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CBSE Class-12 Mathematics
NCERT solution
Chapter - 5
Continuity & Differentiability - Exercise 5.5

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

1. cos xcos2xcos 3x

Ans. Let V=cos xcos2xcos3x ... )

Taking logs on both sides, we have
= log v =log(cos xcos2x cos 3x)|

—logy = log cosx+logcos 2x+log cos3x

d d d d
= —logyv=—Ilogcosx+—logcoslx+—Ilogcosix
ax ax ax ax
1 dv 1 d 1 4 -
= —.—= —COsSX+ —COsSaXx+ —cos3x
Vv dx cosxdx cos 2x dx cos3x dx
1 &y S . . d S . d
= —.—= [—sin x|+ | —sin 2x|—2x+ [—sin3x)—3x
Vv dx cosx © coslx” " dx cos3x " dx
1 &y . . .
— — —=—tan x—(tan Ix|2—tan 3x(3|
v dx . . -
ay . .
= —=—y(tan x+2tan 2x+3tan 3x|
e . .
ay . .
= — =—cosxcoslxcosix(tan x+ 2tan 2x+3tan 3x |
x . .
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(x=1)(x-2)
(x=3)(x—4)(x—5)

[y ]

Ans.Let 1= |- [-I___l-.] ['_1’.—-2_'] — = (x—1)(x-2) Vo (i)
N E-Ax3) | o397

Taking logs on both sides, we have

= log v :%EIUE [._-"f—l_.] +log [-_.T— 2] —log [:.'&’—3:] —log ['._-.;_ _1] —log ["n’—f']j

ladv 1] 1 4
A P H+——~—h—ﬂ———"—h—ﬂ———"—h H———"—h—ﬂ|
var 2| x-1dx x—2dx x—3 dx x—4 dx x—35dx

1 (x=1)(x=2) [ 1 1 1 1 1
dx 2Y(x-3)(x—4)(x-5)[x-1 x-2 x-3 x-4 x-5

3. (log x)™"

Ans. Let y= [lgg _T:] R 1)
Taking logs on both sides, we have

= log v =log(log x| = —cos xlog (log x|

d

= ~ log v=—1| cos xlog(log x| I
ax dx -
1 dv d d
— ——=cosx—Ilog(log x| +log(log x |—cosx [By Product rule]
v odx dx ax
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1 ay 1 4, . . .
= —— =C05X —(log x| +log(log x| —sin x|
Vv dx log x dx ™ : ' o '

1 dy __ cosz 1  _-:
Y%~ Togs’ z sin z log(log x)

= % =y [mcl‘zsg‘fv — sinz log(log zc)}

d .
= é = (logz)**” [mcl‘z)?; — smxlog(log:c)}
4. .Tx _ 25.‘:'.::

Ans. Let 1 = »* — 2¥%%

Putting ;; = »* and = 25.‘:‘.:‘

— V=U—V
dv du dv .
= = — —— (1)
ax  ax ax

NOW, i = ."i:

= log u =log x* =xlog x

d . .
= —logu =—| xlog x|
ax ax '
1 du d d
= ——=x—1logx+log x—x
i edx ax ax
1 du 1
= ——=x—+log x1
i edx X
1 du
= ——=1+logx
iU ax
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ai . .
= —=u(l+logx|
ax ' :
= 2= ¥ (1+logx (ii)
dr = [ Dgl.] ..........

Again, = 23%F

ﬂ'-'l-"_ a 4dar
dx dx
ﬂl-1|-"- - ﬂl- . [ 'ﬂl‘ fixl il &I- ; -_
= —=2"logl—sinx e =a loga— f[x]|
x ax | ax ax
-ﬂ'—‘l-" ziny siny ses
= —=2""(logl)cosx=cosx 2™ log 2 ... (iii)
ax

Putting the values from eq. (ii) and (iii) in eq. (i),

ay y : I
—=x|1+log x)—cosx 2™ log 2
(X ' '

5. (x+3) (x+4) (x+53)°
Ans.Let y=(x+3) (x+4) (x+3) eu®

Taking logs on both sides, we have

= logy = 2log(x + 3) + 3log(x +4) + 4log(z + 5)

d d . . d . . d S
= —logy=2—Ilog|x+3|+53—log|x+4|+4—log|x+35)
ax ax ' ' ax ' ' ax ' '
1 av 1 4. . d . . d ., _.
= — = =2 —(x+3)+3 —(x+4)+4——(x+5)
vdx o x+3dx ' x+4 dx ' x+5dx '
1 av 2 3 4
= - = - E—
vdr x+3 x+4 x+35
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-

av [ 2 3 4
= =y - -—
dx Lx+3 x+4 x+5)

-

ay 2, G o4 2 3 4 7
= —=|x+3) [x+4) (x+3] + +—
dx C C Clx+3 x+4 x+5)

2 = (z+3)%z+ 4% +5)(

2(z+4) (w+5)+3(m+3)(m+5)+4(x+3)(m+4)
(z+3)(z+4)(z+5)

dy 2 3 4 [ 22°+18z+40+3x2+24x+45+422+28x+4
= 7 = (& +3)%(z +4)%(z +5) ( (z+3)(z+4)(z+5) 3

= Y — (z+3)(z+4)%(z +5)3(92% + 70z + 133)

Differentiate the functions with respect to x in Exercise 6 to 11.

6. (z+ )"+ x(H%)

1
Ans. Let y = (:1: + %)m + x(1+3>
.'-. .\.'ll"" i
Putting _T+l ! =y and a:(Hw) =0
L x)
V=u+v
dy du dv ,
=— — e (6))
ax  ax  ax
i 1 ~:*
Now 3= v+ —
o ox)
= logu =log| x+— | =xlog x+—|
N X L x)
1 du 1 4 1) .
—— =X —— x+— +log x+— .1
= u dx | 1V dx!  =x) L x)
x+— I
\ X,
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=18 a1 (1- L) +log(a+ 1)1

dz (a:—{—%) x2
de [¥-1_ [ 17]
= —=u| — log| x+—||
ax | X"+ \ x|
S R I || .
= ¥x4+— | | 7 +1Dg v+ — I | .......... (11)
Lox) [+ Lox)]
Againv = ac( %)
_ (1+2) _ 1
= logv=1logz\"" 7/ = (1+ <) logz
=12 (1+1).1+10gz (F)
— % :’U{(l—{—%).%‘Flng. (;—21)}
v _ (13) [1 (1+1)- Lo }
- = — p 5 108 T| v (iii)

Putting the values from eq. (ii) and (iii) in eq. (i),

W= (ot 1) [22 +1og(e+ )] +2042) |

K|~
—~
ot
+
K|
N—"
|
awl._.
[a—
@)
0=}
8
| I |

7. (log x)" +x"
Ans. Let v = ['_lug .T_'Iﬁ +x"
where i =(logx) and v =y

dv du dv
=

dr dx dx

Now g =(log x|
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= logu =log(log J:_']r =xlog(log x|

d d -
= —logu=—| TIDE[IDE T] I
ax adx -
1 du dr d
= ——=x—1|log(log x| |+1L‘.‘IE[1CIE X)—x
i X - dx
1 du 1
= —— =X —IDE x+log(log x).1
i dx log x dx
1 du 1 1
= ——=x —+log(log x]
i ax log x x
i I ]
— — =i +1DELIDE "i'] |
dx  |logx 1
= — =(log _-.;] | +log | log x| | .......... (ii)
dx © | logx ' "]
Again y = /=¥
= log v=Ilog x'*= "=logxlogx=(logx)
d ad . 2
= —logv=—(log x|
ax ax o '
1 dv
— - =21Dg .Tf[].DE T]
VvV ax ax
1 dv 1
= ——=2log x —
vV ax X
dv 2 1 gex 2
= — =V “logx|=x""_Zlogx
dx X ! X
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Putting the values from eq. (ii) and (iii) in eq. (i),

—={logx)"
dx "l logx

+log(logx) | +2x% ogx

dv . | 1+1og xlog (log x)
= —=|(log x| ' :
dx " log x

ﬂLL' . wr=1 s . . -
= —=(logx| |l+logxlog(logx)|+2x~
al_-': - - " -

8. (sinx| + sin™" Afax

-, - =1 _ ,
Ans. Let y=(sinx| +sin X =S UtV
where g =(sin x) and y=gin~" .fx

o dy du dv
==t
ax  ax  dx

Now # ={sin x|

= logu =log(sinx) = xlog(sinx]|

d - -
= —logu =—1| xlog|sin x| |
ax ax - ' T
1 du dr P A |
= ——=x—1|loglsinx| |+log|sinx|—zx
i ax ax - ' - ' - ax
1 du 1 4 . L
= ——=Xx —sinx+log(sinx).1

i dx sin X dx
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= % Z—Z = . Shlw cosz + log(sinz) = zcot x + logsinx
dii :
= — =1 I:."{Cl.'_‘lt x+logsin .T]
ax
au \ X . ..
— — =|s1n x| [l’l."_l.'_'lt x+logsin _1:] .......... (i)
VA .

; |
Again v =sin ¥

' d . . ..
= dx = T ~\dx | ——sin lf[_l’_]— —f[ x|

Putting the values from eq. (ii) and (iii) in eq. (i),

~ =(sinx) [xcot x+logsin x|+
ax ' 2afr—x"

- -

i I . DX
9. x™ +(sin x|

- -

iy P . DDEX
Ans. Let y ="+ sin x|

=g
=gt

Putting 5 = »*** and v ={sin x) ,weget V=u+V

dv du dv ,
Lt (1)
ax ax  ax
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=

—

—,

Again v ={sin x|

—,

—

logu =log x™* = sinxlogx

d d .. .

—logu =—|(sin xlog x|

ax ax '

ldu d .
——=sinx—log x+log x—sinx
i ax ax ax
ldu . . .
——=sinx—+log x(cos x|

i ax x ' '

ldu sinx

— = +cos xlog x
i ax X
du [ sin x !
—=u +cosxlog X |
ax WX
du sinx | sin x ] .
—=x +cos xlog x e (ii)
ax LX /

L -

-
-

log v=1log|sin x| =cosxlogsinx

d d - A
—logv=—/|cosxlog(sinx| |

ax ax - ) -

1 dv / . . d

—— =cosx—logsin x+logsin x—cosx
Velx ax oax

1 dv 1 4 . , S
—— =cosx———sinx+logsin x| —sin x|
V ax SIfl X &X ' '
1 dv . .

—— =cotx.cos x—sin xlog sin x

V ax
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v : , .-
=v| cot x cos x—sin xlog sin x|

ax

—

—,

dv c o y COEX ' ' ,
—=(sinx)  (cotxcosx—sinxlogsinx| ... (iii)
ax ' ' '

Putting values from eq. (ii) and (iii) in eq. (i),

ﬂil.' sin f Eiﬂ x l': - . COEE . \ . .
— =X +cos xlog x I+[5111 x|  |cotx.cosx—sin xlogsin x|
ax X P ' ' '

"

x* +1

=1

10. 755

Ans. Let =+ 4 x +1

=
&

=1

Putting 5; = =" and y=__

we have V=i +V
dy du dv
—=—+—
ax ax  ax

Now 4 — _Tr::er

= logu =log ¥ = xcos xlogx

ldu d . :
——=—{xcosxlog x|
uwdx  axo |
ldu d . . @ cosx ? flog x
— ——=—/|x).cosxlog x+x—/( cosx|log x+xcos x—(log x|
e . ax ‘ ax .
1 du _cim oy
— ——=1.cosxlog x+x|—sin x)log x + xcosx—
it ax | | *
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du . , .
= — =u|cosxlog x—xsin xlog x+ cos x|
de |
bl e : : .
= —=x"[cos xlog x— xsin xlog x+cosx| .......... (ii)
. . .
Again v = lﬁ+1
x -1
R L PR
P x =1 — | x +1) - x" +1) —([x" —1]
— ﬂ: . St . . S et .
e (2 1)

dv [ =1)2x—(x" +1)2x
_, v\ [ T
dx (x?—1]

dv ¥ —2x-2¥ -2x
= = . .3
ax | x* —1]

a"‘;:_ —dx

= T (ii1)

ax (¥ -1)

Putting the values from eq. (ii) and (iii) in eq. (i),

ay XOEY ' ’ —4x
x7 7 (cos xlog x— xsin xlog x+cosx |+ -

ax [. = 1.']

]

—

11 (xcos J:_']r +( xsin x)*

1
Ans. Let y = ( xcosx) +(xsin x)*

. WX !
Putting i; = | xcos x| and ,, — (xsin x)*>
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we have V=& +V

o dy du dv
==t
ax ax adx

Now i =( xcos I_f
= logu =log(xcos J:_']r = xlog(xcos x]

= logu = l’[ing x+log cos x|

d d ;. .
= —logu=— [J’Llng x+logcos J:]}
ax ax -
1 du |_ 1 A I
— ——=X —+ | —sin x| |+Llng x+logcos x).1
i ax | X COosXx "] '
.ﬂ'-E.t. r . T
= — =u|l—xtan x+log(xcosx) |
(X - -
i . xr - T ..
= —=(xcosx) |l-xtanx+log(xcosx) | (ii)
e DL /]
: _ !
AgAIN v = ( xsin x)*

11 A
= log v=Ilog| xsin _w:_']? = jlng[1’51n x|

X

1. :
= log v=—(log x+logsin x|
«

-

a d | 1. , :
= —log v=—_4—L1Dg x+logsin J:_]|>

ax ax |th J

ldv 11 1 . 10
——=—| —+———.cosx | +(log x+logsin x) —
Vax XX o sinx | o)
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dv 1 cotx log|xsin x|
— —_:1|-'- = + - — -
ax | x* X x*
dv ., L1 cotx loglxsinx)|
— —_=[_'|;5111 x| - — - S (iii)
ax Sl xS X -

; x

Putting the values from eq. (ii) and (iii) in eq. (i)

[

b

. i . = . . Y1 cotx loglxsinx]
|xcosx| |1—xtan x+log| xcosx| |+ xsin x| : :
&ll__ . . L . P | . . |

-

x X X

-
-

Find — in the following Exercise 12 to 15
ax

12. +;|,': =1
Ans. Given: i + f =1
= u+v=1

where ;; =+ and yv= ¢~

o d d d
ax ax ax
du  dv .
= _+f=|:| .......... (1)
ax dx

Now 3 = »*

= logu =logx’ = ylogx

a . :
= —logu =—1/| vlog x|
ax ax '
1 du d a)
——=yv—Ilogx+log x—
it ax ax

ax

Material downloaded from myCBSEguide.com. 14/22


http://mycbseguide.com/

%} myC BSEguide.com

A Complore gride for CREE stndets

1 du 1 a1
——=1v.—+logx—
i ax X ax
EI-E-I!- - _:L '.:
= =u, —+logx
ax X ahx
du "y dv) v, a1
= —=x | —+logx— =x —+x logx —
ax X dx | X ax
du .
= —=x Vv+x logx— ... (i)
ax ax

Again v = 1*

= logv=logv* = xlog v

d d .
= —logv=—/xlog y]
ax ax '
1 dv d d
= ——=x—logy+logy—x
V ax ax ax
1 dv 1ay
— ——— =X
V ax 1 ax
dv [ xadv
= — =V ——+1|:|21
dx v dx
dv [ xdv A x dv
= —=V  ——+logy =y ——+1logy
fris ¥ ax ¥ dx
av 1 v .
= — =3 1_1;—+_:|, log v ... (iii)
ax ax

y-1 v d.}
= x Vv+x log x. = -
ax ax
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HEL' ] ¥=1_ v
= | x logx+1v  x|=—x
d:ll:- " L

= yvlogx=xlogy

d . . d . .

= —(logx)=—(xlogy)
ax ' ax '
ELL.

1 ! 1
—=x—. —+logyv.l
N

= 1.—+log x =
X ax

ax

dv  y(xlogy—y]
= —=— ;
dx  x(ylogx—x|

14. (cos J:_']:" =(cos }'_']:

Ans. Given: (cos x)” =(cosy)
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log(cosx) =log(cosy)
viogcosx=xlogcosy

. y a . )
—(vlogcosx|=—( xlog cos v|
ax - ax '

d v d d
v—1Ilogcosx+logcosx— =x—Ilogcos v+logcos y—x

ax ax ax
1 d ay 1 4
by —cosx+logcosx—=2x —cosy+logcosy
COS X ax ax COsS V ax
. I . &:L 1 i . &iL '\-:
v [—sin x| +logcosx—=x —sin V— |
Cosx ' ax Cosvl, ax
—vtan x+logcos x —=—-xtan v.—+logcos v
ax ax
xtan v—+logcosx. — = ytan x+logcos v

oax o

av :
— | xtan v+logcos x) = yvtan x+logcos v
ax '

dy  vtan x+logcosyv

dx xtan v+log cosx

15. X = g

Ans. Given: =g+

=

log xy =loge™™

= log x+log y =(x—y)loge

= log x+logy=(x—y] ['.'lug E=1]
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d d d . .
= —logx+—logy=—1/(x—1v|
ax ax ax '
— -+ — . zl_f
XV ax ax
1 dv & 1
V ax ax X
a1 ) x-1
= — —+1|=
ax\y ) X
A1+ x-1
= — | =
axi v ) X
dv _ y(x—1)
L@ _y(x-l

dx  x (1+v)

16. Find the derivative of the function given by ['_ 1] = ['.1 + _1;.'] ['.1 + o .'] ['.1 + 4t -'] ['.1 g -]
and hence ; '[1_']_

Ans. Given:  f(x)=(1+x)(1+x" (14 | {14x7] e (i)

= log f(x) =log{(1+x)(1+x") {1+ )1+ )}

= log f(x)=log(1+x)+log(1+x") +log(1+x" | +log(1+x°)

—
1 4 . . 1 4. . 1 4. . 1 4. 1 4 :
— — f(x) = —— (14 %)t ——— (145 |+ —— — 1+ |+ —— 1+ |
flx)de™ » 7 l4+xdx T 14+ x dx 1+x" dx’ 1+ x dx
1 . 1 1 1 : 1 -
Nx)=——1+ - 2x+ A4 = -8
= f|’__~.:_|f S 5 S o 1+ 1= x°
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1 2x  4x Bx

= S T T e

Putting the value of §{ x| from eq. (i),

f'l.w:_|=|1—:-:_I|1—.'uf‘||1—I4I|1—.‘uf'I,1 +——g+—+— |

[1+1 141" 1+1% 1417 |
1 2 4 87
=222} - — = — = |
= f1)=(202)2)(2 |__ RN
F15]
:’f[ll—l I?l
— 8x15=120

17. Differentiate | x° —5x+8&|(x" +7x+ 9| in three ways mentioned below:

(i) by using product rule.

(i) by expanding the product to obtain a single polynomial
(iii) by logarithmic differentiation.

Do they all give the same answer?

Ans.Let v=[x" =5x+8)[x +Tx+9) ..., i)

—*r+8]

—[T*—‘H: 47 T+9]+[T’+ X
ax “dx Tt

)

D (o =5+ 8)(35F T+ +Tx+9) (22— 3)
ax - S I A _
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:h -
ax
= Y — 504 — 2023 + 4522 — 52z + 11 ........ (i)

(i) v=[x"—5x+8)(x +Tx+9]

4

= y=x +7x +9x —5x" 35 —45x+8x" + 56x+71

5 &4 123 2 -
= v=x —5x +15x" - 26x" +11x+72

-ﬂil.- .
dx

= 2 =5y 20X +45x° = 2x+11 ... (iii)

(i) v =[x —5x+8)[ ¥ +Tx+9]

-

= log y=log(x —5x+8)+log(x + 7x=9]

d d . 4 . .
= —logy=—Ilog|x —3x+8|+—log|x +Tx=9|
A [k A
].CI:L ]. ﬂ: . 3 -
— - = , R ] [ES— — (¥ +7x+9)|
yvar x—-3x+8ax = T1x+9 ax
1 &y 1 -
= = = . [2x—5)+ |32 =7
yvao x —5x+8 Cox =7x+9
i 2x—35 3x" =7
:\: _"="-'LI 3 - - | ]
dr | X -5x+8 x+T7x+9]
al 2x-53 3x- =7
= —=V — +— ,
de T | xT-3x+8 x +7x+9 |

v [2x—5)[x=Tx=9|=(3x" =7 |{x —5x =8|

de 7 (¥ —Sx=8)(x +Tx+9) j
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~ d_ 2xt = 140" +18x—5x —35x—45+3x 152" + 24x° + Tx* —33x+ 36
dx 7| [x* —3x+8)(xF +Tx+0) |
v Sxt—20x +45x* —52x+11

= — =1 — Y {
dc 7| |x=5x+8|(xX+Tx+9) |

5x7=20x" =45x" =52x+11 | [From eq. ()]

— ﬂ=|.ﬁ.‘:—'_‘_1.1'—5:||.J::—:"l'—9|:

dx || x=5x=8)(x = Tx=9) |
-ﬂ'-'L' - 3 -

= =8yt _20x7 £ 45T —82x+11 ., (iv)
ax

-I:fl-
From eq. (ii), (iii) and (iv), we can say that value of — is same obtained by three different
ax

methods.

18.If .V and w are functions of . then show that

. . 14 av aw | ..
— | u VW) = —vWw+iu.— W+ .v— intwo ways - first by repeated application of
ax ' ax ax ax

product rule, second by logarithmic differentiation.
Ans. Given: .V and w are functions of x.

a . . du av aw
To prove: —|uvw|=—1vw+uy —w=uv.—
(728 Cdx & (718

(i) By repeated application of product rule:

d . ,
L.HS. = | vw|

ax
= —[{uv)w]|
dx-- -
= UV —wW+w—| uv|
dx X
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aw | d d ]
= z..-1-'——'.1'| U—V+V—1U |
L dx ax B
W av b 7,
= W — W — = VW —
ax ax &ax
a1 av aw
= VWt . — WiV —
ax ax ax

= R.H.S Hence proved.
(ii) By Logarithmic differentiation:

Let ¥ =1vW
= log v =log (uvw)

= logy=logu+logv+logw

e

i

] o o o
— —logyv=—Ilhou+—Ilogv+—logw
dx oY Ty BNy OBV g OB

o, 1dy _1du 1dv 1dw
yar udr vadr wa

dy ldu lav 1 dw|
Ly Woax  vax oW Qx|

-—

Putting Y = LiVW we get

d
_l.z"!-l'.:"‘"- | =" -———-———_——

dx lude vadr wdx]
) i dv aw
= —(uv.w)=—vw+u— w+uv.— Hence proved.
ax ' ax ax ax
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