Class XII Chapter 5 - Continuity and Differentiability

Maths

Exercise 5.1

Question 1:

Prove that the function”’ (x) is continuous at* = (-8t ¥ =

Answer

The given function is,,i"'[x) =5x-3
Atx=0,f(0)=5%x0-3=3

Iimf[x}: Ii_|}13[5x—3} =5x0-3=-3

s lim /' (x)=£(0)

Therefore, fis continuous at x = 0
Atx=-3,f(-3)=5x(-3)-3=-18
Ill_i{n]f{_r] = .Tlifnl{ﬁx—3}= 5x(-3)-3=-18
slim f(x)= f(-3)

Therefore, fis continuous at x = -3

Atx =5, f(x)= f(5)=5%x5-3=25-3=22
1_im_f(x}= lim (5x-3)=5x5-3=22

s lim f(x)= £ (5)

Therefore, fis continuous at x = 5

Question 2:

Examine the continuity of the function J {T} =2 —laty=3 .

Answer

The given function is f/(x) = 2x" -1
Atx=3,1(x)=f(3)=2x3"-1=17
lim /(x) = lim(2+" ~1) = 2x3* ~1=17

lim £ (x)= £ 3)

Thus, fis continuous at x = 3

—3and at x = 5.
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Examine the following functions for continuity.

; 1
. (v} = LXES
(a) .lr {T]:r_ﬁ(b) f{-l} X_S *#
Nox-25 _
(c) "f(l}_ x+5 X F j(d) _I{Tj:h—ﬁ
Answer

(a) The given function is"f {T]
It is evident that f is defined at every real humber k and its value at k is kK — 5.

lim f(x)=lim{x-5)=k-5=f(k
It is also observed that, ~* (%) .L-n{r ) A }

s lim f(x) = 1 (k)
Hence, fis continuous at every real number and therefore, it is a continuous function.
i ]
flx)= —,x#5
(b) The given function is X—2
For any real nhumber kK # 5, we obtain

L . 1
lim f(x)=lim——=
Tk =k X —5 —

rh

1 ¢ -
Also,f(k)=—— (Ask=3)
k=5 )
.'.Iirt: flx)=f(k)
Hence, fis continuous at every point in the domain of f and therefore, it is a continuous

function.

(c) The given function is X+35

For any real number ¢ # -5, we obtain
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- c+5)(x=5
i) =t " i ) i (a9) =9

Also, f(c)= (c+5)(e=3) (¢c—35) (asc=-5)

]Jm f(x)=f(e)

Hence, fis continuous at every point in the domain of f and therefore, it is a continuous

L

function.

S—x, ifx<5s
x=5ifx=5

(d) The given function is "
This function fis defined at all points of the real line.

Let c be a point on a real line. Then,c<50orc=50rc>5
Casel:c<5

Then, f(c)=5-c¢

lim _f{.r] = hT{S ~-x)=5-c

~im f(x) = f(c)

Therefore, fis continuous at all real numbers less than 5.
Casell:c=5

Then, /(€)= 1(5)=(5-5)=0

lim f(x)= EI_I.T}{S—'L} =(5-3)=0

lim f(x)=lim(x-5)=0
~lim f(x)=lim f(x)= f(c)

Therefore, fis continuous at x = 5
CaseIll: ¢ > 5

Then, / (¢)=f(5)=c-5

lim £ (x) =lim(x-5)=c-5

“im £ (x) = £(e)

K=

Therefore, fis continuous at all real numbers greater than 5.

Hence, fis continuous at every real number and therefore, it is a continuous function.
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Prove that the function / {T] = is continuous at x = n, where n is a positive integer.
Answer
The given function is f (x) = x”

It is evident that f is defined at all positive integers, n, and its value at n is n".

Then, lim f(n)=lim(x" )= n"

!r]_rzrl f(x)=f(n)

Therefore, fis continuous at n, where n is a positive integer.

Is the function f defined by
o x, 1ifx =<l
F)=15. i >
continuous at x = 0? At x = 1? At x = 2?
Answer
x,ifx=l

5, ifx =1

flx)=
The given function fis
Atx =0,
It is evident that f is defined at 0 and its value at 0 is O.

Then, lim f(x)= limx=0
a—l ’

a—+l

~lim £ (x)= £(0)

P
Therefore, fis continuous at x = 0
Atx =1,

fis defined at 1 and its value at 1 is 1.
The left hand limit of fat x = 1 is,

l_inllj'{x} =limx =1

The right hand limit of fat x = 1 is,
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lim f(x)=1lim(5)=5

K=l r—+]

sim f(x)# lim f(x)

r—l x—l
Therefore, fis not continuous at x = 1
At x = 2,
fis defined at 2 and its value at 2 is 5.
Then, lim f(x)=lim(5)=35
]L1_r}13 f(x)=1(2)

Therefore, fis continuous at x = 2

Find all points of discontinuity of f, where f is defined by
. 2x+3, ifx<2
flx)= ..
2x-3, ifx=2

Answer

B 2x+3, ifx=2
T |2x-3 ifx>2

f(x)
The given function fis
It is evident that the given function f is defined at all the points of the real line.
Let c be a point on the real line. Then, three cases arise.
(hec<2
(i)c>2
(iiyc=2
Case (i)c< 2
Then, f(¢)=2c+3
I\_irhlj_f'(_r}: ]L_irrj_ [21‘ i 3}: 2c+3
“im £ (x)= £ (¢)

Therefore, fis continuous at all points x, such that x < 2

Case (ii)c > 2
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sim f(x)=1(e)

K=

Therefore, fis continuous at all points x, such that x > 2
Case (iii)c =2

Then, the left hand limit of fat x = 2 is,

!qu fx)= Lli-w (2x+3)=2x2+3=7

The right hand limit of fat x = 2 is,

lim f(x) = lim (2x-3)=2x2-3=1

It is observed that the left and right hand limit of f at x = 2 do not coincide.
Therefore, fis not continuous at x = 2

Hence, x = 2 is the only point of discontinuity of f.

Find all points of discontinuity of f, where f is defined by
[|x]+3,ifx <=3
flx)=1-2x,if -3<x<3
Gx+2,ifx =23
Answer
x| +3=-x+3, ifx<-3
flx)=1-2x,if -3<x<3

_ _ ) bx+2, ifx=3
The given function fis

The given function f is defined at all the points of the real line.
Let c be a point on the real line.

Case I:

If ¢ <3, then f(c)=—c+3

lim f(x) =lim(-x+3)=~c+3

]I_il;t;l fx)=r(c)
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Therefore, fis continuous at all points x, such that x < -3
Case II:

If ¢ ==3, thenf(-3)=—(-3)+3=6
lim f(x)= lim (—x+3)=—(-3)+3=6

lim fx)= lim (-2x)=-2x(-3)=6

s lim f(x)=f(-3)
Therefore, fis continuous at x = -3
Case III:

If —3<¢<3, thenf(c)=-2¢and lim f(x)=lim(-2x)=-2¢

e

sim f(x)=1(e)

K=

Therefore, fis continuous in (=3, 3).
Case IV:
If c = 3, then the left hand limit of fat x = 3 is,

lim f(x)= lim (—2x) = -2x3=-6

The right hand limit of fat x = 3 is,

!l_lﬂ flx)= !]_ln (6x+2)=6x3+2=20

It is observed that the left and right hand limit of f at x = 3 do not coincide.

Therefore, fis not continuous at x = 3
Case V:

If ¢ >3, then f(¢)=6c+2 and |i1:r_1f(x]= Iilzj.{ﬁx +2)=6c+2
“lim £ (x)= /()

Therefore, fis continuous at all points x, such that x > 3

Hence, x = 3 is the only point of discontinuity of f.

Find all points of discontinuity of f, where fis defined by
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x|
. oifxl)
S/ {-‘f}: x
0, ifx=0
Answer
o .
. oifxl)
S/ {-‘f}: x
0, ifx=0

The given function fis

It is known that, * 0=|x=-xandx>0=|x]=x

Therefore, the given function can be rewritten as

|'i|—_—’"——1 if x <0
X X

fx)=40,ifx=0
H=—=l ifx=0
X X

The given function fis defined at all the points of the real line.
Let c be a point on the real line.

Case I:
If e <0, thenf(c)=-1
lim f (x) = lim (~1) = 1

X ‘

~im f(x)= f(¢)

Therefore, fis continuous at all points x < 0
Case II:
If c = 0, then the left hand limit of fat x = 0 is,

lim f(x)=lim(-1)=-1

K= . Tl

The right hand limit of fat x = 0 is,

lim f(x)=lim(1}=1

x—ll’ f { } a—ll’ ( ]

It is observed that the left and right hand limit of f at x = 0 do not coincide.

Therefore, fis not continuous at x = 0
Case III:



Class XII Chapter 5 - Continuity and Differentiability

Maths

If ¢ >0, then f(c)=1
lim f(x) =Tim(1) =1
sim f(x)=1(e)

Therefore, fis continuous at all points x, such that x > 0
Hence, x = 0 is the only point of discontinuity of f.

Find all points of discontinuity of f, where fis defined by

) J—‘ ifx <0
S (x)=1

l—LH&zﬂ

Answer

J'—", ifx<0
&

f{ﬂ:l
—1, ifx=0

The given function fis
¢ < X[ =—
It is known that, ¥<0= |1'| v

Therefore, the given function can be rewritten as

X

_ o Lifx<0
f(x)=qld =
=1, ifx=0
= f(x)=-1forallxeR

lim f(x)=lim(-1)=-1

Let c be any real number. Then, * wo

fle)=-1=lim f(x)
Alsol Xk .
Therefore, the given function is a continuous function.

Hence, the given function has no point of discontinuity.

Find all points of discontinuity of f, where fis defined by
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F(x)- [x+1, ifxz]

[x*+1, ifx <1
Answer

o [.r+ L ifx=1
,f [r]:’l\ 3+| I l
The given function fis x JAx <

The given function f is defined at all the points of the real line.

Let ¢ be a point on the real line.

Case I:

If <1, then f(c)=c’+1and lim f(x)=lim(x* +1)=c* +1

lim f(x) = f(e)

Therefore, fis continuous at all points x, such that x < 1
Case II:

Ife=1, thenf(c)=f(1)=1+1=2
The left hand limit of fat x = 1 is,
lim f(x)=lim(x" +1)=1"+1=2
lim f(x) L_J_?Il{r +1)=1"+

The right hand limit of fat x = 1 is,
lim f(x)=lim(x+1)=1+1=2

x—l r—+]

Iinllj'{.r]— F1)

Therefore, fis continuous at x = 1
Case III:

Ifc>1, thenf(c)=c+]I

lim f(x) =lim(x+1)=c+1

sim f(x)=1(e)

K=

Therefore, fis continuous at all points x, such that x > 1

Hence, the given function f has no point of discontinuity.

Find all points of discontinuity of f, where f is defined by
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y jv _3,ifx<2

/(x)= |2 +1, ifx>2

Answer

jx-“ _3,ifx<2

|2 +1, ifx>2

f(x)=
The given function fis
The given function fis defined at all the points of the real line.

Let ¢ be a point on the real line.

Case I:

Ife <2, thenf(¢)=c’ =3 and lim f (x)=lim(x"-3)=c’ -3

~im f(x)= f(¢)

K=

Therefore, fis continuous at all points x, such that x < 2
Case II:

Ife=2, then,f'{c} = ,f'{z} =2"-3=5

]HTI f = ||m{1r1 ] -3=5
l|m = I1m X +1)=2"+1=5

Ilm,i"f x)=1(2)

Therefore, fis continuous at x = 2
Case III:

If ¢ =2, thenf(c)=¢

lim f (x) = lim x 3+|)_.; +1
sim f(x)=f(c)

Therefore, fis continuous at all points x, such that x > 2
Thus, the given function fis continuous at every point on the real line.

Hence, f has no point of discontinuity.

Find all points of discontinuity of f, where f is defined by



Class XII Chapter 5 - Continuity and Differentiability Maths

» J.‘r”' 1, ifx <l
f(x)= |x%,  ifx>1
Answer

£ zj.vi" -1, i_l'_.r*'_il
The given function fis l‘ x>l
The given function fis defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:

Ife<l, thenf(c)=c"~1and lim f(x)= ]jr;tll_(:l"“ ~1)=¢" -1
{ltn f(x)=f(c)

Therefore, fis continuous at all points x, such that x < 1

Case II:
If c = 1, then the left hand limit of fat x = 1 is,

lim £(x)=lim(x" =1)=1"-1=1-1=0
x—l

gl * ’

The right hand limit of fat x = 1 is,
lim f (x)=lim(x)=1" =1
x—+l r—1" !

It is observed that the left and right hand limit of f at x = 1 do not coincide.
Therefore, fis not continuous at x = 1
Case III:

Ifc=1, thenf(c)=c

lim f(x) = ]i[ll{r:) = ¢

T—rC

slim f(x)=1(c)

Therefore, fis continuous at all points x, such that x > 1
Thus, from the above observation, it can be concluded that x = 1 is the only point of

discontinuity of f.

Is the function defined by
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f ] x+5, ifx=1
xX)=
’ x=5 ifx=1
a continuous function?
Answer
x+5, ifx=1
flx)= )
{ ] x=5 ifx>1

The given function is
The given function fis defined at all the points of the real line.
Let ¢ be a point on the real line.

Case I:

Ife <1, thenf(c)=c+5and lim f(x)=lim(x+5)=c+5

i Tk

~im f(x)= f(¢)

Therefore, fis continuous at all points x, such that x < 1
Case II:

Ife=1, thenf(1)=1+5=6
The left hand limit of fat x = 1 is,
lim f(x)=lim(x+5)=1+5=6

Xl

The right hand limit of fat x = 1 is,
lim f(x)=lim(x-5)=1-5=—4
x| r—]

It is observed that the left and right hand limit of f at x = 1 do not coincide.
Therefore, fis not continuous at x = 1
Case III:

Ife>1, thenf(c)=c—5and lim f'(x)=lim(x-5)=¢c-3

F—r Tk

sim f(x)=1(e)

Therefore, fis continuous at all points x, such that x > 1
Thus, from the above observation, it can be concluded that x = 1 is the only point of

discontinuity of f.
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Discuss the continuity of the function f, where f is defined by

J:i. if0<x<l
_f'{.r]: 4, ifl<x<3
lfr- if3<x<10
Answer
JB. if0<x<1
fx)=14, if l<x<3
lfb. if3=x=10

The given function is
The given function is defined at all points of the interval [0, 10].

Let c be a point in the interval [0, 10].

Case I:

If0<c<l, thenf(c)=3and lim f (x)= lim (3)=3
sim f(x)=f(e)

Therefore, fis continuous in the interval [0, 1).
Case II:

If e =1, thenf(3)=3

The left hand limit of fat x = 1 is,

lim f(x)=1lim(3)=3

x—+l x—+l )

The right hand limit of fat x = 1 is,

lim f(x)=1lim(4)=4

x| =l

It is observed that the left and right hand limits of fat x = 1 do not coincide.

Therefore, fis not continuous at x = 1
Case III:

If 1<¢<3, thenf(c)=4 and ITil:J}_,il"i:.r) = llt;l'] (4)=4

lim £ (x) = £(c)

Therefore, fis continuous at all points of the interval (1, 3).
Case 1IV:

If ¢ =3, thenf(c)=5
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The left hand limit of fat x = 3 is,
lim f(x)=lim(4)=4

K33 =3

The right hand limit of fat x = 3 is,
lim f(x)=lim(5)=5

It is observed that the left and right hand limits of f at x = 3 do not coincide.
Therefore, fis not continuous at x = 3
Case V:

If3<c <10, thenf(c)=5and lim f(x)=lim(5)=S5

im /()= / )

Therefore, fis continuous at all points of the interval (3, 10].

Hence, fis not continuous at x =1 and x = 3

Discuss the continuity of the function f, where f is defined by

Jz.r‘ if x <0
flx)=40, if0=x<]
Ll-.r, ifx=1
Answer
Jz.r‘ if x <0
flx)=40, if0=x<]
Ll-.r, ifx=1

The given function is
The given function is defined at all points of the real line.
Let c be a point on the real line.

Case I:
If ¢ <0, then f(c)=2¢c
lim flx)= ]_im{ZJ:] =2c

|]1TI flx)=r(e)

Therefore, fis continuous at all points x, such that x < 0
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Case II:

If e =0, thenf(c)=f(0)=0

The left hand limit of fat x = 0 is,
lim f(x)=1im(2x)=2x0=0

-+l

The right hand limit of fat x = 0 is,
/()= (0)=0
slim f(x)= 1
im /()= /(0)
Therefore, fis continuous at x = 0
Case III:
If<ec<l, thenf(x} =0and lim f(x]l = Iimi:[}} =
clim f(x};f{c)
Therefore, fis continuous at all points of the interval (0, 1).
Case IV:
Ife=1, then f(c)=f(1)=0
The left hand limit of fat x = 1 is,
lim f(x)=1lim(0)=0
s+l N x—l
The right hand limit of fat x = 1 is,
lim f(x)=lim (4x)=4x1=4
K=l K=+l
It is observed that the left and right hand limits of fat x = 1 do not coincide.

Therefore, fis not continuous at x = 1
Case V:

Ife<l, thenf[c'] =4¢ and |in_1 _,il"i:.'c) = ll_in;[tix} =4
. lim f(x};f{c)

Therefore, fis continuous at all points x, such that x > 1

Hence, fis not continuous only at x = 1

Discuss the continuity of the function f, where f is defined by
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=2, ifx=<-1
flx)=12x, if —-1<x <]
|2, ifx=1
Answer
=2, ifx=-1
flx)=12x, if —-1<x<]
|2, ifax=1

The given function fis
The given function is defined at all points of the real line.
Let ¢ be a point on the real line.

Case I:

If ¢ < -1, then f(c)=-2 and ll_ir'rjf{x}: ]L-l”P-[ 2)=-2

~lim £ (x)= £ (c)

Therefore, fis continuous at all points x, such that x < -1
Case II:

Ife=—1, thenf(c)=f(-1)=-2

The left hand limit of fat x = —1 is,
Jim £ (x)= Jim (-2)=-2

The right hand limit of fat x = -1 is,

I_lm flx)= I_lm (2x)=2x(-1)=-2

- lim flx)=r(-1)
Therefore, fis continuous at x = —1
Case III:

If —1<ec<l, thcn_,ﬂ"{c-] 2c
im ()= lim (23) = 2
sim f(x)= f(e)

Therefore, fis continuous at all points of the interval (-1, 1).

Case IV:
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Ife=1, thenf(c)= f(1)=2x1=2
The left hand limit of fat x = 1 is,
lim f(x)= lim (2x)=2x1=2
The right hand limit of fat x = 1 is,
lim f(x)=1lim2=2

xsl

- lim f(x)=f(c)

Therefore, fis continuous at x = 2
Case V:

If ¢ >1, thenf(c)=2 and lim f(x)=1im(2) =2

lim f(x) =/ (c)

Therefore, fis continuous at all points x, such that x > 1
Thus, from the above observations, it can be concluded that f is continuous at all points

of the real line.

Find the relationship between a and b so that the function f defined by
) arv+1, ifx<3
flx)= o
hx+3, ifx=3
is continuous at x = 3.
Answer

f(x)

{m‘+], ifx=3
The given function fis

he+3, ifxr=3

If fis continuous at x = 3, then
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lim f(x)=lim £ (x)=£(3) (1)
¥—*3 x5
Also,

lim f(x) = lim (ax+1)=3a+1
ILm fx)= ,h_.m (bx+3)=3h+3
:f'liB]l = 3(F+.| |

Therefore, from (1), we obtain
Ja+1=3b+3=3a+l

= 3ag+1=3h+3
—=3g=3h+2

2
= aga=h+=
3

2
a=h+=
Therefore, the required relationship is given by,

For what value of 4 is the function defined by
_ Alx*=2x), ifx=0

flx)= ( }
dx+1, ifx=0

continuous at x = 0? What about continuity at x = 1?

Answer

flx)=

The given function fis

A(x'-2x), ifx<0
dx+1, iflx=0

If fis continuous at x = 0, then
lim f(x) = lim £ (x) = £(0)
. . A _ . i _ f a B
= Th].:r.] ).{1 Hx] EH.T (4x+1) A{ﬂ Exﬂ}

:,-A{ﬂf-zxr}}=4xn+1=n

= 0 =1=10. which is not possible

Therefore, there is no value of A for which fis continuous at x = 0
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Atx =1,
f(l)=4x+1=4x14+1=5
lim(4x+1)=4x1+1=35

Tl

= dim £ (x)= £ (1)

Therefore, for any values of A, fis continuousat x =1

Show that the function defined by g{.T] - x_['r]is discontinuous at all integral point.

x .
Here [ ]denotes the greatest integer less than or equal to x.

Answer
g(x)=x-[x]

It is evident that g is defined at all integral points.

The given function is

Let n be an integer.
Then,

g(n)=n-[n]=n-n=0
The left hand limit of fat x = n is,

lim g(x) = lim (x—[x]) Jnr{x}—llw[x] n—(n—1)=1

X+ X—i

The right hand limit of fat x = n is,
]H“ g(x)= |I_1TJ‘| (x-[x])= _.lim (x)-lim[x]=n-n=0

It is observed that the left and right hand limits of fat x = n do not coincide.
Therefore, fis not continuous at x = n

Hence, g is discontinuous at all integral points.

f(x)=x"—sinx+5

Is the function defined by * continuous at x = p?

Answer

' . :.-‘:— 1 '.+5
The given function is-’f(r} v —SIn X
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It is evident that fis defined at x = p

Atx=m, f(x)= f(n)=n"—sint+5=n"-0+5=71"+5

Consider lim f(x)=lim(x* —sinx+5)

Putx=m+h

If x = m, then it is evident that h — 0
o dim f(x) = lim (x* - sinx +5)
=T X—*T

=lim _[rr+ R —sin(m+h)+ 5}

=il

=lim(n+h) - !ai_l:ll_‘!ISIll (m+h)+1ims

fr—si1 f—i)

=(m+ ﬂ}: Iim_[s-in mcosh+ a:u:-sns-[nh] +5

=)

n° — limsin wcosh— lim cos wsinh+ 5

=0 =0

=n’ —sinmcos0—cosnsin0+5
=1 —0x1—(=1)x0+5
=1 +5

s lim £ (x) = £ (r)

Therefore, the given function fis continuous at x = n

Discuss the continuity of the following functions.

(@) f (x) = sin x + cos x

(b) f (x) = sin x — cos x

(c) f (x) = sin x x cos X

Answer

It is known that if g and h are two continuous functions, then

g+h, g—h, and g'hare also continuous.

It has to proved first that g (x) = sin x and h (x) = cos x are continuous functions.
Let g (x) = sin x

It is evident that g (x) = sin x is defined for every real number.

Let c be a real number. Putx =c + h

Ifx—>c thenh—-0



Class XII Chapter 5 - Continuity and Differentiability

Maths

gle)=sine
limg[x) = limsin x

= I,,”,T,], sin(c + Pi}

= Iim[s-in ccosh +coscsin h]
s}

= Iﬁnﬂ{sm ccosh)+ Luﬂ{cnsc sinf)

=sinccos0+coscsin(
=sinc+0
=sIn¢

+ limg(x)=g(e)

Therefore, g is a continuous function.

Let h (x) = cos x

It is evident that h (x) = cos x is defined for every real number.
Let c be a real number. Putx =c + h

Ifx—>c thenh—-20

h (c) =cosc

lim h(x)=limcosx

N—*

= limcos(c+h)

Je—=ll

=lim[cosccos h—sincsin Al

Je—sll
=limcosccos h—limsinesin b
Je—ll fa—)
=cosccnsl—sinesin(
=coscx|—sincx(
=Cosc

s lim hl[.rj h(c)

Therefore, h is a continuous function.

Therefore, it can be concluded that

(@) f(x) =g (x) + h(x) =sin x + cos x is a continuous function
(b) f(x) = g (x) — h (x) = sin x — cos x is a continuous function

(o) f(x) =g (x) x h (x) =sin x x cos x is a continuous function
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Discuss the continuity of the cosine, cosecant, secant and cotangent functions,
Answer

It is known that if g and h are two continuous functions, then

h(x)

(i) ——. g(x)=0is continuous

g(x)

(i) : , g(x)# 0 is continuous
g(x)

.1 =, h{'x] # () is continuous
hix)

(iii)
It has to be proved first that g (x) = sin x and h (x) = cos x are continuous functions.
Let g (x) = sin x
It is evident that g (x) = sin x is defined for every real number.
Let c be a real number. Putx =c + h
Ifx *c,thenh 0
gle)=sine
limg(x)=limsin x
= Iim] sin(c+h)
Frnl :
= !im[s-in ccosh+coscsin ﬁr]
(=11

=lim(sinccosh)+ 1i|11{¢{asc‘sin h)
h—d}

)
=sinccos0+coscesin
=sinc+0
=sinc
" ]u-]T g(x)=g(c)
Therefore, g is a continuous function.
Let h (x) = cos x
It is evident that h (x) = cos x is defined for every real number.
Let c be a real number. Putx =c + h
Ifx®c, thenh ® 0

h(c) =cosc
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lim h(x)=limcosx

N—*

= limcos(c+h)

Je—=ll

=lim[cosccos h—sincsin Al

Je=sll

= limcosccos h—limsinesin

Jr—=ll fa—il

=cosccnsl—sinesin(
=coscx|—sincx(

=C0scC

s lim hl[.rj h(c)

K=
Therefore, h (x) = cos x is continuous function.

It can be concluded that,

cosec x = , sinx = 0 is continuous

sInx

= cosecx, X #nn (ne Z) is continuous

Therefore, cosecant is continuous except at x = np, n iz

1 . :
secxy = . cosx # 0 is continuous
COs X

—8eCY, X £ {Zn +1}% [n e Z) is continuous

T
x=(2n+1)= (neZ)
Therefore, secant is continuous except at 2

R Y

, sinx = 0 is continuous

colx =

sinx
—colx, x # 0T {n [= Z] is continuous

Therefore, cotangent is continuous except at x = np, n iz

Find the points of discontinuity of f, where

_Jsmx_it‘_r-::ﬂ

x+1, ifx=0
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Answer

oY rr <o
I |:~-“J =9 X
The given function fis l.‘r tl, ifx20
It is evident that f is defined at all points of the real line.
Let c be a real number.

Case I:

sine . .
and lim f(x)=lim

{: T R \ r't' J ‘."

PN
If c <0, then £ (c) = [sm_r |=sma

sim f(x)=f(e)

E—*i
Therefore, fis continuous at all points x, such that x < 0
Case II:

Ife>0, thenf (c)=c+1and lim f (x)=lim(x+1)=c+I
]L_ir"rl‘l__f'{x] =f(c)

Therefore, fis continuous at all points x, such that x > 0
Case III:

Ife=0, thenf(c)=f(0)=0+1=1
The left hand limit of fat x = 0 is,

sinx

Iim_f{_‘r}: lim =1

¥ =i} =il x
The right hand limit of fat x = 0 is,
lim f(x)=lim (x+1)=1
slim f(x) = lim f(x)= /(0)
e

]
Therefore, fis continuous at x = 0
From the above observations, it can be concluded that fis continuous at all points of the
real line.

Thus, f has no point of discontinuity.
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Determine if f defined by
-

f{.r}: x sm;, ifx=0

0, ifx=10
is a continuous function?
Answer

SO I
f{.r}: x sm;, ifx=0

The given function fis 0, ifx=0
It is evident that f is defined at all points of the real line.
Let ¢ be a real humber.

Case I:

. 2.1

Ifc =0, thenf(c)=c"sin—
i

o N AT b B ST R R R
lim f(x)=1lim| x*sin— —{]Itl‘l,‘f'] limsin— |= ¢’ sin—
¥ K= _1'}.] K= AW .r,:' ,:_"

sim f(x)= f(c)

Therefore, fis continuous at all points x # 0
Case II:

If ¢ =0, then f{0) =10
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x—ll F—li x x—wld x

lim f(x)= lim [f sin lJ = Iim(f sin l]

) 1
It is known that, -1 <sin—=1, x =0
.

. I 5

= —x" Z£sin—=< x°
X
r ] '\
= ]im(—_r'} < Iim[ x° sin—J < lim x~
\,

3l 1w ¥ vl

¢
=0 =lim
x s-:.".\
5 1
:}][m[x' 5in J:CI
X

vl

.1
X sin— |£U
X/

s lim j'(x} =10

vl

a—l) r—l]

- L N ATIE D U A
Similarly, lim f(x)= lim [x"sm—w—hm[:r" sin— | =0
_x/. K —ll A'JI

sdim f(x)= £(0)= lim f/(x)

x—l g+l

Therefore, fis continuous at x = 0

From the above observations, it can be concluded that fis continuous at every point of

the real line.

Thus, fis a continuous function.

Examine the continuity of f, where f is defined by

_ sinx—cosx,ifx=0
flx)= .
-1 ifx=10
Answer
sinx—cosx,ifx=0

”I}z{—l ifx=0

It is evident that f is defined at all points of the real line.

The given function fis

Let ¢ be a real number.

Case I:



Class XII Chapter 5 - Continuity and Differentiability Maths

If ¢ # 0, then f'(¢) = sinc —cose

lfiT. flx)= Ivir'n_{sin x—eosx)=sinc—cosc

IH' flx)=r(c)

Therefore, fis continuous at all points x, such that x # 0
Case II:

If e =0, then f(0)=-1

lim f(x) = lim (sin x—cos.x) =sin0—cos 0 =0—1= -1

5=

lim f(x)= lim (sin x—cosx)=sin0—cos0=0-1=-1

¥
sdim f ()= lim f(x) = f(0)
r—ll ="
Therefore, fis continuous at x = 0
From the above observations, it can be concluded that fis continuous at every point of

the real line.

Thus, fis a continuous function.

Find the values of k so that the function f is continuous at the indicated point.

kcosx | b
Jifx= >
. T—2ix Z T
flx)= alx=—
{ } . n n 2
3, ifxr=—
2
Answer
(kcosx .. m
> . 1'1';&5
j-{x}: n X
A - b8
3, i X=_
The given function fis =
T T
XN == XN ==
The given function fis continuous at 2 , if fis defined at 2 and if the value of the f

Y=

x= y=—
equals the limit of f at 2

at

[N
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i
] m
== f H =3
It is evident that f is defined at 2 and =

kcosx

lirrl f(x)=1lim

x :-: T]:_EJ.'

T
Putx=—+h
2

n
Thcn.x—:»;:w’r—ﬂ)

4
ke &CGS|H+}'?
i (1) = lim £ iy —— 2
:r: J.:'_ n_z[ —Jr]‘|
\2 J
— klim slnhzkl \'mh:kak

L
) =23
2
= k=06

Therefore, the required value of k is 6.

Find the values of k so that the function f is continuous at the indicated point.

. ket ifx<2
flx)= ' atx =2
' { ] {3, ifx=2
Answer
k', ifx<2
A ]:[3 ifx=2
The given function is ’ T

The given function fis continuous at x = 2, if fis defined at x = 2 and if the value of f at

x = 2 equals the limitof fat x = 2

. _ - 2 _
It is evident that fis defined at x = 2 and Y [2} B k{-'} =4k
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lim f(x)=lim f(x)=f(2)
= lim (k' ) = lim (3) = 4k

= kx2'=3=4k

=4k=3=4k
= 4k=3
3k=i

4

.3
kis =
Therefore, the required value of

Find the values of k so that the function fis continuous at the indicated point.
bx+1, ifx=m

= . atx=m
cosx, ifx>m

flx

Answer
v+, ifx<m

The given function is cos.x, if x >

The given function fis continuous at x = p, if fis defined at x = p and if the value of f at

X = p equals the limitof fat x = p

It is evident that fis defined at x = p and f(®)=h+]

lim f(x)=lim 7(x)= 1 (=)

= lim {kﬁ:+|j: limcosx=kn+1

i1 x—x’
= fn+l=cosm=kn+l|
=kn+l==1=kn+1

:;»»fr=—z
T

ks ==,
Therefore, the required value of 1l
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Find the values of k so that the function f is continuous at the indicated point.

k41, ifx =35

x)= atx=>5
1 ) 3x=5, ifx=5
Answer
e +1, ifx=5
flx ={ :
{ ] 3x=5 ifx=5

The given function fis -
The given function fis continuous at x = 5, if fis defined at x = 5 and if the value of f at

x = 5 equals the limit of fat x = 5

It is evident that fis defined at x = 5 and f[::}: fx+1=5k+1

lim f(x) = lim f(x)=£(5)
= lim (kx+1) = lim (3x—5) =5k +1

= Sk+1=153=-5=5k+1
= 3k+1=10
= 5k=9
9
:’k=j
5

k is
Therefore, the required value of

| o

Find the values of a and b such that the function defined by

A, ifx=<2
I,f'(,r}: ax+hif2<x<10
21, ifx=10

is a continuous function.



Class XII Chapter 5 - Continuity and Differentiability

Maths

Answer
3, ifx=2
If'{.r}: ax+hif2<x<10
21,  ifx=10

The given function fis

It is evident that the given function f is defined at all points of the real line.

If fis a continuous function, then fis continuous at all real numbers.
In particular, fis continuous at x = 2 and x = 10

Since fis continuous at x = 2, we obtain
lim f(x)=lim f(x)=7(2)

= lim (5) = lim (ax+b) =5

F

= S5=2a+h=5

= 2a+b=3 (1)
Since fis continuous at x = 10, we obtain

lim f(x)= rlim_ F(x)=r(10)

x—lil

= lim (ax+b)= lim (21)=21
a0 a1

= 10a+h=21=21
= 10a+h=21 [2}

On subtracting equation (1) from equation (2), we obtain
8a = 16

By putting a = 2 in equation (1), we obtain
2xXx2+b=5

>4+b=5



Class XII Chapter 5 - Continuity and Differentiability Maths

Therefore, the values of a and b for which fis a continuous function are 2 and 1

respectively.

Show that the function defined by f (x) = cos (x?) is a continuous function.

Answer

The given function is f (x) = cos (x?)

This function f is defined for every real number and f can be written as the composition
of two functions as,

f=goh, where g (x) = cos x and h (x) = x*

o (goh)(x)= g[!}{x}) =g (xz] = L‘L}E{.‘{'z } = f['c]]

It has to be first proved that g (x) = cos x and h (x) = x* are continuous functions.
It is evident that g is defined for every real nhumber.

Let c be a real number.

Then, g (c) = cos ¢

Putx=c+h

Ifx—c, then h— 0

]\_iT gx)= ITi|3_1 cosx

=lim cnﬁl[c' + )

fi—l)

=lim [cnsa‘ cosf1—sin ¢sin J'?]

e
=limcosccosh—limsinecsinh
fi—l) =l
=cosccosl—sinesin(
=coscx]|—sine=0
=C0s5¢
]:111 g(x)=g(e)

Therefore, g (x) = cos x is continuous function.
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h (x) = x?
Clearly, h is defined for every real number.
Let kK be a real number, then h (k) = k?

limh(x)=limx" =k

Xk r—rk
Slimb{x)=hk
lim r{r} r[ )
Therefore, h is a continuous function.
It is known that for real valued functions g and h,such that (g o h) is defined at ¢, if g is

continuous at ¢ and if fis continuous at g (c), then (f o g) is continuous at c.

f(x)=(goh)(x)=cos(x’)

Therefore, is a continuous function.

Show that the function defined by S (x)=|cosx]

Answer

is a continuous function.

f(x)=|cosx|

The given function is-
This function f is defined for every real number and f can be written as the composition

of two functions as,

f=goh, Whereg['T} =|x| and i(x)=cosx

[ (goh)(x)= g[h(r}] = g(cosx)= |{:nﬁx| = f{r}]

=|x| and h(x)=cosx

.
It has to be first proved that £ [TJ are continuous functions.

g(x)= |x| can be written as
—x, ifx <0
x)=
g{ } {r, ifx=0
Clearly, g is defined for all real numbers.

Let c be a real number.

Case I:

Ifc <0, then g(c)=-c and limg(x)= lim (~x)=-c

X

limg (x)=2(c)
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Therefore, g is continuous at all points x, such that x < 0
Case II:

If¢=0, theng(c)=c and Itiiz}g{x}: lT".n x=c¢
“limg(x)=g(c)

Therefore, g is continuous at all points x, such that x > 0
Case III:

If¢=0, theng(c)=g(0)=0

(-x)=0
(

llmg }—llm x)=0

=

*lim g (x) = lim (x)=g(0)

r—+il x—+il

|1m 1{{‘:}= |1m

Therefore, g is continuous at x = 0

From the above three observations, it can be concluded that g is continuous at all points.

h (x) = cos x

It is evident that h (x) = cos x is defined for every real number.
Let c be a real number. Putx =c + h

Ifx—>c thenh—0

h(c) =cosc

]lmh[r}— limcos x

N—*

= limcos(c +h)

Je—=ll

= lim [c:::Sc- cos h—sin esin Ia]

Je—ail

=limcosccosfi—limsinesinh

fr—=il fa—il

=cosccnsl—sinesin(
=coscx|—sincx(

=C0scC

slimb(x)=h(c)

K=

Therefore, h (x) = cos x is a continuous function.

It is known that for real valued functions g and h,such that (g o h) is defined at ¢, if g is

continuous at ¢ and if fis continuous at g (c), then (f o g) is continuous at c.
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F(x)=(goh)(x)=g(h(x))=g(cosx)=|cos x|

Therefore, is a continuous function.

: sin x| . .
Examine that | is a continuous function.

Answer

Let f(x)=sin|x|

This function f is defined for every real number and f can be written as the composition
of two functions as,

f=goh, Whereg{'r} =|x| and i (x) =sinx

I: {gf}h}{x] = g[h(r}) = g[:-;in x)= |:-;in Xl = f[.l}:l

g(x)=|x| and i(x)=sinx

It has to be proved first that are continuous functions.

g(x)=|x| can be written as

g(-‘f}={

Clearly, g is defined for all real numbers.

—x, ifx =<0

x, ifx=0

Let ¢ be a real number.

Case I:

Ifc <0, theng(c)=—cand limg(x)=lim(-x)=-c

lim g (x) = g (c)

Therefore, g is continuous at all points x, such that x < 0
Case II:

Ifc =0, then g(c)=c and Iimg(x} =limx=c¢
~limg(x)=g(c)

Therefore, g is continuous at all points x, such that x > 0
Case III:

Ife=0, theng(c)=g(0)=0
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lim g(x) = lim (-x)=0

lim g(x)=lim (x)=0

=

s lim g (x) = lim (x) = g(0)

r—s(l x—l
Therefore, g is continuous at x = 0
From the above three observations, it can be concluded that g is continuous at all points.
h (x) = sin x
It is evident that h (x) = sin x is defined for every real number.
Let c be a real number. Put x = ¢ + k
Ifx—>c thenk—0
h (c) =sinc
h(c)=sine

lim Fr(x} =limsinx

N=» N—*

= lim Hin{c i k}

k=el}

= Iim[ﬁincm}sk +coscsin ﬁf]
=1)]

=lim(sinccosk )+ lim {cm c5in .»fr]

)] h—lb
=sinccos0+coscsin(
=sinc¢+10
=sinc

L limhb(x)=g(c)

=¥
Therefore, h is a continuous function.
It is known that for real valued functions g and h,such that (g o h) is defined at ¢, if g is

continuous at ¢ and if fis continuous at g (c), then (f o g) is continuous at c.

F(x)=(goh)(x) = g(h(x))=g(sinx)=|sinx|

Therefore, is a continuous function.

() = Il = L+
Find all the points of discontinuity of f defined by"f (r} |T| |1' ! .

Answer

The given function is"fl{'t}:|'r|_|"'+|
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The two functions, g and h, are defined as
g(x)=|x| and A(x)=|x+1]

Then, f=g—h

The continuity of g and h is examined first.

2(x)=|x| can be written as
—x, ifx<0
()]

x, ifx=0
Clearly, g is defined for all real numbers.
Let ¢ be a real number.

Case I:

Ifc <0, theng(c)=—cand limg(x)=lim(-x)=-c

~limg(x)=g(c)

Therefore, g is continuous at all points x, such that x < 0
Case II:

Ifc =0, then g(c)=c and Itilz}g(x} = lT"-." x=c¢
limg(x)=g(c)

Therefore, g is continuous at all points x, such that x > 0

Case III:
Ife=0, theng(c)=g(0)=0

lim g(x) = lim (-x)=0
fi £(x) =l (x)=0

s lim g (x) = lim (x) = g(0)

x—3il : x—+il
Therefore, g is continuous at x = 0
From the above three observations, it can be concluded that g is continuous at all points.
h(x)=|x+1| can be written as

h{x}:{_{‘r"’l}s if, x <—1

x+1, ifx=-1

Clearly, h is defined for every real number.
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Let c be a real number.

Case I:
If ¢ < 1. then Ai(c) = ~(c+1) and lim(x) =lim| ~(x+1) | = ~(c+1)
slima(x)=h(c)

Tk

Therefore, h is continuous at all points x, such that x < -1

Case II:
If ¢ > 1, then h(c)=c+1and limh(x)=lim(x+1)=c+]

ki

slimh(x)=h(c)

Temr

Therefore, h is continuous at all points x, such that x > -1

Case III:

If e =—1, then h(c)=h(-1)=-1+1=0
lim h(x)= lim [—{x+|}]=—{—|+]}=ﬂl
x——] x——1

lim h(x)= lim (x+1)=(-1+1)=0

x=—1" x=—1'

solim h(x) = lim B(x)=h(-1)

-1 fe—=—1"
Therefore, h is continuous at x = -1

From the above three observations, it can be concluded that h is continuous at all points

of the real line.
g and h are continuous functions. Therefore, f = g — h is also a continuous function.

Therefore, f has no point of discontinuity.
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Exercise 5.2

Question 1:

Differentiate the functions with respect to x.

sin(x'1 +5)

Answer

Letf (x) =sin(x*+5), u(x)=x"+5, and v(r) =sint
Then, [vm.']{x} = v{u{x]} = v(xz + 5] = tan(x: | 5) = f(x]
Thus, fis a composite of two functions.
Putf=u(x)=x"+5

Then, we obtain

% = %{sm t) = cost =cos(x* +5)

dar d . dg d
E:E(I +j):E(I ]+E(5‘]:2I+U=ZI
dff _dv dt

Theretore, by chain rule, =

e ms[xl +5):-c l.rzixcus(x3+5)

Alternate method

%[sin{x'1 +5ﬂ :cos(:c3+5]- d {x? +5)

Question 2:

Differentiate the functions with respect to x.

cos(sin x)



Class XII Chapter 5 - Continuity and Differentiability Maths

Answer

Let f (x) = cos (sin x),u(x) =sinx, and v(t) = cos!
Then. (vou)(x)=v(u(x))=v(sinx) =cos(sinx) = f(x)
Thus, fis a composite function of two functions.

Putt = u (x) = sin x

.:J:h _ 2 [m‘.rs:] = —ginf = —sin{sin x}
df T
drd .
E:é—(SIHI}:CUSI
X

df v dt ) ) . .
= —51ﬂ[51ﬂ .'L')'L‘USJ[’ = —{:usxmn[mn I]
By chain rule, dv  di dx
Alternate method

(sinx)=-sin [.\;in x] £COSX = — COs xsin(sin .r}

d
dx

= [::us;{s;in r}:l = —sin(sin x] .

Question 3:

Differentiate the functions with respect to x.

sin(ax +b)

Answer

Laetf[ } =sin I:ax+ b) (r] =ax+h, and v{f)= sint
Then, (vou)(x)=v (zr{ }— v(ax+b)=sin(ax+b)= f(x)

Thus, fis a composite function of two functions, u and v.

Putt=uXx)=ax+0b

Therefore,
av  d
sini)=cost=cos|lax+ b
— = sinf)= (ax+b)
di d d d
—=—/(ac+b)=—(ax)+—(b)=a+0=a
dr rix( ] rbr( } cix( )
Hence, by chain rule, we obtain
df  dv di

EZE E_coq[ax : b)-a=acns{ax f h)
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Alternate method

‘ii[s{n[ax+b):|: cos(ax+ b},i[ww b)

X dx

=cns(ax+b]-[i{ax}+i[b}}

el
=cos(ax+b).(a+0)

=a cos[ax+b}

Question 4:

Differentiate the functions with respect to x.

{5

Answer

Let f (x) =sec(tanx ), u(x) = Vx,v(r) = tant,and w(s) = secs

Then, (wovou)(x) = w[v{u[x})] = u[t[ﬁ)] = u-(tan «f}) = scc(tan ﬁ) = f(x)
Thus, f is a composite function of three functions, u, v, and w.

Puts=v(r)=tanr and 1 =u(x)= Jx

Then. i’v = j (secs)=secstans = sec(tant).tan (tant) [.v: tan r]
5

:sec(lanﬂ]-lan(land;) [r:u'r;]

%:%{tam]=s¢c:f=seczﬁ
di d di 2 1 Lo
fi'c_ai'c(‘g)_cirt-‘ ]‘2“ T2y

Hence, by chain rule, we obtain
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et :d‘wldsldf

dv ds dr dx

=se-::(lan w'{;} lan(mn \."';)x sec? \x x 2:-";
= 2.:',; sec’ \x scc(tanwf;)tan[tan JI]

) sec’ J;sec(tan »,1";) tan (lan u’?)

B 2Jx

o seo(an ) s an 5 .t oan ). 4 10 5)
 sec{tan V%) tan(tan &) se¢? (V) 4 ( )
s tan ) tan(tan )-sec’ ()
)

SeC ﬂI’lu‘I’; Ian(tanxn'{;]sec[u'?)
2x

%\

i

Question 5:

Differentiate the functions with respect to x.
sin(ax+h)

cos(ex+d)

Answer

f(x)= ﬂin{ax+h} _ i{r}

The given function is cos(cx +d) x)

, Where g (x) = sin (ax + b) and
h (x) = cos (cx + d)

.o gh-gh

o f =

Consider g (x) = sin(ax+5)

Let u{x] =ax+ hﬁv{f} =sint

Then, [wu}{x} = v(zr[x}) = v{ux+b} =sin(ax+b)= g[x}
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~ g is a composite function of two functions, v and v.

Put?=u(x)=ax+b

dvd

—=—|sint)=cost=cos{ax+b

dl dlf[ } [ )

dt  d d d
—=—|ar+b)=—/ax)+—(b)=a+0=a
dx ci’x[ ] rir(u) ci’x[]

Therefore, by chain rule, we obtain
':d—g:ﬁ~£:{:ns[m+h]-a:acns[a_r+b}

dy dt dx

Ux+a.')

v)=cosy

Consider h(x)=cos(
L£lp(x}zar+d, q{
Then,(gop)(x) =g(p(x))=g{cx+d)=cos(cx+d)=h(x)

~h is a composite function of two functions, p and qg.

Puty=pXx)=cx+d

dgq i[cos_v} —sin y = —sin(ex+d)
Ay dy
dy d

d d
= H d = 3 ﬂr =
dx dx(“H } u{r{“]+ a’x{ } ‘

Therefore, by chain rule, we obtain
h :
y=9h_dq d

& dy e ~sin(ex+d)xe=—esin(cx+d)
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_ acos(ax+b)-cos(cx +d)-sin(ax+b)|-csin (cx+d)|
[ms{cx+a‘]]z

sin(cx+d) |

cos(cx+d) cos(ex+d)

_acos(ax+b)

= +osin{ax+b)-
cos(cx+d) csin(ax+b)

= acos(ax+b)sec(cx+d)+esin(ax+b)tan(cx+d )sec(ex+d)

Question 6:
Differentiate the functions with respect to x.

3ol
cosx.sin (J. )

Answer

_ o cosx‘isif(f)
The given function is .

%[cns x -sin® (x’]} = sin’ (x’}x %{msx” ]+ cosx’ x %[sin2 {x’ﬂ

= sin’ (x’)x(—sinx:‘)xg(x"ﬁ cosx xZSin(x’)-%[sin x’]

?)

—

= —sinx’ sin® (f } ¥ 3x" + 2sinx cosx -cosx X —
v
= —3x%sinx’ -sin’ [x5)+ 2sinx’ cosx” cosx -x5x”

=10x"* sinx” cosx” cosx” —3x” sinx" sin® (.‘Eﬁ)

Question 7:

Differentiate the functions with respect to x.

2, [cot (f )

Answer
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%[E,E':ut(xl]}

GGS( SlI"I

\l'{msx'\"rsm x*sinx’

B 22 x

B Jmsin x’
22 x

A 2 . 3
sinx”+/sin2x

Question 8:

Differentiate the functions with respect to x.

n;:m'.(\f;)

Answer

Letf(x)= cos(v‘rJ_c]

Also, let u(x)= Jx

And,v(r) = cost

Then, (vou)(x)= v{u{x}]
()
= cos/x
e

Clearly, fis a composite function of two functions, v and v, such that

t=u(x)=+/x
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dt dy— d ') 1 -
Then,— = (u':): x? |: x?
dx  dx dx J 2

And, dv_ ifcosr] = —sint

dt  dt
= Hil‘l(\."';]
By using chain rule, we obtain
dtdv dt
de  dt dx

:—sin{ﬂ)-zjﬂ

a9

_Lsin.
= 2».-'(; (
_ sin(\f)_r]

2Jx

Alternate method

%[COS(\.‘:}}] Z_Si”(‘f;)‘di[-u";)

1
. |
==sinyxx—x 2

_ —sin/x
2Vx

Question 9:
Prove that the function f given by

fx)=|x=1,xeR
Answer

The given function isf{'x]

is notdifferentiable at x = 1.

=lx-1|, xeR
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It is known that a function f is differentiable at a point x = c in its domain if both
flesh)-7(c c+h)-fle
i 7T g (1)1 (0)
bt h hovld h are finite and equal.
To check the differentiability of the given function at x = 1,
consider the left hand limit of fat x = 1
I+h)- (1 I+h=1{-[1-1
o SR =F () [l h=1]=f1-1]
bl h Jrsll h

. |J'i'| -0
= lim = lim
Jrall h bty

_—

~h

(h<0=|h/=-h)

Consider the right hand limit of fat x =1

SR =) 1+h—1-[1-1
=i ||r; h—= _|I"||

im0 i (h>0=|H=h)
fe—1" h h—ll" h

=1

Since the left and right hand limits of f at x = 1 are not equal, fis not differentiable at x

=1

x)=|x|, x<3,
Prove that the greatest integer function defined byf{t} [L] <xs< is not

differentiable at x = 1 and x = 2.

Answer
f(x)=[x],0<x<3
It is known that a function f is differentiable at a point x = c in its domain if both

h)— h)-
tim M=) g i L= (€)
hslf h h— h are finite and equal.

The given function fis

To check the differentiability of the given function at x = 1, consider the left hand limit of

fatx =1
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feh)-f(1) o [1 ;?] [1]

lim = lim
h—si) h T s
-1 -1
=lim—=lim—=w

Fe—sl ,I[f fr—sll }j
Consider the right hand limit of fat x =1

mf{l+h}—f{l] _ [l+h] 1]

lim

=l .r{i' 1"
. 1= .
=lim—-=1lm0=10
[ p—

Since the left and right hand limits of f at x = 1 are not equal, fis not differentiable at
x=1
To check the differentiability of the given function at x = 2, consider the left hand limit

of fatx =2
lim j'{2+h£—j'[2] = lim

f1—i} fa—il

2+ h]-[2]
h

A |
= lim = lim =aon
= bl

Consider the right hand limit of f at x =1

f(2+h)-1(2) _ [""”ﬁ'] [2]

lim lim———+*~+
h—l)’ h "
2=2
= lim =lim=0
[T Ty

Since the left and right hand limits of f at x = 2 are not equal, f is not differentiable at x
=2
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dy
Find E :
2x+3v=sinx
Answer

The given relationship is 2x+3y=sinx

Differentiating this relationship with respect to x, we obtain
d d .

—|2x+3y)=—1/sinx

a’.r{ ) a‘x{ )

-4 (2x)+ -
dx dx
::~2+3ﬂ:cmx
dx
dv
iS—}=cos,¥—2
[

dy cosx-2
o 3

(3¥)=cosx

ﬂ
Find @ :

2x+3y=siny

Answer

The given relationship is 2x+3y=siny

Differentiating this relationship with respect to x, we obtain

d d e
L)+ L (3y) =L (sin y
a2+ (By) =4 (siny)
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day dy . .
=243 —cosy Y [By using chain rule]
dx dx
= 2=(cosy-3 &
(cosy=3)—
cdy 2
Cdx cosy-3

Question 3:
ﬂ
Find 4 :
ax+ by’ =cosy
Answer
The given relationship is “* +by* =cos y

Differentiating this relationship with respect to x, we obtain

%[mcjw %(byl )= i‘(cusy)

fod
d ;o i
b—(»")=—(cosy (1
=+ dx{} } fﬂT{CGb}) (1)
4 ; )=2}=ﬁ —(cos ]?}=—ﬁin}’£
Using chain rule, we obtain alx et and dx dx

From (1) and (2), we obtain

a+b><2y£: ~8in y'ﬁ
elx dy
. dy
= (2hy +sin N =g
dx

Ldy _ -a

e 2by+siny

Question 4:
i
Find @ :

xy +y2 =tan x+ ¥
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Answer

The given relationship is

Xy +_j =tanx+y

Differentiating this relationship with respect to x, we obtain

d — (v + )= i{lmuﬂ:)

dx
d dy .y d dy
:>dx{r1»)+ ir(} )= (tan x)+ o
:>|:L — +r—}+2y =sec” .l-I-E
e dx
dy 5,9 dy
= y-l+x — =gec X +-—
dx }u’r dx

:b{x+2;«'—l}%=seclx—y

dy _ sec’x-y
Cde (x+2y-1)

Question 5:

ay
Find dx :
x4yt =100
Answer

The given relationship is* Tt} = 100

[Using product rule and chain rule|

Differentiating this relationship with respect to x, we obtain

d ;s - o
X +xr+y )= 100
a,c{ v+ 7 . (100)

= () ) 507 =

fris ¢ i

[Derivative of constant function is 0]
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i dy chy . .
=2x+| v x)+x- +2y—=10 Using product rule and chain rule

[' dx[ ] dx} T [ £p ]
:>21+,11-1+1-®+2y£&:ﬂ
dx

dx
dy
= 2x+y+(x+2y) =0
x+y+(x+2y)

cdy 2x+y
" dx x+2y
Question 6:

dy
Find ¢ :
Xty xyt+y =81
Answer

- - 1,3

The given relationship is* +¥ ¥ +x" +y =8I

Differentiating this relationship with respect to x, we obtain
f-f 3 3 3 3 d

— v+ )= —( 81

(P edyente )= (81)

=2 (0)+ L (@) +L(07)+L()=0

dx dx I:}:x " dx
2 d s 2 dy . d d; , L dy
T v (x| X)) (3 =0
= 3x ['l.:tr{r] X ﬂ&} |:_L d&(r] tdx(_p )} Ve
:’3351+|:_‘x‘-2x+x1%:|+|:yl-l+I-2y-%}+3y2%=ﬂ

::.v{_*:2 +21y+3_v2)%+(3.\:2 +2xy+_y")=ﬂ

- (3):2 +2xy+)7°)

(x2 + 2:cy+3y1)

b
e

Question 7:
&b
Find 4 :

sin” y+cosxy=mn
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Answer

The given relationship is 51" V' *+eosxy =1

Differentiating this relationship with respect to x, we obtain

o . 2 . o

E[sm y+ws:¢y]=g{rt]
dy. d

= ——{sin” y |+ (cosxy) =0
a2+ g (cos)

Using chain rule, we obtain

%[sinl y] =23 y%{sin v)=2sin ycos v%

@ o) s (o) —simsl (1o x P
—x[cus.t}-)— smx}dx{.ry]— smx}[} dw[x]+xdw}

. ! . . i
=—sinxy| y.1+ Jrﬂ = —ysinxy — xsinxy——
ey ¥

From (1), (2), and (3), we obtain
Zsin }'C“SJ"@— y'sin ry—xsinxyﬁ =)
de dx

]
= {2 sin y cos v —xsin Jn»}— = ysinxy
dx
= (sin 2y - xsin xy )= = ysin xy
dx
cdv ysin xy
dx sin2y-—xsinxy

Question 8:
ﬁ
Find dx :
sin” x+cos” y=1
Answer

2 .
The given relationship is sin” x+cos” y =1

(1)

(2)

Differentiating this relationship with respect to x, we obtain
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1)

=3 %(ﬁin2 x] + %(cnsz _y) =0

E[sin" x + cos’ _V} = E{

= Esinx-i[sinx]Jr 2cos y- d (cosy)=0
X X

= Esinxcnsx+2cnsy[_sinrp}.l -0
¢
= sinix—sinj}:ﬁz 0
dx
_dy  sin2x

Cdr sin2y

Question 9:

aj:

Find 4 :

) .( 2x ]
' = sin -
’ 1+ x°

Answer

2x ]
|+ x°

v =sin '(
The given relationship is

. _,( 2x ]
r=8In -
’ 1+ x°

. 2x
= 8in y = .
l+x°

Differentiating this relationship with respect to x, we obtain

T

Y 1+ x°
= COS yﬂ=i[ Ex’] (]]
Ty odxl 14 x°
2x u

The function, |+, is of the form of V.

Therefore, by quotient rule, we obtain
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E 1+ 7

d( 2 ):('+f)-£{2x}—zx-£(u+xz)

(1 +,xz)2

(1+x7).2—2x-[0+2x] 242 —dx’ 2(1-x7)

(I+x2)3 (1+.x3)3

. 2x
sin y = 5
Also, I+x

(]+x3]2

—— | (2x Y
= cosy=.fl-sin" y = l—[l er
+x

2] 1w
V{1+x2)2 1+x°
From (1), (2), and (3), we obtain

X" dr (1)

ﬁ_ 2
dr 1+x°

Question 10:

ﬁ
Find 4 :
y=tan' 3x-x° _L{f{i
: 1-3x* ) 3
Answer

y=tan”' [
The given relationship is

Jx—x
1-3x

3

2

|
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A 3x—x7
y = tan —
1-3x

= tany =" ﬂ:c_? (1)
-3x
3tan 2 —tan® *
tan v = 3 3 {2}
1-3tan’ Y
It is known that, 3

Comparing equations (1) and (2), we obtain

x= tami
Differentiating this relationship with respect to x, we obtain

%{x} = it tan JT]

dx

o

Answer

The given relationship is,
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./]_x?
_1»'=ms'L ]
1+ x°

-

= COs)y = -
14+ x

I—tan® > ;
2 _1

—X

= T
5 ¥V -
1+ tan- - +x

On comparing L.H.S. and R.H.S. of the above relationship, we obtain
tan P X

Differentiating this relationship with respect to x, we obtain

sec’ > d 'v] d{rj

2 del2) ax
2y Ly
=S 8eCT —x——— =
2
ﬁ_ 2
dx seclj
2
dy 2
:'T}'
@ Jttan®?
2
dy 1
Tde 1+x7
dy
Find € :
(1=
y=sin — |, 0=x<]
l+x°
Answer

y=sin '(1_ __1]
The given relationship is T
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o 1=x7
v =sin -
I+ x°

. 1-x°
= siny= -
1+ x°

Differentiating this relationship with respect to x, we obtain

d . d{1-x°

— (510 ¥ - el 1
(.fx[ J} dx[]+x ] {}
Using chain rule, we obtain

(sin ) :m.v.y-aj;
e e

cosy =4/l —sin” y =

(l+x -
l+T 1+1’

cd 2x ch

“E{Sm}} 1+x° dr

d1-x ]: (1+x°)-(1- XE}I ~(1-2)-(14 xj)r |Using quotient rule|
dx| 1+ x° (]+:rj): |

. (147 )(-2x) = (1-5")-(2x)

[I +x2)]
_ “2x—2x" —2x+2x°
(1+x:]2
—4x
0 w3
(1+x:]‘ { }

From (1), (2), and (3), we obtain
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2x dv = —4x
I+ x* dx {1+x:)?
dy -2

dv 141

Alternate method

o 1=x7
v =sin -
’ I+ x°

»

) l—x
sin y= -
N 1+ x°

:>{l+_r:)$il1y =1-x*

= (l+siny)x* =1-siny

. l—siny
==
1+sin v
fﬂ:m J sin - ]
G
=X = 4
1 . JJ\'I_
cos = +5in J
2 2
|
Cos— —5in -
— = 2 2
Voo ¥
CO5 ~— <4 51N
2 2
Vv
l-tan-
sx=— 2
1+ta=mJ
2

Differentiating this relationship with respect to x, we obtain



Class XII Chapter 5 - Continuity and Differentiability

Maths

:=l=sac3[£—l]-i[ﬂ—l]
4 2) dei 4 2
:>l=[l+tanl[£—iﬂ (—l ﬂ]
4 2 2 dx
y 1 dy
I=(l+x" )| —— =
= { +x }[ ; uft]
a2
de 1+x°

Question 13:

ﬂ
Find @ :
o 2x
¥ =CO0s —l,—l<x=l
1+ x°
Answer

y=cos ' [ - ]
The given relationship is I+x

| [ 27‘: ]
¥ =Cos -
’ l+x

2x
=Cosy= -
l+x

Differentiating this relationship with respect to x, we obtain

%[cosy}:i-( 2 ]

dr \1+x°
(l+xj)-::r [2.r]—2x-i(]+x3)

— —sin y—= t :
b

o [l+x3)_
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—- - |—casz}-ﬁ: (1 +x:)><2—2x.2x

dx (1+x: ]:

T e

dr 14

Question 14:

dy
Find @ :
zsin"(lw'l—x!], —_—— X e —
g N NG
Answer
v =sin"' [Z,W'l —x ]
lationship is -

y=sin"’ [Ex-u'l—_rz]
= siny = 2xy/1—x°

Differentiating this relationship with respect to x, we obtain
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msv—: [ (-Jrl +v|—x %

-2 2
1-sin® y — &y =2|= N T
dx 2 J1-4

:;,\f 2615 ﬁ 2[—_*“?"1
dx 1—x"

e l-x

Q_ 2

dx I—x*
Question 15:

dv

Find d¥ :
y =sec | b ﬂ{x{L
' 2x°-1) V2
Answer

v =sec '{:—]
The given relationship is 2o -1

(51
' =80 5
| 2¢ -1
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= 5eC Y =——
2x° =1

= cos y=2x" -1
= 2x* =l+cosy

"

= 2x* = 2¢cos’

3 |t

— X =C08—
4

Differentiating this relationship with respect to x, we obtain

d mzi(msi]

a2
: R
= 1= .’iin}-ﬂr ‘]J
2 del 2
- -l _1&

. .-_j -
:;ln*}:I 2 dx

dv -2 -2
g ”!_' = }J =
* sin 1”_{:%:}
& 2
dv -2
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Differentiate the following w.r.t. x:

X

&
sin X
Answer

& X

y==
Let sinx

By using the quotient rule, we obtain

diy . d,.
dy anu’x (e )—L e {sln x)
dx sin” x

sinx.[e"]—e" (cosx)

sin” x
L’”{Sin _r—l;:ﬂsx}
= — SaeEpnne L
s5in” x

Differentiate the following w.r.t. x:

=

o
Answer

18 ! I

Let) =€

By using the chain rule, we obtain
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ﬁ —_ i[{‘.\in % )
dr drx
= dy =gt -i{ﬁin" x}
dx dx
_ealll 1 . I
N
~ ({.\in 'x
N
ﬂ=€=x e(-11)
dx  \f1-x°

Show that the function given by f(x) = e* is strictly increasing on R.

Answer

X,

Let and x, be any two numbers in R.

Then, we have:

X <x, =2 <2x, = e <™ = f(x) < f(x)

Hence, fis strictly increasing on R.

Differentiate the following w.r.t. x:
e
Answer

Let V=€

By using the chain rule, we obtain

pod & . d 3 ¥ 2 15
%:E[e' ):.? E(l ):e Gxt=3xe

Differentiate the following w.r.t. x:

sin{tan e
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Answer
v=sin(tan"'e")
Let

By using the chain rule, we obtain

@ = i[Sin [tan" E_“)]

de  dx
=cos[tan 'e *)-%(t&n e ")
. I 1
=cos[tan e )-1+(e"‘): i( )
cns(tan"e"‘) d

e —(-x)
l4e " dx

e uus[lan'] e )

1+e™
—¢ " cos(tan” e

T
1+

Question 5:

Differentiate the following w.r.t. x:
log(cose")
Answer

Let? ™ log cose” )

By using the chain rule, we obtain
dv d

= = —[Iag{cose‘]]

dx  dv

1 G .
= -—({:-;‘.n.*'.e }

cose”
1 cL oy d
= L.'[—smc*)- (c»."}
cose d
L x
_-sine”
cose’

n
=—¢" tane’,e" ;t{2n+ I}I—1n eN
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Question 6:
Differentiate the following w.r.t. x:
e e’ d..+e

Answer

(e’ +e" +..+e” )
dx

=g +[e”) xdi(x: ]} +[e*’1 %{x} + e -%[.r‘]}+ |}:*”S i(f)}
= e +(€1": % 2.—;)+(e"= x3xl]+(£-r"rl x4x3]+[ef ><5.x4)

.Fj-

2 o E
=e" +2xe" +3x%e” +4xe" +5x'e’

Question 7:

Differentiate the following w.r.t. x:

Ve x>0

Answer

Let? = Ve'

3 )

2 T
Then, J ¢

By differentiating this relationship with respect to x, we obtain
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y =e
ey - d
= 2y—="" —[+Jx
efx dx(\r]
S S N
Vi 2" Jx
E_ e
dv  4yJx
dy e":
=—= =
dx 4 EW- J;
:}ﬁ: ¢ T}u
a4 xe

Question 8:

Differentiate the following w.r.t. x:

log(logx),x >1
Answer

Let? = log(log x)

By using the chain rule, we obtain

dv_d
E_E[lng{logx}]
1 4
= ~—(log x

log x dr{ogm}
L1
logx x
]
xlogx 5 4

Question 9:

Differentiate the following w.r.t. x:

COsX
x=0

log x

[ By applying the chain rule|
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Answer

COs X
y=

Let ’ log x

By using the quotient rule, we obtain

i o
&y dr{u.os;}xlogx—q.os;cx ﬂ{r|,’.|‘c:1,§u¢}

s (logx)

. |
—sinxlogx —cosxx
_ X

B (logx)’
_ —[xlcngx.smx:ms;;]'x o
x(logx)

Question 10:

Differentiate the following w.r.t. x:
cos[logxﬂ:—‘},x =0
Answer
v=cos|logx+e"
et” ( g )

By using the chain rule, we obtain

, ' d
% =—sm(lugx+e*)-a[lch+e"]

=-—sin(logx+e” |- da log x +i'e"
feh dx
: X

= —sin (log x+e ] -(l‘+e.ﬁ. ]

X

= _[l+e” 13in(|0gx+e”),x}ﬂ

\.x A
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Exercise 5.5

Question 1:

Differentiate the function with respect to x.

COS X.C08 2x.C08 3x

Answer

Let v = cosx.cos 2x.cos3x

Taking logarithm on both the sides, we obtain

log vy =log {i.:us x.cos2x.cos 31‘]

= log v=log [cus x] + Iog{cus 21‘) + log (cus- 3x]
Differentiating both sides with respect to x, we obtain
%% B colsx i msx}—i_ms]h -%{mﬂxﬁ co:ll'c I i ms?rx]
dv _ V[—w—ﬂ-i(lr _ sin3x i{3‘€]:|

cosx  cos2x oy cos3x oy

S —— = —C0SX.CO82X.cos3x [tan x+2tan2x + 3tan fi.r]
[

Question 2:

Differentiate the function with respect to x.

\/ G)-2)
|[.r—3}[x—4}(x—5]

Answer

L (x=1)(x-2)
L‘*”"J(.:-z){x-an}{x—s}

Taking logarithm on both the sides, we obtain
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(x=3)(x—4)(x-5)
(x=1)(x- 2) ]

—.:r;l{x -1

Iog_;;:mg\/ (x—1)(x-2)

1
=logy= lﬂg[

= logy= %[Iﬂg{[x— ) (x- 2]} —Iog{(.r—?r}{x—ﬂ(x—ﬁ)}]

= log v = %[log[.t—l]+Iog[.x—2}—log[.r—3}—log[x—4}—Iog[x—5}]

Differentiating both sides with respect to x, we obtain

e 1

“ ) —(x=3
| ﬂl}" 1| x—1 d.x( ( x=3 u’t{l }
ydy 2 1 el
‘ —x-4)- —|x-5

x—4 a’r( } 5 dx [r }
:’ﬂ:i[ 1 . 1 - 1 B | B 1 ]
de 20x-1 x-2 x-3 x-4 x-5

dv 1 .—I){n—][|+1_1_1_|}
Ve 2\(x=3)(x-4)(x-5)[x-1 x-2 x-3 x-4 x-5

Question 3:
Differentiate the function with respect to x.

(logx)

Answer

s

TSN

Let v :(Iﬂgx}
Taking logarithm on both the sides, we obtain
log v =cosx-|og{log x)

Differentiating both sides with respect to x, we obtain
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i[cosx)x log(log x)+cosx x %[I{}g[l@g ¥)]

d
— oo x
log x dx[oél}

@ _ —sinxlog(logx)+cosxx
v dx o '
dy . cosxy |
== =y| —=sinxlog(log x )+ ®
dx E( 8 ] logx x

ﬂ = (log r}{ cosy —sinxlog[l@gx}}

xlogx

Question 4:

Differentiate the function with respect to x.

L
Answer
Lety= x* — pinx
Also, let x* = and 2°" = v
Sy=u-v
dy _du dv
dc dx dx
u=x"

Taking logarithm on both the sides, we obtain
logu = xlog x

Differentiating both sides with respect to x, we obtain

1 du d d .
——=|—lx)xlogx+x=x—1/log.
u dx L&[r} & .fir[ gr}}
du |
— :z.r|:1x1ugxix*x
dx x|
_}n‘u =x"(logx+1)
d
::»di—x‘[lﬂo x)
dx g
v = Zsinx

Taking logarithm on both the sides with respect to x, we obtain
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logv=sinx-log2

Differentiating both sides with respect to x, we obtain

1 dv d

——=log2.-—(sinx

v odx ¢ a’x{ }
dv

= —=vlog2cosx
cx
av

= &= 29 s log2
dx

: ﬁ—:vc*'{l +logx)—2""cos xlog 2

Ty

Question 5:

Differentiate the function with respect to x.
(x+3) (x+4) . (x+5)

Answer

Lety =(x+ 3)1 (x+ 4]3 Ax +5}4

Taking logarithm on both the sides, we obtain

lngv—lm;,[x+3} +1nb(r+4] -4-1:‘.!g{)r+5]d
=logy=2log _r+3}+3log{x+4}+4]og[1+5]

Differentiating both sides with respect to x, we obtain

ldv_, L-i[ +3)43- L i{ 4 4)+ 4 L i (x+5)
¥ “dx x+3 dr x+4 dr X+5 dx

dy {2 3 4}
=—=¥ + +

dx x+3 x+4 x+5
2 3 4

::} (x+3) {1+4] {_r+5]4-{ + + }

[ xr+3 x+4 x+5

dx

:}~£={x+3]2{x+4] {A+5] [ (

).+4]{x+5}+3[x+3}{.r+5}+4{x+3}[.t+4]:|
(x+3)(x+4)(x+5)

=B (r43)(x+4) (x4 5) [2(x* +9x+20)+3(x* +8x+15) +4(x* + 7x+12) ]

dx

. Eﬁ? =(x+3)(x+4) {r+j)"'[9x3+?0x+]33)
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Question 6:

Differentiate the function with respect to x.

ra WX 'HII
(s+1) aal)
X

Answer

SATES
LCI_V:LI+— +a
x

I+

Also, let u =[J: +l] and v=x"
X

SLV=u+v
:::rﬁ=@+ﬂ (1)
de  de  dx

3T

Then, u = [_1' + ]—J

X

1Y
= logu = Iog[x+—}

X

A

:>]0gn—:r]0g(.r+lJ
X

Differentiating both sides with respect to x, we obtain
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—I-ﬁ—i{x}x]og[.r+1]+ ML Iag[;ﬁl]
u dx dx x)  dx x

1 du I I d I
= ——=lIxlog| x+— |[+xx —| x+—
o

x [ I] e
X+ —
x

x+%]r _$+Iog[x+lﬂ (2)

[1:1]
= logv=Ilog|x* *

]
= logv:(l +—]Iogx
X

Differentiating both sides with respect to x, we obtain
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1 dv e 1 1Yy d
—= (1+ J xlug_x+[l+ ] log x
v ode | dx X x ) dy

1 dv 1 1Y 1
= ——=|—— |logx+|1+—|-—
v odx x° x) x

I dv logx 1 1
= = —+—
v ey XX X x
dv [—10gx+x+l}
==V
.

.’11-1\ —_ ]
. d‘v:x[ _T)[x+1 l{}gx]

dx x°

-(3)

Therefore, from (1), (2), and (3), we obtain

dv | ]]" -1 [ ]j |:"l.:[.r+]—log.rJ
—=|x+— —+log| x+—||+x —_—
dx L X x+1 X x

Question 7:

Differentiate the function with respect to x.
(logx)" +x"

Answer

kg x

Lety =(log J.) +x

Also, let u = (logx)" and v = x"*"

SLV=H+v
de  dr dx

u = (log x)*
= logu = Iﬂg[{lug x}"}
= logu = xlog(log x)

Differentiating both sides with respect to x, we obtain
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II'. iii = ;i{x}xlng{h}gx}+x~ d I:lng(lﬂgx}]
::»@=u Ixlog(lo x)+x- o —{lnﬁx)
dx gllog log x dx
i | |
= —=(log log(logx)+
dx (log )" log(log x) log x x:|
SN =(log x)' _Iog{]crg 1z:}+
el log x
a’n [IOE ]1 Iug{lngx}-k}gxi—ll
dx i log x
N = (log x)’ '[I+Iogx.log{10gx]] .(2)
elx
y=x"E"

= logv= Iog(x'"g'r)
= logv =logxlogx =(log x}z

Differentiating both sides with respect to x, we obtain
1 dv o [ 2
——=—/(logx) }
v odvy  dy { :
1
W

i: =2(logx)- ic{lug x)

]

= v _ 2v(log x)- :
dx x
= ﬁ — leugx I':'gx
x
dv i
= — =2x""".]og 3
0 ogx (3)

Therefore, from (1), (2), and (3), we obtain

o (log x]r I [l +log x.log (log \‘H +2x" log x
X

Question 8:

Differentiate the function with respect to x.
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(sinx)" +sin”" x
Answer
Let y = (sinx)" +sin"' x

Also, let = {Sin x]x and v=sin"' \frJ_c

Ly=u+v
b _di b 0
dr e dx '

u=(sinx)
= logu = log(sin x]r
= logu = xlog(sinx)

Differentiating both sides with respect to x, we obtain

ldu d . d :
== E(x}x log (sin x)+x KE[Iog{sm x}]
— % =u|:] -Iug{sin x]+ x- P . %{rﬁn Ji}:|
du . X . X
== (sinx) [log(sm x)+ o eos x}
::»?=(sin x)" (xcotx+logsin x) -(2)
X

v=sin"x

Differentiating both sides with respect to x, we obtain

dv 1 d i —
—_— X
dx l—[«fr;)z a’x{ }

- @_ 1 _ 1

dr  Afl-x 2\"';

dx 2\’Ix—x‘
Therefore, from (1), (2), and (3), we obtain
dy _

Y . I
e (sinx)" (xcotx+logsinx)+ P s

2Jx—x"
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Question 9:

Differentiate the function with respect to x.

.‘-i nir COsT

x4 (sin x)
Answer
]_.Cl y= xsinx + [Sinx}um.r

Also, let = x""" and v = (sin I}m"

LV=u+v

::’Q S, D (1)
ey dx

3= xsin.n

= logu = Iog(x"i“'“]

= logu =sinxlog x

Differentiating both sides with respect to x, we obtain
Vdu_d

s = E[sin x}- log x +sin x-%{lug x]

dii |: - l}
——=u|cosxlogx+sinx-—
dx x

:‘-%:x’”” [ccs.rlogx+ mzx} -(2)
v=(sinx)""

= logv =log(sinx)""
= logv = cos xlog(sin x)

Differentiating both sides with respect to x, we obtain
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Tadv d . d .
T E(COS x)xlog(sin x)+cos x x E[Ing[sm x)]
= j:=r{—sin x.log(sinx)+ msx.sirl]x i[sin :x}:|
dv mm[ . . Cos X }
= —=(sinx)"" | —sinxlogsinx+———cos x
e sin x

= v _ (sinx)™"" [~sin xlogsin x +cot xcos x|
A

3?=[sin x)"" [cotxcos x—sin xlogsin x] -(3)
A

From (1), (2), and (3), we obtain

% = x" [casxlug.x - m] +(sinx)™" [cos xcot x —sin x log sin x|
ux X

Question 10:
Differentiate the function with respect to x.

o +1

LCOST
2
x =1

Answer

2
L6 x +1

+

lety=x -
x =1

.
x +1

and v="—
=1

L=t R

Also, letw=x

LV=u+v
b _du & (1)

Li‘{'_E E

ACOsY

H=x
:> ]ﬂgu = Iog(x.'tl.'ﬂh.'(‘]
= logu =xcosxlogx

Differentiating both sides with respect to x, we obtain
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Lau_d (x)-cosx-logx+x- d (cosx)-logx +xcosx- d (logx)
wdx dx ‘ & de' gL ax &

du : 1
= o =u|l-cosx-logx +.x-{—5111 x)logx +xcosx-—
X

du KOOSR Y

¢E=.r {cosxlﬁg.x—xsinxlogx+cosx]
::>ﬂ:x"“"[wsx(l+I-:}gx]—.rsiu.rlugx] .(2)
i .
X +1
V=—
x -1

= logv= Iog(x: + I)—I{}g{x: —l)
Differentiating both sides with respect to x, we obtain
ldv  2x 2x

vae xT+1 xT—1

dv [2x(11—|]—21{x:+|}]

T (x*+1)(x* 1)

dx
::)ﬁzxﬁ-]>< —4x
de x -1 (x:+l][x:—l)

dx (.I" _])
From (1), (2), and (3), we obtain
d = x"" [cnsx[l +log x) = xsin xlngx]— dx :

i (-1

Question 11:

Differentiate the function with respect to x.

1
(xcosx) +(xsinx)s
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Answer

_ |
I_et}*:{xcnsx}\ +(xsinx)s

1
Also, let u =(xcosx) and v=(xsinx):

Ly=u+y
dv  du dv
==t —
de  de  dx

i ={xcos x}'t

= logu = log(xcosx)’

= logu = xlog(xcosx)

= logu = x[log x +log cos x|

= logu =xlogx+ xlogeosx

Differentiating both sides with respect to x, we obtain
lau d

T a(::u:ln;}g:f]l+%[Jr log cos x)

= % =z.-H]ngx-%{x]+x-%{lﬂgﬂ}+{|ﬂgmsx'%{x}+x'%U“gmsx]H

e e

= ﬂ—(xcﬂsx]x []ogx-l+x~l]+{lﬂgcnsx-l+x-
d x

_ (xcosx)’ [{I +logx)+(logcosx—xtan x:']:l
X

du ¥
=>— =(xcosx) [I —xtan x+{]ﬂgx+lngcn5x}:|
o (xcosx)'[1-xtanx+log(xcosx)]

alx
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|

v= {xsin x)«
1
= logv = log(xsinx)

= logv = lI|::-g{.x: sin x)
X

= logv = l(Il::rg x+logsin x)
X

= logv:llngx+llogsinx
X X

Differentiating both sides with respect to x, we obtain

Tav |1 d |1 .
= logx |+ log(sinx
X s J d.tL g )}

vde  dr
ldv [ di1y 1 d . di1y 1 d
— = logx-—| — — e — (o low x)— — i
:}va{r _n_b:,x cir(x}_x dx{ﬂbx]:|+|:05{5m r) fir[.r]-l-x elx
ldv [ (IR . 1y 11 d, .
=———=|logx-| —— |+—— |+ log(sinx):| -— |+————(sinx
vde | £ [ xzj x J { el ][ x‘] X sinx cfx{ )}
log{sin.
1 I*{]—1ng:r}+{— GE[SJHT)+ ] *con}
vy  x” X xXsinx
; 1 2loex ~1 i ]
:}m=(xsinx}x ] ]E:H+ ug[smxz]+rcotx]
i S x
- @:(Hinr}_: 1 —]:::-g.r—Iog[jin,r]hrcotx}
ey i X
- dv ) [..i:sin..n:}-lr 1 —]ag(,rsin1x)+ xcmx} A
dx i x°

From (1), (2), and (3), we obtain

{log(sin .r)}}

a

dy x .
£=[.xmsx] [1-xtan x+log(xcosx) |+ (xsinx): .

Question 12:

dv

Find X of function.

l[xcotxﬂ—log[xsinx]
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'+t =1
Answer
4yt =1

The given function is
letx =uand y*=v

Then, the function becomes u + v =1

Sy (1)
de oy
i=x'

= logu = Iog{r,r-"}

= logu = ylogx

Differentiating both sides with respect to x, we obtain
1 du dy d
——=logx—+y-—(logx
i odx € dx g dx{ ex)

du |: dy 1 :|
= —=u|logx—+ )y —
e el x

:‘~ﬁ:x-" [10gx£+‘—v] (2)
dx dy  x :

W =-}J"
= logv = Iog(,v")
= logv=uxlogy

Differentiating both sides with respect to x, we obtain

L& gy i{x +x i[h;ug )

Ve EY g I T g (08
dv 1 dy

= —=v|logy-l+x.-— —
dx yodx

:::-ﬂ=y" 1||:-g_v-1-iﬁ w(3)
dx vdx

From (1), (2), and (3), we obtain
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: dv y] 1.[ x dy
Ml logx—+= |+v | log v+ ——|=0
( 4 o x) 21 s

x 5 ¥
dy

— {x-" log x +xp™! } yriaie {_].'_r-"" +y° lug_}‘)

dv ey log

=1

dx ' logx + xp

Question 13:

i
Find X of function.
yi=x"
Answer
The given function is” =%
Taking logarithm on both the sides, we obtain
xlogv=vlogx

Differentiating both sides with respect to x, we obtain

]ug}'-%(x}+ x-%[lcg'}i) =1{1g.r-%{y}+y-%{lugx]

1 (,Er_]..’ f{}; 1
= log v l+x-——=logx-—+ y-—
= Vv odx . d ) ¥
p F’ ? :
:?']'~"g,!"+ii=I-:rg:cﬂ+i
ydx e x
3
::‘(i_lﬂngﬁzi—lﬂgy
Ly dr  x
— x—ylogx |dy _y-xlogy
y dlx X
LAy _y|y—xlogy
Cdv x| x—vlogx

Question 14:

aj:

Find 4 of function.
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(cosx) =(cosy)’

Answer

The given function is{cosx}' :[cus_v]'

Taking logarithm on both the sides, we obtain
vlogcosx = xlogcos y

Differentiating both sides, we obtain

dy d d d
logcosx-——+y-—(logcosx)=logcos y-—(x)+x-—(logcosy
& v . dr( & ] £eoss dr( } afr( . ]
:ﬁlngmsxﬁ+1-L-i(cuswr]—lﬂgcosv-]+ X i[cnsy}
dy T ocosx dy ) . T ocosy dx
ﬂ_r}: ¥ . X . d‘l_.l
= logeosx—+ ———|—sinx) = logcos v+ =sin y)-——
¢ dv  cosx [ } BEOSY cos_v[ ' ] dx
= log cosx &b vtanx = logcos y—xtan Lﬁ
dlx ox
dy
= (log cosx+ xtan y) =Y tan x+ log cos v
X

_dy  ytanx+logcosy

U dx xtan y+logcosx

Question 15:

a
Find 4 of function.

xy ="

Answer

. _,l:.'- -¥]
The given function is ™ = €

Taking logarithm on both the sides, we obtain
log(xy) = log(e" "]

= logx+logy=(x—y)loge

= logx+logy =(x-y)xl

= logx+logy=x—v
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Differentiating both sides with respect to x, we obtain

d d d dy
—(logx)+—(logv)=—(x)-—
dxl[ﬂhr} c."x{og” dx{r] dx

1 1dv_, dv

r vy dlx

O '
:>|l+—|d—’l—l——

- _ 2 4 L LB
Find the derivative of the function given by / {'T}_{] +x}|(1 T }(H_I ){] * )
find I {”
Answer
- o 2 4 L LR
The given relationship is'f [I}_“ +x}[1+,1. }(I+.r ){] ¥ )
Taking logarithm on both the sides, we obtain

log £ (x) =log(1+x)+log(1+x")+log(1+x*)+log(1+x")

and hence

Differentiating both sides with respect to x, we obtain
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1 ‘d _ _d i oood i oy ] J o - .
f{l] T I:-f {x]:l_cb.‘ Io,g[l+1}+m In5(1+x ]+f£r Inl_,(l+x }+ufr lng(l+.r )

(}f{]——— I4x)+ : a’r[]+ )+ ]; d(l+ )+ ]“-i[l+x“]

l+x oy 1+ x° 1+x" dx 1+x" o

(] )|:]+-c I —2x+ I4.4x"+ ]H.Hxi|

I+ x* 1+x 1+x

.-._,Ir"(.l‘}=(l+.:~r)(1+x3}(l+_r4)(]+lrs)|: 1 . 2,‘:’I1+ 4x° . 2’ :|

I+x 1+x° 14+x* 141"

Hence, j"{l]:{1+l)(l+|2)(|+]-l)[1+lﬁ]{ 1 ' Ex]j +4><1'-‘ +Bx]?1

1+1 1+1° 1+1* 1+0F
)
=2x2x2x2|:l+:+i+§:|
202 2
:16{%]
y)
=16x15=I2{]
2

Question 17:

Differentiate (Xﬁ B Sx+3)(x P 9} in three ways mentioned below
(i) By using product rule.

(ii) By expanding the product to obtain a single polynomial.

(iii By logarithmic differentiation.

Do they all give the same answer?

Answer
Lety =(x° —5x+8)[x" +7x +‘~J)
(M



Class XII Chapter 5 - Continuity and Differentiability

Maths

letx” —5Sx+8=wandx' +Tx+9=v

v=uy
= % = %-v+ - % (By using product rule)
:% :ix(.x2 —5x +8)-(x‘1+?x+9)+(x: —5x+8)'%(f +7x+9)
::-% =(2x-3)(x +T"J¢r+‘.~?4]+(x3 —5x +8)(3x3+?}
dv

= - :Q.xr[::c3 +?x+9)—5(x"‘ +'a'.xr+';’]+x:(3:1cj +?]—Sx[3x: +?)+E[3x: +?)

dx

= dy :(2x* +14x° +13.x]—5.x-‘ —35.x—45+(3x* +?f)—15x-‘—35x+ 24x7 + 56
dx

E =5x" — 20" + 4557 —52x+11
dx

(i)

y= (xz —5x+ H](:v.j + T:r+":1)
= x (x" + ‘?_r+'=}] —Sx(,vc1 +7x +‘}I] +3(:s.'" +Tx+ 9}
=x +7x +9x% =5x" =35x" —45x 4+ 8x" + 56x+ 72
=x =5xt +15x" =267 +11x+ 72

dy d

e =E(x" ~5x' 41557 - 26x +11x+72)
v«
Ay s 159 (Y -26 9 (Ve 118 (4 D
_ci'r(x ] J{IT(X )+15(h(.r) zﬁnfx[x ]+”{i1r{x}+cir{n]

=5x = 5xdxy  +15% 3 26 2x+11x1+0

=5x' —20x" +45x" —52x+11

iy ¥ = (r —Sx+8)(x" +7x+9]
Taking logarithm on both the sides, we obtain
log y = I::Jrg{x2 —5x+8}+ Iu,g{x3 + ?x+9)

Differentiating both sides with respect to x, we obtain
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lav d ) d .
~=-—1lo T—Sx+8)+—log[x +7x+9
vdx dx g[:x * ) kY g(x * ]
1 dv 1 d ] d ;3
:—Eﬁ'—rﬁ—-—[x'—5x+8)+:—-—(:r' +?:r+@]
yvdx x—-5x+8 dx M +Tx+9 dx
dv 1 1 .
== y| — w(2x=5)+— [ 3x" +7
dx Jl[x'—SJHS ( ) X +T7x+9 ( )}
:Q:(xz—5x+8)(x"+h+9) $21_5 + fx'+?
dx T —5x+8 x +T7x+9
o 1 (2x-5)(x +7x49)+ (37 +7) (P - 5x 48
= @ =(.x'—51+3}(_r' +?.x+9} ( }( - ] ( : ]( )
dlx [x'—5x+8][x' +?.r+9]
dy 3 3 .2 z
— =232+ Tx4+9)=5(x"+ Tx+9)4+3x" |2 =5x+8)+T[x —5x+8
=2 )-5( )3 ( )+7( )
= Q =[lr4 +14x7 +1 EJr)—ivr't —351‘—45+(3x* —15x" +24_1'2)+[7x2 —35x+56)
dx
:Q=Sx*—2ﬂx"+4jx:—52x+ll
dx
ﬂ
From the above three observations, it can be concluded that all the results of dx are
same.
Question 18:
If u, v and w are functions of x, then show that
d du dv dw
—(wvw) === vt — W v —
dx ex dx dx

in two ways-first by repeated application of product rule, second by logarithmic
differentiation.

Answer

Lot VU= u.(v.w)

By applying product rule, we obtain
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dv  du d
—=—|vw)+u—(v-w
dv  du dv dw . .
== VWM — WY — Again applying product rule
R [ i d_J (Again applying p )
dv  du dv v
= VWA N WAV ——
e dx dx dx
By taking logarithm on both sides of the equation? = #*** we obtain

log v = logu +logv+log w
Differentiating both sides with respect to x, we obtain
1 dv d d d
—_—= logu )+ logv)+ log w
Vi 5, logu)+— - (logv) + —-(log w)
v _Ldu Ldv 1 dw
dx

1
= — =4 —
¥ wax vdx  wdx
:}&:v[lEJrlﬁJriﬁ]
de Tlude vde wdx
dy (l du ldv 1 a’w]
= —=pvw| ——+——+——
i wde vde wdx
cdy  du dv dw

‘s VoW WAV
de  dv dx el
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If x and y are connected parametrically by the equation, without eliminating the
dy

parameter, find dr |

x=2at’, y=at"

Answer

. . g :’j z F= 4
The given equations are™ — =47 and y = at

'I'hen_ﬁ = i(imz}: 2a-£{r:): 2a-2t =dat

dt ot dt
dv d d g
=" E{ar*)=a-;{ﬂ) =a-4-1* = 4ar’

b
, afv_[a’f _dat

Uy /d.r] C dar
et

If x and y are connected parametrically by the equation, without eliminating the
&

parameter, find dx

x=acos B,y =>bcosb

Answer

The given equations are x = acos 8 and y = b cos 0

d d . .
Then, === (acos0)= a(-sin@)=-asind
n’ﬁ‘ dd
dy _

{bcﬂsﬂ =b(—sin@)=—-bsin@
4o do

dy
Cdv [a’ﬂ, _ —bsint! b
“dr_[car“]_—asine_a

df )
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If x and y are connected parametrically by the equation, without eliminating the
ﬁ

parameter, find dx

x =sint, y = cos 2t

Answer

The given equations are x = sin t and y = cos 2t

Then, e _ i[sin t) = cost
dr i

cd . d -
@ _ = (cos2r)=—sin2-(2) = -2sin 2
dt i di

/(J_I‘L‘
ch L dl —2sin2t  —2-2sinfcost )
A = = ==dsint

" dx [dx V' cost cosi
G’IJ

If x and y are connected parametrically by the equation, without eliminating the

dy
parameter, find dr
4
x=4, y=—
I
Answer

4
x=4f and y=—
The given equations are {
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Question 5:

If x and y are connected parametrically by the equation, without eliminating the
Y

parameter, find dx

x=cosf—cos2d, y =sinf —sin 20

Answer

The given equations are* = cosf —cos 20 and v = sin# —sin 26

Then, dx _ i(cnsﬂ—cm 260) = i|:-::-::s; a)- i{cr.:rs 26)
dé do dd di
= —sinﬂ—(—ZsinZE?}: 25in 20 —sin &
dv _d

10 E[sin 8 —sin26) = %(sin ) —%(sin 26)

=cosf —2cos2d

dy
cdy (dﬂ] _ cos —2cos2d
oy _(dxj_ 2sin 26 —sin )
L dd

Question 6:

If x and y are connected parametrically by the equation, without eliminating the
&

parameter, find dr |

x=a(@-sind), y=a(l+cosd)
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Answer

The given equations are” u({?—sm{}} andy = ”[] +cos0)

Than,%=a[£{9}—;—f€[sin§}}=a(l—cosé?}
%=a_%(l}ntj—g[cosﬁ}]:a[{]+{—sin9}]=—asinﬁ'

ﬂ] rein @ cos? g
dv_\do)_ -asin6 :-5:,1r12cq:152:-{:105:.2:_{:0‘E
”dx E] (J{]—COSQ} jSiHEE SiI'IE 2

dd 2 2

Question 7:
If x and y are connected parametrically by the equation, without eliminating the
dv

parameter, find dx

B sin’ t o cos’ t
e Jeos 24 Ve A cos 2t
Answer
sin' 1 cos’ t
r= and y =

The given equations are Jeos 2t cos 2
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.
Thv.=:r1,ﬁ i{_smf }

dt

dv d

dr dt

C W cos 2t
d:. 5 .3 d
eos2i-—(sin’ t)=sin’ f-—+/cos 2t
_ dr( ) dt
cos 2t
Jeos2r - 3sin’ :~£{sin!}—sin31x ;.i{msm]
_ ot 2Jeos2r di
cos 2t
) in® X
3Jeos 2f -sin’ reost— L (~2sin 2y
_ 2eos 2t [ )
cos 2
~ 3cos2¢sin’ fcost +sin’ fsin 21
cos 2f+/cos 2t
cos’ ¢
Jcos 21

#cosh,%(cus‘ .r}—-.:q::us1 t- %(ﬁms 24 )

cos2i

2y cos2f dr

) Jeos2t.3cos’ i - %{cns: )—cos’ f.;‘j_ - i(cﬂs 2t)

cos 2t

.\ ) | )
3Jeos2t.cos’ t(—sint)—cos® t+———x [—25sin 2¢
[ } 2ajeos 24 [ }

cos 24

—3cos2t.cos’ t.sint +cos’ 1sin2s

Ccos 21 -+/cos 2t
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ey
cdy \dt) -3cos2t.cos’rsing+cos'isin2e

v [uﬁr] "~ 3cos2isin’fcosi +sin’ 1sin2f
i

~3cos 21,cos” f.sinf +cos’ 1(2sinf cost)
3cos2isin’ fcost +sin’ 1 2sint cost)

sind cosf [—3005 2¢.cost +2 cos’ 1]

sint cnsr[i’rms 2tsint + 2sin’ rj
[—J[ansz t~1)cost +2cos’ :] cos 2 =(2cos’ 1 - 1),

[B[I—Esinzr]sim+25in?‘f] cos 2 :{1—25in3:)

~deos’ 1 +3cost
3sins —4sin’ 7

—¢0s 31 cos3f = 4cos’ 1 —3cost,
sin 3t sin ¥ = 3sin? —4sin’ ¢
=—cot3

Question 8:

If x and y are connected parametrically by the equation, without eliminating the
dy

parameter, find dx |

I .
x= a[cosrﬂﬂgtana], Vv =asini
Answer

t .
xX= u[cas; +log tan —] and y = asint
The given equations are 2
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dx d d f
Then,—=a | —(cosr)+—/| logtan—
[d.r( ) df{ ° EH

af
. 1 d i
=g|—sinf+ ;-E tan?
tan I 2
L 2
. i S0 odir
= | =581 4 col — -seg .
2 2o\ 2
[ . -|Ir
. cos | 1
=g|-—sinf+ = P
o 5 2
sin cos”
L 2 2
, 1
=¢| —sint +
.0 !
2sin—cos
L 2 2
. 1
al —sinf+——
sind
B —sm.r+l
sini
cos’ ¢
=g—
sint
dv d ..
i=a—(sm.’}=c.'-:u::usr
df el
dy
dy ot (qCos ! sinf
o= = = =tanfs

dx [d‘tj GCDSEI cos/
dr sint

Question 9:

If x and y are connected parametrically by the equation, without eliminating the

dy
parameter, find dx |

x=asecfl, y=bhtan(
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Answer

The given equations are™ ~ 95¢¢ ¢ and y = btan &

cx d
Then, — =a-——(secl)=asecHtand
daf da

; d R
i=.-EJ-—(tam{.f'}=:bsn;:c‘.!ii'
dd dd
()
.'.m’r= dd _ bsec™ @ =bse-::€mt€= bmst‘? =bx .I =bmsec9
dx [dx] asecftand a acosfsiné a sind  a
dag
Question 10:

If x and y are connected parametrically by the equation, without eliminating the
dy

parameter, find E

x=a(cos@+0sind), y=a(sin@—Ocosd)

Answer

The given equations are ™ a(cos@+@sin@) and y = a(sin@— G cosH)
Thﬂn. ﬁ — ﬂ'|:i cos i +i{{] 51N {,}}:| = g|:—s‘i‘r'|(_.}+ ﬂi[bln 0] + 5N ﬂi{ﬂ}:|
de dd dd de dd
= a[-sin# +6 cos@+sind] = adlcos &
b _ a[i(smﬁ}—i[ﬁ?msﬂ]} =a|cosd —{Bi[cﬂsﬂ] +ms€~i{3}}
dt df dd dt dd
=alcos @ +@sind -cos 0]
=aflsinf
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Question 11:

x=va™ ', y=va* *, show that %= L
If

X

Answer

The given equations are™ =~ V¢ and y = \."a—
X= '\uﬂ"n K and y= ,llal:'ﬂs Yy

1 |
:}I:(Hsin r)l Hl'ld_}v':(ﬂcm r)l

1
3

= X=d-

- 1
sin”' s —cos

and vy =a’

s

Consider x = a?

Taking logarithm on both the sides. we obtain
1,
log x = Ssin 4 loga

P loga- d (sin"'¢)
x df 2 dr
:}ﬁ=£h}ga-
dt
dx _ xloga

dr 21-¢*
I'l.'IS r

Then. consider y = a*

|
NI

Taking logarithm on both the sides. we obtain

[
logy=£cos floga

l-d—yzllogmi(cos '.')

v de 2 dt
:}afy:_ylugal -1

dt 2 N
j@:—yloga

di - 21-1°
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[—vlnga]

o_la L

d [ (rluga x
dt ) \Qx.'f]—i'J

Hence, proved.
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Exercise 5.7

Question 1:

Find the second order derivatives of the function.

¥ +3x+2

Answer

LetV =X +3x+2

Then,

Q:i ! ig. igzg. 340 =2xv4+3
dx a’x(x }+rir{‘l)+rir(} xE30=2w
_Cfll}rzi,.} ‘|=i") i:;:"} —
e dx{_x-i-.}) dx{_x}+dx{.] 240=2

Question 2:

Find the second order derivatives of the function.

20l
X

Answer

20

Let} =+
Then,
ﬁ _ i(xm)= Eﬂxm
e dx
d’y _d

L= [Eﬂr'q)=2Ui(,t”)=2{]-19-x'ﬁ:38{],\"3
de” ey dv

Question 3:

Find the second order derivatives of the function.
X-COSX

Answer

Then,
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% = %{1 LC0S X) = COS X -;—i{x}+x ;—i{cus x)=cosx-1+x(—sinx)=cosx—xsinx
::J, = ;—i [cosx - xsinx]= ;—i{cus x)-

=—sinx —[sin ,r.'~;—i(,r]+ X -Z—I(sin.\r}}

X

d

I (x sin x)

=—sinx—(sinx+xcosx)

= —(xcosx+2sinx)

Question 4:

Find the second order derivatives of the function.
log x

Answer

Let.y = logx

Then,

dav d 1
- =—(logx)=—
dx a’x{ g } X

.|

_d'}r:i(ljz—l
Cdet drlx x

Question 5:

Find the second order derivatives of the function.
¥ log x

Answer

LetV =X logx

Then,
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ﬁ:i[l‘j ]ugl‘] - I*’gx'i(f}""f -i[lng_r]

dv  dlx dx o
" ] L
=logx-3x" +x - —=logx-3x" +x°
x

=x"(143logx)
4y = i[r" (1+ 3lngx]]

Uy’
=(1+ 3lug_r)-%(x3 ) +x° i[l +3logx)

dlx
={1+3|n::gx:|-2x+.1c'1-E
X

=2x+6xlogx+3x
=5x+6xlogx
=x(5+6logx)

Question 6:

Find the second order derivatives of the function.
e" sinSx

Answer

LetY =€ sindx

i (e sin ‘Zr) sinﬁx-i[e‘ﬁf{i(sin 5x)
=sinSx-¢" +¢"-cosSx -%[Sx] = ¢"sinSx+e" cosSx-3
=" (sin5x+ 5c0s5x)

..i{: [ *(sin Sx + Scos 5x) ]

=(sin5x+ 5cosSx)- ( } . §|n51+5m35x}

=(sin35x+5co0s5x)e +e* [cos 5x- E.:j;.¢}+5 (—sin 5x)- %{51’]}
=e"(sin 5x+ 5c0s5x)+ e (5cos Sx - 25sin 5x)

Then, =¢"(10cos5x — 24sin5x) = 2¢" (5cos 5x —12sin 5x)
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Question 7:
Find the second order derivatives of the function.

" cos3x
Answer

_ b .
Lety =€ cos3x

Then,
dv  d e . o d
d (E“-cosf‘u) cos3x. (e“)+ec’*~ (msix]
de dy dx dx
cos3x-e™ -i{ﬁx] +e™ - (—sin3x)- i[?r,x)
dx ax
6e™ cos3x —3e™ sin3x (1)
d'y d gx - d ;. d e .
g—= Be™ cos3x —3e™ sin3x ) =0- e cos3x)—-3-—(e" sin3x
fdx” a‘x{ ) x[ J u’x( ]
- L [ ‘ d frx By d - ]
—5'[(}&‘ cosdy