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ERCISE 30.1

1. Find the derivative of f(x) =3x at x =2
Solution:

Given:

f(x) = 3x

By using the derivative formula,

() = lim fla+h)— fla)
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h—0 i {Where, h is a small positive number}

Derivativeoffix)= 3xatx =2 is given as
oy _ i S22+ H) — f(2)

fe=m—

3(2+h)—3x2

= lim

h—0 h
' 3h + 6-6 y 3h
- dm T T imy
= lim3 =3
h—0
Hence,

Derivativeoff(x)=3xatx=21is 3

2. Find the derivative of f(x) = x> -2 at x = 10

Solution:
Given:
f(x) =x*-2
By using the derivative formula,
Derivativeofx?— 2 atx = 10 is given as
10+ h) — f(10
f.l'[l[:l]l — ].irr]. f( + I:I f[ ]I
h—0) h
(10 + h)2—-2—(10%-2)

= lim

h—=0 h

100 + h? + 20h—2—100 + 2

= lim

h—0 h
= i h(h + 20) = lim(h + 20
= i = i+ 20
=0+20=20

Hence,

h? + 20h

= lim ——
h—0 h

https://byjus.com


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

BYJU'S RD Sharma Solutions for Class 11 Maths Chapter
m 30 — Derivatives

The Learning App

Derivative of f(x) =x?—2atx=10is 20

3. Find the derivative of f(x) = 99x at x = 100.
Solution:
Given:
f(x) = 99x
By using the derivative formula,
£(a) = lim fla+h) — fla) o N
h—0 h {Where h is a very small positive number}
Derivativeof99x at x=1001s given as
£(100) = }11”{1] FI100+ h) — f£(100)

h
~99(100 + h) —99 x 100
= lim

h—o0 h
9900 + 99h — 9900 99h
= lim = lim —
h—0 h h—o0 h

= lim 99 = 99
h—0

Hence.
Derivative of f{(x)=99xatx= 100is 99

4. Find the derivative of f(x) = xatx =1
Solution:
Given:
f(x) = x
By using the derivative formula,
£(a) = lim fla+h) — fla)
h—0 I {Where h is a very small positive number}
Derivativeofx at x =1 is given as

fj[].:' — lim f(l + h:l - f(ljl

h—0 h

(1 +h)-1
= lim ———

h—o0 h

. 1+h-1 . h
- dm T my
=liml=1

h—0

Hence,
Derivativeoff(x)=xatx=11s1
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5. Find the derivative of f(x) = cos x atx =0
Solution:

Given:

f(x) = cos X

By using the derivative formula,

£(a) = lim fla+h) — fla)

RD Sharma Solutions for Class 11 Maths Chapter
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h—+0 h {Where h is a very small positive number}

Derivativeofcosx at x = 0 is given as

fr[[]] — lim f(D + h:l - f(D:I

h—0 1
~ cos(h) — cos0
= lim
h—0 h
i cosh—1
“s%% n
Let us try and evaluate the limit.
We know that 1 —cos x = 2 sin(x/2)
So.

. -h
—(1— cosh) 2sin®3
= lim = — lim ——=
h—0 h h—0 h

Divide the numerator and denominatorby 2 to get the form (sin x)/x to apply

sandwich theorem.

2 51112%

= — lim 22 x h
h—0

2
Bv using algebra of limits we get

li =1
[By using the formula: b ]

f(0)=—1=x0=0
~ Derivativeoff(x) =cosxatx=0is 0

6. Find the derivative of f(x) =tan xatx =0
Solution:

Given:

f(x) = tan x
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By using the derivative formula,
h) —
f.f[a]l — ].irr]. f[fl"‘ I]I f[ﬂ’]l . "
h—0 I {Where h is a small positive number}
Derivativeofcosx atx = 0 is given as

f(O+h) — f(0)

"10) = 1i
F0 = iy ==,
- tan (h)—tan0
= lim
h—0 h
. tanh
= lim
h—o0 h [Since it is of indeterminate form]
tan x
. li = . .
By using the formula: ko0 x {i.e., sandwich theorem}
{0)=1

s Derivativeoff(x) =tanxatx=0i1s 1

7. Find the derivatives of the following functions at the indicated points:
(i) sinxatx =x/2
(i) xatx=1
(ili) 2 cos x at x = x/2
(iv) sin 2xat X = «/2
Solution:
(i) sin x at X = /2
Given:
f (X) =sin x
By using the derivative formula,
}  fla+h) — fla)

fila) = .'111—}“{11 h {Where h is a small positive number}

Derivativeofsinx atx = 7/2 is given as

f(j)znmf%+4ﬂ—f@]
2

h—1) h
. (T T
sin (i + h) —sinxy
= lim
h—=0 h
= ljm 222
h—o h {vsin(W2+xX)=cosx}

[Since it is of indeterminate form. Let us try to evaluate the limit.]
We know that 1 — cos x = 2 sin?(x/2)

https://byjus.com


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

BYJU'S RD Sharma Solutions for Class 11 Maths Chapter
m 30 — Derivatives

The Learning App

. oh
o ~(1—cosh) y 2sin®5
“ime - im
Divide the numerator and denominatorby 2 to get the form (sin x)/x to apply

sandwich theorem.

h
. 2_
2 sin 2
T 2
= — lim h? x h
2
Using algebra of limits we get
sin%
= — lim % lim h
2
lim 22 — 1
[Bv using the formula:x—o x ]

f(m/2)=—-1x0=0
~Derivativeoff(x)=sinx atx=mn/21s 0

(i) xatx=1
Given:
f(x)=x
By using the derivative formula,
f'(a) = lim fla+h) - fla)
h—+0 h {Where h is a very small positive number}
Derivativeofx at x =1 is given as

fj[]-]' — hm f[l + hjl _ f[ljl

h—s0) h

- (1+h)-1
= lim ——

h—0 h
_ 1+h-1 _ h
o hlEIch N hlEluH

=1liml=1
h—0
Hence.
Derivativeoff(x)=xatx=11s1

(ili) 2 cos x at x = z/2
Given:
f(x) =2 cos x
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By using the derivative formula,

By —
f.l'[ﬂ.jl — ].irr]. f(ﬂ’—'_ I:I f(ﬂ’:l . .
h—+0 i {Where h is a small positive number}
Derivativeof2cos x atx = /2 is given as

f (E) = lim f(g+h) — f(3)
2

[ h
2cos @ + h) — 21:05%
= lim
h—=0 h
] —2sinh
= lim .
h—o h {vcos(W2+x)=-—sinx}

[Since it is of indeterminate form|
sinh

—2 lim
= h—=0 h

: 1] - =1
By using the formula: xob x

f(m2)=-2x1=-2
~Derivativeoff(x) =2cosxatx=m/2is -2

(iv) sin 2xat x = 7t/2
Solution:
Given:
f (X) =sin 2x
By using the derivative formula,

f'la) = lim fla+h) - fla) . .

h—0) h {Where h is a small positive number}

Derivativeofsin 2x at X = /2 is given as

f (E) — lim f[% +h) — f[%]

2 h— h
. T . T
i 5111{2 X (i + h)}— sin 2 x 5
h—0 h
— lim sin{m + 2h)—sinm
h—0 h {vsin(m+x)=—smx &sinn=0}
lim — sin2h—0
=
' sin 2h
= T h

[Since it is of indeterminate form. We shall apply sandwich theorem to evaluate the

limit.]
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Now, multiply numerator and denominator by 2, we get

sin 2h sin2h
x 2 = —2 lim
2h h=0 2h

lim
—= 0

sin x

=1

By using the formula: 31[1310 x

f(@/2)=—2%x1=-2
“Derivativeoff(x) =sin 2xatx=mw/2is - 2
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1. Differentiate each of the following from first principles:

(i) 2/x

(i) 1Vx

(iii) 1/%3

(iv) [x* + 1]/ x
(V) [x*-1]/x

Solution:

(i) 2/x

Given:

f(X) = 2/x

By using the formula,

d z+h)— f(x
9 ) — i F @D @
dx h—0 h

By substituting the values we get,
2 _ 2
— z+h T
hfllrr h
2z — 2z — 2h
= lim
>0 hzx(z+ h)
—2h
= lim
h—0 h:ﬂ(;l: —+ h)
—2
= lim —— —
B z(xz + h)
When h= 0. we get
B —2
2
=-2%x2

- Derivative of f(x) = 2/x is -2x2

(i) 1/Vx

Given:

f (x) = 1/\x

By using the formula,
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d flz+h)—f(z)
. — lix
xr (f(.'l‘:)) h—;% h
By substituting the values we get,
11
ki vxth ‘v‘E
= lim
h—0 h

By using algebra oflimits, we get

VE-VETh  JE+\EEh

= lim
h—0 hﬁﬁ"ifﬁ _|_ h \/_ _|_ .-"J.J _I_
T—x—
TS hyEE TR PaRan
= lim
h0 hy/zve +h (\/'+ vz +h)
% Vzvz+h (V/"+\/:ﬁ)
Whenh=0, we get
—1
VaVE (VE +7)
Tz x 2,/
—1
= 7
2x?
1 3
s —EI 2
- Derivative of f(x) = 1/Vx is -1/2 x 3?2
(iii) 1/x°
Given:
f(x)=1/x3

By using the formula,
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d _ fl@+h)—f(x)
a(f(l')) = };‘I—% h
By substituting the values we get,

1 1

z* — (z +h)®
= lim
h—0 h(:ﬂ — h)3I3
By using the formula [a° —b® = (a—b) (a2 + ab+ b?)]
z® — z° — 32’h — 3zh® — b*

=1l
hs0 h(z + h)3z3
 —3z2h — 3zh? — R?
= lim
0  h(z+ h)3z?

h (—3;1:2 — 3zh — hg)
R0 h(z + h)3z?
(—3:32 — 3xh — hg)

R0 (z + h)3z?
Whenh=0, we get

=~ Derivative of f(x) = 1/x% is -3x™*

(iv) [x® + 1]/ x
Given:
f(x)=[x?+1]/x

By using the formula,

d . f(z+h)—f(z)
E(f(l‘)] :};“3%

h
By substituting the values we get,
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. xzt+h T
= lim
h—0 h
Upon expansion,
r*+2zh+h’+1 2’41
. xz+h T
= lim
h—0 h

By using algebra oflimits, we get
B o +20?h+hlz+z— 2> —zh—z— h
= lim
h—0 xzh(z + h)
_im x*h+ h*x —h
=0 xh(x +h)
h(z? + hx — 1)
= lim
h—0 zh(z+ h)
z2 + he —1
~ ws0 z(z+ h)
Whenh=0, we get
2 —1

2
=1-1/x?
- Derivative of f(x) = 1 — 1/x?

(v) [x2-1]/x
Given:
f(x) =[x?-1]/x
By using the formula,
d . flz+h)-f(z)
By substituting the values we get,
(z+h)*—1 z? -1

z+h T

= lim
h—0 h
Upon expansion,
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21 2xh R -1 P |

h T

— lim T+

h—0 h

Byvusing algebra of limits. we get

I >+ 222h+h’z —xz— 2 —2’h+z+h
= lim

h—0 zh(z + h)

x*h + h*x + h

Whenh=0, we get
z? + 1
12
=1+1/x2
~ Derivative of f(x) =1 + 1/x2

2. Differentiate each of the following from first principles:

(i) e

(ii) e*

(iii) e¥*P

Solution:

(i) e*

Given:

f(x)=¢e*

By using the formula,
o) — i LETR @
dx h—0 h

By substituting the values we get,

e (@th) _ o=

d
— () = li
G
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e e h —e®
= lim
h—0 h
Taking e ~* common, we have
’ e (e‘h — 1)
= lim
h—0 h
lim e~ x lim S x (~1
_ Jim e™ % lim — (—1)
lim &% — log.e = 1
We know that, x—0 *
—h
- |
= —e " lim —
>0 —h
So.
=—e (1)
frd —E_I
“ Derivative of f (x) =-e*
(i) e
Given:
f (x) =X
By using the formula,
4 ta)) — tim L E D =T @)
dx h—0 h
By substituting the values we get,
3(z+h 3
i(egz) — lim et — e¥
dx h—0 h
3z 3h 3x
e e €
= lim
h—0 h

Taking e ~* common, we have
. 631: (63.& . 1)
= 11Im
h—0 3h
By using algebra oflimits,

eah—l

lim e** x lim
h—o0 h—o0
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Since we cannot substitute the value of h directly, we take

ah_
lim e3* x lim =— x 3
X_
lim == = log.,e =1
We know that, x—=0 x
3h
et —1
= 3€3I ]_l]ll —_—
hs0 3h
= 3¢%" (1)

~ Derivative of f (x) = 3e’

(iii) e¥*P
Given:
f (X) = e¥*b

By using the formula, ; ( h) ; ( )
d ) r+h)—Jflx

By substituting the values we get,

d . ‘ ed(z+h)+b _ qaz+b
—(e““ ) = lim
dx h—s0 h
’ Ear+beﬂh o eax+b
= lim
h—0 h

Taking e=*? common, we have
Ea.?:-l—b (Eah o 1)

= lim
h—0 h
Byvusing algebra of limits,
. b . gall_
lim e3**° x lim
Since we cannot substitute the value ofh directly, we take
ah__
lim e***P x lim 1x a
= h-0 h—0 =2
. oef1
lim = log,e = 1

We know that, x—=0 X
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h
ooem—1
= ae™t? lim
h—0 ah
_ ﬂear+b (1)
— ﬂ.EﬂI+b

~ Derivative of f (x) = ae=b

3. Differentiate each of the following from first principles:
(i) V(sin 2x)

(i) sin x/x

Solution:

(i) V(sin 2x)

Given:

f (X) = V(sin 2x)

By using the formula,

A LEHD (@

dx h—0 h
By substituting the values we get,

\v/sin(2z + 2h) — v/sin 2z
= lim
h—0 h

Multiply numerator and denominatorby v(sin 2(x + h)) + V(sin 2x), we have

. v/sin(2z + 2h) — 4/sin2z  4/sin(2z + 2h) + v/sin 2z
h—0 h \/sin(Z:ﬂ + 2h) + +/sin 2z

Bvusinga’—bl=(a+b)(a—b), we get
. sin(2z + 2h) — sin 2z
= lim

=0 p (\/Sin(i’;n + 2h) + ﬁ.fSinQ;t:)

By using the formula,

CcC+D C—-D
SiﬂC—SiﬂD=2CDS( —; )Sill( 5 )
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2

2 cos ( 21+2h+?r) sin( 2$+22h—2x

)

= lim

h=0 p (\/Siﬂ(?fﬂ + 2h) + /sin Z:ﬂ)

_ lim 2 cos(2x + h)sinh

h=0p (\/Siﬂ(2$ + 2h) + 4/sin 2;1:)

By applying limits to each term, we get
sin h

lim

= lim 2 cos(2z + h) lim
h—0

1
= 2cos 2z (1)
vsin 2z + v/sin 2z
B 2cos 2z
24/s8in 2x
cos 2T

v/ sin 2x

= Derivative of f (x) = cos 2x / V(sin 2x)

(i) sin x/x
Given:
f (X) = sin x/x
By using the formula,
442 i LEHW 1)
dx h—0 h
By substituting the values we get,
sin(z+h) sin =
z-+h =z

= lim
h—0 h

zsin(x +h) — (z + h)sinz
P hz (z + h)
By using algebra of limits,
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z(sinzcosh + cosxsinh) — zsinx — hsinxz

= lim
h—0 hz (z + h)
B zsinzcosh + rcosxsinh —zxsinxz — hsinzx
= lim
h—0 hz (z + h)
I rsinxrcosh —xsinxz +xrcosxsinh — hsinx
= lim
h—0 hx (xz + h)
Byv applying limits to each term, we get
g i cosh — 1 i TCOST ., sin h I 1 sin & K 1
= gsinz lim m m m
h—0 h r hs0 h hsox+h =z hwx+h
_2sin® 2 T COST sin h 1 sina |
= rsinx lim . - lim lim lim
B0 h r hs0 h hsox+h = hsox+h
: . —255112% h xcosz ., sinh 1 sinz 1
= zsinz lim ———— x — + lim lim im
b0 HT 4 T hs0 h hooxz+h z hs0zxT+h
. . h I COS T sin h 1 sin x 1
= —grsinz x im — + lim lim lim
h—0 2 xT h=0 h }DI-I-h r hsox+h

Whenh=0, we ge‘[
COST Siﬂ:ﬂ
= —zxsinz (0) +
2

COS T sinx
T x?
By taking LCM., we get
rcosT —sinzx
:1‘32
~ Derivative of f (x) = [x cos x — sinx]/x?

4. Differentiate the following from first principles:
(i) tan® x

(i) tan (2x + 1)

Solution:

(i) tan? x

Given:

f (x) = tan? x

By using the formula,
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(i) — i LE D =1

h—0 h
By substituting the values we get,

tan?(z + h) — tan® z
= lim ( )
h—0 h
Bvusing (a +b) (a—b)=al—bl we have

£ [tan(z + h) + tan z] [tan(z 4+ h) — tan z|

h—0 h
Replacing tan with sin/cos,
sin(z+h) 4 i sin(z+h)  sing
. cos(z+h) Cos T cos(z+h) cos T
= lim
h—0 h
By taking LCM,

sin(x + h) cosx + cos(x + h)sin z| [sin(z + h) cosz — cos(z + h) sin z]
= lim
h-+0)

h cos? x cos?(x + h)

[sin(2z + h)| [sin k]
h—0 hcos? z cos?(xz + h)
By applying limits to each term, we get

1 sin h 1
= ——— limsin(2z + h) lim lim
COS® T h—0 h0 h  h-0 cos®(z + h)
Whenh=0, we get
1 . 1
- cos? sm(2$] (1) cos?
1 . 1
5 2sinx cosx 5
COS“ COS* T
sin 1
=2 x X 5
COS T COS% T
— 2tanzsec’ x

~ Derivativeof f (x) = 2 tanx sec? x

(i) tan (2x + 1)
Given:
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f(x) =tan (2x + 1)
By using the formula,
d . Jf(@+h)-f(z)
By substituting the values we get,
tan(2z 4+ 2h + 1) — tan(2z + 1)

= lim
h—0 h
Replacing tan with sin/cos,
sin(2z+2h+1)  sin(20+1)
—GEs cos(2z+2h+1) cos(2z+1)
h—0 h
By taking LCM.
sin (2z + 2h + 1) cos(2z + 1) — cos(2z + 2h + 1) sin(2z + 1)
R0 hcos(2z + 2h + 1) cos(2z + 1)
. sin(2z +2h+1—2z—1)
= Hin

k>0 hcos(2z + 2k + 1) cos(2z + 1)
Bv applving limits to each term, we get

1 sin(2h) 1
- lim x 2 lim
cos(2z+ 1) hs0 2h h—0 cos(2z + 2h + 1)
Whenh=0, we get
1 1
= X 2 X

cos(2z + 1) cos(2z + 1)

2

cos?(2z + 1)

= 2sec?(2z + 1)
. Derivative of f (x) = 2 sec? (2x + 1)

5. Differentiate the following from first principles:
(i) sin V2x

(ii) cos Vx

Solution:

(i) sin V2x

Given:

f (x) = sin V2x
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f (x + h) = sin V2(x+h)

By using the formula, ( ) ( )
d flz+h)— f(z
—(f(x)) = lim
4 (f( )) h—0 h
By substituting the values we get,
sin 2z + 2h — sin / 2z

— lim
h—30) h
By using the formula,
sinC — sinD = 2sin ¢c—D cos €+D
2 2
25'111(1;2:1.' + 2h — 1;2:&) -:05(1.,321.' + 2h — \32;1:)
= lim
B30 h
By using algebra of limits,
92 % 9sin ( u’zz+22h—u’ﬁ) cos ( u’i:+2;+u‘£)
= b oh + 2z — 2z
Vv2x+ 2h—/2x
To use the sandwich theorem to evaluate the limit, we need 2 in
denominator.

9 % 9sin ( v’_zz+22‘h—¢£) cos ( J2z+22‘h—~,f£ )
— lim
hs0 («.x’zm Tk — «.fzm) V2z £k + 2z

9 % 9sin ( \,fzz+22h—v“2: ) cos ( ..,f2=+22h—-,=’2= )

T (EEE) (Vo 2+ vaR)
By applying limits to each term, we get
siu(—m_m) Eca}s(—f{h—ﬁl_m)

_ 3
= lim

lim
h—0 (v2z+2;—vﬁ) h—=0 /22 + 2h + 2z
Whenh=0, we get

. V2z42h—+/2x
2cos 2z . sm( 2 )

=1x : =
NN hﬂ (V@zﬂh—wz)

2

https://byjus.com


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

RD Sharma Solutions for Class 11 Maths Chapter

m BYJ U'S 30 — Derivatives

The Learning App

Ccos v/ 27

V2z

~ Derivative of f (x) = cos \2x / \2x

(ii) cos Vx
Given:
f (X) = cos Vx
f (x + h) = cos V(x+h)
By using the formula,
f(z+h)—f(z)
(f(x))'_ h

h—}[}
By subshtutmg the values we get,

. cosvz+h —cosyz
= lim
h—30 h
By using the formula,

C+D
cosU—cnsD_—Qsm( - )sm(

2
= lim

si VT+h+ h—
- ( J_)Slll( £t ,“,.- )
2
h—0

Byvusing algebra of 111111‘[5, we get

-3 5'11:1(—"'#z+;+'°’E ) sin( Hg_'ﬁ )

= lim

R0 z+h—=x
Vi + h—yx
To use the sandwich theorem to evaliate the limit, we need 2 in
denominator.
-2 Sin(—w-'-g-'_ﬁ ) siu( m_'ﬂ )
= lim

B0 9 x (VazFh+ 4z )—W_ V)

By applyving limits to each term, we get
. (1a’z+h—.,.f'E ) : ( 1#::—h+-,.f'§)
51N — 51N 3

] 2
= lim

lim
h—0  WVTHh—T  ps0 x+h+ /T
7
Whenh=0, we get
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. [ VEIth—yT
—sin /T 5 sm( 2 ) ]
— im — =
2,/ R0 VIR
2
—siny/x
N

. Derivative of f (x) = - sin Vx / 2vx
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Differentiate the following with respect to x:

1. x* = 2sin X + 3 cos X

Solution:

Given:

f (x) = x* — 2sin x + 3 cos X

Differentiate on both the sides with respect to x, we get

4 _ 8 a5
dx{f{x)} = = (x*—2sinx + 3cosx)

By using algebra of derivatives,

d , 4 d d
fr E(m ) — EE{SIH x) + ﬂa{msm]
We know that,

i nmy __ n—1
= (x") = nx
iI:sin:x;) = C0SX
dx o

d .
E(msx) = —sinx

So.
=4x*-1-2cosx+3 (-sinx)
=4x°—2 cos X —3 sinx
* Derivative of f (x) is 4x* -2 cosx -3 sinx

2.3 +x3+ 33

Solution:

Given:

f(x)= 3+x3+3°

Differentiate on both the sides with respect to x, we get
S} = = (3% + x3 + 3%)

Byvusing algebra of derivatives,

4 rax 4 .3 d a3
PG Rl €O Il €2
We know that,

i my n—1
dx(x ) = nx

https://byjus.com
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i XYy _ LX

dx(a ) = a*loga

d

'E (constant) = 0

f' =3%log.3+3x3-1+0

=3%]og. 3 +3x?

* Derivative of f (x) is 3*log. 3 + 3x2

3
T 5
3. — —2vx + —
3 v e
Solution:

Given:
3 -

@) =5 —2/i+
I
Differentiate on both the sides with respect to x, we get
d d x? s
“ R N N e
LU} = - G—2vx + )
Byvusing algebra of derivatives,
d [x® d d [1
AV _o8 % B
f'= dx(E) de[:\.X)—F 5dx (xz)
1d 3y _o4 o c a4 ;-2
=3dx(X) del:XZ)‘l‘E)dx[:X )
We know that,

i my n—1
dx(x ) = nx

1
5 (B =2 x4 5(-2)x

1

=3x§x2—x_5 —10x

=x—x-1D_10x-]
~ Derivative of f (x) is x2—x(-12 - 10x -3

-3

4 exloga+ealogx+ealoga

Solution:

Given:

f(X) - exloga + ealogx + ealoga
We know that,

eIog f(x) = f(X)

So,

f(x) =a*+x*+a?
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Differentiate on both the sides with respect to x, we get
i{ﬂ::{)} = i (a* + x* + a%)
By using algebra of derivatives,
i X i a i a
- COR S CORSCY
We know that,

i ny n—1
dx(x ) = nx

i Xy . LX
dx(a ) = a*loga
d
= (constant) = 0
f'=a*log.a—ax>!+0
=a*loga—ax>!
~ Derivative of f (x) is a*log a — ax*~!

5.(2x2+ 1) 3x + 2)
Solution:
Given:

f(x)= 2x2+1)(3x+2)

=6x3 +4x%+ 3x + 2
Differentiate on both the sides with respect to x, we get
i{ﬂzx)} = i (6x® + 4x* + 3x + 2)
By using algebra of derivatives,

d . 3 4,2 d d

fr_ ﬁdx(x ) + -’-}dx(x ) + de (x) + dx(z)
We know that.
i my __ n—1
= (x") = nx
.i (constant) = 0

f'=6(3"+42 " H)+30"YH+0
=18x2+8x+3+0
=18x2+8x+3

“ Derivative of f (x) is 18x2+8x +3
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EXERCISE 30.4 PAGE NO: 30.39

Differentiate the following functions with respect to x:

1. x3sin x

Solution:

Let us consider y = x3 sin x
We need to find dy/dx

We know that y is a product of two functions say u and v where,
u=x3and v =sin x
Ly =uv
Now let us apply product rule of differentiation.
By using product rule, we get
E - dw du

o~ Yo TV Equation (1)

As,u=x°

du _ gx3-1 _ 3x2 i(xn) = nx*!
dx ... Equation (2) {Since, dx 1

As, v=sinx

dv _ Aoy
= = (sinx) = cosx

d
... Equation (3) {Since, dx
From equation (1). we can find dy/dx
dy
dx

d}" 3 2 .
— = X°*cosX¥ + 3x°sinx . )
dx {Using equation 2 & 3}

(sinx) = cos x}

dwv du

3 '

= X°"— 4+ s5Inx —
dx dx

— = x%cosx + 3x%sinx

2. x3 e

Solution:

Let us consider y = x3 e

We need to find dy/dx

We know that y is a product of two functions say u and v where,
u=x3andv = ¢

Ly =uv

Now let us apply product rule of differentiation.

By using product rule, we get
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E _ + du

ax - Yax " Vax. .. Equation (1)

As u=x’

du _ oo03-1 _ 4.2 %0

o = 5T = pion ) (D =
As . v=eg*

dw d

—_— = —(Et) = Ex i X — X
dx  dx .. Equation (3) {Since, dx () = e }

Now from equation(1). we can find dy/dx

dy g dv x du
= =x*=+e
dx dx d‘-:

3 X 2.x
= X"e" +3x%e , ,
dx {Using equation 2 & 3}

dy_ 2 ox
i e*(3+x)

3. x? % log x

Solution:

Let us consider y = x2 e* log x

We need to find dy/dx

We know that y is a product of two functions say u and v where,
u=x%?andv=eX w=1/x

y = uv

Now let us apply product rule of differentiation.

By using product rule, we get

dy dw du dw

- W T W tuvg ...equation 1

As.u=x?

du_ gx2-1 — 2y . . i(xn) = nx*?!
dx ... Equation (2) {Since, dx 1
As . v=eg*

E = i ) = p¥ d X X

ax dx(e ) = € Equation 3) {Since, & &) = €
As. W lot'x

dw

ax _(IDgX) ~ x ... Equation (4) {Since, ax 3 (0g.%) = _}
Now, from equatlon 1 we can find dy/dx

g—xlﬁg}; +elogx +xec::
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1
x {Using equation 2, 3 & 4}

g = x%e*logx + 2xe*logx + x%e*
& _ xe*(1 + x log x + 2 log x)
=~y
4. X" tan X
Solution:
Let us consider y = X" tan x
We need to find dy/dx

We know that y is a product of two functions say u and v where,

u=x"andv =tan x
LYy =uv

Now let us apply product rule of differentiation.
By using product rule, we get

E - dv du

= u— + v— .

dx dx dx ... Equation 1

As.u=x"

du n—1 d n n—1
— = X . . —IX = X

dx ... Equation 2 {Since, dx ) }

As.v=1fanx
dv

v _ 4 _ car?
Pl (tanx) = sec x

d

— spc2
... Equation 3 {Since, dx (tanx) = sec %

Now, from equation 1, we can find dy/dx

dy ndv du
— = X — + tanx —
dx dx dx
dy
dx

dy
A

5. X" loga x

Solution:

Let us consider y = X" loga X
We need to find dy/dx

= x"sec’x + nx™ 'tanx

{Using equation 2 & 3}

= x"}(n tanx + x sec’x)

We know that y is a product of two functions say u and v where,

u=x"and v =loga X
.‘.y:uv

Now let us apply product rule of differentiation.
By using product rule, we get
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dx dx dx ... Equation (1)

As.u=x"

E — n—1 i ny n—1

ax X ... Equation (2) {Since, dx (x%) = nx 1
As,.v=log, x

dw d 1 d

— = —(log,x) = al —
& = w1089 xlogea  Equation (3) {Since, dx (log.x)

xlugea}

Now, from equation 1, we can find dy/dx

dy
dx
dy
dx

dy

- dx

dwv
—_ n
i log x —

1
x" +

xlogza

du
dx

nx" tlog.x ,
{Using equation 2 & 3}

= x"! (n logs x + L)

log a
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Differentiate the following functions with respect to x:

2

L:I: +1
r+1

Solution:
Let us consider

x> +1
y= X+ 1
We need to find dy/dx
We know that y is a fraction of two functions say u and v where,
u=x’+landv=x+1
Ly =ulv
Now let us apply quotient rule of differentiation.
By using quotient rule, we get

du  dw
G d(Y) | vE
dx  dx\v vz ... Equation (1)
As,u=x2+1
E . 2—-1 _ i my __ n—1
Xt 0= ... Equation (2) {Since, dx (x") = nx }
As. v=x+1
dv d
—=—(X+1)=1 i n= n—1
ax ~ ax ... Equation (3) {Since, ax % ) = DX )
Now, from equation 1, we can find dy/dx
dy pdudv
dx v
_ (x+ 1)Ex)-(x + 1)(1)
(x+1)? {Using equation 2 and 3}
_ 2x% 4+ 2x—x%—1
(x+1)°
T4 2x-1
(x+1)°

dy x*+2x-1
~dx (x + 1)2

20 — 1

2.
2 4+ 1
Solution:
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Let us consider

2x —1
y= x2 + 1
We need to find dy/dx

We know that y is a fraction of two functions say u and v where,
u=2x-landv=x>+1

Ly =ulv

Now let us apply quotient rule of differentiation.

By using quotient rule, we get

du  dw
dy _ i(&) T
dx  dx\v vz ... Equation (1)
As.u=2x-1
du 1-1_q — 4 remy — n—1
ax - X 0=2 ... Equation (2) {Since, dx (x*) = nx 3
As, v=x1+1
dv d . - d
—=—(x“"+1) = 2x —(x"™) = nx™1?
& = ax ) ... Equation (3) {Since, ax X ) = IX"y

Now, from equation 1, we can find dy/dx

1?@—“@
v _ Ve Ua

dx w2
_(x® +1)(2)-(2x-1)(2x)

(x* +1)2 {Using equation 2 and 3}
2x? + 2 — 4x% + 2x
(2 + 1)
—2x% 4 2x + 2
(x> +1)2
dy  2(1+x—x%)
sdx o (x2+1)2

x + et
1 + logx
Solution:
Let us consider
X+ e*
y=1+logx
We need to find dy/dx

We know that y is a fraction of two functions say u and v where,
u=x+e*andv=1+logx
~y=ulv
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Now let us apply quotient rule of differentiation.
By using quotient rule, we get

B _ @ (w) _ Ve
dx dx \v vZ v Eq‘l_lﬂtlﬂﬂ 1
Asu=x-+e
E = i(x + Ex){S'mce. i x") = nx™? &i(ex) = ex}
E - iix) + i(e“) =1+ Ex...EquationZ
As,.v=1+logx
dv d
i E(lﬂgx + 1)
d d
= (1) + —(log®)
dw 1 1 d 1
w0Vt = x ... Equation 3 {Siﬂce,aﬂﬁg}{) - x}
Now, from equation 1, we can find dy/dx
dy Jau_ dv
dx ve
dy  (1+logx)(1+e¥)—(x+e¥)[3)
dx (logx +1)? {Using equation 2 and 3}
1+ e¥ +logx + ¥ lngx—l—e?
logx+1)*
xlog x(1 + &%) + e¥(x—1)
w(logx +1)°
dy  xlogx(1+e)—e(1—x)
o odx x(1 + logx)?

e —tanx
' cﬂg‘, r — et
Solution:

Let us consider
e* — tanx

y = cotx —x"

We need to find dy/dx

We know that y is a fraction of two functions say u and v where,
u=e*—tanxandv=cotx-x"

Ly =ulv
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Now let us apply quotient rule of differentiation.
By using quotient rule, we get

dy d jfu ‘-’d—d?:—'-ld—;“
dx E(;) ~  v* ...Equation (1)
As.u=e¢*—tanx
% = i (e* —tanx) (Since, i (tanx) = sec’x & i (e¥) = e"}
du d d
= = —(anx) + —(e*) = sec®x + e .. Equation (2)
As.v=cotx—x¢
g = é(mtx— x™)
= E(EU’EX) —E(Xn (Since, i(mt X) = —cosec’x & i(xn) = len_l}

& _ _cosecx— nx*? .
dx ... Equation (3)
Now, from equation 1, we can find dy/dx
dy Gau_ dv
ax  v? {Using equation 2 and 3, we get}
E i (cotx—x")sec?x + e¥)—(e¥ —tanx)( —cosecx—nx"1)
dx (cotx—xT)2

dy  (cotx —x")(e* — sec’ x) + (&* — tanx)(cosec® x + nx"1)
adx (cot x — x")?

5 ax? +bxr+ ¢

‘px?+qx +r
Solution:
Let us consider

ax> +bx+¢

y=pPX2Hqx+r
We need to find dy/dx
We know that y is a fraction of two functions say u and v where,
u=ax?+bx+candv=px?+qgx+r
Ly =ulv
Now let us apply quotient rule of differentiation.
By using quotient rule, we get
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dy _ i(E) _ VU
dx dx W vZ v ECIIJ.EIIOI]. (])
As.u=axli+bx+c
du d -
o = 2%+ b poation (2) {Since, ax X ) = X7
As.v=pxitgxtr
dv i 2 A
= dx{px +qgqx +r1) =2px + q .. Equation (3)
Now, from equation 1, we can find dy/dx
dy pau_dv
dx vE

. (px® + qx + r}{2ax+ b)—{ax® + bx + c)(2px + q)

B (px® +qx+1)? {Using equation 2 and 3}

2apx® + bpx® + 2agx® + bgx + 2arx + br—2apx® —agx®—2bpx®-bqx—2pcx—qc
(px? + gqx+1)?
agx®—bpx® + Zarx + br—2pex—qc
(px® + g +1)®
%*(ag—bp) + 2x(ar—pc) + br—qc
(px? + qx+1)°

dy x*(aq—bp) + 2x(ar—pc) + br—qc
Lodx (px2 + gx + 1)2
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