CONTINUITY AND DIFFERENTIATION-2025

CLASS XIlI SUJITHKUMAR KP
Discuss the continuity of the function f given by
, >0

f(x)={x x at x=0

x?, x<0
ANS: Clearly the function is defined at Y
every real number. Graph of the function is G
given. \ [ea/
RHL = XIL%L f(x) =lim,_y+x=0 e :_.___(.,_}?.-"

X'e =1L 0 } »X

LHL = lim f(x) = limx?=0
x—-0~ x—-0~
f(0)=0

lim, f(x) = £(0) = 0.
If f(x) = |x| , Check the continuity at x = 0

ANS: Re - define the function
x| = { x, x=0
—X, x<0

RHL = ,}L%Lf(x) = xll)r(r)l+x =0

LHL = xll)l’gl_ f(x) =lim,_o-—x =0
LHL = RHL
fO=0 ,  limf(x)=f(0)=0

so the function is continuous at x = 0.
Examine the continuity of the function f(x) at x=0

I'he graph of y

-1, x<0
fx)=4 0, x=0
x+1,x >0

ANS: RHL = lirglJr fl) =lim,_p+x+1=1
X—

LHL = lirgl_ f(x) =lim,_o-(—-1) =-1
xX—
LHL # RHL
lim,._,o f(x) does not exist ;—Jr
Also, f(0) = 0 T

f(x) is discontinuous at x= 0.

2

x“—1

—, x*1
x—1

If f(x) = 2 x = 1 » show that f(x) is continuous at x = 1

ANS:



; T x2-1 _ .. (e-D(x+1) . _
lim,_, f(x) = )lcl_)rri — = }Cl_rg — = }Cl_r)r% x+1)=2

at x=1,f(x)=2

f)=2
lim,_, f(x) = f(1) ~  f(x)iscontinuousatx =1
Examine the continuity of the following function at x =2

_(1+xx<2
flx) = {S—x,x>2
ANS:

RHL = lirgf(x) = lim,_,+5—x=5-2=3
X—

LHL = lim f(x) = lim1+x=1+2=3
xX—27 xX—27

lim,, f(x) =3
f)=1+2=3
lim,, f(x) = f(2) =3,
so the function is continuous at x = 2.
Prove that
_{3x—2,x£0 is di i tx=0
flx) = Xx+1,x>0 is discontinuous at x = 0.
ANS: RHL =lim, o+ f(x) =lim,,p+x+1 =1
LHL =lim,_o- f(x) =lim,_y-3x —2 = =2
LHL # RHL
lim,,_, f(x) does not exist

Also, f(0) = -2
so, f(x) is discontinuous at x= 0.

[x—4]|

, X#+4 . .
If f(x)= { 4-x , show that f (x) is not continuous at x=4
0, x=4
ANS: x <4, o Xy
4—x 4—x
x>4,—|x_4I =4
4—x 4—x
_x—4] _x—4]
RHL = lim =—1LHL = lim =1
x4t 4 —x x4~ 4 —x
RHL + LHL
lim,._,, f(x) does not exist
Also, f(4)=0
Show that the function f(x) is defined as
XX i x# 3

fx)={ x3 "~ continuous at X = 3

5 ifx=3
ANS:

. . 2-x-6 . -3)(x+2)
lim,_; f(x) = llmx_,g% = llmx_,3% =5
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f(3)=5  fiscontinuousatx =3
Examine the continuity of the function f(x) at x=0

_(1—-x%,x=0
fe) = {1—x,x<0

ANS: RHL = lim, f(x) =lim, o+ 1-x2 =1
xX—
LHL = lir(r)l flx) =lim,-(1—x) =1
xXx—0"

f(0O)=1-0=1 T
lim, o f(x) =f(0)=1,
so the function is continuous at x = 0.

Examine the continuity of the functionat x =1, f(x) = [x]
ANS:

RHL = 111{1+ f(x) =lim,_+[x] =1 4+
X 1

LHL = lim f(x) = lim[x] =0 R
x-1" x-1" 24
LHL + RHL L

¥

Discontinuous at x =1

For what value of k is the function

x-9
f(x) = {x-3° is continuous at x= 3
k , x=3
1. Wt x2-9 .. (x=3)(x+3)
ANS: lim,_,3 f(x) = lim,_, P lim,_,, —
=lim,_,x+3=6
fB)=k

given that f(x) is continuous at x = 3

lim £(x) = £(3)

k=6
For what value of Kk is the following function continuous at x = 0?
sin 5x
3x x+0
xX) =
f(x) k x=0
ANS: If the function is continuous at x = 0,
I _ i sin5x sinSxXS
xlr})f(x) o xl—rg 3x B xll{}) 5x 3
5 .. sin 5x
== lim =k
3 x—0 5x

so, k = g
Discuss the continuity of the function f given by f (x) = x3 + x2 — 1.

e
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ANS: Clearly f is defined at every real number ¢ and its value at c is ¢ + ¢2 — 1. We

also know that
lim,_,. f(x) =lim,, x> +x%2 -1

=c3+c?-1
lim,_. f(x) = f(c)
Hence f is continuous at every real number
3x—2, x<1

Let f(x) = { . Is it continuous function? Justify.

3x—4, x>1

ANS: domain of f is R. so we have to examine f for continuity at all x € R. Let ¢ be any real number.

Casel:c>1
RHL = lim f(x) = lim 3x —4 =3c—4 = f(c)
x—ct x—ct

Case?2:c<1

LHL = lim f(x) = lim 3x —2=3c—2 = f(c)
X—C

xX—-Cc™

cased:c=1,f(1)=3-2=1

now, 111111+ 3—4=—-1= f(1) so, fisdiscontinuous at x = 1 and continuous at all other points.
X—

Find all the points of discontinuity of the function f defined by

x+2 x<1
f(x) = 0, x=1
x—2, x>1

ANS: casel x<1
Clearly f is defined at every real number ¢ and its
valueatcis c+2, x<1

case2: x>1

f is defined at every real number ¢ and its value at c is
c—2, x>1
atx =1

LHL =lim,_ ;- f(x) =lim,;-x+2 =3

RHL =lim, _+ f(x) =lim,_,;+ x —2 = -1
LHL # RHL
f is not continuous at x = 1.
x =1 is the only point of discontinuity of f.
Determine the given function continuous at x= 0 or not

f (X) _ {xz sin;, if x#0
0, if x=0

ANS: lirré x2 sini = 0 xa finite number lies between-1and1 =0
xX—

f0)=0

Note: Asx —» 0 sin% is a a finite number lies between -1 and 1.




17

18

19

20

21

22

If the function f(x) defined by

asing(x+1) , x=<0
flx) = tanx—sinx 0 is continuous at x = 0, find a.
— X
x3 ’

Ans: LHL = lim,_,pa sing(x +1) =a

. tanx — sinx _ sinx(1 — cosx)
RHL = lim ————— = lim 3
x—0 X x—0 COSX. X

Simplify RHL = =

2
a=%%
If the function f(x) defined by
( asing(x+ 1), x<0

fx)= < tanx—sinx is continuous at x = 0, find a.

x3

, x >0

\
LHL = lim,_,q asing(x +1) =a

limx_,o tanx—:inx _ lim sinx(l—czsx) RHL = 1
x x—0 COSX X 2
2 y
X -I:_x2 10 ox# 0
Find the value of k so that f(x) = k x = ( Iscontinuous at 0.
For what value of k is the function defined by
sSinx +xJCCOSX ) x ¢ 0
f(x)= k x =0 continuousatx =07
ANS: 2
Find k, so that the function
x2-25
, x #5
x—5 . .
f(x) = k x =5 iscontinuousatx =5
ANS: 10
2 -
X -I;C3_x2 10 C ox# 2
Find the value of k so that f(x) = k x — 2 iscontinuous at 2.

ANS: 5
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ANS: 7
Find A, so that the function

(x+14, x <3

I
f(x)zg 4 , x =3

is continuous at x = 3

3x—5, x>3

ANS: 1
Examine the following functions for continuity

f(x)= x—5
i) f(x) = —, x %5

i) f00 = £2  x # =5
iv) f(x) = |x — 5

If a function f is differentiable at a point c, then it is also continuous at that point.

(Every differentiable function is continuous.)

The converse of the above theorem may not be true. ie. The function may be continuous at a point but

may not be derivable at that point. Discuss

Ex.y = |x| let us examine the continuity and
differentiability at x = 0
Given, y = |x|

Check the continuity at x = 0

ANS: Re - define the function

RHL = lim f(x) =lim,_,o+x =0
x—-07t

LHL = xlirgl_ f(x) =lim,o-—x=0
LHL = RHL
f@@©=0 limy o f(x) = f(0) =0

so the function is continuous at x = 0.
For differentiability of y = |x]|ie.

f’(C) — limh—)O flc+h)—f(c)

h
: (0+h)—£(0 . |h]-0
f(0) = hmh—)Ofo() = limp,_o——
— 1 Inl _h_
= limy, g+ —=-=1 (RHD)
— 1 [h| _ . —-h
= limy_,o- - = limy,_,o- - = -1

(LHD)
RHD = LHD  f'(0) does not exist.

Examine the function f for continuity and differentiability at x=0
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1—x%,x<0
14+x%,x>0

f(x) = {
ANS: LHL = lirgn_ flx) =lime-(1—x%)=1
X—

RHL = lir(r)l+ f(x) =1lim,_y+ 1+x% =1
X—
fO)=1-0=1

lim,_ f(x) = f(0) =1
f(x) is continuous at x = 0
1—-x%,x<0
f(x) = { X
() 1+x%,x>0
fI(C) — llmh 0 flc+h)—f(c)

h
= £1(0) = 1i FOHR-F(©) _ 1 (1-h?)-1
LHD = £1(0) = timyoo- T2 = i
—h?
LUt vl
- 2\ _
RHD= lim, . [OHZI©@) o (of)1
h h—-0* h

f(x) is differentiable at x = 0
Show that the function
f(x) = |x — 3] is not differentiable at x = 3
lx —3|=x—-3,x>3
=3—-x,x<3
f'(c) = lim
. [3+h-3|-0 _ h

RHD = limy,_, g+ L& G = iy
h R0+ h h

fle+h)—f()
h
=1

LHD = limj,_- LEHTE) iy 134223120 o

=-1

LHD= RHD
|x — 3| is not differentiable at x = 3
Alternate method

Show that the function
f(x) = |x — 3] is not differentiable at x = 3

f'(e) = lim

fle+h)—f()
h

RHD = lim,,_ o+ FGHFB) _ gy BHRZ3IEB-81 Ry
h h—-0t h h—o0th

LHD = limy,_o- L&) _ gy BAZSEB3 g

h h—-0— -h
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LHD= RHD
|x — 3] is not differentiable at x = 3
Differentiate : i) y =sin3x ii) y = tan(x?)
y=sin®x theny =u3  u=sinx
y = tan(x?) theny = tanu, u = x?
Find the derivative of the function given by y = sin(x?)
ANS:  y = sin(x?)

then, y = sin(u), u=x?
dy du
—=cosu , —=2x
du dx
dy dy dudy 3
dx du'dxdx (%X
Y 2
—_— = 2
| o - I cos(x*).2x
Find the derivative of the function given by
y = +tanx
y =u, = tanx
@av_ L 2 _ R
du  2Vu ! dx_secx
dy dy du
. ) dx du dx
ay _ _1 2
== o secx
_ 1 2. sec’x
~ 2ytanx Secx = 2\/tanx
Differentiate the functions with respect to x.
i) cos3x
i) tanvx
iii) (ax + b)°

iv) V3x?+5x—3
V) 2 sinx + 3 cosx
Vi) é e* — 5x3

. 3cosx+5

Vii) :
sinx 1

viil) tanx + 2sinx + 3 cosx — Elogx — e
ANS: i)
y = cos3x
Z—z = 3cos?x. (—sinx) = —3 cos?x.sinx
ANS: ii)

dy 5 1 1
y = tan\/}a = sec?\/x. (—) =3
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ANS: iii)

y = (ax + b)1°
Z—z =10 (ax + b)°.a = 10a (ax + b)°
ANS: iv)
y =+/3x2+5x—3

W 1 gx+5 = XS
dx 2V3x2+5x-3" 2V3x2+5x-3
ANS: v)

. dy .

y = 2sinx +3 cosxa = 2cosx — 3sinx

ANS: vi)

1 d

y= 3 ex—5x3d—i}=§ e* — 15x2
ANS: vii)
3cosx + 5 dy
y = BT 3cotx + SCosecxa = —3cosec?x — 5cosecx cotx

ANS: viii)

) 1 0y AV 5 ) 1 5
y = tanx + 2sinx — cosx —Elogx —e xa: sec x+Zcosx+smx—ﬂ—Ze *
Differentiate the functions with respect to x
1) y=sinx® 2) y=tan(sinx®) 3)y = log {tan(sinx®)

Differentiate the functions with respect to x
1) y = sinx®
5

d
% = cosx®. 5x* = Sx*cosx?.

2) y = tan(sinx®)

a .
é = sec?(sinx®). cosx®. 5x*

3) y = log {tan(sinx®)}
Ay _ 1 ore 5 N
dx - tan(sinxS) sec (Slnx ) COSX"™. 5x

TRY YOURSELF
1) tan(2x + 3)
2) cos(sinx)

3) (x? + cosx)*
4) cos(sinx?)
5) sin3x

— v2Y find &Y _ |z
If y = cos(sinx*), find o atx = \/;

ANS: y = cos(sinx?)
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d
& sin(sinx?). cosx?.2x
dx

= — 2 x sin(sinx?). cosx?

cxm £ oo fran{on(£)) o ()

=0 (cos; =0)
Find Z—z ify = (x% + cosx)*

d .
ﬁ =4 (x? + cosx)3® x (2x — sinx)
_ X find %
If y= logtam2 , find o
ANS:
y= logtanE
¥ 1 sec?kl
dx tanE 272
X
_ COSE 1 _ 1

1
2"

sinX " cos?X 2sinfcos>
2 2 2¢9%

1
= — = cosecx
sinx

Find 2 if y = sec(tanv)
ANS: y = sec(tanvx)

 _ sec(tanvx)tan(tanvx). sec*V'x. (ﬁ)

dx
If y = e*log(sin2x), find Z—y
ANS: y = e*log(sin2x)

Apply product rule.

d d . . d
% = e* x—(log(sin2x))+ log(sin2x) X —(e*)

.cos2x.2 + log(sin2x). e*

" sin2x
= e*(2cot2x) + log(sin2x)
Find the derivative of the function given by :
i)  y=cos(1—x?)?
i) y=cos(sinx?)
i) y = Vsinx3

iv) y = cosec(1+ x?)

V) y = sec? (2)



vi) y = tan*(x?)
vii) y = e?*sin3x

viii) y = e*log(1 + x?)
iX) y=logtanyx

X) y = cos(logsinx)

1
logcosx

Xi) y=
xii) y = e*logx
39 — +2¢int  find &
If y=x sin—, flnddx
2 .1
y = x"sin~

Apply product rule.

d 1\ -1 . 1
=2 = x2.cos (—)—2+ sin (—).Zx
X X

d x/) x
1 . 1
= —cos (—)+ 2x sin (—)
x 4 x
40 If _ _x fi y
= Ind —
y sin3x ' d dx
. X
ANS: y= sin3x
Apply quotient rule
dy sin3xx%(x)—x%(sin3x)
dx sin23x
_ sin3x x1 —x (cos3x)x3
- sin?3x
_ sin3x —3x (cos3x)
- sin?3x
41 . . 1—cosx
Differentiate log , WLt X,
1+cosx
1—cosx
ANS: y= lOg 1+cosx
y = log =log tan=
d 1 1
dx tan= 2 2
dy _cos; 1 1 1 _ 1
— = =—T%.5x-7 — T x =x—- . —cosecx
dx sin3 cosZE. 2 2sinZ.cos;  sinx

42 Differentiate 9% w.r.t. x.

5 d
ANS: lety = eSlng = elon = xs ’é — 5x4-
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{emlogx — elogxm — xm} Why')

let elosn =y

Take log on both sides

log(e'°8™)= logy

logn (loge) = logy

logn =logy , n=y

Differentiate y = €*log (sin 2x) with respect to x.
ANS: y=e¢e"log (sin 2x)

@y _ x Ao oy L (X
—=e dx(log5|n2x)+logsm2x - €

X 12x cos 2x - 2 + log(sin 2x) - €

=€

= e"[2 cot 2x + log(sin 2x)]
. d .
Find é if y =log (sec% + tang)

ANS: lsecE
2 2

Jxl pgdy
Ity = sin3x ’ lfmd dx
ANS: y = ==

sin3x

Apply quotient rule

. d d , .
d_y _ sin3x X Tr x—-1)—-(x-1) Tr (sin3x)

dx

_ sin3x x1 —(x—1)(cos3x)x3

sin23x
_ sin3x —3(x—1)(cos3x)

sin23x

Find Z—z if y =4/cos(1+ x?)

x sin(1+x2)

ANS: ZHECrE)
If £(x) = 1+ cos?(x?) find £ ()

T

ANS: — |=
6

Find % in the following  2x + 3y = sinx
ANS: differentiating both sides
2+ 3 Z—z = COSX

dy _1 —
a—dg(cosx 2)
Findﬁ , X2+ xy +y? =100

ANS: differentiating both sides

sin?3x



2x+x2—i}+y.1+2yj—i:= 0%(2y+x) = —(2x+y)%=((22;—:xy))
0 Find 2 if xZ+y% =12
ANS: given, x?+y?=r?
differentiating both sides
2x+2y 2=0
d_y _ X

dx y
51 Find Z—z if xy =100(x + y)

Find Z—z if xy =100(x + )
Given xy = 100(x +y)
differentiating both sides
dy + y.1=100(1+ 4y
YTV ( dx)

x. 21002 =100-y
dx dx

dy _ _
- (x—100) =100 —y

dy (100 —y)

dx  (x —100)
52 Find 2 if (¢ +y)’ =xy
Find <2 if (¢ +y?)° = xy.

differentiating both sides

d d
(2 + y2)2 = —(xy) , ]
Y Y
2(x2 2)(2 2y.—|=x.—+y.1
(x +y)( x+ ydx) xdx+y
4x(x2 N\ yZ) +4y(x2 + yZ)Z—iZ x.Z—i+y

dy y—4x(x*+y?)
dx  4y(x2+y2)—x

53 Find Z—z if xy*—x*y=4
dy

Fi
ind I

if xy*—x*y=4
ANS: differentiating both sides

x.2y%+y2.1 — (xz.j—z+y.2x) =0

dy
2 _ 2_:2 _ a2
(2xy x)dx Xy —y
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dy _ 2xy—y® _ y@x-y)
dx 2xy—x? x(Q2y—x)
.Y find 2 ANS: —°
1If —+=1 find - ANS: —-
. dy . _
2.Find —~at (4,9)if Vx+.y=5
x? Ly LAy _ b
3. —+;=2022 ANS: — = pERY
2 _2y2 = LAy _ o hxytty
4. (x* —y°)* =4xy ANS: —= N
_ -1 7x . d_y
Ify = tan (—1_12x2). Find ™
ANS: y= tan‘l (m) .
_ —1( 4x+3x
y = tan (1—4x. 3x)'
- _ d 1 1
y = tan 14x+tan13x£=1+(7)2 4 +1+(T)ZX3
dy 4 N 3
o dx  1+16x2 1+ 9x2
Similar gns:
1.1f y=tan™?! (1_5;2). Find Z—Z
2. Ify = tan™? (1f§x2). Find Z—z

- d_y . _ -1 X
Find — ify=tan (W)

ANS: let x = asinf = 0 = sin‘lg

asinf

y = tan‘l( od ) =tan~! (—
Va?z-x2 Ja?—-(asing)?

) 3 tan‘1< asinf )
Y= Ja?(1-sin29)

— in@ b
y = tan~?! (ﬂ) =tan"!tan =0
acos
— i1 %
y= sin" -
@v_ L
dx  Va?-x?
_1 (V1+x—V1—x X dy
— 1 cd
Ity =tan™ (5 ) find 2

ANS: putting x = cosf ,0=cos 1x

LHS 1 \/1+c059 —\/l—cosﬂ
=tan~
\/1+c059 +\/1—c056

) 2c0s%20/, —/2sin%6/,

\2c0520/,+/2sin26/,

y =tan~

)



_ —1 (cosf/,—sinf/,
y=tan (cos 0/2+sin 9/2)
Dividing Nr. And Dr. by cos 8/, inside
1-tanb/,

e -1 = -1 E J— 2 ): E —_ 2
y= tan (1+ tanB/z) tan (tan( 4 2) 4 2
1

- r_1 -
y= ;=5 cosTx ] )
Y _
dx 21— x2
59 . d_y . _ -1 (1-cosx
Find ™ if y =tan ( Sf/n_x\/)_
60 . ay . _ -1 (Vxtva
Find ™ 1fy.— tan (1_m)
61 if y = sin™! (F55F) find 2
ANS:
o (sinx+cosx>
y= sin""|————
V2
_._1(1.+1 )_._1( T i+ sin
y = sin \/Esmx \/Ecosx y = sin7_(cossinx + sin cosx
—sin (sin(x+ 5 ) = x4+ F
y = sin (sm(x+4))— x+4dx—1

62

Differentiate the given function with respectto x . y = tan™? {ﬁﬁ;’: ﬁ:iﬁi}

-t {\/1+sinx + Vl—sinx}
y = tan

V1 + sinx — V1 — sinx

] X , X X X X Xy 2
1+ sinx = sin“=+ cos®“—=+ 2sin=cos— = (sm—+cos—)

2 2 2 2 2 2 X
1 — sinx = sin? R + cos? x_ ZsinfcosE = (cosE — sinf)
2 2 2 2 2 2

. J\/(sin% + cos %)2 + \/(cos% — sin%)zl
y = tan™
k\/(sin% + cos %)2 - \/(cos% - sing)zj

. X X X , X
51n§+cos§ +C057—Sln7

X X X , X
sm7+ COSi— (CO.S'?— Slnz)

1

y = tan™
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y = tan™} {:Sg} = tan~! cotg = tan"ltan (g — g) = g_g
ay_ 1
dx 2
ify= tan™! (4—x) +tan~! (2+3x)
1+5x2 3-2x
Zix
— -1 -1 3
y= tan (1+5x.x) *tan ( _Zx>
-1 -1 -1 2 -1
y =tan"" 5x —tan™ " x + tan §+tan X
d 1 5
= = T2 X2 =T 952
ot . dx 1+ 25x 1+ 25x
_ -1(2 ind &
Ify= cos (1+ 4x), Find —
_ 1 2x+1) _ _1( 2.2%
y= cos (1+ )= 08 T\ (zx)z)
0 =tan"12*
] 2x+1_ 3X) A d_y
If sin™t (& o) find &
Find 2 if y = sin~! [FE|

_1 (Vi1+a2x2 -1 . ,d
1 (—“ =), Find ==
ax dx

Differentiate x*, x>0 w.r.t. x.

Ify = tan

ANS: et y= x*
Taking logarithm on both sides, we have
logy = x logx differentiating both sides
1 dy

1
; a—x.;+l0gx.1

dy dy .
dx y(1+ logx).a = x*(1+ logx).
Similarly, Differentiate a* =?
If x* = y¥  then find
ANS: x*=yY
taking log on both sides
logx = ylogyx.—+logx.1 =y~ X 1 10gy %
xlogx =y ogyx.x ogx.1= y.y I ogy.dx

1+ logx = Z—z(l + logy)

dy 1+ logx
dx 1+ logy
-1 . dy
If y= x5 *then find -
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ANS: y= x°°s

1dy _ -1, 1 1
Sax = oS x. x+logxm.
dy (
dx Y
— coslx (1 -1, _ _logx
- (x cos X m)
Differentiate x™*, x >0 w.r.t. X.
ANS: let y = xS
Taking logarithm on both sides, we have

logy =

cos lx

logy = sinx logx  differentiating both sides

1 dy

.1
- — = sinx.—+ logx . cosx
y dx x

If  (cosx)” = (cos y)x findZ—z

X
Ans: (cosx)? = (cos y)
Taking log on both sides

ylogcosx = xlogcosy y.

dy_
dx
dy
dx

cos1x. logx

1+l
. - +logx

sinx
y (T + logx. cosx)

xsinx (
X

—sinx

+

coSx

dy  logcosy+ytanx

dx  logcosx + xt

any

dy (1+logx)?

Ify*=¢"” provethat ==

dx logy

ANS: Consider, y*=¢"*

Taking log on both sides, we get
xlogy = (y- x) loge
xlogy = y-x

a _ Yy
x(1+logy) =y =>x= Trioay
dx _ (1+logy).1—y.% _ (1+logy)-1
dy - (1+logy)? - (1+logy)?

sinx
—— + logx. cosx

1 dy _
0gCosx. —— =X

differentiate w:r:ty

dy_
dx

(1 + logx)?
logy

)

—siny dy

+ logcosy
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y= x*" find 2
ANS: y=x"
y=x”
taking log both sides, logy = log (x¥)
logy = ylog (x) , differentiating,
ldy 1 b dy
y dx y °9% ix
(1 ] )dy_y:> (1—ylogx>dy y
y 09 )ax T x y dx x
dy y?
dx  x(1—ylogx)
— (i (sima) (Stma) == toco ay _ y?cotx
Ify = (sinx) prove that 2= = T-Nopsind
ANS: y=(sin x)’ Taking log on both sides, we get
logy =y log(sin x) On differentiating both sides,
) y=x* Find Z—z ANS: x&)[ x + 2xlogx] = x**+D[ 1 + 2logx]
”) y = x(stn2x+c052x) Flnd
. (sin2x+cos2x) sm2x+c052x h
ANS: x (Sin2x+coszx {—x + 2(cos2x — sin2x).logx}
Ve
N e A Ly
|||) y = (\/_) Find Ix ANS: m
Find E If (cos x)’ = (sin y)*
ANS: taking log on both sides
y log(cosx) = x log(siny)
Differentiating both sides w.r.t. x, we get
Y. — . (—sinx) + log(cosx) = 5oy (cosy) —t log(siny).1

log(cosx) .Z—z — xcoty. Z—z = ytanx + log(siny).

dy  ytanx + log(siny).

dx log(cosx) — xcoty.
If x? y4 = (x+y)?*9prove that Z—z =2

X
Taking log on both sides, weget plogx+qlogy=(p+q)log(x +y)
Differentiate both sides w.r.t. x, we get
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84
85

86

in2
If xsin(a + y) + sinacos(a + y) = 0, prove that ;l_i/: sin?(a+y)

sina
—1 (1-cosx . dy
If y=tan (=) find 2
y a sinx ! d dx
. X
_1 (1-cosx _ 2sin?> _ x _ 0 x
ANS: y = tan 1(.—)=tan 1( — Zx)=tan lganZ =2 =X
sinx ZsmE cosE 2 2 2
dy 1
dx 2

Find ‘;—z ity = (logx)* + (x)09*
TRY YOURSELF
LIf  y= (sinx)'"™* + (cosx)s¢*, find 4

dx
ANS: (sinx)'™(1 + logsinx. sec?x) +
(cosx)*¢“*secx.tanx(logcosx — 1)

2.1y = (cosx)9* + (logx)*, find Z—Z.

ANS: (cosx)l09* [logg — logx. tanx] +
1
(logx)* [log(logx) + @

. ; . . . d
) y= x4+ sinx“°** find d—z

i) y= (sinx)*+ sin"'vx find 3—36/

LAy _ N« . 1
ANS: = (sinx)*[x cotx + logsmx]d+ P
i) y= (sinx)!¥ 4 (cosx)%¢* find d—z
ANS: (sinx)t@™*[1+ log(sinx) .sec?x] + (cosx)$¢°* sec xtanx[logcosx-1]
; dy . _ xcosx 4 X°+1
Find ™ if y=() +t o
If x16y9 — (xz + y)17
Similar (Do as home work)
If x13y” = (x +y)?° , prove that Z—z = %

If x*y° = (x +y)? , prove that Z—i’ = %

13 > o
If x2y2 = (x + y)“ , prove that —= =
HOME WORK
Find Z—z

1 1 _
1 xx ANS: xx (=32

X

Vx . Ax [2tlogx

2. x ANS: x (—M )

3. (sinx)tanx
ANS: (sinx)t™ (1 + sec?x.logsinx)

4, (sin~1x)*
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91
92
93
94
95
96
97

5. (x)sin‘1 x

6. x* sin”1v/x

If y=\/sinx+\/sinx+\/sinx+\/sinx+---.. prove that Z—y—ﬂ

x 2y—1

If  y= (sinx)'"*"™* + (cosx)s¢*, find Z—z.

ANS: (sinx)t"*(1 + logsinx. sec?x) +

(cosx)%¢“*secx.tanx(logcosx — 1)
Similar
If y= (cosx)9* + (logx)*, find %‘

ANS: (cosx)l09* [logg — logx. tanx] +

1
X -
(logx) [log(logx) + logx

x = acosf, y = bsinf ,find 3—36/

ANS: X = acoso,
X sind y=bsindY = b coso
70 = asinf y = b sin 0= cos
dy bcosd b N
dx —asin®  a €0

If x = ae?(sinf — cosf)and y = ae?(sind + cosd) , find Z—i at g ==

4
ANS: x = aef(sinf — cos) = % = 2ae?(sind)

d
y = ae?(sinf + cosf) = & 2ae?(cos0)

dae
ay
dy de
— = — = cotf
dx dx

dae

atg= = Ly
4 dx d
If x =sint, y = cos2t , find é

If x = cosf — cos26, y = sinf — sin26, find Z—z

If x =sint, y = cos2t, find Z—z ANS: —4 sint

If x =a(6 —sinb), y = a(1l + cosh), find Z—z
If x = a(cost + tsint), y = a(sint — tcost), find Z—z
If x =10(t —sint), y =12 (1 — cost) find Z—z

If x=e9(0+%)andy=e‘9(9—%) findZ—z.
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100
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102

103

104

105

106

107

Nlﬁ.

Ify = asint and X = a(cost+logtan
If x = asec30 and y = atan36 find Z—z at 6 =
If x = asecH, y =D tand, find Z—z

If x =2cos?6, y = 2sin?@ , find %
d?y

Find the second derivative — of i)y = x* + 3x + 2
ANS:i) y= x2+3x+2
dx x ’odx?
ANS:ii) y =logx
dy 1 &y _ 1
dx  x 'dx?2 = x2 ,
y = e*sin5x find £ andd—Z
dx dx

ANS: y = e*sin5x
8

o e¥*cos5x.5 + sin5x. e*

= e*(5 cos5x + sin5x)

dx
d?y

. dy
) fmd E
m
3

i’; = e*(—25 sin5x + 5c0s5x) + e*(5 cos5x + sin5x)

i)y = logx iii)y = x3logx

— = e*(—24sin5x + 10cos5x)

dx?
If y =tan"1x, show that (1 + x?)y, +2xy, =0

dy 1
dx ~ 1+x2

ANS:
2y @ _
(1+x7) -1

2y &y dy o
(1 + x7). Tzt 2x=0
(1 +x2)y, +2xy, =0
i)y =sin"tx , show that (1 — x?)y, — xy,=0

i) If y=Pe™ + Qe™ , thenprovethat y,—(m+n)y,+mny =0.

2
iii) y = 3 e?* + 2¢3* Prove that% — 5%+ 6y =0
. d?y dy\ 2
y — Z2 (==
i) eY(x+1) =1, showthat 2= (dx)

i) If y = e® % show that (14 x2)y, + (2x —1)y; =0

Ify=e® "% show that (1+x2)y,+(2x— 1y, =0

ANS: Z = gtan”'x

dx 1+x2

(1 + xz) Z_z - etan_lx(: y)



2y ¢%y | dy — v
(1+x).dx2+dx.2x— ™

1+xH)y,+2x—1y, =0
108 |fx =tan (ilogy), show that (1 +x2)y, + 2x —a)y; =0

Hint: tan~1x = %logy atan™'x = logy
1 y = eatan‘lx
now differentiate. ...
109 Ify = (tan™'x)? show that  (x? + 1)%y, + 2x(x? + 1)y, = 2

1O yf 5 = a(0 — sinf), y = a(1 + cos0), find Ly

-1
eatan X — y

dx?

d’y _d (dy) _d (dy) de
dx?  dx \dx/)  dé \dx/ dx
d? d 1
dx? dG a(1-cosB)

6 1 1 _ 1 40
= COS@C -.T).————p-— — cosec

272 a(2sin?3) 4a 2

111 Find %at 0= g, x =a(@ +sinf) , y = a(1 — cosH)
ANS: Z—Z = a(1l + cosB), Z—Z = a(sinf)

.. 0 6
dy a(sin) 2 sinZ.cos-. 9
— = = = =tan-
dx a(l+cosB) 2(;0525
d? d (d d (dy\ do d
Ly _ (D) _d(@) L0 1
dx? dx \dx do \dx/ dx do 2/ " a(1+cos0H)
1 1
—sec = 3
2 a(Zcosz—) 4acos*>
. 1
— ag="is =1
dx 4a a 5
. . d
12 ¢ x = aeg(sme — cos@)and y = ae?(sinf + cos@) find d—x};
. d .
ANS: x = aef(sind — cosf) = d—’; = 2ae?(sind)
. d
y = ae?(sind + cosf) = d—? = 2ae?(cosH)
dy
dy a6 _
a= = - cotf
de
@y _ i(d_y) _i(d_y) i
dx2 ~ dx\dx/ dé \dx/ dx
a a1 2 1
= (cot@) 2ae9(sm9) cosec*6. cosec. —;
d?’y _ —cosec®6
dx2  2aef
. t
13 5 y = a(1+sint) and X =a (cos t+ logtanz— ) and —.
114 1ty = acos® and y = asin3®0 find = g

115 Differentiate x? with respect to x3.



Letu= x?, andv = x3

We have to find du
dv

du dv
— =2x, — = 3x?
dx dx
du
du _ gx _  2x __ 2
dv 4 T 3x2 " 3x
dx

116

1-x

Differentiate : tan™?! (H;m) W.r.t sin (2 cot™! H—x)

] _ x . _1 [|1+x
ANS: u = tan 1(1+W) Y =sm<2cot 1 E)

Sub. x = sin @

U= tan-1 (L) = tan_l( sin 0 )
1+ /_1—(sin )2 1+cos6
ing in@ 6
tan-l( sin ): tan-l(w) = tan (tan6/2)

1+cosf 2c0s26/2
u=80/2
1.4 du 1 1
u= =sin""x, — ==
2 dx 2 Vi-x2
. _ 1+x
v =sin <2 cot™! /—)
1-x
X = cos0

o -1 [l#cos6) . _1 [2co0s%26/2
v =sin <2 cot /—1_6059> = sin <2 cot /—2 Sin29/2>

. \ 29 . _ .
=sin <2 cot™! f%) = sin(2 cot™t cot 8/2) = sin 6

J1 29 = /1 PYid LIV =

— cos“f = — Xt = =X = = Y
dx  2v/1—x2 V1—x2

dy _ dudv_1 1 . -x o __ 1

dx  dx dx 2 Vi—x?2 = Vi-x2? 2x

117 1. Differentiate: sin?x w:r:t e€os*

2. Differentiate : tan™! (1+\/%> w.r.t sin <2 cot™! \/g)

3. Differentiate : tan™! (\/?) w.rt cos™(2xvV1 — x2)
-1 (@) w:rt sin! (%)

5.Differentiate: tan~! (%) w:r:t tan~! (\/ﬁ—xz)

6. Differentiate : log(1 + x?2) with respect to tan™? x. ANS: 2x
8. Differentiate (logx)* with respect to log x.

A/ 2__
‘%%)W.r.t tan‘l(

4 Differentiate : tan

2xV1—x2

9. Differentiate: tan
1-2x2

)atx:Ois%



2
118 ¢ y = cot X + cosec X, show that  sinx % = y?



