3. Differentiation 2)y=3a?+22

Solution:

Given : y= 3g? 2
EXERCISE 3.1 L a”+x

d
Q.lFindd—ii‘f, Theny,=\3/’;
1 dy d4 L& 1 -2
1 = = L = 3y=_ 3
il R i
Solution:
; _2
1 =—(a®+x2) 3
i 3
Given : y = $ it
du d
and — =—(a? + x?
1 - (a* +x?)
Letu=x+; e ibadve e
dy dy du
Then y=\/1_4 L3 i e
1 sk 2
EE=—{[:-i—(1.¢2)=11}.|1 . =%(ﬂ’*+x’*} 3.2x
du 1d“ 1 2
- = 2y _2
2\/1_1 " 1 =§{ﬂz+x2} %
X+
du d( 1) S}y.z{‘5x3-4.xz_3‘t]9
and —=—[|x+- Solution:
dx dx X Given : y = (5x* — 4x? — 8x)°
d d = Let u = 5x? — 4x% — 8x
—;E{I]+E;(I ) Thiki yoid®
1 cdy d
=l+(--]l}jf:"’*=1—F 5 S )= 9u®

= 9(5x3 — 4x* — 8x)®
du d
d —=— 3 _ 2 _
Stnd == E{Sx 4x* — 8x)

- i 2 d . d
1 - 2(1 _l) —de{x ]—45{:: )—SE{I}
=§(x+;) ¥ ) =5x3x—4xx—8x1

=15x% —8x —8



dy _dy du

“dx  du dx
=9(5x3 — 417

2 pind =2 i
Q.2 Fin dxl'f'

1) y = log(logx)
Solution:
Given : y =log(log x)
Let u=1log x
Then y =log u
dy d
Ea = E (lﬂg H)
1_ 1
“u log x
du
and 3o o (log x) =-
dy dydu_ 1 1
dx dudx log x  x
1
x log x
2)y = log(10x* + 5x* - 3x* + 2)
Solution:

Given : y = log(10x* + 52 — 3x% + 2)
Let u=10x* 4+ 52 —3x? + 2
Then y =

_dy d
du  du

log u
(log ui——

1
T 10x* + 527

—3x* 42

du

d—:—{lﬂx‘+5;r’ 3x?+2)

—8x)%(15x% — Bx —

=100 +55 () 3041y 1 L g)
E}.- =1ﬂ'-‘<‘tr!+5x3x=__3xzx+n
=40x* +15x* — 6x
" d_? dy du
Tdx  du dx
. 3
=100 75 —agr g (40x* + 15x* — 6x)
s, 0% + 155 — ax
10x* + 53 — 37 4 2
3)y = log(ax” + bx + ¢)
Solution:

) Given : y = log (ax* + bx +¢)
Let u=ax*+bx+c

Theny=]ngu
. dy
= —{]ﬂgu} o
_ 1
Tax?+bx+c
du d
andE=E{ax+bx+c]
d, o, .d, . d
= EE[I )+ ba{x} +H(C}
=agx2v+bxl1x0=2ar+b
. dy dy du 1
“dx dudx ax +br+c %Perth)
_ 2ax+b
T ax?+bx+c

EF'ddy'
Q. in t:{.tlf’

1)y = 51 =2x+4

Solution:



. 2
Given : y =g —21+4

Let u=5x% —2x 44

Then y =¢*
.dy il
du du e
= —2x+4
du
dhl_ =
an T {51 2x +4)
d d d
=5—(¥2)—72— s
dx x) dx[xJ e dxH}
=5x2x—-2x1+0=10x-2
dy dy du
S T

=¥ -T+d 5 (10x—2)

=(10x — 2)& ~ 2 +4,

2} y= E(‘lHng x)
Solution:

Given : y =q(1 +log»)

Let u=1+log x

Then y =a*
dy d
- a*)=a"*log a
" du d( )= &
=ql 18 %).]op g
du d
and Ix‘ = E(l == Iﬂ'g x)
=0+1=1
X X
dy _dy du
dx du dx

|
=a(1 + log ﬂ'lﬁg P )
X

Ny= 5lx+log x)
Solution:

Given : y =50 tlog 1)

Let u=ux+log x

Then y =5
du‘ d
: qu . r:,u
ifi‘i :fH( ] |{‘.ig

) 5{.1' + log 1}, ]l}g 5

and e = -i(x + log x)

dx dx
x
_ d_y dy du
“dx du dx

— 5{x+iog x}.]ﬂg 5_(1 +1)
2

EXERCISE 3.2

Q.1 Find the rate of change of demand (x) of a
commodity with respect to its price (y) if
1)y = 12 + 10x + 25x2

Solution:
i Given : y =12 + 10x + 2517

ody d 1
& ii!--lﬁfl[lz+Ii:l'.ar+2.=r,1r]'

=L 0lmesion
=04 10 %1425 5 2x = 10 + 50x

By derivative of inverse function,

.. L N .

dy (@) 10 + 50x
dx

Hence, the rate of change of demand (x) with respect

bo price (y)

dx 1
=@=1_{:“'_—_"_"__’1(.



2}y = 18x + log(x — 4)
Solution:
Given : y = 18x + log (x — 4)

dy d
iy £=E[131+IDE{I—4}]

d d
- 13&; (x) + o [log (x — 4)]

1 4d
=18 R ] b——i e —
P +x-4 dx{x 4)

=18 -
+I_4x{l 0)
1 18x—-72+1
+x—4 x—4
_18x—71
x—4
By derivative of inverse function
dx 1 x—4
dy (d_y C18x—71
dx

Hence, the rate of change of demand (x) with
respect to price (y)

) dx _ x- 4

T dy 18x-71

3)y = 25x + log(1l + x2)
Solution:
Given : y = 25x + log (1 + x?)

d d
I‘:=E‘-_[25.r + log (1 + %))

i i
=25 (+) + :‘E [og (1 + x%))

=25x1+—]- d

i = 2
14 %t a'x“ tx)

=254

14x2 % (0+2x)

2x _25+25x* +2x
14 x2 1+ x2
_25_1'2:_0-?_754-1'3
142

=25 +

By derivative of inverse function,

dx 1 1+
dy (ei__ T 32+ 25
i J
Hence, the rate of change of demand (1) with respect
to price (y)
dx 1+x
o it e

Q.2 Find the marginal demand of a commaodity
where demand is x and price is y

lj)y =xe—x + 7

Solution:

Given : y=xe * 47

d, . __d
=X aif )+e 'E(x]H}

= e‘r-i{ —x)+e " *x1
dx

=xe (—1)+e™*

1=
=g x[—x+1}=~—£;,—

By the derivative of inverse function,

dy 1 i

v
dx

Hence, marginal demand = — =
y

x+2
=1

Solution:



; . 42
) Given : y e
dy _d(x42
dx d'J.( :I)
(x? +L'I fx+2,‘| (x4 2):- {x +1)
== + P o=
_ G+ 1)1+ 0) = (x +2)2x +0)
(x* +1)3
_11+ 1 ulz'z—ilx_l -4y —x?
FE+1¥  GF+1P
By the derivative of inverse function,
dx 1 (x*41F
d'y'_(dy T 1—4x—x?
dx
i dx
Hence, marginal demand = ff_'i'
- {1"‘ +1)*
T 1—dx—2x*
3 5x+9
Y =x—10
Solution:
. Sx+9
Given : y T
ﬂ (h d (5.‘: 49 )
dr  dr\2y 10
i
_E.\' lﬂ}-dr-[.‘"w-f 94 — (5x r‘:r}-;xfh 161y
- T2 10y
{2\ —IIJ]{E X140 —(5r+942 = 1=
21
_10x—50—10x—18 _ —68
T (&x—-10F  (x-10pF
By the derivative of inverse function,
dx 1 __(?_x—lﬂ}"
dy d_],_r)_ 68
\ dx
) dr  —(2x —10)°
Hence, marginal dlernanr.f=ﬁ —z :

EXERCISE 3.3

1Find 2 i
Q.1 Fin dx{f*

Solution:
) y=x" =
s log v =log e g v
Diifferentiating both sides w.rl. towe gl
1 i

e d 2 Ty ¥
E E = JI {.'I. ]lu‘ .\}

i
=1l‘-£ (log x) + (log .11']'-J _{.r"l

=yMx— +{|ug Jr]' '['l‘"}

. :;—:]:=y[¥—+ (log x}-—{i‘h]]

[— + Qi {x*“.l]

Let u=x*
Then log u =log x* =2x log x
Differentiating both sides w.r.t. x, we get

:—‘-:j=2 {x log x)

[b—ﬂ%xl+m¢r} hﬂ
=2|:x x;+ﬂugxl!1:|

du
% E:zul[l + log x)

dir'[:th}=2r"{'l +log x}
. from (1),

1x
= =x’h[xT + (log x) x 2x*"(1 + log I}]

- -xu-lﬂg I[E(] +log x) +

x logx

D y=xt
Solution:

. (1)

|



y=x"
" log y=log x” =¢*-log x

Differentiating both sides w.r.t. x, we get
ldy d

_y dx dxier logxl

d T
—e"-a (log x) + (log x}‘ab’ )

=&+~ + (log 2)(")

T
; drwyl;+f-luj,.t|

n.f'-e’E + log xJ.

3y =a"
Solution:
y=e
* log y=1log ¢ =" log ¢
L logy=x" w [ loge=1)
Differentiating both sides w.rt. », we #et

d
—=y‘£{1:]=¢'ﬂ'—1_ff} e (1)

Let u=x"
Then log 1= log x*=x log x
Differentiating both sides w.r.t. x, we get

1 du
W dr H‘I{I log x)

-.t'-E{Iog xl+(log x}-%(ﬂ
1
=3 :-c;+{|::rgx}:-<1
_du
; a-—u{l + log x)
3 d{f}—fﬂ log x)
it ﬁ = + log
. from (1),
dy
E—H’-fl;l +log x).

2 Fi |:Id:"r i
Q.2 Fin dxl‘f'

Ly= [1 +§]x

Solution:
-I x
v=(1+3)
) Iy [
Clog y=log I+'{- - .'r1ng(1 t )
. b
Differentiating both sides w.r. x, we get

PaTEY
=.r£[lug(l +}_)J+[1ng(] +i) |-;i{x;-
ry i;:-‘%(l l) [Jng(1 +i)-l>-<t
)

2Yy=(2x+5)"
Solution:
y=(2x +5)
. log y=log(2x + 5 =x log(2x + 5)
Differentiating both sides w.r.t. x, we get

1dy d
ii};:ﬁlx ].Dﬁ (2x +5”

d
=x - llog (2x + 5)] + [log (2¢ +53]-E{xl
=X o EEI+5}+[lug{1r+5}]xl

25 +5 dr

2 x

T2 +5
A B
Y zx+5+l°5{2“5}}

= T lr
= (2x + 5} |:103':21+5}+m}

x(2x1+0)+log (2x +5)

5 _ s (3x-1)
W= G -—n2

Solution:



B Ix—-1

Y= @x+3)G -7
log y =1 x—1 T
08 ¥y =108 [(2x+3}(5—x)2

] 3x—1 J
%8| 2x +3)5—x)°
=%“Dﬁ{3—t— 1) — log{2x + 3) — log(5 —x)?]

= ~log (3x - l]——lm{?x+'!—} Ingfﬁ x)
Differentiating both sides w.r.t. x, we j.;ut
ldy 14
i {3x—1n—-—[1c.gn:zx+3}]—
iﬂllﬂﬁfﬁ-—rll
1 1 d 1 1 d
Char T it 2 e o i
2 1 d,
B Ere”
e L G e B R LA
3{3x—1) 3Zx +3)
0-1)
YT

dl;_[ 3 2 2 J
‘& Y IEm o1 W3 3-A
1, E- [ 3 2 .2
3 (e + 305 —x)? [3x—1 2x+3 5-x

d
Q.3 Find d—z if,

1)y = (logx)* + x'°9*
Solution:

y={log x) +x""

Let u = (log x)" and p = "

Theny=u+np

dy dr: dn

. E dr T dx i
Take u ={log x¥

L log u=logilog xF = x log(log =)

Differentiating both sides w.r.t. x, we get

1 du
o e [x log(log x))

d
= :-—[Ing[lng x)] + [log(log x)] -itx]
1
=xx a3 5 []trg x) + [logllog x)] = 1

1
lug — X - +]ng{|ug x}

o du [’ 1 log(l ]
—= ——— + o (o
“am log x ”"’thr-‘

1
= T
(log x) \Juh X
Alsg, p=ys

+ lomz (o .1}]

" log v = log ¥ * = log x-log x = (log x)*
Differentiating both sides w.r.L. x, we get

d
=2(log :J-E{Iog x)

1
—2Ie::ng;:c'>-:E

. d_l'==_1[?- log x]
dx X

_x,DS,[E log x]
B x
From (1), (2} and (3), we get

dy _
dx =Yg I’F|:I:}g x

[ Note : Answer in the texthook is incorrect. |

2)y=(x)"+(@"

Solution:
Let u=x"
Then logu = logx* = x-log x
Di.ften:'nl:i.ating both sides w.rt. x, we get
1 du

=3 E-dx{r log x)

=;--Eﬂngx',l+{lﬂgﬂ'%{x}

=xx;+ﬂagx}x1
, du
Vo g =ull +logx) ="(1 + logz)
va,y=u+a’
X n‘_y r:‘:.r
=21+ log 2} +a*-log a

3)y = 105" + 10" + 101
Solution:

- (2)

. (3

+logllog ﬂ]+rh“|:ifx]-

o AL

. [By (1)



y=10" 4+ 10" + 101

Let u=x*

Then log 1 =log x* =x log x
Dil’-ferentiating both sides w.r.t. x, we get

1 du

;d———{xlogx]

d
=xo (log x) + (log x}% (x)

1
=xx—+[lug:r}x1

i %-u{l +1og £) =251 + log x) s (1)

Now, y = 10" + 107" 4 10"

cdy _d

1 il 1"
- d{lﬂ"]l+ (10’ }+E[IU )

du i d
=10 log 10-2° & 10¢™. — (x1%) +
og Wi 10F - log 10 £ (x4

d
lullf. o
log 10 T (107}

=10""log 10-x"(1 + log x) + 10" log 10 x 10" =

10" -log 10 x 10°-log 10 ... [Bv (1]

dl ’
" ﬁ' =10 -2 (log 1001 + log x) +

1070107 logg 10 4 10" 107 (log 10},

EXERCISE 3.4

1¥ind 2 ¢
Q.1 Fin Elf,

DVx+y=+a
Solution:

E o=

Differentiating both sides w.r.t. x, we get

2+ +4x3y=0
Solution:
4y +dxdy=0

Differentiating both sides w.r.t. x, we get
2 ldy 3

3x +3y [ sag ) ax{" }]
3?4+ 32 y+-ir.rl y+4yx3.r =0

, d d
| 3y2§+h1£= _312_-121.2?

; {3y1+4x3}§ = — 3x}(1 + 4y)

oy 31 +4y)
" dx 3y? + 4’

N+ Ey+xyi+yi =81
Solution:
x*+xty+axyt+ =81

Differentiating both sides w.r.t. x, we get
Ay i) s d gl
at [Py |+ e L0 ]+

dy

By =0
i +.t=j—-i+yx2r+xx2y-d—y+y1 x 1+
dy
3!'2'“—
dx v

dy dy .y

25 jac E i r T

25 e i, et
2 2 dl'l Z 2

L+ 2ay +3y7) = — (37 4 2y 4 )

dy (?—r’+1w+y)

T dx a4 2y + Byt

2 Fi ddy'
(.2 Fin r:[.t[f’

INye*+xe¥=1
Solution:



yerdrd=1
Differentiating both sides w.rl. x, we get

i )
E{yﬂ"]-l‘-m{-ﬁ"] =

L T, ST
= yl?l;{r:}+1 d'.1:+'1' Ii,J._{L-"'j|+:-"'dxl{:r}—lzl

&P dx+']'=a +ex1=D
. {g.,.,_-g)di__,u_
ol = ye

L dy _(eﬁ'+-ye"
sl T e"éxz!‘)'

2) x¥ = glx-»)
Solution:

F=pgb=p

. loga¥ =log &f5~¥
Soylogr={x—ylloge
Soylogy =x—y w7 loge=1]
SoYtylogx=x

Syl +logx)=x

) v _I
T 14logx

3
“dx dx 1+logx

d d
(1 +1ugx}-H{x}—xE (1+logx)

(1+ logx)?

(1 +Ingx}l-1—x(ﬂ+1)

X

(1+logx)*

B l+logx—1
(1 +logx)?

~ logx
(1 +logx)*

3) xy = log(xy)
Solution:

dy d . 1
e e R

xy:lug{xy:l
= xy=lag:r+lngy

Differentiating both sides w.r.t, x, we get

1 dy
x ydx

Q.3 Solve the following.

1) If x5.y7 = (x + ¥)!? then show that,
“@.r

dx «x

Solution:

oy’ =(x +y)t?

. log(x®+y7) =log (x + y)*?

. log x* +log y" =log (x +y)'?

S dlogx+7logy=121og(x +y)
Differentiating both sides w.r.t. x, we get

1 1 dy 1 .d
BMe TR gy &
= xya'x 12 xx+yir(x+y}

.9 Tdy 12 dy
P ——— [ 1] b

x+ydx x+y( +dx)
.5 Tdy 12 12 dy

R M i o=
¥ ydx x+y+x-l-yrf.r



pfE S P
x+y/dx x+y X

[?x + 7y — IZy—Jn’u 12x — 5x — 5y

ylx+y) dx ‘L{T-‘-I J
[?x 5y -Idu 7x — 5y
y(x+y) [dx  x(x+y)
_1.”{'1". 1
“ydy x
n'l,.r Y
"dy x

2) If log(x + y) = log(xy) + a then show

dy -»*

that,—= ——

" dx a2
Solution:

log (x + y) = log (xy) +a
Lloglx+y)=logx+logy+na
Differentiating both sides w.r.t. x, we get

A L,
- — X 1i —_— ity Nl
X+ydx =3 y dx

. 1 1 ﬂ‘y 1 ]dy
. + s
x+y ‘L+jif.1‘ x ydx

- ( ! _1)@_1__1_
TA\x+y y/dx x x+y

: [y—x-y]dy x+y—x

ylx+y) |dx x(x+y)
: {_—I dy Yy
Clyle 4y |dx xlx+y)
_xdy ¥
ydx x
dy y*
Cdx x?

3) If e* + e¥ = e"*Y then show that,

B |i.1'_ ZxtY
| ; dy
e —1‘-"-—'=a'=*!'"-(] i S
dx . a‘x]
J.
y Y Ix+yh ¥+ dl!'
4l = gt ¥.22
Tt i dx

Ie"'—v{*'ﬂ]%=fm”—€'
; dy _ v
o fe”—f'—ﬂ'}dx—f.‘+e &t

- dy _
. = E—E‘!

EXERCISE 3.5
1Find 2 i
Q.1 Fin dv if,

1) x = at®,y = 2at
Solution:
x=at?, y=2at

.. [By (1)]

Differentiating x and y w.r.t. t, we get

dx a5
E_Hﬁ“ }~a><2t=2at

dy d
anda—h&;(t)—hxlzh

dy (dy/d) 22 1
(dx/dt)  2at ¢

-

2)x = 2at,y = att
Solution:

Refer to the solution of Q. 1 (1).
Ans. 12,

3x= Eﬂ-t'}, = pltt+5])
Solution:



x=6Y, y=edt+9
Differentiating x and y w.r.t. {, we get

de_d

d
=@ =260

=M w3 xl1=3

andil: d[(4i+5}]_gtﬂ+5]' E4f+53

=™ +5) » (4 x 1 +0) =4elt+5)

‘ dy_(d’y,‘rdt}_k{d'”ﬂ
Cdx o (dx/dt) 37

4 4
2 AHE-2 2 s
3 3

2 Find 22 i
Q.2 Fin El‘f'

z
x= (u ¥ %) Y= {z}["*i}
Solution:

.1.'=|::|:| + lj:_ _l,.:Q{"‘ul.;'

Difrerentiating x and y w.ort u, we get,

dr d 132 1% d i
E=ELH—L;) -2(u+;] E(!*;]
1 '.I)
oYt

dy ["" J'|
anﬂdu -

=2 ). “Kz'.;:i{ﬂ I .lI.IJ
_.ZI:-H"I":I-Ingz-(l —-")

(5

Cdx T (dx da) 7_(“_'_5)(1_ ;:3J

'..4 '} 1
. I'I'];' {n't.l'.'dh:l 2 -|u52-('| .“_1}

.J-I [ !
2[ "j- log 2
2(“ + 1-:]
B
W |1::|HZ

2./ *

o B (1Y)

)x=+1+u2, y=Ilog(1l+u?)

Solution:
=140 y=log(l + u*)

DIHemﬂmlmg vand y worl. u, we get

1 d
du :i'n‘“"f 2 14 u? .;Hf[1+u}
1
=——x (0 4+2u)=
2./1+u? 1+u?

dy_i 5
mdﬁﬂ_du“ﬁgu +ul)]

1 4
R | | 2
14+u? u{ 5

1 2u
3 ><{HZI+21¢}—1_[FMz

2u
,dy _(dy/dw) _ (W)
“dx (dx]du) ( u )

3) Dif ferentiate 5* with respect to log x
Let u=5" and v =log x.

Then we want to find j.
dov

Differentiating u and v w.r.t. x, we get

du d ...

F a(ﬁ] 5"']055 )
T

and _d;x'__dx (log x}=;

n"_u_(d.u;’dx) __5"-log5
dv (dv/dx) 1
o

= x-5%-log 5.



dy df1-¢
e 35[1—_71)
Q.3 Solve the following. d

= e
(1+¢7) i

2% - 3 __d 3
(1—1-01 :}mtllll
{1 #1079

l}lf.tzﬂ(l —%),_v: u(l-i-%)tﬁen,

ML+ e300 — 26— (1 — 20 + 21
d =3 6
show t.hmtd—:"r =-1 = S 1
Solution: * | ‘ztij_f"'_ﬂ}]
1} (1 1 B 1+
x=a[l—=py=al1+-
( i t) e
Differentiating x and y w.r.t. t, we get i
ir  d 1 a —_’?JJ
E=pza~i;(1~~~E)=.n[i:|—|[~-1.:|.!-*]=?i d_y__my,f.;.!t}_[n + )
B ir_{dx_-’dl}_l'ﬁ—{l_;l}
dy df. 1 & a (1+£7
cdy =M .
d Tdy 1-8
: dy_mym:}_(_r_’) ( o )
Cdx (/D) T) =l = B .
= y 4 _/1-8y 1-#
£ {15r)
4t 1- tz From (1) and {2)
Z}Ifxz—1+tz,y=3(—l+tz)th£ﬂ, o %
d —0Oy de 4y
show that—y= —
dx 4y
Solution: 3) If x = t. logt, y = t* then, show that
dy
4t 1= j* L _v=0
e '"_3(|+f*) dx
Solution:

Differentiating v and y w.r.i. {, we get v =t-log ¢

d d Differentiating w.r.t. t, we gel
(1 +t-’-}-ﬁ{4r}—4r-&if] +t?)

E_E(i L ax _d
dt d 1+r1)" 1+ 292 = glest)
2 d d
..'U + 84— 40+ 2¢) = gE. (log t) + (log ”'E(”
(1+#£) ¢
1
4442 -8 448 =tx-+(logt)x1=1+logt.
= 1+t1 i 1+
( ) (1+£) et
41—, S logy=log t'=tlogt

T
( ) Differentiating both sides w.r.L ¢, we get

1dy d
EE—H—!{f |L}H ”



d d
= { EE(IDS t) + (log t)-HI[f}

=1x%+(10g t) x 1
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EXERCISE 3.6
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Dy=+x

Solution:
y=y/x

Differentiating w.r.t. x, we get
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Differentiating again w.r.t. x, we get
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2)y=x°
Solution:
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¥y=x
Differentiating w.r.t. x, we get
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Differentiating again w.r.t. x, we get
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Solution:

y=x"7
Differentiating w.r.t. x, we get
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Differentiating again w.r.t. x, we get
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Solution:
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Difl?ewntiating w.rt ¥, we get
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Differentiating again w.r.t. x, we get
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Solution:



y= ghts+1]
Differentiating w.r.t. x, we get
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Differentiating again w.r.l, x, we get
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3)y = elosx
Solution:
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Differentiating w.r.t. x, we get



