D Sharma Selupions for Class 12 Maghs Chapees 13
Figher Order Dermvative:

EXERCISE 12.1

1, Find the second order derivatives of the each of the following functions:
[i) x* + tanx
Solutionz
Given, y=x"+tanx
ﬂt
Wa have I:ufmdﬁ

L P
PPl )

dy
50 let's first find d= and differentiate it again.

class24

%{%} - Zigaxts c?x}=%{nl']+%|[m3:]
d=y

Eii: Gx + 2EecxEecxtan x
d*y ”
-d::'I Bx F JmeciXBANK

(i) Sin {log x)
Saluthon:
Let, v = sin {log x)

%y
Wi have 1o ind 4=
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W lnow that d== -.ﬁ:[ﬂi}
S let's First tind dy/dy and ditferantiate it again,

2= 2 (sin(logx))

Differentiating = (1282} ysing the chain rule,
Let, 1 = kg x and y = sin t
dy oy

vaw @ ax jusing chain rule]
d 1
o S

| 1
+7 coatlogx) — = sin (logx)

d'y -1
E —m:{lug:] = —lin (logx)

(i} Log (sin x)

Solution:
Let, v = log (sin x}

&y
W have to find a7
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Higher Order Derivatives

ﬂ’_._[&j
We know d™  d=

S bt's first find dyfce and differentiate it again.

dy _d
L= 2 (log(sinx))

Differentiating sin {lop =) using chain nule,

Let, t=sinxand y=hogt

dy _dr &
wdx | d dm[umgchamndﬂ-]

w! - ["hmt: - ~mm1:}

class24



ED Sharma Solations for Class 12 Ssth Chapeer 13
Higher Order Derivative

S let's first find dy/di and differentiate it again.
aly

;—;[E!ﬂﬂﬁiﬂ

Lit u = &* and v = sin 5%

ALY =y

Now by using product rule of differentiation:
dy_ v %

de” Vdx ' Vi

Tt —{ame}-\» :in.E:: —g*

Il'h

dy

e m B X
i M-‘-mw+n gin 5y

,Wihere a 3 any constant &St =

velass24

Again using the product rule

ﬂ ﬂ‘d 5 & d-'+ ba* 5x) + J.'i:

o - dx(:l:n 3+ sin A dl[mr ] 4+ cos {br"}
:—l} = 5e* roa5x — 256" sin5x + ¥ sin 5x + Se*cos 5x

d'y

= 10e®cos by — 24 5)n Ly

[w) @™ cos 3x

Solution:

Let, y = e*™ coa 3x
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L |
We have Lo find o

_l'_.._{!I]
We know, d=*  adxdx

50 let's first find dy/dx and differentiate it again.
dy 4

Let u=e™ and v = cos I
We have, y =uw
Mow by using produrt rule of differentiation

class24

tals any constant l:i:"‘- ul:"]

= m -G ooy 3x - 1A Nin 3x - 180 xin 3x + 3665 cos Ix

dy ol
F-— 2Ta* S cos 3% — Joe* sin Iy
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at d

50 let’s first find dy/dx and differentiate it again.
ay o
aa w0 l0g)

Lot u=x?

+HClass24

1 x?
dl_ih logx 4 =

e = e e
Again ditterentiating with respect to x
d L 2
rﬁ(ﬂ -H}{h logx +x7)
L P

g (A7 loga) + == (x%)

Again using the product rule
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diy . .
Gt gt

Wo know s (10B) =

3x® I%tlugx + %I!

1 !_ L '
= au’lﬁl[l"} nx"

-ﬂ:}' ax’
i bxlogx + T+ Fd 1
d!'

E]:' Gxlogx + 5%

[wii) tan=x

srentiate it again.

Differentiating again with respect tox
i [‘z) d 1
dvde) ~ax L1ex

1
Differentiating 1+< using chain rule,
Lett=14x and 2= 1/t

a_&. 8
vdx &t da

class24
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Higher Order Derivative
ﬂ; 2 = L i oy = fi=1
o qu is l'r'll{-lj nx l
ay _ __
& e (Lew

[ iimﬂxl = —glnx i.tl:li[_:-j - ul-'l]

Again dilferentiating with respect o x:

%@ = %{,—ﬂilx-l- 05 %)
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d d
- [—xsinx) +Eml
Again uning the product rule

&'y d " d N d
o3 = Tk hnx ilnr.lh[—ujl 35 cox

i{ll‘n:}l = COEX al:d:—th“}r Hl“"']

[=
dy

F =-—XCMX—3inx—snx

)
:;T‘:w —XC0E X — 2zinx

(ix} Log {log

class24

So let's first fird dy/dx and differentiate it again.

oan = axtloglog™)

Iety=logtandt=logx
Using chain rule of differentiation:

Again differentiating with respect to x:
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ME*U#U

H =
Where u = « and v = =8z

Mo by using product rule of differentiation:

:I*J.r dv du
dax? = "ax t Vdx

e o 12

Wa hawve to find 4

aly

o
W e, 01 = &)
50 bet's first find dy/dix and differentiate it agan.
L Em 2o conx)
letu-—e"andv=-cosx

Wi hawve, y = uw
Detferentizre the above by using product rule,
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dy  dv

E- I.IE+1'E

dy _ g d ay
Mo t"-.{m=:)+ CosX_ @ =
d
L = —p ¥ginx — e *max
dx

a
[ % o

Again differentiating with respect tox

;{ﬁ) - :-I{ @ ginx — #"" posy)
d

— (& *cosx)

(eosx) — —sinx & ir’ - —n"l

d*
3 Ify=x+4tanz, show that mi*:ﬂzz = 2y = 2E =

Salurtiond
Grvany s x4 tan x
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&y
Let's find a=®
dy 4
I“liﬂ-'_h@

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

_,_E:r if‘l ¥ hn:}:ih}+ i(mﬂ =1+ aci%

_,_Ev: 1 +serix

Differentiating again with respeci o x

:h(:::r] - (1l +mec?x) = —{1j+—[=u'1]

class24

.:
As e Fﬂﬁllﬂﬂﬂnrﬁ,ﬂ“mﬂ:m‘ltﬂmﬂhﬁ

Multiply both sides of equation 1 with cos'x
We have,

m*xg = 2 eoE® ¥ gecT ¥ lan

d?
ix

diw®

= cos ¥ v sec k= 1]

d
MIIE—EEIII

Frism the glven equation tan s =y - =

m’td:— = 2(y=-x)

A cu’:E-zy+ =0
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aLqu':r‘Iw::. prove Lol

gl2
H_I;I'r-'

Solution:
Given, y =" Ing x

d'y
Let’s fimd dx*

o -a@-A(®))

Lo let's first find dy/dx and differentiate it 2gain.
o
A= 2 logx)

class24

Aﬁﬂi’l dilferentiatmg usng product rule:

ﬂ.

5= d:;“ +3|n-51]+l:l+3|ugx}d—1

:l-ﬂ-
wa
b

3
l=:3w;+[1+3hmxh

&l

a2

Ei{ = x(5 + 6log x)

Again differentiating using product rule
d'y

Fe i :t—|:5 +6logx) + (5 + Elng:']—n
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dly &

E—E Ii'l-(E'l'E-l.ﬂiIJ
d*y

e 11+ 6logx

Again differentiating with respect to x
d'y &

dx*t x

Hence proved.

5. If ¢ = log (sinz). prove that g = Zcos T cosec’x.

2 log(sinx))

Lafferentiating log (sin &) using the chain rule,
Let, t=sinxand y=log T

o P
wds  dt dx[using chain rule)

dy

1
.---m:!-
dx t

d 1 d
I E]ngr._ = &EE'““] - mu]
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dy cosx
B snx X

Differentiating again with respect to x

:;[:‘B :;; (rorx)
2

E’; = =(ogec’y

4
o Seotx= -mu":l

-IF—F=- ~rosec’x

dx®

DifTerentialing agai

%E"E = 2epserdxrosx

Hence prowved.

f
6.01fy = 2sinx+ 3cos x, show that —s < y = 0.

Solution:
Greeny=2sinx+30o05x

a2

Let’s find dx®

ala?
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mhmw -ﬂ:t-h]

50 let's first find dy/dx and differentiate it again.
,E—;(Ennxi—knﬂ} 2= {lmﬂ-l-ﬂ (cosx)
=2C05X— 3snx

. L= 2c08x - 3sinx

Differentiating again with respect 1o x:
d

d 2d d
E{%} M { 2c08x — 3 sinx) -Emﬂ_sﬁmﬂ

class24

Slogx — 3
xd -
Soluton:
Given y = log x/fx
Lt |
Let’s find 4u®

We h'mwd:" d.t[h-]
5o, let’s first find dy/dx and differentiate it again.
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As vy is the product of two functions u and v
Let u=logx and v= 1%

MNow by using product rule

LT
W—H# ?#

L) b L

class24

d?y Lt
B.Ifx=aasecid. —btanﬂuprmreﬂ'mt—:— §
! u aled adyd

Solutionz
if =7 (8] and x = g (8] that iz v is 2 function of B and x s also some other
function of 8.

Then dyfdf = £ (8] and du/d8 = g’ (&)
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o _
e
We can write: A
e,
%= @5 0. _equalion 1
y=htan 8 ...equation 2
5 g
We have to proveds atyt
&y
Let's find ax*
Ey 4 Ay
,u..;,ha'h'[-h}
50, lot's first find dy/diusing parametric form and differentiate it again,
It~y class24
ratican 4
x=3ec"x)
dy bsec’d b
" i asecBrang ” 5 0P
Differentiating again with respect to x
ﬂ:(jg "' cosect)
o
il =~ jrosscBeotf .equation 5 [using chain rule]

From equation 3;

ix
W asecBtan g
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el i
SR azsc@tand

Pulling the value in equation 5

dy b o 1
de? 1"1““ GO asacOrand

&y b
dx? " atmnié

From equation 1;

b = niEln @ —Goodd), proee kil

=4 -u;i&nnﬂ-x—d&% 24

and dx/dB = 7' (8]
iy
dy
- _ﬁ.
We canwrite: = @

Given,

¥ =a(cos B + 0 sin @) _....equation 1

vy =a [sin B - & cos 8] .....equation 2
&y

Let's find &x*

Wa knur.l.-:':':" =@
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E:%a{msﬂ + B 5inf)
= & —ain 8 -+ 8 cosh + sinid)

=a H ons 8. Fouation 4
Again differentiating with respect to B using product ruls

;f:ma;..mnmmm
2%~ alcosf - Bsind)
sirmilarty,
% L —— mﬂ:—amnq%{nmn}
Myclass24
10 @ using product rule

i
L5 = alsinB + 0 cos®)

-4

Ising equation 4 and 5, vee have
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Again differentiating with respect tox
%—%unﬂ
-IH!HE
o= alcosd => =

Putting a valus in the above equation we get

T#e1618s24

M:Ef if?.’l

S let’s first find dy/dx and differsntiate it again.

En i(e‘m:]

Lot u=n"and v=cosy
AL W =uv
Mowee by using product rule we get
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:' kT
_._E- #* 2 (coax) +m::-'-

- L L™ =
'E-' =" §lNK + ¢" 05X ;[fn’x}--m& E!‘ = ¢

e
Again differentiating with respect tox
o d
E{E—J =E{—e‘stnz +e*cosx)

d

& r= {~e*minx) + %{l"mﬂ

Again using the product rule
d*y d d L d d
o —t* —{(sinx) —m:Ee" +e E[m X)+ muE{e“]

e simx+ e cosx

A Livclass24
cos % + w2
dx? 2
Hence proved
d*y b
1LTfx = ocus® y = bein®, show (Hat e = _.n_ll;l-'
Solution:
Given,

K= acos B ... eguation 1

yo=brgin @ equation 2
Ity =18} and ® = g (B) that is v is a function of B and = is also same other
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fumctinn of 8,
Then dy/d6 = " (8) and dx/d8 - g' (B)
o
o
W!nnwrireh ]
&y b

Mow w have Lo jproveds” &y,

iy
Let’s find &

el

o, let's first find dyfdx using parametric form and differentiate it again

class24

Di‘fﬁﬂﬂm-ﬂﬁﬂ‘ﬂhfﬁmtmx

() fton
By using chain nla,mnﬂ

d*y 2
FE ”'""‘ E dx .._.equation 5

From equation 3

dx
ﬁ——adnﬁ
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dx! a asin#
dy_ _-b

de?  a?szin*0

From equation 1;
y=hbsinB

-5 bt
lg: ?: _l._f

o Lauclorsel2d:

y=asin?0 ... equation 2

Ify =10} and x = g (0) that is y & a function of 0 and x I& aleo some other
function of 8.

Then dy/d8 = [B) and dw/dB = g’ [8)
o _ 3§
Waunvm“ ad
&y
Let's find dx*

We know HI‘ -ll{E]
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dx 3
r = Jacos-0sin B

s i
Sodx Jeros” Bsn @

Putting the value in equation 5
d*y 1
Sacos?Bsin 0

&t = gec?D

2 cosx = —ainx&ifaun gin x|

[‘rﬁ

b dmelws
“dx” dx T 3acoscBsma "
da
Differentiating again with respect tox

£ 2)- e

Fr et
at "L:aﬂa woree EQUEIDR &

Fromm egueation 3
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dy 1
dxi” JacostOgind
Put 0 = nfG

TR -

Sa:ns*g :in% - (!;i)*‘:’
a7 " &3
WGDa (x-3) -1
Hence proved
Py it

1l Ifzx =a(f +sind).y =all +cosd rove that — = ——.
! { oy = al b p e i

class24

»_4
We can Ht'tr:"" o
&y
Let's Find de®
= d
ﬁ%ﬁ-;{ﬁl

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

=sald 4 sing)=a(l 4 cos) =y
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Similarty,
dy _ & L
"_“a[1+ ros B) = mn_..m#

L} PR e St
r__ﬁcm:x_ :m:,“nu_m:x

'H""ﬁ‘n —amin®  sin@  —ain®

dx W TR ] (LEcasd]) ¥
Dalferentialing again with respect o x

d d sinB

& G- 5ty

Uksing product rule and chain rule together, we get
dy YT

class24

d*y a 1-cos"d
&2yl (1% cost)
dty a (1—cos0)(1+cos0)
dez”  y {1+ cos 8)

+ cosd )

cosfl )

Aty a

i —Fﬂ—msﬂ + cosd )
By =

ade? T T

Hence proved.
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14.1f 2 = a{f — sinf). y — all + co=8), _fmdg

den,
x=alf - sinf]...equation 1
y = & [1+ cos B) .. _equation 2

ity =10} and x = g (0] that Iz vy is a function of 0 and x & also some other
function of .

Then dy/dé = t* () and dw/dé =g’ [B)

class24

1sing parametric form and differentizte it again.

dy _ 4 P e
b All+ cog @) asin @

, 4y 3B —asink = —szin@
™

=3 = =
B ] 1 =coaily [.I.'-lﬂ-:l__ Equation 5

ﬁihfﬂmmaﬂn'rﬂihmtml,ﬂﬂﬂﬂ

d:(?] EE i_—mu:-a

Lising perosduct ruale and chain role iogsthesr, we get Salution:
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d'y 1 d i 1 e
o L T T o

4 3
Apply chain rule (o determine @0 (1-cosl)
ﬂ_ f‘-uﬂ- ain® ‘I 1
de?  la-gonl  [E-reaii) aii-coslj
ﬂ_ rosB{1 - cosB) + xin? @ 1
dxd (1= cos@)? a1 = cos@)
d"'_jr_. —rosf+cos'8 +5m° 0 1
dx? (1- cos8)® all— cos@}

d*_!.[ii-n-l} i

1-cosdlt ) afl-conB) |« cos0 +sin* 0 = II

class24

F o
. Ifxr —a(l —cosdl), y = ald 4 sin ), prnuethqt—:_ --l-qlﬂ'_:.
dE a 2

Soluthan:
Given,

y=alB+sin 8] _....equation 1
¥ &= @ 1= cos 8] . ~cquation 2

iy =118} and & = g (B) that is v is a function of 8 and = is alse same other
Tumetion of B
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Using product rule and chain rule together vee got

2y
g,-‘_‘-! —{EMEEB {i + cos @) + (1 +4 mﬂldﬂmﬁid,
%’_ {rosec B{—sin#) + (1 +mﬂ}{—mﬂfﬂfﬂtﬂllm
dl}’

[~1 = cosecBeotd — cm’ﬂl—nﬂ
Tlmndﬁuﬂ ¥ (8] and dw/dB = g’ (B)

-ﬁ— -E 22 w1 dgaw ) _1_I-|:-.;|
"d;_“_ wdn® W

weBQUAION 5
Diiferentiating agair with respect to x

L) (05) L o
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fy__1 "
e vl i
& pirt B = 12 in above equation;
Ay n L] i
F = f—1 —l‘.'l:ﬂHi L'Iﬂ;— tﬂl!_:}ul_nE
[~1-8-8)1
- s
dy__1
dx a

rf:p 1 w
16 If & = afl = cos8), g = ald + sin8), prove thal E? -E HIEE;.

class24

Ghien,
o= a [0+ sin B} .....equation 1

%= a1+ cos 0 ..—equation 2

o | s
Now we have to proveds ‘atﬂl %,

iy
Let"s find 4=*
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o oput B = w7 in abowe equation:

T m
:—lfu =1 — cosecs n‘:mt’;r -cul"";‘l:'- L=1=0=alt

- -
Fy 1
dx? &
dy

L .
We know, 4= e el
S0, let's first find dy/fdx using parametric form and differsntiate it again,

%:ﬁa (8 + sin€) = a(l +cos8)

e MOpAticon 3
e C|C1SS24
cosx]
(& roasd)
sin@ PO
Differentiating again with respect 1o x
4y, 4 ramth, A, ot
sing product rube and chain rule together
d?

e {cmrﬁ {1+mrﬂ}+{1+:mﬂ}dﬂmmﬁl

R 1
dl{r ~{cosec(-sin®) + (1 + cos)(~cosec Beot6)) s

d’y zezii
b [=1 = cosecleotd = cot ﬂ]—mﬂ
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T
17.1f = — cosdl, g — sin® #), prove that pﬂ 4 (d—’} = Bsin’ #(5 cos® # — 1).
s alr
Given,
¥ = 5in'8 _..equation 1
¥ = 0os B ___squation 2

ify =1 {8} and x = g (8], that is y is 2 function of 8 and x is akso some other
function of B.

Then chy/dé = ' () and dw/dé = g (B)

3ain® B (Seos’e - 1)

class24

g pararmetric form and differentiate it again.

Applying chain rule to differentiate sinfd, then

X =3sincosh il

&= ?f m:‘-::"= M equation 5
Again differentiating with respect to x

dy d

dy
Pl Solution:
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d'y d
= d—:{—z sin & cos@)
Applying product mule and chain rule together, we get

d'y d d de
- -.‘l[nlnﬂﬁmn+ mﬂﬁﬂnﬂla

Put thie valuse of d0fdx
d¥y
dx?
Multiphying vy both sides to approach towards the expression we want to prove

- 3{-sin® B + cox” @) ﬁ

d'y ¥
ya--:--a-{—-ﬂniﬂ-rcm*n}m

d
Fn:_:;r* [‘g] = 35in" @ [—sin” B + cos” @ + 3cos? B)

d°y .
sz-l-(%] ~ 35i0% 6 [5 cos? 0 - 1)

. 'y iy
1B, I f y = sin{sinz], mt-hutﬁ—,l+tu=.z+um]=-ﬂ.

Solutionz
CGiven, § = gim [sin 1) ... equation 1
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d’ .
—'.’;+ umlﬂ+ycus' x=0
To prove; dx dx

hl

Mow wee have 1o find

mhmg- ;ifz}
5o, first we hawa to find dy/ix
dy

B :—Isin[ain x}

Lising el ok, wie will ditferentiate the sk siprassion

di
— ={0FK

2\ \velass24

to x applying product nide, we gt

lett =sin

d?y d
) + cos{sinx) & CO3X

E T

Lisbng chain ruile we get

d*y

-t rof xcos xein(sinx) - sinxcos{sinx)
2y N )

Gy = ~¥rOsix - tAmx osx ros( ginx)

And using sguation 2, we have:
&’y dy

e - b=
gt = YOS X tanx -
7

d dy
dl:+y€mll+m1m =1



