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NCERT Solutions Class 12 Maths Chapter 5

Continuity and Differentiability

Question 1:

Prove that the function / (¥)=5x=3 is continuous at x =0 , x=-3 and at x=35.

Solution:

The given function is f(x)=5x-3
Atx=0,£(0)=5(0)-3=-3
}clr_gf(x) = Li_r)rg(Sx—S) = 5(0)—3 L
< lim £ (x) = £(0)

Therefore, ./ is continous at x =0.

Atx=-3, f(-3)=5(-3)-3=-18
lim f(x) = lim (5x-3) =5(-3)-3=-18
- lim f(x) = f(-3)

Therefore, f is continous at x = 3.

Atx=5,f(5)=5(5)-3=22

lim f (x) = lim (5x - 3) = 5(5) -3 =22
];iil;lf(x)= £ (5)

Therefore, ./ is continous at x =5.
Question 2:

Examine the continuity of the function /' (¥)=2x"—1 3¢ x=3.

Solution:
The given function is / (x)=2x" -1
Atx=3,1(3)=2(3)" -1=17

. L A T
) -2 ) -2(5) 117
“lim £(x)= £ (3)

Therefore, ./ is continous at x =3.

Question 3:
Examine the following functions for continuity.

(i) f(x)=x-5
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f(¥)=—5x#5

f(x)zx -25

x+5
f(x)=|x—5 S XD

L XE-S

Solution:

(i)

(i)

(iii)

The given function is J/ (x)=x-5

It is evident that / is defined at every real number & and its value at & is k—5.
It is also observed that

lim /() =lim(x-5)=k-5= (k)
~lim £ (x) = 1 ()

Hence, ./ is continuous at every real number and therefore, it is a continuous function.

1
. . flx)= X #5
The given function is (*) x-5

For any real number & #5, we obtain

lim f (x)=1lim =

ok kx5 k-5
Also,

f (k)= (Ask#5)
~lim f (x)= (k)

¥k

Hence, / is continuous at every point in the domain of /* and therefore, it is a continuous
function.

k)
f(x)= J::+5

For any real number ¢ # -5, we obtain

. . X #E =D
The given function is

x2=25 . (x+5)(x-5)

=l s~ s i =)
Also,

(c+5)(c—5)

— Y e _5
£(e) =R (o)

sim f(x)=1(c)

X
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Hence, / is continuous at every point in the domain of / and therefore, it is a

continuous function.

5-x,ifx<5
FR)=lr=3=1_ s iress

The given function is

This function /f is defined at all points of the real line. Let ¢ be a point on a real line.

Then, ¢<5, c=5 or ¢>5

Casel: ¢<5
Then, f(e)=5-c
limf(x)=lgn(5—x)=5—c

X—c

limf(x) :f(c)

X=»C

Therefore, / is continuous at all real numbers less than 5.

Casell: ¢c=5

Then, /(¢)=/(5)=(5-5)=0
lh‘;}f(x)z&i_l}}(S—x)z(S—S):O
lim /' (x)=lim(x—5)=0

- lim £ ()= lim £ (x) = £(¢)

Therefore, 7 is continuous at x =5

Case III: ¢>5
Then, f(e)=f(5)=c-5
lim f (x)=lim(x-5)=c-5

X—c x—=re

limf(x) :f(c)

X=»C

Therefore, / is continuous at all real numbers greater than 5.

Hence, / is continuous at every real number and therefore, it is a continuous function.

Question 4:

Prove that the function / (¥)=X" is continuous at x =7 , where n is a positive integer.
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Solution:

1

The given function is f(x)=x

It is observed that ./ is defined at all positive integers, n, and its value at n is n".
Then,

im /() = tim(x") =

“lim f (x)= £ (n)

Therefore, / is continuous at n, where 7 is a positive integer.

Question 5:

5,if x>1 continuous at x =02 At x=12 At x=279

f(x)={x,ifxél

Is the function / defined by

Solution:
B {x, ifx<1
The given function is 5,ifx>1
At x=0,
It is evident that / is defined at 0 and its value at 0 is 0.
Then,
ll_l}gf(x) = 11_1)13(x) =0

< lim f(x)=r(0)

Therefore, / is continuous atx = 0.

At x=1,

It is evident that / is defined at land its value at I is 1.
The left hand limit of / at x =1 is,

)=l

The right hand limit of / at x =1 is,
lim £ (x) = lim (5) =5

Lo
< lim f(x) # lim £ (x)

Therefore, / is not continuous atx =1.

At x=2,

It is evident that f is defined at 2 and its value at 2 is 5.
im  (x) = lim(3) =3

~lim f(x) = £(2)

Therefore, / is continuous atx = 2.
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Question 6:

)_][2x+3, ifx<2

Find all points of discontinuity of /> where f is defined by |2x-3, ifx>2,

Solution:
_][2x+3, if x<2

The given function is 2x-3, ifx>2

It is evident that the given function / is defined at all the points of the real line.
Let ¢ be a point on the real line. Then, three cases arise.

c<?2
c>2
c=2

Casel: c<2

f(e)=2¢c+3

Then,

lim f(x) =lim(2x+3)=2c+3

X=C X=

sdim f(x)= 1 (¢)

X=3C

Therefore, / is continuous at all points x, such that x < 2.

Casell: ¢>2
Then,
f(e)=2¢-3

lim £ (x) =lim (2x-3)=2c-3
Ll_f}:f(x) = f(c)

Therefore, ./ is continuous at all points x, such that x > 2

Case III: ¢ =2

Then, the left hand limit of /* at x =2 is,
lir?_ f(x) = lir{{ (2x+3) = 2(2)+3 ="

The right hand limit of / at x = 2is,

1ir£1+ f(x) = liq} (2x— 3) = 2(2] -3=1
It is observed that the left and right hand limit of / at x =2 do not coincide.

Therefore, ./ is not continuous atx = 2.
Hence, x = 21is the only point of discontinuity of ./ .
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Question 7:
|x|+3, ifx<-3
f(x)=9-2x, if -3<x<3
Find all points of discontinuity of /*, where [/ is defined by 6x+2, ifx23
Solution:
|x|+3, ifx<-3
f(x)=9—2x,if -3<x<3

The given function is 6x+2, ifx23

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

Case I:

If ¢ < -3, then f(e)=—c+3
lim f(x) = li};ﬂ(—x +3)=—-c+3

x—=c

klirgf(x) =i(e)

Therefore, ./ is continuous at all points x, such that x < -3.
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Case II:
If ¢ =-3, then f(-3)=-(-3)+3=6
lim f(x)= lim (—x+3)=—(-3)+3=6

=3 =3
Tim £ (x) = lim (~2x) =-2(-3) =6

- lim £ (x)= £ (-3)

Therefore, / is continuous at x = 3.

Case I1I:

If -3<c¢<3, then f(e)=-2¢
lim f(x) = lim(-2x) = -2¢

Eluzr‘glf(x) ={f'(e)

Therefore, ./~ is continuous in (—3,3),

Case 1V:
If ¢ =3, then the left hand limit of /" at x =3 is,
lijg f(x) = lirg (~2x) = ~2(3) =—6

The right hand limit of /" at x =3 is,

lim f(x) = lim (6x+2)=6(3)+2 =20

It is observed that the left and right hand limit of / at x =3 do not coincide.
Therefore, / is not continuous atx = 3.

Case V:

If ¢ >3, then f(c)=6c+2
lim f(x) = lim(6x +2) = 6¢ +2

Lig}f(x) =i(e)
Therefore, / is continuous at all points x, such that x > 3.
Hence, x =3 is the only point of discontinuity of /.

Question 8:

H,ifx;to

f (x)= X
Find all points of discontinuity of /, where f is defined by 0, ifx=0
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Solution:
£(x)= Lil,ifx;t()
The given function is 0, ifx=0

It is known that, x<0=|x|=-x gnd x>0=|x|=x

Therefore, the given function can be rewritten as

Mz;x:—l, ifx<0
X X

f(x)=40, ifx=0
Hzle, ifx>0
(X X

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

Case I:

If ¢ <0, then f(e)=-1

im /()= (1) =

< lim f(x) = £ (c)

Therefore, / is continuous at all points x < 0.

Case II:

If ¢ =0, then the left hand limit of / at x =0 is,
==

The right hand limit of /" at x =0 is,

lin ()= lim{1) =1

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

Therefore, / is not continuous atx = 0.
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Case III:

If ¢ >0, then f(e)=1

i /()= tim(1) -1

~lim /' (x) = f(c)

Therefore, /* is continuous at all points x, such that x > 0.

Hence, x =0 is the only point of discontinuity of /.

Question 9:

if x<0
/() \xl
Find all points of discontinuity of /> where /" is defined by -1 ifx20
Solution:
ifx<0
/(%) \xl
The given function is =, H =l

It is known that X <0=>|x|=—x
Therefore, the given function can be rewritten as

X
Fx)={H =
-1, ifx=20
= f(x)=-1VxeR
Let ¢ be any real number.
Then, hmf(x)— lim(-1)=-1

R

Also, f(¢)=-1=1lim f(x)
Therefore, the given function is a continuous function.
Hence, the given function has no point of discontinuity.

-1, ifx<0

Question 10:
x+1, ifx>1

ORI
Find all points of discontinuity of /> where f is defined by X’ +1, ifx <1
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Solution:

7 ) x+1, ifx>1
Xl=
Pl dfx <l

The given function is
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 /(¢)=¢"+1
lim £ (x) = lim(x* +1) =¢* +1

clim f(x) = f(c)
Therefore, ./ is continuous at all points x, such that x <1.
Case II:

If c=1, then fle)=r(1)=1+1=2
The left hand limit of /' at x =1 is,
lim f (x)=lim(x* +1)=1" +1=2

=17

The right hand limit of / at x =1 is,

lim f(x) = lim (x+1) =1+1=2

£
x>l

~lim f(x) = £(1)

=3l
Therefore, / is continuous at x =1.
Case III:

If ¢>1, then /(¢)=c+1
li_rf}f(x):!ci_x}}(x'Fl):C']"l
< lim f(x) = £ (c)

Therefore, ./ is continuous at all points x, such that x >1.
Hence, the given function / has no point of discontinuity.

Question 11:

x =3, ifx<2

x)=
Find all points of discontinuity of /, where f is defined by {xz +1, if x>2

Solution:
x' =3, ifx<2
x> +1, ifx>2

f(x)={

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

The given function is
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Let ¢ be a point on the real line.
Case I:

If ¢ <2, then fle)=c-3
lim f (x)= lirn(x3 —3) =c' -3

lrl_l:nf(x) = f(c)
Therefore, / is continuous at all points x, such that x < 2.
Case II:

If ¢=2, then fle)=r(2)=2°-3=5
lim f(x)= 11?(x3_3):23_325

=27

lim f(x) = lim (x* +1)=2* +1=5

N x—2"

im ()= 1(2)

Therefore, / is continuous atx = 2.
Case I11:

If ¢ > 2, then fle)=c*+1

lim f (x) = lim(x* +1) = ¢ +1

llinf(x) = f(c)

Therefore, / is continuous at all points x, such that x> 2.

Thus, the given function / is continuous at every point on the real line.
Hence, / has no point of discontinuity.

Question 12:
{x"’ ~1, ifx<1
X)=

Find all points of discontinuity of /*, where f is defined by X, ifx>1

Solution:
x%], iFx<l

f(x)={

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

. . . 2 =
The given function is X7, ifx>1

Case I:
If ¢ <1, then f(e)=c"-1
lim f(x) = lim(x‘0 —1) =c'' -1

a—c X—=C

limf(x) = f(c*)

st

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

THE MATH EXPERT

4

Therefore, / is continuous at all points x, such that x <1.

Case II:
If ¢ =1, then the left hand limit of / at x =1 is,

lim £ (x) = lim (x'* 1) =1" -1=1-1=0

x—1" a1

The right hand limit of / at x =1 is,

fm 7 (x) = lip ()= =1

It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, / is not continuous atx =1.

Case III:
If ¢ >1, then f(e)=¢
lim f(x) =lim(x* ) = ¢’

x—rc X—C

lri_rﬂf(x) = f(c)

Therefore, / is 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 /.

Question 13:

_jx+ 3 ifxal
Is the function defined by %)= {X =5, if x>1 3 continous function?
Solution:
_|x+5, ifxsl
The given function is & {x —5,, iExs]

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

Case I:

If ¢ <1, then fc)=c+5
limf(x) = li_m(x+5)=c+5
~Aim f (x) = f(c)

Therefore, / is continuous at all points x, such that x <1.

Case II:
If ¢ =1, then f(1)=1+5=6

WWW.CUEMATH.COM
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The left hand limit of / at x=1 is,
]jr{}f(x)=lir9(x+5)=1+5 =6

The right hand limit of /* at x =1is,

lim £ (x) =lim(x~5)=1-5=-4

It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, ./ is not continuous atx = 1.

Case III:
If ¢ >1, then f(e)=c-5
lim f(x) =lim(x~5)=c—5

lim £(x)= £ (e)
Therefore, / is continuous at all points x, such that x >1.
From the above observation it can be concluded that, x =1 is the only point of discontinuity of

I

Question 14:

3, if0<x<1
f(x)=14, ifl<x<3
Discuss the continuity of the function /, where ./ is defined by 5,if3<x<10
Solution:
3, if0<x<I
f(x)=144, ifl<x<3
The given function is 5,if3<x<10

The given function f is defined at all the points of the interval [0.10]

Let ¢ be a point in the interval [0.10]
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Case I:

If 0<c<I1,then f(c)=3
1imf(x) = lim(3) =3

i f(x)= £ (e)

Therefore, ./ is continuous in the interval [0.1)

Case II:

If ¢=1, then f(3)=3

The left hand limit of / at x =1 is,
11_131]‘"(x)= lim(3)=3

1"

The right hand limit of / at x =1 is,

]jr}}f(x) = lir{:}(é’f) =4
It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, / is not continuous atx =1.

Case III:

If 1 <c <3, then f(c)=4
limf(x) = Iim(4) =4
wlim £ (x) =/ (¢)

Therefore, ./ is continuous at in the interval (13),

Case IV:

If ¢ =3, then f(c)=5

The left hand limit of / at x =3 is,
fm 7 ()= lim(4) =4

The right hand limit of / at x=3 is,

i Fi)=Hmo) =3
It is observed that the left and right hand limit of ./ at x =3 do not coincide.
Therefore, / is discontinuous atx = 3.

Case V:
If 3<¢<10, then fle)=5
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lim £ (x) =lim(5) =5

£i£l;lf(x) =f(e)

Therefore, / is continuous at all points of the interval (3.10],
Hence, / is discontinuous at x=1and x=3 .

Question 15:

2x, if x<0
Sf(x)=40, if0<x<1
Discuss the continuity of the function /', where ./ is defined by 4x, if x>1
Solution:
2x, ifx<0
S(x)=40,if0<x<1
The given function is 4x, if x>1

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 ¢ <0, then f(c)=2c

lim £ (x) = lim(2x) = 2¢

lim £ (x) = £ (c)

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

If c=0, then /(c)=/(0)=0
The left hand limit of / at x =0 is,
lim f(x)= 1ir{1|1_(2x) =2(0)=0

The right hand limit of / at x=0 is,
i (1) 0)-0
~lim /(x) = £(0)

Therefore, ./ is continuous at x =0

Case I1I:
If 0<c<1, then f(x)=0
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i/ (3)tm(0) -0
Eigf(x) = f(e)

Therefore, / is continuous in the interval (0.1),

Case IV:

If ¢ =1, then fle)=7(1)=0

The left hand limit of /" at x =1 is,
i 2) =i (0) =0

The right hand limit of / at x=1 is,

lim f(x) = lim (4x)=4(1) =4
It is observed that the left and right hand limit of / at x =1 do not coincide.
Therefore, / is not continuous atx =1.

Case V:

If ¢ <1, then fle)=4c
lim £ (x) = lim(4x) = 4c

Slim £ (x)= £(e)
Therefore, ./ is continuous at all points x, such thatx>1.
Hence, ./ is not continuous only at x =1 .

Question 16:

=2, ifx<-1
S(x)=42x, if —1<x<1
Discuss the continuity of the function /', where /f is defined by 2,ifx>1
Solution:
=2, ifx<-1
f(x)z 2x, if-1<x<1
The given function is 2, ifx>1

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

Case I:
If ¢ < -1, then f(e)=-2
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lim £ (x) =lim(-2) = -2

X0 X3

}(iﬂf(x) = f(c)

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

Case II:

If c=-1, then fle)=rf(-1)=-2

The left hand limit of / at x =—1 is,
lim f(x)= lim (-2)=-2

The right hand limit of / at x=-1 is,

lim f(x) = lim (Zx] = 2(-»1) =2

< lim £ (x) = £ (-1)

Therefore, ./~ is continuous at x = —1

Case II1I:
If —-1<c<1, then fle)=2c
lim £ (x) = lim(2x) = 2¢

< lim £ (x) = f(¢)

Therefore, / is continuous in the interval (-L1).

Case IV:

If c=1, then /(¢)=/(1)=2(1)=2
The left hand limit of / at x=1 is,
fim / (x) = lim (24) = 2(1) =2

The right hand limit of / at x =1 is,

lim f(x) = lim (2) = 2

cAim f(x) = f(c)

Therefore, / is continuous atx = 2.
Case V:

If ¢>1, then flc)=2

lim £ (x) =1lim(2) =2

slim f(x)= f(c)

X
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Therefore, / is continuous at all points x, such thatx >1.

Thus, from the above observations, it can be concluded that f is continuous at all points of the
real line.

Question 17:
ax+1, ifx<3

x)= .
Find the relationship between a and b so that the function /* defined by {bx +3, ifx>3
1s continous at x =3.
Solution:

B ]fax +1, ifx<3
The given function is bx+3, ifx>3

For / to be continuous at x =3, then

lim f(x)=lim /(x)= /() ()

Also,
}i_g;f(x)zlig}(ax+1):3a+1
lim £ (x) = lim (bx+3) =3b+3

f(3)=3a+1

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

=3a+1=3h+3
=3a=3h+2

::>a=b+E
3

2
=b+—
Therefore, the required relationship is given by, ¢ 3.

Question 18:
A(x* —2x), ifx<0

x —,
For what value of A is the function defined by {4-" +1, ifx>0 is continous at

x =07 What about continuity at x =1?
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Solution:
{i(xz—h"), ifx<0
fx)= ,
The given function is 4x+1, ifx>0
If /' is continuous at x =0, then
lim /(x)=lim 1 (x)=1(0)
§ 2 T _ 2 _
= lim 2(x* = 2x) = lim (4x+1) = (0° - 2x0)
= 2(0°-2x0)=4(0)+1=0

=0=1=0 [which is not possible]

Therefore, there is no value of A for which f is continuous at x = 0.

At x=1
S(1)=4x+1=4(1)+1=5
lim(4x+1)=4(1)+1=5

Li_l}}f(x) = f(1)
Therefore, for any values of A,/ is continuous at x =1.

Question 19:

Show that the function defined by & (x) = x—[x] is discontinuous at all integral point. Here (]
denotes the greatest integer less than or equal tox .

Solution:

The given function is & (x)=x—[x]
It is evident that & is defined at all integral points.
Let n be an integer.
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Then,

g(n)zn—[n]zn—nzo

The left hand limit of & at x=1n 1is,

fim g (x) = lim (-~ [x]) = lim () tim ] = (n1) =1

The right hand limit of € at x=n 1s,
lim g(x) = lirq(x- [x]) = lim (x) — lm [x] =n—-n=0

It is observed that the left and right hand limit of & at x =# do not coincide.
Therefore, & is not continuous atx =n.
Hence, £ is discontinuous at all integral points.

Question 20:

Is the function defined by f(x)=x" =sinx+5 continuous at x =7 ?

Solution:

The given function is / (x)=x" —sinx+5
It is evident that / is defined at x =7 .
At x=1, f(x)zf(;'r)=?r2—sin:r'r+5=ir2~0+5=fr2 +5

Consider 1/ =)=l (+* —sinx+5)

Put x =7 +h, it is evident that if X =7, then 4/ —> 0
~lim £ (x) = lim(x* - sinx) +5

X—»IT X—»TT

= lim| (7 +h)’ —sin(z +h)+5 |

h—(

- 2 3 @ ’
- LT;;(:: +h) —lkl_t:r{}sm (7: +h)+ %'1235

= (7 +0)" ~lim[sinz cos h+cos 7 sin h]+5
h—0

=7’ —lhirrgsinn cnsh—lkin(}ccmrsinfhL 5
=7’ —sinmcos0—cosmsin0+5

=7 -0(1)—(-1)0+5

=r’+5

=f(x)

Therefore, the given function / is continuous at x =7 .

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

Question 21:
Discuss the continuity of the following functions.

) f(x)zsinx+cosx
(ii) f(x)=sinx—cosx

(iii) f(x)=sinxxcosx

Solution:

It is known that if & and % are two continuous functions, then £ +#.¢ —hand g% are also
continuous.

Let & (x) =sinx and h(x ) = COSX gre continuous functions.

It is evident that & (¥)=sinXis defined for every real number.

Let ¢ be a real number. Put x=c+#A
If x>c¢,then h—0
g(c)=sinc
lim g(x)= lim sin x
= limsin (c + )
=lim [sinccosh+coscsinh]
= lim (sinc cos 1) + lim (cos csin /1)
=sinccos0+coscsin 0
=sinc(1)+cosc(0)
=sinc
wlimg (x) = g(c)

Therefore, £ (x)=sinx s 2 continuous function.
Let #(x)=cosx

It is evident that /1(X) = €08Xis defined for every real number.

Let ¢ be a real number. Put x=c+#
If x—>c,then >0

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

=limcos(c+4)
h—0
=1lim[cos ccos i —sincsin k]
h=0
= Ll_t}g (cosccosh)— }1’1_)m(j (sincsinh)
=cosccos0—sincsin0
=cosc(1)—sinc(0)
=cosc
s lima (x) = k(c)

Therefore, h(x)=c0sx is a continuous function.
Therefore, it can be concluded that,

(i) J(x)=g(x)+h(x)=sinx+cosx is a continuous function.
(i) f(x) = g(x] - h(x] =sinX—COSX {5 3 continuous function.

(ii1) f(x)=g(x)xh(x)=sinxxcosx js a continuous function.
Question 22:

Discuss the continuity of the cosine, cosecant, secant, and cotangent functions.

Solution:
It is known that if & and % are two continuous functions, then

h
(x) ,g(x) #0
o & (x) is continuous.

i & (x) is continuous.

iy A(x) is continuous.

Let& (x ) =Ssinx and h(x) =COSXare continuous functions.

It is evident that £ (¥) =sinxis defined for every real number.
Let ¢ be a real number. Put x=c+ 7
If x—>c,then h—>0
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g(c)=sinc
lim g (x) = limsin x

= limsin(c + h)
h=0
=lim[sinccos k2 +coscsin A]
h—0
= lhlilg(sm ccosh)+ 1’1_% (coscsin k)
=sinccos0+ coscesin0
=sin¢(1)+cosc(0)
=sinc
~limg(x)=g(c)
Therefore, £ (x)=sinx j5 a continuous function.
Let h(x) = COSX
It is evident that #(X) = €0sXig defined for every real number.

Let ¢ be a real number. Put x=c+nh
If x—>c,then h—>0

h(c)=cosc
lim A (x) = lim cos x
- ngg cos(c+h)

=lim[cosccosh—sincsinA)
=0

= lhim (cosccosh) - LlE% (sinesin )

=i

=cosccos0—sinesin (0

= cosc(1)-sine(0)

= Cosc
slimbh (x) =h (c)
Therefore, h(x)=cosx s a continuous function.
Therefore, it can be concluded that,

cosecx =——,sinx#0 | )
SIn x 1S continuous.

= cosecx,x #nx(neZ) is continuous.

Therefore, cosecant is continuous except at * = 7% (neZ)

,cosx#0

SECXx = . .
COS X 1S continuous.

b/
=secx,x#(2n+ 1)5(” €2) is continuous.
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n
) ) x=(2n+1)—(neZ
Therefore, secant is continuous except at ( ) 2 ( )

cosx .
cotx=——,sinx#0 | .
sin x 1S continuous.

= cotx,x # nr(neZ) is continuous.

Therefore, cotangent is continuous except at * = 7 (neZ),

Question 23:
7(x)= SinTx,ifx <0
Find the points of discontinuity of /, where x+1, ifx>0
Solution:
£(x)= Si%,ifp( 0
The given function is x+1, ifx>0

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

Case I:

sinc
If ¢ <0, then f(c)_ c

i )= 2« S

~lim f(x) = f(c)

A=C

Therefore, / is continuous at all points x, such that x <0.

Case II:

If ¢ >0, then f(e)=c+l1
1imf(x)=lim(x+l)=c+l
£i$f(x) = f¢)

Therefore, ./ is continuous at all points x, such that x> 0.
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Case III:
If c=0,then /(c)=/(0)=0+1=1
The left hand limit of /" at x=0 is,

lim £ (x) = lim [Si‘”] =1

x—0 x—=0" X

The right hand limit of /" at x =0 is,

lim f(x)= li1})1+(x+l) =1
- lim f (x) = lim 7 (x) = £(0)

Therefore, / is continuous at x =0

From the above observations, it can be concluded that / is continuous at all points of the real

line.
Thus, / has no point of discontinuity.

Question 24:
-
2
x sin—, ifx#0
f(x)= x
Determine if / defined by 0, ifx=0 is a continuous function?
Solution:

N
x’sin—, ifx=0
f(x]= s

The given function is 0, ifx=0

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

Let ¢ be a point on the real line.

Case I:
. A

A S Wl
If ¢#0, then f(c)—c Smc
) . s .| L | PR 5 .
llmf(x)zhm[x Sm—Jz(llmx ][hmsm—ch sin—
X x=be X x—=c = X c
~im f(x) = f(¢)

K=

Therefore, / is continuous at all points x, such that x 0.

Case 1I:

If ¢=0, then f(0)=0
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lim f(x] = lim (f sin l) = lim[)c2 sml]

20" x—»0" X x—=0 X

. —1Ssinlsl,x-¢0
It is known that, X

1
= —x’ <x’sin—<x’
X

) . 1 )
= llm(—x2 ) < lim [f sin— | < limx’
x—0 x—3i)

X x—0
=0< lim[x2 sinlj <0
x—0 g

g 1
= lim [x sm—] =10

x—0 X
<. lim f(x)=0
Similarly,

i pteren Fot e e a9,

lim f(x)= ;ILT(JC sin— |= lim| x* sin galin 0

< lim f(x) = £(0) = lim /(x)
Therefore, ./ is continuous at x =0.

From the above observations, it can be concluded that ./ is continuous at every point of the
real line.

Thus, f is a continuous function.

Question 25:

{sinx—cosx, ifx#0
Examine the continuity of /', where / is defined by =1, ifx=0
Solution:

Flx)= {sinx—cosx, ifx#0
The given function is -1, ifx=0

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

Case I:

If ¢ 0, then f(¢)=sinc—cosc
lim £ (x) = li_m(sinx —c0sx) = sinc —cosc
< lim £ (x) = £ (¢)

Therefore, ./ is continuous at all points x, such that x = 0.
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Case 1I:

If ¢=0, then f(0)=-1
Ilmf(x)—hm(smx cosx)=sin0—cos0=0—1=—1

x—0"

Ilmf(x)—llm(smx cosx)=sin0—cos0=0-1=-1

x—0"
lim £ (x)=lim f(x) = £ (0)
Therefore, ./ is continuous at x =0.

From the above observations, it can be concluded that / is continuous at every point of the
real line.

Thus, / is a continuous function.

Question 26:
Find the values of k so that the function / is continuous at the indicated point
kcosx . 3
e if x :tE
3, ifx== x=2
2 at 2
Solution:
kcosx . s
e if x:tz
f(x) = T—.X .
: o 3, ifx=—=
The given function is 2
cE i E
The given function / is continuous at 2, if f'is defined at 2 and if the value of

o
the /at” 2 equals the limit of /' at” 2

T
It is evident that / is defined atm 2 and [ ZJ _

lim £ (x) = lim £ 925%
P Xt T — 2x
2 2
x= 4l +h
Put 2

Fid
»>—=h—0
Thenx 2
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Therefore, the value of £ =6.

Question 27:

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

Jo?, ifx <2

1=

Solution:

/(%)

The given function is

The given function / is continuous at x=2, if /is defined at x =2and if the value of

3 ifx>2 at x=2

3. ifx>2

{kxz, ifx<2

the / at x =2 equals the limit of fatx=2.

2
It is evident that / is defined at x =2 and ./ (2) 2 k(z) = 4k

a2

= lim (k¢ ) = lim (3) = 4k

x—2 X2

— kx2* =3=4k
=4k =3

=>a'c=E
4

Therefore, the value of

im £ (x) = lim £(x)= £(2)

3

4.
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Question 28:
Find the values of k so that the function / is continuous at the indicated point

kx+1, ifx<m
f(x)={ |

cosx, ifx>m gt x=1
Solution:

_{kx+1, ifx<nm

The given function is cosx, ifx>n

The given function / is continuous at x=rx, if / is defined at x=x and if the value of
the /" at x=n equals the limit of / at x=7 .

It is evident that / is defined at x=7 and /(%) =k +1
lim f(x)= lim f(x)=f(7)

XTI

= lim (kx+1) = lim (cosx) = krm +1

= kn+l=cosm=kx +1
Skr+l=-1=kr +1
2

= k=——
T

2

k=
Therefore, the value of T .

Question 29:
Find the values of k so that the function / is continuous at the indicated point

kx+1, ifx<5
f(x)= )

3x-5, ifx>5 3t x=5
Solution:

kx+1, ifx<5
. . S)= -
The given function is 3x-5, ifx>5
The given function / is continuous at x=35, if / is defined at x=35 and if the value of
the / at x =35 equals the limit of /" at x=5.

It is evident that / is defined at x =5 and / (5)=hkx+1=35k +1
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lim f(x) = lim £ (x) = £(5)
= lim (kx+1)=lim (3x-5) =5k +1

F=5 x5
= 5k+1=3(5)-5=5k+1
= 5k+1=15-5=5k+1
= 5k+1=10=5k +1
= Sk+1=10
= 5k =9
9

= k==
5

9
Therefore, the value of = 5.

Question 30:
5 ifx<2
f(x)=4ax+b, if2<x<10
Find the values of a & 4 such that the function defined by 21, ifx>10 ,1s a

continuous function.

Solution:
S ifx<2
f(x)=<ax+b, if 2<x<10
The given function is 21, ifx=10

It is evident that ./ is defined at all points of the real line.
If / is a continuous function, then / is continuous at all real numbers.
In particular, / is continuous at x=2 and x =10

Since / is continuous at x =2, we obtain
i 7=t £ (5)= ()
= lim(5)= lim (ax+b)=5

X2 x—+2"

=5=2a+b=5
=2a+b=35 sk 1)

Since ./ is continuous at x =10, we obtain

lim £ (x) = lim £ (x)= £ (10)

=107

= lim (ax+b)= Iim+(21)= 21

x—10 x—10

=10a+b=21=21
= 10a+b=21 -
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On subtracting equation (1) from equation (2), we obtain
8a=16
=gr=12

By putting @ =2 in equation (1), we obtain

2(2)+b=5
=4+b=5
=h=1

Therefore, the values of a and b for which /* is a continuous function are 2 and 1 respectively.

Question 31:

Show that the function defined by / (%) =ronla | il Continuons fimotion.

Solution:

_ 2
The given function is / (x) = cos(x")
This function / is defined for every real number and /* can be written as the composition of
two functions as,

f = goh _where &(¥)=cosx apq h(x)=x"
[ (goh)(x) =2 g(h(x)) = g(xz) =cos(x2) & f(x)]
It has to be proved first that £ (¥)=cosx and h(x)=xare continuous functions.

It is evident that & is defined for every real number.
Let ¢be a real number.
Let g(c)=cosc pyt x=c+4
If x>c¢,then h—>0
lim g (x) = lim cos x
= L%cos(c +h)
= lim[cosccos h - sincsin 4]
h—0
= ]ﬁll‘lg (cosccosh)— Ll_rgg (sincsin k)
=cosccos(—sinesin0
=cosc(1)—sine(0)
= cosc
Liil}g(x) =g(c)

Therefore, € (x) =cosx j5 a continuous function.
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Let h(x) =

It is evident that % is defined for every real number.

Let k£ be a real number, then h(k)=k*

lim h(x) =limx’ =k’

x—k x—k

~limh(x)=h(k)

r—k

Therefore, # is a continuous function.
It is known that for real valued functions & and /, such that (goh) is defined at ¢, if & is

continuous at cand if / is continuous at & ("3), then (fog )is continuous at ¢ .

Therefore, / (x) =(goh)(x) = Cos(x ; ) is a continuous function.

Question 32:

Show that the function defined by / (x) =|cos x| is a continuous function.

The given function is ./ (x) =cos x|,

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

f =goh  where &(¥)=|x| and /#(x)=cosx
|~ (goh)(x)=g(h(x))=g(cosx)=|cos x| = f(xﬂ

It has to be proved first that & (x)=|x| and #(x)="cosx are continuous functions.

( ) [—x, ifx<0

g\X)= g

2(x) =|x| can be written as 1*“ ifx20

It is evident that & is defined for every real number.

Let ¢be a real number.

Case I:

If ¢ <0, then g(c)=-c

lim g (x) = lim (~x) =~c

wlimg(x)=g(c)

Therefore, & is continuous at all points x, such that x <0.

Case II:
If ¢ >0, then glc)=c
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lim g (x) =lim (x) =g

Li_]}}g(x) =g(c)
Therefore, & is continuous at all points x, such that x > 0.

Case III:

If ¢ =0, then g(c)=g(0)=0
palz)=Inl-5)=0

A e(x)=lp(x)=0
~limg(x)= lim (x)=g(0)

vl

Therefore, & is continuous at all x =0.

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

Let f(x)=cosx
It is evident that #(X) = 05X ig defined for every real number.

Let ¢ be a real number. Put x=c+4
If x—>c,then h—>0

h(c)=cosc
limA(x)=limcosx
X=>C X=>C
= limcos(c +h)
= lim[cosccosh—sincsin /]
h—0
=lim (cos ¢ cosh)~lim(sin csin /)
=cosccos0—sinesin0
=cosc(1)—sinc(0)
=cosc

limh(x) = h(c)

A=

Therefore, h(x)=cosx s a continuous function.

It is known that for real valued functions £ and %, such that (g"h) 1s defined at ¢, if & is

continuous at cand if / is continuous at & () , then (fog)is continuous at .

Therefore, f(x)=(goh)(x)=¢ (k(x )) = g(cosx) = ‘COS xl 1s a continuous function.

Question 33:

Show that the function defined by / (x)=[sin x| is a continuous function.
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The given function is ./ (x)=[sinx|
This function / is defined for every real number and /* can be written as the composition of
two functions as,

f = goh  where &(x)= x| and #(x)=sinx

’7 (goh)(x) =g (h(x))=g(sinx) =|sinx| = f(x)—l

It has to be proved first that & (x)=|x| and #(x) =sinxare continuous functions.
[—x, ifx<0

g\¥)= i
(x) =[x can be written as 1*“ ifx20
It is evident that & is defined for every real number.
Let ¢ be a real number.

Case I

If ¢ <0, then &(¢)=—¢

lri-];[:-l g(x)= ljl?}(—x) =—c

- lim g (x) = g(c)

Th‘\eprnefore, g 1is continuous at all points x, such that x <0.
Case II:

If ¢ >0, then &(c)=¢

li_m_g(x) = lim_(x) =i

~limg(x)=g(c)

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

Case II1:
If ¢=0, then g(c)=g(0)=0
lim g(x) = lim (—x) =0

x—l) x—0
lim g(x)=lim(x)=0
x—0 x—=0'

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

v (]

Therefore, & is continuous at all x =0.

From the above three observations, it can be concluded that & is continuous at all points.
Let A(x)=sinx

It is evident that #(X) =sinx is defined for every real number.
Let ¢ be a real number. Put x=c+k
If x—>c¢,then £k >0

WWW.CUEMATH.COM


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

h(c) =sinc
limhA(x)=limsinx
X=C =

= limsin(c+ k)

k—sl}
= lim[sinccosk +coscsink]|

k—0
= Lli'%(smccos k)+ ll_l}g(cos csink)
=sineccosO+coscsin0
=sine(l)+cosc(0)
=sinc

1imh(x) = k(c)

R

Therefore, h(x)=sinx j5 a continuous function.

It is known that for real valued functions £ and %, such that (20h) is defined at ¢ ,1f & 1s

continuous at cand if / is continuous at & () , then (fog )is continuous at c.

Therefore, / (x)=(goh)(x)=g (h(x)) =g(sinx)= ISin x‘ is a continuous function.

Question 34:
Find all the points of discontinuity of /* defined by f(x)= |x| - |x r ll.

Solution:

The given function is / (X)= o =[x +1],

The two functions, & and 4 are defined as g(x) :|x‘ and 7(x) :jx+1|.
Then, f=g—h

The continuity of & and /4 are examined first.

B {—x, ifx-<i)

g(x)=|xcan be written as x, ifx20
It is evident that & is defined for every real number.
Let ¢be a real number.

Case I:

If ¢ <0, then g(e)=—c
limg(x) = lim(—x) =—g

< limg(x)=g(c)
Therefore, £ is continuous at all points x, such that x <0.

Case II:
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If ¢ >0, then gle)=c
limg(x)=lim(x)=c

~limg(x)=g(e)
Therefore, £ is continuous at all points x, such that x > 0.

Case III:

If ¢ =0, then &(¢)=g(0)=0
Jggl g(X) = lim (—x) =0

a0
limiate)= lim{z)=0
<. lim g (x) = lim (x) = g(0)
Therefore, & is continuous at all x=0.

From the above three observations, it can be concluded that & is continuous at all points.
—(x+1), ifx <-1

b { ,
h(x)=[x+1 can be written as x4l ifx > -1
It is evident that /4 is defined for every real number.
Let ¢be a real number.

Case I:
If ¢ < -1, then h(c)=—(c+1)
lim# (x) = lim| ~(x +1)] = ~(c +1)

X0

~limh(x)=h(c)

=3

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

Case II:
If ¢ > 1, then /1(c)=c+1
limh(x) = lim(x+l) =c+l1

44 L

s limh(x)=h(e)

X=d

Therefore, & is continuous at all points x, such that x > —1.

Case III:

If ¢ =1, then #(¢) =h(=1)=-1+1=0
lim h(x) = lim [-(x+1)]==(-1+1)=0
lim A(x)= lim (x+1)=(-1+1)=0

1" x—=—1"

2 lim h(x) = lim h(x) = h(—l)

r—=1" rs-1t
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Therefore, & is continuous at x = —1.
From the above three observations, it can be concluded that # is continuous at all points.
It concludes thatg and #are continuous functions. Therefore, / =£ — % is also a continuous

function.

Therefore, /' has no point of discontinuity.
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EXERCISE 5.2

Question 1:
Differentiate the function with respect to x.

sin (Jc2 + 5)

Solution:

Let /(%)= sin(x2 +5)’ u(x)=x"+5 ;q v(r)=sinz
Then, (vou)(x)=v(u(x))= v(x2 +5) = 'tan(x2 +5) =f(x)
Thus, / is a composite of two functions.

put {=u(x)=x>+5

Then, we get
d ., .
- E(smt] =cost = c-:as(x2 +5)
dr d d d
E:E(xz +5)=£(x2)+a(5)=2x+0= 2x
By chain rule of derivative,
i= ﬁﬁ = t:os(x2 +5)>< 2= 2Jcccls[x2 +5)
dx dt dx
Alternate method:

%[siu(x2 +5):| = r.:os(x2 JrS).%(x2 +5)

= cos(x” + 5).[%(.{" ) +%(5)}
= cos(x” +5).[2x+0]

= 2xcos(x2 +5)

Question 2:
Differentiate the function with respect to x

cos(sin x)

Solution:

Let f(:c) = cos(sinx), u(x) =sinx gnd v(:) =cos!
Then, (vou)(x) = v(u(x)) = v(sin x) = cos(sin x) = f(x)
Here, / is a composite function of two functions.

Put ¢ =u(x)=sinx
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g = %[cos t]=—sint=—sin(sinx)
dt d , .
o E(smx) =Ccos X

By chain rule,

L - ﬁﬁ = —sin(sinx).cosx = —cosxsin(sinx)
dx dt dx
Alternate method:

d : mr "
E[cos(sm x) | =—sin(sin x).a(sm x)

=—sin (Sin x) X COS X
=—cos xsin(sinx)
Question 3:
Differentiate the function with respect to x
sin (ax + b)
Solution:

Let f(x)zsijl(a.x+b],u(x)=ax+b and v(r)zsint
Then, (vou)(x] =v(u(x]] = v(ax+b) = sin(ax-l—b) =f(x)
Here, / is a composite function of two functions « and v.

Put, tzu(x) =ax+b

Thus,

% = %(sint) =cost = cos(ax+b)

dt d d d
E_E(ax+b)-a(ax)+a(b)—a+0—a
Hence, by chain rule, we get

ﬁ = @ﬂ = cos(gx+b),a = aCOS(ﬂI-!- b)
dx dt dx

Alternate method:
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%[sin(ax + b)] = COS(QX'Fb)-%(ax +b)

=c03(ax+b).[%(ax)+%(b)}
=cos(ax+b).(a+0)

=acos(ax+b)

Question 4:
Differentiate the function with respect to x

o)
Solution:

Lot / (¥)=see(tan (Vi) u(x) =V v(t)=tant 4 su(s) =sees

Then, (#ovou) (x) = w[v(u(x))] = w| v(V¥) | = w(tan Vi) = sec(an V) = 1 (x)

Here, / is a composite function of three functions u, v and w.

put, S =Vv(f)=tant zp4 f=”(x)=‘/;

Then,

dw d

— =—(secs)

ds ds
=sgecstans

=sec(tant).tan(tans)  [s=tant]

=sec(tan~/;).tan(tan\/;) [:=\/§]

Now,

%:%(tant)zsecztzsech/;:—c

dt _d o~ _d(3) 14 1
g—g(&)‘a[x}_?x Tk

Hence, by chain rule, we get
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dw ds di

d
E[S@C(t&n\{;)iI:ZEE
= scc(tan\/;).tan(tan \/J_c).scc2 Jx. 1
24/ x

= ﬁsec2 \/;sec(tan\f;)tan(tan\/;
_ sec’ xsec(tan\/;c)tan(tanx/;)

Alternate method:

e 5] )

T

= sec( tan Vx ). tan (tan Vx ).
(tan V¥ ). tan

]
ﬁ

Question 5:
Differentiate the function with respect to x

sin(ax+b)
cos(ex+d)

Solution:
sin (ax+b)

Given,
g'h—gh'
S = h’
Consider &(x)=sin(ax+b)
Let u(x)=ax+b,v(t)=sint
Thon (08)(3) =v(u())={as-+8) =sin (v 5)=(5)
- & is a composite function of two functions, u and v.

Put, :,‘:u(x] =ax+b

Slx)=———m—us cos(ﬁ'“d) where €(x)=sin(ax+b) 5pq h(x)=cos(cx+d)
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= i(sin!) =cost = cos(ax +b)

& di
%:%(ax+b)=%(ax)+%(b):a+0=a

Thus, by chain rule, we get

g dv dt =cos(ax+b).a=acos(ax+b)
dx dt dx

Consider /1(x) =cos(cx+d)
Let 2(x)=cx+d,q(y)=cosy
Then, (QOP)(x)=q(p(x))=q(ax+d)=cos(cx+d)=k(x)

.k 1s a composite function of two functions, p and q.
Put, V= p(x) =ex+d

dg d ; ;
Sl % (cosy)=—siny=— d
T (cosy)=—siny=—sin(cx+d)
dy_d _d 4=
=—(ex+d)=—(cx)+—(d)=c

Using chain rule, we get

. ] B
dx  dy dx
=—sin(ex+d)xc
=—csin(cx+d)
Therefore,
fie acos (ax+ b).cos(cx+d ) —sin (ax+b) {~csin (cx +d)|
[cos(cxﬂ:&f')]2
=acos(ax+b)+csin(ax+b).Sin(chrd)x 1
cos(cx+d) cos(cx+d) cos(cx+d)
=acos(ax+b)sec(cx+d)+csin(ax+ b)tan(cx +d)sec(cx +d)
Question 6:

Differentiate the function with respect to x

cosx’.sin’ (xs )

Solution:

% S 5
GIVCI’I, COS X" .s1n (.1‘ )
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%[cos x’.sin’ (x5 )] =sin’ (31:’i ) X %{cos x3] +cosx’ x %Ijsirl2 (x5 ):l
[:Sin xs]
)

=sin® (") x(~sin )« ()  cosx’ x2sin(x')
d

B[

= —sinx’sin’ (xs)xh:2 +2sinx” cosx’.cosx’ x—
dx
=-3x’sinx’sin’ (Jc5 ) +2sinx’ cos x’ cos x° x 5x*

=10x"sinx” cosx” cosx’ —3x” sin x’ sin’ (xs)

Question 7:
Differentiate the function with respect to x

2,{cot(x2)

Solution:
i[zq /cot(x2 } =2. 2\/{#]:2) X -‘f—r[cot(xz)]

* sinx*/cos ¥* sin x°
B -242x
sin x>v/2sin x* cos x°
—-Z\Ex
sin x”/sin 2x”

Question 8:
Differentiate the function with respect to x

COS(\/;)

Solution:

Let / (3)=c0s( %)

AISO, let u(x).—.\/; and’ V(:)=COS!
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Then,

(vou)(x) = v(u(x))
-{45)
= cos/x
=f()

Since, / is a composite function of u and v.

t=u(x)=\/;

Ang,  =-Sin(V)

Using chain rule, we get
di _dv dr

dx dt dx

_sin(\/;)
2Jx

Alternate method:

e )] - ) 2 5)

=—sin(\fr3_c)x%[x%]

i =L
=—sinvxx—x?
2
_—Sil’l\/;
2Vx
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Question 9:
Prove that the function /* given by

£ =pe-1

X €R i not differentiable at x=1.

Solution:
Given, f(x)= Ix_ll' xeR
It is known that a function / is differentiable at a point x =c¢ in its domain if both

L S@=Slemh) L flerh)-7(e)

h0- h and -0 h are finite and equal.

To check the differentiability of the given function at x =1,

Consider LHD at x =1

;!m(;l f(]}_hf(]_h]: lim fll_ll_ll_h_ll

Consider RHD at x=1

po SR (@) A=)
h—0* h 0" h
i
=0t h
=lim— (h>0=|H=h)

Since LHD and RHD at x =1 are not equal,

Therefore, ./ is not differentiable at x=1.

Question 10:

Prove that the greatest integer function defined by S (x)=[x].0<x<3 is not differentiable at
x=1and x=2.
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Solution:

Given, f(x)=[x].0<x<3

It is known that a function / is differentiable at a point x = ¢ in its domain if both
i L@ Fle=h) L flerh)-re)

ho0” h and #-0° h are finite and equal.

At x=1,

Consider the LHD at x=1
L _ 1= =
i L0/ 1Ay, [1-04]

h—0"
. 1-0
= lim —
h->0"  h

o1
= lim —
=0 h

= lim
h—0"

=

Consider RHD at x=1
- f(l+h)—f(1)

li = lim
hoo? h 0"

[1-+7]-[1]
h

. 1-1
= lim —
B0t

=limo0
h—0"

=0

Since LHD and RHD at x =1 are not equal,

Hence, / is not differentiable at x=1.

To check the differentiability of the given function at x=2,
Consider LHD at x=2

2)-f(2-h
i 721121

h—0"

o[22

h—0" h

Now, consider RHD at x=2
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lim f(2+h)'—f(2) = lim [2+h]~[2]
h—0* h B0
. 2-2
= lim ——
ns0" h
=1lim0

h=0"

=0

Since, LHD and RHD at x =2 are not equal.

Hence, / is not differentiable at x=2.
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EXERCISE 5.3

Question 1:

d—y:2x+3y=sinx

Find dx

Solution:
Given, 2% +3y =sinx
Differentiating with respect to x, we get

diy(Zx+3y) =%(sin x)
=1 %(23’)4— %(3)}) = CoS x

=>2+3@=cosx
dx

dy

=3—=cosx-2
dx

,dx cosx-2
Cdy 3

Question 2:
&
Find dx: 2x+3y =siny

Solution:

Given, 2x+3y =siny
Differentiating with respect to x, we get

L (2x)+2(33) =2 (sin)

dy dy x .
=2+3—=—=cosy— By using chain rule
. y— [By using ]

éZ:(cosy*B)%
Ay 2

T dx cosy—3

Question 3:
&
Find dx: ax+by’ =cosy
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Solution:

Given, ax +by” =cosy
Differentiating with respect to x, we get

%(ax)+%(by2)=

%(oos )

:>a+bi(y2)=%(cosy)

dx

d dy

dx dx

BBy, B B i
(y )—Zy and dx(cosy)— Smydx -(2)

From (1) and (2), we obtain

a+bx2y%=—siny

:>(2by+siny)dy

Ldy _ -a
Tdx 2by+siny

Question 4:
dy

dr

dy

dx

a

Find dx: Xxy+) =tanx+y

Solution:

Given, X+’ =tanx+y
Differentiating with respect to x, we get

d
dx

zi(xyhi(yz)

:{y%(x)+x.%}+2ydr

dx

—(x_v+ yz) = %(tan x+y)

4 (tanx)+——

dy

dy
dx

dy

=sec’ .vc:+E [using product rule and chain rule]

dy

dy 2
=S plex——+2y—<=sec’ x+— > (x+2y-1)—==sec’ x—
A e o Sk ¥

dy dy
L dy _ sec’x-y
Ta (x+2y-1)
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Question 5:
Ly
Find dx X’ +xy+y’ =100

Solution:
Given, X" +xy+y’ =100
Differentiating with respect to x, we get

%(.ﬁc2 +.xy+y2)= %(100)
i%(x2)+%(xy)+%(y2) =0

= 2x+[y.%(x)+x.%}+ 2y% =0
dy

dy
=2x+yl+x—+2y—=0
X+Ty Idx ydx

:>2x+y+(x+2y)%= 0

_Q__2x+y

Cdx xX+2y

Question 6:
P .
Find dx x'+xy+xy°+y" =81

Solution:
Given, X’ +x’y+xy’ +y’ =8l
Differentiating with respect to x, we get
d d
E(x3 +xty+xt+ ) =a(81)
d

= G G ) ) 5 07)=0

= 3x’ +{y—j—x(x2)+x2%]+[y2%(x)+x—(y2)}+3y2@—: 0

dy
= 3x’ + .2x+x2g +] Y1+ x2y. = [+31P ==0
[y dfx} [y g |

ﬂ+(

:>(x2+2.vgv+3y2)dx

I
=

3x2+2xy+y2)

dy —(E’;x2 +2xy+y2)
T (x2 +2ng+3y2)
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Question 7:
dx

Find dy sin’ y+cosxy =7

Solution:

Given, sin” y+cosxy =n
Differentiating with respect to x, we get

%(sin2 y+cos xy) = %(:r)
:%(sin2 y)+%{cosxy)= 0 vl 1)

Using chain rule, we obtain

%(sin2 y]:25iny%(sin y)=25inycosy% ..(2)
%(cosxy) =—sin xy%(.xy) = -sinxy[y%(x)+ x—?—x]
= —sin xy{y.1+x%}=—ysinxy—xsinxyix—y (3)

From (1), (2) and (3), we obtain
2 4| - — = |=0
sin ycos y ysin xy —xsin xy

= (2sinycosy—.xsinw)%= ysin xy

= (ngy—xsmxy)E:ysmxy

Cdx ysinxy

T dy sin2y—xsinxy

Question 8:

.
Find dx sin’x+cos’ y=1

Solution:
Given, sin’ x+cos’ y =1
Differentiating with respect to x, we get
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%(sin2 X+ cos’ y) = di(l)
e
= %(sin2 x) +%(0032 y) =0
= 2sinx i(sinx)+2cos; i(ccas )=0
dx P Y=
=>251n.xcosx+2c;osy(—siny).%= 0

dy

=sin2x—-sin2y—=0
Yo

_dy sin2x

B d.r_sinZy

Question 9:
_ d—y:y=sin‘l( 2x2]
Find dx I+x

Solution:
Given,

y=sin*‘( 2x2J
I+x

=>siny=

14 x?

Differentiating with respect to x, we get

d d( 2x
& geid & il
o= b)) dx(1+x2J (1)
dy d( 2x ]
=cosy—=— z
de  dx\1+x
2x u

The function 1+x?, is of the form of v

By quotient rule, we get
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d( 2x _(]"'xz)%@x)—zx,%(]_,_xz)
[ ]_ (1+x2)2
(1+x?).2-2x[0+2x]

(1+.wc‘?)2

(]+.7r2)2

2
cosy=fl1-sin’ y = 1_[ 2x ]

1+x?
(1+x2)2 #4x2
(1+x2)2
(=]

(1+x2)2

1-x*

- Taps?
From (1), (2) and (3), we get

l-x2 Xdy :Z(I—xz)

1+x2 dx (1+x2)2

dy 2
=2 =
dx 1+x°

Question 10:

_ 3
Y. y=tan™ [?’x_xz}_L<x<L
Find dx 1-3x NE) 3
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Solution:
—.
I [Bx J\:2 ]
Given, 1-3x

3x—x
:;’tany:[l—hzj (1)

Since, we know that

3tan2 —tan’ 2
= tany=| —3—3 (2)

1-3tan? Y
3

Comparing (1) and (2) we get,

x=tanZ

3

Differentiating with respect to x, we get

3
1+ tan

& _
dx 2 Y 2 J

3

=
S€C

v _ 3
dx 1+x°

Question 11:

.
@ . y=cos’ {1 x2]
Find dx I+x7 ), 0<x<l

Solution:

] (l_le
y =cos 3
Given, 1+x
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:>cosy:[

1-x*
1+x?

|

=X
1+x°

1—tan? 2
P

1+tan? 2
2

=

Comparing LHS and RHS, we get

tan2 = x

2

Differentiating with respect to x, we get

d

dx

2 Y i[z)z
2 dx\ 2

2y 1y

272 dx
2

2y

S5€cC

(x)

= sec

dy

sec

2
|+tan?2
2

2 -
14
d

L4
dx

2
1+ x?

=5
=

Question 12:
dy

Find dx

2

.y=sin—l s
1+x°

1-x?
14 x°

J,0<x<l

Solution:
y=sin"' (
Given,

-l l—xz
y=sm 1 3

+Xx

Tt

=>s1r1y=1+ch

Differentiating with respect to x, we get

B i)l [ 1
PR AP

Using chain rule, we get

(1)
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4 (in)=cos v Y
dx(smy)—cosy.dx

2 2
cos y =+/l-sin’ y = 1—»(1 x]

1+x*
B e L O T
_V (1-!—3:2)2 - (1+Jc2]2_1"'ch
Therefore,
d . . 2x d
ol 0
4 (1 (1) (1) ~(1-5). 5 (14%)
de\1+x? ) (1+x)’
:(1+x”)(—2x)—(1—x2)(2x)
(1+x2)2
_ =Dx—2x> - 2x+2x°
(l-f-xz)2
—4x (3)

T(+2)

From equation (1), (2) and (3), we get
2x dy _ —4x
1+x* dx (1 + 32 )2

& 2

dx  1+x°

Question 13:

ﬂ:_}mcos‘1 [z—xz],—1< x<1
Find dx 1+ x
Solution:

-1 [ 2x ]
_ ¥ =cos -
Given, 1+x

y=cos“( 2‘2}
1+x

cos -[ S )
¥ 1+x*

WWwWW.CUEMATH.COM
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Differentiating with respect to x, we get

d _d( 2x
o=l )

2\ 4 d 2
£:(1+x ).5(213)—23:.%(1-5-3: )

dx (1+J'c2)2

= ﬂ_(l+x2)x2~2x><2x
= —J1-cos yd)c_ (1+x2)2

= —siny.

ﬂ:yzsin"(Qx\ﬂ—xz) ! <x<

1
N R}

Solution:
o, Ysin (20147
Given, F=an [ o *

y=sin"' (2x\!1 —x )
=siny= (21:\!1—;!;:2 )
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Differentiating with respect to x, we get

cosy.-@'— = Z[x%(\/l-xz ) +41- 52 —i—x}

e
= \/1-sin’ y = [i o + 1—x2}
2 J1-x°
2 2 _
. \/1_(2):«/_1_)3) ,QZZ{LH
& N

1%
2
::»(144.»{‘1)@:2[1 2"}
dx 1—%*
2
dx 1—x?

Question 15:

ﬂy sec” (—1 J0-<x<L
Find dx 2x*-1) N2

Solution:

4 1 ]
. y =sec
Given, ( 2x% -1
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1
= y=sec”
¥ [2;3—1)

I
:>secy=[2x2_J

= cosy =2x" -1

=2x*=1+cosy

= 2x? =2cos” D

:>x=cos£
i

Differentiating with respect to x, we get

- _lay
SinZ 2 dx
2
i_ -2
dx sinl
2
:%: =
1-cos’ 2
[Wak! >
dx l_xz
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EXERCISE 5.4
Question 1:

Differentiating the following wrt x: sin x

Solution:

X

. e
Let Y sinx
By using the quotient rule, we get

i gl g
ﬂ:51nxa(e )—e E(smx]
dx sin® x

sin x.[e" )—e".(cosx]

sin’ x
K (sinx—cosx)

sin® x

Question 2:

sin!x

Differentiating the following e

Solution:

sin”' x

Let y=e

By using the quotient rule, we get
Q = i(esin_l x)

de  dx

= .<35""_]"’.%(sin'I x)

_ o sinTx 1
1—x?
)
B eSII’I X
T=x*
esjn"x
== ,xe(-11)

Question 3:

Differentiating the following wrt x:e*
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Solution:

Let y=e"
By using the quotient rule, we get

Question 4:

- -1 _-x
Differentiate the following wrt * .sm(tan = )

Solution:
Let V= sin(tal:t“1 e“x)
By using the chain rule, we get

% = %I:sin (tan" e )]

= cos(tan“ e‘*).

A s 1 d g _,
:cos(tanle )ma(e )

(o)

Y

_ cos (tan™ e-x).e"‘. % (=)

¢ cos (tan“ e"‘)

- “(-1)

1+&*

TS, e

—-&™" cos (tan'l i )

N

Question 5:

Differentiate the following wrt log(cos ex)

Solution:

Let yzlog(cose")
By using the chain rule, we get
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% = % [log (cos e )]

1 d,
" cose® E(‘“’” )

| iogn 8 g
=L (-sine’). L (er)

_ —sine" ot
cose”

=—e"tane’,e" #(2n+ 1)%,neN

Question 6:

Differentiate the following wrt x:e* +e* +...+¢"

Solution:

%(e’#ef +...+e’s)

Differentiating wrt x, we get

%(e‘ +e ..t ) =%(e")+%(e‘l)+%(e‘3)+%(e’“‘ )+%(e‘5)
=" +[e’tz ><%(x2 )}{e"3 X %(xS)J +|:e"‘1 X %(x“)J +[
=¢* ui-(e"2 x2x)+(e“3 ><3x2)+(e“'i ><4Ja:3)-4-(e*'s ><5x4)

K

4
=" +2xe" +3x%" +4x°e" +5x%

Question 7:

Differentiating the following wrt *:V e, x>0

Solution:

Let y=\/e?

Then, y' = e

Differentiating wrt x, we get

yzze&
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Question 8:

Differentiating the following wrt - log(logx),x>1

Solution:

Let V= log(log x)
By using the chain rule, we get

% = %[log(log x)]

Question 9:
_COSX

X "
Differentiating the following wrt ~ logx

Solution:
_ COsX
Let® logx
By using the quotient rule, we get
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% %(cos x).log x - cos:c.%(log %)

dx (logx)’

' 1
—sinxlog x —cosx.—
B X

- (log .1:)2

xlog x.sin x + cos x
= - x>0
x(log x)

Question 10:

Differentiate the following wrt * :cos(logx + ex)’x >0

Solution:

Let V= cos[logx+e‘)
By using the chain rule, we get

%:—sin[logx-l— e"].%(logx“'ex)

~sinfog+e') [ £ tog)+ L (e

= —sin(logx + e").[l + e“J

X

- _[l+ e‘]sin(logx+e‘*],x >0
X
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EXERCISE 5.5

Question 1:
Differentiate the function with respect to x: cosx.cos2x.cos3x

Solution:
Let ¥ =cosx.cos2x.cos3x

Taking logarithm on both the sides, we obtain
log y = log(cos x.cos 2x.cos 3x)

= log y = log(cos x)+ log(cos 2x) + log(cos 3x)

Differentiating both sides with respect to x, we obtain

lap, 1 .i(CUSX)‘F .i(cos2x)+ .i(cos3x)
ydx cosx dx cos2x dx cos3x dx
dy sinx sin2x d sin3x d
===y~ - —(2x)- —(3x
dx y{ cosx cos2x dx( ) cos 3x dx( )}
% = —C0s x.c0$ 2x.cos 3x [ tan x + 2 tan 2x + 3 tan 3x]

Question 2:

[
Differentiate the function with respect to x: (x=3)(x-4)(x-53)
Solution:

_J (x-1)(>-2)
Let  V(x=3)(x-4)(x-5)

Taking logarithm on both the sides, we obtain

- (x—=1)(x-2)
’”g“"’"°gJ(x—3)(x—4)(x—s)

(x-1)(x-2) }
(x=3)(x—4)(x-5)

= log y = %[Iog{(x ~1)(x—2)} —log{(x —3)(x—4)(x—5)}]

= logy= %[Iog(x —1)+log(x—2)—log(x—3)—log(x —4)—log(x—5)]

1
= logy= Eiog{
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Differentiating both sides with respect to x, we obtain

1 d d 1 d
Loy 1 L (51— (x-2) - 2 (x-3)
ydx 2| 1 d 1 d

—— = (x~4)-——.—(x-5

x—4 dx(x ) x—5 dx(x )

e I CE) T T o S S S B
"£=E\/(x—3)(x—4)(x—5)[x—1+x—2_x—3_x—4_x—5]

Question 3:

)COSJC

Differentiate the function with respect to x: (logx

Solution:

COs X

Let ¥ =(logx)

Taking logarithm on both the sides, we obtain
log y = cos x.log(log x)

Differentiating both sides with respect to x, we obtain

i.%:%(cosx).log(logx)+cosx.%[log(logx)]
Ldy 1 d
= T sinxlog(log x) + cosx. Iogx'ab:(logx)
L. —sinxlog(logx)+ i
dx + logx x
% =(logx)™" [;;:;ngx - sinxlog(log x)]

Question 4:

Differentiate the function with respect to x: x* —2"""
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Solution:
Let y — x.r _ 2sinx
Also, let x* =u and 2" =v

LYy=u—y
dy du dv
=>——=———
dx 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

SCTIey Z(x)xlogx+xx%(logx]}

du 1
= —=u|lxlogx+xx—
dx X

:%=x‘ (logx+1)
i%=x” (1+logx)

V= Zsinx

Taking logarithm on both the sides, we obtain
logv =sinx.log2

Differentiating both sides with respect to x, we obtain
1 dv d
—.—=log2.—(sinx
L SR
dv
= —=vlog2cosx

= AV _ e cosxlog?2

% = x"(1+logx)-2"" cos xlog2

Question 5:

2 3 4
Differentiate the function with respect to x: (x+3)".(x+4) (x+5)
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Solution:

Let ¥=(x +3)2 .(:c+4)3 .{x+5)4

Taking logarithm on both the sides, we obtain

logy = log(x+3)" +log(x+4) +log(x+5)"
= log y = 2log(x+3)+3log(x+4)+4log(x+5)

Differentiating both sides with respect to x, we obtain

(x+3)+3.

ld_, 1 d
ydx  x+3 dx
dx

3+4]
x+3 x+4 x+5

x+4

d
xX+5 dx

:%:(Ha)z(xﬁ)}(ﬁs)‘*._ 2 .3 .4 }

:>Cj'%}=(x+3)2 (x+4)3(x+5)‘,

:»%:(Hs)(xﬂ)z(ﬁs)*_{

L x+3 x+4 x+5

+4(x+3)(x+4)

%(x+4)+4AL.—(x+5)

2(x+4)(x+5)+3(x+3)(x+5)

(x+3)(x+4)(x+5)

+4(J«:2 +7x+ 12)

2 (x3) (5 4) (4 5) (06" + T0x +133)

Question 6:

Solution:

(o 1Y, )
Lety_(x-i-;) o

x+—

’ =(
Also, let x

SLy=u+v

1)‘
and v= x[

(1)

1 +l]
x

WWW.CUEMATH.COM
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u=[x+l]
Then, X

Taking logarithm on both the sides, we obtain

] x
= logu = log[x+—}
X

1
= logu = xlog(:c +—)
%

Differentiating both sides with respect to x, we obtain

l.ﬂzi(x)xlog[x-t-"l—j-i"xxi log(xni-lj
u dx dx ¥ dx X
1 du [ 1] 1 d( 1]
= —.—=1xlog| x+— |+xx = x+=
u dx x ( 1] dx %
X4—
%

(=5 el
=>—=|x+—| |log| x+— |+
dx x x [ IJ
X+
I x
:>ﬁ—[x+l]x_log(x+l]+xz_l
dx X x) %241
} 1
i 1

Taking logarithm on both the sides, we obtain

|
= logv =log {x[lﬁ]]

= logv = [l+l)logx
x
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Differentiating both sides with respect to x, we obtain

1 dv d 1 1Y d
——=|—|14+—||xlogx+|1+— |.—log x
v dx dx X x /) dx

1
— T T
v dx % X
dv [—logx+x+1}
— —=
dx x2
l+—lv —
& J{M] 0)
dx X

Therefore, from (1), (2) and (3);

X 2 _ +l —_—
& [Hl] {xz l+log(x+lﬂ+x(l - [H_logx]
dx x x“+1 x X

Question 7:

log x

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

Solution:
Let ¥ =(logx) +x""

Also, let ¥ =(logx)" and v =y

Ly=u+v
dy _du_ dv (1)
dc dv  dx

Then, 4= (logx)’

Taking logarithm on both the sides, we obtain
= logu = log [(log ) ]
= logu = xlog(log x)

Differentiating both sides with respect to x, we obtain
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i.‘f—; = %(x) xlog(log x)+ x.%[log(logx)]

=% % =l |:1 xlog(log x)+x. (1o;x) ,%(logx)]

du x_ X 1
—=(1 1 | —
:)dx (log x) _og( ng)+(logx) J

du x
T (log x)"| log(1
= =(logx) og(ogx)+(logx)_

[ log(logx).logx+1]

= L (log x)I

dx log x

du s
jaz(logx) ][1+10gx.log(log x)] ..(2)

A= xlogx

Taking logarithm on both the sides, we obtain
= logv = log (x"’g" )

= logv = log xlog x = (logx)’

Differentiating both sides with respect to x, we obtain

ldv d 2
;.325[(1(}@1‘) J
ﬁ%.%zil(logx).%(logx)
dv 1
2V oufi =
jdx v(cng.x)lE

A _ 5 e logx
dx x

= B _ g ent log x (3)
- ;

Therefore, from (1), (2) and (3);

dy *-1 og x—
E:(logx) I:l~|—11::;;Ji:.lczag(l(:rg._;x)]+23‘:'g 'logx

Question 8:

Differentiate the function with respect to x: (sinx)" +sin "' Vx
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Solution:

Let »=(sinx)" +sin' Vx

Also, let 4= (sinx)” and v=sin"' Vx

SY=Uu+v
Wy G % (1)
dx dx dx

Then, ¥= (sinx)”

Taking logarithm on both the sides, we obtain
= logu = log(sinx)’

= logu = xlog(sin x)

Differentiating both sides with respect to x, we obtain
| du d : d :
e E(x)x log(sin x)+x.z[log(sm x)]

= % = u|:1 xlog(sinx)+x, (sh: 3 .%(sin x)i|

:%z (sinx)’ {log(sin x)+®.cosx}

3%= (sinx)”[xcotx+logsin x] we(2)
v=sin"' Vx

Differentiating both sides with respect to x, we obtain

@z%_i(\/;)

Therefore, from (1), (2) and (3);

% = (sin x)Jr [xcotx + logsin x] +

2dx—x
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Question 9:

Differentiate the function with respect to x: ¥+ (sinx)

Solution:

sin x

Let ¥=x""+(sinx)™"

Also, let u=x"* and V= (sinx)™

SLy=u+v
:d_y_du dv

o ()

sinx

Then, u=x

Taking logarithm on both the sides, we obtain
= logu = log(x‘i“‘)

= logu =sinxlog x

Differentiating both sides with respect to x, we obtain

1 du_ %(Sinx).logx + sinx.%(lng)

u dx
du [ . 1]
= —=u|cosxlogx+sinx.—
dx X
:>@=x‘*“[cosxlogx+w] il 2)
dx i -

v =(sinx)""
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Taking logarithm on both the sides, we obtain
= logv = log(sinx)™"

= logv = cosxlog(sinx)

Differentiating both sides with respect to x, we obtain

1 dv

d : d :
== E(cosx) x log(sinx)+ cosx x E[log(sm.x)]

= % e v[—sin x.log(sinx) + cos x. si111 x.i(sin x)]

= av_ (sinx)mx [—sinxlog(sinx) + %cosx}
dx sinx

= aw = (sin x)w” [—sin x log (sin x] +cot x cos x]

av . Neosz . )
:Ez(smx) [cotxcosx—smxlog(smx)] .(3)

Therefore, from (1), (2) and (3);

% =3 [cos:clog X+ w] +(sinx)™" [ cot xcos x —sin xlog(sin x) |
X

Question 10:

x°+1
x:c:osx +

Differentiate the function with respect to x: x* -1
Solution:
_ xxoosx i x2 +1
Let Y -1
e x*+1
Also, let u=x"""and  x* -1
SLy=u+v
d
> _du b (1)
dx dx dx
Then, u = x***"

Taking logarithm on both the sides, we obtain
= logu = log (x“““ )

= logu = xcosxlogx
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Differentiating both sides with respect to x, we obtain
i.% = %(x)‘cos x.log x+ x% (cosx).logx +xcos x.%(log x)

du . 1
=—=u 1.cos x.log x+ x.(—sin x)log x + x cos x.—

X
du XCOsX =
i [cosxlog x — x.sin xlog x + cos x]|
du ACO5N =
Sl [cosx(1+log.x)-x.sinxlog x| .(2)
x*+1

V==
x -1
Taking logarithm on both the sides, we obtain

= logv =log(x* +1)-log(x* -1)
Differentiating both sides with respect to x, we obtain

lﬁ_ 2x B 2x
vder xX+1 x*-1

v _ V{sz(xz ~1)-2x(x" +1)}

dx (¥ +1)(x* -1
j@_fﬂx —4x

de -1 | (a2 +1)(x2-1)
&__ ..(3)

Ty
Therefore, from (1), (2) and (3);

4x

(-1

D g TP [cosx(l +logx)— x.sin xlogx] -

dx

Question 11:

Differentiate the function with respect to x: (¥cosx)" +(xsinx)s

Solution:

1
Let ¥ =(xcosx)" +(xsinx)x

Also, let 4= (xcosx)” gpg v=|xsinx):
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SLYy=u+v

i e B (1)
dx  dx dx

Then, ¥ =(xcosx)’

Taking logarithm on both the sides, we obtain
= logu = (xcosx)’

= logu = xlog(xcosx)

= logu = x[log x + logcos x]

= logu = xlog x + xlogcos x

Differentiating both sides with respect to x, we obtain

|l du d d

2.2 _E s & bt

- (xlogx)+—(xlogcosx)

B quog i () .. (10gx)} + {log . (x) Ll (log cosx)}:|

= o - (x coS x)x _(mg x.1+ x%} +{log cosx.1+x. cols » .%(cosx)ﬂ

=5 % = (x cos x)x _(log X + l) + {log cos X + cozx . (—sin x)}]
3% =(xcosx)" :(1 +log x)+(logcos x — x tan x)]

= % =(xcosx)" :{I —xtanx)+(logx +logcos x)]

2a:(xcosx)x :l—xtanx+log(xcosx):| il D)

1
v =(xsinx)r

Taking logarithm on both the sides, we obtain
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1
= logv = log(xsinx)x

= logv = l_log(xsin x)

X
= logv = —]-(longr logsin x)
x
1 1 .
= logv=—logx+—logsinx
Y Y

Differentiating both sides with respect to x, we obtain

e d]
vdx dx

d|1 i
log x] +E[;108 (sin x)]

X

1 dv d{1) 1 d : d({1) 1 d :
:>;a={mgx_a[;]+;.£(logx)]+[log(smx).£(;J+;.£{log(smx)}]
:l@— log x —i +ll +| lo (sinx) —i +l ! i(s.inx)

vdx B ) x x g \ x*) x sinx dx

ldv 1 log(sin x 1
:;EZF(I_IOE’X) {— (x2 )+xsinx.cosx]

_ @ :(xsinx)% 1-logx +—10g(smx)+xcotx
dx % x

—

& =(xsin x)s 1—10gx—10g(jmx)+xcotx]
dx X

= id =(xsin x)§
dx 2

X

! _1—log(xsinx)+xcotx]

Therefore, from (1), (2) and (3);

= =(xcosx)’ [1 —xtanx + log(xcos x)] +(xsinx)x

dx X

dy l{xcotxjtl—log(xsinx)w

dy
Find dx of the function X +y" =1

The given function is X" + " =1
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Let, x’ =u and V" =V
Sutv=l1

:>E+ﬁ=0 wa(l)
dx dx

Then, u=x"

Taking logarithm on both the sides, we obtain

= logu = log(x"")

= logu = ylogx

Differentiating both sides with respect to x, we obtain

1 du dy d
——=logx—+ y.—(lo
e e ey leg)

du dy 1
2 —ullog x4 p—
=5 u[ogx y }

du _ .y
B R [logxdx+x] vl 2)

Now, v=)"
Taking logarithm on both the sides, we obtain

= logv = log(y’)
= logv=xlogy

Differentiating both sides with respect to x, we obtain

%% =log y.%(x)+x.%(log )

dv 1 dy
—=>—=v|logy.l+x.——
dx y dx

dv x dy
—=y"1] S e aoel3
=2yt 2] L)

Therefore, from (1), (2) and (3);
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d)f’ yi| " X C«fV
Y ] Butc SRR 15 G N ] el S —0
X {ogx ¥y ogy

=% (x-" log x + xp*! )% = —(yxy" +)* Iogy]

cdy (1 4y logy)
Tk (x"’ logx+xy"“')

Question 13:
&
Find dx of the function ¥ = x"

Solution:

The given function is " =x"

Taking logarithm on both the sides, we obtain

xlogv=vlogx

Differentiating both sides with respect to x, we obtain

logy.—gc-(x) + x.—{%(logy) = Iogx.%(y) +y.%(log x)
% = log x.% +y.%

aﬁ)y

= logy. l+x

¥k
y
= logy+ g]i—logx

5
y dx
[——Iogx} ———logy

5 x—ylogx |dy _y—xlogy
y dx X

LA _y[y-—xlogy
dx x| x-—ylogx
Question 14:

dy
Find dx of the function (COS x) =(cos y )
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Solution:

The given function is (€0 x)" = (cosy)’
Taking logarithm on both the sides, we obtain

vlogcosx = xlogcos y

Differentiating both sides with respect to x, we obtain

log cos x.%+ y.%(logcosx] =log cos y.%(x) + x‘%(log cos ¥)
dy d d
= logcosx.—+ y. .—(cosx)=logcos y.1+x. .—|cos
£ dx ycosx dx( )=logeosy cos y dx( Y)
dy y . & ; dy
=1 ——+— (- =1 +——. (- s
08 COSE.— -+ —— (—sinx) =logcos y — (—siny) ~

d
= logcosx.ﬁ—ytanx =logcos y — xtan y@

dx
= (logcosx+xtany)% = ytan x + logcos y

. dv _ ytanx+logcosy
dx xtan y+logcos x

Question 15:
dy
Find dx of the function Xy =€

(x=¥)

Solution:

The given function is *y = )

Taking logarithm on both the sides, we obtain

leg(xy)=log(e““")

= logx+logy =(x—y)loge
= logx+logy =(x—y)x1
= logx+logy=(x-y)

Differentiating both sides with respect to x, we obtain
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4 4 _d N D
dx(logx)+dx(logy) dx(x) o
L1 _, &
X ydx_ dx
:[Hl}@:l-l
y )dx x
{y_ﬂJﬁ_x_-l
y dx  x
@_y(x-—l)
dx_x(erl)

Question 16:

Find the derivative of the function given by / (¥)=(1+ x)(1+2%)(14+2*) (142*) 4nd hence find

(),

Solution:

The given function is £(x)=(1+x)(1+2° ) (142 ) (1+x°)

Taking logarithm on both the sides, we obtain

log £ (x) =log(1+x)+log(1+x*)+log(1+x*)+log(1+x*)
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Differentiating both sides with respect to x, we obtain

f(lx),%[f(x)]z%log(1+x)+%log(1+xz)
+og(145°)+log 1+

= ﬁx),f'(x) =ﬁ.%(l+x)+#,%(l+ %)
' 1+1x“‘ .%(l+x“)+ 1+le '%(l+x8)

= f'(x)= f(x)[lix rtare—Loar +ﬁ8x7}

3 7
"'fl(x):(1”)(1”2)(1”4)(“xs)[lif 1?;2 * 1ixx“ e 8}

Hence,

11 " 1+F 1+1* 1=

f'(l)_(1+1)(1+12)(1+14)(1+13)[ L B +4(l)3 +8(1)71

=2><2x2><2|:l+3+i+§]
252

272
=16[E]
>

=120

Question 17:

Differentiate (** ~5¥+8)(x"+7x+9) i three ways mentioned below.
(1) By using product rule
(i1) By expanding the product to obtain a single polynomial.
(iii) By logarithmic differentiation.

Do they all give the same answer?

Solution:

Let V =(x2 —~5eq 8)(x3 T 9)

(1) By using product rule
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_ 2
Let u—(x —5x+8) and v=x"+7x+9

S V=uv
O (product rule)
dx dx dx
:% %(x =5x+8).(x* +Tx+9) +(x* —5x+8). dx(x +7x+9)
:‘»%=(2x—5)(x3 +7x+9)+(x* =5x +8)(3x" +7)
j%-2x(x3+7x+9)—5(x3+7x+9)+x2 (3x*+7)
~5x(3x% +7)+8(3x% +7)
:>Q=(2x“ +14x% +18x) - 5x* —35x - 45+(3x" +7x%)
dx
=B 153 35 TAst 156
dx

% =5x*—20x* +45x* —52x +11

By expanding the product to obtain a single polynomial.
= (x2 - 5x+8)[3«c3 +7x+9)

=g (x3 + 7x+9) —Sx(x3 +’;'x-i—9]+8():3 +7x+9]

=x" +7x" +9x* —5x* —35x% —45x +8x’ +56x+72

=x° —5x* +15x —26x% +11x+72
Therefore,

ﬂ’ci(xs —5x* +15x° = 26x° +11x+72)
dx  dx

=%(x5)—5%(x“)+15§x-(x3)—26%(x2)+11%(x)+%(72)
=5x" —5(4x*)+15(3x" ) -26(2x) +11(1)+0

=5x"—20x° +45x* —52x+11

By logarithmic differentiation.
¥ =(x2 —5x+2‘5)(x3 +7x+9)

Taking logarithm on both the sides, we obtain
logy = log(zu:2 —5x+ 8) + lcng(x3 +Tx+ 9)
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Differentiating both sides with respect to x, we obtain

%.%=%log(x2—5x+8)+%10g(x3+7x+9)
1 & 1 d 1 d
:>;.£=m.£(x2—5x+8)+m.—(x3+7x+9)
1 1
:>%=y|:x2_5x+8.(2x—5)+m.(3)€2+7):|
[ 2x-5 3t +7
i%z(xz—5x+8)(x3+7x+9)_x2_x5x+8+x3f7;+9}
B _ 3 2 2
:ﬂ=(x2_5x+g)(x3+7x+9) (2x-5)(x -2|-7x+9)+(3x +7)(x* -5x+8)
dx I (¥* =5x+8)(x* +7x+9)
z>%=2x(x3+7x+9)—5(x3+7x+9)+3x2(x2—5x+8)+7(x2—5x+8)
é%:2x4+14x2+18x—5x3—35x—45+3x5—15x3+24x2+7x2—35x+56
:>@=5x4—20x3+45x2—52x+11
dx

dy
From the above three observations, it can be concluded that all the results of dx are same.

If u, v and w are functions of x, then show that
d du dv dw

—(u.v.n-’) = —VW+U.—. W+ UV, —
dx dx dx dx

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

Let Y =uvws= u.(v_w)
By applying product rule, we get

% = %.(1‘.”?) +u %(uw)

dx
dy du dv aw
:> —

=—VWHU— Wt uv.—
dy  dx dx dx

= & %,(v,w) +u {i W x%] (Again applying product rule)
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Taking logarithm on both the sides of the equation ¥ = u.v.W _we obtain
logy =logu +logv+logw

Differentiating both sides with respect to x, we obtain

%.%:%(logu)+%(logv)+%(logw)
ldv ldu ldv 1 adw
= — =ttt ——

vdx wude vde wadx
By (Lae, Lo, Liv)

dx udx vdx wadx

dy [ldu 1 dv ldw)
o> == UVW| ——F——+ ——

dx udc vdx wdx

d dv
.'.—(uvw]-—v.w+u—w+uv—
dx
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EXERCISE 5.6

Question 1:

If x and ¥ are connected parametrically by the equations * = 2at’,y = at* without eliminating
&
the parameter, find dx

Solution:

Given, x=2at’,y =at*

Then,

dx d d

E i E[zarz) = 2.15(12 ) =2a.2t=4at
% = %(az"‘ ) = a.%(t") =a4r =4at’

Question 2:

If x and » are connected parametrically by the equations x=acos6,y=bcosO  without
@
eliminating the parameter, find dx

Solution:

Given, x=acosf,y=bcos0

Then,

dx

ot de(acos@) a(-sinf)=-asinf
dy 4 (bcosﬂ) b(—sin@) = —bsin0

Q (%] _—bsin® b

Cdx (dx] _asinf a

d
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Question 3:

If x and ¥ are connected parametrically by the equations X=sint,y=cos2f without
4
eliminating the parameter, find dx

Solution:
Given, X =sint,y =cos2t

=i(sint)=cosr

Then, di i
Y i(cos 2f)= —sin2r.£(2¢) =-2sin2¢
dt dt dt

6
@ = dt = —2sin 2t = -2.2sintcost o

dx ( @] cost cost
dt

Question 4:

x=4t,y=4

If x and ¥ are connected parametrically by the equations +, without eliminating

4
the parameter, find dx

Solution:
4

. =4, y=—
Given, g 4 t
& _d
dr dt

_
=
—

o

Il
E=N

Question 5:

If x and ¥ are connected parametrically by the equations X =¢0s60 —co0s20,y =sinf —sin20
dy

without eliminating the parameter, find dx
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Solution:

Given, X =cosf —cos 20,y =sin 0 —sin 20

Then,

j; o —(cos6 —cos260) = (cos@) —%(cos 20)
=—sinf —(—2sin20) = 23in29 —sinf

ji; . —(sin@ —sin 20) = —(sm@)——(sm 20)

=cosl —2cos20

[2)

. dy \dB) cosO—2cos20

E_[ﬁ]_ 2sin26 —sinf
do

Question 6:

If x and » are connected parametrically by the equations * = a(0-sin0),y=a(l+cos0) ,
&
without eliminating the parameter, find dx

Solution:
Given, X=a(0 -—sinﬂ],y =a(l+cos0)

dx
=L 0)——(sin0) |=a(1-cosd
Then, i [a’ﬂ( ) (sm )} a(l-cos0)
dy ] i )
—_—=q | +— 0039 =a|0+(-sinf) |=—asinf
B of L)+ (cos0) |=al04(-sin0)]
r’ﬂj —-2sin Q cv:)sE —Cos Q
.dy \d#) —asinf 2" i ——cot9
=== = = = = vl
dx ﬁ 0(1—0059) 2Sin2€ Sinﬁ 2
do 2 2
Question 7:
_ sin® ¢ )= cos’
If x and ¥ are connected parametrically by the equations Jeos2t © \eos2r , without
dy

eliminating the parameter, find dx
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Solution:
sin’ ¢ cos’ t
. X = V=
Given,  cos2t Jcos 2t
Then,
dx _d sin’
drdt| \Jcos2t

Jcos %.%(shf t) —sin® r.%\/cos 2t

cos 2t
vJeos2t.3sin’ 1. —(smr) sin’ f x ——— zm £ (cos2r)
cos 2t
T

3.Joos 2f sin’ £cosf—— o L (—2sin2r)
_ 2~/cos 2t
- cos 2t
_ 3cos2t.sin’ fcost +sin’ 1.5in 21

cos 2r+/cos 21

dy d [ cos’ ]
dt  dt| Jcos2t

Jeos2t. - (cos3 r) —cos’ t.i(\/ cos 2:)
_ dt di

cos 2t

Jeos2t.3cos’ t.i(cosr)—cos3t i —(cos21)
_ dt Ncos 21 di
; cos 2/

2 ; 3 1 :
i 3/cos2t.cos” 1(—sint)—cos’ 1. T (—2sin21)
B cos 21
_ —3c0s2.cos” £.sinf +cos’ £.sin 21
cos2t.A/cos 2t
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E _ cos 2t.\/cos 2t
dx (dxj 3cos 2t sin’ £.cost+sin’ £sin 2¢

E COSs 2f~JCOs 2t

_ —3cos2t. cos” £.sinf+cos’ £sin 2¢

dy —3cos2f.cos” £.sint +cos’ £sin2¢
LAy _

 3c0s2t.sin’t.cost+sin’ £sin 2t
—3cos2t.cos? t.sint +cos’ t(2 sinfcos t)

 3c0s2f.sin’ f.cost +sin’ ¢ (2 sin £ cos t)

sinfcost [—3 cos2t.cost +2cos’ t}

sinfcost [3 cos2tsint +2sin’ t}

[—3(20032t—1)cost +20053t} cos 2f Z(QCOSZt—l)
[3(1 —2sin? t)sint+2sin3 t] cos2f = (1 —2sin? t)
—Acos’ t +3cost cos3t = 4cos’ f —3cost
3sint—4sin’ ¢ sin3f =3sint —4sin’ ¢t
—Ccos 3¢
= (_;O—S = —cot 3¢
sin 3¢

If x and ¥ are connected parametrically by the equations
D
without eliminating the parameter, find dx

t A
) x:a[cosﬂ— logtan—],y:asmt
Given, 2,
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Then,

dx d d {
B8 _ ol 2 toasti+E logiant
a[dr(cos )+dr[ogtanzﬂ

=qa —sinr+%.£(tan£]

2
. I Lt d(t
=a|—-smf+col—.sec” —.—| —
2 2 di\ 2

1
COos 1 1

2)( xX—

} f
dint postl 2

=qg|—sinf+

=q|—sint+

(. 1
=a|—-smi+—
sin/

sint

r’coser
=q

\ sint

(—sinzHlJ
= —

@ = ai(sin 1)=acost
dt dt

Therefore,

()
dy _\dt)_ acost L -

dx [dxj cos’t) cost
= a
dt sint

Question 9:

If x and ¥ are connected parametrically by the equations x=asect,y=>btan0  without

dy
eliminating the parameter, find dx

Solution:
Given, x=asect,y =btan0
Then,
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ﬁ—.:;v—(sec{:?) asecH tanO
de
ﬂ—b—(tanﬂ) =bhsec’ 0
Velz)
Therefore,
£
dy _\do)
= [
do
_ hsec* 0
asecBtanf
=EseCBcot9
a
_ bcosO
acosfsinf
b 1
= —%
a sin®
=Ecose09
a

Question 10:

If X and y are connected  parametrically by the equations
dy
x=a(cos0+0sin0),y=a(sin0 —0cos 9) without eliminating the parameter, find dx

Solution:
Given, ¥~ a(cosB +6sin0),y=a(sin@ -6 cosO)
Then,

dx

—= a{icose +—(9 smﬂ)]
do de

= a[—sinﬂ +8—(sin6)+sin9i(9):|
do do

= a[-sin@ +0 cosO +sin0]
= afl cosB
dy d d
i [ (smﬂ)— (Gwsﬂ)}—a{cosﬂ {BE(OOSG)-WOS@.E(G)H
=a[cost9+95m6~0059]
=afsinf
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Therefore,
=
dy _\db)
de [
d0
_ afsinf
abf) cosO
=tanf

Question 11:

dy y
If x=Va™ ",y=va™ "' show that dx x

Solution:

. e | -l
Given, x=va™ ' and y=Va*" '
Hence,

1 G !
" sl P U —sin" ¢ f -1 -1, %5
x= asm r=(asm -')2=az y= aoost=(acos F)2=a
and

liz =
—sin Ly

Consider x =a?

Taking log on both sides, we get

logx = %sin‘I tloga

Therefore,

Taking log on both sides, we get

1
log x = Ecos" tloga
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Therefore,
I dy

1 de 4
ﬁ—.—:—loga.—(cos r)
y d 2 dt

dt 2 1—12
dy —yloga

di 21—

Hence,

2) (3
dy _\dt) _\2V1-£ Y

dx (E]_[xloga}_ x
&) \(21-2
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EXERCISE 5.7

Question 1:

Find the second order derivative of the function x* +3x+2

Solution:

Consider, ¥ =x"+3x+2
Then,
dy d d d
523(3(2)4'5(31')4"3(2)
=2x+3+0
=2x+3

Therefore,
d’y d
E‘f = £(2x+ 3)
=2 (20)+2-(0)

=2+0

Question 2:
Find the second order derivative of the function x*

Solution:

Consider, V= x*
Then,

Therefore,

i;{ = %(201(19 )
d

=2oa(x'9)

=20.19x"
=380x"*
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Question 3:
Find the second order derivative of the function xcosx

Solution:
Consider, ¥ =xcosx

Then,
& i(x.cos x)
dx dx

=cosx.%(x)+x%(005x)

=cosx.1+x(—sinx)

=COoSX—XxSinx

Therefore,
2

% = %[cosx—xsin x]
- %(cosx)— %(xsinx)
= —sinx—{sinx.gr-(x)+x.%(sinx):|
=—sinx - (sinx+xcos x)
=—(xcosx+2sinx)

Question 4:

Find the second order derivative of the function logx

Solution:
Let y=logx
Then,

ffx_y= %(logx)

i

Therefore,
-0
dx*  dx\x
-1

x2
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Question 5:

Find the second order derivative of the function X logx

Solution:

Let y=x"logx

Then,

% = %I:xa log x]

=log x.%(xs] + x?%(logx)

=log x.3x* + gl log x.3x% +x°
x

=x’(1+3logx)
Therefore,

2
%=%[x2 (1 +310gx):|

:(1+310gx).%(x2)+x2%(1+3logx)

= (1+Zilog.*J\:).ZJH—ch.é

X
=2x+6logx+3x

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

Question 6:

Find the second order derivative of the function e* sin 5x

Solution:

Let ¥ =e"sin5x
Then,
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Q— (e sme)
dx dx

=sin S.xx%(e") +e" %(sinSx)
=sinSx.e” +e".cos Sx.i(Sx)

=e"sinSx+e" cos5x.5

= e" (sin 5x+ 5cos 5x)

Therefore,
fix{ [ (sin5x+5cos 5x) ]

= (sin5x+5cos5x). —(e" - .—(sinSx+ScosSx)

)
=(sin5x+5cos5x)e” +e [cossx —(5x)+5(—sin5x). —(Sx)}

=¢" (sin5x +5c0s5x) +e* (5c0s 5x — 25sin 5x)
= ¢ (10cos 5x—24sin 5x)
=2¢"(5cosSx—12sin5x)

Question 7:

Find the second order derivative of the function ¢** cos3x

Solution:

Let ¥ =e" cos3x
Then,

% = %(ef"‘ cos3x) = cos 3x.%(e“) +e“.%(cos3x}

d : d
=cos3x.e™.—(6 * (=sin3x).—(3
cos3x.e dx( x)+e®".(—sin3x) dx( x)

= 6e" cos3x—3e® sin3x (1)

Therefore,
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d’y
dxr  dx dx

= i(eeﬁx cos 3x —3¢% sin 3x) = ﬁ.i(ef’* cos 3x)—3 %(e“ sin 3x)

[using (1)]

- 6.[686" cos 3x—3e* sin 3x]— 3.[sin 3x.%(96")+eﬁ".%(sin 3x)i|

=36¢% cos3x—18e% sin 3x—3[sin 3x.e® 6+e% . cos 3x.3]

=36e" cos3x— 18" sin 3x —18¢% sin 3x —9e™ cos 3x
=27e cos3x— 36" sin 3x
=9¢* (3cos3x—4sin3x)

Question 8:
Find the second order derivative of the function tan™ x

Solution:

Let y=tan ' x
Then,
ﬁ=i(t2m‘]x)
dx dx

1

T 1dea®

Therefore,

2
2y ()L ey
dx®  dx\1+x dx

= (-0 (1+) " (1427) =

-2x
(1+ ¥ )1

—1

(1+.7c2 )2

X 2x

Question 9:

Find the second order derivative of the function log(log * )

Solution:

Consider, ¥ = log(log x)
Then,
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% =%[1og(logx):|

- lolgx‘%(log x)

. @ %_ (xlogx)
Therefore,
% =%[(xlogx)_l:|

) (xlog x)’

— .[logx.l-i—x.l}
(Jrlog_wc)2 X
_ —(1+logx)
 (xlogx)’

.[log x.gxu(x)m%(logx)}

Question 10:

Find the second order derivative of the function Sin (Iogx )

Solution:

Let ¥ =sin(logx)
Then,

% = %[sinx[log x)]

=C0s (log x).%(log x)

_ cos(log x)
T x

Therefore,

3 o

dx®  dx

) x.%[cos(logx)] —cos(log x]%(x)

xz
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2 d
Ly x[—sm (log x)a (logx)} —cos(logx).1
de’ x

—xsin (logx).l —cos(log x)
x

xl

—[sin (log x)+cos(log x)]

X2

Question 11:

2

d’y

1 4 =0
If ¥=5cosx—3sinx, prove that dx’ Y
Solution:
Given, ¥ =5cosx—3sinx
Then,
ﬂ=i(5t:osx)—i(35inx)
dx dx dx

=5 %(cos x)- 3~;—x(sin x)

=5(-sinx)—-3cosx

=—(5sinx+3cosx)
Therefore,
2

‘;‘_}; = %[—(5 sin x + 3005.\7)]
= _[5.%(sinx) + 3.%(::05):)]
=—[5cosx+3(-sinx)]
=—[5cosx—3sin x|
TR

dy
Thus, @t =

Hence proved.
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Question 12:
dy
If y=cos” x find dx> interms of ¥ alone.

Solution:

. |
Given, y=c¢0s X

Then,

Therefore,

&y d 4
de; =a[‘(1‘x2)2}

d’y
But we need to calculate dx® in terms of V
= y=cos"' x

=5 X = CO8 J¥

Putting x =cos y in equation (1), we get
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d'y  —cosy

dx’ (1 —cos’ y)3
__—cosy
(sin2 y)3
_—C0sy

sin’ y

_—cosy 1

siny sin’y

=—cot y.cosec’ y

Question 13:
f ¥ =3cos(logx)+4sin(logx) show that X'¥, +xy,+y=0

Solution:

Given, ¥ =3¢0s(logx)+4sin(logx)

Then,

y, = B.i[cos(logx)]+ 4.£[sin(logx):|
b dx dx

= 3.[— sin(log x).%(log x)] + 4.|:cos(log x). %(log x)]

_ —3sin(logx) . 4cos(log x)

x X
_ 4cos(log x)—3sin(log x)

X

Therefore,
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}’2=E

4
d [4cos(logx)~351n(logx)

X

=x.{4cos(logx) —3sin logx)}’ {4005 log x)— 3s1n(logx)}{ }

|

zx.[4{cos (logx)} {35111 logx)}'] {4005 logx) 3sm logx]}

2

x.| —4sin(log x).(log x})'-3cos(log x).(log x)' | —dcos(log x ) +3sin(log x
_ x[4sin(logx). (log x) (g)(g)] (log x)+3sin (log x)

2
X

x.[—-’-lsin(logx) 5 —3cos(log x)l] —4cos(logx)+3sin(log x)
% x

X

2

_ —4sin(log x)—3cos(logx) - 4cos (log x) +3sin (log x)

2
X

_ —sin(log x)—7cos(log x)

x2

Thus,

x2y2 Ty ty= { x’

Hence proved.

Question 14:
d’y

If y=Ae™ +Be™  show that dx*

Solution:

Given, y = Ae™ + Be"

Then,
d mx d nx
%: e )+ B (e)

= A.em.%(mx) A B.e’”.%(nx)

= Ame™ + Bne™

X

+3cos(logx)+4sin(log x)

[ —sin (log x)—7 cos (log x) + 4 cos(log x) - 3sin (log x)

+3cos(logx)+4sin(log x)

—(m +n)%+ mny =0 .
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Therefore,
2
% = %{Ame’“ + Bne’“)
~ A< (e")+ B ()
= Am.em.%(mx) +Bn.e"‘.%(nx)
= Am*e™ + Bne™
Thus,
dzy ‘fy 2 _mx 2 mx mx nx mx nx
-Ef—(m+n)a+mny=jlm e™ + Br'e —(m+n).(Ame + Bne )+mn(Ae + Be )

= Am*e™ + Bn*e™ — Am*e™ — Bmne™ — Amne™ — Bn*e™ + Amne™ + Bmne™
=0
Hence proved.

Question 15:
d’y
Tx =7% = 49
If »=500e" +600e " show that dx’

Solution:
Given, ¥ =500¢" +600e "
Then,

d d

% = SOO.E(eh ) 4 600.5(43"‘)

= 500.8”.%(73:) + 600.8"‘.%(—71:)

=13500e™ — 4200677

Therefore,
2

47 _35006™. 2 (™) - 4200. L ()

dx dx dx
= 3500.87".1(73:) —4200.77, i(—?x}

dx dix

=7x3500.e™ +7x4200e™
=49x500.™ +49x600e™™
=49(500e™ +600e™™)
=49y

Hence proved.
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Question 16:

d’y _ {@T
ir e (x+1)=1 , show that dx* \dx

Solution:

Given, ¢ (x+1)=1

=>e”(x+1)=1
1

=e'=——0

Taking log on both sides, we get
=lo :
A P

Differentiating with respect to x, we get

-0l

Therefore,

if:jx[x_—:J=_((x:—11)2]
- (le)2 =(x_+11)
i

Hence proved.

Question 17:

If y=(tan‘1x)2’ show that (xz +l)2y2 +2x(x2 +1)y1 =2

Solution:

Given, ¥ = (tan‘l C ] )2
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Then,

=y =2 tan”' x% (tan"‘ x)

E 1
= y, =2tan 1x.(1+x2]

=>(1+x2)y, =2tan”' x

Again, differentiating with respect to x, we get

=>(1+x2)y2+2xy1 22(1+1x2]

$(1+x2)2 y2+2x(l+x2)y] =32

Hence proved.
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EXERCISE 5.8

Question 1:

Verify Rolle’s Theorem for the function / (x)=x"+2x-8,xe[-4,2]

Solution:
Given, / (x)=x" +2x—8 being polynomial function is continuous in [4.2] and also
differentiable in (—4:2).
f(-4)=(-4) +2.(-4)-8
=16-8-8
=0

f(2)=(2) +2x2-8

=4+4-8
=0

Therefore, / (—4)=/(2)=0

The value of / (x) at —4 and 2 coincides.

Rolle’s Theorem states that there is a point € € (—4:2) such that /"(¢)=0
f(x) =% D8

Therefore, /"~ (x)=2x+2

Hence,
f'(e)=0
2c+2=0

c=-1

Thus, ¢="1€ (—4.2)

Hence, Rolle’s Theorem is verified.

Question 2:
Examine if Rolle’s Theorem is applicable to any of the following functions. Can you say
something about the converse of Rolle’s Theorem from these examples?

(0 f(x)z[x] forxe[5,9]
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f(x)=[x] forxe[-2,2]
f(x)=x*-1forxe [1,2]

(ii)
(iii)

By Rolle’s Theorem, /' [a.b] > R

If
(a) / is continuous on [a.D]

(b) / is continuous on (a.b)

() /(a)=1(b)

Then, there exists some € € (4.5) such that /"(¢)=0

Thus, Rolle’s Theorem is not applicable to those functions that do not satisfy any of three

conditions of the hypothesis.

(i) =[x] forx.e[S,‘)]
Since, the given function /(%) is not continuous at every integral point.
In general, /(%) is not continuous at x=5 and x=9

Therefore / '(x ) is not continuous in [5=9]

Also, I(5 [5] S and f(9)= []=9
Thus, 1(3)=s(9)

The differentiability of / in (5:9) is checked as follows.

Let n be an integer such that " € (5.9)

The LHD of / at x=n is
A ) o O P 10 s L) NG ) o

h—0 h h—0 h h—0 h RN

The RHD of f at x=n is
im L (R =F(n) _ [”J’h] [nthl=n] _pom=n_ 00

=0 h h—0" h=0"  h h—0"

Since LHD and RHD of / at x=n are not equal, f is not differentiable at x =n
Therefore, / is not differentiable in (5.9).

WWW.CUEMATH.COM


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

(ii)

(iii)

THE MATH EXPERT

It is observed that /* does not satisfy all the conditions of the hypothesis of Rolle’s
Theorem.

Thus, Rolle’s Theorem is not applicable for f(x)=[x] forxe[5,9]

S(x)=[x] forxe[-2,2]
Since, the given function /(%) is not continuous at every integral point.
In general, /(%) is not continuous at x=-2 and x=2

Therefore, / '(x ) is not continuous in [_2 2]

Also, Ji= [ 2]‘ -2 and /(2 [2] 2
Thus, .f(—) f(2)

The differentiability of / in (-2:2) is checked as follows.
Let n be an integer such that /7 € (-2.2)

The LHD of f at x=n is
lim - (””’) f(n)_ o Inthl=[n] . n-l-n_. -1

hs0 Ir—>0 h 0 h =0 h

The RHD of f at x=n is
A (T o T [ .0 o ] P 0 o SO

B0 h ;;-»0' h k-0 h IO

Since LHD and RHD of /* at x=n are not equal, fis not differentiable at x =n
Therefore, / is not differentiable in (_2*2).

It is observed that f does not satisfy all the conditions of the hypothesis of Rolle’s
Theorem.

Thus, Rolle’s Theorem is not applicable for ./ (x)=[x] forxe[-2,2]

f(x)=x*~1forxe[l,2]

Since, / being a polynomial function is continuous in [1.2] and is differentiable in (1-2)
Thus,

f)=(1y-1=0

f(2)=(2) -1=3

Therefore, / (1)=7(2)
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Since, / does not satisfy a condition of the hypothesis of Rolle’s Theorem.

Hence, Rolle’s Theorem is not applicable for f(x)=x"-1forxe[l,2]

Question 3:

1f /:[-5.5] > R i5 4 differentiable function and if /" (*) does not vanish anywhere, then prove
that / (=5) =/ (5).

Solution:

Given, f:[-55]>R is a differentiable function.
Since every differentiable function is a continuous function, we obtain

(i) J is continuous on [-5.5]

(it) J is continuous on (-5.5)

Thus, by the Mean Value Theorem, there exists € € (=5,5) such that

(2L 5)=f(=5)
M=
=10/"(c)=/(5)~ 1 (-5)

It is also given that /"(%) does not vanish anywhere.

Therefore, / "(¢)=0
Thus,

=10f"'(c)#0
= f(5)-f(-5)=0
=f(5)*/(-5)

Hence proved.

Question 4:

Verify Mean Value Theorem, if f(x)=x"-4x-3 the integral [a.b] ,where a=1and b=4.

Solution:
Given, f(x)=x"-4x-3

/', being a polynomial function, is continuous in [14] and is differentiable in (1’4), whose
derivative is 2x—4.
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Thus,
f(1)=1"-4x1-3=-6
f(4)=4"-4x4-3=-3

Therefore,
f()-7(a) _f(#)-£0)
b—a 4-1
-3-(-6)
—
3
3
=1

Mean Value Theorem states that there is a point € € (1.4) such that /"(¢)=1
Hence,

= f'(c)=

52—

:>c=§ [wherec=§e(],4)]
2 2

Thus, mean value theorem is verified for the given function.

Question 5:
Verify Mean Value Theorem, if / (x) =" =5x"=3x i, the interval [4:2] where a =1 andb=3.
Find all ¢ (1:3) for which /"(¢)=

Solution:
Given, fis f(x)=x"-5x"-3x

/, being a polynomial function, is continuous in [13] and is differentiable in (1’3), whose
derivative is 3x* —10x-3

Thus,
f(1)=P=5x1-3x1=-7
f(3)=3"-5x3"-3x3=-27

Therefore,
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f(b)-f(a) _fB3)-7(1)
b—a 5--1
_21-(1)
gl

Mean Value Theorem states that there exists a point ¢ € (1.3) such that /"(¢)=—-10
Hence,

= f'(¢)=-10

=3¢’ -10c-3=-10
=3¢’ -10c+7=0
=3c*-3c-Tc+7=0
=>3c(c—1)—7(c—l)=0
=(c-1)(3¢-7)=0

e=1

Wl |~

[where g= —;— e (1,3)]

25(1,3)

Thus, Mean Value Theorem is verified for the given function and -

for which f'(‘f) =0,

is the only point

Question 6:
Examine the applicability of Mean Value Theorem for all three functions given

(i S (x)=[x] forxe[5,9]
(i) f(x) = [x] forxe [—2,2]
(i) f(x) =x’—1forxe [1, 2]

Solution:
Mean Value Theorem states that for a function / :[a:6] >R , if
(a) f is continuous on [a.D]

(b) J is continuous on (a.b)

fr(c) - f(b)_f(a)
Then there exists some € €(2:2) such that b-a
Thus, Mean Value Theorem is not applicable to those functions that do not satisfy any of three

conditions of the hypothesis.

(i f(x)z[x] forxe[5,9]
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Since, the given function /(%) is not continuous at every integral point.

In general, /(%) is not continuous at x=5 and x=9

Therefore, 7(x) is not continuous in [5.9]

The differentiability of / in (3:9) is checked as follows.
Let n be an integer such that /€ (5.9)

The LHD of f at x=nis

A e {1 [’Hh] Ll o N
h—0 h ;:—>u h—0 h h—0" A
The RHD of f at x=n is

PO ) o PO 15 L SO ST

0" h h—0" h [N 0"

Since LHD and RHD of / at x=n are not equal, / is not differentiable at x=n
Therefore, / is not differentiable in (5.9).

It is observed that /* does not satisfy all the conditions of the hypothesis of Mean Value
Theorem.

Thus, Mean Value Theorem is not applicable for ./ )=[x] forxe[5,9]

(i) f(,\)z[x] forxe[—Z,Q]
Since, the given function /(%) is not continuous at every integral point.

In general, /(%) is not continuous at x=-2 and x =2

Therefore, J(x) is not continuous in [-2.2]

The differentiability of / in (2:2) is checked as follows.
Let n be an integer such that 7 € (-2.2)

The LHD of f at x=n is
i f(n+h) f(n) [n—i«h] [n] . n=1-n - -1

h—0 h ;:—>u h—0 h =0 h
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The RHD of f at x=n is
S(n+h)-f(n) lim[n+h]—[r.']

lim = = lim 2= = lim0=0

h—0" h 10" h 0"k 0"

Since LHD and RHD of ./ at x=# are not equal, ./ is not differentiable at x =n
Therefore, / is not differentiable in (-2.2) .

It is observed that /* does not satisfy all the conditions of the hypothesis of Mean Value
Theorem.

Thus, Mean Value Theorem is not applicable for J/ (x)=[x] forxe[-2,2]

f(x)=x*-1forxeL,2]

Since, / being a polynomial function is continuous in [1.2] and is differentiable in (1:2)

It is observed that / satisfies all the conditions of the hypothesis of Mean Value
Theorem.

Hence, Mean Value Theorem is applicable for / (x)=x"-1forxe[L,2]

It can be proved as follows.

We have, f(x)=x"-1
Then,

F=(1y -1=0,
7(2)=(2) -1=3

Therefore,
£(0)=1(a) _S(2)=1(1)_3-0
b-a 2-1 1

=3

Hence, f’(x) =2x

Thus,
= f*(c)=3

==2¢=3
3

=c==
2

SHF=13 [ where 1.5 €[1,2] ]
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MISCELLANEOUS EXERCISE

Question 1:
bl 9
Differentiate with respect to x the function (3 x' =9x+5)

Solution:

Let ¥=(3x*~9x+5)’

Using chain rule, we get

%z %(sz —-9Ox +5)§1

=9(3x* ~9x+ 5)*.%(3;:2 ~9x+5)
=9(3x* —9x+5)".(6x-9)

=9(3x" ~9x+5) 3(2x-3)
=27(3x* —9x+5) (2x-3)

Question 2:
Differentiate with respect to x the function sin® x+cos® x .

Solution:

Let ¥ =sin’ x+cos’ x

Using chain rule, we get

% = %(sin3 x)+%(cos‘5 x)

= 3sin’ x.i(sinx] +6c0s’ x.i(oosx)
dx dx
=3sin’ x.cos x +6.cos’ x.(-sin x)

= 3sinxcos x(sinx—Zcos“ x)

Question 3:

3cos2x
Differentiate with respect to x the function (5x)
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Solution:

Let »=(5%)
Taking logarithm on both the sides, we obtain

Jeos2y

log y =3cos2xlog5x

Differentiating both sides with respect to x, we get

%% . 3[10g Sx.%(oos 2x)+cos 2x.%(10g 5x):|

&_ [ —sin2n). L 14 }
< 3y log5x.( 31n2x).dx(2x]+0052x.5x.dx{Sx)

= 3y[—251'n 2x.logS5x+ cos2x]
X
2y[3cos = —6sin 2xlog5x]

=(5x)" " [3 Ll MW log Sx}
X

Question 4:

|
Differentiate with respect to x the function 5™ (x‘/;) Ul

Solution:
Let ¥ =sin” (x‘/;)

Using chain rule, we get
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% =%sin" (JC\/J_C)

%(xf)

Question 5:

-1 X
cos  —

—eEx<Z
Differentiate with respect to x the function v2x+7

Solution:

e 3
cos  —
2

Let re N2x+7

Using quotient rule, we get
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o e o) L)
“ )

-1 d i x X 1 d
2x+7 () —[coslj.. 2x+7
27 242x+7 dx( )

2x+7
- 2
Nerved _[ ]
_ x 4—x 27 22x+7
2x+7
-1
L
( 4—x2).(2x+7) (\/2x+7)(2x+7)
1 cos_lf

Va-x*V2x+7 (2x+7 z

Question 6:

¢! {\/Hsinx ++/1—-sinx
Differentiate with respect to x the function VI+sinx —v1-sinx
Solution:
y=cot‘1 xf1+81‘nx+\/l—sTnx (1)
Let J1+sin x —+/1—sin x
Then,
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- —\2
w/1+sinx+\/1—sinx_ (wf1+smx+\fl—smx)

V+sinx—l—-sinx [Jl+sinx—\/l—sin x)(J1+sinx+«/l~sin x)

_ (1+sinx)+(1-sinx)+ 2\/(1+sinx)(1—sinx)

(1+sinx)—(1-sinx)

_2421-sin’x _l+cosx

2sin x Sin x

1+2c0s> X1 2cos? X
2 2

. X X - X
2sin —cos —  28in—cos —
2 2 2 2

Therefore, equation (1) becomes,

y=cot”' (cot i]
2

X
Y=3
Thus,
d_)’:li(x)
dx 2dx
_1
2

Question 7:

log x
Differentiate with respect to x the function (logx)™ ,x>1,

Solution:

Let ¥=(logx)*"

Taking logarithm on both the sides, we obtain

log y =log x.log (log x)
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Differentiating both sides with respect to x, we obtain

TR T

= if—éxy = log(logx).%(log x)+Iogx.%[log(logx):|

:,%w[log(logx)éﬂogx- -%(logx)}

log x

dy 1 1
=2 _ )l = log(log x)+—

. y[x og(logx) J
ay _

= . v (log x)hgx [l +—log(log x)}

X X

Question 8:

Differentiate with respect to x the function cos (acos x + bsin x) , for some constant a and b.

Solution:

Let ¥ =cos(acosx+bsinx)

Using chain rule, we get

dy

L 4 it:cas(a cosx + bsinx)
dx  dx

=—sin(acosx+ bsinx).%(acosx+bsin x)

=—sin(acosx+bsinx).[ a(-sinx)+bcosx |

= (asinx—bcosx).sin(acos x + bsin x)

Question 9:

3T

)(sinxmcosx] ,E p
4 4

. . . ) sin x —cos x
Differentiate with respect to x the function (

Solution:

Let ¥ =(sinx—cos x)(s"“hmx}

Taking log on both the sides, we obtain
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logy= log[(sinx —CO0s x)(SiM—msx}]

=(sinx —cos x)log (sin x—cos x)

Differentiating both sides with respect to x, we obtain

;i asc[(smx cos x)log (sin x— cosx)]
ldy o d, . i d s
zya&—log(smx cosx).abc(smx cosx)+(sinx cosx).dxlog(smx cos x)
Ly o (sin e - e S S
:ydx—log(smx cosx).(cos x +sin x )+(sin x - cos x). R— (smx cos x)
i (sinx-— cosx) )[(cosx+sinx).10g(sinx—cosx)+(cosx+sinx):|

dy

2t e (sinx—cosx) ™™ (cos x +sin x)[1+log (sin x—cos x) |

Question 10:
Differentiate with respect to x the function x" +x“ +a"* +a“, for some fixed a >0 and x>0.

Solution:
Let y=x"+x"+a" +a“
Also, let X" =u, x"=v, a"=w and ¢* =5

Therefore,
= y=u+v+w+s

d_y=@+@+d_w+§ ".(l)
dx dx dx dx dx
Now, u=x"

Taking logarithm on both the sides, we obtain
= logu =logx*
= logu=xlogx

Differentiating both sides with respect to x, we obtain
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iix—u*:logx.%(x)+x.%(logx)

du [ l}

—=u|logx.1+x.—

dx X

=x"[logx+1]=x"(1+logx) ..(2)

Now, v=x"
Hence,

dv d g,
& a)

=™ .-(3)

Now, w=a"

Taking logarithm on both the sides, we obtain
= logw=loga"

= logw=xloga

Differentiating both sides with respect to x, we obtain

L ogal(x)
w dx E “dx

L wloga

T g

=a’loga (4)

Now, s =a"“
Since a is constant, a” is also a constant.
Hence,
ds
—=0 )
& (5)

From (1), (2), (3), (4) and (5), we obtain
dy_ X 1 a—1 x
o (1+logx)+ax"" +a*loga+0

=x"(1+logx)+ax" +a"loga

Question 11:

: . . R 3
Differentiate with respect to x the function ¥ (x-3) , for x>3.
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Solution:
22 <
Let ¥=x""+(x-3)

Also, let u=x"" and V= (=-3)
Therefore,
y=u+v

dy du dv

SZ M D )
dx dx dx

2_
Now, u=x""

Taking logarithm on both the sides, we obtain
logu =log (x"z's]
= ( X’ - 3) log x

Differentiating both sides with respect to x, we obtain
1 du

-~ =log x.%(xz ~3)+(x —3).%(10%)

1 du 1

= —— =logx2x+(x*-3).—

u dx & ( ) X
x1-3

i‘f—dxu:xrz'3[T+2xlogx-| vt 2)

Now, V= (x_3)x
Taking logarithm on both the sides, we obtain
logv =log(x— 3)ch

=x"log(x-3)

Differentiating both sides with respect to x, we obtain
1 dv

e log(x—3).—:—x(x2)+(x2)-‘%[1og(x_3)1

1 dv 1 d
1d _og(x—3)2042 - 9 (x-3
a e )

:z%=v[2xlog(x—3)+ xx—.3 ,I]

dv
——=

®_(x-3)° [Ix—;+2xlog(x—3)} -3

From (1), (2), and (3), we obtain
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z. . s 2
%: X [xT3+2xlogx]+(x—3)" {x_3+2x10g(x_3)]

x-.-.-.

Question 12:
dy ; -7 Vi

. — . y=12(1-cost),x=10(t—sint),— <t <—
Find dx,lfy ( ) ( ) 2 2

Solution:
The given function is Y = 12(1-cost),x=10(z—sinz)
Hence,
dce d .
E—E[lo(r—smz)]
=10.§r—(t—sint)

= 10(1 —cosr)
d
E = 5[12(1 —cost)]
d
= 12.5(1 - cost)

=12.[0—(-sin7) ]

=12sinf#

Therefore,

4
dy 4 12sint

de dx 10(1-cost)
dt

12.2sin %.cos—:—

10.2sin?
2

6
=—cot—
& 2

Question 13:

L4
Find dx,if y=sin" x+sin”' V1-x’,-1<x<1,
Solution:

. . - P, (N 2
The given function is ¥ =sin" x+sin" vl-x
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Hence,
dy dl: o 0 2]
— =—/|sin " x+sin" J1-x
dx dx

= %(sin_l x) —%-%(s.iﬂ_I - )

1 1
- + -2
s/l—;r2 2x\/l—x2 )
_ 1 3 1
x/l—x2 s.rfl—x2
=0

Question 14:

dy 1
i g
If XJ1+y +y3l+x=0 for ~l<x<1, prove that dx  (1+x)

Solution:
The given function is *VI+» +yVl+x=0

Squaring both sides, we obtain
.xz(l+y)=y2(]+x)

> +x’y=y" +xn’

=x -y =x’ —x’yp

= x'—y =xy(y-x)
ﬁ(x-t-y)(x—y):xy(y—x)

=2 x+y=-xy

:>(l+x)y=~x

(1+x)

= y=

Differentiating both sides with respect to x, we obtain
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& (1+3) 5 (3)=(x) -2 (1+)
dx (1+x)

=_(1+x)—x
(]+x)2

. 1

© (1+x)

Hence proved.

Question 15:

If (x_a)z"‘(}’_b)z:Cz for ¢ >0, prove that dx’
b.

Solution:

The given function is (x=a) +(y=b) =¢

Differentiating both sides with respect to x, we obtain
d 27 d a7 iy 4

Seay ]+ L0-0"]= ()

= 2(x~a].v:—x(x~a]+ 2(y—-b).%(y~b)=0

:>2(x—a].1+2(y—b).%=0

@:—-(xﬁa) .
- dx y—b ( )
Therefore,

is a constant independent of « and
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_d[-(x-a)

dx? _Ex"[ y—b ]
To-she- vl
- (v-b)
___(y—b)"(x‘“)-%

B (y-b)
(y b)—(x- “){ fvx :)} |
- 7 [ Using (1) ]
__:(y-b)%(x—ﬂ
(v-b)
Hence
J 2% (x—a) .
{H[dxy)} [ (yLb)zl
17 {(Hf +(x_a)1
(y-b)’
[(yb)2+(xa) ]5
(y-b)
{(y*b)z Hezd) }
(v=b)
i(rb) }
(v-b)
_(»-b)
(v-b)
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—c is a constant and is independent of a and b.

Hence proved.

Question 16:
dy _cos’(a+y)
dx

If COSJ’Z"“’S(“H’) with cosa #£1, prove that dx  sina

Solution:

The given function is €08 =X €08 (a+y)
Therefore,

o %[cosy] - %[xcos(a+y)]

= —sinyj—y= cos(a+y).%(x)+x‘%[cos(a+ )]
£

= —sin yj—yz cos(a+y)+x.[+sin(a+y)]f—;;
b

:>[xsin(a+y}—siny]%=cos(a+y) (1)

COS
= Xx= 4

Since, cosy =xcos(a+y) _cos(a+y)

Then, equation (1) becomes,

[?:(%w)-.sin(aer)—siny]%zcos(aer)

= [cos y.sin(a+y)—sin y.cos(a +y)].% =cos’(a+y)
dy

:»sin(a+y—y)a-;=cosz(a +)

2
o dy _cos -(a+y)
dx sina

Hence proved.

Question 17:
d’y
If x=a(cost+tsint) onq y=a(sint—tcost) fFnd g .
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Solution:

The given function is ¥ = a(cost+tsint) anq y=a(sini—tcost)
Therefore,
dx d )
—= a.—(oost+ tsmt)
dt dt
=qa —sint+sint.i(t)+r.i(sint)
dx dt

= a[—sint+sint+toos t]

=atcost

@ = —
dt dt

= a|:cos t— {cos r.% (£)+¢. % (cos r)H

= a[cos t—{cost—tsint}]

(sin f—tcos t)

=atsini

)
ﬁ: dt =ats1nt=tant

dx [dx] atcost

dr
2
d f=i & =i(tanr)=se02f.£
dx®  dv\dx) dx dx
2 dx dt 1
=sec” L. — =atcost = —=
atcost dt dx atcost
3
_ sec t,0<r<£
at

Question 18:
3 "
1t f(x)=|x] , show that / (*) exists for all real x, and find it.

Solution:
x, ifx=20

Xl = .
It is known that {—x, ifx <0

Therefore, when * =0, f(x) = o =

In this case, S'(x)=3x" anq hence, S"(x)=6x
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When %<0, /(<) =|af = (-2 =

In this case, J/ '(x)=-3x" and hence, / "(x)=-6x

Thus, for / (x)= \xf T4 "(x) exists for all real x and is given by,

f"( )_ 6x, ifx>0
W |t Meeh

Question 19:

: i . i(x”)=mc"" L
Using mathematical induction prove that dx for all positive integers #.
Solution:
P(n):i(x") = "
To prove: dx for all positive integers ».
For n=1,

P(1) :%(x) =]1=1.x"

Therefore, B (”) is true for n=1.
Let P(K) is true for some positive integer k.
d k k-1
Plk)y:— -
That is, (k) dx(x ) ke

It has to be proved that P(k+1) s also true.

Consider

)= ()
= x".%(x) + x.% (xk) [By applying product rule]
=x*1+x-k-x*"!

di(xm):x;( +hoct

X.

=(k+1)-x*
=(k+1)- "
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Thus, © (k+1) is true whenever P(¥) is true.

Therefore, by the principle of mathematical induction, the statement P(n) is true for every
positive integer ».

Hence, proved.

Question 20:

Using the fact that Sit (A+ B)=sin Acos B+cos Asin B 4 the differentiation, obtain the sum
formula for cosines.

Solution:
Given. Sin(4+ B)=sin Acos B+cos Asin B

Differentiating both sides with respect to x, we obtain

(sin A cos B)+%(cos Asin B)

SIS

%[sin (4 +B):| =

= cos(A+B).—(A4+B)= cosB.%(sinA) +sin A.%(cos B)+sin B.%(cos A)+cos A.%(sin B)

SRR

= cos(4+B).—(4+B)= cosB.cosAﬁ+smA(—sinB)@+ sinB(—sinA).ﬁ+cosAcosB@
dx dx dx dx

= COS(A+B).|:%+%} i (GOSACOSB“SinASinB).[%-F%]

= cos( 4+ B) =cos Acos B—sin Asin B

Question 21:
Does there exist a function which is continuous everywhere but not differentiable at exactly
two points? Justify your answer?

Solution:

]x‘ —w<x<]

Consider, {2 -x 1€x<wo
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e
Jhe

v =l

X' - 4 = X

0 =1 '\

y=@2-x)

It can be seen from the above graph that the given function is continuous everywhere but not
differentiable at exactly two points which are 0 and 1.

Question 22:
f(x) g(x) h(x) 5 8 Eglx) K
=| | 2 { m n
y m n i
If a b ¢ |, prove that a b 2
Solution:
f(x) g(x) h(x)
y=| 1 m n
Given, a b e
= y=(mc—nb) f(x)—(lc—na)g(x)+(lb—ma)h(x)
Then,

%:%[(mc—nb] f(x}]—%[(!c—na] g(x)]+%[(za_ma)h(x)]
=(mc—nb) f'(x)-(lc—na)g'(x)+(Ib—ma)H (x)
f'(x) g'(x) ¥(x)

=| 1 m

a b c

@=f'§x] g'}ix) h’ix)
dx

Thus, q b ¢ | proved.
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Question 23:

acos™' x e ¢
If y=e€ 'a-lix‘il,showthat( x)dxz dx

Solution:

The given function is ¥ = o
Taking logarithm on both the sides, we obtain
= logy=acos™ xloge

= logy=acos™ x

Differentiating both sides with respect to x, we obtain

lay_ .-l
v dx 1=
:d_y: o

J1=x?

By squaring both the sides, we obtain

Again, differentiating both sides with respect to x, we obtain

= (%T %(1—x2)+(l—xz)x%[[%]2} =a2%(y2)

2
:b(dyj ( 2x) ( xz)XQQ.d—'r aj/
dx dx dx dx
dy d’y dy
E"’Xaﬁ'(l—'xz)ai—:az‘y [a¢0i|
3
:>(1 3 )%—x%—a y=0

Hence proved.

WWW.CUEMATH.COM



https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions
https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

cuemath

THE MATH EXPERT

4

When you learn math
in an interesting way,
you never forget.

25 Million 100K+ 20+ Countries
Math classes & Students learning Present across USA, UK,
counting Math the right way Singapore, India, UAE & more.

Why choose Cuemath?

"Cuemath is @ "Cuemath is great “| appreciate the effort
valuable addition to because my son has a that miss Nitya puts in
our family. We love one-on-one interaction to help my daughter

solving puzzle with the teacher. The understand the best
cards. My daughter instructor has developed methods and to

is now visualizing his confidence and | can explain why she got a
maths and solving see progress in his work. problem incorrect.
problems One-on-one interaction She is extremely
effectively!” is perfect and a patient and generous
great bonus.” with Miranda.”
- Gary Schwartz - Kirk Riley - Barbara Cabrera

Get the Cuemath advantage

Book a FREE trial class


https://www.cuemath.com/?utm_source=website&utm_medium=pdf&utm_campaign=ncert-solutions

	Button1: 
	Button2: 


