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Class XII Chapter 5 - Continuity and Differentiability Maths

Exercise 5.5

Question 1:

Differentiate the function with respect to x.
cos x.cos 2x.cos3x

Answer

Let v = cosx.cos 2x.cos3x

Taking logarithm on both the sides, we obtain
log v =log {L'US x.cos2x.cos 31]

= log v = lug[cus x:'l + lug{cu:‘. 21‘)1 log (cos 3.1;]

Differentiating both sides with respect to x, we obtain

1 a’v 1 d 1 e | d "
— {cosx}+ —(cos 2x )+ +—(cos 3x)
¥V dr COSY cos2x dx cos3x dx
[_ sin x B sin 2x _ d [l‘c]— sin :i_r _ d {3x]:|
cosx  cos2x oy cos3x dx

— = —¢0s x.cos 2x.cos 3x [tan x + 2 tan 2x+ 3 tan 3x]

Q

Differentiate the function with respect to x.

\/ (x=1)(x-2)
(x —3}{3‘—4}{.‘r—5]

Answer

N ir (x-1)®-2)
Y GE3) (r-4)(x-3)

Taking logarithm on both the sides, we obtain
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oz v=lo (x—1)(x-2)
Ig}'gJ&—ﬂﬁ-ﬂ&—ﬂ
(x=1)(x-2) ]

= log 1’—llog
T2

(x-3)(x-4)(x-3)
= logy= %[lﬂg{(x— 1)(x-2)} ~log{(x~3)(x—4)(x-3)}
= logy= %[Iﬂg[.x— 1)+log(x—2)—log(x—3)—log(x—4)- Iog[x—ﬁu

Differentiating both sides with respect to x, we obtain

1 d | I I 4
——(x=-1——(x-2)- —(x=3
ladv 1 .x—l.rix( } x=2 ufr( r—3 r:f'c{ )
Ve 2 I d | I |
’ - —(x-4)- —lx=3
x—4 afr[ ) x—35 a’r( }
:;,Q_E[L.F_I 1 1 | ]
de 2\ x-1 x-2 x-3 x-4 x-5
dy 1/ (x-1)(x-2) N » A
U 2\ (x=-3)(x—4)(x=5)[x-1 x-2 x-3 x-4 x-5
Q'
Differentiate the function with respect to x.
[ IUg _1'.- }I.'\."- T
Answer

Taking logarithm on both the sides, we obtain
log v = casx-]ng{log x)

Differentiating both sides with respect to x, we obtain
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I dv d d
—-—=—r/cosx)xlog(logx)+cosxx—/| log(logx
e = 2 (20sx)xlog(logx) [ log(log )]

1 dy . o

— —=—sinxlog(logx)+cosxx —lo

y dx xlog(log x) ' log x EJ'T.I’[ 2x)
= &y =y| —sinx lug(lugx] : cﬂsxx ]

dx logx x

dy cosx | COSX |
So—={log: —sinxlog(lo

dlx (log ) |:xlngx xlog( gx}:|

Question 4:
Differentiate the function with respect to x.

x.t _zxill.t
Answer
Lety=x" — gsins
Also, letx* =y and 2°"" = v
SY=u-v
rodu v
= % Tdr dr
u=x*

Taking logarithm on both the sides, we obtain
logu = xlog x

Differentiating both sides with respect to x, we obtain

1 du d d
———=| —|x)xlogx+xx—I(logx
u dx {dx[r} R .:i'([ "1}-‘

du =H|:1xlngx + X%

dx x|

du =x"(logx+1)

v

d

—=x"(1+logx

i ( )
vV = Zsinx

Taking logarithm on both the sides with respect to x, we obtain
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logv=sinx-log2

Differentiating both sides with respect to x, we obtain

Ldv =log2- di{smx]

v dx Ay

dv
= —=vlog2cosx
cx

v
=—=2""cosxlog2
dx

A (1+logx)-2"" cosxlog2

dx
Question 5:

Differentiate the function with respect to x.
{I+3}:.(I+4Ji.{x+5}q

Answer

Lely:{x+3] {1+4] {‘r+5}

Taking logarithm on both the sides, we obtain
logy= lug{x+3}? +log (x+ 4]7‘ +log (x + 5]4
=logy =2log(x+3)+3log(x+4)+4log(x+5)

Differentiating both sides with respect to x, we obtain

19 gk @ (gaye3s @ 4 a1 4 (545)
y dx x+3 v x+4 dx x+5 oy
S 3
:}d—y:v R~ +_4
dr " [x+3 x+4 x4+5

dy 2 3 4 2 3 4
= ——={x+3) (x+4) {x+5) - + +
dx [ 3 A ) L—+3 x+4 ,~:+5}

:‘~£={.r+3}:{x+4}';{_\-+5}4 ‘[2{x+4]{5:-!—5}+3[x+3}{.r+5}+4{x+3}[.t+4]:|

o (r3)(x+4)(x+3)
D%z{.r+3}{x+4}l (x+5)’ [ (7 +9x420)+3(x" +8x+15)+ 4(x +?x+12”
Ly

- {Er =(x +3}[.r+4)2 (x +5}'1 [‘Jxl +70x+ 133)
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Question 6:

Differentiate the function with respect to x.

CORS
x+—| +x°
X

Answer

[ I]T Ifh-:lr\l
Lety=|x+—| +x*

X

v "HI
Also, let I!‘=[J€+l] and v=x"
X
LV=u+v
oAy _du dv (1)
de  de  dx '

Then, u = [1 +l]

X

FOY
= logu = log "H_W
L X

= logu xlog(.r +lJ
X

Differentiating both sides with respect to x, we obtain
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lrﬁ=i{.:c}x]n:pg(.:wl]ﬂrxi Iog[ﬁl]
u dx dx x dx x
1 du

1 1 d |
= ——=lIxlog| x+— |[+xx | x4
u ey x [ I] e x
X+—
X

I
it 1Yy 1 [x_x]
= —=|x+—| |log| x+— |+~
dx X X [ 1)
x4+
X
chu [ 1]( 1y % -1
= —=|x+—| |log| x+— |+
dx X rJ x +1
:,@:[x.}.l] x:_l-l-]ﬂg_[x-l-l] {2)
dx x) [ % +1 X
)
v=x -
1-
= logv=log|x* *
-l".
::~]ogv=[]+— log x
X )

Differentiating both sides with respect to x, we obtain
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1 dv d | 1Y o

—= 1+ xlogx+| 14— [-—logx
v ody | dx X x ) dx

I dv 1 1y 1
= ——2=|——|logx+|14+— |- —
v dx X x) x

1 dv logx 1 1
S =t —
v dx X ox X
dv [—logx+x+l}
= —=v—F
dx x
.’]1-1\ —_ ¥
:}dvzx[ _TJ[x+1 jlubx] -(3)
dx x

Therefore, from (1), (2), and (3), we obtain

dy [ IJ" x* -1 ( W '_'-"_.f(.r+]—lng.rJ
—=|x+— ——+log| x+— | |+x _—
dx x) | x+1 X x

b s l"L

Question 7:

Differentiate the function with respect to x.
(logx)" + "™

Answer

Lety =(log J.'] e

Also, let u = (logx)" and v = x"*
Sy=u+v

u = (log x)*

= logu = Iog[“ug x}\.}

= logu = xlog(log x)

Differentiating both sides with respect to x, we obtain
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ldu d

= x}xlng{h}gx}+x . [1ng(lagx}]

:}%:H Ixlog (log x)+x- ﬁ E{h‘gx)}

du I I
— =11 log (] —
= (logx)’ ng{ﬂgx}+ ogx x}

log J

= % = (log x)’ Iog{]ngx}+

. @=[Iogx]l Iﬂg{lﬂgx}-l@gxﬂ}

elx i logx

dﬂ' |
= E:[Iogx] [I+Iogx.|c+g[lugx]] {3}
v :xlugx

= logv= Iog{x"‘g"}
= logv=Ilogxlogx = [lugx}:

Differentiating both sides with respect to x, we obtain

1dv_d [“‘J‘EI}EJ

v ody dy
| dv o
= —.—=2(logx)- logx
v ody { £ }fit( . }
dv 1
= —=2v(logx}-
dx ( g ) x
iﬁzleulur Iogx
dx X
dv 1 .
= —=2x"".]ogx w3
dx . l:‘ }

Therefore, from (1), (2), and (3), we obtain

%:(Iﬂg x) II:I t Ingx.]ug[lngx}]+2x’"—“"']-]ugx
Ay

Que
Differentiate the function with respect to x.
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(sinx)" +sin”'x
Answer
Let y = (sinx)" +sin™' J/x

Also, let & = (sin x}x and v =sin ' x

Ly=utv

S _du dv (1)
de  dx  dx

U= [sinx}x

= logu = log(sin x]k'
= logu = xlog(sin x)

Differentiating both sides with respect to x, we obtain

ldu d . d :
:;;E_E(x}xlog{amA)+.er[log{5|m)]
du d
—_— 1-loo(sin: . sin x
= s u|: og(sin r} X =— dx{sln x}:|
2 {sil‘l.r]v{log[sin.r]+ * ‘CGSIJ
v sinx
:% (sinx)" (xcotx+logsinx) -(2)
X
v=sin"'x

Differentiating both sides with respect to x, we obtain

ﬂzé.i(m

dx lll—[m";)z dx /
dv 1 1

=) =

dx \.I—I—J:‘E\"E

== {3}

Therefore, from (1), (2), and (3), we obtain
P _ (sinx)" (xcotx+logsinx)+
dx 2Vx—x'
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Question 9:

Differentiate the function with respect to x.
4 (sinx )™

Answer

Let y = x™" + (sin x]“m

; . COEx
Also, let u=x""" and v =(sin x}

Ly=u+v

:’Q:d_u+£ (1)
de  dy dx

H=Isi“

= ]U‘gu — IDg(xsi:n:c)
= logu =sin xlog x

Differentiating both sides with respect to x, we obtain

Ldu_d (sin r} log x+sinx d (lo 1']

wde dv s lx <
du { . 1 J

= —=un|cosxlogx+siny-—
dx by

= J_ o [casxl@g X+ sm.rj| .(2)
dx X

v= [sin .r}wT
= logv =log(sinx)"
= logv = cos xlog(sin x)

Differentiating both sides with respect to x, we obtain
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Tev_ %(cos x )« log(sinx)+cos x %[Iog(sin r]]

v dx
= i =v {—sin x.log(sinx)+cosx- sjrl1 . i (sin x}}
dv m[ . _cosx }
= —=(sinx)"" | —sinxlogsinx+-——cosx
dx sin x
dvl - LEtoR g . -
== (sinx) ™" [—sin xlogsin x+cot xcos x|
mr - (Eioh g - -
= —=(sinx)"" [cotxcosx—sinxlogsin x| )
X

From (1), (2), and (3), we obtain

; , sin x . NGORE . .
d_ X [cosxlng.x + —] +(sinx)™" [cos xcot x —sin x log sin x|
x x
Question 10:

Differentiate the function with respect to x.
XCORT xz +I
¥ -1
Answer
en | X #1
Lety=x""" -
-1
L= x_? +1
Also, let w=x""" and v=
-1
Ly=u+v
du dv
L dv_du_dv 1)
dc  dx dx
E_f = I.'.L'U.‘-.L

=, |Og 0= |Dg[?_,':\.n.‘nw }
= logu = xcosxlog x

Differentiating both sides with respect to x, we obtain
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ldu d

D dx(x}-mﬂx-lngx+x~ {?x[cnsx}-lngx+_rms;x-§;[lagx]

du : 1
= =4 1-cosx-logx+x-(—sinx)logx+xcosx-—
X

du KOsy T
= o = x""" (cos xlog x — xsin xlog x + cos x)
SN =x"°"""[m5x(l +|0gx]—xsin.xlug.x] (2)
e .
X +1
V=—
xr =1

=logv= Iog(xz + I)—Iog(x: —l)

Differentiating both sides with respect to x, we obtain
1 dv 2x 2x
P

dv Zx(Jrj —lx_]—l'rl[.‘r2 +Ij] |

& (x’+]:}{:r°—l}

dv x 1 y —dx
dr x' -1 {_x:+l){f—|]
:;»ﬁ—%'”:_ 0)
dx 7 —])
From (1), (2), and (3), we obtain
&, oF [cnsx[l + Iﬂgx]-—xsinxlogx]— x -
. (1)
A

Differentiate the function with respect to x.

|
xcosx) +(xsinx)
( )
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Answer

_ !
Lety =(xcos Jr]~ +(x sinx )

1
Also, let i = (xcos x]" and v = (xsinx)-

LV=u+v
:ﬁ:d_u+ﬁ (1)
de  dv  dv

u={xcos x]'r

= logu = log(xcosx)

= logu = xlog(xcosx)

= logu = x[log x+log cos x|

= logu =xlogx+ xlogcosx
Differentiating both sides with respect to x, we obtain

I ﬁ_i(xmgx}eri[xlogmsx}
3

wdx  dx
= %=1.-H]ngx-i{x}+x-i{lng.x].l[+{lﬂgﬂﬂsx';_i(f}"'v‘f';_i““gmsx]H

:ﬁ—(.xcmr}r (|ngx-l+t~l]+{lcgcmx-|+T' : ,i(msx]}
™ S P : " ocosx dx

Y

= %:{.xmsx}"[{Iogx+|}+{1agcosx+ . -(—sinx}H

COs X

2] % :(xmsx)k [{I 9 Iﬂgx}+{]ﬂgcns_a.'—_x Lan ’tﬂ

- jt‘: =(XCGS‘I}I;[] _xlanx+(]0gx+|ﬂg3ﬂﬂx}:|

i

=— =(xcosx)"[1-xtan x+log(xcosx) ] -(2)
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|

V= {xsin x)e
1
= logv = log(xsinx)

= logv = ]—Ing(.r sin x)
X

= logv = ]—(Iog x+logsin x)
X

= logv:]—lngx+llogsinx
X X

Differentiating both sides with respect to x, we obtain

]m'—d IlurrJ+d|:I]nI(qinr}}
vy del x s de| x AN
ladv [ o 1] | d . d1 Y 4 .
= ——=|logx-—| — |+——(logx) |+| log(sinx)-—| — |+—-—{log(sinx
vde | =t cir(x, X -:.l’.r{ Ek]} { 5{ l) u'x[x] X c.r'x{ E{I ‘}}}
Iu’v_(lll . & | wW d.,.
= ——=|logx:| —— |+——|[+]| log|sinx):| — |+———(sinx
vde | : \ A‘E] X x} { e tlt .,er X SInx u"x{ ‘}}
log{sinx
;-,]_ﬁzlﬁ{l—hjg_r)_'_l_ 'DH[Sjln ‘l}+ 1 ‘CDSI:|
vdr x° x” Xsin x
dv 1-logx ~log(sinx)+xcotx
= =(xsinx)s =" 4 :
elx x° b

f L2 1loe v —loo( < -
v _ (asing): | —log x Io;,[:im,r]+_1 cot .r:|
el i X
A dv _ [.tsin.r}:c 1 —lﬂg(,‘csin1,‘l.'::l+.‘fl.:01.‘l.'—| 0)
edx x

From (1), (2), and (3), we obtain
dy l{:Jcm:-t:rﬂ—I«t:rg[;vcsinx]}

— =(xcosx) [l — xtan x+log(xcos .x}]+(.t sinx)s -

dx x°

L dv .
Find — of function.
dx
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I:",_l' + I.LJ'( :-I
Answer

The given function is x* + y" =1
letxY=vand y* =v

Then, the function becomes u + v =1

LAy (1)
de  dy
w=x'

= logu= Iog(x-")

= logu=ylogx

Differentiating both sides with respect to x, we obtain
Vau_y

=logx—+y- i{lngr}
u dx dx de

du |: dy l}

= —=u|logx—+y-—
el el x
du

::~E=x"[lugx%+fJ {2]

X

11

V= _1.'
= logv= ]og(}-‘")
= logv=xlogy

Differentiating both sides with respect to x, we obtain

1 dv d

—.—=log y-—[x)+ log v

v dx 24 {l} o fr{ h'}}
dv 1 u’\

= —=v|logy-l+x-— —
dx [ ¥ u"rl

_>d——_]. |10L-,+ d‘q .(3)
dx 5 ydx

From (1), (2), and (3), we obtain
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. dy v . x dy
x| logx—+= |+ | logy+——|=0
[ & dx x] ' [ & _vdx]

dy
dx
cdv w' Ty log y

= {x-" log x +_x}""| ) - (yx-"'l +y lug,_}')

elx M logx+x

a1

Question 13:

Find i of function.
dx

y=x"

Answer

The given function is ¥* = x"

Taking logarithm on both the sides, we obtain
xlogy=vlogx

Differentiating both sides with respect to x, we obtain

d d d d
log v x)+x- logy)=logx-—(v)+y- loox
gy —-(x)+x-—(logy) =logx:==(y) 4y —-(log )
I dy dy 1
=Slogyv-l+xr——=loogx-— + p-—
= v dx " i P
:>iogy+i— |o,§__xay 'J'J
v ox
Xx dy ¥
= | ——logx |—==—-logy
(}’ 2 Jﬂir x5

[ x-ylogx Wufv ~y-xlogy
L ¥y ) dx x

dy f}'—xlﬂgq
Cde x| x-ylogx)

Qu

Find % of function.


www.toppersguru.com

www.toppersguru.com

Class XII Chapter 5 - Continuity and Differentiability Maths

(cosx) =(cosy)"
Answer

x

The given function is {CGSI}F = [cos _v}
Taking logarithm on both the sides, we obtain
vlogeosx = xlogcos y

Differentiating both sides, we obtain

dv d d d
logeosxy-—+ y-—(logcosx)=logcos y-—(x)+x-—(logcos v
& dx Y cix( & ] £EOs) cir( } fiw[ £ ]
dv 1 4 1 i
= logcosy—+ - «—(cosx)=logcos y-1+x- - COs ¥
¢ ¥ ! COS X cir( } geos) COS ¥ r:ir[ }}
afy }: . x B ﬂh_:
= logcosx—+——-(—sinx) =logcos v+ sin y)-—
¢ dx  cosx ( )= log cos. cn:-s_v[ ) dx
= log cosxﬁ—ytan x=logcosy—xtan y &
dx dx

dy
= {Iog cosx+xtan _1»'] 7 vianx+ logcos y
X

cdy  yvtanx+logcos y
Cdy xtan y+logcosy

b

?
Find — of function.
dx
Xy = g
Answer

. . . {x—y
The given function is xv = ¢ '

Taking logarithm on both the sides, we obtain
log(xy)= Iog(rx" -‘}

= logx+logy =(x-y)loge

= logx+logy= {.'r - y}xl

=logx+logy=x-y
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Differentiating both sides with respect to x, we obtain

d d d dy
oo e+ Siloo v = (v - 22
aar{““}J'dx{Dg” (x)

dx dx

1 1ay [ dy

x o vy elx

::»[1+l]d—'}—l—l

v ldx X

(y+1“‘£_1—1

Ly Jr:it x
dy _y(x-1)
ko x(y+l)
Question 16:

Find the derivative of the function given by /(x)= (I +x](| J—,x'?}(l +.r4)(l —,ri) and hence

find /7(1).

Answer

The given relationship is / () = (]+x}(1+x?]li| +-TJ){1—A'T‘)
Taking logarithm on both the sides, we obtain
log f(x)=log(l +x]+|og(|+x"ﬁ)+log[l +,r*)+1og(1 —,5:”}

Differentiating both sides with respect to x, we obtain
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R I:fl:x}:lz d log (1+x)+ d lng(l+x:)+;i |0g(|+x")+ilng{l+.rs)

_f'(x) dv dx d
| 1 ) . 1 d
- . 3 | S |
( f{) 1+r rix +T)+l+r dr[+ ) 1+x* ﬁ{\;{+r}+l+ls n’v[+ ]
( )|: ~2x+ ! 4-413+ ] : ~Hx'1i|
]+r +x° 1+x 1+x

. " _ 3 4 5 ] 2.'( 4.'["= 8..1'?
()= (1) (148 )(m- )1+ x )L+x+1+f - +m3}

Hence, f.r{]]:{l-}-])(l_'_]!)(l+]-I)[1+]H]|: 1 ' Exlﬁ +4><I'-‘ +Bxl?1

1+1 1+1° 1+1* 140°

)
=2x2x2x7|:]+ +4+H}
2 2

2 2
=16x[w]
2
=16x 15 =120
7

Questi

Differentiate (.r" —5x +3}{,r" +?x+‘i) in three ways mentioned below
(i) By using product rule.

(ii) By expanding the product to obtain a single polynomial.

(iii By logarithmic differentiation.

Do they all give the same answer?

Answer

(i) Lety = (x" —5:1.'+8){.r3 +Tx +"-JI)


www.toppersguru.com

Www.toppersguru.com

Class XII Chapter 5 - Continuity and Differentiability Maths

letx’ =5x+8=wandx' +Tx+9=v

V=1
$%=%-v+zr-% ( By using product rule]
:>Q:i(.x3—5x+3)-(x"+?x+‘-))+[x:—5x+8)-i[x‘+?.r+9]
dx dx o ;
:>%=(2x—5](13+Tx+9]+(x3—5.x+8){3x3+?)
= Z:; =2.xr[::c3 +?x+9)—5(x“ +'a".xr+9]+;=r:{?ucJ +?]—5.T(3.1': +?)+ 8(3.1-2 +?)
9 =(2x*+14x3+1sx]—5x"—35_1-—45+{3x‘ +7x7 )~ 15x = 35x + 24x° + 56
dx
E =5x* 20" +45x° = 52x+11
dx

(i) y = [xz —5x+ H)(.r" + ?x—ij)
=x* (¥ +7x+ t:a] ~5x(x' + 7x +9]+3(_\--‘- x4+ 9)
=x 4+ Tx +9x7 =5x" =353 —45x+8x + 56x+ 72

=x = S5x' +15x" = 26x" +11x+ 72

i: i(f Sx'+15x° -26x° +11x+72)
disv od N 1ed s doy. ., d d
:E(x ]_Ja(,x )+15£(x )—Z{ra[x )+1 1 (x)+—-(72)

=5x =54y’ +15%3x7 =26 2x+11x140
=5x —20x" +45x" —52x+11

(i) ¥ = (.r] —Sx+ 8}{.1:‘ +7x +‘~JIJ
Taking logarithm on both the sides, we obtain
log y = log(*’ —5,r+8}+lﬂg[x3 +?x+9)

Differentiating both sides with respect to x, we obtain
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ldv d 3 d 3
~=-——log|x -5x+8|+—log|x" +7x+"Y
vdx dx g(:x * ) X g(x x )
1 dv | d ] d g .
= —Ef}—:ﬁ—-—(x' —5x+8)+1—-—(x' +?.'c+*~)]
yvdx a7 —=5x+8 dx X +Tx+9 dy
dv 1 1 1
== - #[2x—-35)+ #[3xa”+7
dx y[x' —5x+8 ( ) X +7x+9 ( )}

5%

- _ (f —5x+3)(v‘+’" +?',x+9) Ifz_xj;i-s N 1‘3’:; iq}

(2x=5)(x" +7x4+9)+ (357 +7)(+* =5x +8)

dv o> !
jdx:(x —51—!—8)(}( +?x+9) (.t“—ir+8){x"+?x+9) A 9§
:%:21(13+Tx+9)—5[x1+?x+@]+312(x: —5_1'+8]+ ?(f—ix+3)
:%:(humf+1ax}—jx"—351—45+[3x*—151’+24x‘*]+(7f—35,r +56)
:‘»ﬁ =5x" —20x" +45x - 52x+11

dx

From the above three observations, it can be concluded that all the results of ﬂ are

dx

same.

If u, v and w are functions of x, then show that
du J
—[u.v.n'} =—vWHH—WwWH+uy.—
dx dx dx
in two ways-first by repeated application of product rule, second by logarithmic
differentiation.

Answer

Let y=urvws= H,{'L',H':I

By applying product rule, we obtain
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dv  du d
—=—|vw)+u.—vw
T =)t (o)
= & = du Ve +u[ﬁ- WHV- ﬁ} (ﬂgain applying product rule)
dv  dx dx dx
dv  du dv dw
= VWA N — WV —
dv  dx clx elv

By taking logarithm on both sides of the equation v = ir.v.w, we obtain
log v =logu+logv+logw
Differentiating both sides with respect to x, we obtain

1 dv d o i
= logu )+ logv)+ logw
L (ogn)t(logv)+ o (logw)
Ldy_Ndu Ldv 1 dw
vodyr wdx vde wad
:}Q=,,,[lﬁ+l@+iﬁﬂ
“hwde vde wdx )
:}Q:umw{l du { 1 dv | 1 a"n'J
dx wde vde wdx
dv  du dv dw
. VWA WAV

oy - dx dx el
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