Class XII Chapter 5 - Continuity and Differentiability

Maths

Exercise 5.5

Question 1:

Differentiate the function with respect to x.
COS X.C08 2x.C08 3x

Answer

Let v = cosx.cos 2x.cos3x

Taking logarithm on both the sides, we obtain
log vy =log {-.:ns x.cos2x.cos 31‘]

= log v =log [cus x] + Icg{cu:-; 21‘} + log (cus 3x]

Differentiating both sides with respect to x, we obtain

| dv 1 d i 1 d .
—= = ——(cosx)+ ~—(cos2x )+ . c0s 3x)
vde cosx dx cos2x dx cos3x dx
J L sin2, i3
:;,i:‘;_s"”‘_s'" rli(zx_sm r_i{k]
fris cosx  Ccos2ry oy cos3x

S —— = —C0SX.CO82x.cos3x [tan x+2tan2x + 3tan 3.r]
[

Question 2:

Differentiate the function with respect to x.

\/ (x=1)(x=2)
(.t—3}[x—4}{x—5]

Answer

. J[ G0-2)

x=3)(x—4)(x-5)

Taking logarithm on both the sides, we obtain
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ogv=Ilo [x—l}{-'f—g}
e g\/{x—s}{x—*‘l(r-”

(r=1)(x- 2) ]

—.:-;I(,x -I

1
=logy= lﬂg[

= logy= %[Iog{[x— ) (x- 2)} —]0@{{.1’—3}{1—4](.1—5]}]

= log y = %[Iog[_t—l]+Iog[.x—2}—Iog[x—3)—Iog[.x—4}—log[x—5}]

Differentiating both sides with respect to x, we obtain

Il PP -2 —(x=3
| '54"}" 1| x=1 d.x( ] (x 2)- x=3 u’t(l }
vy 2 1
y - —(x-4)- —(x-5

x—4 a’v( } x=35 a’r[r }
:,ﬂ=£[ 1 . 1 - 1 B 1 B 1 ]
de 2lx-1 x-2 x-3 x-4 x-5

cdv 1 -—I}{n—][|+1_1_1_|}
o 2\(x-3)(x-4)(x-5) Lx-1 x-2 x-3 x-4 x-5

Question 3:

Differentiate the function with respect to x.

(logx)”

Answer

BT

CoE N

Lety=(logx)
Taking logarithm on both the sides, we obtain
log y = cos x-log(log x)

Differentiating both sides with respect to x, we obtain
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1 dv d d
—-—=—/cosx)xlog(logx)+cosxx—| log|logx
v odx cr’.r( ) g{ g ) d.v.'[ b[ ¢ }]
1 dy . | il
= —.—=—sinxlog(logx)+cosxx -—(log x
v dx g( = } log x a’x{ ex)
= &y = y| —sinxlog(logx)+ cOs X . ]
dx logx x|
dv cose | COSXY |
So—=[log x —sinxlog(log x
dx (log ) lxlngr g(log }i|

Differentiate the function with respect to x.
xt =2

Answer

Lety=x"—2""

Also, let x* =y and 2" = v

S

de  de oy
u=x*

Taking logarithm on both the sides, we obtain
logu =xlogx

Differentiating both sides with respect to x, we obtain

lau _ [%[I}x Iog:r+x><%|i|ﬂg-‘f}}

i dx
i 1]
= =u|lxlogx+xx
dx x|
du .
= —=x"(logx+1)
cx
::vdi—x‘[lﬂo x)
dx g
v = 25inx

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

L v —logz-i{sinx]

vodr ey
dv
= —=vlog2cosx
dx
dv
= &= 29 s log2
alx
b (1+logx)-2"" cosxlog?
T

Question 5:

Differentiate the function with respect to x.

(x +3}1.(.¥+4}1.{I+5)4

Answer

Lety = (x+3) (x+4) .(x+5)°

Taking logarithm on both the sides, we obtain
logy =log(x+3) +log(x+4) +log(x+5)’

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

Differentiating both sides with respect to x, we obtain

]—_ﬁzl- 1 -i[:r+3}+3- I -i(x+4]|+4- -i{x+5}
v dx x+3 dx x+4 dx x+5 dx
dy 2 3 1
=>—=y + +
de | x+3 x+4 x+5
dy 2 3 4| 2 3 4
= ——=(x+3) (x+4) [x+5) - + +
dx ( 3 ]{ } L:+3 x+4 ,r+5}

dy

-

dx (x+3)(x+4)(x+5)

dy

= =+ 3) (x4 4) (x4 5[ 2(x7 9+ 20) 4 3(x" +8x+15) +4(x" + 7x+12)]

frhy
dy

T (x+3)(x+ 4}2 (x +5) (913 +70x + 13.':‘)
v

— D _ (.‘c+:]:{_\'+4]3 {_r+5}4 .[2{'“' 4)(x+5)+3(x+3)(x+5)+4(x+3)(x+4)

|
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Differentiate the function with respect to x.

& X '“
(s+1) aal)
X J

Answer

f l x |'|‘_I"I
Lc[_1-':| x+—] A
LoX
1y [1+L]
Also, let u =[_1;+_r] and v = x* *

LV=utv
::-£=ﬂ+ﬂ (1)
de  de  dx

3

Then, u = [.\' + ]—J

X

1y
= logu = Iog[x+—]
X

"

::»]c-gn—x]og(.r+lJ
) X

Differentiating both sides with respect to x, we obtain
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—I-ﬁ—i{x}x]og[x+l]+rxi Iag[r+l]
u dx dx x)  dx Cox

1 du 1 1 e |
= ——=lIxlog| x+— |+xx —|x+—
w oy X [ I] cx X
X+ —
X

dn 1 X 1

= —=ulog| x+— [+ % 1=—

elx x [ I] x
X+

x+lJ x;_]+log[x+lﬂ -(2)
x) | x +1 X

()
= logv=log|x *

]
:>10gv=(l+—]|ogx
X

Differentiating both sides with respect to x, we obtain
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1 dv el 1 1Yy d
f—= (1+ J xlugx+[l+ ] log x
vodv | dx X x ) dx

1 dv 1 11
= ——=|—— |logx+|1+—|-—
v odx x” x,) x

1 dv logx 1 1
= ——=———t—+—
v dx X x X
dv [—logx+x+l}
==y
dx x°
.’11-1\ —_ ]
:}a‘v:x[ _Tg[x+1 jlugx] -(3)
dx x°

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

dy | ]]’" -1 [ ]] |:"l.:[.r+]—log.rJ
—=|x+— —+log| x+—||+x —_—
dx [ x| xm+1 X x

Question 7:

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

Answer

Let y = (log x) " e

logx

Also, letu =(logx)" andv=x

R TES TR Y
de de dx
u = (log x)*

= logu = Iﬂg[{lug 1}}
= logu = xlog(log x)

Differentiating both sides with respect to x, we obtain
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II; Zﬁ = ;i(x}xlng{h}gx}+x~ d [h‘lg(li}gx}]
:}ﬁ=u 1xlog(lo x)+x- L —{lnﬂx}

dx ellog log x dx

du < |
= —=[log log(logx )+

dx ( bx} g(logx) Iugt x:|
= — d =(log x)' Iog{]ng r}+

elx log x
_,du il (IGE ]1 I(}g{lt1gx}-|(}gx+11

elx i log x

f; (logx)’ '[I+Iogx.log{10gx]] -(2)
y=x"E"

= logv= Iog(x'"g'f)
= logv =log xlog x =(log x}:

Differentiating both sides with respect to x, we obtain

1 v
; E_d [{lﬂgl} i|

1 dv o

=2(1 |

=g 2lloex)- . (loex)
:}'Efv:Ev{lngx]-]

dx x
::}@=2xlugx Iogx

X

d'lr‘ lowg o1
= —=2x"""log, 3

it og.x (3)

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

e (log x]r I [l +log x.log(log \"}] + 23" log x
X

Question 8:

Differentiate the function with respect to x.
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(sinx)" +sin"' Jx
Answer
Let y = (sinx)" +sin "' vx

Also, let = {sin x}x and v =sin "' \f’J_c

Ly=u+tv

e i P
de  dv o dx '

u=(sinx)

= logu = log (sin x]t
= logu = xlog(sinx)

Differentiating both sides with respect to x, we obtain

ldu d . d ;
== E(x}x log (sin x)+x xg[log{sm x}]
= % =u|:] -Iug{ﬁinx]+x-sinx -%{rﬁn x}:|
du . X . X
= — = x) |1 . - COS 2
u’x (sinx) [ og(sinx)+ oo \:}
:»?=(sin .r}x{xcotxHDg,sin x) -(2)
X

v=sin"x

Differentiating both sides with respect to x, we obtain

F e ()

_ @_ 1 _ 1

de AJl1-x 2\"';

dv 1

dbx 2\)'|Jr—x2
Therefore, from (1), (2), and (3), we obtain
dy . % : I
— =(sinx) (xcotx+logsinx)+ ——
e~ ) (oot vlogsina) v P
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Differentiate the function with respect to x.

sinx

A (sinx)”

Answer

Cosx

Lety =x"" +(sinx)

SN

A|5n1 letw=2x and v= {Sil'l I}uns.-

Ly=u+v

de  dx dx

(1)

:> |0gu — Iog{x5i1|7.]

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

wde I(sln Jr}- logx+sin -‘f'%(h)g_ﬁ:]

di . 1
——=u|cosxlogx+sinx-—

X X
= du _ s {cus.rlcg;w > ‘T—‘ «(2)
dv x
v=(sinx)""

= logv =log(sinx)""
= log v = cos xlog(sin x)

Differentiating both sides with respect to x, we obtain
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ldv d . d .
——=—1/cosx}=log(snx)+cosxyx=—| log({smx
v odx f.{r( } g{ } dx[ g( ]]

dv . . d ..
— —— =v| —sinxlog(sinx)+cosx-— (sinx)

dalx sinx dx

' YT . . Cos X

= —=(sinx) {—sm xlogsinx +— cosx}

dx gin x
L (sinx)™" [~sin xlogsin x +cot xcos x|

dx
= a‘_ =(sinx)"" [cot xcos x—sin xlog sin x|

fx
From (1), (2), and (3), we obtain
dy - sin x . * ) .
T”':f" [-:-:ls.:':lu:ng.x+—]+{s.mx]mg [cos xcot x —sin.x logsin x]
ax iy
Question 10:
Differentiate the function with respect to x.
LC0ET 1-2 + I
¥ -1
Answer
ICoEa 'x-z +]'
Lety=x"""+—
-1
_ X +1
Also, letw=x""" and v= !
-1

Ly=u+v

dv  du dv

a_dn @ (1)

dy  de dx
U= I.I.l\.'l.‘lh.t

:> ]Dgu — Iog(x.'tl.'ﬂ\-.'(‘]
= logu =xcosxlogx

Differentiating both sides with respect to x, we obtain
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Ldu _d (x)-cosx-logx+x- d (cosx)-logx+xcosx- d (logx)
tdx dx ‘ & de' g alx &

du : 1
=>—=u 1--:-:lsx-Iogx+x-{—smx}log.x+xcosx-—
X

du KOs Y =
:‘»Ear {msxlﬁg.x—xsmxlogx+cosx]
:>@:x"“'“’“"[msx[l+I-::rgx]—.rsi11.xlug.r] -(2)
I .
X +1
V=—
x -1

= logv= Iog(x: + I)—I{}g{x: —l)
Differentiating both sides with respect to x, we obtain
ldv  2x 2x

vae xT+1 xT—=1

dv [2:{(11—]]—2x{f+|)]

:'Eﬂ (x?+l){x3—l}
:>£=x1+]x —dx
dr x" -1 (x:+l][x2—l)
dv —dx
—_—=— w3
& (2 1) ()

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

f_ﬁj=x.\-ﬂm"|:cﬂﬁx[|+|{jg_\")—1’5§in X|Dgx]—{ J
xt=1)

dx

Question 11:
Differentiate the function with respect to x.

1
(xcosx) +(xsinx)s
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Answer

_ !
Lety =(xcos x]\ +(xsinx)s

1
Also, let u=(xcosx) and v =(xsinx):

Ly=u+v
dv  du dv
D=t —
de  dv  dv

=(xcosx)’
= logu = log(xcosx)
= logu = xlog(xcosx)
= logu = x[log x+log cos x|
= logu = xlogx + xlogcos x
Differentiating both sides with respect to x, we obtain

1 du d{ Iﬂgx}+i[x|0g¢05:r}
dix

wdx  dx
:>%:1:[{](12_::-;{1]+x-%{]ngx]]r {Iﬂgcmx %(:;}ﬂc — (log cos x)

— =(xcosx)’ H]ogx-l+x.l]+{lugcnsx.l+x.
X

= g =(xcosx)’ {('*IEI“}JF{WEWHJr COs X (_Slnx}H

j%_ XC08 X [I+Ingx}+{]ngcmx ;rlaju}]
::sﬂ‘JF (xcosx "[I .xl.at‘l.x+(]ﬂgx+|ﬂgcn'§x}:|

a’ ‘
= cos 1= xtan +I-::- 05
e x x [ —xlanx g xc _x]:l

2 Lo

|
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|

v=|{xsin x)
1
= logv = log(xsinx)

= logv= lIt::»g[nr sin x)
X

=logv= I—(I::rg x+ logsin x)
X

I I .
= logv=—logx+—logsinx
X X

Differentiating both sides with respect to x, we obtain

]u’v_a’ ]lurr +EJI I]nr('iin'r)
vde drelx o dv| x LS

S [ _T,i(i] N .i{lﬂgx]:|+ {Ing{sin .r),%[l]+l~;—f{log{ﬁiﬂ -f)}l

vdr i dx\ x X dx x x dx
1 dv | 1Yy 11 . Iy 1 d, .
= ——=|logx:|-—— |+—— |[+| log(sinx):| — |+————(sinx
vde | & [ x"'J X x} { e ][ x‘] X sinx dx( )}
log{sin.
:»l—ﬂzlﬁ{l—1ogr}+{— GE[S:n T)+ ] ‘con}
vy x° X xXsinxy
; 12 loex ~1 inx)+.
:}mzilﬂinx}x ] ]c:bl+ og[smlz]+rcotx]
el X x
- [.'rsinx}_IT [1-logx —Iog[jin .r]+,rcotx}
ey i x
- dv _ [..tsin..t}-lr 1 —]ug(,rsin1x)+.xcmx} 0)
dx i X

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

: ( [ xcotx+1—log(xsi
di:[xmsx}' [1-xtan x+log(xcosx) |+(xsin x}{xco i jog[xsmx]}

X

Question 12:

aj.‘

Find ¥ of function.
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x4yt =1
Answer

The given function is® +¥ =1

letxY =uand y*=v

Then, the function becomes u + v =1

Sy (1)
de oy
i=x'

= logu = I{Jg{r,r-"}

= logu = ylogx

Differentiating both sides with respect to x, we obtain
1 du dy d
——=logx—+yp-—(logx
i odx € dx g dx{ ex)

dut |: dy 1 :|
= —=u|logx—+y-—
el v x

d , dy vy

=—=x"|logx—+= -(2)
dx dx x :

WV :_}.l"

= logv= Iog(y")

= logv=xlogy

Differentiating both sides with respect to x, we obtain

1 dv e e
—=log y- X)+x- log y
vody g dx( } dx[ “'P)
dv 1 dy)
= —=v|logy-l+x-——
dx v odx )
—>@=y"[1c-g_v+iﬁ -(3)
dx \ ¥y

From (1), (2), and (3), we obtain
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: Fel ’ _ dv
xJ (Iogxl+']—]+y‘ [lﬂg}""i_}] =1
dy  x y v dx

= (x" logx+xp*" }‘j‘ﬁ = (" +y"logy)
L

dv 'y log

=1

k¥ log x + x1
Question 13:

i
Find ¥ of function.
yi=x
Answer

The given function is¥ =%

Taking logarithm on both the sides, we obtain
xlog v=vlogx

Differentiating both sides with respect to x, we obtain

]ug}'-%(x}+ x-%(logy} :lugx-%{y}t\;-%{lugx]

| Jf,!r_].J f{}.l |
=logv-l+x-——=logx-—+ y-—
= Vv odx 5 dy ) ¥
p -;:' H :
:?’]f'g}’+ii=logxﬂ+i
Vodx de x
N
::‘(i_lﬂngﬁzi—lﬂg}:
Ly de x
= [*=ylogx \dy _ y-xlogy
¥ dx x
Ldy _y[y-xlogy
Cdx x|\ x—ylogx
Question 14:
aj.'

Find € of function.
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(cosx) =(cosy)"
Answer

The given function is{msx}. :{cus_v}

Taking logarithm on both the sides, we obtain
vlogcosx = xlogcos y

Differentiating both sides, we obtain

logcosx-——+ y-—(logcosx)=logcos y-—(x)+x-—(logcosy
& v ! d_TI: & ] geoss .nir( } afw( € ]
dv 1 d
= logeosx—+ y-————(cosx)=logcos y-1+x-
dx cosx dx cosy dy
ﬂf}' ¥ . X . ﬂ'l’
= logcosx—+——[—sinx)=logcos v+ =sin y)-——
¢ dr  cosx [ } B0y cos_v[ ' ] dx
= log cosx b _ vtanx = logcos y—xtan y &b
elx clx
dy
= {Iog Cosx+xtan y} bl tan x + log cos v
X

_dy  ytanx+logcosy

Cdy xtan y+logcosxy

Question 15:

dy
Find € of function.

Xy = (-I’l:'1I B

Answer
{1-¥]

The given function is™ = ¢

Taking logarithm on both the sides, we obtain
log(xy)=log(e" ]

= logx+logy=(x-y)loge

= logx+logy =(x-y)xI

= logx+logy=x—v

-i[cos v)
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Differentiating both sides with respect to x, we obtain

d dy
—(logx)+—(logy)=—I(x)-—
{ ex) c."x{ & ] n’x{} dx
11 _| @&
¥ vy dlx
|'r ]\'- |
:>|]+_|d_,5_]_l
L v ) dx X

- _ 2 4 LGB
Find the derivative of the function given by / {'T}_{] +x}(1 T }(]+x ){] x )
find / {1}
Answer
g _ 2 4 L LB
The given relationship is'r {I}_{] +x}(1+,1 }(H_I ){] ¥ )
Taking logarithm on both the sides, we obtain

log £ (x) =log(1+x)+log(1+x")+log(1+x*)+log(1+x")

and hence

Differentiating both sides with respect to x, we obtain
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1 d . o i N | _ o
__f'{,‘l.']‘u{t [j {x)]=dx Iog[l+x}+m lng(l+x )+f£¥ II::-;;,(I+JC')+“{]f lng(1+_rs)
_ _] d [ 1 ) I 1 d I
( f{) l1+x ox [ ) 1+ x° a’r[+ )+]+x‘ c,ﬁ,(+ )+I+JL" a’x[+ ]
( }{ I —2x+ I 4-4f+ ! . ~Hx’}
]+r I+ x° 1+x 1+x

2x 4y 8x’
I+x 1+x I+x 1+ x*

'._f"(x}={l+.r}(1+x:}(l+.~:*)(]+.r8)[ L 2 A,

1 2xl 4=l 8xI”
+ ?+ -l-+ 5
1+1 1+1 1+1 1+1

Hence, f'(1)=(1+1)(1+17)(1 +1")[1+1“]{

=2x2x2x2|:l+i+i+ﬁ:|
22 2 2
:m[w]
2
=16><15=|.?.'D
2

¥ =5+ 8)(xt +T7x+9
){ }in three ways mentioned below

Differentiate {
(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
Lety =(x"—5x+ B)(x"+7x+9)

(1)
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letx” —Sx+8=wandx' +Tx+9=v

v=u
= % =%-v+w-% (By using product rule)
:Q:i(f —Sx+8)-(.x'1+?x+9)+(x: —5x+8)-i(f +7x+9)
dx  dx clx
av

== (2.‘:—5](13 +T"J;+9)+(x2 —5x +8){3x3+?}

dv

= =2x(x’ +?x+9)—5(x-‘+?x+9]+xf(3.-:3 +7)-5x(3x° +?)+E(3x: +?)

X

— dy =(::x* +14x° +13.x)—5.x-‘ —35.x—45+(3x* +:«'f)—15x‘—35,~r+24.-;c2 +56

dx

ﬁ =5x" 20" +45x° —32x 411
dx

(ii)
y= (xz ~Sx+ H](:..—R + T:r+9)

x (x“ + ‘?_r+'=}] —Sx(f +7x +'=)] +3(x"‘ +7x4+ 9}

X Txt 49xT = 5x" —35x7 —45x 4 8x" + 56x+ T2
X =5xt #1557 =260 +11x+ 72

@ _ i(x’ —Sxt 15 260 +1x s ?2]

dr  dy
Ay sy 159 ) -26 9 (¢ ) 118 (4 4
_ci'r(x ] J{br(x )+IS(£T(I) zﬁn{x[x ]+”ci1f{x]+ci'r{n]

=5y = 5xdxT +15x 3T — 26 2x+11x1+0
=53 —20x" +45x7 —52x+11

(i) }’=(.T"—5,‘:+BJ{.T"+?.T +9)
Taking logarithm on both the sides, we obtain
log v = ]Dg(x: —5x+8)+log(x"+7x+9)

Differentiating both sides with respect to x, we obtain

Page 90 of 144



Class XII Chapter 5 - Continuity and Differentiability Maths

I:rizilag[xl—5x+8)+ ‘i Iﬁg(x"+?x+9]
::al—ﬁ:ﬁ;-i[x:—5x+8)+~;-i(x‘+?x+9]

vdx x—-5x+8 dx N +Tx+9 dx

v 1 1 .

=y 2x -5 wo| 3x" +7
~ d }[IE—S,:HSX( * -‘}+.'r1+?_'r+@\( o )}
:;ﬂ:(f—jx+3)(,x't+?,x+9) ﬁZI_S + fx'+? :|

d T —5x+8 x +T7x+9

, (25 -5)(x' +7x+9)+ (3% +7)(x* —5x +8

:}aﬁ'=(.x:—51+3}(_r"+?_r+9} ( ) : ] (J‘ ]( )

dlx [x'—5x+8](.r‘ +?.r+9]

dy " 3 3 2.2 z

— =72 +T7x4+9)=5(: Tx+9)+3 —S5x+8)+7 —5x+8

e x(;c x] [r+x+]x{x x+] [x x)
= Q =(2x4 +14x7 +1 Ex)—ir" —35x—45+4 (E.rJ' —15x" +24_1'2)+ [7-’::2 —35x+56)

dx
:~Q=5x*—20x-‘+45x3—52x+n

fray

dv

From the above three observations, it can be concluded that all the results of dx are
same.
Question 18:
If u, v and w are functions of x, then show that

d i v dw
—(wvw) = ——vw e — W uv.—
dx dx dx dx
in two ways-first by repeated application of product rule, second by logarithmic
differentiation.

Answer

Lot VEHVW= w.(v.w)

By applying product rule, we obtain
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rood
b _ du 1.}“; 4 (vow)
dlx r,ix.
dv  du dv aw . .
== pewWH WY Again applying product rule
o [ i .:.{J (Again applying p )
dv  du dv dw
o = VW — WAV —
v dx dx ey
By taking logarithm on both sides of the equation® = #** we obtain

log v =logu +logv+logw

Differentiating both sides with respect to x, we obtain

Jj:= ‘i{lugu]nt ;x{lugv}+ i[lugw}

ﬂ 1 du ldm Idw
dx

1

}_ 1] rix Vv r;l':r W dx

L dy_ (lﬂir L dv +Lﬂ]

dx e vde wadx

aj [ldu 1 dv lca‘wJ

= WV.W + +

d:'. wde vde wdx

dy  du dv dw
i = e W WA e W IV

de dx dx dx
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