Chapter 5
Continuity and Differentiability

Exercise 5.7

Q. 1 Find the second order derivatives of the function
x2+3x+2

Answer:

Let us take y= x> + 3x + 2

Now,

d_y_d(xz) d(3x) . d(2)
dx  dx t dx t dx

=2x +3

Therefore,

d?y _ d(2x+3) _ d(2x) N d(3)
dx2 dx = dx dx

=2+0

=2

Q. 2 Find the second order derivatives of the function
20

Answer:

Let us take y = x?°

Now,

dy _ d(x?%)
dx o dx




=20x!
Therefore,

2 19 19
d“y _ d(20x )= 2Od(x )

dx2 dx X
=20 x 19 x x!'8
=380 x!8

Q. 3 Find the second order derivatives of the function
X. COS X

Answer:

: Let us take y= x. cos x

Now,

dy _ d(xcosx)

dx dx

d(x d(cosx
=cosxﬁ+x ( )
dx dx

= cosx.1 + x (-sin x)

= COS X —X SIn X
Therefore,

d?y _ d(cosx—xsinx)
dx2 dx

__d(cosx) d(xsinx)
dx dx

. . d(x d(sinx
=—sinx — [smx.ﬁ+ x.¥
dx dx

= -sin X — (sin X + X €OS X)
= - (x cos X + 2sinx)

Q. 4 Find the second order derivatives of the function




log x
Answer:
Let us take y = logx

Now,

dy d(logx) 1
dx dx  x

Therefore,

dz_y_ii)z(_i)

dx2  dx x2

Q. 5 Find the second order derivatives of the function
x* log x

Answer:

Let us take y = x? log x

Now,

dy _ d(x3logx)
dx dx

(x3) 3 d(ogx)

+ X
dx

= log x.
= logx.3x2 +x3.1/x
= logx .3x%+ x?
= x2(1 + 3logx)
Therefore,

d?y _ d[x?(1+3logx)]
dx2 dx

d(1+3logx)
2
+ dx

—(1+310gx)




= (1+3 logx). 2x +x. 2

= 2x + 6xlogx + 3x

= 5x + 6xlogx

=x (5 + 6logx)

Q. 6 Find the second order derivatives of the function
e* sin 5x

Answer:

Let us take y = €* sin 5x

Now,

dy _ d(e*sin5x)
dx dx
( x) d(sin 5x)

= sin 5x.—= + e”*.
dx

d(5x)

= sin 5x.e* 4+ e*.cos 5x. ™

= eXsinSx+e*coss5x.5
= ¢* (sin5x + 5cos5x)

d?y _ d[e*(sin5x+5 cos 5x)]
dx2 dx

(ex) d(sin5x+5 cos 5x)

_|_x
dx

= (sin 5x + 5 cos 5x).

= (sin 5x + 5 cos 5x)e* + e”* [cos 5x.% + 5(— sin 5x). dilsxx)

= ¢* (sin5x + 5¢0s5x) + €* (5c0s5x — 25s1n5X)
= ¢* (10cos5x — 24sin5x)
= 2¢e* (5co0s5x — 12sin5x)

Q. 7 Find the second order derivatives of the function




e cos 3x
Answer:
Let us take y = €% cos 3x

Now,

dy _ d(e®* cos3x)
dx dx

d(e®)
dx

d(cos 3x)

+ 6X
dx

= COoSs 3x.——

6x a(6x) d(3x)

=cos 3x. e + e®*, (- sin 3x).

= 6e6xc0s3X - 3e6xsin3x

__ d[6e°% cos 3x—3e®” sin 3x]
dx

d(e®* cos 3x) 3 d(e®* sin 3x)
' dx ' dx

d(sin 3x)

( 6x) 6x
dx te dx

= 6.[6€% cos 3x — 3e®* sin3x] — 3 [sin 3x.
= 36e%*cos3x — 18e%*sin3x -3[sin3x.e%*.6 + e*.c0os3x.3]
= 36e%*c0s3x — 18e™sin3x — 18e%sin3x -9e®cos3x

= 27e%c0s3x -36e%*sin3x

= 9e% (3cos3x — 4sin3x)

Q. 8 Find the second order derivatives of the function
tan! x

Answer:

Let us take y = tan™! x Now,

dy _d(tan™) 1
dx dx T 1+x2




2y 452l

dx? dx

ST 2y, 40+2%)
=———=(D.(A+x%).—

. . —2x
Tt 2x = (1+x2)2

Q. 9 Find the second order derivatives of the function
log (log x)

Answer:

Let us take y = log (log x)

Now,
dy _ d[log(logx)]
dx dx
1 d(logx) 1
logx™ dx  xlogx

= (x log x)!

d?y _ d(xlogx)™?
dx2 dx

. —2 d(xlogx)
=(-1). (xlogx) N

-1 d(x)

= (xlog 2)2° [lOg X.E + x

4dog)

(xlog el [logx 1+ x. ]

_ —(1+logx)
(xlogx)?

Q. 10 Find the second order derivatives of the function
sin (log x)

Answer:




Let us take y = sin (log x)

Now,

dy _ d[sin(log x)]

dx dx
d(logx)
= log x). —=—=
cos (log x) .
__cos(logx)
x

Then

dzy B d(cos(log x))

— X
dx? dx

a(x)

d[cos(logx)]
X—— W

< —cos(log x).

x2

x.[— sin(log x).%]—cos(log x).1

x2

—x sin(log x).%.cos(log X)

xz

__ —sin(logx)+cos(log x)

x2

2
Q.11 Ify=5cosx—-3 sinx,provethat%+y= 0

Answer:
It is given that y = 5 cos x — 3 sin x

Now, on differentiating we get,

dy _ d[5cosx—3sinx]
dx dx




__d(5cosx) d(3sinx)
B dx B dx
__5d(cos5x) 3d(sinx)
N dx N dx

= 5(-sin x) — 3(cos x)
= -(5sinx + cos X)
Then,

d?y _ d(—(5sinx+cosx))
B dx

d(sinx)
[5' dx

d(cosx)
+3.5850 ]
= - [5cosx +3(-sin x)]

= -[5cosx-3sinx]

-y

Therefore,

d?y _
w+y—0

Hence Proved.

Q. 12 If y = cos™! x, Find d?y/dx? in terms of y alone.
Answer:

It is given that y = cos™! x

Now,

dy _d(cos™') -1
dx ~  dx  V1-xZ

Therefore,

=—(1- xz)_%




dx?

Now it is given that y = cos™! x

= X=C0Sy

Now putting the value of x in equation (1), we get

d’y _ —cosy

= 3
dx? J1-cos2y

_ —cosy
3

JsinZy

__—cosy _ -—cosy 1

~ (siny)3 ~ siny sin2y

d 2
=—== —coty.cosec“y

Q. 13 If y = 3 cos (log x) + 4 sin (log x), show that x> y, + xy; +y =0
Answer:

It is given that y = 3 cos (log x) + 4 sin (log x)

Now, on differentiating we get,

ay _ d(3 cos(logx))+4 sin(log x))

dx dx

—3 d(cos(logx)) + 4-.d(sin(logx))
dx dx

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




_dy _ —3sin(logx) n 4 cos(logx) _ 4cos(logx)—3sin(logx)

dx X X X
Again differentiating we get,
4 cos(logx)—3sin(logx)
d?y _ d( x )

dx? dx

_ xf{4 cos(logx)—3 sin(log x)} —{4 cos(log x)—3 sin(log x)}(x)’

xz

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

xz

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

x2

__ —sin(logx)—7 cos(log x)

x2
Therefore,

X*y2+xyity

= 52 (— sin(log x)—7 cos(logx)) 4y (4 cos(logx)-3 sin(logx)) n

x2

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

X

= -sin(logx) — 7cos(logx) + 4cos(logx) — 3sin(logx) + 3cos(logx) +
4sin(logx)

=0

So, X2y, +xy; +y=0

Hence Proved

Q.14

If y = Ae™ + Be™, showthat—— (m +n)—+ mny =0

Answer:

According to given equation, we have,




y = Ae™ + Be™

d d(Ae™X+Ben*
Then, y_ X )
dx dx

d(emx) d(enx)
dx +B. dx
d(mx)

=A.

d(nx)

=A.e™m*
dx

+ B.e™

= Ame™ + Bne™

Now, on again differentiating we get,

d?y _ d(Ame™*+Bne™ )
dx2 dx

d(emx)

d(enx)
dx

= Am + Bn.

= Am.e™* d(mx) + Bn. e™® d(nx)

= Am?e™ + Bn?e™

d2
" dx?

= Am?’e™ + Bn?e™ — (m + n) (Ame™ + Bne™) + mn (Ae™ + Be™)

— (m +n)—+mny

= Am?e™ + BnZe™- Am?e™ - Bmne™ -Amne™ - BnZe™ + Amne™ +

dZ
———(m+n)—+mny—0

dx?

Hence Proved

2
Q. 15 If y = 500 + 600, show that ~ = 49y.

Answer:

According to given equation, we have,




y = 500e™ + 600e~7*

dy _ d(500e7*+600e~7%)
dx dx

d(e7x)

d( 7x)

= 500. + 600.——

d(7x)_|_60O —75 A(—7x)
dx

=500.e7*
=3500e™ - 4200e7x

Now, on again differentiating we get,

d?y _ d(3500e7%*-4200e”7%)
dx? dx

d(e

d(e‘7x)

=3500. —4200——=

= 3500 e”@ —
dx

7y d
42500e T
= 7x3500.e”™* + 7x4200.¢7*

= 49%x500e™ + 49x600e-"*

= 49(500e7 + 600e7%)

Hence Proved

Q.161IfeY (x +1)=1, show that=
Answer:

It is given that

ey (x+1)=1




Now, taking logarithm on both the sides we get,

y=logi

x+1

On differentiating both sides, we get,

a2
2= (x+1) —(;;1)

-1 -1

(x+1). (x+1)2  x+1

Again, on differentiating we get,

_ i)

dx

) - (x-|-11)2

Hence Proved

Q. 17 If y = (tan™! x)?, show that (x> + 1)? y, +2x (x? + 1) y1 =2
Answer:

: It 1s given that

y = (tan™! x)?

On differentiating we get,

dy _ d[(tan=1x)%]

dx dx

-1
=2 tan! x dltan”7x]




=2 tan"'x —;
1+x

= )y _ 1
(1+x ™ 2 tan™ X
Again differentiating, we get,

2y 4%y a _ 1
(1+X)dx2+2xdx - 2(1+x2)

_ 2y2 &2y 2y _
1P 22 4 2x(1+2) 2 = 2

So, (1+x2)2y? + 2x(1+x?) y; =2

d?y

dy
where, y1 =——and y»=—=

Hence Proved




