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Differentiability

Exercise 5.5

Differentiate the functions with respect to x in Exercise 1 to 5.

1. cos xcos2xcos3x

. = -cos 2y .
Solution: Let * cos xcos 2x cos 3x

Taking logs on both sides, we get

log v =log [:CDS xcos2xcos3x)

— log cosx+logcos 2x+log cos 3x

Now,

d d d d

—log v=—Ilogcosx+—logcoslx+—logcos3x

ax ax ax ax

1 ay 1 d d d

——= —cosx+ —coslx+ —cos3x

Vv dx  cosxdx cos2x dx cos3x dx

1 ay 1 . . ! d . d
— == (—sin x)+ (—sin 2x) — 2x+ (—sin3x)—3x
Vv dx cosx © cos2x dx cos3x T dx
1 ay

—. — =—tan x—(tan 2x) 2—tan 3x(3)

V ax

ml

—f:—}'(tanx+2tan2_1:+3tan3x)

ax

ml
— = —cos xcos2xcos 3.1’I:ta.n x+2tan 2x+3tan 3_1’]
ax

J (x—1)(x-2)
5 (=3 )(2x—4)(x—5)
(1’—1_](1’— 2)

(x=3)(x—4)(x-5)

[using value of y]

Solution: Let \[
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(=2 )
BEETE)

Taking logs on both sides, we get

log v =%[10g (x—1)+log(x—2)—log(x—3)—log(x—4)—log(x— 5]:|

&1 (x—1)(x-2) { 1,1 11 1 ]
de 2 I:_t—3:|I:x—4]I:J:—5j x=1 x-2 x-3 x—4 x-35

CoEX

3 (log x)

Solution: Let v=|log 1]
Taking logs on both sides, we get

DOEX

log v =log [:lug x)" =cos xlog [lng x]

d d

—1 = — xlog(log:

- og 1 dt[cus rlog(log 'r:]]

lﬁ = CDS_‘{i_IDg (log x)+log(log 1)i COs X

y dx ax ax [By Product rule]
1 dy 1 d .

—— =cosx —(log x) +log (log x| (—sin x)

v odx log x dx

ldy cosx 1

v odx B logx logx

—sin xlog (log x|

dy CDS_‘L’_Sin _Ylﬂg(lgg_'{'j]j|

dx log x
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I:lcug x]m [CDS X sinxl og flﬂg.rj:|

- log x '
4. .Tx _za':'.x

Solution: Let ¥=* —27

Put u=x and v=2""

V=u—v

dy _du _av

dx dx dx ... (1)

Now, &=

d
——=x—Ilogx+log x— x
ax

d d
—logu =flzrlug .'l.’:]
ax [vics

1 du d
u dx dx

1 du
——=1+logx
i dx
du
f=u[l+lngx)
ax

du _ x I:1+1|:ug .'l{:l
dx

Again, v=2""
dx dx
av
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ﬁ =2""(10g 2).cos x= cos x.2* log 2
ax. (3)

Put the values from (2) and (3) in (1),

dv . s
— =x"(1+log x) —cosx.2""log 2
ax

5 (x+ 3_]: (.T+—'1_]3 (x+ 5_]4

r 1 3. 4
Solution: Let ¥ =(¥¥3) (x+ 4] (x=5)
Taking logs on both sides, we get

log y =2log(x+3)+3log(x+4)+4log (x+ 5_]4

Now,

i_ll:ug y= -ilag[.ﬁ:+3] +3i_1|:ug [:Jr+4j+4i_10g[:x+5]
ax a2 ' ax X

1._-:;_L- 1 i[1’+3]+3 : i[r+4)+4—1 i[:x+5‘]
ydx x+3dx © x+4 dx x+5 dx .

4ay [ 2 3 4
- =¥ + 9
de T\ x+3 x+4 x+35

dy 2 \3 s 2 3 4 7
— =x+3) (x+4) [x+5 '
dx (_H- :I (1+ ) (‘H- J ‘1_1'+3+J:+=1+_T+5;|

(using value of y)

Differentiate the functions with respect to * in Exercise 6 to 11.
~E (LD

x+—| +x- &
6 \ .TJ

W E gy
1

| e
y=|x+— I +x =
Solution: Let X
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1y .

Xt—| =u B
Put ~ and ¥ =V
y=ut+v
dv du dv
—=—+—
dc dcodx ... 1)

= x+—

Now - %/

Fooy
logu =log J:+—|
Lox)

1 du 1 df
—f:l-..__.- ]_"'.E X
i ax ot

x )

.-" 1-.
—1102 r+ |

+l :+10g: _":+l 1

-II. I

-

1) exl, x)
_T_,II
1 du 1 [ 17 11
- = 1\1_'c — +102 x+— .1
U ax x+—"“ x* ) L x)
le
du [r—l ( 1“1}
—=u +10g1x+
dx o+ Uox)
B EES! [ )
x+—| f—+lng x+— J
x x
= R (2)

Again V= x
log v=log 1 2 =I

ldv | 171
= xt+— | =
vae | c) X

https://byjus.com


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

m BYJ U S NCERT Solutions for Class 12 Maths Chapter 5 Continuity and

The Learning App

Differentiability

dv |1/ 17 1
—=v| — x+— ——10g1
dx x\,  x) :
i T - .,
dv o] 1 1} 1
Fe N T B

\ I (3)

@ | 1“;“[# -1 ( 1‘\} :'r{:[y" 10
— = x+= +log, x+ +xt V- x+—
v +1 \

ax x ;' x )

7 [lugx]r+x'°g:
o N o
Solution: Let y=(logx) +x = u+V where *
b _du, o
dc de o odx ... 1)
Now u=(logx)

logu =log I:lcug .zj =xlog I:log x]

d d

_]_ = — _"]_ ]. x

- 0g i cir[l Dg( og 1:']
ld_u_xi[loe log x ]+IDE lﬂngi"‘
i o ax X
ldu 1

. i1::12 w+log(log x).1
udc  logxdx

idizx ! l+1|:|g|:1|:|gﬁ.]
u dx logx x

ﬁ:u[ ! +log [lng 1:|i|
dx log x
du

_=(1Dgx)*[ 1 +10g[10gx):|

dx e (2)

= (1 og J:]

Joex

and V=X
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Again ¥V= XE*

log v=log x'** =log xlog x =(log x)

d d

—logv=—~(logx]

X ax

1 dv d

—— =2log Tf[IDE x]

vV ax ax

1 dv 1

——=2logx—

vV ax X

dv 2 \\: loex 2

—=v —logx | =x" . —logx

ax X J X

dav -

= =2x"¥og x

ax 3)

Put the values from (2) and (3) in (1),

i:[lug:{)x[ +log [10ngj|+2_1’1°gx'llngx
dx log x
v | 1+1 log(l
Ej:(lagr){ e DgI: = xj:|+2xng_llugx
dx log x
d.}' x-1¢ ogx-1
E:UDEXJ (1+log xlog (10gx)]+23: =log x
. : j

8 I:sin .TJ: +sin™ «.n'q

Solution: Let }':[Eiﬂl’]x+sin‘1”@

dv  du . dv
dx dx dx ... (1)
Now = I:sm 1]

https://byjus.com
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ilng oy =i[1’1 og I:sin 1]:|
1 du d d
—_— ]_ i - +]. i X|—X
— X civc[ og (sin r:l] og (sin x) e X
ldu 1

d . :
——=x— f51nx+loglzs1nx].l
U ax S X X

1 du . .
——=x——cosx+log (5111] =xcotx+logsinx
i ax sin x ’

d .

fu = u[rcnt x+logsin .T]

ax

d; . ax .

e = (sm x] [ICDt x+logsin .‘L’]

& T (2)

log v=logsin™ NI'T

dv 1 d
T a
(%)
av_ 1 1
dx 1—1-3{;
1

N o
1

= 2x— (3)

Put the values from (2) and (3) in (1),

1

x—x

E = (sin .‘L’]x [ICDt x+logsin _1:]+
ax

k2
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% +(sin .T:I':m

9.

_ _shx . o
Solution: Let* +(sin x)

_ s v={sin x| = ]
Put =X and (sin x) ,we get ¥ THTY

dv du dv

dc dx dr . 1)
Now ="

log u =log x*** _ sinxlogx

d d ..

—logu=— (Sm xlog J:)

ax [ris

ldu . d d .
——=sinx—logx+logx—sinx
U ax ax ax
ldue |, 1
——=sinx—+log x(cus .TJ

i ax x

du  [sinx )
—=u +cosxlog x

ax LoXx

. . X
aiu sy 510X |
— = +cos xlog xJ

ax xR (2)

sin _Tj': -

Again v=(

log v=log [5111 -Tj — cos xlogsinx

d d ,

—logv= f[cnsxlug (5111_1:]]

dx dx

1 dv d : :

—— =cosx—logsin x+logsin x —cosx

vdx dx dx

pter 5 Continuity and
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1dv . . .
—— =CO05X— —sinx+log 51113:[—5111 x]
VvV ax S11 X ax
1 dv ) .
— — =cot x.cos x—sin xlog sin x
VvV ax

av . .
E = v[cot xcos x—sin xlogsin x)
X

v = (sin J:)Iﬂ (ccut x.cosx—sinxlogsin _1::1

dx (using value of v) ..........

Put values from (2) and (3) in (1),

ﬂiL' sy I sin x \: . coeX . .
— =X +cos xlog x I+I:51n .'l:] I:cat.‘r.cmx—mn xlog 5111.‘:]
ax LoX /

o +1

10. x -1
oy X1
5O

K- IR

o

Solution: Let x -1
x +1

v=

Put u=x" and x -1 weget?=%TV

dv  du . av
dx  dx  dx (1)

Now &= KX

logu=log x**** _ xcos xlog x

ldu d

——= —(J: cos xlog J:]

udc dx

ldu d d d
——=—(x).cosxlog x+x—/( cosx)log x+xcos x— (log x|
idx  ax ax ax

1 du

. 1
——=1.cosxlog J:+J:(—51n J:]lug X+XCO0sSX—
i ax X
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du .
—=u[c05x10gx—x&1n xlog x+ 1:05_1’]
dx
du e :
—=x" (CDS xlog x— xsin xlog x+ I:DSJ:J
& (2)
X +1

V=
Again  x -1

2 opndiany (andia g
ﬁz[}’ —I]E[x +1§]—[‘_1 +1]E[1 —1’]
e [fx:—lx]‘

dv [1. —1:] 2x— [1 + 1] 2x

dx (1)

a'-'lf [.--T: B 1-.]2
av _ —Ax
' [ 2 _1‘]

Put the values from (2) and (3) in (1),

ﬂiL' TOEX : —4x
—=x [cusxlagx—xmﬂxlﬂgx++:|:+5_1cj+f ——
dx (x* 1)

x 1
11 (xcosx) +(xsinx)*
* !
SO|UtI0n Let :-LI:I:I':DS -"L’:Ih +I:_'If51ﬂ _T:lx
1

Put u=[1’c051’] and v=[rs1n:-::|rywe get Vv=u+v
b _du v

dx dx dx ... (1)

Now u=[xc051]x

https://byjus.com
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-

_ xlog [:.'lfl.'_'l.'_'IS _TJ

logu = x[l-:ug x+log cos x)

iluzug i :i_ [J:(l og x+log cos 1)}

dx dx
ia;u_x —+ : _[:—sinx]:|+|':1ﬂgx+10gcns_r]_l
i ax CosX

du

— =u|l—xtan x+log( xcosx

= u[ x tan x Dg[xcosxj:l

du .

—=(xcosx| |l-xtan x+log(xcosx

d ( 'l ( o )

oL
Again v=(xsinx)3
1 .
log v=log(xsin x)* _ ;lng (“m x:l
1 .

logv= —I:lng x+logsin xj

ilng &»=§{% [lng x+logsin x]}

lﬁ: ! . _cos_ﬁ.{|+[10gx+lng sin 1] _—1 |
Vo Sl X L f,|
dv cotx log I:.".’Siﬂ x:l:|

— =V + - --

ax x X"

s 1 - log(xsinx
%—(tsin J:]E [ i N cutp_ﬁ. 3 l:rgl:xjm 1]:|

¥ o I 3)

Put the values from (2) and (3) in (1)
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—fI: xcosx) l—xtan x+log| xcosx) |+(xsinx
=
X

al-;L.
Find 4x in the following Exercise 12 to 15
10, ¥ 1y =1
Solution: Given: * T =1

g —_ v - X
utv=1l \where u=x" gnd V=1

d d

leE ) =f[:_:|.'].DE -'l:l

an fk's

1 du & av

——=y—logx+log x—

i dx fris dx

1 du 1 v

——=y.—+logx—

uoax x an

de (v ay |

— = —+].Dg Xx—

ax LX a'_ﬁ:J

i Sy dv v : '

—=x" T+logx— |=x “+x'logx—

ax X a‘.r;' x ax

i _ . v

=Xy logx—

ax ax ... (2)
Again ¥ =4

cotx log(xsinx)

https://byjus.com
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logv=log y* =xlogy

i_ll:ug v=i[.ﬁrlog J.']
ax a2

lav  d d
——=x—logy+logy—x
vdr  dx ax

ldv lay
——=x——+logy.l
VX Vax

dv [ xdv
—=v| ——+logy
dx | ydx

v [xdy 1 Lxdy
—=) ——+logy =y ——+1"logy
e Wy dx J v dx

av x-1 d.]' x
— =V x—+)logy
ax ax (3)

Put values from (2) and (3) in (1),

. . dv 4 dv .
v+ log 1:.{_ + 13 =+ 1*logy =0
X

av; . el . .
‘:{—”[J:‘1 logx+3™ x| =—x"y—3"log ¥
n J

For-1 x )
dv —|xX T y—1r"logy]

T x-1
de  xlogx+1Tx
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13.y¥=x7¥

Solution:

Applylogonbothsides, we get

log y*=log x¥

xlogy=vylogx

Now, apply differentiation with respect to *x’ onboth sides, we get

1 dy 1 dy
x| X +logy(1) = y(—) + logx(-~)
C dx

y d x

xdy dy y
logx logy

y dx “de
By taking dv/dx common,
dy [« y — xlogy
— | — — logx —_—
de \y x
dy (;r — yfog;r) y — xlogy
dx Y - x

By cross multiplying, we get

dy  y(y — zlogy)
de ~ z(z — ylogz)

14 (CDS l’)l.z(cug}g
Solution: Given: (cos x)” =(cosy)

log [:CDE .T:]I =log [:I.'_'I.'_‘IE _:L':I

vlogcosx=xlogcosy

i_(}'lug Cos .'l.’:l = i(xlog CGE}']
ax

d ay d d
logcosx+logecosx— =x—logcosv+logoosy—x

"
dx dx edx dx
d dy 1 4
v —cosx+logcosx—=x —cosyv+logcosy
COS X ax ax CosV ax
I : ay 1 [ . av)
v I:—sm :r]+10g COSX—=23X —sin v +logcosy
COsS X dx cos ax )

e

af-L.
=—xtan y.—+logcosy

—vtan x+logcos x
dx dx

dy ay
xtan y—+logcosxy. — = ytan x+logcos v
@ o

https://byjus.com
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dx

dy _ ytanx+logcosy

dx xtan y+logcosx

15, w=e"*

AT
Solution: Given: = = ¢

log xy =loge™

log x+log v = [:.T—_:L':Ill.'_'lg e

log x+log v= I:.T—J.'J [ log e =1]

< jog x+Zlogy = i(r—}'J

ax ax ax
1 lay - )
x ydx dx
1 dv av _1 1
v dx dx X
a1 ) x-1
= S4l==
axiy ) X
dv(1+y) x-1
dx\ v | x
dv Y(x-1)
dr  x I:l + J.']

16. Find the derivative of the function given by

hence fl[lj'

Solution: Given:

al'-L.
—”I:xtﬂn v+logcos .'l:] =vtan x+logcosy

£ ()= (1) (1) (1) (1457)

L L 2Ny ANy
fx)=(1+x){1+x" |(1+x7|(1+x"} a

https://byjus.com
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log f(x) =log(1+x)+log 1+ | +log(1+x" ) +log(1+x"

1 4 . 1 4, 1 4, 2 1

— —f[\\']:——[\1+1']+—w__|1+"f |+ 3
flx) dx T 14+ xdx Tl xt dx 1+x

1 o 1 1 1 : 1 -

"(x)= A= - 2x+ S 8x

flx) f'(x) l+x  1+x 1+x 1+x°
File) = flx)| L 2x 42 & ]

ST lex 1ex 12t 1ex ]

Put the value of f(x) from (1),

o N 2x  4x  8x ]
(x)=(1+x)(1+= )1+ )1 +2%) 4 + N
Fix)=\ a o {l—x 1+x? 1+t 1-x" |

Now, Find for f'(1):

F)=(1+1) (14171 1%)[1+1°

(12 4x1® 817
141 1488 1+1" “141° |

FUL)=(2)2)(2)(2) B—%—;—g—l
o 15

f Ll_]:lﬁ[?}

=8x15

=120

. [ —5x+8) (X +Tx+9)
17. Differentiate * I .

(i) by using product rule.

d 1 4. z
— (145" |+ — —(1+x|
' 1+x &'

in three ways mentioned below:

(i) by expanding the product to obtain a single polynomial

(iii) by logarithmic differentiation.
Do they all give the same answer?

_ v=(x'—5x+8)(x +7x+9)
Solution: Let : o :

(i) using product rule:

https://byjus.com
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ﬂ =( —51’+S~]i[§1’: +7x+9)+(x* +7x+9) i[ﬁ. —5x+8)
e Lrm JT L J
& - e

—= (x*—5x+8)(3x" +7)+(x" +Tx+9)(2x-5)

dv - ; ) ; )
a; =3+ 7 =155 —35x+ 24" +56 + 237 =5 +14x7 —35x+18x—45
X

GFL' ] o]
= =5 2007 +45xT 411
ax

(i) Expand the product to obtain a single polynomial
V= [1 —5_1:+S:] [ X +7x+ 9]

y=x +7x% +9x? —5x" —35x" —45x+8x° + 56x+ 72

y=x =52 +15x° - 262" +11x+ 72

=5x" =20 +45x" —52x+11

(iii) Logarithmic differentiation

V= [1 —5_1’+S:] [ i +Tx+ 9]

log v=1log |_r__'c: - 5x—8;] ~log fx’ - ?x—‘};]

ilug}- = ilngff —5x+ 8]—ilog[{x‘: ~Tx=9]
Q-lc m- * s ax b r
].\':I‘l ]. \':I i 3
- = . —[x =Sk =8| — — | +=Tx+9|
vy xt—ix+8 4 ~Tx=9
lﬂ= { [Z2x—3)+ |32 +T]

vt x —3x-+8 ox +Tx+9

dy_ [ 2x-5 347 1

de T x—3x+8 X +Tx+9|

& _ [ 2x-5 3x'+7 |

de | x'-5x+8 ¥ +7x=9]

https://byjus.com
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(2x-5){F + Tx+9) (32 =7){* —5x+38) |

!
!

Be| <

(x—35x=8)(x +Tx=9) |

r . . . . T
2x* +14x* +18x —5x —35x —45+3x* —15x" + 24x* + Tx* —35x+ 36

@ _
dr (P —5x+8)(x* +7x+0) |
dy | 5x*-20x" +45x7-52x+11 |
@ | (F-5x=8)(F+Tx+9] |
- 1 A 7
dv Sx* —20x  +45x° —52x+11 |

=

4 =|..I1_5I_S.‘I|II5_}‘x—‘;':||: 3 E~|| B 9‘| |
XX+ X+ /XY J[using value of y]

av 2 o]
= =5xt 20X +45x - 52x+11
ax

Therefore, the value of dy/dx is same obtained by three different methods.

18. If u, v and w are functions of x, then show that

d . i av aw

—(uvw)=—vwt+u. —w+uv—

ax Cooax ax ax
in two ways—first by repeated application of product rule, second by logarithmic
differentiation.

Solution: Given u, v and w are functions of x.
a . ] av aw
— YW | = — VW L — WUV —

To Prove: 4 ¢ dx d

Way 1: By repeated application of product rule
L.H.S.

%Eu'v'u'.] _ % [(w) ]

d d
UV —W+W—| UV
d dx
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Differentiability

aw av i
MV —— LW VW
= ax ax i

di dv aw
— VWt U — WwWtuv.—
= dx ax ax

=R.H.S

Hence proved.

Way 2: By Logarithmic differentiation
Let ¥ =W

log v =log I:u_v.w:I

log y=logu+logv+logw

iln 1'—iln u—iln v‘—iln w
dx = ax £ friy £ dx £

Put y=uvw, we get

d A [1du 1av 1.::’11-1
—luvw | =uww

@ | v
d du dav aw
— I:u.v.w] =— VWt — wtiuv.—
ax ax ax ax

Hence proved.

pter 5 Continuity and
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