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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) x3 + tan x

Solution:

Given, y = X° + tan x

d?y
We have to find dx?

dy _ d  dy
Asdx2 dx{dx]

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

dy _d . 3 _ 4,3y, 4
T (x° + tanx) = = (x*)+ = (tanx)

=3x? +sec?x

d
= 3x? + sec?x
o odx

Differentiating again with respect to x

d sd d d d
&(&F) - = ( 3x* +sec?x) = &{3?(2) + &{SECZX)

d?y
e = 6X + 2secxsecxtanx

d?y 5
@ =6X+ 28ecxtanx

(ii) Sin (log x)

Solution:
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Let, y = sin (log x)

dy
We have to find dx2

ey _ 4 dyy
We know that dx®  dx “dx

So let’s first find dy/dx and differentiate it again.
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dy _ i{ﬂ’)
We know that dx?  dx “dx
So let’s first find dy/dx and differentiate it again.

dy i .
T o (sin(logx))

Differentiating Sin (108X) ysing the chain rule,

Llet,t=logxandy=sint

dy _dy, gt
wdx dt dx [using chain rule]

dy . 1
— = COSt X —
dx X
dy

1
ol cos(logx) x -

Differentiating again with respect to x
d (dy) _d 1 1
dX dx - d.X (CDS{ UgX) XX)

2

Y_ cos(l 1 1L Camg
i cns{ungxxz Xxx( sin (logx))

Now by using product rule for differentiation we get,
=4z cos(logx) — e sin (logx)

dy - .
i Ems{logx) — @sin (logx)
(iii) Log (sin x)

Solution:
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Let, y = log (sin x)
dy
We have to find dx2
(iv) e* sin 5x

Solution:

€IndCareer

dzy_ d {dy)
We know dx2  dx “dx

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

dy d .
it (log(sinx))

Differentiating sin (log x) using chain rule,

Let,t=sinxandy=logt

dy _dy, &t
wdx dt dx [using chain rule]
dy 1

— = COSX X —
dx t

ilntzugzne: : i{sin:ﬁe:) = CO0SX
['.' dx =X & dx o

]

dy cosx

= ——=(otx
dx sinx

Differentiating again with respect to x:

404 o

Py _ cosec?y . Lcotx = —cosecZx
dxZ [ vodx o ]
@ = —cosec?x

dx2

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/

€IndCareer

Let, y = " sin 5x

dzy
MNow we have to find d=*

@y _ d .
We know, dx®  dx “dx

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

dy
o dx

= i{e-“ sin bx)
Let u=e* and v = sin 5x
As, y=uv

Now by using product rule of differentiation:

dy dv+ du
dx  Udx | dx
dy

d d
= ¢*—(5inbx) + sin bx—e*
e dx dx{ ) dx

&F = be*cos5x + e* 5in bx

d, . . d
» E{smax) = acos ax,where a is any constant &— ¥ = e-“]

[
Again differentiating with respect to x:

d(dy)—d{w 5%+ e*sin 5%)
dXdX_dXECGSX 27 5111 oX

d d _
=% (5e*cosbx) + &{e sin bx)
Again using the product rule

d . _ d _ . d d _
— =& 5(51n5xj+51n5:{£e + 5e &{c055xj+c0552£{59 )
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dz X .
¥ — 5eX(cos5x — 25eXsin5x + e¥sin 5% + 5e*cos 5x

2
y X
e = 10e*cos5x — 24e*sinbx

(v) e®*cos 3x

Solution:

Let, y = e®* cos 3x
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&y
We have to find dx®

i’y _d dy
We know, dx* dx{dx:]
So let’s first find dy/dx and differentiate it again.

dy

d
T a(eﬁ““ cos 3x)

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

Now by using product rule of differentiation

dy dv N du
dx dx dx
dy _ exd d gx
il (cos3x) + cos 3xce
dy
dx

[

Again differentiating with respect to x

d sd d
= (i) - = (—3e%*sin 3x + 6e°*cos3x)

= —3e%*5in 3x + 6e%*cos3x

d _ _ .
. 3 (cosax) = —asinax,a is any constant & e® = ae*

_4 3e°*sin 3 +d6&“ 3
_dx{ e"*sin 3x) dx{e c0s 3x)

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/

€IndCareer

Again using the product rule

Ty 3¢5 (sin3x) —3sin3x e+ 665 (cos3x) + COSIx - (66°
= e dx{sm ¥) —3sin X e e dx(cos X) + cos de( e )
dE}r & 5] : (5] : 6

e —9e"*cos3x — 18e®*s5in 3x — 18e*sin 3x + 36e°*cos 3x

dE

E:Z = 27e®*cos3x — 36e%*sin3x

(vi) x* log x

Solution:
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Let, y = x° log x

d%y
We have to find dx*

d®y d (dy)
We know dx2  dx “dx

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

g = i (x*logx)

Letu=x>and v =log x
We have, y = uv

Now by using product rule of differentiation

dy dv_l_ du
dx  dx | dx
dy

_ 34 d 3
=X im{logx)+logxiwx

3

X
&F = 3x*logx + <

i — } i ny _ n—1
- (logx) = - and— (x™) =nx

[ ]

Again differentiating with respect to x

d /d d
T (Ey) =% (3x%logx + x?)

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/

€IndCareer

_4d 3x71 +':1 ?

Again using the product rule

dzy—31 d z+32dl +':1 2

2~ Slogx-x x"plogx + %

d?y d d d

Y L2 2 - L2

Tz 310gxdxx + 3x dxlogx+dxx
i =} i ny _ n—-1

We know - (logx) =~ andﬂ{x )=nx

TY _ extogx+ X 42

gz~ oxlogx+— X

d?y

e 6xlogx + bx

(vii) tan™'x

Solution:
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Let, y =tan 'x
d*y
We have to find dx2
iy _ d dy
As dx? o d_w:{dx:]
So let’s first find dy/dx and differentiate it again.

dy _d -1
Sodx dx {ti':lIl X)

dy 1
Sodx 14x2

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

Differentiating 1+x® using chain rule,

)

lett=1+x*andz =1/t

dz dz dt

wdx  dt” dx

dz 1 2x d

—= —X2x= — —(x") = nx*!
dx t2 1+x2 [ dx{ :] ]
dZy 2x

dx? (1+x2)2

dz 1 2x d
_=_>‘:2X__ _Xl'l =11)§“_1
dx t2 1+x2 [ dx{ ) ]
dZy 2x

dx2 (1+x2%)=
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Let, y =xcos X

dy
We have to find dx*

dzy_ d {dy:]
We know dx?  dx “dx

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

dy _d
Sodx dx (XCOSX]

letu=xandv=cosx
As,y=uv

Now by using product rule of differentiation:

dy dv N du
dx dx dx
_ 9 4

ik S (cosx) + COSX——X
dy —
— = —Xsinx+ cosx
dx

i{cnsx} = — sinx and = (x") = nx"
['.' dx dx ]

Again differentiating with respect to x:

d sdy d _
I (&) = E(—Xsmx + cosSX)
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d .
= (—xsinx) + 4 COSX

Again using the product rule

Py 4 d( )+d
dXE_ XdXSlIlX SlIleX X dXCDSX

i i — i ny _— n—1
.. 72 (sinx) = cosx and (x") =nx

[ ]

d?y . .
@ = —XcosX—sinx —sinx
d?y .

@ = —XC0SX— 2sinx

(ix) Log (log x)

Solution:
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Let, y = log (log x)

dy
We have to find d=*

@y _ d .
We know, dx®  dx “dx

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

dy - i
it (loglogx)

lety=logtandt=logx

Using chain rule of differentiation:

dy dy dt
dx dt~ dx
dy 11 1
',a_;x;_xlugx

Again differentiating with respect to x:

€IndCareer


https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/
https://www.indcareer.com/schools/rd-sharma-solutions-for-class-12-maths-chapter-12-higher-order-derivatives/

€IndCareer
Y _
ﬂ.,S_, a =UXV
1 1
Where u = x and v = logx

MNow by using product rule of differentiation:

Ey_sa(i), 14
J,odx® T xdx T 1{1-::]

logx logx dx
d’y 1 1
dx® ®® (logx)* x*logx
d?y 1 1
T dx2 x2(logx)? x2logx
_ d’y o
2.If y=e *cosx, show that s = 2e Tsinx.
€T

Solution:
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Let y=e™ cos x

&y
We have to find dx2

dzy_ d {dyj
We have, dx? T dx “dx

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

dy d
Sodx dx

(e ™cosx)

letu=e™andv=cosx

We have,y=uv

Differentiate the above by using product rule,

dy dv_l_ du
dx  Vdx | dx
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dy dv+ du
dx dx dx
dy _,d dy _o

i i‘c{cosxj +cosx——e
dy
— = —e *sinx — e Fcosx
dx

d . d v x
[ . (C0sX) = —sinx & —e™ = —e ]

Again differentiating with respect to x

d(dy)_d{ e s )
dx \dx _dX e 51N X e COsSX

— d —X a3 d —X
_dx{ e~ *sinx) dx{e COSX)

Again by using product rule we get
d?y
dx?
d?y
dx?2

—X d 3 3 —X —X —X
= —e &{smxj —sinx—e™—e &{cosxj — cosx&{e )

= —e*rosx+e Fsinx+eFsinx+ e *cosx

[ i{cosx} =— sinx,ie‘-“ = —e™¥]
d?y

— = Ze ¥*sginx
dx?

Hence proved.
2

d
3. Ify=x+tanx, show that szmd_g — 2y 4+ 2x = 0.
T

Solution:
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d%y
Let’s find dx*

d’y _ d dy
As dx2 dx{dx]

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

dy d d d
e = E(X'FL’:IIIX) = E(X:]-F E{THIIX:] =1+ seclx
dy 2
el 1+sec x

Differentiating again with respect to x

d(dy)_d L+ sec? _d(1)+d 5
T \dx _dx{ sec Xj—dx dx{sec X)

By using chain rule, we get

d?y
E =04+ 2secysecxtanx
1

d-y 2
— = Z2sec Xtanx
dx2

dzy

As we got an expression for the second order, as we need cos?x term with dx2
Multiply both sides of equation 1 with cos’x

We have,
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dZ
cos?x— = 2 cos?xsec?xtanx
dx [ cos x X sec x = 1]
2
2 4y
COs“X- 5 =2tanx
dx?

From the given equationtan x =y —x
2

CDSEXEEZ = 2(y—x)

. cos2x LY _ —
- COS“X—— —2y+2x =0

3 dy
4. I'f y = =" log x, prove that —— —= —.
dr?* =

Solution:
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Given, y = x° log x
dy
Let's find dx*

ay _ _ddfdyy_dfdfd(dy

As dx* dx{ dx? dx dx (dxz) T odx (dx (dx (dx)))

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

d
i == (x* log x)

Again differentiating by using product rule, we get

d}f 3 3
i glogx+10gx&x
dy x? 5

& = ; + 3x lﬂgX

d
Ejﬂ' = x%(1+ 3logx)

Again differentiating using product rule:

d® d d
EE;: X2£{1 + 3logx) + (1 + 31.3ng£;<3
d—zy—xzx§+(1+ 3logx) X 2x

dx2 X &

dzy

Frche = X(5+6log x)

Again differentiating using product rule
day

d
i X—{S +6logx) +(5+ ﬁlogx)—x

der derlvatlves/
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Y o x8istel
dx?-_Xxx ( 0gX)
dy

@=11+610gx

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

5 If y = log (sinx), prove that ) = 2 cos x cosec’x.
x

Solution:
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Given, y = log (sin x)

&y
Let’s find — ax®

d®y d (dzy)_ d .d {d],r))
As dx®  dx\dx?/  dx“dx \dx

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

dy_i .
22 £ (log(sin¥))

X

Differentiating log (sin x) using the chain rule,

let,t=sinxandy=logt

dy dy  dt
wdx  dt dx [using chain rule]

dy 1
g = COSXX <

d

d .
[ & 4 (sinx) = cosx

logx_ :

<& ]
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Differentiating again with respect to x

d (dy) . d ;
T \ax) = & (cotx)
d?y 5
Gz = Cosec’x

9 cotx = —cosec2x
[ wodx ]
Py
ez = —COseC’x

Differentiating again with respect to x:

d [/d* d
_(_}f) = — (—cosec?x)

dx\dx?/ dx
d
Using the chain rule and dx COSeCX = —COSeCXCotx
dE
e —2cosec X(—cosec Xcotx)

COSX

= 2cosec’x cotx = 2 cosec?x

SInx

d?y :
N —— = 2C08eCc Y Cosy
dx?

Hence proved.
2

d
6.1fy—=2sinx+ 3cosx, show that d—g+y = (.
T

Solution:
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Giveny=2sinx+ 3 cos X
%y
Let's find dx®

dzy_ d {dy)
We know dx2  dx “dx

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

dy _ 4 o . d
Prataten (2sinx+ 3cosx) = 2 = (sinx) + 3 = (cosx)

=2co8Xx— 38inx

d )
. = = 2 cosx — 3sinx
odx

Differentiating again with respect to x:

d(dy)_d{z 3si )_Zd 3 _
= \dx) = &= COSX sinx —dxcosx dxsmx
d?y .

@Z —2s5inxXx —3cosx

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

dzy__ ) _
i (2sinx +3cosx) = —y
dZy _
nae V=0

Hence proved.

log x dzy_Zlug:I:—?:

T.1fy—= , show that Iz

Solution:
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As y is the product of two functions u and v
letu=logxandv=1/x

Now by using product rule

d dv du

&{uv) =u v

4 (mﬁ) = lnzzug:ns:El + lilutzugrn(
dg \ x dxx  xdx

@ = - l1-::-g:n(+ >

dx x?2 x?2

dy

1
= %2 (1—logx)

dzy
Again using the product rule to find dx®

d2y d1 1d
@ = {1— IDgX)&E'FE&{l—IDgX)

dZy _ 2legx-2

o dx® x2

Hence proved.

d*y
B Ifx—=asecH, y=btan®, prove that —

dx?

Solution:
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Ify=1(0) and x=g (B) thatisy is a function of 6 and x is also some other
function of 8.

Then dy/dB = f' (8) and dx/dB =g’ (6)

dy

dy =5

. dx - _3_?‘_

We can write: de
dy

dy ==

. dx o _&_’B‘_

We can write: de

Given,
Xx=asecH ...equation1

y=htan 0 .....equation 2

dZy . b*
We have to provedx® a?y?,

d%y
Let’s find dx*

&y _ d dy
As, dx* o dx{dxj

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

dx d
— =—asecH =asecBtanb .
dé de ....equation 3
dy 2
_ — =bhsec*6 .
Similarly,ae ... equation 4
2 secx = secxtanx,—tanx = sec?x
['.' dx o " dx o ]
d
dy d_g bsec® 8 b
n—= = = —cosecB
dx  dX = asecAtanB a
do
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Differentiating again with respect to x

d (dy)_ d b 5
T \dx —dx{amsec )
&y _ _b dae
dx? acnsecﬁcntﬁdx ..... equation 5 [using chain rule]

From equation 3:

dx 0 0
— = aAsecbtan
do

da . i
sodx  asecBtan®

Putting the value in equation 5

¥y _ D osecocots
dxz | a3 ooetu O cecotan®
d?y —b

dx? - aZtan3@

From equation 1:

y=btan®B
d®’y _ -b b*
. dx? 3?;3 B a%y?

9.1fx =alcosf +#sinf), y = alsinf —HGcosf), prove that

dlz- di d* i
dT?v: = alcosf — f#sinf), ﬁ = a(sinf + A cosf) and d;; _ Szcﬁ .
Solution:
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Ify=1(8) and x=g (B), that is y is a function of 6 and x is also some other
function of 6.

Then dy/dB = f' (B) and dx/d8 =g’ (8)
dy

L= &

. b dx
We can write: © de

Given,

X =a(cos B8 +6sinB)....equation 1

y =a (sin B8 — 6 cos 0) ......equation 2

dy
Let’'s find dx*

Py _ 4 &
We know dx*  dx “dx
& _ B+ 6sinb
®-do a(cos sin B)
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dX_
do ~ de

= a(—sinB + 6 cosB + sinb)

a(cosf+ BsinB)

=a B cos B... Equation 4

Again differentiating with respect to 6 using product rule

X a(~0sind + cos
i a(—0sinb + cosB)
d®x .
el a(cos®— Bsinb)
Similarly,
W _ 4 (sind—Bcos8) = asinb — a—x (Bcosd
36 = a8 a(sin cosB) = a7 sin ade{ cos8)

= acosB + aBsin® —acosb

Sdd T T equation 5

Again differentiating with respect to 8 using product rule

d®x _
q02 = a(Bcosb + sin )
. % = a(sin® + B cosB)
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dy

Y_ g

dx
Rl dg

Using equation 4 and 5, we have

dy absin6

dx  aBcos® tan®

d’y d {:dy:]
We have dx?  dx “dx

Again differentiating with respect to x

d’y d an e
_ n
dx?2 dx
_ 2pd8
= sec Eiit
dx d8 1
" E = abcosb => E " aBcosd

Putting a value in the above equation we get

d%y

A 2

dx?2 sec”8 x abcosHb
d’y sec®®

dxz~  a@

d? II
10. I'f y = e“cos x, prﬂvethat—yzﬁemcus r+ — .
dx? 2

Solution:
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Given, y =e* cos x

dzy

We have to find dx®

&y _ d dy
Asdx2 dx{dx:}

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

dy
Jeodx

d X
= —(e*cosx

= )
Lletu=e*and v=cos x
As,y=uv

Now by using product rule we get
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dy x d dy
— =e*—(COSX)+COSX—
::'Ix{ ) dx

aX
Sodx

dy ¥ oi X d : d x
— = —f" 3INX + 8" CosX —(cosX)=—sinx & —e* = g
dx [ dx( :] dx

X

Again differentiating with respect to x

d rdy d . x
_(_)=—{—e sinx + e*cosx)
— *sinx) + d] *

= — (—e*sinx) (e*cosx)

Again using the product rule

dz}r X ] 3 d J(_I_ X d + d X
Tz - © dx{smx) sinxz-e* +e dx{cnsx) cosxdx{e )
d?y
Tz - —e* cosxXx —e*sinx — e*sinx + e*cosx

4 S
[+ ax (cosx) = —sinx, e = e ]
Y oaxgi
a2 T 2eTsinx [ =sin x = cos (x + 1/2)]
d?y . 10
e —2e* cos(x + E:]
Hence proved.

. d?y b
11.Ifx =acosf® y = bsin®, show that — = — .
da2 a2y3

Solution:
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Given,
Xx=acosH ....equation 1
y=hsin 6 .....equation 2

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

function of B.

Then dy/d6 = (8) and dx/d8 =g’ ()

dy
dy ==
. dx %
We can write de
d®y b*
Now we have to provedx® a?y?

%y
Let’s find dx

dy_ a a,
As dx= T dx “dx

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

& _ 2 3cosh=—asinb
de  de T equation 3
dy
. — =bcos 8 .
Similarly,de cosv . eqguation 4
4 sy — — sinxtanx S sinx —
[ ax cosx = —sinxtanx,—sinx = cosx
dy
dy do bcos 6 b 0
— = = = — = ——C0
dx  dx asin @ a
do

Differentiating again with respect to x
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e -1

e E "~ asin®

Putting the value in equation 5

d’y b 2q 1
axz = a2’ %% P3sing
d sd d b 2 _
—(—F)=—{——cot8) dy b
dx \dx de™ a dx2  aZsin®b

By using chain rule, we get From equation 1:

d?y b 5 d8 b si
ey _ b b i =bsinB
ax2 |z COS€C 0 dx _....equation 5 y
_ d?’y  -b b*
From equation 3 dxZ | 3% | aZy2
e b2

dx :
gp = —asinb Hence proved.
12. I f (1 3 9) in® 6 that ¥ _ 32 o T

. €Ir = — COSs = &5In Trorve alr —— = — = —.

i P dz?  27a 6

Solution:
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Given,
x=a(1-cos?0)....equation 1
y=asin’0 ... equation 2

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

Then dy/dB = f' (8) and dx/d8 =g’ (8)

dy

v_g

.oodx
We can write de
dzy
Let’s find dx?

dy d {dy)
We know dx2  dx “dx
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a7y
Let's find d=*

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,

d« _ d _ 3q) — 20 i
= dEa{l cos>@) = 3acos*Bsin 6 equation 3
Similarly,
L R X in2
6 = 3gdsin 0 3asin“0cos® equation 4
d — sinx &gl o
[ 2 cosX = — sinx & —Cosx = sinx]
d
dy d_sé 3 asin”0 cos0 ane
S = = = I
d«  dX = 3acos2Bsin O
de

Differentiating again with respect to x

i (30) = 5 00

d de
=¥ = sec?p= :
dx dx ... Equation 5

From equation 3
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— =3acos?Bsin A

de
E . 1
s dx  3acosZ@sin 8

Putting the value in equation 5

d’y 2q 1

dxz _ °°¢ Y3 acos2Bsin O
d’y 1

dx2  3acos*Bsinb

Put 8 = /6

(dzy) t( ’JT) 1 1
dx? 6 m. n 4
3acostgsing 23 (-,;‘3)

dzy) ( ‘I'l') 32
(dxz at \x= 6/ 27a

Hence proved

d2
13.If x = a(@ +sinf),y = a(l + cos @), prove that ¢y _ —i.
dax? yz

Solution:
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-Giuen,
x=a (0 +sin0).....equation 1
y=a (14 cos B) .....equation 2

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

Then dy/d6 = f' (B) and dx/d6 = g’ (8)
. de W K
We can write de
dy
Let’s find dx?
d’y _ d dy
As, ax? dx{dx)

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

dx d .
E=Ea{8 + sinB) =a(l+cosB) =y
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Similarly,
dy d .
—=—a(l+ cosB)= —asinb )
dé de ( )=—asin® equation 4
d COSX = —sinx d sinX = cosx
[ dx o " dx o
dy . . .
. d_y_ _g%_ _ —asin @ _ —sin @ _ —asin @
Tax o a(l+cos8) o (1+cos8) o ¥

de
Differentiating again with respect to x

d (dy) d sin®

dx \dx

= —a3—[—

dx " y

Using product rule and chain rule together, we get

d?y sinfdy 1 de
@ = —a( —}FE & + ECGSBE
By using equation 3 and 5

d2y sin @ (—asin 8) 1 1
we = TSR, Fycosy)
d?y asin’@ 1

e —a( 73 +FCUSB)
dZy __a asin® @

ds? yz{a[1+ cos @) + COSB)

dy a 1-—cos*0

dx2 _F({1+ cos B) +cos9)
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d?y a (1—cos@)(1+cos8)

dx2 y2 (1+ cos @) +cos6)
d?y a
i —E{l—cosﬁ + cosB )
dy_ 2
- dx2 y2

Hence proved.

Hence proved.

2
14.1f ¢ = a(f — sin6),y = a(1 + cos 8), find d—z.
£

Solution:
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Given,
x=a(0—sinB) .....equation 1
y =a (1+ cos 8) ......equation 2

If y=f(0) and x =g (B) that is y is a function of B8 and x is also some other
function of B.

Then dy/dB =f' (B) and dx/d6 =g’ (B)

dy

T_g

We can write ds

dy
Now we have to find dx2

@y _ a ay,
}‘:'&5, dx?  dx “dx

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

dx d .

s —ae2 (0 —sinB)=a(l—cosb) equation 3
Similarly,

dy _ 4 — —ag

a6 do (1+ cos6) asing equation 4

. E_ _?—é_ _ —asinB@  -—sin@

Tax T o a(l—cos8) o {(1-cos8) Equatien 5

Differentiating again with respect to x, we get
d (dy) B d sin®
dx \dx/  dx'1-—cos EI')

Using product rule and chain rule together, we get
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d?y B 1 d | 6 _ sing d 1 de

i U T-cosean 0 TS e T sy ax
d_ 1

Apply chain rule to determine d8 (1-cos8)

d_zy_ { —cos8 sin” @ } 1

dx2  l1-cos® (1-cos8)2) a(1—cos8)

d’y  (—cosB(1— cosB) +sin®H 1

dx2 (1— cos9)2 a(1— cos@)

d’y  (—cos8+ cos?8 +sin” 0 1
dx? (1—cos®)? a(1—cos@)

d’y { 1-cos8 } 1
dx®  l(1-cos8)2) a(1—cos8) [ cos?0 +sin® 6 = 1]

d’y 1
dx2  a(l— cosB)2
We know 1- cos 8 = 2sin’ 8/2

dZy 1
= z

ax? 3(2 sinzg)

dZy 1 a

— = — cosec*-

W dx2 43 2
Solution:
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Given,
y=a (B +sin0) .....equation 1
¥x=a(1—cos 8) ....equation 2

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

Then dy/d@ = f (8) and dx/d8 = g’ ()
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Then dy/dB = f' (B) and dx/d8 =g’ (8)

dy

dy ==

. dx o -&_}B‘-

We can write de

Now we have to provedx? a® 2

4%y
Let's find dx®
dy
As e = ( )
So, let’s first find dy/dx using parametric form and differentiate it again.

& _ a{B + sin0) = a(1 + cos8)

S RT- R equation 3
Similarly,
dx
& _22(1- cosB)=asinb .
de  de ( )=asin® equation 4
d COSX = — sinx d sinx = cosx]
['.' dx o " dx o
dy
Ldy _&}B‘_ _a({l+cosB)  (1+cos8)
T dx o asin@ o gin @ .
a8 T T eguation 5

Differentiating again with respect to x

d (dy)_i({1+msﬁ)
dx

d
) = p— )=£{1+ cosB)cosec B

der-derlvatlves/
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Using product rule and chain rule together we get

dzy d d do
e = {cosec El {1 +cosB)+(1+cos El) g cosec B}—
i—if = {cosec B(—sinB) + (1 + cosB)(—cosec B cotﬁ)]ﬁ
d?y

A S — cot?

=z {—1 — cosecBcotB — cot” 6} By

dzy

ey _ _lite="
As we have to find dx® a T2

~ put 6 =m/2 in above equation:

l::l2 2
= ={-1 cosec cot cot }Pna
{-1-0-01
= a
d?y 1
dxz2 a
d?y 1 vid
16. If x = a(l —cosf),y = a(f +sin @), prove that — = —— at 8 = —.
dx? a 2
Solution:

der-derlvatlves/
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Given,
y=a (8 +sinB) .....equation 1
Xx=a (1+ cos B) .....equation 2

Ify=1f(8) and x=g (B) thatis y is a function of B and x is also some other
function of 6.

Then dy/d8 =f' (B) and dx/d8 =g’ (8)

& _ &

We can write: dx a8
Given,
y=a (B +sinB) .....equation 1

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

dzy - 1 At B_ ™

Now we have to provedx® a 2,
d2y

Let’s find dx®
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d’y

We know, dx? dx{ )

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

E=ﬂ%a{8 + sin8) = a(1 + cos B)

e de 0 TR TS L equation 3
Similarly,
dx d
—=—al(l+ cosB)=—asinb .
de  de ( )=—asin® equation 4
d C0SX = — sinx d sinx = cosx]
['.' dx o " dx o
dy
Ldy _32_ _ a(1l4cosB) = (1+cosB)
T dx o —asin® sin @ .
ae T eguation 5

Differentiating again with respect to x

E(@)_ d (_(1+ cos @)

d
3 \ax) = dx g ) = —&{1 + cosB)cosec B

T dx
Using product rule and chain rule together

d?y d d de
= —{cosec [-] {1 + cosB) + (1+ cos Bj g cosec B]&

dx?

d’y 8(—sin®) + (1 + cos O Bcotd

i {cosec B(—sinB) + (1 + cos B8)(—cosecBco )}(—asinﬂj
d_l'y = {—1 — cosecBcotB — cot? 0}

ax2 asinfB

der derlvatlves/
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m

dZy 1
. = —-atB=—
As we have to find dx? a 2

% put 8 = /2 in above equation:

dZy T T gm, 1
1 — i - — = {-1-0-011
e {—1 cosec cotZ — cot z}m )

2 = a
d%y 1
dx? a

3 d’y dy\ * 2 2
17.If x = cos 8,y = sin” @), prove that yF + o = 3sin“#(5cos” 6 — 1).
x T

Solution:
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Given,
y =sin®8 ......equation 1
X =cos 0 .....equation 2

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

Then dy/dB ={' (B) and dx/db =g’ (8)

& _ @

. dx faaiad
We can write: de

&y (dr) _ oo 20 _
o pmve:yﬁﬁ(ﬂ) — 35in%6 (5c0s26 — 1)

dzy
Now we have to find dx®

dzy_ d {:dy)
We know, d=* T dx “dx

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

& _ _sin®
e equation 3

Applying chain rule to differentiate sin*8, then

dy

Y _ g gqin2
de 3sin“Bcosb equation 4
uy -
_ —Sj%=—35m _Emsa = —3sinBcosB
dx — —s5in® .
a equation 5
Again differentiating with respect to x
d’y d dy
- @
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d’y _d .
i E(—Ssmﬁ cos @)

Applying product rule and chain rule together, we get

Y 3sine - cos6 + cosd-Lsin ) %
= {sin 30 €08 cos8 - sin }dx
Put the value of d6/dx

dE

_F_ R B 2 1
dXE—S{ sin“ B + cos B}sin[-}

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

y .
= 3{—sin? B + cos*0
{—sin Cos }511'18

Yaxz
Substitute the value of y
dE
Ve = 3{—sin* 0 + cos*0}sin* 0

Adding equation 5 and squaring we get

y—2+(—) = 3{—sin“ 6 + cos“6}sin“6 + 9sin“Bcos~H
dy dyn\ L L, 2 2
F_z"'(_) = 3sin“ B {—sin“6 + cos“ 6 + 3 cos“ 06}
d*y rdy : . 2 2
5;—24—(—) = 3sin“08{5cos“8 — 1}

2

. . dy dy o
18. I'f y = sin(sinzx), prove that — + tanx.— + ycos“ = = 0.
dx? dx

Solution:
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Given, y = sin (sin X) ......equation 1

d’ d
E +’mn:«1.—3F + 3«0::@2 x=0
To prove: dX° dx
d’ d
z Stanx.—2 + ycos x =0
To prove: dX~ dx
dZy

Now we have to find dx2

dzy_ d {dy)
We know dx2  dx “dx

So, first we have to find dy/dx

dy o

— = —sin(sinx

%~ goin(sinx)

Using chain rule, we will differentiate the above expression
L _ cosx

lett=sinx = dx

dy dydt

dx  dtdx

dy

— = costcosxX = cos(sinx) cosx .
dx ( Jeosx equation 2

Again differentiating with respect to x applying product rule, we get

d*y . .
e cosx£c05{51nxj + cos{smx)&msx

Using chain rule we get

d’y o . .
Gq2 = COSXCOS xsin(sinx) — sinxcos(sinx)
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dz
gf = —ycos?x — tanx cosx cos(sinx)

And using equation 2, we have:

d? d
y_ —ycos?x — tanx—

dx? dx
d*y ) dy
@+ycos X+tanx& =0

_x_
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Chapterwise RD Sharma
Solutions for Class 12 Maths :

e Chapter 1—Relation

e Chapter 2—Functions

e Chapter 3—Binary Operations

e Chapter 4—Inverse Trigonometric Functions

e Chapter 5—Algebra of Matrices

e Chapter 6—Determinants

e Chapter 7—Adjoint and Inverse of a Matrix

e Chapter 8—Solution of Simultaneous Linear Equations
e Chapter 9—Continuity

e Chapter 10—Differentiability

e Chapter 11—Differentiation

e Chapter 12—Higher Order Derivatives

e Chapter 13—Derivatives as a Rate Measurer

e Chapter 14—Differentials, Errors and Approximations

e Chapter 15—Mean Value Theorems

e Chapter 16—Tangents and Normals

e Chapter 17-Increasing and Decreasing Functions

e Chapter 18—Maxima and Minima

e Chapter 19—Indefinite Integrals
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About RD Sharma

RD Sharma isn't the kind of author you'd bump into at lit fests. But his
bestselling books have helped many CBSE students lose their dread of
maths. Sunday Times profiles the tutor turned internet star

He dreams of algorithms that would give most people nightmares. And,
spends every waking hour thinking of ways to explain concepts like 'series
solution of linear differential equations'. Meet Dr Ravi Dutt Sharma —
mathematics teacher and author of 25 reference books — whose name
evokes as much awe as the subject he teaches. And though students have
used his thick tomes for the last 31 years to ace the dreaded maths exam,
it's only recently that a spoof video turned the tutor into a YouTube star.

R D Sharma had a good laugh but said he shared little with his on-screen
persona except for the love for maths. "I like to spend all my time thinking
and writing about maths problems. I find it relaxing," he says. When he is
not writing books explaining mathematical concepts for classes 6 to 12 and
engineering students, Sharma is busy dispensing his duty as vice-principal
and head of department of science and humanities at Delhi government's
Guru Nanak Dev Institute of Technology.
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