+y) (1+£)]

1
(x+y)



y dy X dy
LENT Ly 2
X X+x.10gxdx+ 7 dx

dy dy
X _ X+y v v
+y*logy = (x+Vy) [l X (l + dx) +log(x+y) (l + dx)]

x dy . dy
X ¥ 4 — Xty X+y _ ¥
+y 'y'dx+y logy=(x+y)** Y+ (x+y) I

dy

y-1 ¥ -
XTIy +x .logxdx

d
+(x+y)*Vloglx+y) + (x+y)*Vlog(x+y) d—i
dy x—1 X+
&[x}'logx—i—xy' —(x+y)**V(1 + log(x+ v))]
= (x+y)*¥(1+log(x+y)) —x¥ Xy — y*logy

dy [(x+y)*¥(1+log(x+y)) —x¥*xy— y*logy
dx | xVlogx +xy*t — (x+y)**¥(1 +log(x +y))

39. Question

If xMy" = 1, prove that d_‘ __my
nx

Answer

Here,

XMyt =1

Taking log on both sides,
Iog(xmyn) =log1l
m logx + n logy=log 1 [ Since, log (AB)=logA+logB ; log 3t=b log a]

Differentiating with respect to x

d d d
i (mlogx) + e (nlogy) = &(log(l))

m nd

m, ndy
X ydx
ndy m
ydx X
dy m y
&~ x 'n
dy — my
dx  nx

Hence Proved.

40. Question

7 + v :

If y* = &Y~ X prove thatd_} - w
dx log v

Answer

Here, y* = e¥*

Taking log on both sides,

logy* = loge¥ ™™



xlogy = (y — x)loge [ Since, log (AB)=logA+logB ; log a®=Db log a]
X]ogy: (y—x) ...... (i)

Differentiating with respect to x using product rule,

d d
ax (xlogy) = ax (y—x)

d d dy
[x&(logy) +logy o (X)] =3 !

1y dy dy
X(;)& +logy(1) = ax 1

dy y

dx [(1+ logy)y] = (1 +logy)
dyl—1-log

dxl (1+1ogy) = —(1+logy)
dy  (1+logy)?

dx —logy

dy (1+logy)?

dx logy

Hence Proved.

41. Question

oy « E_logcosy—}-’cotx
If (sin x) (cos y)*, prove that =

log sin x +x tan y
Answer
Here,
(sinx) ¥ = (cosy) *
Taking log on both sides,
log (sinx) ¥ = log(cosy) *
ylog (sinx) = xlog (cosy) [Using log aP=b log a]

Differentiating it with respect to x using product rule and chain rule,

d . d
i [vlogsinx] = &[xlog cosy]

4 logsing) + logsinx Y = x ¥ +1 49
¥ 5 (logsinx) + logsinx == = x - logcosy +logcosy o (x

1yd | _dy d
v (—)& (sinx) + logsinx— = — (cosy) + logcosy (1)

sinx dx cosydx

Y +logsink X=X sy Xy
Smx(cosx) ogsinx dx_cosy( smy)d}i 0gcosy

txt logsing Y — —xtany Y 41
yeotx +logsinx — = —xtany - + logcosy

logsinx Y + xtany ¥ — 1 t
ogsinx—— +xtany - = logcosy — ycotx



d
d_z (logsinx+ xtany) = logcosy — ycotx

dy logcosy — ycotx

dx logsinx+ xtany
Hence Proved.

42. Question

log tan y + v tan x

dy
If (cos x)Y = (tan y)X, prove that — =
log cos X —X sec v cosec ¥

Answer

Here,

(cosx) ¥ = (tany) *

Taking log on both sides,

log (cosx) ¥ =log(tany) *

ylog (cosx) = xlog (tany) [Using log a®=b log a]

Differentiating it with respect to x using product rule and chain rule,
d d
i [vlogcosx] = e [xlogtany]

d(l )+1 dy _ d1 tany + logt d()
ydx 0gCOSX ogcosxdx—xdx og tany + log anydxx

1 yd dy d
y (—) &(cosx) + logcosx—

COSX dx = tan y&(tany) + logtany (1)

d
(L (—sinx) + logcos x—y)

CosX dx
dy
— 2 -
~ \tan y(sec %) dx
+logtany
tanx + 1 W_ ( W 1 ogt )
ytanx + logcosx _— = | secy cosecy x x_+ logtany
dy
i [logcosx —xsecycosecy] = logtany + ytanx
dy logtany + y tanx

dx logcosx —xsecycasecy

43. Question
X X + dy y-x
If eX + ¥ = eX 1Y, prove that = + g’ =0

Answer

Here,

Differentiating both the sides using chain rule,

d d d
— X4 ¥V  (aXtY
dxe +dxe dx(e )



dy d
x VY axty
e+ e Ix e dx(x+y)

dy d
X ¥_ ¥ _ Xty v
e*+ e ix e [1—1—(&]

d d
ey_y _ e:{+1.!_y — @¥*¥ _ ¥

dx dx
dy
—~ (a¥ — pXHV) — pXHY _ pX
dx (eV—e*¥)=e ¢

dy e*¥ —e¥
&z ey — aXty

dy e*+e¥—e*
dx  ev— (ex+ev)
dy e*¥+e¥—e®
dx  e¥—ex— gy

dy e

dx ~ —ex

dy

o _ay—x
dx ¢

dy

— 4+ a¥X=0
dx €

Hence Proved.

44. Question

dy (logy)’

If ¥ = yX, prove that - _—

dx logy-1
Answer
Here
ey =y*
Taking log on both sides,
%

logeY = logy

vloge = xlogy
[Using log aP=b log a]

Differentiating it with respect to x using product rule,
dy d
i E(Xlogb’)

dy d
=Xq (log y) + logya (x)

dy xdy
i yax logy(1)
dy X

&(1‘§) = logy



tW(y—X)_l
ax\y /)~ ogy
dy _ (ylogs’)
dx V—X
d 1
Y_y ogg [Using (i)]
dx Y — =
logy
_ ylogy x logy
ylogy —y
_ _y(logy)®
y(logy—1)
dy _ (logy)’
dx (logy—1)

Hence Proved.

45. Question

IfeX+Y -x =0, prove thatg = I_—X
X

Answer

Here,

eXtY-_x=0

Differentiating it with respect to x using chain rule,
d d
_ XHYYy —
=N =5 ®
e“}'i(x—i— y)=1
dx

X [1 + j—i] = 1 [Using (i)]

d 1
Ry
dy _1_
dx x
dy 1-x
dx X

Hence Proved.

46. Question

sillz(a +y)

If y = x sin(a + y), prove thatg = —
dx sin(a+y)-ycos(a+y)

Answer

Here

y = X sin(a+y)



Differentiating it with respect to x using the chain rule and product rule,

dy—d'(—i—)—i—'—i—dx
- fsmaty sin(a y)dx

dy dy , .
Gx — Xeos (a+y) T sinfa+y)

d
[:l —xcos(a+ y))E}; =sin(a+y)

dy sin(a+y)

dx  (1-xcos(@+y))

dy sin(a+y)

dy _ - v _

ax (hmws Ca+ylj [ Since, ot X]

dy B sin(a+y)

dx (sin(a +y)—cos (a+ y).y)
sin(a+y)

dy sin(a+y)

dx sinfa+y) —ycos(a+y)
Hence Proved.

47. Question

. . dy sinz(a—}-’)
If xsin(a+y)+sinacos(a+y)=0,provethat—=—— "~
Sil a

Answer

Here, x sin(a+y) + sin a cos(a+y) =0

_ —sinacos(a+y)

x sin(a+y)

Differentiating it with respect to x using the chain rule and product rule,

d
= [xsin(a +y) +sinacos(a+y)] =0

d . dx  d d
xﬁsm(a +y)+sin(a+y) ™ +sina Ecos(a +vy)+cos(a+y) g Sina = 0

d d
xcos(@a+vy) (0 +E:i) +sin(a+y) =sina (—sin(a + y)é) +0=0

d
[x cos (a+ y) — sinasin{a+ y)] E{ +sin(a+y)=0

dy sin (a +y)

dx  xcos(a+y) —sinasin(a+y)

dy = — _ sin (a+y) [ Since X_—sina cos(a+y)
dx {7_ 5]:;?2:?;?)) cos (a+y)—sinasin(a+y) x sin(a+y)
dy sin® (a+y)

dx (sina)cosZ(a+ y) + (sina) sin2 (a+ y)

dy sin? (a+y)
dx (sina)[cos2(a+y) + sin? (a+y)]

dy sin®(a+y)
dx sina



[ Since cgs?a + sip%a = 1]
Hence Proved.

48. Question

1-(x+y)vcotx

dy
If (sin x)Y = x + y, prove that — = .
(x +y)logsin x —1

Answer

Here

(sinx)¥y =x+y

Taking log both sides,

log (sin x)Y = log(x + y)

y log(sinx)=log(x+y) [Using log gt=b log a]

Differentiating it with respect to x using the chain rule and product rule,

d d
3 Wlog(sinx)) = —log(x +y)

d1 (sinx) + logsi vy _ d +
ydx oglsinx OgSIHXdX_(X-i-y)dXX V)

y d | +logsi dy 1 d N
(sinx) ogsinx—_ = x+y) dx x+y)

sinxdx
V COSX dy 1 1 dy
sinx logsmxdx C(x+y) * (x +y)dx

dy . 1 1
—(logsmx— ) —ycotx

dx (x+y) - (x+y)

dy ((x +y)logsinx— 1} 1—y(x+y)cotx
dx X+y B (x+y)
dy 1-y(x+y)cotx (x+y)

dx (x+v) X (x+y)logsinx— 1

dy 1-y(x+y)cotx

dx (x+y)logsinx—1

Hence Proved.
49, Question

dy v(x'y+x+y)
If xy log(x + y) = 1, prove that&' =

-

X(X}-'" +X+ '»)
Answer

Here,
xylog(x+y)=1.... (i)

Differentiating it with respect to x using the chain rule and product rule,

d d
= (xylogx + ¥)) = (1)



d dy d
xyﬁlog(x—l— yv) +xlog(x+y) o +ylog(x+y) = (x)=0

d
((XXT'V}J)) (1+)+xlog(x+y)d—i+ylog(x+y) =0

( xy )d_iJr xy +X(i)ﬂ+y(i):0wsing ()]

(et+y)/ dx  (x+y) xy/ dx

(X+ y) y] (x?y) 1]

dy[xy? +x+y]  [¥’y+x+y
(x+y)y (x+ y)x

dy  [x’y+x+y (x+ y)x
dx (x+y)x Xy2+x+y
dy  y(x’y+x+y
dx  x\xy?+x+y
Hence Proved.
50. Question
If i that & Y

y = x siny, prove that — = ————

dx x(l-=xcosy)

Answer
Here,
y =Xsiny
siny =2 ......(I)

Differentiating it with respect to x using product rule,

dy

- & (x siny)

dy d

e e (siny) + smy (x)
d

d_z = XCOSy g +siny(1)
dy dy _

Gy Xcosy -- =siny
ﬁ(l— Xcosy) = siny
dx

dy  siny

dx 1-—xcosy

&y__ vy i
dx x(1-x cosy) [From (i)]

Hence Proved.
51. Question

Find the derivative of the function f(x) given by

f(x) = (1 + x)(1 + x2)(1 + x*)(1 + x8) and hence find f'(1)



Answer

Here,

f(x) = (1 + x)(1 + )1 + X1 + &)

f(1) = (2)(2)(2)(2) = 16

Taking log on both sides we get,

Log (f (x)) = log (1 + x) + log (1 + %) + log (1 + %) + log(1 + x8)
Differentiating it with respect to x we get,

1 d(f(x)) 1 1 "
flx) dx x+1 1+x2 1+x* 1+x8
f’()—f()Ll f— axs+ 4x* +
A T T T T e T e Y T

2 4 8 ]
1+1 1+1 1+1

8x7

8 x"']

F(1) = £(1) E+
F(1) = 16 [7 +%]

15
f'{1)=16 x—
(1) .
F'(1) =120
52. Question
xT+x+1 2 _
If y=log————+—=tan !

X"—x+1 \E

Answer

Here, y — og*s ™2 4 —tan™? (—‘E“‘)
y

% —x+1 1-x2

Differentiating it with respect to x using chain and quotient rule,

dy d. x*+x+1 2d_ _ (V3
—=—log———+—=
dx dx Cx2—x+1 4/3dx

dy 1 d (x®+x+1\ 2 1 d [ V3x
dx  [XZ+x+1 &(xz—x+l)+\.f_§ V3x E(l—};?)

(xz—x+1) 1+(1—xz)
dy
dx

2 —x+1 (xz—x—i—l)%(xz—i—x—l—l)—(x2+x+l)%(x2—x+l)
- (x2+x+ 1) (x*—x+1)?

oo d d 2

2 (1—x)? (1—x7) E(M@X)—\a@){ﬁ(l—x)

++\,f_§{1+x4—2x2+3x2} (1—x2)?

dx x2+x+1 x2—x+1

2 ( (1—x2)? )((1—}{2)(\,@)—\,@};(—2};))

VB\1+x2 +x* (1—x2)?

dyz( 1 )((xz—x+ D (2x+1) - x2+x+ 1)(2x— 1))




dy (2x3—2x2+2x+x2—x+ 1—2x*—2x?+2x+x?+x+ 1)

dx Xx2—-x+1
+ 2 \-@— \;@Xz + 2\,@}{2
V3 1+ x2+ x4t

—2x%+2 243(x* + 1)
C\xt+x24 1) B(14+x2+x4)

( 2(1—x?%) )+ 2(x2+1)

¥*+x2+1) (1+x24+x%)

21 —x%2+x%2+1)
(1 +x2+xY)

Hence,

dy_ 4
dx ~ (1+x2+x4)

53. Question

. sinx—cosx TU 3T . d\_."
If y =(sinx —cosx) — X <= find .
: dx
Answer
Here, y = (sinx — cos x) Ginx—eesx) ....(i)

Taking log on both sides,
log y = log (sinx — cos x) (sinx—cesx)
log y = (sinx — cosx) 109 (sinx — cosx)

Differentiating it with respect to x using product rule, chain rule,

1dy . d | . d .

;E = log (sinx — cosx) &(smx— cosx) + (sinx — cosx)ﬁlog(sum— COSX)
11[11,1_1 . L +(sinx—cosx) d |

yax 0g (sinx — cosx) X (cosx + sinx) (sinx — cosx) dx (sinx — cosx)
1dy . . .

;E = (cosx + sinx) log(sinx — cosx) + (cosx + sinx)

1d

?d_i = (cosx + sinx) (1 + log(sinx — cosx))

d
d—z = y[(cosx + sinx) (1 + log(sinx — cosx))]
Using (i),

d_z = (sinx — cosx) 5in*c05%) [(cosx + sinx) (1 + log(sinx — cosx))]

54. Question

If xy = eX~Y, find d_‘

dx

Answer

The given function is xy = XY



Taking log on both sides, we obtain
log (xy)= log (e*7¥)

log x + logy = (x-y) log e

logx +logy = (x-y)x1

log x + logy = x-y

Differentiating both sides with respect to x, we obtain

d dy
d—(ogx)+—(logy) —X(X)—&
1 1dy dy
x ydx = dx

1nd 1
(1+3)2=1-2

v/ dx X
(y+l)dy_x—1

y Jdx x
LW _y&x-1)
Tdx x(y+1)

55. Question

If y* + x¥ + x* = aP, find d_‘

dx

Answer

Given that, y* + x¥ + xX = aP
Putting, u=yX, v=xY, w=x* ,we get
b

u+v+w=a

Therefore, _+_+@ 0. (i)

dx = dx
Now, u=yX,

Taking log on both sides, we have

logu=xlogy

Differentiating both sides with respect to x, we have
1du

—x3 (logy) + logy =
udx_xdx(Ogy) 08Y ix

Taking log on both sides, we have
log v =y log x

Differentiating both sides with respect to x, we have



ldv  d | . dy
de—ydx(ogx) 08X ix

vyl t0gx Y
TYLT 08

v _ (¥ &y
So, ==V (x+ IOngx)
—xv |2 4
X L+logxdx] (iii)
Again, w=x¥%,
Taking log on both sides, we have

log w = x log x

Differentiating both sides with respect to x, we have

1 dw B d 1 41 dx
wdx de( ogx) +logx dx
1

=x.—+logx.1
x._ +logx

So, % =w(1+logx)

From (i), (ii), (iii), (iv)

du+dv+dw_0
dx  dx  dx

dy d
x| ¥ - X =
y |ydx+logy]+x | +10gxd |+x [1+1logx] =0

d
(xy**+ xl".logx)d_z = —x*(1+logx) —y.x¥"* —y*logy

Therefore,

dy —[x*(1+logx) +y.x¥"* +y*logy]

dx (xy*1 +xv.logx)

56. Question
If (cos x)Y = (cos y)* find d_‘

Answer

Here, (cosx)Y¥ = (cosy)*

Taking log on both sides,
log(cosx)¥ = log(cosy)™

vlog(cosx) = xlog(cosy)

Differentiating it with respect to x using the chain rule and product rule,

d | d (xl )
= (ylogcosx) = Iz (Xlogcos y

a +1 W_.2, +1 dx
y g5 logcosx +logcosx = = x——logcosy + logcosy —



L (—sinx)+1 v _ iy Y 41
ycosx( sinx) +logcosx— =x (smy)dX 0gCosy

dx cosy
xsiny)ﬂ B siny
(logcosx + cosy Jax logcosy + y_cosy

d
(logcosx + xtany)d—i = logcosy + ytany

dy logcosy + ytany

dx  logcosx + xtany

57. Question

dy cos’(a+y)
If cosy = x cos (a +y), wherecos a = =], provethat — =~~~
sin a

Answer
Here,
Ccosy = X cos (a + y), where cos a= +1

Differentiating both sides with respect to x, we get

d d
- sinyd—i =X (—sin(a +v) EID +cos(a+y)

d
d—i [xsin(a + y) — siny] = cos(a+¥)

dy cos(a+y)
dx xsin(a+y) — siny

Multiplying the numerator and the denominator by cos(a+y) on th RHS we have,

dy cosZ(a+y)

dx xcos(a+y)sin(a+y) — cos(a+y)siny

dy _ cos®(a+y) [Given cos 'y = x cos (a + y)]

dx  cosysin{a+y)—cos(a+y)siny

dy cosZ(a+y) [

= . sin(a-b)=sina cosb - cosa sinb]
dx sin[(a+y)—vy]

dy cos’(a+y)

dx sina
Hence Proved.

58. Question

X _
If N x—w prove that:% — M
(x—y)e" ™~ =a, dx 2x-1
Answer
Given:

(x— y)ex-T}' =a

Taking log on both sides we get,

log (x -y) + j‘ylog(e) = loga

(Using log aP = b log a and log (e) = 1)



Differentiating both sides we get,

d d
1 d (x—y)ﬁ(x)+x(l—d—i)
x—y[l_%]—i_ (x—y)2 =0
Taking L.C.M and solving the equation we get,
d dy
(x—y)[l—d— +(x—-y) tx—x =0
dy dy dy
x—y—x£+y&+x—y+x—x£—0
dy
3x—2y—(2x-1) i 0
dy 2y-3x
dx  2x-1
59. Question
dy -y
If x =&%Y prove that—=—-"7"—
X log x
Answer
X = exfr}'
Taking logon both sides,
Log x = log o™/
log x =3 (i) [ Since log g2 = a]

Differentiating the given equation with respect to x,

d d
dy logx g (%) —x g (logy)
dx (logx)?2

1 1
dy 08X XXy

dx (logx)?

dy logx—1

dx  (logx)2

4y _ _y' [From ()]
dx  (logx)®

dy x—y

dx  y(logx)?

dy X~y

Pl %W [From (ii)]

Xy

xlogx

d
Therefore, & =
dx

60. Question

ity _ymn X1 fing &Y
s 2 B dx



Answer

x24+1
2

Given y= ytanx o

1 x"+1
y = etanx logx+ EEIOg_

dx dx dx\ 2

dy o tanx ‘tanx+ 2 T N x24+1 (1 y 2 y )
dx_X | X Sec ng_ 2 2 x24+1 x
dy [tanx T X2+1, X

¥ _ ytanx + 21 +

dx X | X Sec ng_ 2 (xz + 1)

d d 1 *+1d 1 x%+1
il = gtanxlogx__ (tanxlogx) + eEl"gT—( log 2 )

dy tanx “tanx+ 21 ] + X

— = *|——+ sec-lo —

dx L x &% J2(x2+ 1)

61. Question

.. ¢ B/x v/x v

o 1 )1 1 1 1 find &
N N B
X X X X X X

Answer

Given,
a X x?

y=1+ + B/ Y/

E-9) E9C-p CE-al-ni-)

ax? bx C dy

G- DE 0 G HE- 0 x-o "M
C

At
xla—x b—x c—x

Here we have tinstead of x.

X

Ify=1+

Hence, using the above theorem, we get,

d

dy_yl o« B

dx x|l 1 .1
x~® B

X
Exercise 11.6

1. Question

1

dy
If v— . lx - " . rove that — = :
y= x+\/x+1fx+...to>c.p ix 2y -1

Answer

Here,

—
Y- Jx+\rx+\.’m



y=J/x+ty

On squaring both sides,

y2 =X+Yy

Differentiating both sides with respect to x,

dy dy
Zy&— 1+&

dy
&(231—1)_1

dy 1
dx 2y-—1

Hence proved.

2. Question

y that dy sinx
_ - - i rove that — = .

y—\/CDSK—i-\/CDSK—i- COSX+..fowx. P dx 1_2}:

Answer

Here,

Y= Jcosx + \fcosx ++cosx+--tooo
y= Jcosx+y

On squaring both sides,

y? =COSX +Yy

Differentiating both sides with respect to x,

dy . dy
Zy& = —sinx+ ix

dy .
ix (2y — 1) = —sinx

dy  sinx
dx  2y—1
dy  sinx
dx  1-2y

Hence proved.

3. Question

dy
If y:\/logx +\/10gx + Jlogx +... to oo, Prove that (2 }-‘—l)g

Answer

Y= jlogx+ Jlogx+ Jlogx + -+ to e

y= logx+y

On squaring both sides,



y? =logx +y
Differentiating both sides with respect to x,
dy 1 dy
ydx T x dx
dy 1
ix (2y-1)= "
dy 1
dx  x(2y—1)
Hence proved.

4. Question

; h dy sec” x
| y:\/tanx+\/tanx+,/tan X +... 10 oo Prove that & 2v_1

Answer

Y= Jtan X+ \rftanx +4tanx + ---to o
Y= Jtanx+y

On squaring both sides,

y? =tanx +y

Differentiating both sides with respect to x,

d d
Zyd—i =sec’x + d_i

dy 5
&(Zy— 1) = sec?x

dy  sec’x
dx  (2y—1)
Hence proved.

5. Question

G e dy \_-'2 cot x
If v I:Sill X)|~:~in}~;|l-'m}LI prove that — = - -
y = . dx (1-y log sin x)
Answer
Here,

(2 ...DO
Y- (sinx) (sinx)(sinx)

Y= (sinx)¥

By taking log on both sides ,
log y = log(sinx)¥

log y = y(log sin x)

Differentiating both sides with respect to x by using product rule,



1dy  d(logsinx) + logsi dy
yax N I ogsinx -
1dy y d(sinx) + logsi dy
ydx sinx dx O8SIN X 4%

(o) = o
y 0gsinx dX_SiIIX COSX

(1 —vlog sinx) dy ;
. 35— Y cotx

dy  y’cotx
dx 1-ylogsinx

Hence proved.

6. Question

N
| fan X |

"' ‘
If (tan x| prove that d_-'zjatxzzl
. 4

y =(tan x)

Answer

Here,

Y- (tan X) ':tahxj'»tanx)-..m
Y= (tallx)}'

By taking log on both sides,
log y = log(tanx)Y

|Og y = y(|0g tan x)

Differentiating both sides with respect to x using the product rule and chain rule,

1dy  d(logtanx) + logt dy
ydx A O8N X 4x
1d d(tanx d

Y ( )+10gtanx—y

ydx tanx dx dx

1 dy v ,
(; — logtanx)ﬁ = m(sec X)

(1 - y]ogtanx) dy ysec?x

y dx  tanx
dy y?sec?x
dx tanx (1 —ylogtanx)
bl
dy y*sec® ()
== - -
dX(x=F) tan (5) (1—ylogtan (E))
dy 2y?
dx(x=T) 1(1-ylog 1)
oy @IV e _D)

>IN {(y)x = (tan})



dy B 2
HE@:%)_'l(l——o)

dy
(<)

Hence proved.
7. Question

X a

2 o K
If y=e" +x° +e* | prove that
dv & x J et ) & x
—=¢" x" i —+e'logx+x° £
dx 1 X
1 : x¥ e a1
J——e".lmgx +e™ x" x"7 {l+elogx}
| x
Answer
Here,

e

X X
Y= e +x°° +e°

y=U+V+W
dy dU  dV  dZ (1)
de  dx dx dx

eX eX e
Where, u _ Xt Vo xe® W axt
u_ exex

Taking log on both sides,
log u = log exex

log u

X< loge
logu— x=*

Again, Taking log on both sides,
log log u = log x&*

loglog u = e*logx

Differentiating both sides with respect to x by using the product rule,

1 d(logu)  d(logx) i d(e®)
logu dx T A 08X Ty
Ltde 1
ulogudx_e x & oex
du e*

o logu (; + ¢ logx)

Put value of u and log u,

du

E_

e x (% +e* logx) ------ (A)

Now,



vV Xeex
taking log on both sides,
log v = log e
log v= " logx

Differentiating both sides with respect to x by using the product rule,

X
T S
1dv 1 x d(e¥)
TaR e® E+logxe“ =

dv

1
— =V [e*‘x— +e*logx e“x]
X X

Put value of v,

dv

e x1 x
= x° S X LI I B
==X [e _te*logxe ] (B)

taking log on both sides,
log w = log g=*°

logw = x*"Ipge

log w= xx°

taking log both sides,

log logw = x®logx

Differentiating both sides with respect to x by using the product rule,

1 d(logw)_ ed(lOgX)+l d(x®)
logw dx T 08X Tax

1 1 dw 1 )
— =x*—+x"""loge
wlogw dx X

dw
dx

Put the value of w and log w,

=w=*logw(x* 1+ elogx x°71)

dw e e
i e «x¥ (x* 1+ elogx x°71) ... (©)

Using equation A, B and C in equation (1),

]

d X a* x 1
v _ eX x x% (— +e® logx) +x°° [e“x— + e*logx eex] +e*
dx X X

+x* (x°71 + elogx x°1)
Hence, proved.

8. Question



s x dy v tan x
If y(cos x )|cos x| SEEEE T Hrove that —— = d .
’ ) (1-y log cos x)
Answer
Here,

[ I“DO
Y = (COS X) ':COS:(]LCOSx)

Y= (cosx)¥

By taking log on both sides,
log y = log(cosx)¥

log y = y(log cos x)

Differentiating both sides with respect to x by using the product rule,

1dy d(logcosx) . dy
ydx A 08 COSX 4
1dy y d(cosx) +1 dy
ydx cosx dx O8COS Xk

() = L om
y 0gCosX dX_COSX s5Inx

(1 —vlog cosx) dy

v ==Y tanx
dy v cotx
dx  1-—ylogcosx

Exercise 11.7
1. Question

d}r , when

dx

Find

x =atZand y = 2at
Answer

Given that x = at? , y = 2at

So, &x _ d(=t) _
a a2t

dy d(2at
y_dQ@at

dt —  dt

dy
Therefore, & _ 4o zZa_ 1
dx = 2at t
dt
2. Question

d}.— , when

dx

x = a(0 + sinB) and y = a(1 - cosO)

Find

Answer

X = a(0 + sinb)



Differentiating it with respect to 6,

dx

== a(l+ cosB)...... (1)
And ,

y = a(1- cosO)

Differentiating it with respectto 6,

W 20+ sing
de—a( sin@)

Y _ 15in@ ...... 2
T asin® (2)
Using equation (1) and (2) ,

dy
dy _de
dx  dx
de
B asinb
~a(1 —cosh)
2sinf (cos@)
_2 2
2sinZ8
2

\ -
{smce, 1 — cosf = 2 sin’ B}

_dy tanf

Tdx 2
3. Question
Find d_‘ when
dx
X = acosO and y = bsin

Answer

as X = acosO and y = bsin®

Then,

dx d(acosB) B 0
B g~ asin
dy d(bsin®)

E = T = bcost

4. Question

Find d_‘ when

dx
x = ae® (sin B - cos 0),y = ae®(sin6 + cos6)

Answer



as x = ae® (sin 6 - cos 0)
Differentiating it with respect to 6

dx o d(sinB — cosB)

d(ea)

= afe 0 + (sinf — cosB) 0 ]
= a[e®(cos B + sin 0) + (sin 6-cos B)e? ]

9 _ a12e%si

- = al[2e”sin6] -..... (1)

And , y = ae%(sin® + cosb)

Differentiating it with respect to 6,

dy o d(sinB +cosb) d(e?)
= ale T—i— (sin@ + cosB) 0 ]

= a[e®(cos O - sin B) + (sin B + cos 0) e°]

dy _ )
e a[2e"cosB] ----- (2)

Dividing equation (2) by equation (1),

dy a(2e®cosB)

dx  a(2e®sinf)

v cotb

5. Question

Find d}r , when

dx

x =bsin2 0 andy = a cos? &
Answer

asx =bsin? 0

Then

dx d(bsin®8 ) — JbsinBeosd
B= ag  — 2bsinfcos
Andy = a cos? 0

d
v_ d(acos?8) = —2acosBsind

do
dy .
~dy gg  2acosBsinB  a
“dx dX  2bsinfBcosd b
do
6. Question
Find d}r, when
dx

i

x=a(l-cosB)andy =a(0 +sinb)atg =

2| A

Answer



as x = a(l - cos 0)
dx d[a(1 — cos8)]
de do

And y = a(6 + sin 0)

= a(sinf)

dy _d(8+sine)_ 1+ cosd
i 0 =af cosf)
B a(1+ cosB)
~ a(sin®)

v (D=

(0=

=
ml m|&| =9
@

a(1+0)
T a

7. Question

Find _‘ when

and v =

[§]
-2

Answer

8,8
e’ +e
asx: 5

Differentiating it with respect to t

dx 1 [d(et) d(e )

a2z a T Ta
1 d(—t)

_ t -t

_2[.; 4o 80D ]

de _ 1.t -ty _
dt_ﬂ(e e )_y ...... (1)

SO0

Andy=

Differentiating it with respect to t,
dy 1 [d(et) d(e ")

dt 2| dt dt

e _ ¢ 4D
e - 522

(et—e‘t(—l)}

[SER I

[SER I

8,8
dy _ e+t o (2)
dt 2

Dividing equation (2) by (1),

dy
dy dr_X
dx dx y
dt



8. Question

Find d}r, when

dx

3 at :
<= _and y - 3 atq

1+t 1+t
Answer

3at

asx = 1+2

Differentiating it with respect to t using quotient rule,

.. d(3at) d(1+t?)
o [( 8GR0 d0)
dat (1+1t2)2

[(1 +t2)(3a) — 3at(2t)
(1+1t2)2

[(3a) + 3at? — 6at?
B (1+t2)2

[3a — 3at?
[ (1+ t2)2

dx _ 3a(1-t%) (1)
ek

And v — 2at?
Y=1e

Differentiating it with respect to t using quotion rule

[ d(3at?) d(1+t?)
2 _ 2
dy: (1+1t2) a 3at I
dx (1+1t2)2

dy [(1+ t2)(6at) — (3at?)(2t)
dr | (1+ t2)2

6at + 6at® — Gat®
(1+12)2

E _ éat ____( )
dt (1+t2)2

Dividing equation (2) by (1),

d
dy_d—g_ 6at 3a(1—t?)
dx  dx T (1422 (1+12)
dt
dy 2t
dx 1-—t2

9. Question

d}.— , when

dx

Find




X = a(cosh + 6 sinB) and y = a(sinB - cosB)
Answer

the given equation are x = a(cos6 + 6 sin0)

Then —=a [—cosB + —(951118)]

—['Bed'ﬁ 'Bdﬁ]
= a|—sin +E(sm ) + sin E( )

= a[—sinB + BcosO + s5inb] = abcosh
And y = a(sin6 - cos8) so,

g—g [— (sinB) — — (96059)]

—a [cosﬁ - [% (cos®) + cosO % (9)}]

= a[cosB + Bsinf — cosh]

= apsind

d
dy d_:’é absind

dx dx aBcosh
de

tan®

10. Question

Find d_‘ when

dx

g
X=g

E}—EJ and y —e "
0

B

e——J.
5]

Answer

as x = e® (B+%)

Differentiating it with respect to g using the product rule,

dx d(ﬂ 1) (B 1)(1 o
i Gy Rl Char) el G

dx _ g (83+82+E—1)
de g2

And. y = (6 —3)

Differentiating it with respect to g using the product rule,

j_g e ddﬁ (9_ %) (9 - _)_ ()



_9(92+1—93+e)
Pl
g2

d _g 9% +8% 1841
&y _ -8 (—) ...... (2)
da 8z

divide equation (2)by (1)

d
&y T o (—0+02+0+1 1
= 02 N R

e —92

LB +ET+B+1
=g
B2 +02+6-1

11. Question

Find 9 when
2t —t’
¥ = 5 and v = 1—tq
1+t o1+t
Answer
2t
as, x = 1+t2

Differentiating it with respect to t using quotient rule,

d d
%= (l—i—tz)E(Zt)—ZtE(l—i—tz)
dt (1+1t2)2

[(1+t2)(2)— 2t(21)
(1+1t2)2

[2 + 212 — 4t2
(1+12)2

[ 2 —2t?
[(1+12)2

dx 2-2t
— = || sssnans 1
dt (1+t232] (1)

1-t2
And,y =

1+t2

Differentiating it with respect to t using quotient rule,

i [areFa-o-a-e§a+e)
dt (1+12)2




[ +t2)(—20) — (1 —t2)(2D)
B (1+12)2 l

—2t—2t% — 2t + 2t3
(1+12)2

dy _ |4t | .
dat (1+t232] (2)

dividing equation (2)by (1),

dy

T dx " (l—i—t?)] [2 2t2]

dt (1+12)2

2t

1—t2
dy x X 2t 1+t? 2t
dx y[smcey 1+t2 1—t2_1—t2]

12. Question

Find d_‘ when

dx
21 1 .1 t -
X =CO0S and ¥ =sin .teR
J1+t° Al+t°
Answer
asx=cos !

V1+t2

Differentiating it with respect to t using chain rule ,

dx 1 d( 1 )
B ,dt\y1 + t2

l_l+t 2(1+t2)
(1+1:2)%
= — - 5((2t)
v(1+t2—1), 2(1+t2)§](
t

-1

Differentiating it with respect to t using chain rule ,

g )

dt 1 2dt\y1 + t2
- (7r%)
V1412




= ! { d(1+t2)
1 2(1 +12)3)dt
l-17e ( )2
1
1+1t%)z
= #!— 3](21:)
VA+2 =D 2(1+12)2
B t
Ve x(1+12)
o S (2)

dt 1+t2

dividing equation (2) by (1),

d
dy_d—¥_ 1 9 1+1t?
dx  dx 14¢2 1
dt
dy
&—1

13. Question

Find 9 when
_t? 2t
X = 1—1- and }-’ — 5
1+t° 1+t
Answer
1-t2
as y —
X 1+t2

Differentiating it with respect to t using quotient rule,

dx (1+t2)%(1—t2)— (1—t2)%(1+t2)
dt (1 +12)2

(1+t3)(—2t) — (1 —t?)(21)
(1+12)2 l

—2t—2t3 — 2t + 2t3
(1+12)2

dx -4t
==

And, y= 2t

1+t2

Differentiating it with respect to t using quotient rule,

dy |(1+ tz)%(Zt) - (2t)%(1+ t%)
dt (1+1t2)2

(1+t2)(2)— (20)(21)
(1+1t2)2

2+ 2t7 — 417
(1+1t2)2




dy _20-8)  (9)
dt (1+t2)2

divided equation (2)by (1) so,

d

by @ 20-t) 1

dx A (1rez &
dt (1+12)2

dy 2(1-t%)

dx = —4t

14. Question

d}r , when

dx

Find

-

dy 36
If x = 2cos 6 - cos 20 and y = 2sin 6 - sin 26, prove that&' = tan[ _J
3

Answer
as X = 2cos 6 - cos 206

Differentiating it with respect to g using chain rule ,

dx d
i 2(—sinB) — (—stB)E (28)

= —2sinfB + 2sin20

dx

= = i — gin@) ------ 1
3 = 2(sin26 — sinb) (1)
And, y = 2sin 6 - sin 26

Differentiating it with respect to g using chain rule ,

dy d
i 2cosB — coszﬂﬁ (28)

= 2cos0 — cos20(2)
= 2cosB — 2cos20
% = 2(cosB — cos28) .- (2)

dividing equation (2)by equation (1),

d
Q B d_jé B 2(cosB — cos28)

dx  dx  2(sin26 — sind)
de

B (cosB — cos28)
~ (sin20 — sinB)

dy —2sin (E!-E_EB) sin (8 _228)
dx 2 cos (G —;29) sin (292_ G)

()15
25

[since sina — sinb

. [fat
[cosa —cosh = —25111(



(@) (-2)
cos(D ()

sin (378) (—sing)
cos (?) sin (g)

B sin (%}

- COoSs (379)

dy_t 36
dx 311(2)

15. Question

d}r , when

dx

Find

. dy y log x
If x = e€°S 2t gnd y = €SN 2t prove that — = ———= —
X logy

Answer
Here , x = gooszt
Differentiating it with respect to g using chain rule ,

dx
_ cosZt
a @)

d
= ec“ztE (cos2t)

= 052t _gin2t) d (2t)
dt

= 52t —gin2t)(2)

% = —2sin2te®®***......(1)

And, y = gsin2t

Differentiating it with respect to g using chain rule ,

dy d sin2t
prirl Con)

= es"“ztE (sin2t)
dt

= es"“ztcosZtE (21)
dt
= e5in2tro52t(2)
W _ ycos2tesint ... (2)
at

dividing equation (2)by (1),



d .
dy d_¥ _ 2cos2te*"**

dx dx = —2sin2tecost
dt
d lo
_ Yo [since x = e°°5% = Jogx = cos2t]
dx xlogy
[y = esi"?t = Jogy = sin2t |
16. Question
Find dy , when
dx
. dy 1
If x =costandy =sint, prove that—=— at |
3
Answer
as x = cost

Differentiating it with respectto t,

dx_ d( 9

at dro®

dx

= — —gint ...... 1
o sint (1)
And, y = sint

Differentiating it with respect to t,

dy d ;
dt—dt(sm)

Y _ cost...... 2
dt—cost (2)

Dividing equation (2) by (1),

d
dy d_écf_ cost

dx E ~ —sint
dt
dy
& = —cott
() = (3)
ax) ~ "3
dy ™
(&) =~ cot(m-3)
T
= —[—cot (5)]
T
= cot (g)
dy 1
dx N \."'5

17. Question

Find d}r , when

dx




1 1 dy
If x=a|t+-|and y=a| t—— |, prove that —
t t dx
Answer
1
asx=a(t+ ;)
Differentiating it with respect to t,

dx_ad - 1
dt  dt t)

1
=a(l—t—2

dx tZ-1
== ( ) eeeees (1)

Andy = a(t-3)

Differentiating it with respect to t,

dy_ad( 1)
dt — dt t
1
~a(1+)
dy t2 41
¥ ( ! ) ...... (2)

Dividing equation (2) by (1),

d
dy_d—¥_ (t2+1) t?

dx  dx 2 )%ae-1
dt

dy t*+1

dx t2—1

dy x_x  f(tP+1 [P+
dx—y[smce,y—a 2 xa(tz—l)_ tz—l]

18. Question

dy

Find y , when

] -

. 2t B 2t .
|fx=51111[ anndv:tanl[ qJ_-1<t<1,provethatd_}:1
) _ p”

1+1° 1-t°

Answer

as ( 2t )
X = sin™! \1+t2
Putt =tang

2tanb )

=1
X =sin"!{—
(1+ta1128

= sin"!sin2H

=28 [since,sinZB — Ztan® ]

1+tan®@



X = 2(tan~11) [since, t = sing]

differentiating it with respect to t,

&x_ 2 . 1)
dt 1+t2

Now ,
N 2
1+1t2

y =tan~

Put t = tang

) 2tanf

=tan ———
y 1—tanZ0

2tan®

=tan 'tan28 [since tan2f=———
1—tan28

y = 2tan"*t[since t = tang]

differentiating it with respect to t,

y__2 .. 2)
dt 1+t2

Dividing equation (2) by (1),

d
dy_d—g_ 2 1+12

==L _ X
dx dx 1 +¢2 2
dt

dy_
dx

19. Question

1

Find 3 when

dx

. 3 3
st cos™t /
- find 9Y

fx= V= s
X \/cosit} \/coslt dx

Answer

asy — sin? t

—
veos 2t

Then dx i[ sinatL'I

dt dt Lv/cos2

d., . ) d
Veos2t. g (sin®t) — sin? t.gpVcos2t

cos 2t

. d ., . .
vcos2t.3sin? tT (sint) —sin®t x

1 d
2+/cos2tdt

cos2t

cos 2t

. . 1 i
3+v/cos2tsin®tcost — sin®t X ——(—25sin 2t)

2\ cos2t

cos2t

3cos 2tsin®tcost + sin® tsin 2t
cos 2t cos2t




dy d[cos’t
dt  dt|cos2t

\Jcos2t % (cos*t) — cos®t .%\,’cos 2t

cos 2t

d 1 d
[cos2t.3 cos?t==(cost) — cos?t. ———+/cos 2t
v dt( ) 2~.,’n:n:)52tdt‘\f

cos2t

1
[cos2t.3 cos?t(—sint) — cos®t. ———(—2sin2t
v ( ) Zm’COSZt( )

cos 2t

—3cos2t.cos?tsint + cos?t.sin2t
cos 2t.+/cos 2t

dy 2 2
dy at —3cos2t.cos“tsint —cos t.sin2t
“dx \dx | 3cos2tsintcost+ sin®tsin2t
dt

—3cos2t.cos?tsint — cos®t. (2sintcost)
3 cos2tsin? tcost + sin® t (2 sintcost)

sintcost] — 3 cos 2t.cost — 2cos?t]
sintcost[3 cos2tsint + 2sin? t]

—3cos2t.cost — 2cos®t [cosZt = (2cos?t— 1),
~ [3cos2tsint+ 2sin3t] lcos2t = (1— 2sin®t)

—4cos?*t+ 3cost
3sint — 4sin3t

cos3t 3
= T imat [cos3t =4cos*t— 3cost

sin3t = 3sint— 4sin®t]
= cot3t

20. Question

Find d}r, when
dx
. a 1 ;
x| t=t] yog' 7t fina &Y
t) dx
Answer

13
asx=(t+7)

Differentiating it with respect to t using chain rule,
dx d (t+ 1)*‘
dt dt t

(CHNHES
=al(t+- —|t+=

t dt t

dx 1331 1
Eza((tﬁ) )(1—5) ...... (1)



1
d ’ y — a(t+fj
Differentiating it with respect to t using chain rule,

dy d
a(t+g 5
T @)

1 d 1

_ D) Gt

a't xlogadt(t—l—t)
d__ (4 Jxloga(l__ ...... )

Dividing equation (2) by (1),

d 1
%_i’;_ a(H) oga( t_?)
1

& o+ D7)0-3)
@z a(H%) loga
B e+ )T

21. Question

dx
117 2 ;
Ifx:a[ ~|and y = tq_ﬁndg
1-t° I dx
Answer
Here,
X = a(1+t )
1-t2

differentiating bove function with respect to t, we have,

o [a-¥EED (g4 d0-)
a ° (1-12)2

=4

dx [(1—t?)(2t) — (1 +t2)(—21)
| (1-12)2 ]

E=a_ (1—t2)2

[(1 ia'rﬁjz ] ----- (1)

dx [2t — 22 + 2t + 2t3 l

And

2t

Y=1 "1

differentiating bove function with respect to t, we have,
d(t d 1
dy [:1 t?) [:) (t) ( )

dt (1—t2)2




dy _[@-t) - (O(29

dt (1—1t2)2
1—t%2+2t2

|-

1+1t2
1—t2

4 dy 2[¢+tz]
d_}' =g — B | from equation 1 and 2
8 at [J.—tzjz

dy 1-t*
dx ~  2at
22. Question

Find d}r, when
dx
. . dy
Ifx =10 (t-sint),y =12 (1 - cos t), find —_.
dx

Answer

Here, x = 10(t-sint) y = 12(1-cos t)

dx
—_—= — A UIS L) seannn 1
=+ = 10(1 —cost) (1)

& _ Nt oo 2
3 — 12(sint) (2)

dy .
& _ T _126imY | from equation 1 and 2
dx o 10(1—cost)

.
% _ lzsllli.cost/Z
dx 10 sin?t/2

dy 6 tt

ax 5752

23. Question

Find d}r , when
dx

Ifx=a(@-sinB)andy =a (1 + cos 6), findg at e:E.
3

Answer

Here,

X = (§ —sinf) and y = a(1 + cosg)
then,

dx L 5
de—a( cos )

dy .
B a(—sinf)



dy . .
@_d__ﬁ_ a(—sinB)  (—sinb)
dx d_?é " a(l—cosB) (1-—cosB)
Atx= =

3

T
dy a(—smg) V3/2

E_a(l—cosg)= 1-1/2

=3

24. Question

Find d}r, when
dx
, T dy Db
If x =asin 2t (1 + cos 2t) and y = b cos 2t (1 - cos 2t), show thatatt=_—-_, —— = _
4 dx a

Answer

considering the given functions,

X = asin 2t(1 + cos 2t) and y = b cos 2t(1-cos2t)
rewriting the above equations,

X = a sin 2t + gsin 4t

differentiating bove function with respect to t, we have,

$=2ac052t+ 2acoS4t eeeee (1)

y = b cos 2t - begs? 2t

differentiating above function with respect to t, we have,

d . . . .

d—‘: = —2bsin2t + 2b cos2tsin 2t == —2bsin 2t + 2bsin 4t - (2)
& _ %: “2bsin 2t+3bsin 4t | from equation 1 and 2

dx T 2acos2t+2acosdt

Att= E

dy b

dx a

25. Question

Find d_" when

dx

If x =cost(3-2cos?t)andy =sint (3 -2 sin?t) find the value ofﬁ at t:E,
dx 4

Answer

considering the given functions,

X = cost(3-2cps?t)

X = 3cos t-2cos3t



d- i »
d—:=—35111t+6c052ts1nt ...... (1)

d -
d—fz 3cost+ 6sin‘tcost ... (2)

ay .z
4y _ g _ 3costtésin teost | from equation 1 and 2
dx = —3sint+6cos®tsint

3cost(1+ 2sin’t)
" 3sint(—1+ 2cos?t)

cott(1 —2(1— cos?t))
- (2cos2t—1)

= cott

Whent= =
4

Y _cotli=1
dx 4

26. Question

Find d_‘ when

dx

l+logt 3+2logt _  dy
_ V= _find Z—
dx

Ifx: \
t- ’ T

Answer

1+logt 3+2legt
z ’ y =
t t

:X=

1
dx _ t? (f) —(1+logh(20) _ t—2t—2tlogt _ —2logt—1
de 4 t 3

2
dy _ t(f)_ (3+2logt)(1) 2-3- 2logt _ —2logt—1

dt 2 t2 2
dy —2logt—1

O S S

dx dx  —2logt—1
dt t3

27. Question

Find d_‘ when

dx

Ifx=3sint—sin3t,y=3cost—cos3t,find§ at t =

T
dx 3

Answer

x = 3sint-sin 3t,y = 3 cos t - cos 3t

X
— = 3cost- 3cos 3t
dt
dy . .
— = —3sint+ 3sin 3t
dt
dy . .
dy Q¢ —3sint+ 3sin3t

dx dX  3cost- 3cos3t
dt




When t = g

dy —3sin (g) + 3sin 3(%)
dX  3cos (%) - 3cos 3(%)

=
dy —3X§+0 1

dx % _ 3(_1) \."r3

28. Question

Find d}r, when
. 2 2 . dy
If sin x = —.tan y = find =2
+1° -1~ dx
Answer
. 2t 2t
sin X = tZ,t ny:i
- _ _q 2t
X=sin" — andy = tan™" —
dx 1 2(1+1t2)— (21)(20)
dt 2t (1+ t2)2
-7
dx 2
dt 1+t2
dy 1 9 2(1—t2)— (20)(-21)
dt 2t ., (1—12)2
I+ (5
dy 2
dt  1+1t2
dy 2
dy Gt 1+t L
x dx- 2
dt 1+ t2

Exercise 11.8
1. Question

Differentiate x2 with respect to x3.

Answer

Let u = x2 and v = x3.

We need to differentiate u with respect to v that is find ?.
v

On differentiating u with respect to x, we get

du d
P
dx dx(X)

We know di (x™) = nx"t

X



 _ 9g2-1
I 2X
du 5

T dx x

Now, on differentiating v with respect to x, we get

dv
3
X
i ( )
? = 3x3-1 (using the same formula)
X
dv
S = 3}{2
dx
a du
oy
We have == Ji.;l,i
dx
du 2x
= av dv  3x2
du 2
Tdv 3x
Thus, du_ 2
dv 3x

2. Question
Differentiate log(1 + x2) with respect to tan1x.
Answer

Let u = log(1 + x?) and v = tan’!

u

We need to differentiate u with respect to v that is find j—.
v

On differentiating u with respect to x, we get

du d
= 2
= = - llog(1 +x%)]

d
We know = (logx) =-

du
dx 1+‘(2 dx

(1+ x2) [using chain rule]

du d d
i — (2
:bdx 1+x2 [dx(l)+dx(x )]

However, di (x™) = nx™ ! and derivative of a constant is 0.
X

du 1
—= 0+ 2x*1
:bdx 1+x2[ ]
du 1 [2x]
Tdx 1+x2 %
du 2%
dx 1+x2

Now, on differentiating v with respect to x, we get

dv
o -1
dx  dx (tan™ x)



1

We know di (tan~'x) =
X

1+x2
dv 1
Tdx o 1+x2
d du
y &
Wehave5=%
dx
22X
du  T+x2
= — =
dv 1
1+x?
du 2x
— = x (1+x?
=>ldv 1+x2 ( x%)
du 5
T = X
dv

Thus, du _ %
dv
3. Question

Differentiate (log x)* with respect to log x.

Answer

Let u = (log x)* and v = log x.

We need to differentiate u with respect to v that is find %.
We have u = (log x)*

Taking log on both sides, we get

log u = log(log x)*

= log u = x x log(log x) [ log a™ = m x log al]

On differentiating both the sides with respect to x, we get

d du d
a (logu) x el [x x log(logx)]

Recall that (uv)’ = vu’ + uv’ (product rule)

d du d d
= (logu) x i log(logx)& (x) + xﬁ[log(logx)]

d 1 d
We know = (logx) = - and = x)=1

2 = logllogx) x 1 +x [ (logx)|
= 5 X g = logllogx) x X ogx dx 0gx
1du x d
=T log(logx) + @&(logx)

But, u = (log x)* and di(logx) _1!

1 u log(l )+ X 1
= (logx)*dx ogllogx ln:}g:=<;>< X
1 du

1
= (logn)~dx = log(logx) + logx



du 1
T (logx) [log(logx) + @]

Now, on differentiating v with respect to x, we get

dv

o &(logx)
dv 1
dx X
du
du =
We have i Ji.;l,t
dx
du (logx)* [og(logx) + olgx]
Zav 1

X

du 1
== x(logx)® [log(logx) + @]

2x) [ og(logx) logx + 1

logx
du x(logx)*

== W[log(logx)logx+ 1]
du

= x(logx)*1[1 + logxlog(logx)]

Thus, % = x(logx)*[1 + logxlog(logx)]
4 A. Question
. . . S . -1 .
Differentiate sin 1 ’1 _x? with respect to cos™ x, if
€ (0,1)
Answer
Lety =sin™ty1 — x2 and v = cos1x.
We need to differentiate u with respect to v that is find ?.
v
We have y = sin™! /1 — x2
By substituting x = cos 6, we have
— cin-1 [T —frasl2
u=sin"*/1 — (cos0)?
= u=sin"'41— cos28
= u=sin"tsinZ@ [ sin%0 + cos?0 = 1]
= u = sin"}(sin 0)
(i) Given x € (0, 1)
However, x = cos 6.

=cos B e (0, 1)



=0¢ (Og)

Hence, u = sin"1(sin 6) = 6.

= u = cos 1x

On differentiating u with respect to x, we get

dx  dx

du 1
Tdx o JT—x2

Now, on differentiating v with respect to x, we get

dv d
- _ = -1
= i (cos™'x)

dv 1

.'.E— —\‘l_xz

=
5

We have, & — 3
dw =
dx
1
du 7
S V1-x2
dav. 1
V1—x2
du 1
- ()
dv V1—x2
du L
e

Thus, % =1

4 B. Question

Differentiate sin_l \/’1_7 with respect to cos™! x, if
x € (-1, 0)

Answer

Given x € (-1, 0)

However, x = cos 6.

=cos 0O e (-1, 0)
™
=0€ (ETII)
Hence, u = sin"}(sin 6) = 1t - 6.
= u=rm-cosix

On differentiating u with respect to x, we get

du d
—_—= — -1
i (m—cos™'x)



du d d
e (M) —— -1
=T i (m) = (cos™'x)
We know = (cos™'x) = — _1_ and derivative of a constant is 0.
dx v1-x2

du_o ( 1 )
Tax ix

du 1

Now, on differentiating v with respect to x, we get

dv d
- -1
e (cos™'x)

dv 1

R

d —_—

We have d_“ =g
Y —

dx

1
d_Ll= V1 —x2
dv 1
V1 —x2
du 1
- ()
dv 1 —x2
du
g =

du
Th ,y— = —
us dv 1

5 A. Question

Differentiate Si]l_l(':l'X'\,‘Il —4x? ) with respect to 1,’1 _4xt if

X &

1 1
242722
Answer

Let u = sin*(4xy1 — 4x2) and v = T — 4x2.

We need to differentiate u with respect to v that is find %.
We have u = sin™*(4xy1 — 4x2)

=u=sin"?! (4};\,@)

By substituting 2x = cos 6, we have

u=sin"?! (2 cosB 1 — (cosﬁ)z)
= u=sin"! (2 cos0./1— (cosB)z)

= 5111‘1(2 cosB y/sin? B) [ sin20 + cos28 = 1]

4
=
|



= u = sin"}(2 cos 8 sin 6)
= u = sin"1(sin20)

. 1 1
Givenxe (_ﬁ’ ﬁ)

cos@

However, 2x = cos 0 = x =

=

cosB 1 1
2 € (_ 2\;@’2\;@]
1 1
= cos0 € (—\.—25)

g (1‘[31‘[)
=0€ 12

20 (”JT 3']‘[)
- oo
*\22

Hence, u = sin"1(sin 26) = i - 26.
=u=T1-2cos1(2x)

On differentiating u with respect to x, we get

du
-1

e [TII 2 cos™1(2x)]

du d d

o - -1
=" i (1) = [2 cos™H(2x)]

du d d

o - — -1
=T dx (m)—2 = [cos™1(2x)]

and derivative of a constant is 0.

d
We know = (cos™ x)

[ ﬁ*l—(zx) dx( )]

du
& Vioae [

du
& ioae &)

du 4 d @)
=
dx 1 —4x2dx X

d
However, = x)=1

du 4 L
= —=———X
dx 1 —4x2
du 4
Tdx 1 4x?

Now, we have v = /1 — 4x2

On differentiating v with respect to x, we get

¥ _L(i-a)

dx  dx



dv d 1
= — 2y3
= dx(l 4x°)z

We know di (x™) = nx®*
b4

dv 1 1 .d

_ _ 2y5-1_ _ 2
= 2(1 4x*)2 dx(l 4x7)

dv 1 11d d

S a5 = 2
= = - a7 () - )]

dv 1 [d (1) -4 d[: 2)]
= | — — 44—
dx 21 —4xZldx dx x

We knowdi (x™) = nx™"! and derivative of a constant is 0.
.4

dv 1

= —=———[0—4(2x>Y)]
dx 241 —4x?

dv 1

= —=——[8]
dx 21 —4x?2

dv 4x

T VI-oae

o
=]

Ly

du =
We have == JEJEL
dx
I S
du 1 —ax?
= — ===
dv . 4%
V1 —4x?
du 4 V1 —x2
= —= x| —
dv 1 —4x2 4%
du 1
Tdv o x
Thus,ﬂz _1
dv e

5 B. Question

Differentiate sin_l(élxwﬁl —4x? ) with respect to ] _ 4x? if

1 1
N

X &

Answer

Letu = 5111‘1(4:{\,’1 — 4x2) andy = /1 — 4x2.

We need to differentiate u with respect to v that is find %.
v

We have u = 5111‘1(4)(\,’1 — 4x2)

= u=sin"! (4:{\,’1 - (2}{)2)

By substituting 2x = cos 6, we have



u=sin"t (2 cosB1— (cosﬁ)z)
= u=sin"?! (2 cos0./1— (cosB)z)
=u= 5111‘1(2 cos B 'sin? 9) [ sin20 + cos28 = 1]
= u = sin"}(2 cos 6 sin 6)
= u = sin"1(sin26)
v xe (2
W

However, 2x = cos 8 = x = =°%8

cosB (1 1)
= -
2 22

1
= cosO € [— 1)

V2’
=0¢c (0,;)
=20 ¢ (o,g)

Hence, u = sin"(sin 26) = 26.
= U = 2cos 1(2x)
On differentiating u with respect to x, we get

du d
_ -1
= i [2 cos™1(2x)]

du d
—_— = —_— -1
= de [cos™1(2x)]

1

We know % (cos‘lx) =—— and derivative of a constant is 0.

du
& [_ - (ZX)EE(ZX)I

du

2 d
BN [

du

2 d
B RN 23 )

du 4 E )

=2 —=——

dx V1 —4x2dx

However i( )=1
r LX) =

du 4 L
=5 —=——X
dx V1 — 4x?

du 4

T VIToae

In part (i), we found &¥ — — 2%

dx V1—dx?



=]
B

du -
Wehave5=%
dx
4
Jdu Vioax?
dv. 4%
v1— 4x2
du 4 ( \.l—Xz)
= — = — x p—
dv V1 — 4x2 4x
du 1
Tdv x
Thus,E=E
dv X

5 C. Question

Differentiate sin'l(ﬂrxwh —4x? ) with respect to (f] _ 4x? if

Answer

Letu = sin~*(4xy1 — 4x2) and v = /T — 4x2.

We need to differentiate u with respect to v that is find ?.

v

We have y = 5111‘1[:4:{\,’1 — 4X2)
=u=sin"?! (4}{\,’1 - (Zx)z)

By substituting 2x = cos 6, we have

u=sin"?* (2 cosB1— (cosﬁ)z)

= u=sin"?! (2 cosevm)

= u = sin"(2cos0/sinZ8) [ sin%0 + cos?6 = 1]
= u = sin"}(2 cos 6 sin 6)

= u = sin"}(sin20)

Givenxe (—51,— %ﬁ)

However, 2x = cos 8 = x = =28

cosB ( 1 1 )
ﬁ —_— —_——
2 ‘U272

1
= cosO € [—1,——)

V2
5 (31‘[ )
=0¢c 2 , T



3T
= 20¢ (— ZT[)
2
Hence, u = sin"l(sin 26) = 2m - 26.

= U = 21 - 2cos™1(2x)

On differentiating u with respect to x, we get

du
i [ZTII 2 cos™1(2x)]
du d d
- = I -1
= e (2m) = [2 cos™(2x)]
du
— = 2— 2— (2
=& (m) — [cos™(2x)]
We know di (cos™ix) = and derivative of a constant is 0.
X
_ — 2
= ax [ \;'—1— 29 dx( X)
du
= E = 7\] T 4X2 [& (ZX)]
du
d__2 4
= dx 1 —4x2 [ dx (x)
du 4 d %)
= dx 1 —ax2dx X
d
However, = x)=1
du 4 1
-
dx 1 —4x2
du 4
Tdx (1 ax2
. dv 4%
In part (i), we found P e
d du
g
We have == J%L
4
du 71—
dv - 4x
V1 —4x2
du 4 Vv1—x2
dv 1 —4x 4x
du 1
dv X
Thus, 8= _1
dv Y

6. Question



X

Differentiate tan~

with respect to sin_l[

Answer

— 1+x=—-1 - 2x
Lety = tan~? (7‘) andvy =sin™* ( 2).
X 1+x

We need to differentiate u with respect to v that is find du

dv
f z_
We have u= tan_l (w)
X

By substituting x = tan 6, we have

tan-1 J1+(tan6)z2—1
u an tan©

v1i+tan?6—1
= u=tan*
"~ tan®

= u=tan"?* (Lel) [ sec26 tan20 =1]
tan 8
. (sec 6— l)
= U =tan
tan®
1
-1
_ 1] cosB
= U =tan Sin B
cosB
) 1—cosB
= u=tan~ ( , )
sin®

_ 9
= u=tan"?! (L(Z;Z)
sin (2 X 2)

But, cos26 = 1 - 2sin?6 and sin26 = 2sinBcosH.

2 sin?
= u=tan? N — =8 @8 G
sm2 cosy
sme
_ 2
= u=tan* 0
cos5

= Uu=tan" 1(tal )

Given-1l<x<1=xe€e(-1,1)
However, x = tan 6

=tan0e€ (-1, 1)

=0¢ (—g ID

]
SHE

-

g

1+x°

J_ if -1<x<1, x = 0.



_ 8y 8
Hence, u =tan™? (tana) ==

lt _
= u=—tan
2

1x

On differentiating u with respect to x, we get

du d r1
(—tan‘l x)

dx  dx\2

du

-~ -1
:bdx de(tan X)

2 ftan~lx) = —

We knOde[tan X)_1+x2
du 1 1

—_— = —
:bdx 2 1+x2

du 1
Tdx o 2(14x2)

- 23
Now, we have v = 5in 1( x )
1+x2

By substituting x = tan 6, we have

._1( 2tanb )
v=sin""|———=
1+ (tanB)2
. _1( 2tanB )

=V = I
v=si 1+tan20

= v = gin~! (M) [~ sec?@ - tan26 = 1]

sec? @
sinB@
2 cosB
= v=gin7!|{ —==2%
1
cos20
- sin B 5
=v=sin""(2x——=xcos°0
cosB

= v = sin"1(2sinBcosB)
But, sin26 = 2sinBcosO
= v = sin"1(sin20)

m T
»

m T
However, ¢ (~7,5) =268 ¢ (~1.5)
Hence, v = sin"1(sin20) = 26

= v = 2tan"1x

On differentiating v with respect to x, we get

dv d
_—= — -1
= ix (2tan~1x)
dv d
_— = —_— _1
= 2 = (tan™'x)

1
1+x2

We know % [tan‘l X)=



dv 1

—=2X
=>ldx 1+x2
dv 2
dx ~ 1+x2
a du
g L
Wehave;:%
dx
1
_du_2(0+x?7)
dv 2
1+ x2
du 1 1+x?

[ ¥
T 200+x9) " 2
du 1
Tdv 4
Thus,ﬂzE
dv 4

7 A. Question

Differentiate 531'1‘1_1(2><;-\H—)<:2 ) with respect to sec™’

X E(O. 1_.*'\/5)

Answer

Letu = sin™*(2xVT —x?) and v = sec™* (\-ﬁ)

We need to differentiate u with respect to v that is find ?.

W
We have u = sin™*(2xy1 —x2)
By substituting x = sin 8, we have
u=sin"? (2 sin®/1— (51118)2)
= u = sin™? (2 sinB4/1 — sin? 9)

=u= 5111‘1(2 sin®+cos26) [V sin28 + cos?0 = 1]

= u = sin"}(2sinBcosh)

= u = sin"1(sin26)

Now, we have v = sec‘l( _)
V1-x2

By substituting x = sin 8, we have
(=)
v=s5eC |—
1 —(sinB)2

1
-1
= V = 8ecC ( )
v1—sin26



=v= sec‘l( 1_) [ sin20 + cos28 = 1]

ycos?8

*(9)
= v=s8ec " |——
cosB

= v = sec”*(sech)

Given x e (O’Tlf)

However, x = sin 6

1
= sinb € (0—)
V2

=0¢c (0,;)

T
= 20¢ (O,E)
Hence, u = sin"(sin 26) = 286.

= u = 2sin"1(x)

On differentiating u with respect to x, we get

du d
e (2sin™'x)
du d
o rain-l
= de(sm X)
4 (sin~1x) = —
We know dx(sm X) ==
du 5 1
- = by
- dx v1—x2
du 2
Tdx VT x?

We have 8 ¢ (OE)

Hence, v = sec’1(secB) = 6
= v = sin"ix

On differentiating v with respect to x, we get

dv
— = —(sin™'x
dx dx( )
9 (sin1x) = —
We know = (sin"'x) = Vs
dv 1
Tdx J1—x2
a du
-
We haveaz%
dx
2
_du_vi—x?
dv 1
W1 —x2



du 2
—
> —=——x1-x2
dv 1 —x2 v

du 5
s
du
Thus,E_ 2

7 B. Question

Differentiate 5;1'1‘1_1(2)x;\ﬁl—)<:2 ) with respect to sec™’

;q] if X E(lf’\E. 1)
1-x° '

Answer

Letu = sin"!(2xy1 —x?) and v = sec™? ( 1_)

Vi1-x

We need to differentiate u with respect to v that is find %.
We have u = sin1(2xy/1 —x2)

By substituting x = sin 8, we have

u=sin"t (2 sin B vm)

= u=sin"* (2 sinﬁvm)

= u = sin!(2sin 8+/cos28) [ sin0 + cos?6 = 1]

= u = sin"}(2sinBcosh)

= u = sin"}(sin20)

1
Now, we have yv = Se.;—l( _2)
J1—x

V1

By substituting x = sin 6, we have
V=58 | ————
V1 —(sing)?

1
= v=gsgec? (7)
v1—sin? 6

l_) ['" sin20 + cos26 = 1]

y cos?8

“(os0)
= vV = secC
cosB

=v= sec‘l(

= v = sec *(sech)
. 1
Givenx e (ﬁ l)
However, x = sin 6
me ¢ (75.1)
= 5inB € | —,
V2

=0 (gg)



T
= 20¢ (E’ T[)
Hence, u = sin"1(sin 26) = i - 26.

=>u=nm-2sin"}(x)

On differentiating u with respect to x, we get

du
N S
- ix (m— 2sin™!x)
du d d
e ) — — (2gin-1
= %= & (m) = (2sin"'x)
du d d
- — — 7 —(gin—1
et (m) de (sin™'x)

d . _ 1 —_— .
We know = (sin"'x) = = and derivative of a constant is 0.
X vi-

XZ
du 0—-2x
= —=0-
dx V1—x2
du -2
Tdx o yT-x?

We have 8 ¢ (3 3)

»

4" 2
Hence, v = secl(secB) = 6

= v = sin"lx

On differentiating v with respect to x, we get

dv
2 P rain-t
dx dx(sm x)

1

d
We know — (sin"1x) =
e know — (sin"'x)

v1-x2
dv 1
Tdx JT-x2
d du
y &
Wehave5=%
dx
2
Jdu_ i-x?
dv 1
V1 —x2
du 2
—
= —=- X4/ 1—x2
dv V1—x2 v
du
=

du
Thus, — = —
us, - 2
8. Question

Differentiate (cos x)SI" X with respect to (sin x)<°S X,

Answer



Let u = (cos x)S" ¥ and v = (sin x)<°S X,

We need to differentiate u with respect to v that is find ?.
v

We have u = (cos x)sin X

Taking log on both sides, we get

log u = log(cos x)sin X

= log u = (sin x) x log(cos x) ['"log a™ = m X log a]

On differentiating both the sides with respect to x, we get

d u d

o (logu) x e [sinx x log(cosx)]

Recall that (uv)’ = vu’ + uv’ (product rule)

d du d d
=W (logu) x e log(cosx)ﬁ (sinx) + sinxﬁ [log(cosx)]

d 1 d
We know < =-and = (sinx) =
e know —(logx) = - and —(sinx) = cosx

1 du log( ) +s [ 1 d ( )]
= — W — = -
. xdx og(cosx) X cosx + sinx p— COSX
1du log( )+ sinx d ( )
= T cosxlog(cosx p—— cosx
1du log( )+t d ( )
= o cosxlog(cosx anxdx cosx
We know % (cosx) = —sinx
LU _ cosxlog(cosx) + tanx (~ sin)
= o cosxlog(cosx anx(—sinx
1du log( )t .
= e cosxlog(cosx anxsinx

But, u = (cos x)sin x

1 du

= (cos) = dx = cosxlog(cosx) —tanxsinx

u .
S (cosx)®™*[cosxlog(cosx) —tanx sin x]

Now, we have v = (sin x)¢°s X

Taking log on both sides, we get

log v = log(sin x)<0s X

= log v = (cos x) x log(sin x) [ log a™ = m X log a]

On differentiating both the sides with respect to x, we get
d v d

- (logv) x i &[cosx % log(sinx)]

Recall that (uv)’ = vu’ + uv’ (product rule)

d dv . d d .
= (logu) x e Iog(smx)ﬁ(cosx) + cosx&[log(smx)]



d 1 d .
We know — (logx) = - and —(cosx) = — sinx

d

dv 1
=3 x — = log(sinx) x (—sinx) + cosx [ﬁ_ (smx)]

dx xdx

1dv inxlog(si )+cosxd(. )
=g~ sinxlog(sinx) +— — - (sinx
ldv inx log(sinx) + cot d (sinx)
=S qx— sinxlog(sinx) + cotx o (sinx

d . .
We know = (sinx) = cosx

1dv

= —— = —sinxlog(sinx) + cotx X {cosx
— glsinx) (cosx)
1dv inxlog(sinx) + cot

= —— = —sinxlog(sinx) + cotxcosx
v dx B

But, v = (sin x)<0s X

1 dv
= (Sinx) o= dx = —sinxlog(sinx) + cotx cosx

dv
S (sinx)®°**[— sinxlog(sinx) + cotx cosx]

du
We have & — &
dv =
dx
du  (cosx)¥™*[cosxlog(cosx) — tanxsinx]
= — =
dv  (sinx)ees*[—sinxlog(sinx) + cotx cosx]

du (cosx)*™*[cosxlog(cosx) — tanx sinx]

Tdv (sinx)cesx[cotx cosx — sinx log(sinx)]

Thus, du _ (cosx)5 ¥ [cosxlog(cosx)—tan x sin x]

dv  (sinx) 05X [cotxcosx—sinxlog(sinx)]

9. Question

-

Differentiate Sill_l[ _
1+x~

Answer

- 23 _q {1
Let u = sin 1(—‘{) and v = cos 1( x )
1+x2 1+x2

We need to differentiate u with respect to v that is find ?.

23
We have u= sjn_l( * )
1+x°

By substituting x = tan 8, we have

L _1( 2tan® )
N (tang)2

. _1( 2tanb )

= u=sin""|———5=
1+tan?6

= u = sin~! (ﬂ) [ sec?8 - tan26 = 1]
sec? @

. J with respect to cos™

A

9

1+x°

v

J.if0<x<l.



2 % sin©

= u=sin? %59

cosZ0
— sin 6 5
= u=sin""12x——xcos“0
cosB

sin"1(2sinBcosh)

4
c
I

But, sin26 = 2sinBcoso

= u = sin"1(sin20)
Given0<x<1=x€(0,1)
However, x = tan 6

=tan6¢€ (0, 1)

=0¢€ (Og)
= 20¢ (o,g)

Hence, u = sin"1(sin26) = 26
=y = 2tan"1x

On differentiating u with respect to x, we get

du d
- _ -1
. (2tan™'x)
du d
i Sl TR |
= 2 = (tan~'x)
da -1y __1
We know = (tan~1x) = .
du 5 1
= — = _
dx 1+x2
_ du B 2
Tdx 1 +x2

_.2
Now, we have v = cgs—* (1—‘)
1+x2

By substituting x = tan 6, we have

_ f1-(tan 9)?
V=S Ty (tan®)2

. (1 — tan?® G)
= V = C0S

1+ tanZ0

- 4
= v =cos~! (122 E) [ sec20 - tan20 = 1]
ecZ @

L 1 tan® 0
= V = C0S -
sec?8 secB

sin? @

2
o v — cos™ cos 0
coszﬁ -:0528




= v = cos1(cos26 - sin26)
But, cos26 = cos26 - sinZ6
= v = cos 1(cos26)

However, 6 ¢ (O,E) =20¢ (0, g)

Hence, v = cos 1(cos26) = 26
= v = 2tan"1x

On differentiating v with respect to x, we get

dv d
e &(2 tan"1x)
dv d
= —=2—{(tan'x
dx dx( )
4 -1y =_1
We know — (tan™"x) = —
dv 5 1
= —=2X
dx 1+x2
dv 2
Tdx 14+x2
d du
, o
We have == {-JEL
dx
2
du  T+x2
dv 2
1+x2
du 2 1+x?
dv 1 +x2 2
du
dv
du
ThUS, E = 1
10. Question
. . -1 1—'ax.‘ . L)
Differentiate tan with respectto f . 5° x=
1—ax
Answer

Letuy =tan™? (g) andvy =1 + aZx2

We need to differentiate u with respect to v that is find ?.
v

We have u = tan~! (“‘“)

1-ax
By substituting ax = tan 6, we have

1+ tan 8)

u=tan?! (—
1—tanb



T
tang +tan®@

T
1-— tangtan 7]

= u=tan?
T tanA + tanB

— tap-1 - _
= u =tan (tan (4 + GD [ tan(A+ B) | —tanAtanB

AL
=Su=—
4

s
su=7 + tan™(ax)

On differentiating u with respect to x, we get

du dm
= -1
i [4 + tan (ax)]
du d ,m d
— (= — -1
it (4) + = [tan™*(ax)]

We know di (tan'x) = % and derivative of a constant is 0.
X

+x2
du 0+ 1 d( )
= — = -
dx 1+ (ax)?2dx ax
du_ 1 [ d ( )]
Tax 1trazxltm e
du a d

(x)

::'E: 1 +a2x2dx
d

We knowa(x)— 1
du a 1
—_— =W

= dx 1+a2x2
du a

Tdx 1+ azx?

Now, we have v = /1 + aZx2

On differentiating v with respect to x, we get

dv  d

dx  dx
dv

_d[:l_i_ZZ)l
ﬁdx—dx 47X" )2

(‘\.’ 1+ azxz)

We know di (x™) = nx™* 1
X

dv 1 1 _d
=_z 2.2v5-1 % 2.2
= 2(1+ax)2 dx(1+ax)
dv 1 ird d
_Z 24275 2.2
= =) z[dx(l)+dx(ax)]

dv 1 d d
v - &2 2% 2
~ ax 241 + aZx? [dx(l)+a dx(x )]

We knowdi (x™) = nx™ ! and derivative of a constant is 0.
X



dv 1
= —=——o==J0+a%(2x*"
dx 241 +a2x? [ ( )

dv 1

- —=—[2a’
dx 2\,’1+azx2[

a’x]

dv a’x

T dx v1+azx?

="
5]

Ll

We have & = &
dw fakil
dx
a
du  T+a7x?
dv ~~  aZx
V1 +azx?
du a V14 a2x?

= — = X
dv  1+azx? ax
du 1

Tdv axy1+ aZx?

du 1
Thus, — =

==
dv  awy/1+a2x?

11. Question

. 5 . _ X \ .
Differentiate sin 1(2);\;1—)(‘ ) with respect to tan 1[ 7] if ———

Answer

Letu = sin™*(2xyT —x2) and v = tan™* (v%)

We need to differentiate u with respect to v that is find ?.
v

We have u = SiIl_l(ZX\W)

By substituting x = sin 8, we have

u=sin"t (2 sin® Vm)

= u =sin™! (2 sme\,’m)

=>u= 5111‘1(2 sin @ \/m ['* sin20 + cos26 = 1]

= u = sin"}(2sinBcosh)

= u = sin"}(sin26)

Given —% <xX< %::- XE (—%é)
v v

However, x = sin 6

0 ( 1 1 )
=sinBel—-—, —
V2'V2

)

=0€ (—g,

=



T
= 20¢€ (—E,E)
Hence, u = sin"1(sin 26) = 26.
= u = 2sin"1(x)

On differentiating u with respect to x, we get

du d

2 E r9gin-t

& (2sin™1x)
du d
Sl -1

= 2dx (sin~'x)

1

A 10y
We know dx(sm X) =

v1-x2
du 5 1
= —=2x
dx V1—x2
du 2
Tdx yI-x2

Now, we have v = tan~! (%)
Vi1-x2

By substituting x = sin 8, we have

v =tan ! (ﬁ)
J1—(sinB)2

= v=tan?! (Lle)
v1—sinZ0

=V= tan‘l( ﬂ) [ sin%0 + cos?8 = 1]

cos?B

= v=tan™! (sinﬁ)
cosB

= v = tan"1(tan®)

We have 8 ¢ (—E E)

»

4’ 4
Hence, v = tan"l(tan®) = 6

= v = sin"Ix

On differentiating v with respect to x, we get

dv

b SRR |
= dx(sm X)

1
V1-x2

d
We know — (gin~1x) =
dx(sm X)

dv 1

.'.E —\.l_xz

=]
5

d
We have &8 =
dw

B2



d_U. _ N 1—x2
dv 1
Vv1—x2
du 2
—
5> ——=—""x,1-x2
dv 1 —x2 v
du 5
S
du
Thus, el 2
12. Question
i 2X 1 L= ’
Differentiate tan [ . J with respect to cos~ 5
1-x~ 1+x°

Answer

-
Letu =tan™?! (lzx ) andvy = cos™?! (1 = )

—x2 1+x2

du

We need to differentiate u with respect to v that is find o
v

We have u= tan_l (i)
1—x*

By substituting x = tan 6, we have

; _1( 2tan® )
u=tan ‘' (——
1— (tanB)2
; _1( 2tan® )
u=tan | ————=
1—tan28
But, tan 26 = 2tan®
1-tan®8

= u = tan"l(tan20)
Given0<x<1l=xe€e(0,1)
However, x = tan 6

=tan0¢€ (0, 1)

=0¢ (Og)
= 20¢ (Og)

Hence, u = tan"l(tan20) = 26
= u = 2tan"1ix

On differentiating u with respect to x, we get

du
- _= -1
- ix (2tan~1x)
du d
e Sl -1
= 2 = (tan~'x)

1
1+x2

We know % (tan™'x) =

J.if0<x<1.



du_ 1

__2><—
=>ldx 1+x2

du 2
Tdx 1 +x2

.2
Now, we have v = cos~?! (1 x )
1+x2

By substituting x = tan 8, we have

. f1—(tan 9)2
V=S Ty (tan9)2

1—tan®#0
1+ tanZ0

=v= cos‘l(

a2
= v =cos ! (Lﬂe) [ sec?0 - tan?6 = 1]

sec? @
L1 tan® @
= V = C0S8 (m - m)
sin® B
= v=rcos ! 1 — cos:.LZB

cos?B cosZB
= v = cos 1(cos26 - sin?0)
But, cos26 = cos?8 - sin28

= v = cos1(cos28)

LY

However, 8 ¢ (0 3) =20¢ (0,5)

!
Hence, v = cos™1(cos26) = 26
= v = 2tan"1x

On differentiating v with respect to x, we get

dv d
—=—(2tan'x
dx dx( )
dv
= —=2—(tan"x
dx dx( )
4a “1gy__1
We know = (tan™'x) = Py
dv 5 1
= —=2x
dx 1+x2
dv 2
Tdx o 14x2
d du
y &
We havea=%
dx
2
du  T+x2
dv - 2



du 2 ><1—|—x2
= — = — -
dv  1+x2 2

- du_
=

du
Thus, == 1
13. Question

Differentiate tan_l

x+1
Answer

Letu =tan~! (E) and v = sin"1(3x - 4x3)

We need to differentiate u with respect to v that is find ?.

v

We have u = tan~? (:1)

x+1

By substituting x = tan 6, we have

—— (tan[-} - l)
u=tan ‘' |{———
tanf + 1

T

tan @ —tang

su=tant| ————

1+ tangtanﬁ

tanA —tanB

& u = tan-! (tan (9 _ g)) [ tan(A—B) = 1T tanAGnE

. 1 1 11
Given, —- <x<-=x¢ (——,—)
2 2 2°2

However, x = tan 6

tan ® (ll)
= tanB e '3

1 1
-1 _ = -1({=
=0¢c (tan ( 2),‘&111 (2))
1 1
tan—1(Z -1(Z
=0¢c ( tan (2),ta11 (2))

Astan 0 = 0 and tang = 1, we have tan™?! G) € (02)

Thus, 6 —E lies in the range of tan"1x.

Hence, u = tan™! (tan(@ — ED =8 —E

=u=tan "Xx——

On differentiating u with respect to x, we get

du d T
= 14 _ =
dx dx (tan % 4)
du d d ,m
— T — _1 _—— -_
= dx  dx (tan™x) dx (4)

x-1 .
_J with respect to 5111‘1(3:( - 4:(3). if —l <X <
\ b

“

[»J|r—l



We know di (tan"'x) = ﬁ and derivative of a constant is 0.
4 +x

du 1 ‘o
Tdx 1+x2

du 1
Tdx 1 +x2

Now, we have v = sin"1(3x - 4x3)
By substituting x = sin 8, we have
v = sin"}(3sind - 4sin36)

But, sin36 = 3sind - 4sin’0

= v = sin"1(sin30)

. 1 1 11
Given, —- <x <-=x¢ (——,—)
2 2 2°2

However, x = sin 6

11

(-1
= 5l € 23

)

=30¢ (—gg)

=0¢c (—g,

o=

Hence, v = sin"1(sin30) = 36
= v = 3sin1x

On differentiating v with respect to x, we get

dv d
=~ (agin-t
= d}){(35111 X)
dv
a2 (sin-1
= 3d (sin~'x)

1

d
We know — (sin"1x) =
e know — (sin"'x)

v1-x2
dv 3 1
= —=3x
dx V1—x2
dv 3
Tdx JT—x2

1
du  T4%2
= — =
dv 3
W1 —x2

du 1 ><\,’1—x2
= — =
dv  1+x2 3

du V1 —x2
Tdv 3(1+x2)



z
Thus, 84 — V1=x
dv 3(1+x2)

14. Question

cos X

Differentiate tan_l[ —— = | with respect to sec™! x
I+sm x

Answer

Lety — tan~?! (ﬂ) and v = sec’1x

1+sinx

We need to differentiate u with respect to v that is find ?.
v

We have iy = tan_1 ﬂ)

1+sinx

cos
= u=tan*
1+ 5111 )

But, cos28 = cos?0 - sin20 and sin26 = 2sinBcosh.

cos%5 — 51112 X
2

= u=tan"?

T .. . X X
1+ 2 5111 c052

tan-1 cos ——s:n E
= U =1tan" X
c05252+smZ +2 sm—cos—

) [~ sin20 + cos26 = 1]

X\ 2 . X2
- ( cosz)){ (51112) . _
cos 51112) + 2 (sini) (cosi)
( cos + sins ) (cos%— sin%)
= u=tan" 2
cos + 51112)

cos§ — sinE
= u=tan* 27}%

cosz + sins

Dividing the numerator and denominator with cosg, we get

X . X
cos5 —sinz
CO0S>
= u=tan* Xizx
cosi + sini
C0S5
2
cosy  sine
2 _ 2
— X7 T X
cos3 COS5
=u=tan' X
coss sins
2 2
cos> * cos>
2 2
X
1-— tani
su=tan | —=

1+ tan



T X
tang — tani
su=tan'| ———x—%
1+ tanstans

4 2
m X tanA —tanB
— tap-1 o= By —
= u =tan (tan (4 2)) [ tan(A— B) | tan AtanEB
T X
Su=-——=
4 2

On differentiating u with respect to x, we get
du B d (TII X)
dx  dx‘4 2

du d ,m d x
- EZE@_&@

du d o 1d
“dx " dx (E)

We know di (x) = 1 and derivative of a constant is 0.
X

du 0 1 L
=2 —=0—=-x
dx 2
du 1
Tdx 2

Now, we have v = sec’1x
On differentiating v with respect to x, we get

dv
- _ = -1
= i (sec™'x)

d
We know — 1) =
e know — (sec™'x)

xxF-1

_dv_ 1
Tdx WxZ—1

=]
B

du ==
We have == JEJL.;I,L
dx
1
du__ 73
dv 1
XWxZ-—1

du 1 —
- = 2

= = X XX 1
dv 2 v

du wWxi-—1

Tdv 2
Thus, S _ _ xvx*-1
dv 2

15. Question

“ 2

g

1+x°

¥

Differentiate sin_1 [

J with respect to tan_l[
1-x

Answer

J_ if -1 <x<1.



2x
+x2

Letu = sin‘l( )andv=tan‘1( zxz)_
1 1-x

We need to differentiate u with respect to v that is find ?.
v

- 23
We have y = sin 1( * )
1+x2

By substituting x = tan 6, we have

. _1( 2tanb )
LESIATY (tan@)2
. _1( 2tan® )
= = -
v = s 1+tanZB

= u=sin"? (%) [ sec?0 - tan20 = 1]

sec

sin@
2x cosB
=u=sin"?! —

cosZ0

- sin B 5
=Uu=s5in""12x——-xcos°0
cosB

= u = sin"}(2sinBcosh)

But, sin26 = 2sinBcosO

= u = sin"}(sin20)
Given-1l<x<1=xe€e(-1,1)
However, x = tan 6

=>tan6e€ (-1, 1)

=0¢ (—g,g)
= 20¢€ (—g,g)

Hence, u = sin"1(sin206) = 26
= u = 2tan"1x

On differentiating u with respect to x, we get

du d
= -1
i (2tan~'x)
du d
o _a_ -1
= 2 = (tan 1x)

We know di (tan'x) = !
X

1+x2
du 5 1
= — =
dx 1+x2
du 2
Tdx 1+ x2

23
Now, we have v = tan_l( * )
1-x2

By substituting x = tan 6, we have



2tan® ]

— tan—t (7
V=TT (tan@)2

2tanb )

= v=tan?! (—
1—1tan?@

2tan@

But, =
tan 20 P

= v = tan"}(tan20)

M T m T
However, 8 ¢ (_Z’E) =20¢ (— Y 5)
Hence, v = tan"1(tan26) = 26

= v = 2tan"1x

On differentiating v with respect to x, we get

dv d
—=—(2tan'x
dx dx( )
dv d
= —=2—(tan"x
dx dx( )
4a “1gy__1
We know = (tan™'x) = Py
dv 5 1
= —=2x
dx 1+x2
dv 2
Tdx o 14x2
d du
y &
We havegz-&_{:;
dx
2
du  T4x2
dv - 2
1+x?

du
dv
du
Thus, == 1
16. Question

Differentiate cc)s;'l[-‘lx3 —SX) with respect to tan~

Answer

Let u = cos }(4x3 - 3x) and v = tan™! (v 1—x2)

du

We need to differentiate u with respect to v that is find =
v

We have u = cos 1(4x3 - 3x)

By substituting x = cos 0, we have




u = cos 1(4cos36 - 3cosh)
But, cos30 = 4co0s36 - 3cosB

= u = cos 1(cos30)

Given,51<x< 1=x¢€ Gl)

However, x = cos 6
0 [1 1)
=> —
cosB € 2
T
=0¢€ (0,5}

= 36¢(0,m)

Hence, u = cos1(cos30) = 36

1

= U = 3C05 X

On differentiating u with respect to x, we get

du d
_— = — -1
- ix (3cos™1x)

du d

- S -1
= de(cos x)
_
V1-x2

da -1,y _
We know = (cos™'x) =
du 3( 1 )
= — = _
dx V1 —x2

du 3

& VI-x2

s
Now, we have v = tan~! (" * )

By substituting x = cos 6, we have

ve=tan [ Y —— 1 — (cos6)?
cosB

cos@

v1—cos28
sv=tan | ———

- v = tan-! (_ﬂ) [ sin20 + cos26 = 1]
cosB

sinﬁ)

=v=tan?! (
cosB

= v = tan"l(tan®)
However, 0 ¢ (0,3)
3

Hence, v = tan"1(tanB) = 6

= v = cos 1x

On differentiating v with respect to x, we get



e d—(cos‘lx)
4a -1,y _ 1
We know = (cos™1x) = NeE
dv 1

.'.&_ 7\]1_){2

o o
We have d—“ =4
W —

dx

3
Jdu yiox?
dv 1
v1—x2
du 3 V1 —x2

— == X
:bdv J1—x2 -1

du 3
S
du
Thus,E= 3

17. Question

7! 1

_ X _ L S\
Differentiate tan 1[ 7J with respect to sin 1(2:(«.!1— X” ) if - <X <
1-x~ - /

Answer

Letu =tan™t (V%) and v = sin™*(2xy1— x2).

—-X

We need to differentiate u with respect to v that is find %.
v

We have g = tan_l( ,‘{_)
Vi1-x2

By substituting x = sin 8, we have

u=tan?! (ﬁ)
J1—(sinB)2

; _1( sin B )
=u=tan " | ——
v1—sin20

= u=tan"! (L"_B) ['" sin20 + cos26 = 1]

ycos? 8

sinB)

= u=tan? (
cosB

=1 = tan"1(tan®)
. 1 1 1 1
Given —— < x< —=x¢ (—7,7)
v 2 V2 |2
However, x = sin 6

1 1

= sinB € (— ——)
V2'\2



T
=0¢ (—zz)

Hence, u = tan"1(tanB) = 0

= u = sin"1x

On differentiating u with respect to x, we get

du

e |
= dx(SHl X)

1

d
We know — (sin~1x) =
dx( ) Vi1-—x2

du 1

o E = 7\] 1 — Xz
Now, we have v = sin™*(2xy/1— x2)
By substituting x = sin 8, we have
v =sin™?! (2 sinf/1— (sinﬂ)?)
= v=sin"! (2 sinf4/1 — sin? 8)
=v= 5111‘1(2 sin 8 v cos? B) [** sin20 + cos26 = 1]
= v = sin"1(2sinBcosB)
= v = sin"}(sin20)

T m T
However, ¢ (~7,7) =26 (~1.7)
Hence, v = sin"1(sin 20) = 26.
=v = 2sin"}(x)

On differentiating v with respect to x, we get

dv d
_ so=1
= dx(z sin™1x)
dv d
== 2& (sin~*x)
2 (sin~lx) = —
We know = (sin"'x) = e
dv 5 1
= —=2x
dx V1 —x¢2
dv 2
TN
du du
We haveaz{%L
1
= d_u= W1 —x2
dv 2
Vv1—x2



du 1 v1—x2

=—= X
dv 1 —x2 2

du 1
Tdv 2
ThUS, E = E

dv 2

18. Question

Differentiate Sin_l l—x:' with respect to cot_l
1-x
Answer
Let y = sin~!y1 - x2and v = cot™?! (v%)
du

We need to differentiate u with respect to v that is find =~
v

We have y = sin™! /1 — x2
By substituting x = cos 6, we have

— sin-1./T —(cos8)2
u=sin"*/1 —(cos0)?

R .
= u=sin"t41— cos2@

= u=sin"t+sinZ@ [ sin%0 + cos?0 = 1]
= u = sin"}(sind)

Given,0 <x<1=xe€ (0, 1)

However, x = cos 6

=cos B e (0, 1)
=0¢c (Og)

Hence, u = sin"1(sinB) = 6

= u = cos™1x

On differentiating u with respect to x, we get

du
- _ -1
- ix (cos™1x)

1

V1-x2

We knowdi (cos™ix) = —
X

du 1

& Vi-x

Now, we have y = cot‘l( * )
y 1—x2

—

By substituting x = cos 6, we have

v cot-1 (Lse)
J1—1(cosB)2

if0<x < 1.



cosB ]

/1— cosZ0

=v= cot‘l(
v

= v=rcot! (ﬂ) [ sin20 + cos28 = 1]
\/ 5in%8

cosB)

=v= cot‘l( :
sin @

= v = cotl(cotB)
However, 8 ¢ (0,3)
2

Hence, v = cot"1(cotB) = 6
= v = cos Ix

On differentiating v with respect to x, we get

dv
— = —(cos™1x
dx dx( )
4a 1y __ 1
We know = (cos™'x) = Neres
dv 1
Tdx o JI-x?
a du
,
We have == JEJEL
dx
1
d_u __v1l-—x?
dv 1
V1—x2
du 1 V1 —x2
dv V1 —x2 -1
du
s
du
Thus,;: 1

19. Question

: 2 — 1 1
Differentiate sin™ ( 2axqfl—-a"x” ) with respectto f]_a% x? if ——— <ax < —.
. - v TR R

Answer

Letu = sin~*(2axy/1T —a?x2) and y = /1 — aZx2.

We need to differentiate u with respect to v that is find %.
We have u = sin~*(2axy1 — a?x?)

=u=sin"?! (Zax\,’m)

By substituting ax = sin 8, we have

u=sin"? (2 sin®./1— (51118)2)



= u=sin"! (2 sinﬁvm)
= u = sin~!(2sin 8+/cos28) [ sin0 + cos?6 = 1]
= u = sin"1(2sinBcosh)
= u = sin"}(sin26)
Given —% <ax< %:— ax e (—%i,_)
A Y

However, ax = sin 6

= sinB € (—i i)
V2'V2

=0¢ (—gg)

= 20¢ (—gg)

Hence, u = sin1(sin 26) = 26.
= u = 2sin"1(ax)
On differentiating u with respect to x, we get

du d
_— = — in~t
- ix (2sin™t ax)

du d
9 fain-1
= 3 ZdX(sm ax)

1
Vi1—x2

A -1y
We know dx(sm X) =

d 1 d
u=2x7—(ax)

-
dX -\,"ll_ (ax)zdx
du_ 2 [ d ( )]

= dx_,jl_a?XZ adx *

du 2a d
—(x)

Tax V1 —azxzdx
d
We know E(X) =1

du 2a L
= —=—"¥
dx 1 —a2x2?

du 2a

dx Vv1—a?x?
Now, we have v = /1 — aZx2

On differentiating v with respect to x, we get

dv_d
dx  dx
dv_d

1
Y _ 8 22
:dx dx(l a‘x’)z

(\.’ 1- azxz)

We know di (x") = nxt—1
X



dv 1

1 .d
[ a2 21 _ 42,2
= 2(1 a’x?)z dx(l a‘x®)
dv 1 | d
i - -5 S 2 a2,z
:dx 2(1 ax)z[dx(l) dx(ax)]

dv 1 d d
w__ 1ty 28
T & 24/1 — a2x? [dx(l) T (x )]

We knowdi (x™) = nx™"! and derivative of a constant is 0.
.4

dv 1

_ — 0_ 2 2 2—1

= 72»#—32:42[ a®(2x*1)]
dv 1

= — =" 2
dx 241 —a2x?

[—2a%x]

dv a’x
Tdx o JT—axx?

o o
We have d—“ =4
W —

dx

2a
dLl \‘ll l — aZXz
= — =
dv alx
W1 —aZx?
du 2a V1 —aZx2
dv_,jl_a?XZ —azx
du 2
Tdv o ax
Thus, du__2
dv ax

20. Question

_X\
—J with respectto f] _y2 if-1<x<1
1+x ’

Differentiate tan ™!

Answer
Letu = tan™? (?) and y = /1 — x2
+x

We need to differentiate u with respect to v that is find ?.
v

We have u= tan_l (i‘)

1+x

By substituting x = tan 6, we have

. _1(1—t3119]
u=tan " (—
1+tanb
T
tang—tanﬁ
su=tan'| —————
1+ tan-tan®

4

tanA —tanB

= u=tan (tan (3 -0)) [+ ana - B) = T



Given, -1 <x<1l=xe€e(-1,1)
However, x = tan 6

=tan0Be (-1,1)

=0¢ (—gg)
= i Be (0,2)

Hence, u = tan™?! (tan G — 8)) = E -8

m
=u=—-—tan"”
4

1y

On differentiating u with respect to x, we get

du_d (E —tan™! x)

dx  dx \4

du d ,m d

e = =} = — -1
=>dx dx(-‘}) dx(tan X)

We know di (tan™'x) = % and derivative of a constant is 0.
X

+x2
du 1
= —=0——
dx 1+ x2
_du_ 1
Tdx 1+ x2

Now, we have y = /1 — x2
On differentiating v with respect to x, we get

24
dv d

1
_ _ w233
::-dx dxl:l x?)z

We know di (x™) = nx®1
X

dv 1 1 _d

T w51 2
= 2(1 x%)z dx(l x?)

dv 1 ird d

11— w2y 5| — Ry A
:bdx 2(1 x) 2[dx(l) dx(X )]

dv 1 d d
[ I (%2
= dx 21 —x2 [dx(l) dx[:}li )]

We know di (x™) = nx™! and derivative of a constant is 0.
4

dv 1 [0 — 2x2-1]
Tax 2yi-x2 X

dv 1

— = [-2
~ dx 2«1—;@[ ]

dv X

.'.E— —\‘l_xz



1
du 1+x?
dv X
Vv1—x2
du 1 V1 —x2
dv 1+ x2 —X
du Vv1—x2

tdv o x(1+x2)

==
Thus, 38 _ V1=
dv x(1+x2)

MCQ

1. Question

Choose the correct alternative in the following:
If f(x) = logy2 (log x), then f'(x) at x = e is

A.0

B.1

C.1/e

D 1/2e

Answer

f(x) = logy2 (log x)

Changing the base, we get

log(logx)
= f(x) = o2
loga
%822 = ogh
log(logx)
=1 ﬂ:X) = T
dogx

So,f'(x) = %{% [dx {log(1 OEX)}] +log(logx) [d [ng}]}
=f(x) = {logx [logx i] +log(l ng)[ 108X) %

Putting x = e, we get

o (171 1., 21
= f(e) = {loge [loge ]+0g(0ge)[ loge E”

, 1 1 1 1
= (o) = E{ [(ln:)ge)2 'e] *logdl oge)[ loge) E]}

= f(e) = ;[ ]—i—log(l)[ ]}( loge =1)




= f'(e) =§[ L +o. [— (;)2.3]} (“log1=0

12 e

1
= f = —
(e) e

2. Question

Choose the correct alternative in the following:

The differential coefficient of f(log x) with respect to x, where f(x) = log X is

A

C. (x log x)71

D. none of these
Answer

Given: f(x) = log x

-~ f(log x) = log(log x)

d
f' (logx) = &log(logx)

~f(log x) = (x log x)1
3. Question

Choose the correct alternative in the following:

The derivative of the function cos ! {(cos 2x )1 . } atx = /6 is

A. (2/3)12
B. (1/3)1/2
C. 31/2
D. 61/2

Answer

1 1

fe) = - 112 "2+/cos2x
jl — [(cos Zx)i]

.(—sin2x) .2

1
V1 —cos2x +cos2x

.(sin2x)

Putting x = /6, we get

1 1 ( . ZT[)
= . .| sin—
2m 21 6
1-— (cos—) CO0S—

6 6



Il
'_\.
'_\
||—x
=
/"_:;\
N[5
RS

1-5 |z

Simplifying above we get

=
V3

3
:ﬁ.ﬁ.(‘?): 3

~f(x) = V3 = (3)112

Il
=

4. Question
Choose the correct alternative in the following:

Differential coefficient of sec (tan™! x) is

Answer
Let f(x) = sec (tan™! x)

Let 8 = tan'1x

®_ 1

dx 1+x2

d de
f'(x) = - (secﬁ).&

1

-- From (1)
1+4x7%

= secB.tanb.

Now 8 = tan'lx
=x=tan O
— V11 x2=sech ~sec?®-tan?0 =1

Putting values, we get

=secB.tanf.——
1+x2

—
=Jl+x2x ——
VIR



(%) = ——
() v1+x2

5. Question

Choose the correct alternative in the following:

1+sinx

Iff(x) =tan™t |~ "= 0=x=nm/2 thenf (/6) is
l—sinx
A. -1/4
B.-1/2
C.1/4
D. 1/2
Answer
B _1 [1+sinx
f(x) = tan o
—_—
1+ 2. sin% cos%
=tan~? %%
1—-2. sini cosi
\

" sin2Xx = 2 sin X €os x

= sin X = 2 sin x/2 cos x/2

. L X X . X X
sin?= + cos?s + 2.sinscos=
i 2 2 iy — _
sin?5 + cos > 2. sinz cos 5

\

“sin2x/2 + cos?x/2 = 1

2
. X X
(Sllli +COSE)

=tan~!

sinE —cosi)2
4 2 2

X X
sins +cos5
=tan"! —)% 2

N> _cos~
sin5 —cos5
Dividing by cos x/2 we get

-1 tant+1 -1 tans+1 .
=tan~!{—%—|= —tan~!|{—=2—%] Taking - common
4

tan——1 1—tan—
2

X s
tans + tan

= tan | —2 4 < 4]T
1-— tani.tanz

X T

_ o tan—1 i

= —tan [tan (2+ 4)]

ran(A — B) tanA +tanB

v tan(A — =

1—tanA.tanB

—tan~! [tan G+ E)] v 0=x=<m?2

- f(x) = (% + 5



T 1

F(g)=3=®
6. Question

Choose the correct alternative in the following:

W K

l—iJ .thengz

|f V=
) X dx

X "
A 1—i Jlt::-g I—LJ——I }
X 1 X x+1
B.11+— | log l—lJ
X X
)LJ x
Cll+— | qlog(x+1)———
X ] X +1

D. 1—i Jlog
x) |

Answer
X
Giveny = (1 + ‘—t)

Taking log both sides we get
1 X
=logy = log(l + ;)

1
= logy =x.1og (1 +;)
Differentiating w.r.t x we get,

PR PO O
=)de— Jdog " 1+1.( x?)'x

X

o~ (loe(1+ )+ 55-(-5)
=— = = gq-=
dx 08 X x+1 X

Putting value of y, we get

T~ (1+5) (g1 +3)-57)
& x/ %% x/ x+1

7. Question

Choose the correct alternative in the following:

If ¥ = eX7Y, then gis

dx
l+x
" 1+logx

1-logx
" 1+logx



C. not defined

logx

D.———=
(1+logx)

Answer

xY = Xy

Taking log both sides we get
log x¥ = log XY

y log x = (x-y) loge

ylog x = (x-y) loge =1

X

yzlogx+l

Differentiating w.r.t x we get,

dy 1.(logx+1) —%.x
dx (logx + 1)2

dy logx

dx (1+1logx)?
8. Question
Choose the correct alternative in the following:

Given f(x) = 4x8, then

A f'[lJ:f- _%J

o) 4

ooer(

Answer
f(x) = 4x8
f'(x) = 32x’

Consider option (A)

)2 - ()

()l ()



Consider option (B)

)+ -2t -

()2 =l )=

Consider option (C)

g

(CRIC REREE
()23 (-
.-.f(—%)=f(—%)= (©

Consider option (D)

((3) = +(3) = #(55¢) = o

2/ "\2) " “\2me/

r(-3)-32(-3) -32(-535) - 4
2) 2) 128/

5 =r(-2)
9. Question

Choose the correct alternative in the following:

Ifx =acos’6,y=asin36,then [ d_‘ ] _
dx

A.tan? @

B. sec? @

C.sec®H

D. |sec 6]
Answer

We are given that

x=a.cos’0,y=a.sin’*0

dy z
) =7
1+(dx) '

Now, we know

dy
dy _ de
dx  dx
de



Now,

dx_ d 3g
B dea.cos

= —3acos?Bsin B (Using Chain Rule)

Again
dy d g
a6~ Ea.sm 7]

= 3asin? B cos® (Using Chain Rule)

d & 3asin® @ cosA
Now, &¥ — gg _ 25T 7009
dx o —3acos?0sind

By Simplifying we get,

dy
i —tan®

d
1+ (5{) = J1+(—tanB)? = /1 +tan2@ = /sec2@

2

~ 1+ (g) = [secB| = (D)

10. Question
Choose the correct alternative in the following:
If

-

A —

ey

1+x~

(]

2—x-
Answer
i1 1-x2
y =sin™ (175)
Put x = tan 6= 0 = tan'lx

__,(1—tan®8
Y= \T+tan?e

in-(cos26) 1—tan?@ -
y = sin"*(cos oz =

y = sin™* (sin G - 29))



_I_ 20
Y=3

Putting value of 6 we get,

1

T 2tan-
= == an X
Y=3

Differentiating w.r.t x we get,

Y-l

dx 1+x2
d -1 1
-&tan X:l—i—x?
dy 2
LA —— \
dx 1+ x2 (4)

11. Question

Choose the correct alternative in the following:

1 .
qu with respect to ,"1 +3x atx=-1/3

2x° +1

The derivative of sec_1

A. does not exist
B.0

C.1/2

D. 1/3

Answer

Letu= sec‘l(%) andv=+1+3x
Zx=+1

(&)
— =7
dv/,-_1

3

Considering u,

“(5e79)
u = sec
2x2+1

Put x = cos 6

0 = cos'x ----(1)

u=sec?! (é) = sec‘l( ! ) + 2c0s?0+ 1 = cos28
2co820+1 cos20

= sec !(sec28) = 20
= u = 2cos™*x From (1)
Differentiating w.r.t x

du 2

= — = -
dx V1 —x2

Considering v,

Differentiating w.r.t x



dv 3
= —=—
dx  2J1+3x
du
du_ﬁ_du dx
dv  dv  dx “dv

dx

du 2 241+ 3x
v Ji—x2 3

du 4 1+ 3x

dv 37\.J1—x2

-

(du) 4 1+ 3(—5)
=== - — = .

dV K=—§1 3 l B (_1)2

\ 3

= (S_DF_A =0=(B

12. Question

Choose the correct alternative in the following:

For the curve .V/;_ \/x_ =1 d_‘ at (1/4, 1/4) is

dx
A. 1/2
B.1
C. -1
D.2
Answer
v+ fy=1
Differentiating w.r.t x we get,

d d d
== (X +(F)=5®

1 1 dy d n n—-1
:Dﬁ—i_ﬁ .&—0 . &(X )—II.X
¥ i

dx X

i 1

y _ 4
(o =1

\ 4

dy
(=17

0 =32

13. Question

Choose the correct alternative in the following:



If sin (x + y) = log (x + y), then dy _

A.2

B. -2

C.1

D.-1

Answer

sin (x +y) =log (x +y)

Differentiating w.r.t x we get,

dy 1 dy)
= cos(x+y).(1+&) _x+y'(1+£
1

dy dy
= cos(x+y).(1+&)—x+y.(l+&) =0

dy 1
= (l + E) (cos(x+ y) — e y) =0

1

= (g) (cos(x—l— V) _ﬁy) + (cos(x+ ¥) —m) =0

dy (cos(x +y)— x}—_y)

dy_
Tax

14. Question
Choose the correct alternative in the following:
in ]

o 2% . -
Let U=sm 1[ ,}J and V = tan™
1+x~

2x dU
. J then — =
1+x° dv

A 1/2

B. x

C 1-x~

1+x°
D.1
Answer

We are given that

. 2% i 2%
U = sin (1+X2),V=t3n (1—}{2)

du
=7
dv

Now, we know



du d --1( 2x )
1+x2

Put x =tan 6

0 = tan'lx ----(1)

du d _1( 2tanb )

= dx dxsm 1+ tan?@

_d i~ (sin28) 2tanf 20

= dxsm sin 'l—i—tanzﬁ_sm
d 20

©odx

— Zt -1. _ 2

Tt YTk

Again

dv dt _1( 2x )
dx  odx ot o\1 %z

Put x =tan 6
8 = tan'lx ----(1)

dv d 1( 2tan® )
1

= ax Etan —tan? 0
_d tan~!(tan 20) - 2tan? =tan20
= = an~(tan " T tan?8 an
d 28
Cdx

15. Question

Choose the correct alternative in the following:

d [ _1[ COSX
— tan _ equals
dx ] l+sinx
A.1/2
B. -1/2
C.1
D. -1



Answer

d _ COSX
dx 1+sinx

(T
= di tan™! %@X_}X) v sin G— x) = cosx and cos G— x)
=sinx
Put = —x=2t= t=——§--(1)

d[t _1( sin 2t )}
:bdx an 1+ cos2t

2sint.cost

= i[tan‘l( )} "* sin2t = 2sint.cost and 1+cos2t = 2cost
dx

2cos®t
d{t ~(tant)}

= —{tan an
dx

d d fm x 1
= 5=5(-))=-1-Ffrm

d _ COSX 1
dx {tan ' (l + Sinx)} T2
16. Question

Choose the correct alternative in the following:

374
d l (x-2
— | log{e® J equals

[ {2

Answer

£ oefe ()|

_ x=2 _du_ Lix+2)-(x-2)1_ 4
Letu= x+2 = dx (x+2)2 T (x+2)% (1)

:log{ex(u)%}]

d
~ ax
arf 3
== _loge" + Iog(u)?t]
arfg 3
= _x.loge + Elog(u)]

d .
= E[x—i—zlog(u)] “loge=1



1+ 3
T T -2

(x*—4)+3

(2= 1)

3

d | Y(X—Z)Z _xz—l_(A)
d & X+ 2 x2—4
17. Question

Choose the correct alternative in the following:

. dy
Wy:QMHx—yﬂwna;:

X

Sin X

C2y-1

sin X

1-2y

COsX

1-2y

COsX

2y -1

Answer

y = /Snx+y

Squaring both sides
=>yl=sinx+y
Differentiating w.r.t x we get,

d d
= Zy.d—i = CO0SX +Ey{

dy
= E(Zy— 1) = cosx

dy cosx
= —= =
de 2y—-1

18. Question

Choose the correct alternative in the following:

If 3 sin(xy) + 4cos (xy) = 5, then d_‘ =

dx

-

]



3sin(xy)+4cos(xy)

3cos(xy )—4sin(xy)

3cos(xy)+4sin(xy)

4cos(xy)—3sin(xy)
D. none of these
Answer
3 sin(xy) + 4cos (xy) =5

Differentiating w.r.t x we get,

=3 [cos(xy). (1.y + xg)] + 4 [— sin(xy). (1.}; +x g)] =0

(Using Chain Rule)

d d
= [3y605(xy) + 3xc05(xy)-5{| + [—4y sin(xy) — 4xsin(xy).d—ﬂ =0

d
= E}; [3x cos(xy) — 4x sin(xy)] = 4y sin(xy) — 3y cos(xy)

dy  y[-4sin(xy) +3cos(xy)] y

dx  x[3cos(xy)— 4sin(xy)]  x

dy vy

SaxT kW

19. Question

Choose the correct alternative in the following:

dv

If siny = x sin (a + y), then == is

sina
A.

sinasin’ (a +v)

g sin“(a+y)

sina

C.sinasin? (a +vy)

p. Sin“(a-v)
sin a

Answer

siny = xsin (a +vy)

siny
= ————=X
sin(a +y)

Differentiating w.r.t y we get,

dx d ( siny )

[EE N [ —
dy dy\sin(a+y)

_ cosy(sin(a+y)) —cos(a+y).siny

B [sin(a + y)]?




cosy (sinacosy + cosasiny) — (cosacasy — sinasiny) siny
N [sin(a+y)]2

sina cos?y + cosacosysiny — siny cosacosy + sinasin?y
N [sin(a+ y)]?

sina(cos®y + sin? y) + cosacosysiny — sinycosacosy
B [sin(a+ y)]2

dx sina

i 2 2
&y~ GinGa+ )2 cos“y+siny=1

d ta2
LIy _sin@ty) g

dx sina
20. Question
Choose the correct alternative in the following:

-1

The derivative of cos™! (2x2 - 1) with respect to cos™! x is

A 2

1
B.

)

241—-x
C. 2/x
D.1-x?
Answer
Letu=cos! (2x2-1)and v = cos ! x

du
— =7
dv

Considering u = cos™! (2x2 - 1)
Put x = cos 8 = 6 = cos1x ---(1)

cos! (2cos?6 - 1)

u
u = cos! (cos28) - 2cos?6 - 1 = cos28
u=20

U = 2 cosx -- From(1)

Differentiating w.r.t x we get,

du 2

- =
dx V1—x2

Considering v = cos™1 x

Differentiating w.r.t x we get,

dv 1

= — = -
dx V1—x2

du
du _gx _du dx
=>ldv_@_dx'dv
dx



du 2 (—\gﬁ)

ca T e VT
du 5

= — =

dv

21. Question

Choose the correct alternative in the following:

If f(x) =+/x’ + 6x + 9, then f'(x) is equal to

A l1forx<-3
B.-1forx < -3
C.1lforall xe R
D. none of these
Answer

f(x) =+vx2+6x+9
= f(x) = /(x+3)2

= f(x) = |x+ 3|

R f(x)—[ (x+3),x+3=z0=x= -3
T l-(x+3),x+3<0e=x< -3
1,x=-3
=)= {—1 X< —3
22. Question

Choose the correct alternative in the following:
If f(x) = [x2 - 9x + 20|, then f'(x) is equal to
A. -2x + 9 for all xe R

B.2x-9if4d<x<5
C.-2x+9if4<x<5

D. none of these

Answer

f(x) = |x2 - 9x + 20|

= |x2 - 4x - 5x + 20|

= |X(x - 4) - 5(x - 4)|

f(x) = | (x-5) (x - 4) |

(x—5)(x—4),x=5 andx=4
= f(x) :[ —(x—5)(x—4),4<x<5

(2x—9),x=5 andx =4

’ —
ﬁf(x)_{ 2%X+9,4<x<5

23. Question

Choose the correct alternative in the following:

If f(x) — ,,u'x3 —10x +25. then the derivative of f(x) in the interval [0, 7] is



Al

B. -1

C.0

D. none of these
Answer

f(x) = vx2—10x + 25

= f(x) = /x2 — (2)(5)x + 52
= f(x) = (x —5)?
= f(x) = |x — 5|

:Dﬂ:x)_[(x—S),x—SEOQXEB
T l-(x—-5),x—-5<0o=x<5

1,x=5
= f(x)= {—1 x<5

Since there is no fixed value of f'(x) in the interval [0,7], so the answer is (D) none of these
24. Question

Choose the correct alternative in the following:

If f(x) = |x - 3] and g(x) = fof(x), then for x > 10, g'(x) is equal to
Al

B. -1

C.0

D. none of these

Answer

a(x) = fof(x) = f(f(x)) = |f(x) - 3| ~ f(x) = [x - 3]
=[lIx-3[-3]

e al (x—3),x>3

*Ix 3|_[—(x—3),x<3

Since we have given x > 10 then |x - 3| = (x - 3)
Sg(x) = [(x-3)-3] = |x-6|

(x—6),x>6

< x—6l= [—(x—6),x< 6

Since we have given x > 10 then |x - 6] = (X - 6)

- g(x) = (x - 6)
, d
g = (x—6) =1=(4)
25. Question
Choose the correct alternative in the following:

Xl
x™

1+m | m+n W=l

m i
If f(x)= X_n] X_l] _then f'(x) is equal to
X X




Al
B.0O

C. Xl+m+n

D. none of these

Answer

l+m
1 o

m+n ,_n o+l
=5 & &

(Xl}lﬂnl (Xm)m+n. [:Xn)n+1

f(X) = (X111)1+m_[:xn)m+n_ (Xl)n+1

(X) 1%+ m (X) mZ+ n [:X) nZ+l
= l+m? m+n? n+l2
(x)h+me (x)m+0® (x)

2,,.2,.3
(X)l +m+n< +m+n+l

= f(x) =

(X)12+mz+nz+m+n+l =
Differentiating w.r.t x
2 O:: dy =

dx

26. Question

Choose the correct alternative in the following:

If, v = + ! 4+ !
y I_Xa—b _Xc—b l—Xb_C gt l_xb—:l Ly
Al
B-(a+b- c)xa_h_c_l
C.0
D. none of these
Answer
1 1 1
N T T
v 1 1 1
1+:—:+X—; 1+§2+§—2 1+i—:+::
xP x° x?
Y T b i xr e XD XA XA R0 xC

X%+ xP +x° L
= =—=
Y xarxb+x°
Differentiating w.r.t x
dy
= — =
dx

27. Question

0

Choose the correct alternative in the following:

v
_. then d_ is equal to



\ dy .
If 1=x® +./1—=v® =a° (x° =v* ). then 2 is equal to
y JI-y° = (x° -y?). then 2=

2 6

A 1-y
v2V1-x°

B.

C.

D. none of these

Answer

\‘."1 — %6+ \f"ll — }’5 =33 (XE _ ya)
Let x3 = cos pand y3 = cos q

cos'Ix3 = p and cosly3 = q - (1)

= J1—cosZp+ /1 —cosZq=a*(cosp — cosq)

= sinp + sinq = a(cosp — cosq)

= ZSill(p —Zl_ q) .COS (?) = —2a’sin (p ; q) .5in (p Z q)

Comparing L.H.S and R.H.S we get,

_ q) =—a° sin(p ; q)

= COS(

= [
(5

pP—q 1
= tan 5 )=—;
P~aq_ —1(_&)
== =tan e

a1
=p—q=_2.tan (—;)

Substituting value of p and g from (1)

1
= cos™}(x*) — cos™I(y?*) = 2.tan™? (— a_a)

Differentiating w.r.t x we get,

3x? 3y? dy
= — - - —=0
V1—x¢ J1—ye/ dx

( 3y? ) dy 3x?
= = =
J1—ye/) dx J1—xs

Comparing L.H.S and R.H.S we get



dy x* [1—y*
=)d}:{_y? 1—x6

28. Question

Choose the correct alternative in the following:

If v = lgg\m_ then the value of d_‘ at x = Tis given by
’ B dx 4

A

B.1

C.0

D. 1/2

Answer

y = log+/tanx
1
=y = log(tanx)z
1
=y= Elog(tan x)

Differentiating w.r.t x we get,

dy 1 1 5
= —=—.—— (sec*x
dx 2 tanx ( )

29. Question

Choose the correct alternative in the following:

o] s I

.| XT—yT dy .
If sin™'| ==~ | =loga then — is equal to
X" +y° dx
xt—y?
A. 3 )
X_' _."_
‘.’
B. _
X
X
C. —
Y

D. none of these

Answer



2 2
P
sin ( )—— loga
B ty? g

X2 _ yZ
m = sin(loga)
Puty = x tan@

B =tan™? G) -—--(1)

x?—x%tan’0

= T %7tani0 sin(loga)
x?—x%tan?®
= 2T <20 sin(loga)
x%(1—tan?0) |
= x2(1+tan28) sin(loga)
(1—tan’0)

= cos 20

= cos 260 = sin(loga) - (1+tan20)

= 20 = cos *[sin(loga)]

= tan! (X) = E-:05‘1[5111(1-::oga)]
X 2

Taking tan on both sides

= tan [‘cam‘l g)] =tan [%cos‘l[sin(loga)]]

Y _ [E A ]
= X—tan 5 cos [sin(loga)]

Differentiating w.r.t x we get,
dy dx

X—YV.52
o dx ydxzo

1
> tan |=cos ![sin(loga ] is a constant
- |5 cos*Isinioga)

¥
=>x.dx y=0

Ly
Tdx x
30. Question

Choose the correct alternative in the following:

If siny = x cos(a + y), then d_‘ is equal to

A COs"(a+y)

cosa
cosa

“cost(a+y)

c sin”y

cosa

D. none of these



Answer
siny = x cos(a + )
siny
X=——""7+
cos(a+y)

Differentiating w.r.t y we get,

dsiny d cosia+y) . ., . i
dx g cosaty)——g — siny) (Using quotient rule)

dy cos?(aty)

dx cosy.cos(a+y) —[—sin(a+y)]. (siny)
dy cos2(a+y)

dx cos(a+y).cosy +sin(a+y).(siny)
dy cos2(a+y)

dx _ cosi(a+y)-yl Using cos(a-b) = cos a.cos b + sin a.sin b
dy cos?(a+y)

dx  cosa
dy cos2(a+y)

LY _estaty o

dx cosa

31. Question

Choose the correct alternative in the following:

-

-X- dy
If y =log -~ |, then — =
1+x° dx
13
A 4x
1-x*
B _ 4:<:4
1-x
C. 1 T
4-x
PR
D. 4x
1-x*
Answer
1-x7
y = log(73:)
di1-x2) 2y dl1+x?) o
E_ 1 i .{1+:( ) = .{l—x} . .
ol l T (Using quotient rule)
1+x2
dy 1+ 2 [-2x(1+x%)—2x(1-x%)
dx  1-—x2 (1 +x2)2

dy 1 —2x(1+x*+1-—x%
dx  1-—x2 (1+x2)

5~ [




_ dy_ [ —4x ]
Tdx 11 —x¢
32. Question

Choose the correct alternative in the following:

- dv
If y =./sinx +y. then d_ equals.

X

COsX

C2y-1

COsX

1-2y

sin X

1-2y

sinx

2y —1

Answer
y = JSIxTy
Squaring both sides, we get
y2 = sinx +y
Differentiating w.r.t y we get
2y = cos x% +1

dy

dx 2y—1
dy cosx

~dy  cosx
Tdx 2y-—1

33. Question

Choose the correct alternative in the following:

SINX +CosX ;
If y = tan " 7J then d_" is equal to
COSX —sin X dx
AL
2
B. 0
C.1

D. none of these

Answer

sinx+cos:{)

y = tan? (

CcosX—sinx

Dividing Numerator and denominator by cos x we get,



sinx COSX
1| COSX ~ COSX

y=tan "l cosx _ sinx
COSX  COSX
; —1( tanx +1 ) —1( 1+ tanx )
=tan  (—————| = —_—
y 1—1.tanx 1—-1.tanx
i
tany +tanx
y=tan!| —x—
1-— tang.tanx
; ‘1[‘[ (TIZ+ )] tana + tanb tan(a +b)
= tan an|{—+x]J| v~ ———— = tan(a
y 4 1—tana.tanb
Tt
=—+X
Y=3

Differentiating w.r.t x we get,

dy
E_l

Very short answer

1. Question

If f(x) = loge (loge X), then write the value of f'(e).
Answer

f(x) = loge(logex)

Using the Chain Rule of Differentiation,

2. Question

If f(x) = x + 1, then write the value of
Answer

f(x) =x+1

= (fof)(x) = f(x) + 1

=(x+1)+1

=x+2

S0, £ (fof) (x) = £ (x+2)

=1 (Ans)

3. Question
, . dy
Iff' (1) =2 andy = f(loge x), find .——. at x = e.
dx

Answer

y = f(logex)



Using the Chain Rule of Differentiation,

dy 1
i f'(log.x) "
So,atx=e

dy 1
ax f'(log.e) o

- ()

2 (Ans)

e

4. Question
If f(1) = 4, f'(1) = 2, find the value of the derivative of log (f(&)) with respect to x at the point x = 0.

Answer

Using the Chain Rule of Differentiation, derivative of log(f(eX)) w.r.t. x isf(Tlx]- f'(e¥)

So, the value of the derivative at x =0 is

1 ooy 1 o
ey T =y T
1
:E-g
_l
=2

So, the value of the derivative at x = 0 is 0.5 (Ans)

5. Question
If f(x)=+2x" —1 and y = f(x?), then find at x = 1.
Answer
y = f(x?)
dy -
S f'(x*)-2x

=2x2(x2)2 -1

= va’m

Putting x =1,
N BT
= an

=2V1

=2

i.e., ? — 2 atx = 1. (Ans)

X

6. Question

Let g(x) be the inverse of an invertible function f(x) which is derivable at x = 3. If f(3) = 9 and f'(3) = 9, write



the value of g’(9).

Answer

From the definition of invertible function,
g(f(x)) = x ...(i)

So, g(f(3)) = 3,i.e.,,g(9) =3

Now, differentiating both sides of equation (i) w.r.t. x using the Chain Rule of Differentiation, we get -
g'(f(x)). f'(x) = 1 ...(ii)

Plugging in x = 3 in equation (ii) gives us -
g'(f(3)).f(3) =1

or,g'(9).9=1

i.e., g'(9) = 1/9 (Ans)

7. Question

/ i dv
If y = sin! (sin x), — Tex< T. Then write the value of — for x €
dx

T T
35 )

Answer

m T
For x € (_5’5)'
y = sin~!(sinx)
=X

So, &¥ _ 1 (Ans)

dx

8. Question

T 37 . . ) /
iF T < x < T and y = sin™! (sin x), find d_‘

2 2 dx
Answer

m 3m

Forxe (3.5
y=sin"1 (sin x)
= sin (sin (m =(m -x))
(to get y in principal range of sinl x)
i.e.,
y =T-X

d
Ay

dx

dy dy
From the last problem we see thatd— r—m=land— = -1
ST dxy =

So, y is not differentiable atx = g

Extending this, we can say that y is not differentiable at x = (2n+1)§

m 3m

So, forx e [—,
22



dy _ ' 2’ 2 N (Ans)
dx does not exist atx = >

oY

9. Question

dy

Ifm<x=2nandy = cos? (cos x), find =

Answer
y = cos’! (cos x)

for x g (m, 2m)

y = cosl(cos x)

= cos}(cos (1 + (x - m)))
= cos}(-cos (x-1))
=mn-(x-m

= 2T - X

[Since, cos(n+x) = - cos x and cos1(-x) = m-x]

So,ﬂz_l

dx

For cos (cos x), x = nir are the ‘sharp corners’ where slope changes from 1 to -1 or vice versa, i.e., the
points where the curves are not differentiable.

So, for x g [11,2n]

dy _ [ —1,x € (m,2m) (Ans)

dx ldoesnotexistforx= m 21

10. Question

1

If y =sin~

2x ;
J_ write the value of d_‘ for x > 1.

1+x° dx
Answer

2x
y = sin™! (m) = 2tan"tx

So,

d 1

by _ .

dx 1+x2
2

T 14 x2

So, answer is dy _ 2 (Ans)
dx 1+x2

11. Question

If f(0) = f(1) = 0, f'(1) = 2 and y = f(&) eX), write the value of dy atx = 0.
dx

Answer



y = ) e
u v

Using the Chain Rule of Differentiation,

d
d—i=u-v’+u’-v

= f(eX). ef®) f(x) + f(eX)eX. ef®)

At x =0,

d
d_z = f(e?) - aflgr (0) + f'(e?)e” - af(®)

= f(1). ef® £(0) + f(1). &f(®
=0.e0f(0) + 2.€°
=0+21

=2

12. Question
If y = x|x|, find d_" for x < 0.

Answer
y = x|x]|

or, y — [ x%,whenx =0
' —xZ,whenx< 0

So, forx < 0

dy d 5
& mx)

=-2X (Ans)

13. Question

dy

If y = sin'! x + cos! x, find —=.

Answer

We know that sin"'x + cos 1x = g

So, herey = sin"! x 4+ cos™! x
= gwhich is a constant.

1

Also, sin"! x and cos! x exist only when -1 =x < 1

So, ? = (g when x g [-1, 1] and does not exist for all other values of x.

X

14. Question

If x =a(@ +sinB),y=a (1l + cos 6),find§.

dx



Answer

dx d
5 — a(1+ cosB) and -2 a(—sin@)

Using Chain Rule of Differentiation,

dy dy db
dx  do dx
1
= a(=sin®)- a(l+cos8)
B sin@
~ 1+4cosH

sin@ 1—cosB
1+cos® 1—cosB
sin® (1 —cos )
1—cos?8
5in@ (1 —cos 8)
sin2 0

1——cosB

sin@

=cot 8-cosec 6 (Ans)

15. Question

— 2 7
iF <x<0andy= tan ™! 71 cos-x . find d_‘
2 V1+cos2x dx

Answer

tan-1 1—cos2x
= tan —_—
y 1+ cos2x

— 1—(1—2sin?x)
- En 1+ (2cos2x—1)

can-1 2sin?x
= tan —_—
2c0os2x

=tan"!./tanZx

When _E < X < (), tan x is negative. So, square root of tan? x in this condition is -tan x.
]

S0,y = tan~*tan?x
=tan’! (-tan x)
=-tan’! (tan x)

=-X

Andso®¥ _ 4 (_
dx dx( X)

=—1forx € (—E,O) (Ans)



16. Question
If y = %%, find d_" atx =e.
dx
Answer
y=x
Taking logarithm on both sides,
logy = x log x

Differentiating w.r.t. x on both sides,

O S S
. dx—x 0gX
=1+log x

d
= v_ y(1+ logx)

dx
=xX (1+log x)
So,atx =e,

d
v_ e*(1+ loge)

dx
=e® (1+1)
=2e® (Ans)
17. Question
4 1-x dy
If y = tan ™" —J find —.
l+x dx
Answer
R (l - x)
y=tan 1+x
Using the Chain Rule of Differentiation,
dy 1 (1+x)-(1—-x0'-(1+x)-(1-x)
dx 1-x\2 (1+x)2
1+ (l—i-x)
B (1+x)? (1+x)(-D—-(1(1—x)
T(1+x2+(1-x)2 (1+x)?
B 2
o (1+x)2+ (1 —x)2
=——_(Ans)
1+x2
18. Question

if y = log, x, find dy
dx

Answer

logex

= log, X =
y Y% logea



dy 1
“dx  log.a

1
X

-1 (Ans)

xlogea

19. Question
. dy
If y =log~/tan x, write —.
dx
Answer

This particular problem is a perfect way to demonstrate how simple but powerful the Chain Rule of
Differentiation is.

It is important to identify and break the problem into the individual functions with respect to which
successive differentiation shall be done.

In this case, this is the way to break down the problem -

dy dy d(\,*tanx) d(tanx)
dx  d(yanx) d(tanx)  dx

ie ﬂ_d{logvtanx}l d{\,'tanx:l d(tanx)

Y dx d{\.'tanx ditanx) dx
1 1 5
= ———.5eCc X
ytanx Zytanx
sec?x
© 2tanx
1+tan’x
© 2tanx

= 51 (tanx + cotx) (Ans)

20. Question

If y —sin” _ +cos! _ = |, find d_‘
I+x° 1+x°
Answer
1< _{holdsforallx e B.
1+x?

1-x%

):E,forallxg]]g
z 2

S g f1x? -1
0, y = sin Tl + cos

1+x

(~sin"'m+ cos™'m = g,m €[-1,1])

Hence, ? =, forallx e ®.

X

21. Question

If y = sec_l

x—-1 7
—J_then write the value of d_"

Answer

y = sec™! (X h 1) +sin™t (X _ 1)
x—1 X




_l(x— 1) . _l(x—l)
= COS =+ sin
Xx+1 Xx+1

Which exists for —1 < “;i < 1 and is equal tog
X+

x—1
Now, == < 1
x+1

x+l_1£0
Xx—1 x+1
x+1 x+1
2
Cx+1
2 =0
Xx+1
=x+1>0

x+1

x—1
=—+1=0

Xx+1
x—1 x+1
= =
xX+1 x+1
2%
= =0
X+1

=x=0 or x<-1 ...(ii)
Comparing equations (i) and (ii), we understand that the condition satisfying both inequalities isx = (.

So, for x=0,
x—1

x—1 N .
y = cos™! (L) +sin™! (—) =Z, which is a constant
X+1 X+1 2

So, & _ [ 0,x=0 (Ans)

dx does notexistforx < 0

22. Question

If]x] <landy=1+x+ % + ... to =, then find the value of 3

Answer
Since |x| < 1,
y=1l+x+xX+..tow
1
C1-x
dy 1
Tdx (1-x)2

1
T (1-x)?

(Ans)

23. Question



. -1 2x ‘ 1
Ifu=smn [ - J and v=tan [
1+x°

-

1+x

Answer

- 2x _ 2x
u = sin 1(—)andv=tan 1( )
1+x2 14+x2

We know, du_ 2
dx 1+x2

Using the chain rule of differentiation,

dv 1 _(1+x2)- (2x) — (1+x%)'"- (2x)

- J where -1 < x < 1, then write the value of

dx 2% )2 (1+x2)2

1+ (1+x2

(1+x%)° 2(1+x%)— (2x)(2x)
T +x2)2+ (2%)7 (1+x7)?

3 2(1—-x2%)
(1 +x2)2+ (2x)2

Using Chain Rule of Differentiation,
du du dx
dv  dx dv

2 (1+x%)?+ (2x)°?
T1+x2 2(1—-x2)

(1 +x2)% + (2x)°
T (1+x2)(1-x?)

Dividing numerator and denominator by (1+x2)?,

2x 3?2
du 1+ (1+x2)
dv 1—x2

1+x2
1+ sin?u
" cosu

=sec u (1+tan u) (Ans)

24. Question

-

-

Answer
Using the Chain Rule of Differentiation,

1 v(x)-ux-—vx- uXx

f'(x) = u(x) p)
e (ve0)
v(x)-u'(x)—v' (%) ulx)
- u(x) - v(x)
Putting x =1,

v(1)-u' (1) —v'(1)-u(1)

(D = 2D V(D

}_ u(l)y=v (1) and u’'(1) = v’'(1) = 2, then find the value of f'(1).

E
dv



B 2v(1) — 2u(1)
u(1)-v(1)
Since, u(1) = v(1),
2v(1l) -2u(l) =0
i.e., (1) = 0 (Ans)

25. Question

Ify = log |3x|, x = 0, find d_‘
dx
Answer
y = log |3x|
y_ 1
SO, dx 3% 3
1
=—,x=%0
X

e, ;¥ _1 s 0(Ans)
dx X

26. Question

If f(x) is an even function, then write whether f' (x) is even or odd.
Answer

f(x) is an even function.

This means that f(-x) = f(x).

If we differentiate this equation on both sides w.r.t. x, we get -
f(-x).(-1) = f'(x)

or, -f'(-x) = f'(x)

i.e., f'(x) is an odd function. (Ans)

27. Question

If f(x) is an odd function, then write whether f'(x) is even or odd.
Answer

f(x) is an odd function.

This means that f(-x) = -f(x).

If we differentiate this equation on both sides w.r.t. x, we get -
f(-x).(-1) = -f(x)

or, f'(-x) = f'(x)

i.e., f'(x) is an even function. (Ans)

28. Question

Write the derivative of sin x with respect to cos x.

Answer

d

dicosx)

We have to find

(sinx)

So, we use the Chain Rule of Differentiation to evaluate this.



d (sinx) — d(sinx) dx
d(cosx) S = "d(cosx)
1
= COSX-——
—sinx

=-cot x (Ans)
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