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Find the second order derivatives of the functions given in Exercises 1 to 10.

Question 1:

x*+3x+2

€. Answer 1:

Lety = x? 4+ 3x + 2, therefore,
dy _

2 43x+2) = 20+3 Sy _d i3y
dx_dxx x - dx?  dx x B

Question 2:
xZU

€. Answer 2:

Lety = x29, therefore,
dy d d’y d

A | 19 = 19y — 18
T dx (=)= 20% = 7= Iy (20x'”) = 380x
Question 3:

X.COS X

€. Answer 3:

Let y = x.cos x, therefore,

dy " d y = d 4 4o inxas
dx—dx(x.COSX —x.dxcosx cosx.dxx— X Sinx COS Xx
d

= — = —(— —— —— J— —
5 I' xXsinx + cosx X Sinx + sinx I' X) sinx

= —x cosx — sinx — sinx = —(%¢€05x + 2 sinx)

Question 4:
log x

€. Answer 4:
Lety = log x, therefore,

dy d I )_1

dx_dx(ogx T x

:dzy_ d(l)_ 1
dx? ~ dx\x

x2

Question 5:

x? log#

£. Answer 5:

Let y = x3log x, therefore,

% = a-(xﬂogx) = x?%logx + logx.;—xx3 = x3.§ +logx.3x? = x* + 3x?logx
d’y d " " i d s
W=a(x + 3x“logx) = 2x+3(x Elogx+logxax )

1
= 2x + 3(x2.5+logx.2x) =2x + 3x + 6xlogx = 5x + 6xlogx = x(5 + 6log x)
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Question 6:
e*sin 5x
#. Answer 6:
Let y = e* sin 5x, therefore,
dy d : d . : d .
x = a(ex sin5x) = ex.asme + mnSx.ae" =e*.cos5x.5 +sin5x.e*
= BF_ 8 e coskd sl B
32T e* cos 5x + e”* sin 5x

—s(xd 5x + sdx)+(xd'5+'5dx)
=5(e*. g cosSx + cosSx.——e e.——sin5x +sinSx.——e
= 5[e*.(—sin5x).5 + cos 5x.e*] + [e*.cos 5x.5 + sin5x.e*]

= e*(—25sin5x + 5cos 5x + 5 cos 5x + sin 5x) = e*(10 cos 5x — 24 sin 5x)

Question 7:

e cos 3x
£. Answer 7:
Let y = e%* cos 3x, therefore,
g = ;—x(eﬁ" cos 3x) = eﬁx.%cos 3x + cos 3x .aeﬁx
= e% . (—sin3x).3 + cos3x.e%.6 = 3e%*(—sin3x + 2 cos 3x)
=5 @ = a4 [3e%*(—sin 3x + 2 cos 3x)]
dx? dx

d d
= 366".5 (—sin3x + 2 cos 3x) + (—sin3x + 2 cos 3x),a o

= 3e%*.(—3 cos 3x — 6 sin3x) + (—sin3x + 2 cos 3x). 18e5*
= e%(—9cso3x — 185sin 3x — 18 sin 3x + 36 cos 3x)

= e%%*(27 cos 3x — 36sin 3x)
= 9e%%(3 cos 3x — 4sin 3x)

Question 8:

tan~1 x

€. Answer 8:

Let y = tan™! x, therefore,
dy

d
_=— -1 =
T (tan™' x)

1+ x2

d d

@.zi( 1 )_(1+x2)al—1a(1+x2)
dx?  dx\1+ x? (1+x2)2

_ 0-2x 2x

T (1+x2)2T (1+4x2)?
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Question 9:
log(log x)
£. Answer 9:
Lety = log(log x), therefore,

dy d
o a(]og(logx)) =

1 1
logx'x  xlogx

d d
d’y d( 1 )_(xlogx)ﬁl—l.ﬁ(xlogx)

dx? _ dx xlogx (xlogx)?
1
_ 0— (x.;+ logx) _ 1+ logx
(xlogx)? (xlog x)?

Question 10:

sin(log x)

£. Answer 10:

Let y = sin(log x), therefore,

dy d _ 1 cos(logx)

i a(sm(logx)) = cos(loix),; = )
d2y _d [cos(log x)] B xacos(logx) — cos(log x) T X
dx2 dxl x|~ (x)2

2 1
x {—-sm(logx).z} — cos(logx) .1 _ —sin(logx) — cos(logx)
- (x)? - (x)?

Question 11:

If y = 5cosx — 3sinx, prove that%+y =0

€. Answer 11:

Given that: y = 5 cos x — 3 sin x, therefore,

Q = i(5 cosx —3sinx) = —5sinx — 3 cosx

dx dx
d?y . , :

:@=a(—551nx—3cosx) = —5¢cosx + 3sinx = —(5cosx — 3sinx) = —y
a2

=>d—x32’+y= 0

Question 12:
2
Ify = cos— ' &, find% in terms of y alone.

€. Answer 12:

Given that: y = cos™?!

x = cosy = x, therefore,

- Loy _ 1

siny = T o cosecy

d? d

d_x); = —(—cosecy cot y).d—i} = (cosecy coty).(—cosecy) = —cosec? y coty
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Question 13:
If y = 3 cos(log x) + 4 sin(log x), show that x2y, + xy; +y =0
€. Answer 13:
Given that: y = 3 cos(log x) + 4 sin(log x), therefore,
dy

d _ _ 1 1
Fra E(B cos(logx) + 4 sin(logx)) = =3 sm(logx).; + 4 cos(]ogx).;

d
= xd—i = —3sin(logx) + 4 cos(log x)
d’y dy d

d -
= T [-3sin(logx) + 4 cos(log x)]

1 1 1 1
=-3 cos(logx),— - 4sin(logx).; =—— [3 cos(logx) + 4sin(logx)] = -3V
i Y, dy _ 1 d?y dy d’y dy

= - = x2—= — = = x2—= —= =0
xdx2 dx xy x dx2+xdx A x dx2+xdx+y

> xly, +xy; +y=0

Question 14:

Ify = Ae™ + Be™, show that— —(m+ n)— +mny =0
€. Answer 14:
Given that: y = Ae™* + Be™, therefore,
dy d
— = —(Ae™ + Be™) = mAe™ + nBe™
dx dx
d’y d 5
> —— = —(mde™ + nBe™) = m?Ae™ + n?Be™
dx? dx

2 2
y . dy d%y
Putting the value of Eand e in F

LHS = (m24e™ + n?Be™) — (m + n)(mAde™ + nBe™) + mny

= m?A4e™ + n?Be™ — (m?Ae™ + mnBe™ + mnde™ + n?Be™) + mny
= —(mnAe™ + mnBe™) + mny

= —mn(Ae™ + Be™) + mny

= —mny + mny = 0 = RHS

d
—(m+n) % + mny, we get

Question 15:
If y = 500¢7% + 600e 7%, Show that 2 = 49y,

€. Answer 15:
Given that: y = 500e’* + 600e~7%, therefore,
d d
d—z = 5(5006” + 600e~7%) = 500e7*.7 + 600e 7%, (-7 = 7(500e7* — 600e~7%)
. 4 (5007 — 600e~7) = 7[500¢7%.7 + 600e~7%. (=7)]
dx?2 dx ' '
= 49(500e”* — 600e~7%) = 49y
d?y
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Question 16:
. dZy _ dy 2
IfeY(x + 1) = 1, show that o (E) ;
€. Answer 16:
Given that: e¥ (x + 1) = 1, therefore,

v D i+ et =Ly
€ dx(x - )dxe T dx

d
=>ey+(x+1)e3’—y=0
dx
dy 1
dx ~ x+1
2 G+1D).E1-1. L e+ 1)
=>d_y d( 1 )_ “dx dx =_[0—1 _ 1
dx? dx\ x+1 (x + 1)? (x+1)2] (x+1)2
e ]
dx?
d*y (dy)
=>_ —
dx? dx

Question 17:
If y = (tan"! x)?, show that (x? + 1)%y, + 2x(x? + 1)y, = 2.
€. Answer17:

Given that: y = (tan™' x)?, therefore,

dy d 1IT\AZ an ix

— =—[(tan"'x)?] = 2tan" ' x. =
dx dx[(am %) 2 x1+x2 1+ x2

d
= (1 +x2)£ =2tan"1x

d?y dy d d
2 2 -1
:(1+x)dx2 T dx — (1 +x%)= x(2tan X)
d?y dy 2
a2 ) — =
=>(1+x)dx2+dx.2x T

d?y dy
2y2 2 _—
= (1+4+x9) —dx2+2x(1+x )_dx = 2

= (% + 1)y, + 2x(x* + Dy, = 2
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