RD Sharma Solutions for Class 12 Maths Chapter 12
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EXERCISE 12.1 PAGE NO: 12.17

1. Find the second order derivatives of the each of the following functions:
(i) x® + tan x

Solution:
Given, y = x> + tan x

dy
We have to find dx*

d’y  d dy

As dx2 dx dx)
dy
So let’s first find dx and differentiate it again.

dy

=23 _d,3y, 4
.3 = 3 (X +tanx) = —(x%) + —(tanx)

= 3x? +sec?x

d
= 3x2 + sec?x
Sodx

Differentiating again with respect to x

d sdy d 5 ) d 5 d .
E(E) = (3x° +s5ec x) = E(SX )+E{sec X)
d?y

Tz = 6X + 2secxsecxtanx

d?y

ke 6X + 2sec?xtanx

(ii) Sin (log x)

Solution:
Let, vy = sin (log x)

a7y
We have to find d=*
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ey _ i(ﬁj
We know that dx®  dx “dx

So let’s first find dy/dx and differentiate it again.

dy i .
it (sin(logx))

Differentiating SI1 (108%) ysing the chain rule,

let, t=logxandy=sint

dy dy  dt
wdx dt " dx [using chain rule]
dy 1
— = COSt X —
dx X
dy

il cos(logx) x i

Differentiating again with respect to x
d (dy) . d | 1
dx \dx/ dx (cos(logx) x x)

2

-1 1 1
i cos(logx) x = + < X < (—sin(logx))

Now by using product rule for differentiation we get,
=% cos(logx) — z2 Sin (logx)

d’y -1 |
i Ems(lﬂg:{) — zsin (logx)

(iii) Log (sin x)

Solution:
Let, v = log (sin x)
d%y
We have to find dx*
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{ 0)

We know dwz N

So let’s first find dy/dx and differentiate it again.

E = —{log{smx))

Differentiating sin (log x) using chain rule,

let, t=sinxandy=logt

dy _dy de
wdx dt dx [using chain rule]
d 1
s = COSX X —
dx t
—10 X_ 5 sinx) = cosx
dy cosx
— = —— = cotx
dx sinx

Differentiating again with respect to x:

d (dy) _d .
dx \dx/ dx (cotx)

a2 d

£ ¥ _cosec?s. —cotx= —cosec3x
dx? [ vodx ]
d?y ,

~—; = —Cosec’x

dx

(iv) e* sin 5x

Solution:
Let, y = e* sin 5x
dy
Now we have to find dx*

=D

d
We know, d'cz o

RD Sharma Solutions for Class 12 Maths Chapter 12
Higher Order Derivatives

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

RD Sharma Solutions for Class 12 Maths Chapter 12

m BYJ U'S Higher Order Derivatives

The Learning App

So let’s first find dy/dx and differentiate it again.

dy i
Sodx

d .

a(e“ sin 5x)
Let u=e*and v = sin 5x
As, y=uv

Now by using product rule of differentiation:

dy dv N du
dx dx dx

dy xd o ; 4 x
il (sin5x) + sin Sx_-e
dy .
— = be*cos5bx + e®sin bx
dx

d . . . d
= (sinax) = acos ax,where a is any constant &— e¥ = E"]
e+ b4 X

[
Again differentiating with respect to x:

d(dy)—d(w 5x -+ e sin 5x)
% \dx _dK e CosoX +— e slnox

d d
=% (5e*cosbx) + E(E sin 5x)

Again using the product rule

dEy “d'5 —l—'5d“‘+5“:d 5x) + 5d5“
— = p¥—{(5inbx sin bx— e’ e*—(cosb5x) + cosbx— (5e’
dx? dx{: ) dx dx{: ) dx{: )
2

E = be* cosbx — 25e* sinbx + e®sin bx + 5e*cos bx

d*y . .

@= 10e*coshx — 24e*sin bx

(v) e®* cos 3x

Solution:
Let, y = e cos 3x
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d*y
We have to find dx®

d®y d (dy
We know, dx®  dx “dx

So let’s first find dy/dx and differentiate it again.

dy _ d . 6x
e dx{e cos 3x)

Let u =e®™ and v = cos 3x
We have, y = uv

Now by using product rule of differentiation

dy dv N du
Y u—+v
dl'" 6X d d 6x
— = e”*—(c0os83x) + cos3x—e"
o dx dx{: ) dx
d ¥
d—y = —3e®*sin 3x + 6e®*cos3x
X
d ' i d  ax x
[ a{:ms ax) = —asinax,a is any constant &EE X = HE']

Again differentiating with respect to x

d ¢d d
= (d_i) o (—3e*sin 3x + 6e°*cos3x)

_ 3e°*sin 3 —I—dﬁﬁx 3
_dx{ e"*sin 3x) dx{e c0s3X)

Again using the product rule

&y _ —SEEKE{SinBX)—351113x£eﬁx+ 6EEKE{CG53X) + '305333(5'363)
d?y

el —9e5% cos3x — 18e*sin 3x — 18e®*sin 3x + 36e%*cos 3x

dE

d_:j = 27e%%cos3x— 36e°*sin3x
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(vi) %3 log x

Solution:
Let, y = x° log x

&y
We have to find dx*

dy d {dy)
We know dx®  dx “dx
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So let’s first find dy/dx and differentiate it again.

dy _ d .3
Sodx dx {:X lﬂng

Let u=x>and v = log x

We have, y =uv

Now by using product rule of differentiation

dy dv+ du
dx  ndx ' dx
dy

_ L3d d 3
LT X (logx) + logxdxx

XE

W_ 52 X
dX—BX logx + "

B i{lﬁg:{) = i andi{x“) = nx™!

[ ]

Again differentiating with respect to x

d sdy d 5 5
E(ﬁ) _E(EX logx +x°)
_d 3x°1 + e

Again using the product rule
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4y = 31 d 2+ 3x° dl + 1
axz U OBt TN gy B Tkt
= ny _ n—1
We know dw(lﬁg:{) = and (x )=nx
TV _ xtogx+ X+ 2
Iz = oxlogx+— X
d?y
e 6xlogx + 5x
(vii) tanx
Solution:
Let, y = tan 7 x
dZy

We have to find dx*

d dy
Asd'cz_ {: )

So let’s first find dy/dx and differentiate it again.

dy _d -1
Sodx dx (tan X)
ﬁ 1

Sodx 1+x2
Differentiating again with respect to x
d (dy) d 1
dx\dx/ dx *1+x2

1
Differentiating 1+x=2 using chain rule,

)

lett=1+x*and z = 1/t

dz dz dt
—_— =W —
odx dt dx
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dz 2x

[ __1 — i ny o __ n—1
&odx 2 X 2x = 1+x2 ['.' dx {:X ) =X ]
ey 2x
O o (14+x2)2
(viii) x cos x
Solution:
Let, y =X COS X
&y
We have to find dx*

We know d'cz N

So let’s first find dy/dx and differentiate it again.

dy _d
Sodx dx (XEGSX)

let u=xand v =cos x
As,y=uv

Now by using product rule of differentiation:

dy dv N du
dx  dx dx

d d

di—x {cusx)+|:ﬁsxd X
dy .
o —xsin X+ cosx

i{cas:{) = —sinx andi(x“] =nx" !

[ wodx dx ]

Again differentiating with respect to x:

d ¢dy d .
E(E) = E(—xsm:ﬁ— COSX)

RD Sharma Solutions for Class 12 Maths Chapter 12
Higher Order Derivatives

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

The Learning App

[BYJu's
d

d
= (—xsinx) + T COSX

Again using the product rule

S A LT
dx2 = KdXSIIIK SlIleX X dXEDSX

i i — i ny _ n—1
.. 7x (5inx) = cosx and—(x") = nx

[ ]

d*y | |
T2 = —XCOSX—5INX—5Inx
dx

d*y -

—— = —HCOSX— 451X

dx?

(ix) Log (log x)
Solution:
Let, v = log (log x)

dy
We have to find dx*

d’y d {dy)
We know, dx* — dx “dx

So let’s first find dy/dx and differentiate it again.

dy i i
Mrlatew (loglogx)

lety=logtand t=log x

Using chain rule of differentiation:

dy dy dt
dx ~ dt " dx
dy_r,1__1¢
',dx_txx_xlugx

Again differentiating with respect to x:
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Asd—y—uxv

1 1
Where u=x and v = logx

Now by using product rule of differentiation:
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d?y d‘-’_l_ du
Y U—tv—
dx? dx dx
d’y _1d/ 1
:-E N ‘{d‘{ (lugt) lug'c d'{ {: )
d_ZF_ _ 1 1
dx® %2 (logx)2 2 logx
d?y 1 1
Cdx? x2(logx)?  x?logx
dzy -
2.Ify=e “cosx, showthat — = 2e “sin x.
dx?
Solution:
Let y=e™" cos X
dzy

We have to find dx®

( D)

We have, d\cz N

So let’s first find dy/dx and differentiate it again.

dy _d . —«x
Sodx dx{:e EDSX)

letu=e"and v=cosx
We have,y=uv

Differentiate the above by using product rule,
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dy dv N du
dx dx dx
dy  _d dy

LT e (cosx) + CosxX__e
dy

- —X : —X
— = —p ¥*s5inx — e *cosx
dx

d d

—(cosx) = —s5inx & —ep = —p™*
[ b d::( ) dx ]

Again differentiating with respect to x
d (dy) d{ e x )
—|— ) =—(—e""sinx —e *cosx
dx \dx/ dx

d —X o} X
=% (—e™™sinx) _E(E *C0osX)

Again by using product rule we get

@ = —e‘“i{sinx) — sinxie"‘ — E‘“i{msx) —cosx—(e™¥)
dx? dx dx dx dx
d?y _ . s _
T2 = —p *rosx+e Fsinx+e *sinx+ e *cosx
X
d d
—(cosX) = —sinx,—e ¥ = —a™¥
['.' dx( ) dx ]
@F = 2e *sinx
dx2z

Hence proved.
2

d
3. Ify=x +tanx, show that cuszmd—g — 2y + 2x = 0.
T

Solution:
Giveny =x + tan x
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dy
Let’s find dx®

dzy_ d{:dy
As dx2  dx “dx

So let’s first find dy/dx and differentiate it again.

dy

d d d
Ml a{x-l—tanx) = E(X:H_ E(tan:{) — 1+ sec2x

d
T =1 +sec?x
o dx

Differentiating again with respect to x

d (dy d , d d i
E(E)—E{l-l—sec K)—E{l)—l—ﬁ{sec X)

By using chain rule, we get

d%y

= 0+ 2secysecxtanx
dx

dZ

¥ _ 2sec?xtanx

dx?

dZy
As we got an expression for the second order, as we need cos’x term with dx®

Multiply both sides of equation 1 with cos*x

We have,
dZ
cos?x-— = 2 cos?xsec’xtanx
dx [ cosx x secx =1]
d?y
cos’x~— = 2tanx
dx

From the given equation tanx =y —x

2

- mszxd—; = 2(y—x)

2, 4%y _
+ COS"X—— — 2y +2x =0
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4. Ify= x> log &, prove that — —
dx?

d*y 6
—

Solution:

Given, y = x° log x

d%y
Let's find dx*

&y da(dy)_dfafa/ dy
dw:{ dx? EE(E) T odx (dx(dx (d‘{)))
As @
So let’s first find dy/dx and differentiate it again.

dy _ 4 .3
Sodx dx {X 10g X)

Again differentiating by using product rule, we get

d d
& x*—logx + logx —x?

dx dx dx
dy x° ,
Feiaie + 3x° logx

dy ;
X (1+ 3logx)

Again differentiating using product rule;

d*y d d
gz -
= X dx(l+310g:{)+ (1+ 310gx)dxx
Ty _ 3+ 1+ 31 2

Tz X ><X ( 0gX) X 2X

d?y

@=X(5+6lng:{)

Again differentiating using product rule
dgy

d d
o X—{S +6logx) + (5 + 610g:{)—x
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Y xCi 5161
dxg_xxx ( 0gx)
d3y

@=11+610g}§

Again differentiating with respect to x
d*y 6
dx4 x
Hence proved.
3
3

5.1f y = log (sinz), prove that ey = 2cos x cosec’x.
T

Solution:
Given, y = log (sin x)

&y
Let’s find — dx?
@y _ d(Fy)_ 4 4 (d
As di® dx(dxz) T dx “dx (dx))
So let’s first find dy/dx and differentiate it again.

dy d .
it (log(sinx))

Differentiating log (sin x) using the chain rule,

let, t=sinxandy=logt

dy dy  dt
wdx  dt* dx [using chain rule]

d 1
Y cosxx
dx t
d 1 d ., _
[+ wlogx_- & & (sinx) = cosx,
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dy cosx
dx sinx

Differentiating again with respect to x

d (dy) _d .
dx \dx/ dx (cotx)

2
d y_ ;
—~ = —cosec®x
dx?
d
—cotx = —cosec?x
[ 'l.‘l dx ]
2
d y 5
——; = —cosec’x
dx

Differentiating again with respect to x:

d /d? d
(_3’) — ( —cosec?x)

dx \ dx? dx
2 cosecx= —cosec XCotx
Using the chain rule and dx
d?y
——3 = —2cosec X(—cosec xcotx)
dx

COSX

= 2cosec?x cotx = 2 cosec?x

SN X

dy 5
s —— = 2C0Sec X cosx
dx3

Hence proved.

2

6.1fy—=2sinx+ 3cosx, Shnwthatd—!;—l—yzﬂ.
T

Solution:
Giveny=2sinx+ 3 cos X

a7y
Let’s find dx®
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@y_a
We know dx® ~ dx “dx

So let’s first find dy/dx and differentiate it again.

dy_d ; _ad . d
el dx{z sinx + 3cosx) = 2 — (sinx) + 3 — (cosx)

=2c05Xx— 3s5inx

d .
. = = 2 cosx — 3sinx
S dx

Differentiating again with respect to x:

d(dy)_d(z 35 )_Ed 3d .
dx \dx _dX COSX SInX) = dXEGSX dXSIIIX
dzy— 2 si 3

dx2 = SINX CO5X

We have, y=2sin x+ 3 cos x

dzy

I.‘I E

= —(2sinx+3cosx) = —y

Hence proved.

2

log @ o 2logx — 3
T.I1fy=—2% show that — — 228 .
T dx? T3
Solution:
Given y = log x/x
dy
Let’'s find d=®
d®y _ d dy
We know dxz  d (dx

So, let’s first find dy/dx and differentiate it again.
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As vy is the product of two functions uand v
letu=logxandv=1/x

Now by using product rule

d dv du
E(uv}=ud—+vﬁ

i (mﬁ) = lw:rg:.e;il + lilnug:-e;
dx \ x dxx xdx
g= —%10g};+;

dy

1
Feliies (1—logx)

dZy
Again using the product rule to find dx®

d?y 1

@ = {:1— lﬁgX)d—E-F EE{:]-_ IDgX)
1—logx 1

=2 )T

dZy 2logx—3

dx2 xd

Hence proved.

d2
B.Ifx —=asecH, y—=>btan®, prove that d—g
T

Solution:

Ify=1(0) and x=g (0) that is y is a function of 8 and x is also some other

function of 6.

Then dy/dB =f' (B) and dx/db =g’ (8)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

[BYJu's

The Learning App
dy
dy ==
. dx - _%
We can write: de
Given,

Xx=asecH ....equation1

y=btan @ .....equation 2

dZy

We have to pr-::uureE T anya

dy
Let’s find dx*

dzy_ d {:dy
As, dx* T dx tdx

RD Sharma Solutions for Class 12 Maths Chapter 12
Higher Order Derivatives

So, let’s first find dy/dx using parametric form and differentiate it again.

dx d
TR secO =asecBbtanb
¥ b 2
.. — =bhsec-8
Similarly,d8 ...

[+ dx

d
_@_ % bsec?8

equation 3

equation 4

d d 5
5. S€CX = secXtanx, —tanx = sec*x]

= —cosech

“dx  dx  asecBtan® a

de

Differentiating again with respect to x

d (dy)_ d b 0
dx \dx/ dx{amsec )
dZy

b da
— = ——cosecH cotb —
dx? a dx

From equation 3:

dx

I = asecBtanb

equation 5 [using chain rule]
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1

e E asecBtanB

Putting the value in equation 5

Y _ D secocote
dxz | g o O ecO@n
d?y —b

dx2 aZtan3#

From equation 1:

y=btanB
@y  -b _ b*
dx | AR T g2y
. = _

9.1 fx =alcos@ + fsinfl), y = alsinf — @ cosd), prove that

dz (cos — Osin 6) d*y (sia 0 Tl AVind d’y  sec’
— =alcosf —fAsinf), —= = alsin cos ) anc =

df? "2 dr? afl
Solution:

If y=1f(0) and x =g (8), that is y is a function of 8 and x is also some other
function of B.

Then dy/dB =f' (8) and dx/dB =g’ (6)

& _ &

. ds o
We can write: © s
Given,
Xx=a(cosB+08sinB)....equation 1

y =a (sin 8 — 06 cos 6) ......equation 2
d%y
Let’s find dx®
dzy

_d (dy
We know dx®  dx “dx
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O 4 (cos + Bsine
a8 dea(ms sin B)

= a(—sinB + B cosB + sinb)

=a B cos 6... Equation 4

Again differentiating with respect to 6 using product rule

X (—Bsind + coso
Ty a(—0sinb + cosB)
4% _ a(cos® — 0 sind)
. 392 = alcos sin
Similarly,
& 4 (sin®—Bcosb) = a—=sinb 8cos
a0 dea(sm cosB) = adﬁsm ag ( cos @)
= acosB + aBsinB —acosH
dy .
e —30sin® equation 5

Again differentiating with respect to 6 using product rule

X a(Bcos0+ sin®
182 a(Bcosb+ sin )
d2x
i a(sin® + B cos8)
dy
dy_ =
ol
LR de

Using equation 4 and 5, we have

dy al—]sinﬁ_t 0
dx  aPcos® 0
42 d .d

7 = {F)

We have dx®
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Again differentiating with respect to x

d?y
—=—tanb
dx?2 dx

da

2

=gec B—

dx

dx de 1

'.'E_ HBEDSB => E_ af cos8

Putting a value in the above equation we get

d%y ,

@z sec”8 x abcosb
d’y  sec®®

dxz  ab

d? I
10. I' f y = €” cos =, prove that SRl B 2ecos |z + — | .
dx? 2

Solution:
Given, y = e* cos x

dy
We have to find dx®

d’y _ d dy
As dx= o ::'lzc{u:i:c::I

So let’s first find dy/dx and differentiate it again.

dy

_ 4 ox
Sodx dx{E CGSX)

let u=e*and v=rcos x
As,y=uv

Now by using product rule we get
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dy . d dy _x

— = f"—(COSX)+ COSX—e
oo odx dx{ ) dx
dy X o X d : d X
— = —&*5INX + e Co0sX —(cosX) = —sinx & —e* = @’
dx ['.' dx( ::I dx ]

Again differentiating with respect to x

d (dy)_ d X siny 4 e* )
dX dX _dK e s5inx e CosX

. d .
=— (—e®sinx) + E(E COS X)

dx
Again using the product rule
dzy X : : d ‘{+ X d + d X
— = —e*—(sinx) —sinx—e* + e*—(cosx) + cosx— (¢’
dx? dx{: ) dx dx{: ) dx{: )
dzy X X o3 X a3 X
i —e*cosX —e*sinx — e*sinx + e*cosx
4 o minw S oa-x . a-x
[ dx(msx)— sinx, —e™ = —e ]
d?y .
— = —2e¥*sinx .
dx? [ —sin x = cos (x + /2)]
d?y - L
— = —2e*cos(x+ =
dx? ( 2)

Hence proved.

. d*y bt
11.Ifxr=acos8 y = bsin®, show that — = — .
Solution:

Given,

Xx=acos 0 ....equation 1

y =bsin 6 .....equation 2

If y=1f(0) and x =g (B8) that is v is a function of 8 and x is also some other
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Then dy/dB = f' (8) and dx/d6 = g’ (B)

& _ &

.odx =
We can write de

dZy _
aZy?

Now we have to provedx®

&y
Let’s find dx®
As dx? dx “dx

b4

So, let’s first find dy/dx using parametric form and differentiate it again.

dx d

=—acosb = —asinb .
ds  de ...equation 3
y
. — =bcos B .
Similarly,de  ~ ... equation 4
d . d .
—C0sX = —sinxtanx,—sinx = cosx
[+ dx dx
by X boose b
T} COS
____Er':@: —— = ——coth
dx  dx asin @ a
de

Differentiating again with respect to x

d (dy)_ d b ‘0
dx \dx _dx{ 2" )

By using chain rule, we get

From equation 3

dx

a0 = —asinb

% ....equation 5
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e -1

oo dx asin@

Putting the value in equation 5

d?y b 1
—~ = ——cosec?B

dx? a asin@
d?y —b

dx? aZsin*b

From equation 1:

y=bsinB
dzy_ -b b*
) dx2 3.]2:;3 - aZy?

Hence proved.

12. I f (1 36) in® 0 that TY _ 32 L, T
. €T = a — COSs " = &E51n " Tove i = i = —.
o dx? 27a 6

Solution:
Given,

Xx=2a(l-cos?0).... equation 1
y=asin 8 ... equation 2

Ify=1(0) and x =g (B) that is y is a function of 8 and x is also some other
function of 8.

Then dy/dB =f' (8) and dx/db = g’ ()

dy

v

.oodx
We can write de
dy
Let’s find dx®
d’y d {:dy'
dx “d

We know dx2 x
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dy
Let’'s find dx®

dzy_ d (dy
We know dx®  dx “dx

So, let’s first find dy/dx using parametric form and differentiate it again.

Now by using chain rule,

dx d
— =—a(1-cos*0) = 3acos?Hsin B :
de de ( )= 3acos“Osin 6 equation 3
Similarly,
dy _ d _ . 3 .02
— =—3asin°08 = 3asin“Bcosb )
e d48 T T T L equation 4
4 osx — — sinx &2 cosx = si
[ 1 COSX = —sINX & —cosx = sin x]
d
dy % 3 asin®0 cos6 a6
n— = = = tan
dx  dx 3acos2@sin 6

de

Differentiating again with respect to x
d (dy) _d can®
dx \dx/ dx( an®)

dx? dx ..... Equation 5

From equation 3

dx -
— =3acos-06sin O
de
de 1
N dx  3acosZBsin B

Putting the value in equation 5

d2y 2 1
axz ¢ Y3acos20sin O
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d’y 1
dx2  3acos*Bsinb
Put® =mn/6

ra] =

(dzy) : ( TII) 1 1
dx? 6/  3acost=sin— V3
° T

6
) ot (= T) = 22
.'.(dxz at X=%) " 272

Hence proved

)

d? a
13.If x = a(6 + sin@),y = a(l + cos 8), prove that il -
dxr? yz
Solution:
Given,

x=a (0 +sinB).....equation 1
y =a (14 cos B) .....equation 2

If v=1(B) and x =g (B) that is y is a function of 8 and x is also some other
function of 6.

Then dy/dB =f' (8) and dx/d6 =g’ (8)
dy
dy T
i
We can write s
4%y
Let’s find dx2
ey _ d dy
AS: dx? dx{:dx
So, let's first find dy/dx using parametric form and differentiate it again.

dx

d .
da=ﬁa{ﬁ + sinB) = a(l+cosB) =y
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Similarly,
dy d .
—=—a(l+ cosB)= —asinb .
de de ( )=—asin0® equation 4
d . d .
— COSX = — 5INX,—S5INX = COSX
['.' dx dx
dy . ] ]
. dy _3?{_ _ —asin®  —sin8  -—asin®
Tdx 35 o a(1+cos8) (1+cos@) ¥V

Differentiating again with respect to x

RD Sharma Solutions for Class 12 Maths Chapter 12
Higher Order Derivatives

d (dy) d sin@

dx \dx *ax 4

Using product rule and chain rule together, we get
d?y sin@ dy do
@ = — —}'E d—‘l‘—EOSBd—
By using equation 3 and 5

Py sin8(-asing) 1 01
P a{_yz +FEOSBF]
d?y asin’6 1

e —a( e -I—E;I:GSE})
d_zy' _ & asin® @

dx? (a {1+ cos @) + cos® ::I

d?y a 1—cos’0

dx2 }E (1+ cos8)
d’y  a (1—cos8)(1+cosB)

+ cos0 )

dx2 ~  y2 (1+ cos8)

d?y a

e —F{I—EGSB + cosB )
dy_ _ 2

,‘,dxz_ y2

Hence proved.

+ cosB )
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d
14.If @ = a(6 — sin ),y = a(1 + cos 8), find d—i.
a

Solution:
Given,

¥x=a(0—sinB) .....equation 1

y=a (1+ cos B) ......equation 2

Ify=1(0) and x =g (B) that is y is a function of 0 and x is also some other

function of B.
Then dy/dB = f' (B) and dx/d6 =g’ (B)

. dx =

We can write as
dy
Now we have to find dx®

dy d l:d}r
As, dxz  dxd

X

So, let’s first find dy/dx using parametric form and differentiate it again.

dx d .

FARPTE (6 — sinB) =a(l-cosd) equation 3
Similarly,

dy _ d — —3si

a6 ae° (1+ cos©) asin® equation 4

. E_ ;—; - —asin 8 - —zgin 8

Tdx 5 o a(l—cos8) o (1—cos@) Equati:::n 5

Differentiating again with respect to x, we get
d (dy) d sinB
dx dx "1 —cosB

dx

Using product rule and chain rule together, we get

2

RD Sharma Solutions for Class 12 Maths Chapter 12
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1 do
dB (1 —cos E})} dx

d 1

—3inf — sinb —

dx?2 - {_l—cﬂsﬁdﬁ

Apply chain rule to determine d8 (1—cos8)

d®y { —cosh

dx2 li-cosB

(1—cos8)2

} 1
a(l—cos@)

dx?

d?y —cosB(1—cosB) +sin’ 8 1
(1—cosB)2

a(l— cosB)

dx2

(1— cosB)?

a(l—cosB)

d?y {— cos B + cos®0 + sin? B] 1

dx?

d?y 1

dx2 a(1— cos0)2

d®y { 1—-cos@ }
= (@—cos8)?J s(1—cos) [ -- COS*6 +5In” B = 1,

We know 1— cos B = 2sin? 8/2

d®y 1

dx? [, . o2
dx 3(2 ssz)

2

Py _ 1 48
Sodx? 43EGSEE 2
. d*y 1 ™
15 Ifx = a(l —cos®@),y = a(f +sinf), prove that — = —— at 8 = —,
dax? a 2

Solution:

Given,

y=a (0 +sinB)...equation 1

Xx=a(1-cos 8) .....equation 2

If y=f(08) and x = g (B) that is y is a function of 8 and x is also some other

function of 8.
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Then dy/dB =f' (8) and dx/dB =g’ (6)
dy T
i
We can write de

d2y

SY_ _late=T
Now we have to provedsx® a 2,

dy
Let’s find dx®

ay _ d dy
Asg dx= o dx{:dx)

So, let’s first find dy/dx using parametric form and differentiate it again.

di:ia(ﬁ + 5inB8) = a(1+ cos B)

e de - T 0 AT TR L equation 3
Similarly,
dx
———a 1— cosB)=asinb .
dé de ( )=asin® equation 4
d . d
—C0SX = — sinx, —sinx = cosx]
[+ dx dx

d
. dy _ﬁs_ _ a(l+cos8)  (1l+cosB)

Tdx asin@ o sin@ .
ae T equation 5

Differentiating again with respect to x

d (dy)_ d ({l-l—-:crsﬁ)
dx \dx/ dx sin B

Using product rule and chain rule together we get

d
) = E(l + cosB)cosec B

d?y d d de

i = {cosec B {1 +cosB) + (1 +cos E) g Cosec EI'}—K
= {cosec B(—sinB) + (1 + cosB)(—cosec BcotB)} -

dzy {—1 — cosecBcot® — cot? 6}

dxz asinf
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d%y
As we have to find d=*

— _Iate="
a 2

“ put 8 =1/2 in above equation:

dZy

dx®

{-1-0-01
= a
d?y 1

dx? a

16.If x = a(l —cos@),y = a(f +sinf), prove that — = —— at 8

Solution:
Given,

y=a (B +sinB) .....equation 1

X =a(1+cos 8) .....equation 2

1

T T N
= {—1—cosec cot~ —cot?Z}—x

asin—
z

RD Sharma Solutions for Class 12 Maths Chapter 12
Higher Order Derivatives

dzy

dax?

1

L

If y=1f(0) and x = g (B) that is y is a function of 8 and x is also some other

function of 6.

Then dy/dB = f' (B) and dx/d6 = g’ (6)
ay 2

We can write: - g_g

Given,

y=a (0 +sinB) .....equation 1

Xx=a(1+cos B) .....equation 2

dZy

1
— = —-atB=
Now we have to proveds® a

dy
Let’'s find dx®

m

2,

https://byjus.com
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ﬂ' — i{:ﬂ)
We know, dx*  dx “dx

So, let's first find dy/dx using parametric form and differentiate it again.

dy d :
—=—alb + sinB) =a(l1+cosb .
de  de ( ) ( ) . equation 3
Similarly,
dx d
—=—al(l+ cosB)=—asinb .
de de ( )=—asin® equation 4
imsx = —sinx isim{ = COSX]
[+ dx - " dx N
d
. dy _ _gg_ _ a(1+cos8) _ _ (1+cos8)
dx — —asing sin @ .
ae L. equation 5

Differentiating again with respect to x

d (dy) d (_{l-l— casﬁ))

d
= (30) = p— = _E(l + cosB)cosec B

T dx

Using product rule and chain rule together

d*y d d de
Frci —{cosec BE(I + cos@) + (1 + cos B)Ecosec B}E
d®y .

i —{cosec 8(—sinB) + (1 + cosB)(—cosec BcotB)}
'y = {—1 — cosecBcotB — cot? 6}

dx? asin®

%y
As we have to find dx®

— —late="_
a 2

~ put 8 = /2 in above equation:

dy m m gm, 1
¥ _ r_q _ T n_ T [-1-0-0}1
s {—1 — cosec S cot- —cot E}E )
z= a
dy 1
dx? a

https://byjus.com
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dy

dxr

dz
17. I f & = cos B,y = sin® 8), prove that yd—g + (—
T
Solution:
Given,

y =5in0 .....equation 1

X =cos 8 .....equation 2

2
) = 3sin®@(5cos’ 6 — 1).

If y=1(0) and x =g (B), that is y is a function of 8 and x is also some other

function of B.
Then dy/dB =f' (B) and dx/d6 =g’ (B)

dy
E i —_—
. dx - _&_%
We can write: T
}’d—zy+ (E)z = 3sin® 6 (5cos’6 — 1)
To prove:¥ dx? dx
dy
Now we have to find dx®

d®’y d dy
We know, dx®  dx “dx

So, let’s first find dy/dx using parametric form and differentiate it again.

dx _ sinB
de T equation 3

Applying chain rule to differentiate sin®8, then

dy . D
— = 3sin“ B cosHO .
de equation 4
Ly
d —  3sin®Bcos® :
F - T T _3sinfcosh
dx = —zsin@ .
@ . equation 5
Again differentiating with respect to x

d’y d dy
dx2  dx dx)
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Ty _ 4 3sin6cose
dxz_dx{ sinB cosB)

Applying product rule and chain rule together, we get

Y 3(sin6-3 cosd + cos-Lsingy 22
i {sin 48 <°8 cos 9 - osin }dx
Put the value of d6/dx

dE

_y_ @i 2 1
i 3{—sin“ 6 + cos~ B} pry

Multiplying y both sides to approach towards the expression we want to prove

d? e

y_ a2 2
= 3{—sin" 8 + cos“ 8} pe

Vix2

Substitute the value of y
d?y
_— = —ai 2 2 i1y 2

Y 5 3{—sin“ 0 + cos“B}sin“ B

Adding equation 5 and squaring we get

d?y  (dy\ - 201 ain? 02 0 cos?
y@—k(ﬁ) = 3{—sin“ 0 + cos“06}sin“0 + 9sin“Ocos-0O
dy dy\t L > ’
y@—k(ﬁ) = 3sin“ 8 {—sin“ 6 + cos“6 + 3 cos 0}
d’y sdy : . 9 2
y@—k(ﬁ) = 3sin“08{5cos“ 0 — 1}
2y dy 2
18. I'f y = sin(sinx), prove that — + tanx.— + ycos“ x = 0.
dax? dx
Solution:

Given, y = sin (sin x) ......equation 1
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dj}-' dy 5

- +tanX.—+vycos x =0
To prove: X~ X

dzy
Now we have to find 4=

ey _ a ey
We know dx®  dx “dx

So, first we have to find dy/dx

dy d
= dxsm{smx}

Using chain rule, we will differentiate the above expression

4 _ cosx
lett=sinx=>dx
dy dydt
dx  dt dx
dy

— = costcosx = cos(sinx) cosx

de T TSI equation 2

Again differentiating with respect to x applying product rule, we get
d%y - .

—— = c05X—c0s(sinx) + cos(sinx) —cosx

dx? dx ( ) ( ) dx

Using chain rule we get

d?y o . .
Gz = cos xcosxsin(sinx) — sinxcos(sinx)
d*y , |
qz = YeosTx— tan X cosx cos(sinx)

X

And using equation 2, we have:

d’y 2y eany Y
ek yCos“x :;1111:1;':1}i
d*y ) dy
@4— yCcosS“X + tanxﬁ =0
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