Exercise 5.1 : Solutions of Questions on Page Number : 159

Q1: Prove that the function f(x)=35x-3is continuous atx = 0,at x = —3and at x = 5.

Answer :

The given function is /' (x) = 5x -3
Atx=0,f(0)=5x0-3=3

lim flx)= 1}1}1}(53’—3] =5x0-3=-3
~Aim f(x)=£(0)

Therefore, fis continuous at x= 0
Atx=-3, f(-3)=5x(-3)-3=-18
|111'I]f(.\"]= 1'1rr13(5:r—3:|= 5x(-3)-3=-18
o lim (x)= £(-3)

Therefore, fis continuous at x=- 3

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

< lim £ (x) = £(5)
Therefore, fis continuous at x= 5

Answer needs Correction? Click Here

Q2 : Examine the continuity of the function f(x)=2x"-latx =3,

Answer :

The given function isf[x) =2x" -1
Atx=3,f(x)= f(3)=2x3"-1=17
lim £ (x) = lim(2x* ~1) = 237 ~1=17
Liﬂf{x}zf{B}

Thus, fis continuous at x=3

Answer needs Correction? Click Here

Q3 : Examine the following functions for continuity.
1
(@) f(x)=x-5(b) .f[x)zﬁ,xi 5

25

(@ f(x)= ch-:s xz-=5(d) f(x)=|x-5

Answer :

(a) The given function is /' (x)=x-5

It is evident that fis defined at every real number kand its value at Ais k- 5.
It is also observed that, }rilrr}f(—t) =lim (x=5)=k-5=f(k)

~lim £ (x) = 1 (k)
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(b) The given function is f(x)= parttie 5
x_

For any real number k= 5, we obtain

1 1
it = lim——=——
\]—bmkf(x) .'cl—I:.J: ¥r—5 k-5

1
AISO,f(k)zﬁ {Askis)
liﬂf{x}zf(k}
Hence, fis continuous at every point in the domain of fand therefore, it is a continuous function.

(c) The given function is f(x)= a _25,;;;&—5

x+5

For any real number ¢= - 5, we obtain

lim f () = lim ©o25 lim (x+5)(x=5) =lim(x—5)=(c-5)

re o x4+ 5 x—e i+5 r—¥e
+5)(c-5
Also, f(¢)= (e+3)e=3) _ (¢=5) (asec#-5)
c+5
wlim f(x) = £ (c)
Hence, fis continuous at every point in the domain of fand therefore, it is a continuous function.

. L S—x, ifx <5
(d) The given function is £(x)=|x-5|= {x_ 5 ifres
This function fis defined at all points of the real line.
Let cbe a point on a real line. Then, c<5or c=5orc>5
Casel: <5
Then, fld)=5-¢
lim f(x)=lim(5-x)=5-¢

lllf}f[x) = f{r::]

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

Then, f(c)=r(5)=(5-5)=0

lim () =lim(5-x) =(5-5) =0
fim 7 ()= lim(—5) =0

s lim f(x)=lim f(x)= f(e)
Therefore, fis continuous at x= 5
Caselll: ¢= 5

Then, [ (¢)= f(5)=c-5

lim f(x)= lim{x—s}z c—35

~lim £ (x) = 1 (c)

Answer needs Correction? Click Here

Q4 : Prove that the function f(x)=x"is continuous at x= n, where nis a positive integer.

Answer ;



The given function is fix) = x"
It is evident that fis defined at all positive integers, n, and its value at nis n".

Then, lim /(n) = lim (") = "

s lim f(x)= 7 (n)
Therefore, fis continuous at n, where nis a positive integer.

Answer needs Correction? Click Here

Q5 : Is the function fdefined by

x ifx =l
flx)= 5, ifx>1

continuous at x= 07 At x= 17 At x= 27

Answer :

x, ifx=1

The given function fis =
5 F(=15. ifx>1

At x=0,

It is evident thatfis defined at 0 and its value at 0 is 0.

Then, lim f(x)= limx=0
li_r:}f[x}=f{0)

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

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

i £ (s)=lip =1

The right hand limit of fat x=1 s,
fim £ (x)=fim(3) =3

o lim f(x) # lim f (x)

Therefore, fis not continuous at x= 1
At x=2,

fis defined at 2 and its value at 2 is 5.
Then, lim f(x)= qu(ﬁ} =5

~lim f(x) = £(2)

Therefore, fis continuous at x=2

Answer needs Correction? Click Here

Q6 : Find all points of discontinuity of £, where fis defined by

2x+3, ifx=2
'f[x}_{zx_s, ifx>2



Answer ;

2x+3, ifx=2
2x=3, ifx=2

The given function ﬁsf[x)z{
It is evident that the given function fis defined at all the points of the real line.
Let cbe a point on the real line. Then, three cases arise.

(i) e=2

(i) e 2

(i) =2

Case (i) = 2

Then, f (¢)=2c+3

lim £ (x) = lim(2x+3)=2¢+3

lim £ (x) = £ (c)

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

Case (i) = 2

Then, f (¢)=2c-3

lim £ (x)=lim(2x~3) = 2¢ -3

~lim £ (x) = 1 (c)

Therefore, fis continuous at all points x, such that x= 2
Case (iif) =2

Then, the left hand limit of fatx= 2 s,

JLI'!‘I f(x)= ‘Ierl (2x+3)=2x2+3=7

The right hand limit of fat x= 2 is,
lim f(x)=lim (2x-3)=2x2-3=1

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

Hence, x= 2 is the only point of discontinuity of £

Answer needs Correction? Click Here

Q7 : Find all points of discontinuity of £ where fis defined by

|x|+3,if.t£ -3
f[x}: —2x,if-3<x<3
Gr+2,ifx=3

Answer :
[d[+3=-x+3,ifx<-3
The given function fis f(x)=4-2x, if -3<x <3
fx+2, ifx=3
The given function fis defined at all the points of the real line.
Let c be a point on the real line.
Casel:

Ifc<-3, thenf(c)=—c+3



l‘l]:l;i f[xj = ILIT(_J”JF 3)=-c+3

s lim f(x) = £ (c)

Therefore, fis continuous at all points x, such that x<-3
Casell:

Ife==3, thenf(-3)=—(-3)+3=6

lim f{x]=xl_i’|_ta1 (—x+3)=-(-3)+3=6

:il:r; flx)= lim (-2x)=-2x(-3)=6
< lim f(x) = £(-3)

Therefore, fis continuous at x=-3
Case lll:

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

Liﬂ}f[.r)= fle)

Therefore, fis continuous in ( - 3, 3).

Case IV:

If c= 3, then the left hand limit of Ffatx =3 s,
lim flx)= lim (-2x)=-2x3=-6

The right hand limit of fatx=3is,
lim f(x)=lim (6x+2)=6x3+2=20

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

Case \:

Ifc>3, then f(c)=6c+2 and lim f (x)=lim (6x +2)=6c+2

im £ (x) = £(c)

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

Hence, x =3 is the only point of discontinuity of £

Answer needs Correction? Click Here

Q8 : Find all points of discontinuity of f;, where fis defined by

g

. oifx =0
fl)=1x "
0,ifx=0
Answer :
H ifx=0
The given function fis f(x) =1 x
0,ifx=0

Itis known that,x <0=|x|=-xand x> 0= |x|=x
Therefore, the given function can be rewritten as

H="—”‘=—1ifx<u
X X



flx)=10, ifx=0
L E P
X X
The given function fis defined at all the points of the real line.
Let c be a point on the real line.
Casel:

Ife <0, thenf(¢)=-1
lim f(x)=lim{-1)=-1

Liﬂ}f[.r)= fle)

Therefore, fis continuous at all points x< 0

Casell:

If =0, then the left hand limit of fatx=0s,

fim 7 (x)= lim (=1) =~

The right hand limit of fatx=01is,

li /(3= lim ()1

It is observed that the left and right hand limit of fat x= 0 do not coincide.
Therefore, fis not continuous at x=0

Case Il

If e >0, then f(c)=1

lim £ (x) = lim (1) =1

Liﬂ}f[.r)= fle)

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

Answer needs Correction? Click Here

Q9 : Find all points of discontinuity of £, where fis defined by

i
f(x)=qlx
-1 ifx=0

Lifx<0

Answer :

L ifx<0

X

-1 ifx=0

The given function fis f(x) =

Itis known that,x <0=|x| = —x

Therefore, the given function can be rewritten as
. T 1 ifx<0
flx)=qk
~1, ifx=0
= f[x) =—lforallxeR

Let ¢ be any real number. Then, lim £ (x) =lim(-1) = -1

KR



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

Answer needs Correction? Click Here

Q10: Find all points of discontinuity of f, where fis defined by

f{x}={

x+1, ifx =1

O+l ifx<l

Answer ;

. . x+1 ifx=1
The given function fis f(x)=1 , .
x+1, i<l

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

Casel:

Ifc<1, thenf(c)=c”+1and lim f(x) = Itl_r'n(x2 +1)=¢* +1

“lim /()= £ (c)

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

Ife =1, thenf(c)=f(1)=1+1=2

The left hand limit of fatx=1Is,

lim £ (x) = lim (" +1) =1 +1=2

The right hand limit of fatx=1is,
}@f[x):li_ﬂq(xﬂ}zlﬂ =2

~lim £ (x) =1 (1)

Therefore, fis continuous at x= 1

Case lIl:

Ife>1, thenf(c)=c+1

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

~lim £ (x) = 1 (c)

Therefore, fis continuous at all points x, such that x= 1
Hence,the given function fhas no point of discontinuity.

Answer needs Correction? Click Here

Q11 : Find all points of discontinuity of f, where fis defined by

f{x}={

-3, ifx=2

o4l ifxr =2

Answer ;

L e esifx=2



The given function fis f(x)=4 , .
x4l ifx=2

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

Case [:

If e <2, thenf(c)=c'=3and lim f (x)=lim(x’ -3)=c’ -3

Liﬂ}f[.r)= fle)

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

Ife=2, thenf(c)= f(2)=2"-3=5

fm ()= fim (< 5)=2' 3=
lim 7 (x) = lim (x* +1)= 2" +1=5

~lim £ (x) = 1(2)

Therefore, fis continuous at x= 2
Case lll:

Ife>2, thenf(c)=c+1

lim f(x) = lxirﬂ(xz +1)=c"+1

~lim f(x)= £ (c)
Therefore, fis continuous at all points x, such that x> 2
Thus, the given function fis continuous at every point on the real line.

Hence, fhas no point of discontinuity.

Answer needs Correction? Click Here

Q12 : Find all points of discontinuity of f, where fis defined by

f{x}={

1n .0
x -1 ifx=1

o, ifx>l

Answer :
Ao ifx =l

=

The given function fis f{x)=<L e
The given function fis defined at all the points of the real line.
Let c be a point on the real line.

Casel:

Ife <1, thenf(c)=c"~1and lim f(x) = li_rﬂ(x"' —1)=c" -1

wlim f{x)=f(c)

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

Case ll:

If =1, then the left hand limit of fat x=1 is,

H T LU T T LU T T
lim £ (x) = lim (x'* ~1) =1" ~1=1-1=0

1

The right hand limit of fat x=1is,



lim /(x) = lim (<*) =" =1
It is observed that the left and right hand limit of fat x= 1 do not coincide.
Therefore, fis not continuous at x=1

Case lIl:

Ife>1, thenf(c)=c"

lim f(x) = Iim(x3)= ¢

Liﬂ}f[.r)= fle)

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

Thus, from the above observation, it can be concluded that x= 1 is the only point of discontinuity of
f.

Answer needs Correction? Click Here

Q13 Is the function defined by
f{x}={

a continuous function?

x+5, ifx=1

x=35, ifx=1

Answer ;

. L x+5, ifx <l
The given function is f(x) = {r_ 5. ifx>]
The given function fis defined at all the points of the real line.
Let c be a point on the real line.
Casel:

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

Liﬂ}f[.r)= fle)

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

Casell:

Ife=1, thenf(1)=1+5=6

The left hand limit of fat x=11s,

lim £ (x) = lim (x+5)=1+5=6

The right hand limit of fat x=1is,

lim f(x)=11_£1|](x—5}=l—5 =—4

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

Case lll:

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

Liﬂ}f[.r)= fle)
Therefore, fis continuous at all points x, such that x> 1

Thus, from the above observation, it can be concluded that x= 1 is the only point of discontinuity of



f.

Answer needs Correction? Click Here

Q14 : Discuss the continuity of the function £, where fis defined by

3,if0=x<1
f{x}= 4, ifl<x<3
5 if3=x<10
Answer :
3,if0=x<l
The given function is f(x) =44, if 1<x<3
5 if3=x=<10

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

Casel:

If0<c <l thenf(c)=3and lim f(x)=1im(3)=3

wlim £ (x) = £ (c)

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

Casell:

If ¢ =1, then f(3) =3

The left hand limit of fat x=1s,

i /()= i (9) =3

Theright hand limit of At x=1 s,

lim f'(x) = lim (4) =4

It is observed that the left and right hand limits of fat x= 1 do not coincide.
Therefore, fis not continuous at x=1

Case Il

If 1 <c <3, thenf(c)=4 and lim f (x) = lim (4) = 4

< lim £ (x)= £ (c)

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

Ife=3, thenf(c)=5

The left hand limit of fat x=3s,

i /()= lim (4)=4

The right hand limit of fat x =3 is,

fim /()= lin(5)=5

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

Case V:

If 3<¢ <10, then f(¢)=5 and {ij)l;qf(.r)= I‘iﬂz(ﬁ}:.‘i



lim /()= /(c)

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

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

Answer needs Correction? Click Here

Q15 : Discuss the continuity of the function £ where fis defined by

2x, ifx <0
Flx)=40, ifo<x<]
4x, ifx =1
Answer :
2x, ifx <0
The given function is f(x) =40, if0<x<1
4x, ifx =1

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

Casel:

Ife <0, then f(c)=2¢c

lim 7 (x) = lim(2x) = 2¢

wlim f(x)= f(e)

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

If ¢ =0, thenf(c)=f(0)=0

The left hand limit of fat x=0is,

i ()= i (26)=250=0

The right hand limit of fat x=0is,

fim £(x)= lim (0)=0

~lim £ (x) = 1(0)

Therefore, fis continuous at x=0

Case Il

If0<c<l, thenf(x)=0and lim f (x)=lim(0) =0

< lim £ (x)= £ (c)

Therefore, fis continuous at all points of the interval (0, 1).
Case IV:

Ife=1, then f(c)=/(1)=0

Theleft hand limit of fat x=11s,

i /()= lip(0) =0

The right hand limit of fat x=1is,

}i_ﬂ;f(x)= }i_{p[4x)= dxl=4
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Therefore, fis not continuous at x=1

Case V:

If ¢ <1, thenf(c) =4c and [I_I'!‘;if(“") = lvi_|h13(4x) =4c

< lim f (x) = £ (c)

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

Hence, fis not continuous only at x =1

Answer needs Correction? Click Here

Q16 : Discuss the continuity of the function £, where fis defined by

-2, ifx=-1
flx)=q2x if -1<x<1
2, ifx =1
Answer :
=2, ifx=<-1
The given function fis f(x)=12x, if —-1<x<1
2, ifx=>1

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

Casel:

Ifc< -1, thenf(c)=-2and lim f (x)=lim(-2) = -2

im £ (x) = £ (c)

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

Ife=—1, thenf(c)= f(-1)=-2

The left hand limit of fat x=-11s,

fim £ (x)= fim (-2)=-2

The right hand limit of fat x=-11s,

,1_],T_r|l flx)= .I_I.T (2x)=2x(-1)=-2

~lim £(x)= £ (-1)

Therefore, fis continuous at x=- 1

Case Il

If —1<c<l, thenf(c)=2e¢

lim £ (x) = lim(2x) = 2¢

wlim f(x)= £ (c)

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

Ife=1, thenf(c)=f(1)=2x1=2

The left hand limit of fat x=11s,
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Jfl_{ll'l_f lI']=JIrl_I;]|1|L4x}=éKI =4

The right hand limit of fat x=1is,
lirpf[x)= lim2=2

= a—sl

!‘i_]':'llf(.f)= fle)

Therefore, fis continuous at x= 2

Case V:
Ife>1, thenf(c)=2 and lim f(x)=lim(2)=2

lim f(x)=f(c)

K=

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

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

Answer needs Correction? Click Here

Q17 : Find the relationship between aand b so that the function fdefined by

, ax+1, ifx<3
/ {x}_{bx+3, ifx=3

is continuous at x= 3,

Answer :

ax+1, ifx<3

The given function ﬁs.f'{x}z{b 3 ifre3
x4+ 3, iftx >

If fis continuous at x= 3, then

lim f(x) = lim £ (x)= £ (3) (1)
;];0, o

i/ (x) =l a+1) = 3a+1

lim f(x)= lim (bx+3)=3h+3
£(3)=3a+1

Therefore, from (1), we obtain

3a+1=3b+3=3a+]
=3a+1=3h+13
=3a=3h+2

=a=h +E
3
Therefaore, the required relationship is given by, a =b+§

Answer needs Correction? Click Here

Q18 : For what value of A is the function defined by

f{x}z{a(xz ~2x), ifx<0
4x+1, ifx=0

continuous at x= 0? What about continuity at x= 17

Armearar
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Alx=2x), ifx=<0
The given function fis f(x)= (x t] e
4x+1, ifx=0
If fis continuous at x= 0, then
fi S (x)=lip S (x)=7(9)
= lim A(x* - 2x) = lim (4x+1) = 2(0" -2x0)
:}A(0:—2x0)=4x0+1=0
= (}=1=10, which is not possible
Therefore, there is no value of AZA»for which fis continuous at x= 0
Atx=1,
MM =4x+1=4x1+1=5
lim[4x+l}=4x1+1=5
Tl
!Tir'rllf[x)zf(])

Therefore, for any values of AZA», fis continuous at x= 1

Answer needs Correction? Click Here

Q19 : Show that the function defined by g(x)=x—[x]is discontinuous at all integral point. Here [x]
denotes the greatest integer less than or equal to x.

Answer :

The given function isg(x) = x—[x]

It is evident that gis defined at all integral points.
Let nbe an integer.

Then,

g(n)=n—[n]=n-n=0

The left hand limit of fat x = nis,

fim g (x) = lim (x—[x]) = lim (x) - lim [x] = n~(n—1) =1
The right hand limit of fat x = nis,

fm (0) =i (o [x) =i 0) iy [+

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

Therefore, fis not continuous at x= n

Hence, gis discontinuous at all integral points.

Answer needs Correction? Click Here

Q20: Is the function defined by f(x)=x"—sinx+5 continuous at x= ?

Answer :
The given function is f (x)=x* —sinx+5
It is evident that fis defined at x=

Atx=m, f(x)=f(n)=n"-sinn+5=n"-0+5=n"+5



Consider lim f (x) = lim (x* —sin x+5)
Putx=m+h
It x — m, then it is evident that h— 0
s dim f(x) = lim (" —sin x +5)
= LI_I;IJI:(E+.I!1) —sin(m+ h]+5]
=lim(n+h) —limsin(n+h)+1lim 3
=(m+0)" ~lim[sin wcosh+cos msinh] + 5
Jr=sl)
=n’ —limsin wcosh—lim cos wsinh+ 3
h— hr—01
=n" —sinmcos0—cosmsin0+3
=" —0x1-(=1)x0+5
=7 +5
i £ (x) = £ (%)
Therefore, the given function fis continuous at x=x

Answer needs Correction? Click Here

Q21 : Discuss the continuity of the following functions.
(a) ix)=sin x+ cos x
(b) fix) =sin x-cos x

{c) ixX) =sin xx cos x

Answer :

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

g+h, g—h, and g.r are also continuous.

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

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

Let cbe a real number. Put x=c+ A

If x ACA€ " ¢, then hACA£€°0

g(e)=sine
limg(x)=limsinx
N b

=lim siul:c+h)

L]

= Iim[sinccosk+ coscsink]
Fr—ald
= !:_I;rs(smccns h)+ %}qm“[ccscsm h]
=sinccosD+coscsin()
=sinc+0
=sin¢
- Nimg(x)=g(e)
Therefore, gis a continuous function.
Let f1(x) = cos x
It is evident that A(x) = cos xis defined for every real number.
Let cbe areal number. Putx=c+ h

If x ACA€ " ¢, then hACA£€°0



hic=cosc
lim A(x) = lim cos x
=limcos(c+h)
= lim[cosccos h—sincsin A
dr=sll
=limcosccosfi—limsinesinh
Jr=0l Ja=l)
=cosccosl—sinesin0
=coscxl—sinex0
=C0s¢C
s AimA(x) = h(c)
Therefore, his a continuous function.
Therefore, it can be concluded that
(a) flx) = gix) + hix) = sin x + cos xis a continuous function
(b) fix) = g(x) - h(x) =sin x-cos xis a continuous function
) fix) = glx) x h(x) = sin x xcos xis a continuous function

Answer needs Correction? Click Here

Q22 : Discuss the continuity of the cosine, cosecant, secant and cotangent functions,

Answer :

It is known that if gand b are two continuous functions, then
L oh(x
() 2

g(x)
.
g(I)

(iii) )= 0 is continuous

{ ;"

It has to be proved first that g(x) = sin x and A{x) = cos xare continuous functions.

. £(x)# 0 is continuous

(if)

, £(x) # 0 is continuous

Let g(x) =sin x
It is evident that g(x) = sin xis defined for every real number.
Let cbe areal number. Put x=c+ /1
If x = ¢ then h =0
g(c)=sinc
lim g (x) = limsin x
= LIIRSIHI:C+J"1)
= Iim[sin.—:cosh+ coscsink]
Fr—all
= Ll_l:rs(smccns h}+ %}ﬂ[mscsm h]
=sinccosD+coscsin()
=sin¢+0

=sin¢

. limg(x)=g(c)

Therefare, gis a continuous function.
Let Alx) = cos x
It is evident that A(x) = cos xis defined for every real number.

Let cbe a real number. Put x= c+ h



If xA® ¢ then h A®O
hicd=cosc

lim A(x) = limcos x

X e

= If}_l:na cos(c+h)

= lim[cosccos h—sincsin A
dr—s(i

=limcosccosh—limsinesink
fr—ll el

=cosccosl—sinesin0

=coscxl—sinex0

=cosc

= lim h(x)=h(c)
Therefore, A(x) = cos xis continuous function.

It can be concluded that,

Cosecy = , sinx = 0 is continuous

3N X
= cosecx, x # nn (ne Z) is continuous

Therefore, cosecant is continuous except at x= np, nAfA%: Z

1 ; ;
secx = . cosx # 0 is continuous
cosx

=secx, x#(2n+ l}g (neZ) is continuous

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

L8
2
cosx . .
col x =——, sinx # 0 is continuous
sin x
= cotx, x #nn (ne Z) is continuous

Therefore, cotangent is continuous except at x = np, nAfA1: Z

Answer needs Correction? Click Here

Q23 : Find the points of discontinuity of f, where

sin x

L ifx=<0
flx)=9 x
x+1, ifx=0
Answer :
sinx
. . —, ifx<0
The given function fis f(x)=1 x '
x+1, ifx=0

It is evident that fis defined at all points of the real line.
Let cbe a real number.

Case I
If c <0, then £ (c)= ¢ and Tim f(x)= Iim[
c T-rc X

~lim f(x) = f(e)

P

s‘mx] _sine

X &

Therefare, fis continuous at all points x, such that x< 0

Case |l



Ifc =0, thenf(c)=c+1and ]Ti_T-f{x) = l'i_T(x+ )=c+1

s lim £ (x) = f(c)

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

Ife=0, thenf(e)= f(0)=0+1=1

The left hand limit of fat x=0 s,

lim f£(x)=1lim>"F =1

xpi} =0 ¥

The right hand limit of fat x=0 s,

i/ (x) =l (x+1)=1

» lim £ (x) = lim f (x) = £(0)

Therefore, fis continuous at x=0

From the above observations, it can be concluded that fis continuous at all points of the real line.
Thus, fhas no point of discontinuity.

Answer needs Correction? Click Here

Q24 : Determine if fdefined by

. 1
¥ sin—, ifx=0

/(%)= x
0, ifx=0

is a continuous function?

Answer :

) 1
, ) Psin—, ifx=0
The given function fis f(x) = e
0, ifx=0
It is evident that fis defined at all points of the real line.
Let ¢ be a real number.

Case [

Ife#0, thenf(c)=c’ sinl
-

. . a1 L ET 5 .
I x)=1 “sin— |=|limx" || | — |=¢"sin—
xl_ll‘_lf(t‘} Jr|_|:|:1_[x smx] (Jl_l:l;]_x )[XI_ILI_SIIIX] ¢’ sin—
wlim f (x) = f(c)

Therefore, fis continuous at all points x =0
Casell:

If ¢ =0, then ' (0)=0

a a > . I . k) " I
lim f{x)=lim| x" sin— [=lim| x" sin—
K=l f{ ) x—l [ x J gl [ x ]
. 1
It is known that, —1<sin—=<1, x#0

X

|
= -3’ =sin—<x’
X

. . L1 .
= lim (—:rcz}ﬂlu'r'n[:'c2 sin— | < limx~
x—l) 1+l X K=l



=0 Iim[.x3 sinl—] =0
a—sl)

x
. s . 1
:)Ilm[_r' sin _]=(}
x—all X
-t )0
. . . o - 2 . l o . 1 . l o
Similarly, Jﬂ}:‘lf(l‘}—tll_']‘gl[l‘ sin— =lim| x sin— =0

sim f(x)= £(0)=lim f{x)

x-ll x—+"
Therefore, fis continuous at x=0
From the above observations, it can be concluded that fis continuous at every point of the real line.

Thus, fis a continuous function.

Answer needs Correction? Click Here

Q25: Examine the continuity of f; where fis defined by

sinx—cosx,ifx=0

flx)= {_1 ifx=0

Answer :

sinxy—cosx,ifxz0
=1 ifx=10

The given function ﬁS_f{I}z{
It is evident that fis defined at all points of the real line.
Let ¢ be a real number.

Casel:

If e # 0, then f(¢) =sinc—cosc

lim £ (x) = lim(sin x—cos.x) = sinc - cose

wlim £ (x)= £ (e)

Therefare, fis continuous at all points x, such that x =0

Casell:

If ¢ =0, then £ (0)=-1

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

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

< lim f (x) = lim f (x) = £(0)

Therefore, fis continuous at x=0

From the above observations, it can be concluded thatfis continuous at every point of the real line.
Thus, fis a continuous function.

Answer needs Correction? Click Here

Q26 : Find the values of kso that the function fis continuous at the indicated point.

kcosx . b
,ifx=—

f{x)= T—2x alx:E
3, ifx=

[ = e



Answer :

kcosx . T

Jifr=—

The given function fis f(x)= n—2x )
3, ifxz%

The given function fis continuous atx = g if fis defined at x= g and if the value of the fat x =§

equals the limit of ﬁltxz%.

It is evident that Fis defined at::% andf[g] 3

. . kcosx
lim /(x)=lim
x n:’ ¥ :-; ?E—2I

Putx:Eh‘r
2

Then.xa%:ﬂr—»ﬂ

kcos[

SR

. . kecosx
s lim fl:x] =lim = lim
J.'—)E .\‘—rg n_zx 0 E_z[

+h

)
|

ra|A

. —sinh k. sinh k& k
=klim =—|im == ==
it 2 h 2 a0y 2 2

Therefore, the required value of kis 6.

Answer needs Correction? Click Here

Q27 : Find the values of kso that the function fis continuous at the indicated point.

2 "
R

, ifx=2

Answer :

kL ifx<2

The given function isf{x}={3 raa
, ifx>

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

It is evident that fis defined at x= 2 and 7(2) =k(2)3 _ak
lim f(x)=lim f(x)=f(2)
= lim (k*)= lim (3) = 4k
= kx2"=3=4dk
= dk=3=4k
=d4k=3
3

=k==
4

Therefore, the required value ofkis %.



Answer needs Correction? Click Here

Q28 : Find the values of kso that the function fis continuous at the indicated point.

fx+1, ifx=sm

f[x)z{ atx=m

cosx, ifx>m

Answer :

e+, ifx<n

The given function iS_}"{I}z{ .
cosx, Ifx>m

The given function fis continuous at x= p, if fis defined at x= pand if the value of fat x= pequals the
limit of fatx=p

It is evident that fis defined atx= pand f(n) = kn +1

lim f(x)=lim f(x)=f(n)
= lim (kx+1)= lim cosx = km+1
= kn+l=cosm=Fkm+1

=kn+l==1=kn+1

::nlc=—E
T

Therefore, the required value ofkis —E.
T

Answer needs Correction? Click Here

Q29: Find the values of kso that the function fis continuous at the indicated point.
kx+1, ifx<3
T =30s, itx>s  2F

Answer :

ke+1, ifx<5

The given function fis_f'[x}={3 T
x=5 ifx>

The given function fis continuous at x= 5, if fis defined at x=75 and if the value of fat x=15 equals the
limitof fat x=5

It is evident that fis defined at x=5 and f(5) = kx+1=5k +1

lim f (x) = lim £ (x) = £(5)
= lim (ky+1) = lim (3x-5) =5k +1
=5k+1=15-5="5k+1
=5k+1=10
=5 =9

9

=k==
5

Therefaore, the required value ofk is %

Answer needs Correction? Click Here



Q30 : Find the values of aand b such that the function defined by

3, ifx<2
f(x)=qax+b,if 2<x<10
21, ifx=10
is a continuous function.
Answer :
3, ifx=2
The given function fis f(x)={ax+b,if 2<x <10
21, itx=10

It is evident that the given function fis defined at all points of the real line.
If fis a continuous function, then Ais continuous at all real numbers.

In particular, fis continuous at x=2 and x=10

Since fis continuous at x = 2, we obtain

lim £ (x)= lim /(x)= £(2)

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

= 5_’=-2a + b:;

=2a+bh=5 (1)

Since fis continuous at x = 10, we obtain
fig 7(x)= Jim 1)1 (10

= lim (ax+b)= lim (21) =21
=10a+h=21=21]

=10a+b=21 -(2)

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

Byputting &= 2 in equation (1), we obtain

2x2+h=5
=4+b=5
= b=

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

Answer needs Correction? Click Here

Q31 : Show that the function defined by f(x) = cos (»®) is a continuous function.

Answer :
The given function is 7(x) = cos (x%)

This function fis defined for every real number and ftan be written as the composition of two
functions as,

= g o h, where g(x) = cos xand h{x) = ¥
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| (goh)(x)=g(h(x))=g(x")=cos(x")=f(x)|

It has to be first proved that g(x) = cos xand h (x) = x’are continuous functions.
It is evident that gis defined for every real number.

Let ¢ be a real number.

Then, glc)=cos ¢

Putx=c+h
Ifx—e, thenh—0
lim g(x) =limcosx
= !I1Ecos{c+h]
= lim [cos ¢ cos i~ sin esin /]
fi—0)
=limcosccosh—limsincsinh
Fi—sl) fr—sil
=c¢osccos0—sinesin0
=coscxl—sinex0
= 08¢
!113? g(x} = g(c)
Therefare, g(x) = cos xis continuous function.
hix) = x°
Clearly, his defined for every real number.
Let k be a real number, then h (k) = k
limh(x)=limx’ =&
=k x>k
||1_r3 h[x:l = -'?(k)
Therefore, his a continuous function.

It is known that for real valued functions gand A,such that (g o ) is defined at ¢, if gis continuous
at cand if fis continuous at g(q), then (fo g} is continuous at ¢

Therefore, f(x)=(goh)(x)=cos(x*)is a continuous function.

Answer needs Correction? Click Here

Q32 : Show that the function defined by f(x) =|cos x| is a continuous function.

Answer :
The given function is f(x) = |cos x|

This function fis defined for every real number and ftan be written as the composition of two
functions as,

f= go h,where g(x)=|x and h(x)=cosx

[ {goh)[x] = g{h{x)] = g[msx) = |me| = f{x)]
It has to be first proved that g(x)=|x and k(x)=cosx are continuous functions.

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

g(x]={

—x, ifx <0
x, ifx=0

Clearly, gis defined for all real numbers.
Let cbe a real number.

Case [



If e <0, then g(c)=~c and lim g (x) = lim (~x) = ¢

Il_i_r.l;l_ g{x] = g(c)

Therefore, gis continuous at all points x, such that x <0
Casell:

Ifc>0, theng(c)=cand IIiTg(x) = lviT I

~limg(x)=g(c)

Therefore, gis continuous at all points x, such that x>0

Case lll:

Ife=0, theng(c)=g(0)=

Iim g(x)= Iim (-x)=0

lim g( }— lim {x]

" lim g(.r)— lim (x =g(0)

Therefore, gis continuous at x=0

From the above three observations, it can be concluded that gis continuous at all points.
hix)=cos x

It is evident that /A(x) = cos xis defined for every real number.
Let cbe areal number. Put x=c+ h
If xAC3E " ¢ then hACa€'0
hicd=cosc

lim A(x) = limcos x

X e

= If}_l:na cos(c+h)

= lim[cosccos h—sincsin A

Je—s

=limcosccos fi— llmsm esink

Jr—ll
=cosccosl—sinesin0
=coscxl—sinex0
=Ccosc
11_133 h(x)=h(c)
Therefore, h(x) = cos xis a continuous function.

It is known that for real valued functions gand f,such that (go A) is defined at ¢, if gis continuous
at cand if fis continuous at g(q), then (fo g} is continuous at ¢

Therefore, f(x)=(goh)(x)=g(h(x))=g(cosx)=|cosx|is a continuous function.

Answer needs Correction? Click Here

Q33: Examine that sin|x| is a continuous function.

Answer :
Let f(x)=sin|x]

This function fis defined for every real number and ftan be written as the composition of two
functions as,

f= g o h,where g(x) =|x| and h(x)=sinx
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L (goh) x)=g|h(x))=g(sinx)=|sinx|=f liJ
It has to be proved first that g(x)=|x| and k(x) = sinxare continuous functions.

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

( ] —x, ifx<0
X|l=
s % ifx=0

Clearly, gis defined for all real numbers.

Let ¢ be a real number.

Casel:

Ife <0, then g(c)=~c and I|m g(x)= lv|_|.1;| -x)=-¢
..|‘_1_r'|;|_g{x =g c)

Therefore, gis continuous at all points x, such that x<0

Casell:

Ifc>0, theng(c)=cand limg(x)=limx=c

slimg(x)=g(c)

Therefore, gis continuous at all points x, such that x>0
Case lll:
Ife=0, theng(c)=g(0)=
Iim g(x)= Iim (-x)=0
Ilmg x)= hm {x]
Ilm g(x)— Ilm =g(0)
Therefore, gis continuous at x=0
From the above three observations, it can be concluded that gis continuous at all points.
h(x) =sin x
It is evident that A(x) = sinx is defined for every real number.
Let cbe a real number. Put x=c+ k
If x ACA€" ¢, then KACAE'0
h(c=sinc
h(c)=sinc
limh(x)=limsinx
= lnr'rgsm(c+k)
=lim [sincmsk +coscsin Ic]
L]
= LI—IE (smccns k)+ Ll_'m“[ccscsm fc}
=sinccosl+coscsinl
=sin¢+0
=sine¢
o lim h[x) = g(c:l
Therefore, fis a continuous function.

It is known that for real valued functions gand A,such that (g o ) is defined at ¢, if gis continuous
at cand if fis continuous at g(q), then (fo g} is continuous at ¢

Therefore, f(x)=(goh)(x)=g(h(x))=g(sinx)=|sinx|is a continuous function.



Answer needs Correction? Click Here

Q34: Find all the points of discontinuity of fdefined by f(x)=|x|-|x+1.

Answer :

The given function is f(x) = x| |x+1|
Thetwo functions, gand h, are defined as
g(x)=|x and A(x)=|x+]]

Then, f=g-h

Thecontinuity of gand f1is examined first.
g(x)=|x| can be written as

g(f]={

—x, ifx<0
x, ifxz=0

Clearly, gis defined for all real numbers.

Let ¢ be a real number.

Casel:

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

Therefore, gis continuous at all points x, such that x<0
Case ll:

Ifc =0, theng(c)=cand Izir'rrlg(x) = ITiT =G
limg(x)=g(c)

Therefare, gis continuous at all points x, such that x=0
Case Il

Ife=0, theng(c)=g(0)=0

iy ()=l () =0

fm ()= im (x) =0

» lim g(x) = lim (x) = g(0)

Therefore, gis continuous at x=0

From the above three observations, it can be concluded that gis continuous at all points.
h(x)=|x+1| can be written as

h{x}:{

—(x+1), if,x<-1

x+1, ifx=-1

Clearly, his defined for every real number.

Let cbe a real number.

Casel:

If e <1, then h(c)=—(c+1) and limh(x) = lim[ —(x+1) | == (e +1)
- lim h(x)=h(c)

Therefare, his continuous at all points x, such that x<-1

Case |l



Ife>—1, then i(c)=c+1 and ]rl_r.l:!h(x}=]1m[x+l)=c+l

Iimh(x] =h(c) .

T

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

Case lll:

Ife=-1, then h(c)=h(-1)=-1+1=0

lim .‘1(.:1:)=Jrl_i’.r_nI [—(x+|ﬂ=—(—l+l)=0

x——1

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

_.I_1}111 h(x) = fim h(x)= (1)

Therefore, A is continuous at x=-1

From the above three observations, it can be concluded that his continuous at all points of the real
line.

Answer needs Correction? Click Here

Exercise 5.2 : Solutions of Questions on Page Number : 166

Q1 : Differentiate the functions with respect to x.

.'=.in{x2 +5:|
Answer :

Answer needs Correction? Click Here

Q2 : Differentiate the functions with respect to x.

cos(sin x)

Answer :

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

Put r=u(x)=sinx

dv d . i fox
e E[cnsr] =—sinf = —sin(sin x)
drd .
EZE(SmI}: Cos x
X
By chain rule,% = ?% = -sin{sin X)-COSX = —COSX sin{sin J:}
T

Alternate method
[cus(sin x}:| = —sin(sinx] . gx (sin _:r:l = —sin [5in J:] SCOSX = — cosxsin(sinx)

Answer needs Correction? Click Here

Q3 : Differentiate the functions with respect to x.

cind e L R
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Answer :

Let f(x)=sin(ax+b), u(x)=ax+b, and v(t)=sint

Then, (vou)(x)= v(u{_r]} =v(ax+b)=sin(ax+b)= f(x)
Thus, fis a composite function of two functions, vand v.

Putr=u(xl=ax+ b

Therefore,
% = %[sinr) =cost = cos(ax+ b)
£=i(ar+b)=%(ar)+%(b]=a+0= :

Hence, by chain rule, we obtain

Cf O ﬂ— cos(ax + b}-a:accs(ﬂx+b]

de  dt dx

Alternate method

%[sin(gx+bﬂ=cos[ax+b).%[ax+b)

_cm(ar+.':-[ {ar)+— :|

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

= ams{ax+b)

Answer needs Correction? Click Here

Q4 : Differentiate the functions with respect to x.

SBC(‘&H(&}J

Answer :

Let f (x) = sec(tan Vx ). #(x) = ¥x,v(¢) = tan,and w(s) =secs

Then, (wovou)(x)= w[v(z.-[x))] = u[w[ﬂ)} = w(tan -J;) = scc(tan«ﬁ) = f(x)
Thus, fis a composite function of three functions, v, v, and w.

Puts=v(r)=tant and r = u(x) = /x

Then, c;j = ;:;[secx] =secstans =sec(tant).tan(tant)  [s=tan¢|
= sec(tanx ) tan (tan x) [1=x]

ds

E_E(tam = sec’ 1 = sec® Jx

did d{ )1 1

aﬂr_aﬂt(ﬂ)_ctl:[x} 2" T2lx

Hence, by chain rule, we obtain

di _dw ds i

dx ds dr dx

—sec[lan-.f_} lan( J_)xset,z\f_
2J_ IJ_SCC( «E}tan(tanw";}

can? o oanltan FVeanltan F2N

JE



P L VA' DCL!“LI’JII V.&}Lﬂ.lll\lﬂll \[.ﬁj
2Jx

4 s 5) s ) s ). 2 (a5
{5 n a5 s (45 ()
= 5 a5 ()
o 5 onan )

Ianﬁ Lan[mn\f_ sec” [J_)
2Vx

Answer needs Correction? Click Here

Q5 : Differentiate the functions with respect to x.

Sin(ax+ f)]
cos(cx+d)

Answer :

sin(ax+b)  g(x)

The given function is f(x) = cos(ex+d)  h(x)

, where g(x) = sin (ax+ b) and

hix)=cos(cx+ d

.o Eh-gh
o f T

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

Let u(x)=ax+b,v(r)=sint

Then, [vou]{x} = v{u{x}} = v{ax+b) = sin(ux-l—b] = g(x)
.. gis a composite function of two functions, vand v.

Putt=u(x)=ax+b

j, — (sint) = cost = cos(ax+b)
d! d d d
= a!x( +b]—a(wf}+£(b]—a+0—a

Therefore, by chain rule, we obtain

' ‘if %%_cns(ax+b]-a=acus(ax+b)

Consider /(x)=cos(cx+d)

Let p(x)=cx+d, g(y)=cosy
Then,(gop)(x)=g(p(x))=g(cx+d)=cos(cx+d)=h(x)
- his a composite function of two functions, pand g.

Put y=p(x) =cx+d

a’q d . g

- cos v)=—siny=—sin{cx+d
@z d .:Jc+a' {cr d}—c
dy dx

Therefore, by chain rule, we obtain

W= EcE =-sin(ex+d)xc=—esin(cx+d)

dv  dv dx

f Y i " o B AN = 3



,  ACOS(ax+p)-COS|CX+d ) —SIN(AX+D){—CSIN|CX+d )}

[oos{cx+d]:|2
=acus(m+b]+csin[ax+b)-SI“[Cx+d]>< |
cos(ex+d) cos(ex+d) cos(ex+d)

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

Answer needs Correction? Click Here

Q6 : Differentiate the functions with respect to x.

cosx".s.inz(xs)

Answer :

The given function iscosx".sinz(xs}.

%[msxq -sin’ (x’” =sin’ {x'{}x %{cos x ]+ cosx’ x %[sin2 {.\”ﬂ
[sinx’]

°)

= sin’ (x’)x(—sinxﬂx%{f% cos ¥ xZSin(x’}-

Bl

. i I 5 2 . 5 3 5
=—sinx" sin {x }xSx +28Inx COSX” -COSX X

—

d
dx
=—3x"sinx" - sin’ [x5)+ 2sinx’ cosx’ cosx® -x5x?

=10x" sinx" cosx” cosx* — 3x" sin ¥’ sin’ [f)

Answer needs Correction? Click Here

Q7 : Differentiate the functions with respect to x.

2 CDT[J:Z)

Answer :

%[Edlcot(xz)]

sin[x') 1 x(Zx]

o cos(xi) * Sin? {xz)

-2x

"~ Jeos ¥ vsin x* sin¥?
B 22 x

- stinxz cos x* sin x”
B -242x

* sinx*sin 257

Answer needs Correction? Click Here

Q8 : Differentiate the functions with respect to x.

cos(5)



Answer :
Letf(x)= cos(JJ_c]
Also, let u(x)= Jr
And,v(r) = cos!
Then, (vou)(x)=v(u(x))
=v(x)
= cos/x
= /(%)
Clearly, fis a composite function of two functions, v and v, such that
t=u(x) =+x
! i
Then,% = i(.j}) =i[x: ]z lx 2

And, Co_ i(cosr)=—sinf
dr i
=—5in[~d§)

By using chain rule, we abtain

d.f_dv_d.f

de  dr dx

=—sin[ﬁ)-2\1f;

=—ﬁsin(v§)

=_sin(\f;]

2x

Alternate method

—[cos(xﬂ)]=—sin(f}-%[\‘§)
=—sin(\f;]><%[x3}
_—sinxf;
= 2\’;

Answer needs Correction? Click Here

Q9 : Prove that the function fgiven by
S(x)=]x-1

. x € R is notdifferentiable at x= 1.

Answer :

The given function is f(x) =|x-1

,xeR
It is known that a function fis differentiable at a point x = cin its domain if both

lim JGHR () and lim fle+h)-1(c) are finite and equal.

=y hsll* h



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

i SO =) 1+ h-1]-[1-1]

=l h Je—sll
_ jim 120 |_ = lim =2 (h<0=|h/=—h)
Jreald bty

Consider the right hand limit of fatx =1

- F(L+h)-r(1) |1+h—l|—|l—l|
k]—if? h ﬂ-_.n' h
hj=0
N L (h>0=|h=h)
=0 h—0" fp
=1

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

Answer needs Correction? Click Here

Q10: Prove that the greatest integer function defined by /'(x)=[x].0 <x <3is not

differentiable at x=1 and x= 2.

Answer :
The given function fis f(x)=[x].0<x<3
It is known that a function fis differentiable at a point x = cin its domain if both

lim JGHR () and lim f(Hh} 7(e) are finite and equal.

=y h hsll*
To check the differentiability of the given function at x =1, consider the left hand limit of fat x=1
i £ (145) []+h] [1]
) h k—n
= lim—— = lim _—Izm
Jr—sll Jr—a” h

Consider the right hand limit of fat x =1

i 2110 _ g 12911

bl h rr_.u

1-1
=lim—=1lim0=0
U] 0"

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

To check the differentiability of the given function at x = 2, consider the left hand limit

of fatx=2
o S(2eR)-1(2) [2+h] 2]
) b Fr—-"
= o=l
=lim——=lim—=w
= =iy

Consider the right hand limit of f at x =1

i L)y (249102

bl ] ra_.n'

. 2=2
=lim——=1lim0=0
Jr—lt” hi—="

Since the left and right hand limits of fat x =2 are not equal, fis not differentiable at x=2



Answer needs Correction? Click Here

<< Previous Chapter 4 : Determinants

Next Chapter 6 : Application of Derivatives >>

Exercise 5.3 : Solutions of Questions on Page Number : 169

Q: fing

dx

2x+3y=sinx

Answer :
The given relationship is2x+3y =sinx

Differentiating this relationship with respect to x, we abtain

%(2x+3y]=%(sinx]

= i{21}+ i[By):cos:
dy
=243—=—=cosx
dx

= 3ﬁ=cosx—2
e

,dy _cosx-2
Cdrx 3

Answer needs Correction? Click Here

Q2: fing 4 .
dx
2x+3y=siny

Answer :
The given relationship is2x+3y =sin y
Differentiating this relationship with respect to x, we obtain

%[2x)+ %(3}') = % sin )

= 2+3—E =cc—5y—:i [By using chain rule]
dy
=2=(cosy-3)2
(cosy-3)

‘Q: 2
dr cosy-3

Answer needs Correction? Click Here

@3: ging &
dx

ax+hy’ =cosy



Answer :
The given relationship isax + by* = cos y

Differentiating this relationship with respect to x, we obtain

%[a}c}+ %(by" ) = %I{msﬂ

d; o d
=a +bE(_v )= E(cos ) (1)
Using chain rule, we obtain %[;} = 2;:% and %{cus y)=-sin y% -(2)

From (1) and (2), we obtain

]

dy .
+hx2y—=- —
BT T T

= (2by +siny) 2:

dv_ -a

Tdx 2by+siny

=—-g

Answer needs Correction? Click Here

Q4: ging &
dr
xy+y  =tanx+y

Answer :

The given relationship isxy+ »* =tanx+y

Differentiating this relationship with respect to x, we abtain
d ay_d

— v+ =—1 tlanx+

e ) = (tane )

= %{Iyﬁ%[yz}zg(lan x]+%

&

d dy dy . .
= y-—(x)+x— [+2y—=sec x+— Using product rule and chain rule
[' ™ c&} Y dx NEZE |

::»y-]+x.%+2y£=sctz:zx+ﬁ
v

:){x+2y—1]%=seclx—y

_dy_ secix—y
Tde (x+2y-1)

Answer needs Correction? Click Here

Q5: Fing & .
dx

¥ 4+xy+ =100

Answer :

The given relationship isx® + xy + p* =100

Differentiating this relationship with respect to x, we abtain

%[xl +_t}=+y3}= %(lﬂﬂ]



= —{Jr’]+—|[xy]+i »*)=0 [Derivative of constant function is 0]

= 2x +[y- ::c (x)+x- @} +2y Y _o [Using product rule and chain rule]

dv 5,y
dx

:>21+y-]+1~;+2y
dx
)5 =0

=2x+y+(x+2y
y+(x+2y)

cdv _ 2x+y

v x+2y

Answer needs Correction? Click Here

Q6! Fing & .
e
X y+x7 +y =81

Answer ;
The given relationship isx® + x*y+ xp* + »* =81

Differentiating this relationship with respect to x, we abtain
%(IE +Xy+x° +y3)=%{8])

disy, dya d di s
=)+ () (o) (v7) =0
= 3’ +[y%(x2]+x"%}+[}’3%(x]+x%{y2)}+3_v2 %: 0
= 3% +|:y-2x+f%j|+|:y2 -|+x-2y-;[i:j|+3y2 %:0

:::-l[:r2 +2xy+ 3_v2}%+(3_r2 +21jv+y")= 0

) —(3:c2 +2xy+_v2]
dr (¥ +20+3y)

Answer needs Correction? Click Here

Q7" Fing & .
dy

sin® y+cosxy=m

Answer :

The given relationship is sin® y+cosxy=n

Differentiating this relationship with respect to x, we obtain
d . d
— s y+ceosxy|=—iIn
'y +coszy)= ()
d i, 5 d
= —(sin” ¥)+—(cosxy)=0 el
e i’ )+ (cosxy) (1)
Using chain rule, we obtain
%[Rin:y]=25in _v%(siny):hinycns_v% -(2)

i[u:us.':y)= —sin.xvi{.xv]=—sinxy[vi[x +x@}
dx Ty T odx elx



=—sinx_v[y.Hx%}=—ysinxy—xsin,ty% -(3)
3

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

|’ 7

2sin ycos y——— ysin xy — xsin xy—=10
37 dex ) xy x}dx
:;{2=;in 'COs V- Xsi L
sin ycos v xmnxy)dr—ynlnxy
= {sin 2y —xsin x})% = ysinxy

dy_ ysinxy

Ty sin 2y — xsinxy

Answer needs Correction? Click Here

Q8: Fing & .
dx

sin x+cos” y=1

Answer :

The given relationship issin® x+cos® y =1
Differentiating this relationship with respect to x, we abtain
d - 2 b d
—|sin” x+cos” yv)=—(1
& )=z
d .« 2 d 2
= —(sin” x|+ —[cos” v)=0
e U )+ g eosy)

= 2sinx -%(sdn x)+2cosy- %(cns y) =0

= Zsinxcnsx+2msy[—sin }’}% -0

= 5in2x—sin2y£= 0
dx

_dv  sin2x

Tdx sin2y

Answer needs Correction? Click Here

Q9: fing & .
v

. |[ 2x ]
¥ =sin -
’ 1+ x°

Answer ;

The given relationship is y =sin |{1 ij]

+x°
. _|[ 2x ]
¥ =sin -
1+ x*

i 2x
Y

Differentiating this relationship with respect to x, we abtain

i[';cin }=i[ 5 }
oA e W

e _d [ 2x ) m




7 g " de\1+2) g

The function, 2—12 is of the form of 2.
I+x v

Therefore, by quotient rule, we obtain

i( Ty Jz(]-I-x'-’)_%{z,r}—zx,%(]_i_x!)
del 1+ x7 (1_'_1_3)3

(1+x7).2-2x-[0+24] 2426 —4x 2(1-x)

= , A 2 (2)
(l+x3)' (1+x3)_ (]+x3)
Also,siny = 21’3
1+ x°
- ﬁ 2x ¥
= cosy=41-sin"y= I—[l rz] 5
+x
)2 1-x*
= =—— [3]
(1ex)  1+x
From (1), (2), and (3), we obtain
1—x* xﬁ— 2{]-3{2}
Lex’dx (1447)
-&__2
de 1+x°
Answer needs Correction? Click Here
Q10: pipg
o 3x—x 1 1
y=tan — |, ——F—=<x<—
-3 )" 3 3
Answer :
. . o S 3x=-x*
The given relationship is y = tan 2
— _"'
af 3x=x
¥ =tan -
1-3x
3x—x'
= tan y= - el 1
Y= 15ae 1)
3tan Y —tan® ¥
It is known that, tany = 3 3 -(2)
1—3ta112§

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

X= taui
3

Differentiating this relationship with respect to x, we abtain



:}I:se{__zi.l.ﬂ
3 3 dx
ﬁ?_ R I
s’ 14tan®?
3 3
@_ 3
dr 1+x°

Answer needs Correction? Click Here

Q11 fipg &

?
.

¥ =cos '[l_—xz],(}cxcl
+x

Answer ;

The given relationship is,

1-%°
y=cos'[ ]
14 x°

= cosy= -
1+x

I—tan’ ¥ 2

72 1l-x

= - 2

l+tan®? 1+¥

On comparing L.H.5. and R.H.5. of the above relationship, we obtain

Y

tan=—=x
2

Differentiating this relationship with respect to x, we abtain
Answer needs Correction? Click Here
Q12: fjpg 4
dx
=] 1—.\‘3
y=sin| —= |, 0<x<l
l+x

Answer ;

The given relationship is y =sin™' [ : - x; J
+ X

. |
=»siny= 5
1+ x°

Differentiating this relationship with respect to x, we abtain

4 (sny)-2{ 125 )

dx dr\ 1+x°

Using chain rule, we obtain

A s



o = C0% o
(siny)=cosy ~

dx
a3 2
cosy =4fl-sin’ y = 1—[]_13]
I+x°
_ [l+xzz—(1—x2)2= 452 _ 2y
(l+.:rz]-‘ (1+'r2)2 1+x*
A iy 2
e e (2)

[Using quotient rule]

d [I —xijz (1+2°)-(1-x*) -(1 :xz}-(l )
(1+13J'
_ (1+x2]{—2x}—(1—x2)-(2x]
[l+.|c'2);r
_2x-2x'-2x+2x

(1+,x:1}2

—dx
- -(3)
(1+x‘}

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

2x dv  —4x
L+ ey (l+xl}2
p =2
= P _ -
de  l+x

Alternate method

| l_x:
¥ =5 0
1+ x°

E]

l—x

=siny= =

g 1+ x°
::;{I+;r1}siny=]—J:2

= (l+siny)x’ =1-siny

2 I_.
)
l+sin v
¥ -}'2
o5 —sin
, (o=g-snd)
DX =
[cus Y +sin y)
2 2
cos? —sin?
xm 2 2
cm‘.}+.v.in}
2 2
l—tan‘v
= x= 2
1+tany
2

==t 52
4 2
Differentiating this relationship with respect to x, we abtain
i{x}:i- la_n[z_i]
dx dx 4 2

:}l:mz(ﬁ—l].ifi_i]
4 2/ dxld 2



dy -2

g

dr 1+

Answer needs Correction? Click Here

Q13! Fing Gl :
dx

i 2x
¥ =Co0s —l,—l<x<l
1+ x°

Answer ;

The given relationship is y = cos '[ 2{_]
1+ x

_|[ 2x ]

¥ =Cos -

1+x
X

= cosy =

1+

Differentiating this relationship with respect to x, we obtain

de L 1+x°

— —sin - = (1 +x3]. ‘i(z_\:)—zx.i(l_‘_xzj
T dy [l+x"}2

o
X

e 50 [ Z[I—x:]
aG et
(I+x3}2—4x: dy _ —2{I—xi)

(l+x1)2 dhx (1+x7)

(I -f}l dy _ -2(1 —xz}
(l +Jr:}: dx {]+x3 ):

:>|_xf-£=_2(|_xi)
Lo de (14 2)

L2
dr  1+x

Answer needs Correction? Click Here

Q14: kipg 4
dx

y=sin"' [2.wl—x3 ] T

Answer ;



The given relationship is y = sin™ [lWl -x )

y=sin"’ [2x\|'1—x3]
= sin y=2x1-x*

Differentiating this relationship with respect to x, we abtain

005}’3 =2|:x£(ﬁ)+ 1-x ﬁ]

= l—sinz_}'d—yzz =.
dx

:Wi_{lz}
x 2

1-x
= \J(1-2¢) i—yﬂ['f;}
e
&2

dx 1—x?

Answer needs Correction? Click Here
Q15: Eing @,
dx

V= sec '[;] U«:x«:L
. 1) ﬁ

Answer ;

The given relationship is y = sec '[#]

2x -1
(==)
V= S€C >
’ 2x -1

= secy =

2% -1
=scosy=2x" -1

= 2x* =1+cosy

v
= 2x* = 2¢cos’ =

:.'?AT=(3'Z.‘!Si

Differentiating this relationship with respect to x, we obtain

::-I——smz-i[x]
2 dx\2
-1 1
:}—.z_ﬁ
Sil’l'y 2 d.r
2
:}Qz -2 _ =2
de oV 2 ¥



2N

de J1-x*

Answer needs Correction? Click Here

b

Exercise 5.4 : Solutions of Questions on Page Number : 174

Q1 : Differentiate the following w.r.t. x

er

sinx

Answer :
Lety= e

sinx
By using the quotient rule, we obtain
dy B sin x{i‘ (e*'}-eJr ‘i‘ (Sin:r)
dx sin’ x

_ sinx.[e" ] —e"(cosx)

# 3
sin’ x
" (sinx - cos x)
=—————  x#nmnelk
5 x

Answer needs Correction? Click Here

Q2: Differentiate the following w.r.t. x

ea.ill x
Answer :
Le.t y= e!i“l Ly

By using the chain rule, we obtain

ﬁzi(gin"J)
dr  dx
= % =i -i[sin" x]

x

=g .

1-x°
_ esin"r
J1=x*

) Qﬁ" esin"x

i xe(=L1)
de  \f]1-x

Answer needs Correction? Click Here

Q3: Differentiate the following w.r.t. x

3
¥

Answer ;



s y=e
By using the chain rule, we obtain

dy d(Ef):E; d

=w_4 --{x’}:e”J S3x =3x%e”
dv dx feiy

Answer needs Correction? Click Here

Q4 : Differentiate the following w.r.t. x

sin(tan le "}

Answer :
Lety= sin(tan e "}
By using the chain rule, we obtain

i’ =%[sin (tan”'e )]

=cos(tan e ”)-%(tan 'e ’}
= tan"le* ). ! i ¥
cos[an e )1+(B_1)2 dx{e )
cos(tan™' e"
e
e’ c:rcjis(tan'1 e'"}
Sl LI )

1+
—¢ "cos(tan e ")

l+e™

Answer needs Correction? Click Here

Q5 : Differentiate the following w.r.t. x

log[cos e“]

Answer :
Lety= Iog(cos er]

By using the chain rule, we obtain

% = %[Iog{cose“ H

1 d i
= — -—(-::os.e
cose’ dx

= ] -(—sine‘]—

cose’

Blan

(<)

_ —sine’

X

cose”

=—g tane",e" ¢(2n+l]§,n eN

Answer needs Correction? Click Here

Q6 : Differentiate the following w.r.t. x

] 5
e +e +.+e



Answer :

o 2 P
—{e’+e" +...4e )
dx

L T

(
=e" +[e’z ><di{x2 ]} +[e”‘ %I{x“’]}

X

26
+|ie”‘ %{x*]} + [3"5 %{fﬂ
=¢" +(e"? x 2.x]+(e": x 3x2] +(e"l % 4.1'3}+(er' % 5x4)

—e¢" +2xe" +3x%e" +4x'e" +5x'e"

Answer needs Correction? Click Here

Q7 : Differentiate the following w.r.t. x

Je"_'?,x:»(}

Answer :
Let = e
Then, }12 :e"ll"

By differentiating this relationship with respect to x, we obtain

yz _ BJ.?
— Zyﬂ A% %(V{;) [By applying the chain rule|
dy w1
=2y—=¢" -
J’ 2 J_
dx 4y~!§
G
de e Jx
:;:Qz e Lx=0
¥ gifxe’

Answer needs Correction? Click Here

Q8 : Differentiate the following w.r.t. x

log(logx),x>1

Answer ;
Let y =log(log x)

By using the chain rule, we obtain

dy_d
E_E[log(logx}]
d
I
logx dx(ogx)
S
logx x
_— cx=

xlogx



Answer needs Correction? Click Here

Q9 : Differentiate the following w.r.t. x.

COs X

=0
log x

Answer ;

CO5 X

Lety=
log x

By using the quotient rule, we obtain

d d
& a (cosx)xlogx—cosxx % (logx)

dx [lc»g_ar]2

. |
—sinxlogx—cosxx
— X

- (logx):
_ —[xlogx.sinx+cosx|
x(logx}l

Lx =0

Answer needs Correction? Click Here

Q10 : Differentiate the following w.r.t. x:

cos[logx+e"},x =

Answer :
Lety= cos{log X+ e"}

By using the chain rule, we obtain

%z—sin(log_x+e‘]-%{]ch+e‘]

=—sin(logx+e') '[%[10-%*‘)+£("xﬂ

= —sin[log.t+e"]-(l+e”]

X

[ .
:—[;+e ]sm(logx+e ),x}(l

Answer needs Correction? Click Here



Exercise 5.5 : Solutions of Questions on Page Number : 178

Q1 : Differentiate the function with respect to x.

cosx.cos2x.cos3x

Answer :

Let y = cosx.cos 2x.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

1 dv 1 d
— = (cosx)+
vde cosx dv cos2x

i(r;x:'s2,u:}|+

——(cos3x)
cos3x dv
:Q: [ sinx  sin2x d( x)_sm.'%x d(l‘:]}

cosx  cos2y oy

cosldx clx

Qﬁ’

. —p = T 008X.008 2x.cos 3x[tan x+ 2 tan 2x + 3tan 3x|

Q2 : Differentiate the function with respect to x.

J( G 0(-2)

x—3}[}:—4}(x—5]

Answer :

_f (x-1)(x=2)
'“””"J{x—s)(x—mx—ﬂ
Taking logarithm on both the sides, we obtain
oz v=lo (x-1)(x-2)
O T
(x=1)(x-2) }

(x=3)(r-4)(x-5)

=logy= %log[
= logy= %[log{(x— {x- 2)} —Iog{(x—3)(x—4](x—5)}]

=logy= é[log[x—I]+Iog(x—2}—Iog(.r—3}—Iog(x—4}—log(.r—5ﬂ

Differentiating both sides with respect to x, we obtain

d | d
A L x-2) - L (x-3)
WY Irrorel Sl A ol Gt dx{x
yde 2| 1 d d
SR A L B AV
x—4 afr[x } =5 fir(x )

:’ajeii_'_l_l_l_l]
dy 2 1 x-2 x-3 x—-4 x-5

Sy 1 [ (-1)(x-2) [;+ L S 1}
v 2\ (x=3)(x=4)(x=5) Lx-1 x-2 x-3 x-4 x-5

Answer needs Correction? Click Here

Q3 : Differentiate the function with respect to x.



(log x]uclxr

Answer :

Lety =(logx)™"

Taking logarithm on both the sides, we obtain
10gy=cosx-log{l0g.r}

Differentiating both sides with respect to x, we obtain

1 dv_
¥y odx

v _
"

d d
= (cosx)xlog(log x)+cosxx E[Iog (log xﬂ

I
log x

1 . d
— — log(log —( 1
S sin xlog(log x) + cos xx dx{ og x)

= % = _v|:—sin xlog(logx)+ :I:osx x l]

ogx x
'ﬁ-[lo A 225 sin xlog (log x)
Cdx & xlogx gllog

Answer needs Correction? Click Here

Q4 : Differentiate the function with respect to x.

x.r _Z!ill.'[
Answer ;
Lﬂ}’ — x.t _ zsin.\‘.
Also, let x* =y and 27" = v
Sy=u-=v
& _du_dv
de dv o
u=x"

Taking logarithm on both the sides, we obtain
logu = xlogx
Differentiating both sides with respect to x, we obtain
51—“ = [i(t}x log x +xx %(lch]]
du 1
= =u|:1><lugx+xx ]
dx x

::w%zx’(logxﬂ}

::»%zx’(]ﬂogx}

y=2%n X

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

Differentiating both sides with respect to x, we obtain

%-%z]ugﬁ-%[sinx}

py mm— 1} II’\CF j-l"'l'\ﬂ.\‘



— B

dx

= v 2" cosxlog2
cx

dv

S =xt (1] — e log2
. x*(1+logx) cos x log

Answer needs Correction? Click Here

Q5 : Differentiate the function with respect to x.

(:_'-c+3:|1.l::r+-°l-}3,(:Jc+5}'l

Answer :
Lely:{x+3)1.(x+ -il]j.l::r+5)\l
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

i 1
) . e 43—— S (rsd 4—_ 5
v odx x+3 dx(x+ )+ x+4 d .x( o ]+ X+3 dv (I+ }

dy 2 3 4
===y + +
de T x+3 x+4 x+5

=(x+3) (_r+4] x+5}4-[ 2 + 3 + 4 ]

x+3 x+4 x+5

Y _

=

dy a2 3 4 2(x+4](.r+5}+3[.x+3:|(.r+5:|+4(x+3}(.r+4]
= =+ 3) (v 4) (x+5) { (= 3)(x+4)(x+3) }
@_(r+3)(x+4] (x4 5) [ 2 +9x420) +3(x 4 8x+15) 4 4(x* 4 7x+12) |
%-{Hs) x+4) (x+5) (9 +70x+133)

Answer needs Correction? Click Here

Q6 : Differentiate the function with respect to x.

(:_'-c+3:|1.l::r+-°l-}3,(:Jc+5}'l

Answer :
Lely:{x+3:ll.(x+ -ﬂl]j.l::r+5)\l
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

_ SIS N ) O R )
v odx x+3 dv x+4 dv X+3 dv

S NPT Y B S S, B




de " o o S Lx+3 x+4 x+35]

&
dx
Q

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

(s o 05|

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

=[_r+3){x+4] (x4 5) [ 2 +9x420) +3(x 4 8x+15) 4 4(x* 4 7x+12) |

%-{Hs) x+4) (x+5) (9 +70x+133)

Answer needs Correction? Click Here

Q7 . Differentiate the function with respect to x.

loog e

(logx) +x

Answer :

Let y =(log x}" + e
Also, let u =(logx)" and v=x"*"
Sy=u+y

d.l‘ dx a!r

u=(log x)*
= logu = Iog[(lngx}”]
= logu = xlog(logx)

Differentiating both sides with respect to x, we obtain

; i _d [x)xlng(lagxﬁx-:r[lug(logx}]
::-%—u[lxlng(logxﬁx ﬁ E(lugjr)]

dt "
(1
:dx (log x)

x 1
log (1 D
og(og.r)+ }

du
== (logx)’ Iog(log:c)+?}

- @=[Iogx]" Iog{lngx}-logxﬂ}
elx | logx

= %:(Iogx]\'J [I+Iogx.log{logx]] -(2)

v= J(Iug:\'

= logv= Iog{x"’”"]
= logv=logxlogx= (llngx)2

Differentiating both sides with respect to x, we obtain

1 dv
lo
v dx dx[{ e )]
= l z 2(logx)- (lugx)
dv l
= —=2v(l =
e v( ogx} .
:ﬁzleug: Iogx
dx x

=& gy '-log x -(3)

=

|



X

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

L4 =(log x)ﬂ |:l +log x.log (log \“]:| + 25" logx

dx

Answer needs Correction? Click Here

Q8 : Differentiate the function with respect to x.

(sinx)" +sin”' Vx

Answer :
Let y = (sinx)" +sin' Jx
Also, let w = (sin x}x and v =sin "' /x
Sy=u+v
b _du (1)
dv  dx oy
u=(sinx)'
= logu =log(sinx)’
= logu = xlog(sin x)
Differentiating both sides with respect to x, we obtain

ldu d . d .
::s;E-E(x}xlog{sm x:l+.rxg[log{sm xﬂ
:>%:y[]-Iog{sin_r]+x-$—%(sinx}}

du .« . x
= (sinx) [Iog(sm x}+ﬁ-cosx}
du 0 X c
== (sinx) (xcotx+logsinx) -(2)

v=sin"x

Differentiating both sides with respect to x, we obtain

ﬂzé.i{@
dx f]_[&)l dx
1 1
Ji-x 2Jx

1
:’E=2 x-x

-

F BF

-(3)

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

Gﬁ’

=(sinx)" (xcot x+ logsin x)+
dx

Answer needs Correction? Click Here

Q9 : Differentiate the function with respect to x.

sin.x sy

"+ (sinx)

Answer :



Lety =x™" +(sinx)™"

Also, let w = x""* and v =(sinx)™"

Sy=utv

B _du & (1)
de  de dx

o= Isin.\

= logu = Ic:-g(x"i“"]
= logu =sinxlogx

Differentiating both sides with respect to x, we obtain

Lu_ i(sin x)-log x+sin x-i(lﬂgx]

wax  dx ’ dx
du [ . I}

= —=u|cosxlogx+sinx-—
dx X

ENCE cosxlogx+5inx (2)
e . . )

V= [sin x)™

= logv=log(sinx)™"

= logv = cos xlog(sin x)

Differentiating both sides with respect to x, we obtain

e

d . d .
N E(COS x)xlog(sin x)+cos x x E[Iog(sm x)]

::>dv=v|:—sinx.1ng(sinx)+cnsx- L d (sinx):|
x sinx dx

dv o ess| L . Cos ¥
= —=(sinx)" | —sinxlogsinx+———cosx
oy sin x

= ;ﬁ = (sinx)™" [~sin xlogsin x +cot xcos x]
X
d‘.‘ = Lo a =
== (sinx)™"" [cot xcos x —sin xlogsin x]

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

: sin x . : -
% = X" [cos.xlogx+ —] +(sinx)™" [cos xcotx —sin x log sin x|
X X

Answer needs Correction? Click Here

Q10 : Differentiate the function with respect to x.

) X +1
X.(LO:.( E__‘_ _______
x =1
Answer ;
X +1
LEt y - x.n’.‘m.t + -
x =1
Also, let = ™ and v="_ -
x =1
SLy=u+v
v _du_ dv (1)
dr  dx  dx
H:X.\L‘f\.‘«.\

= logu = Iog(x"“““]



=:logu =xcosxlogx
Differentiating both sides with respect to x, we obtain

ldu _d

d d
= x)-cosx-logx+x- cosx)-logx+xcosx- log x
wd E (x) g a’x( )-log ; (logx)

du : 1
= —=u|1-cosx-logx+x-(—sinx)logx+xcosx-—
x

dit

= o Sy {cosxlog.x— xsinxlog x + cos x)
::>@=x"‘“"“"[wsx(lHogx]—xsinxlung -(2)
dv
x*+1
v=__
x =1

= logv= Iog{x: +I}—I|::ﬁg(x2 —I]
Differentiating both sides with respect to x, we obtain
G
vde x'+1 x' -1
2
dv v[lx[x —l}—2x(x2 +]]\‘

& | T @)

:>£=II+1>=' —4x
de 1 -1 (x3+l}(x3 —I}

=

S -(3)
& (o)

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

dy 4x

;)

LY _ oo [cnsx{l+ Iogx)—xsinxlngx]—( ]
x=1)

dx

Answer needs Correction? Click Here

Q11 : Differentiate the function with respect to x.

(]
(xcosx)" +(xsinx)s

Answer :

] I
Lety =(xcosx) +(xsinx)s
1
Also, let i =(xcosx) and v =(xsinx)-
Ly=H4v
b _du dv (1)
de  de dx

u=(xcosx)

x

= logu =log(xcosx)
= logu = xlog(xcosx)

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

= logu =xlogx+ xlogeosx

Differentiating both sides with respect to x, we obtain

1du d o
——=—{xlo +—I(xlogcos
wax e 108x)+ (xlogoosx)

du .f[u. ol d ..\] . [-_____.. d, . dg



- a =HL"lJDg.I'E{_IJﬂ-x'E{_IUgIJI-’-1lﬂgCﬂSI'£I‘I)+I'E“GgCDSIJIJ

i o 1 1 d
=—=(xcosx logx-1+x-— [+<logcosx-1+x-—— —(cosx
dx ( ] [[ g x] { g COSX dx( )H

= % =(xcosx)’ {(lch+l)+{lcgmsx+$ -(—sinx)H

= % =(xcosx)"[(1+logx)+(logcosx - xtanx)]|

= ‘:{: =(xcosx)"[1-xtan x +(log x +log cos x) |

j%:{xms:c]" [1-xtan x+log(xcosx) ] -(2)

V= {xsinx)l

= logv = Iog{xsinx)l-

= logv= ];Ic-g(xsin x)

= logv = ];(Iogx +logsin x)

= logv=llogx +]—Iogsinx
X X

Differentiating both sides with respect to x, we obtain

Tdv_d [] lngx]+i[llng(sinx)}

v del x
é-%{Iogx]}+{]ng{sin.r)-%(l}*%'%{log(smﬂ}}

X

1 ]ar.r-[—LJ+lol +| log(sin r]-[—Lj+l-L-i(sin.r)
v | ¢ ¥ x x Elsin ¥ ) x sinx dy

log(si
:>I_Q=I_,{]—logx)+{— o_g[s:nx]+ 1 —cos;c}
vy x X xsinx

2 2

IR 1 ) _
= v =(Isinx)‘ ! lﬂg}; + Gg[sm I]+ ‘;Cﬂtx]
dx x ;

| 1-log x—log (sin x]+.rcotx}

= %=(rsin x):lt .

2

-(3)

X

_ iﬁ ) (.rsinx)lr _l—log(.tsin.x)+xcalx]
X

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

dy l[xcolxﬂ—log[xsinx]}

E—(xmsx}"[l—x tan x+log{xcosx):|+(xsin x)s -

X

Answer needs Correction? Click Here

Q12: Find %offunction.

'+ yt =1

Answer :
The given function isx” + y* =1
Let ¥'=uand y*=v

Then, the function becomes u+ v=1



L (1)
dy  dx
uw=x"
= logu = Iog(xJ'}
= logu = ylogx
Differentiating both sides with respect to x, we obtain
1du

dy d
= — — |
., ogx=-+ y-—(logx)

::»ﬁ=u|:lo i ,l}
elx . d & x

X

LT Y
==X [logxdr+xj -(2)

v=p"

= logv= Iog{y"]

= logv=xlogy

Differentiating both sides with respect to x, we obtain
1 dv

S =logy <L (x) +x-(log)

::;ﬂz L{lﬂg_y-1 +rlﬂ]
dx yodx

dv . xdy
=== l — aaa 3
dx ! [ eyt y d‘v‘] G)
From (1), (2), and (3), we obtain

! d !
x" [I(}gxl+£]+y" |0gy+£ﬂ :0
dx x v dx

= {x"' log x + xp*"! }ji - _{},x,m +y lng,y}

cdv oyt logy

Tde X logx+xyt!

Answer needs Correction? Click Here

Q13! g %offunction-

J__J'r =X

Answer :

The given function is y* = x*

Taking logarithm on both the sides, we obtain
xlogy=ylogx

Differentiating both sides with respect to x, we obtain

]ngy-%(x}+x—%[logy:l=]ngx-%{y)+y-%(logx]

I dy ey 1

=logy-l+x——=logx-—+y-—

= V dx g dx i x
:>Iogy+£ﬁ=logx—;+—3
v dx de  x

ﬁ(?—lang%:l—logy



1\)" /fLLI X
==,[Jr—ylt;:-g.nr}.c!'_y: y-xlogy

¥ dx x
Ldv_ y[y-xlogy
Tdv x| x—ylogx

Answer needs Correction? Click Here

Q14: Find %offunction.

x

(cosx)” =(cosy)

Answer :
The given function is(eosx)" = (cos )’
Taking logarithm on both the sides, we obtain

vlogcosx = xlogcos y

Differentiating both sides, we obtain

]ogcosx-%+y-%(logoosx] = logcosy-%(.x]+x-%[logmsy]

:logcosxﬁ+}-L-£(msx):Iogcos_}"Hx‘ ‘i[cosy}
dx cosy dx cosy dy
dy ¥ . X . dy
= logcosx—+ ——-(=sinx)=logcos y+ —siny)-—
E dv  cosx ( } R -:osy( Y) dx
::=logcosx@—ytanx=Iogcosy—xtany%
[« X

= {log COS X+ xtan p]% = ytanx+ logcos ¥

. dv  ytanx+logcosy
dv xtan y+logcosx

Answer needs Correction? Click Here

Q15: Find %offunction.

xy= el: x-¥)

Answer :

The given function is yy = ¢!

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

=logx+logy=(x-y)loge

= logx+logy=(x- y}xl

=logx+logy=x-y

Differentiating both sides with respect to x, we obtain

aﬁ:

d d d
—(lozx )+ —11 = — _—
- (logx)+—=(log y) =—=(x)-—-

dx



::.[Hl]i:i—l

y ) dx X

- y+l ﬂzx—l
v Jdv x

dy _y(x-1)

" dx xl:y+l]

Answer needs Correction? Click Here

Q16 Find the derivative of the function given by f(x) = (1+x)(1+x*)(1+x")(1+*) and hence find
S(1).

Answer :

The given relationship is £ (x) = (1+x)(1+x*)(1+x*)(1+x*)
Taking logarithm on both the sides, we obtain

log f(x)=log(l +x]+|og{|+x1}+log[l +x")+log(1+xs}

Differentiating both sides with respect to x, we obtain

[f( ]——Iog I+x)+—lag(1+x )+%Iog[l+x )+dilug(]+x )

j(x) dx
1.4 R VAR S (YA R SR (.
{( ) EAY )_ [ Qs Ve dx[ : }+l+x" dx(“-x )+1+x“ dx[l+x)
s ) 1 1 3 1 7
=7 (x:lz'f(x)[n 1+ x* '2x+l+x*‘4x AT 8 ]

.'.f'(x)=[1+x}(1+x2){l+x4)I:l+xs)[ - 2x2+ 4.!:"J 4+ 3;13}

I+x 1+x 1+x° 1+x

¢ 2 4 g 1
Hence, f [1}=(1+]}(]+I ){l"'l }(1"'] )[m-|.]+l2 +l+l4+l+ls

2x1  4xP Bxl?i|

=2x2xdxl l+E+i+§
2 2

22
=16>{L24+3]

—IGXE-IZO
2

Answer needs Correction? Click Here

Q17 Differentiate (x°—5x+8)(x’+7x+9)in three ways mentioned below
(i) By using product rule,

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

(ili By logarithmic differentiation.

Do they all give the same answer?

Answer :
Lety = (x" —5x+8){x; +7x +9}

)



letx* =5x+8=wandx' +7x+9=v

Ly=uv
% =%-v+zr-% (By using product rule)
= & :i(::3 —5x +8}-(x“+?x+9)+[x: —5x+8)‘i[f +?x+9)
dx dx

:% =(2x-5)(«’ +T":c+‘:?}+(x2 —Sx+8){3x3+?}

= ji =2x[.1'3 +?x+9)—5(x" +?x+9]+x:{3x3 +7]—Sx(3x: +?)+8(3x: +?)

. =(2x‘ +14x%° +13x]—5x-‘ —351—45+(3x* +?f)—lsx-‘—3sx+24x3 +56
ax

S s 20y 14527 52k 411
dx

(i)
y= (.vcz —Sx+ B](xr‘ +?.x+9]
=57 (x" + T_r+9] —Sx(x“ + ‘?,!:+9] +8{x“’ +7x4 9}

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

=x =5x" +15x° =265 +11x+ 72

& _ i[x’ =5x' +15x° =263 +11x+ ?2]
dr  dx

d ;o d d dy d d
=E(.r“}—Sa(x*)ﬂﬁa(x‘)—%a(x ]+Ila(x}+a(?2]

=53 5 da’ 1537 =26 2x 411140
=5x' —20x" +45x° —52x+11

(iii) y=(x* —5x+8)(x' +7x+9)
Taking logarithm on both the sides, we obtain
log v = lc:-g,[.x:1 —5x+8]+ Iog(x“ + ?x+9}

Differentiating both sides with respect to x, we obtain

I g=;xlog[xz—5x+8)+jxlng(x‘+?x+9)
y
ldy_ ! [x'—5x+8) 7719 E(X1+?x+9)

dv _ B 1 .
T [x:—5x+8x(2x S:H.x}+?'.=.‘+9‘x(11r +?)}
:>Q=(x2—5x+8}(x3+?x+9){ ,21_5 + ?I2+? }

dx x—5x+8 x +7x+9

3 2 2

:ﬁ:(x3—5x+s}(x-‘+?x+9) (2x=5)(x' +7x+9)+(3x* +7)(x* - 5x+8)

dx {x2—5x+8)(r‘+?x+9)
:%=2x(x-‘+?x+9]-5[x‘+7x+9]+3x3(f-5x+3]+7(f-51+3}
:% = (zx* +14x7 £1 sx}—sx-‘ —35x—45+ [sx* _15xt + 24_1'2)+(?x2 —35x+56]
:}ﬁ=ix*—20x"+4ixz—52x+ll

dx

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

Answer needs Correction? Click Here

Q18: If u, vand ware functions of x, then show that

d . v du dv dw



—{u,v_w] = — VW i — W Y —

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

Answer :
Let y=uvw=uv.w)

By applying product rule, we obtain

ﬂ =— d“ v w)+ u. i( w}
de de’ elx
dv  du dv dw . .
=~ = y-WwHu| —-wtv-— Again lying product rule
= Lix dx] (Again applying p )
dv  du dv dw
==y WHU— WUV —
de  dx dx elx

By taking logarithm on both sides of the equationy =w.v.w, we obtain

log v =logu + logv +log w

Differentiating both sides with respect to x, we obtain

1 dy _d

¥ odx dx
1 dy 1 a’u 1 a‘v 1dw
v dx wu cir v dx w dv

Gl .[lﬂ+lﬂ+iﬂﬁ*’]

(logu)+ (logv}+ ]ng»}

dx wde vde wdx

dy [l a'u ldv 1 a‘w]
= =W — 4=

dx 1 dx vde wdx

dvy  du dv dw
" = -v-“l-'—u- -HF+u-v-

Ty dy dx dx

Answer needs Correction? Click Here

Exercise 5.6 : Solutions of Questions on Page Number: 181

Q1: If xand yare connected parametrically by the equation, without eliminating the parameter,
find %Y.
dx

x=2ar’, y=ar’

Answer ;
The given equations arey = 2g¢* and y = at’

Thcn.ﬁ £[2a } 2a-i(fl)=2a-2r=4ar
a'r dt dt

d.' [ {)a4!—4m

)
[%] .

[E] dat

Answer needs Correction? Click Here

L
dr

Q2 : If xand y are connected parametrically by the equation, without eliminating the parameter,



find %,
d

X=acosé, y=bcoséd

Answer :

The given equations are x=acosédand y=bcos d

dr _d . .
Then, - E[acos g)=a(-sind)=-asin@
dy

E de(bcosé?) b(-sin@)=—bsing

cb.l
cdv_\d8) —bsind b
Uy [dr) —asing  a

df

Answer needs Correction? Click Here

Q3: If xand yare connected parametrically by the equation, without eliminating the parameter,
find %Y.
dx

x=sint, y=cos 2t

Answer :

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

Then, ﬁ=i[sin.r)=':us-*
df Y
@ _ i[cos 21)=—sin2s 11(21) =-2sin21
di ot i
(%)
. _ 7.7
dy _\dt 2sin2f _ -2-2sinscost _ dsins
dx [d\:) cost cost
ol

Answer needs Correction? Click Here

Q4 : If xand yare connected parametrically by the equation, without eliminating the parameter,
find %,
dx

4
x=4, y=—
S f

Answer :
. . 4
The given equations arex=4¢ and y = —
{

a&r a'(
dt dr

)=
34
dt ! d.l'

4

v la) G

e Y a4

.
.lh

i

=




~la)

Answer needs Correction? Click Here

Q5 If xand yare connected parametrically by the equation, without eliminating the parameter,
find %,
dx

x=cosf —cos 20, y =sin# —sin 20

Answer :

The given equations arex = cos@ —cos 2! and y = sin# —sin 26

Then, E=i((:nms.'S’—(::c::ﬁ;?lf.‘i':l=i((:u:nsﬁ‘}—i{nm::rs2(-;‘:|
dg do do do

= -sinB—(-Zsin 28) =25in28 —sin#

D _ 4 (G0 sin20) =L (sing) - - (sin20)
dg  déd de d0
=cost —2cos2d

dy
cdy _\df) _cos@-2cos2f
T [ﬁ] 2sin 26 —sind

dt

Answer needs Correction? Click Here

Q6 : If xand yare connected parametrically by the equation, without eliminating the parameter,
find %,
dx

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

Answer :

The given equations arex = a(#-sin#) and y = a(1+cos#)

Thcn,jx—ﬁ = a[%{ﬂ]—%[sin 6?]] =a(l-cosf)

% - u[%(lﬁ%[cos 6')] = a[O +(—sin 9)] =—qsiné

[d—}] 2sin 4 cos 4 cosg
_afy_ dag ) —asiné __ 7 2 - 9

g
gy —= = = = = t_
de (dv)  a(l-cosd) ssin? sin ¢ “h
de 2 2

Answer needs Correction? Click Here

Q7 : If xand yare connected parametrically by the equation, without eliminating the parameter,
find %,
dx

e sin’ t Ve cos’ t
Jcns 2t qus 2t

Ancwer *



in1 cos’t

The given equations arex= S0 andy
veos 2t g veos 2t

Then ﬁ-i{ sin’ ]
dt dt| \Jeos2t
Jeos 2t -%(silff)—sinﬁ r-% cos 2t
cos2f
. o 1 o

Neos2r-3sin’ t-—(sint)—sin’ rx —— .~ (cos 2

_ a'r{ ) 2J/cos 2t d:( )
cos 2t

3Jeos 2 -sin’ feost - ﬂ —2sin 2t
_ 2./cos 2t ( )

cos 2t
_ 3cos2ssin’ fcost +sin’ £sin 2
€08 21+/c0s 2¢

dy _d| cos't
N eos 2t

dr dt
dcosm.%(cos’r}—cos]z‘-%(u'cosl’r)
cos 2t
o | o
Jeos2r.3cost t-—(cost)—cos’ f.————(cos 2t
_ df{ } 2+Jcos 2t df( )

cos2t

. 1 .
3Jcos2t.cos’ r{—sint)—cos’ r-— ———.(—2sin 2r
_ [ } 2+/cos 2t [ )

cos2t
_ —3cos2r.cos’ .sint +cos’ I5in 2

N cos2t-+/cos 2t

J ~ —3co0s2t.cos t.sint +cos’ tsin 2t

] 3cos 2rsin’ tcost +sin’ rsin 21

o

2

2% (R[S

~3c0s2f,cos” f.sinf +cos’ 1(2sins cost)
3cos 2esin’ fcost +sin’ ¢ [QSin!cos.‘)
sinfcosf [—3005 2t.cosf +2cos’ rj
 sing cnsr[3m52f sint + 2sin’ r}
[—3[2(:05:r—1}cosr+zcossr] cos 2¢ = (2cos* 1 ~1),

[3[]—25in11]51'm+25i|1"t:| cusZ!z(]—Zsin"f)

~ —deos' 1 +3cosi
3sins —4sin’ s

—cos 3t cos3 = 4cos' 1 —3cost,
sin 3t sin3r = 3sins —4sin’ ¢
=—cot3

Answer needs Correction? Click Here

Q8 : If xand yare connected parametrically by the equation, without eliminating the parameter,

find %,
dv

x =a(cosr+logtan%], y=asin?



Answer :

The given equations arex = a[cosf +log tan %] and y = asin/

Then,% =a -{%(ce&rﬁ %[log lan%ﬂ

. 1 d !
=a| —sinf + S 1an;
tan t 2
[ (.t d(t
=qf| =Sini 4+ ol —-5ec¢ .
i 2 2 g2
- y
, cobz 1 1
=¢|—sinf+ ® ®—
o 202
sin cos
I 2 2
) 1
=q|-sinf+———
o i
2sin—cos—
L 2 2
. 1
= —SIH.‘+_—
sint
—sin®r+1
= ————
sinf
~cos’t
sint
d ..
£=a—(smr)=acosr
lf ot
dy
dy dt acost sint
" = = = =tan¢

T [dx‘}_ acoszr " cost
dt sint

Answer needs Correction? Click Here

Q9 If xand yare connected parametrically by the equation, without eliminating the parameter,
find %,
dx

x=asecl, y=btan@

Answer :

The given equations arex =asec# and y = htan &

dx d
Then, — =a-——(secf) =asect tan
dg dae

ﬂ=.El-i(tzm 0)=bsec’ 0

dd df

[22)
l_lc{v: dg _ bsec™ =bsect9cot|9= bcns:‘? =bx .I =Bcnsec9
dx [dx] asecftan® a acosfsind a sind a

de

Answer needs Correction? Click Here

Q10: If xand yare connected parametrically by the equation, without eliminating the parameter,
~ dv



find ==,
d

x=a(cos@+8@sind), y=a(sinf—0Gcosd)
Answer :
The given equations arex = a(cosf+6@sin@) and y = a(sin@ - cos )

dd dd
= a[-sin#+6@cosd +sind| = abl cos &

Then, dx _ a[i cosd +i(0 sin{)}} = a[—sinﬁh Gi[sin ) +sjngi{g)}
di dae daf

@ = a[i (sinﬁ}—i[ﬂcns 6‘]} =al|cosd —{Bi[cnsﬁ] +cos£-'~i{6')}

dd do dé dé dé

=alcos® +Osinf —cosd|

=afsin

"k [cﬁjzaﬁmsﬁ'z
do

Answer needs Correction? Click Here

Q11: Ifx=+a™ "', y=+/a* ‘., show that %=—£
X

Answer :
The given equations are x = /g™ ' and y = g™ '

¥ = ,'asin"ﬂ and}’: facos":

= xz[a‘i" ")% andy:(a“*" ")%
h and ),-‘=a_;mIF
|

—sin~

Consider x = a?
Taking logarithm on both the sides. we obtain

%siu
= X=a-

1.
lug.r=Esm floga

l dx 1 d .
-..;lE:EIUga.E(SIn II:I

dx

X |
= —=—loga-
a2 2 e

dv  xloga

dt 2I-7

! 1
cos '

Then, consider y = a?
Taking logarithm on both the sides, we obtain

Lo
log}’:Ecos toga

l-d—y=lloga~i(ms '.!}
v de 2 dt
:szh)gal -1
dt 2 11—
_ dv_-vyloga

dr - 2y1-7



dy -yloga
.‘.Qz[dsz[ l_":]z_i_
=0 Gis)

Hence, proved.

Answer needs Correction? Click Here

Exercise 5.7 : Solutions of Questions on Page Number : 183

Q1 : Find the second order derivatives of the function.

X +3x+2

Answer :

lety=x*+3x+2

Then,

EéE:::g_ 2 ji_ 3 :E— 2y=2 3 =2 3
d g ) (2) =230 =20
Iy d d d

‘ﬁi =E(2x+3)=E(zpma{s):zw:z

Answer needs Correction? Click Here

Q2 : Find the second order derivatives of the function.

20
X

Answer :
Let y= ¥
Then,

dy_d
dv  dv
Ldy _d

L =—[mx"*)=20i(x"’]=2ﬂ-19-x'3 = 380"
dve ey dx

(xm] =20x"

Answer needs Correction? Click Here

Q3 : Find the second order derivatives of the function.

X-CO5Xx

Answer :
Lety=x-cosx
Then,

e %(x-cusx}=cosx-%{x}+xi(cusx}=cosx-]+x(—sinx)=cnsx—xsinx

2 2
d_ - =i|-cusx—xsin_r]= i(cusﬂ—i(rsin x)




(ir‘ (irL a4 {ix\ -, d-t\ r
= —sinx—[sinx-%(;ﬁx-%(sinx)}
= —sinx—(sinx+xcosx)

= —(xcosx+2sinx)

Answer needs Correction? Click Here

Q4 : Find the second order derivatives of the function.

log x

Answer :
Letv=logx
Then,

4 tivus-!

: dl}’zi[l]z—_l
Tt delx x

Answer needs Correction? Click Here

Q5 : Find the second order derivatives of the function.

¥ logx

Answer :
Lety=x"logx
Then,

% = %[f Iogx] =logx- %[:xj)+ X %{lugx)

1
=logx-3x" +x" —=logx-3x" +x°
X

=x"(1+3logx)

3

Ldy _dro,
o =E[x [l+3lng_\")]

=(I+3lug_~r)-%{x2}+f %[I +3log x)

=(1+3logx)-2x+x* 2
X
=2x+6xlogx+3x
=5x+6xlogx
=x(5+6logx)

Answer needs Correction? Click Here

Q6 : Find the second order derivatives of the function.

e sinSx

Ancwar *



P TITE T L RS

Let y = ¢" sin Sx

j: = ;i_ (e" sin Sx) =sin5x- ;x (e‘) +e" .::r (sin SI)

. d .
=sinSx-e¢" +¢"-cosSx .E(Sﬂ =¢"sin5x+e"cosSx-5
=¢" (sin5x+ 5co0s 5x)

" C;;f = ;x [3" (sin5x + Scos 5:]}
en,

=(sin51+5m35x}-§x(e’}+ e”-;r(sin51+5w35x}

=(sin5x+35cos5x)e” +¢" [00553:- %(Sxﬁﬁ (—sin5x)- %(Sx]:|

=e"(sinSx+5cos5x)+e* (5cos5x—25sin 5x)

=e"(10cos5x — 24sin 5x) = 2¢" (5 cos 5x—12sin 5x)

Answer needs Correction? Click Here

Q7 : Find the second order derivatives of the function.

™ cos3x

Answer :

Let y = ¢ cos3x

Then,
dy d . d ey e d
E=E{gﬁ +c;053-:r)=-:>(c:-s.'5x-£(e'i )+-xe‘5 -E(cosh]
- o4 5. (_gin3x). L
=cos3x-e dx{ﬁx}+e (—sin3x) dx[Bx)
= 6e™ cos3x —3e™ sin3x (1)
2
.'.C;x—{=%(66“cosBx—336”sinSI)=6-%(9“cosl'c)—i’r-%(e“sinh]

. . . d ) Lod o,
:6«[62"’*casSx—Se“mn3xj—3+[sme-E(e“’}+eﬁ -E(smlix)]

=36e™ cos3x —18¢™ sin3x —3|:Si1'l 3x-e™ .6+ -cos?»x-S]
=36e™ cos3x —18¢" sin 3x —18e™ sin 3x —0¢™ cos 3x
= 27¢™ cos3x — 362" sin3x

= 0™ (3{_‘.0531 —4sin 3x]

Answer needs Correction? Click Here

Q8 : Find the second order derivatives of the function.

-1
tan =~ x

Answer :
Letyp=tan™" x

Then,

Q=i[tan Lx)= ]
de  dx
At A7 10N A . R T IR

[Using (])]



:;5; =itl+‘x2J=$(l+x2J ' =[—]}-(]+x2] '+§{l+x3]
= —2x

Ix =
() (1er)

Answer needs Correction? Click Here

Q9 : Find the second order derivatives of the function.

log(log x)

Answer :

Lety = log(logx)

Then,

dy _d 1 d 1 ¥
—=—/log(1 =—-—(I =—=(xI

d dt[og(og.r)] logx dx{ogx} xlogx (xlogx)

% = %[{x Iug_!r:l_l ] = I:—I] -(:t Icrg,x]_2 %{x log x)

= - g.[l::;g.r»l+.1c-l}=_(lJr—h:”"J':,c.}
(xlogx) x| (xlogx)

Answer needs Correction? Click Here

Q10 : Find the second order derivatives of the function.

sin(logx)

Answer ;
Let y =sin(logx)
Then,

% =%[sin (logx)]= cns(logx}%{log x)=

d}i{ﬁ}

cos(log x)

de®  dx x

X -%[cos{logx]] —cos(logx)- %{x]

xl

) x [—sin (log x)- ;’;{Ingx)} ~cos(logx).1

X

—xsin [Iog_r).l ~cos(log x)
x

z
X

) ~[ sin(log 1}-:- cos(log x) |

X

Answer needs Correction? Click Here

Q11:

.,
If v =4%rne vy — ain v nrn\.mi'h:l‘l'd} | e —
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Answer ;
It is given that, y =5cosx—3sinx
Then,

% = %(Scmx) —%{3 sinx) = 5%[605 x) -3%{5"“ x)

=5(-sinx)—3cosx =—(5sinx+3cosx)

f:;: = %[—[5 sinx +3cos 1}}
— —[5-%[sin x}+3-%{cosx]
= —[ Scosx+3(-sinx) |
=—[5cosx—3sinx]
==Y
d*y
p =0
dv” )

Hence, proved.

Answer needs Correction? Click Here

Q12

" If y=cos x, find 9Y in terms of y alone.
dxz

Answer :
Itis given that, y =cos™ x

Then,

dv d =] -1 1 3
EZE{COS x):—:—(l-x ]1

d'y d =
22 1-0)7

d’ -} )
Sy = G
dx 74
(1-x7)
y=cos'x=>x=cosy
Putting x = cos v in equation (1), we obtain

d’y  —cosy
Yo )
dx [I —-::cvszy}:1
d'y  —cosy
e
d [sinzy]]
_ —cosy
sin’ y
=ty

siny  sin’y



d’y

P —cot y-cosec’ y

=

Answer needs Correction? Click Here

Q13 If y =3cos(logx)+4sin(logx), show thatx’y, +xy, +y=0

Answer ;
Itis given that, y =3cos(log x)+4sin(log x)
Then,
¥ = 3*i[cos{log x}] + 4-i[sin(log r)}
T dx
= 3-[—sin(lugx)-i{]ogx}]+4-[ms{lch]-i{logx}}
d dx
- ~3sin(logx) . 4cos(logx) 4cos(logx)-3sin(logx)

e x x x

y =i[4ms(losx)—3sin{|ongj

R de x

_ ftcon(l0g ) 3sin(log )} - {4cos(log ) 3sin (o )}(+)

4{ms{lc-gx}}' - 3{sin(logx)}’] ~{4cos(logx)-3sin(logx)}.1

2
X

-

b

_—4sir| (log x).(log x}' —3cos(log x}.(logx)’} —4cos(logx)+3sin(log x)

2
X

r[—-ﬂ sin(logx). L 3cos(log x}l} ~4cos(logx)+3sin(logx)
x x

x:
_ —4sin(log x)-3cos(log x) - 4cos(log x}+ 3sin (log x)
= =
~ —sin(log x)—T7cos(logx)

_‘,1

L,y Y
g [—sin{]og x)—T7cos(log x}]+ J{:tcus (logx)—3sin (logx)

2
X X

]+ 3cos(logx)+4sin (log x)
=—sin(log x)—7cos(log x)+ 4 cos(log x)—3sin (log x)+ 3 cos(log x) + 4sin (log x)

=0

Hence, proved.

Answer needs Correction? Click Here

Q14: If y=Ae™ + Be™, show that‘ﬂf —[m +nr)ﬁ +mny =0
dx’ dx

Answer :
Itis given that, y = 4™ + Be™
Then,

%= A-%{e’“)+ﬂ-%(e"‘)= A-e"“.%(m.x]+3-e"" -%{nx)= Ame™ + Bre™



d’y d o e d o L™
e :E(Ame + Bne ):Amla(e )+Bn-a{e )
=Am-e‘“-i[ )+Bn-e’“-i(nx]=Am3e'"‘+3n3e'““
dx dx
.'.%—[m+n}%+mﬂy

= Am’e™ + Bn'e™ —(m I n] : (Ame'“' + Bre™ )+mn(Ae”“ + Be”‘*]

AT

= Am’e"™ + Bie™ — Am’e™ — Bmne™ — Amne™ — Bne™ + Amne™ + Bmne™

=0
Hence, proved.

Answer needs Correction? Click Here

Q15 v ="500e™ +600e7", show ‘cha‘cd__ir =49y
X

Answer :

Itis given that, y = 500¢™ + 600¢ ™

Then,
dy d s d
=500 (") +600.%(e ™)

=500-¢™" -%{?x] +600-¢ 7 -%{—Tx)

=3500e™ —4200e 7"
29I 3500 () - 4200 (e 7
di* dr dx
- ?.T d
=3500-¢"",—
dx

- d
7x)—4200-¢7" . (-7
(7x) e —(-Tx)

=Tx3500-¢” +7x4200-¢ 7~
=49%500e™ + 49x 6002 7"
=49(500¢™ +600e ")
=49y

Hence, proved.

Answer needs Correction? Click Here

Q16

- feis

: 2y » ‘
" Ife’ (x+1)=1, show that 4 - [d_}]

Answer :
The given relationship ise” (x+1)=1
e (x+1)=1

x+1

Taking logarithm on both the sides, we obtain

y=log

1
{x+1)

Differentiating this relationship with respect to x, we abtain



-1 =

)=
(x+1)  x+l

5|
‘l"
=
+
—
ST
o~
|l—|
e —
Iy

_d‘}__i(l]__ -1 | 1
Tyt de\x+] (x+1)" | (x+1)

Hence, proved.

Answer needs Correction? Click Here

Q17: 1y =(tan" x)*, show that(x* +1)" y, + 2x(x* +1)y, =2

Answer !
The given relationship is y = {tan" .1:)2

Then,

d
¥ =2tan™' xg[tan" x)

=y =2tan" x.

1+x?

:.?~{I+Jr1]yI =2tan'x

Again differentiating with respect to x on both the sides. we obtain

(|+x3]y1+21y| =2(I+l 3]

X

= {l + xl]z ¥, + 2:{] +xt )_v, =2
Hence, proved.

Answer needs Correction? Click Here

Exercise 5.8 : Solutions of Questions on Page Number : 186

Q1: Verify Rolle's Theorem for the function f'(x)=x"+2x-8 ,xe[-4.2]

Answer :

The given function, f(x)=x"+2x-8, being a polynomial function, is continuous in [- 4, 2] and is
differentiable in ( - 4, 2).

f(-4)=(-4)" +2x(-4)-8=16-8-8=0

f(2)=(2) +2x2-8=4+4-8=0

SF-4)=F(2)=0

= The value of f(x) at - 4 and 2 coincides.

Rolle's Theorem states that there is a point c € ( - 4, 2) such that f*(¢) =0

Flx)=x"+2x-8
= f'(x)=2x+2

N ~



L 17e)=0
=>2c+2=10
=c¢=-1, wherec=-1e(-4,2)

Hence, Rolle's Theorem is verified for the given function.

Answer needs Correction? Click Here

Q2 : Examine if Rolle's Theorem is applicable to any of the following functions. Can you say some
thing about the converse of Rolle's Theorem from these examples?

() f(x)=[x] forxe[s, 9]
(i) f(x)=[x] forxe[-2, 2]
(i) f(x)=x"-1forxe[l, 2]

Answer :

By Rolle's Theorem, for a function f:[a, b] > R, if

(a) fis continuous on [a, b

(b) fis differentiable on (4, b)

(c) f(a) = F(b)

then, there exists some c € (a, b) such that f'(¢)=0

Therefore, Rolle's Theorem is not applicable to those functions that do not satisfy any of the three
conditions of the hypothesis.

(i) f(x)=[x] forxe[s, 9]

It is evident that the given function 7(x) is not continuous at every integral point.
In particular, fix) is not continuous at x=5and x=9

= f(x)is not continuous in [5, 9].

Also, f(5)=[5]=5and f(9)=[9]=9

= F(3)=£(9)

The differentiability of fin (5, 9) is checked as follows.

Let rnbe an integer such that n = (5, 9).

The left hand limit of " atx =n is.
St h)=1 () _ o [rs =[] o oneten -

lia = lim——— = lim —
=l h sl h Tl h =0 fp
The right hand limit of f" at x = 1 is,

h)—f hl|- =
tim L A=A (8)_ o Lt bl=n] om0

P h A=)’ - Bt

=

Since the left and right hand limits of fat x = nare not equal, fis not differentiable at x=n
..fis not differentiable in (5, 9).
It is observed that fdoes not satisfy all the conditions of the hypothesis of Rolle's Theorem.

Hence, Rolle's Theorem is not applicable for f(x)=[x] forx &[5, 9].
(i) f(x)=[x] forxe[-2, 2]
It is evident that the given function F(x) is not continuous at every integral point.

In particular, fix) is not continuous at x=-2 and x=2

= f(x)is not continuous in[- 2, 21.



Also, f(-2)=[-2]=-2andf(2)=[2]=2

S f(-2)= 7(2)

The differentiability of fin ( - 2, 2} is checked as follows.
Let nbe aninteger suchthatn = (-2, 2).

The left hand limit of /" at x = is.

P Gt A G PO Al P ) o s B
-l h h—sl 1] ) I [T

The right hand limit of f” at x = n is,

P G b O T L) ol ) Pl PR N

h—t h h—s i’ h [T ] B’

Since the left and right hand limits of fat x= n are not equal, fis not differentiable at x=n
..fis not differentiable in ( - 2, 2).

It is observed that fdoes not satisfy all the conditions of the hypothesis of Rolle's Theorem.
Hence, Rolle's Theorem is not applicable for f(x) =[x] forx e[-2, 2].

(iii) f(x)=x"-1forxe]l, 2]

It is evident that 7, being a polynomial function, is continuous in [1, 2] and is differentiable in (1, 2).

£()=(1)'-1=0
£(2)=(2)' -1=3
L) = F(2)

It is observed that fdoes not satisfy a condition of the hypothesis of Rolle's Theorem.

Hence, Rolle's Theorem is not applicable for f(x)=x"-1forx e[, 2].

Answer needs Correction? Click Here

Q3: If f:[—S,S]—:o R s a differentiable function and if /'(x)does not vanish anywhere, then prove
that £ (-5) = 1(5).

Answer :

Itis given that f:[-5,5] » Ris a differentiable function.

Since every differentiable function is a continuous function, we obtain
(a) fis continuous on [ - 5, 5.

(b) fis differentiable on ( - 5, 5).

Therefore, by the Mean Value Theorem, there exists c = (- 5, 5) such that

ey L8 F(-5)
f(c}—w

=101"(c)=f(5)-1(-5)

Itis also given that f'(x) does not vanish anywhere.
“ (€)% 0

=10f"(c)=0

= f(5)-f(-5)=0

= f(5)= /(-5)

Hence, proved.



Answer needs Correction? Click Here

Q4 : Verify Mean Value Theorem, if /(x)=x"-4x-3 inthe interval[a, b], where a=1ands=4.

Answer :
The given function is f(x)=x"—4x-3

f, being a polynomial function, is continuous in [1, 4] and is differentiable in (1, 4) whose derivative
Is2x-4.
F()=1"-4x1-3=-6, f(4)=4 -4x4-3=-3

S0)-1(a)_S(&)-F(1)_3-(-6)
b—a 4-1 3

23
3
Mean Value Theorem states that there is a point ¢ £ (1, 4) such that f*(¢) =1
Ie)=1
=2c-4=1

::-c:i,whcrcezée(l, 4)
2 2

Hence, Mean Value Theorem is verified for the given function.

Answer needs Correction? Click Here

Q5 : Verify Mean Value Theorem, if /'(x) = x' —=5x* —3x in the interval [a, b], where a=1and b=3.
Find all ¢e(1.3)for which f'(c)=0

Answer :
The given function fis f(x)=x’ —5x* —3x

f, being a polynomial function, is continuous in [1, 3] and is differentiable in (1, 3) whose derivative
is 3x2- 10x-3.
F()=1-5x1"-3x1==7, f(3)=3"-5x3"-3x3=-27

IB)-1@)_FE)-10)_21-(T)__,

0
bh—a 3i-1 3-1

Mean Value Theorem states that there exist a point ¢ € (1, 3) such that f/*(c)=-10

fle)=-10

=3 =10c-3=10
=3¢ -10c+7=0
=3¢"-3c-Te+7=0
:)31’.'((.‘—1}—?(6—']:0
=(e=1)(3¢=7)=0

=c=1, z,wherec=ze{l, 3)
3 3

Hence, Mean Value Theorem is verified for the given function and c:%e[l, 3) is the only point for
which f'(¢)=0

Answer needs Correction? Click Here



Q6 : Examine the applicability of Mean Value Theorem for all three functions given in the above
exercise 2.

Answer ;

Mean Value Theorem states that for a function f':[a, b] > R, if

(a) fis continuous on [a, bl

(b) fis differentiable on (a, b)

then, there exists some ¢ € (4, b) such that f'(cjzw
—da

Therefore, Mean Value Theorem is not applicable to those functions that do not satisfy any of the
twa conditions of the hypothesis.

(i) f(x)=[x] forxe[5, 9]

It is evident that the given function 7(x) is not continuous at every integral point.
In particular, fix) is not continuous at x=5and x=9

= f(x)is not continuous in [5, 9].

The differentiability of fin (5, 9) is checked as follows.

Let nbe an integer such that n = (5, 9).

The left hand limit of /" at x = is.
,mf (n+h)— n} [n+h] [1] n=1=-n - -1_

li = lim
-l h h—pl! ) I Ir-.-.-u h
The right hand limit of f” at x = n is,

+h)-f +h|- -
A UA0 S 0 B ) K ) B S P

=¥ h By’ [T ] P

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

..fis not differentiable in (5, 9).

It is observed that fdoes not satisfy all the conditions of the hypothesis of Mean Value Theorem.
Hence, Mean Value Theorem is not applicable for f(x)=[x] forxe[5, 9].

(i) f(x)=[x] forxe[-2, 2]

It is evident that the given function F(x) is not continuous at every integral point.

In particular, fix) is not continuous at x=-2 and x=2

= f(x)is not continuousin [- 2, 21.

The differentiability of fin (- 2, 2} is checked as follows.

Let nbe aninteger suchthatn (-2, 2).

The left hand limit of " atx =n is.

T Gl et ) Bt L h] L ) L J
[ h h_n: J—i) I h=it
The right hand limit of f at x = n is,

jim L= _ [””’] L P A
sl h h—vl." sl hli’

Since the left and right hand limits of fat x= n are not equal, fis not differentiable at x=n
..fis not differentiable in ( - 2, 2).
It is observed that fdoes not satisfy all the conditions of the hypothesis of Mean Value Theorem.

Hence, Mean Value Theorem is not applicable for f(x)=[x] forxe[-2, 2].



(i) f{x)=x"-1forxe|l, 2|
It is evident that £, being a polynomial function, is continuous in [1, 2] and is differentiable in (1, 2).
It is observed that fsatisfies all the conditions of the hypothesis of Mean Value Theorem.

Hence, Mean Value Theorem is applicable for f(x)=x"-1forxe[l, 2].

It can be proved as follows.

f()=r-1=0, £(2)

S0)-F(@)_s(2)- m 0,
h—a 2-1 1

f(x)=2x

s f(e)=3

=2c=3

.?‘.\

::=c=%=l.5, where 1.5¢€[1, 2]

Exercise Miscellaneous : Solutions of Questions on Page Number : 191

QT: (352 -9x+5)

Answer :
o L]
Lety =(3x* -9x+5)
Using chain rule, we obtain

14 =i(3_\:2 Oy + s]q
dr  dx
d

=9(3x* - 9x+5) - (3x* ~9x+5)

%—

=9(3x* 9x+5] (6x-9)
=9(3x" —9x+5) -3(2x-3)
= [wx —9x+5} (21‘—3}

Answer needs Correction? Click Here
Q2: sin’ x+cos® x

Answer :

Let y =sin® x+cos” x
cdv d

i dx{sm r}+%{cosﬁx)

=3sin’ 34:-i(sin:vr)+l.‘1c:cts5 x-i{cosx)
dx dx

=3sin’ x-cosx +6cos’ x-(—sinx)

= 35ir1x-:x:-5x(sinx— 2cost x]

Answer needs Correction? Click Here

Q3 ' {5I)R|:|:e=2.t



Answer :
Lﬁt y= (SI)]uualx

Taking logarithm on both the sides, we obtain

log v =3cos2xlog5x

Differentiating both sides with respect to x, we obtain

1 d d

——=3| log5x-—(cos2x )+ cos 2x-—(log 5x

: a[ g5x:—-(cos2x) i (log }]

:‘a—=Sv_logSX{—sin2x)—i(2x]+cos2x-L-i(5x]
L dx 5x dx

cos2x
x
dy [3cos2x

===3y ——6sin2xlog5xj|
dx x

= —=—=3y| -2sin2xlog5x+

Y (5x) [JCDS 2% _ 6 sin2x Iong]
dx x

Answer needs Correction? Click Here

Q4: in' (IJ;) D<x=<l

Answer :

Let v =sin™' (XJ.;]

Using chain rule, we obtain
& =isin" (xv{;)

ox
d
7x—(xw.,l'x)

1-x*

Answer needs Correction? Click Here

Q5: X

cos
2

— 2cx<2
2x+7



By quotient rule, we obtain

mfi[cus" ;]—[ws" x] d (M)

dv 2

ds (V+7)

V2x+7 05" xJ ! d (2x+7)

-1 dix
il—[sz dx[2] —[c 2)22x+7 dx
Vo2
2x+7

Ja -2 2)22x+7

2x+7

N2x+T

-1 X

_ —2x+7 B cos 2
Va-x x(2x+7) (V2x47)(2x47)

1 X
=T 3 + 2.‘
Ma—x*f2x+7 (2_1._,_]')3

cos
1

Answer needs Correction? Click Here

Q6: cot”! Vl+sinx ++/1-sinx 0<xc
Jl+sinx—~fl—sinx ’

Answer :

M+si —sinx
wl+smx+~f| smx} (1)

Lety=cot™
Jl+sinx —+/1-sinx

Then Jl+smx ++/l=3sinx

' -Jl+s1'nx —Jl—sinx
3

B [Jl+sinx+\f]—sinx]_

- (J1+sinx —JI —sinxJ(Jl+sinx+Jl—sinx}

_ (1+sinx)+(1-sinx)+2,/(1-sin x)(1 +sin x)
(1+sinx)—(1-sinx)

_ 24+ 241—sin’ x

2sinx
_ l+cosx
sinx

2cos’
2

Y X
2sin - cos
2 2
X
=cot —
2

Therefore, equation (1) becomes

X
r=cot™ | cot=
g [ 2]

d
E{x]



:1:;
dv 2

Answer needs Correction? Click Here

Q7: {logx)k'w, x>l

Answer :

Let y = (log x) ™"

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

Differentiating both sides with respect to x, we obtain

Ly _ d ey
Sax [Iogx log(logx]}

= Ly% =log(log x}.%{logx)+ Iogx-%[log(logx}]

d
logx dx

(Iogx]}

= % = _v[l:)g[lng_r).% +log x-

dy l 1
=2 _ o Zlog(log ) +—
}L og(ogr)+x}

@

X =[I0g.r)'°s"[%+w}

X

Answer needs Correction? Click Here

Q8: cos(acosx+bsinx), for some constant aand b.

Answer :
Let y = cos(acos x+bsin x)

By using chain rule, we obtain

dy
dx

= Ecos{a cos x +bsin x)

=P __in (acosx+bsinx}-i[acosx+bsln x)
dx dx
= —sin(acosx +bsin x)-[ a(-sinx)+bcosx|
=(asin x - bcosx)-sin(acosx +bsin x)

Answer needs Correction? Click Here

Qo9

[sinx-cosx) JC 3n
) , —<x<—
4

' (sinx-cosx
4

Answer :

Let ¥y= (Sin X —COS _Y)t{inx—&“_ﬁ
Taking logarithm on both the sides, we obtain

T o |..,.|—fm'_-. I u\{sin_r—cos.\'J-l



e v = IUEL\\DI.J.I-‘-_I.-UBA-J J

= log y = (sin x —cos x)-logsin x — cos x)
Differentiating both sides with respect to x, we obtain

;l% = % (sin x - cosx)log(sin x - cosx) |
= i@f = ]ug{sinx— cos x}-%(siﬂx—cosx]+(sinx— msx}-%]og{sinx—cus x}

1 dy I

. . . d .
=it log (sin x —cos x)-(cos x +sin x) +(sin x — cosx)-m-a(smx—cosx]
Y (sinx—cosx)™ " [(cos.x +sin x)-log (sin x — cos x) +(cos x +sinx)|
. 14 o [sm.x—casx ) c o
e (sinx—cosx) (cosx +sin x)[ 1+log(sin x - cos ) |

Answer needs Correction? Click Here

Q10: v +x"+a* +a°, forsome fixed g=0and x>0

Answer :

Lety=x"+x"+a +a"
Also.letx* =u, X" =v.a" =w, anda” =5
SV=UHEVEWES
dy du dv dw ds
= = —
de  dv dv dv dx

u=x"

(1)

= logu = log x*
= logu=xlogx

Differentiating both sides with respect to x, we obtain

1 du d d
8 lopx- 2
o ﬂfj‘:(.:r]+x I:ﬁr{@gx}

du 1
=—= [Iogx-Hx-—]

clx x
:»%=x’[logx+l]=.x”(]+logx} -(2)
V=x:.'

dv_d .
E=E[I)
::5%:@3(”'] {3]
w=a

= logw=loga’
= logw=xloga

Differentiating both sides with respect to x, we obtain

%-%ﬂoga-—(x}
d“.’
=—=wloga
= % =a'loga .(4)
5=a7

Since ais constant, a%is also a constant.



ds

E:ﬂ ,,,{5)
Fram (1), (2), (3), (4), and (5), we obtain
dv

= =x"(1+logx)+ax"" +a" loga+0
=x”(1+]0gx)+ ax*” +a’ loga

Answer needs Correction? Click Here

QIT: '3y (x-3)", for x>3

Lety=x""+(x-3)"

Also, let u=x""andv= l:x—3]'€

Sy=u+v

Differentiating both sides with respect to xwe obtain

b _du, dv (1)
dc dv d
w=x""

s logu = Iog(x*!'g}
logu = (xz = 3} log x

Differentiating with respect to x, we obtain

1 d d d
;.d_jzlngr E(r —3}+(x2—3)-a{lugx}

1 du 1
= -2 —logx-2x+(x* -3)—

u dy . ( )x
du ,,:_‘[xl—

=¥,

X

3 +2xlogx}

Also,
V= [1—3}1;

- logv =log(x —3}‘!
= logv =x"log(x-3)

Differentiating both sides with respect to x, we obtain

I—-£=Ing(x—3)-i(x3}+x: -i[lug{x—,?ﬂ
1dv s 1 d
e log(x-3)-2x+x* - — E(I—S]

-3
e
=% (x-3) [—3+'—"xlog[r 3)}

Substituting the expressions of %and%in equation (1), we obtain

%=x"':1[x%3+2xlogx] (x-3) [—3+2xlog(x 3}}



Answer needs Correction? Click Here

Q12: Find%, if y:IE(] —ccsr],x=l(){!—sin!},—g<r<g

Answer :

It is given that, y = 12(1-cost), x =10(¢ —sin¢)

%= %[Iﬂ(r—sinr}]=10-%[r—5im] ~10(1-cosr)

% =%[12{I—cusr}]= 12%(1-ms;}= 12:[0~(-sint)]=12sinr

& 12-2sin - cos .
Ly _ldr)_ 12sing 121085 6 o
dx (g} 10(1-cost)  jg.26i2t 5 2
dt 2
Answer needs Correction? Click Here
13: ;o
Q Fmd%r|fy=sin_'x+sin" 1-x*, -1=sx=1

Answer :

It is given that, y =sin ' x+sin ' y/1-x’

d—} = %[sin" x+sin" 41 —xg]

dx
ﬁ_i P | i P | _a?
:>dx—dx|ism x)+dx(3|n A1 t)
dy 1 1 d 2
:}E=J 2 + ; E( 1-x ]
= (i)
__1 1 1 dq =
N T NI dx( <)
dy 1 1
=== + -2
dx \.I"]—Jc2 ZI\J‘]—IE( I)
:;»,iz 1
dx  J1-x* J1-x°

2 Poo
elx

Answer needs Correction? Click Here

Q14: fx/1+y+yJl+x =0, for, - 1 < x<1, prove that

Answer :

It is given that,

I+ y +ydl+x=0



= xfl+y=—ypfl+x
Squaring both sides, we obtain
X (1+y)=»" (1+x)
=S +xy=y +x°
=% -y =x’ -2y
=x" -y =xp(y-x)
= () (x-y) = (y-x)
LXEY=E—xy
=(1+x)y=—x

-x

REAN(TY)

Differentiating both sides with respect to x, we obtain

()
Ez_(l+x]%(x)—x%(l+x)=_(l+x]_x=- |
dv [I+x]: {I+x)2 {I+x}2

Hence, proved.

Answer needs Correction? Click Here

Q15: If(x—a)’ +(y-b) =<, for some ¢ >0, prove that

ch]‘ :

1+ =

[ [ﬂ-"’x } is a constant independent of aand b.
d'y

2

dx”

Answer :
It is given that, (x—a) +(y—b) =¢’

Differentiating both sides with respect to x, we obtain

S . )
%[[x—a) J+E[(y—b} }:%(c‘}
:>Z(X—H)-%(x—a]+2(y—b)r%(y—b}=0
=2(x-a)-1+2(y-5)- L =0

= Y _ =), (1)

elx y—b
cd'y _d|-(x-a)
=
()4 (e-a)~(5-a) 2 (v-»)
(y=b)

(r-)~(x-a) &
(v-2)

-0 { 5}




(y-b)

l(}*—f’}”(x—ﬂ):

{ S ‘ Using (1)

|

[FI]

[u—

+

2
B &
—

]
L ——

(—

+
— | —
b -
| |
> | o
*-_;"-_'
{ I |

B | rad

2%' _l{y—b]2+(x—a)2]=_{(y—b:lz+(x—a:|
e =

(v-b) (v-b)
l }’-"-'} ] (y b)
C(-) (v-b)

T

= —c, which is constant and is independent of'a and b

Hence, proved.

Answer needs Correction? Click Here

Q16

Answer :
It is given that, cos v = xcos (a+ y]
o d d
..E[msy]=a[xcos(a+ »]

d}:

i—sinya =cos{a+y)-%{x]+x-%[ms(a+)’]]

::-—siny% =cos{a+y)+x-[—sin(a+y)]%

I cos y = xcos(a+y), with cosa # 1, prove that% -

::-[Jrsin(a+y)—siny]%=ms(a+y) (1)

Since cos y =xcos{a+y), x= cosy
cos(a+y)
Then, equation (1) reduces to

cos y

m-sin{n+;) sin ;r_ cos(a+y)

= [COSy -sin(a+ y)—sin y-cos(a +_v}:|- % =cos’ (a+y)

:sin{a+y—yjj—y=cos"{a+b]
x

N dy _ L‘L}sz.{a +b)
dx sing

Hence, proved.

Answer needs Correction? Click Here

Q17:

2.
If x=a(cosr+.'sin.']andy=a(sinr—:cosr],ﬁnd Zx_{

cos’ (a+y)
sina



Answer :

It is given that, x = @(cost +¢tsint) and y = a(sins —t cost)

dx d .
S~ =a-—(cosf+tsint)
dr dt
=a[—sinr+5inr-%[r}ﬂ-%(sinf]]
= a[-sint+sint +1cost] = at cost
dy d ., .
— =qa-—(sinf—1cost)
dt dr

- a[cos: —{cusr —%(I}h’ -%{cosf]ﬂ

=al cost—{cost —¢sins} | = atsint

%)
di ) _ atsint -

S _\dt)

dx (dx} alcosi

dr
1 3
Then, c) 'Y=i C =i{lanr)=sec t—
exs  dxldx dx
2 dx dt 1
=SecT i — =qicosl = —=
ai cost ot dy  arcost
=sen:'.!’0{r<£
at 2

Answer needs Correction? Click Here

Q18: If f(x) =[x , show that /"(x)exists for all real x, and find it.

Answer :

It is known that,

| x, ifx=0
X =
—x, ifx<0

Therefore, when x =0, f(x)=|af =x’

In this case, f*(x)=3x" and hence, f*(x)=6x
When x<0, f(x)=|+f" =(-x) =-x’

In this case, f"(x)=-3x* and hence, f"(x)=—6x

Thus, for £(x) =[x, f"(x)exists for all real xand is given by,

iy G6x, ifx=0
f (-r}_{_ﬁx, ifx<0

Answer needs Correction? Click Here

Q19: Using mathematical induction prove that di[x} =nx""' for all positive integers n.
X

Answer :

To prove: P(n): di(x”) =nx"" for all positive integers n
X



Far =1,

P(1):-<1 (x)=1=1-x"

SP(r)is true for n=1

Let P(k) is true for some positive integer .

That is, p[k):%(f)zhﬁ_L

It has to be proved that P(&k+ 1) is also true.
Consider tz;(xm) = ;‘_ [x : x"]
_g. 9 (x)+x- il {x*] [By applying product rule]
dx dx
=x*1+x k-5
=1x.'n +k‘xﬁ
=(k+1)-x"
= (k-+1)-x
Thus, P(k+ 1) is true whenever P (k) is true.

Therefare, by the principle of mathematical induction, the statement P(n) is true for every positive
integer n.

Hence, proved.

Answer needs Correction? Click Here

Q20 : Using the fact that sin (A + B) = sin Acos B + cos Asin Band the differentiation, obtain the
sumn formula for cosines.

Answer :
sin( 4+ B) =sin Acos B +cos Asin B

Differentiating both sides with respect to x, we obtain

dr. d,. d,
E[sm[AHH]] = fH(sm Acos B)+ s (cos Asin B)

:>CDS[A+B]-%{A+ B)= cosB-%{sinAHsin A-%(msﬁ}

+sin B-i[cos A)+cos A -i(sin B)
dx ax

= cos(A+ B]-%{A+B] = cosB-mszI%+sin A(—sin B)i—ﬁ
s

+sin B[—sin:1]-?+u:c:vs;A{:-::su’_?ﬁ
. i

d4d  dR dd  dR
=cos(A+B)| —+—|=(cos Acos B-sin Asin B)-| —+—
[ )[a’x a’x} ( ) [dx dx]

:.cos( A+ B) = cos Acos B—sin Asin B

Answer needs Correction? Click Here

Q21: Does there exist a function which is continuos everywhere but not differentiable at exactly
two points? Justify your answer ?

Answer :



Answer needs Correction? Click Here

Q22 f(x) g(x) h(x) PRAC IO
Hy=| ! m n |, prove that Do i ]
a h c " a b ¢
Answer ;
f(x) g(x) A(x)
y=| { m n
a b fis

= y={(mc—nb) f(x)-(lc—na)g(x)+(lb—ma)h(x)
Then, g = ;‘r [(mc—nb) f(x)]- ;;[(z’c ~na)g(x)]+ i‘ [(1b-ma)h(x)]
= (me = nb) f'(x)~(lc-na) g'(x)+(Ib—ma)h'(x)
f(x) g'(x) H(x)

=| ! m "
a b ¢
w '(x) g'(x) A'(x)
Thus, Z=| 1 moon
dx
a b )

Answer needs Correction? Click Here

. 2
Q23: If y = e ' _1<x<1, show that {1_x2]d{’_xdy_g=_p=a

dx” dx

Answer :

Itis given that, j = g*= '+

Taking logarithm on both the sides, we obtain
log y =acos ' xloge

-1
log y=acos x

Differentiating both sides with respect to x, we obtain

L A
ydx N
&

dx—v‘l—xz

By squaring both the sides, we obtain
#-2
de)  1-x*
dy B

={1-2) = =
(1-2)( 2] -y
dy]z -

I_ 2 =y = %y
(1-x }[d‘: &y

Again differentiating both sides with respect to x, we obtain

(&) a0-rrt-aegl (2] e 20

faeY. . . o dv v . v




=|= {—2x]+{l—x‘]x2§.;k—g =a‘.2_1’-§

2 = ,
] {—2x]+(l—x:)x2%.d Y_F ’:—y'ﬂ

P

dx’ fras

. i
:—x%ﬂl—xl)ilj =a’y [%
:’{] xl]ﬂf—x%—a‘yﬂ}

Hence, proved.



