RD Sharma Solutions for Class 11 Maths Chapter 30 Derivatives

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

Solution:
Given:
f(x) = 3x
By using the derivative formula,
(a+h) — fl(
f'la) = lim fla+h) — fla) . »
' h—+0 /i {Where, h is a small positive number}
Derivative of f(x)= 3x atx = 2 is given as
(2+h) — f(2)
.l'I"E':I — 1' .}r-. ! Jd =
2, - h
- 3(2+h)—-3x2
= lim
h—0 h
r 3h + 66 " 3h
"M T
= 1lim3 =3
h—o0

Hence,

Derivative off(x)= 3xatx=21is 3

2. Find the derivative of f(x) = x2—2 at x =10
Solution:

Given:

f(x)=x2—2

By using the derivative formula,



DerivativeofxZ—2 atx = 101s given as

f'(10) = lim f(10+ k) — £(10)

h—0

I
(10 + h)? —2 — (10%—2)

= lim

h—0 h
. 100 + h? + 20h—2—-100 + 2 . h? + 20h
= lim = lim —
h—0 h h—0 h
i h(h + 20) li h + 20
= Jimy =  mh 20
=0+20=20

Hence,
Derivative of f(x) =x2—2 atx=101is 20

3. Find the derivative of f(x) = 99x at x = 100.

Solution:
Given:
f(x) = 99x
By using the derivative formula,
) , (a+0) — fla)
f'la) = }412{1; ! h ! {Where h is a very small positive number }

Derivativeof 99x at x= 100 is given as
(100 + k) — £(100
f(100) = lim fl 1) — f(100)

h
99(100 + h) —99 x 100

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

Hence,

Derivative of f(x)= 99xatx= 1001599
4. Find the derivative of f(x) = x atx =1
Solution:

Given:

f(x) = x

By using the derivative formula,



fla+h) — fla)

.l'l" — 1' , .
fa) B h {Where h is a very small positive number}
Derivativeofx at x =1 is given as

(L+h)—f(1)
(1) = 1im L1 Z I
F) b i
y (1+ h)—1
= m
" 1+h-1 ! h
= -
=1lim1l=1
h—0

Hence,
Derivativeoff(x)=xatx=11s 1

5. Find the derivative of f(x) =cos x at x =0
Solution:

Given:

f(x) = cos x

By using the derivative formula,

Fla) = 1 fla+h) — fla)
] = 1111 . "
R h {Where h is a very small positive number}
Derivative ofcos x atx = 0 is given as
(0+h)— f(0O
£(0) = lim L0 = F(0)
' h—+0 h
~ cos(h) —cos0
= lim
h—0 h
. cosh—-1
“ w26 n

Let us trv and evaluate the limit.
We know that 1 —cos x = 2 sin?(x/2)
So0.

. -h
- —(1—cosh) 2sin"5

= heb h ~ n=0 h
Divide the numerator and denominatorby 2 to get the form (sin x)/x to apply

sandwich theorem.

2 sin? %

BT 2
= TIIIEIU—E x h
2



By using algebra oflimits we get

. li sin x -1
[Bv using the formula: 31510 x ]
f(0)=-1%x0=0

- Derivativeoff(x) =cosxatx=01s 0

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

Given:

f(x) = tan x

By using the derivative formula,

fla) = fla+h)— fla)
A= h {Where h is a small positive number}
Derivativeofcos x atx = 0 is given as
0+ h)— flO
"10) = lim f ) — £(0)
h—0 h
~ tan (h)—tan0
= lim
h—0 h
" tanh
= lim
h—o0 h [Since it is of indeterminate form]
. lim 22% = 1 .
By using the formula: x—=o =x {i.e., sandwich theorem}
f(0)=1

- Derivativeoff{(x) =tanxatx=01s 1

7. Find the derivatives of the following functions at the indicated points:
(i) sin x at x = /2
(i) xatx =1

(iii) 2 cos x at x = 1/2
(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)

flla) = lim ' . .

' h—+0 h {Where h is a small positive number}
Derivativeofsinx atx = /2 is given as

(T - fl5+h)—f(3)

— | = lim —= =

! ( ) h—+0) I

. (T LT
sin (— + h) —sinzy

. 2
iy —2—

o

= lim 2222
h—o h {vsin(W2+X)=cosx}

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

. -h
~ —(1—cosh) | 2511125
= 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.

h
' 2_
2
= —lim h? x h
2
Using algebra of limits we get
sin%
= — lim T * lim h
h-o) I h—0
2
lim 2% — 1
[Bv using the formula:x—o x ]

' (m/2)=—1x0=0

S Derivativeoff(X)=sinx atx=m/21is 0
(i) xatx =1
Given:
f(x)=x

By using the derivative formula,



fla+h) — fla)

f'la) = lim

h—+0) h {Where h is a very small positive number}
Derivativeofx at x =1 is given as
(L+h)—f(1)
(1) = 1im L1 Z I
F) b i
. (1+h)-1
= lim ——
h—0 h
" 1+h-1 ! h
= -
=1lim1l=1
h—0

Hence,
Derivativeoff(x)=xatx=11s 1
(iii) 2 cos x at x = /2

Given:

f(x) =2 cos x

By using the derivative formula,

. . fla+h) — fla)
f'la) = lim ' . .
' h—0 h {Where h is a small positive number}
Derivativeof2cos X at X = /2 is given as

f (E) = lim fG3+h) — f(5)

2 h—0 h
T T
2cos (f + h) — Emsi
= lim
h—0 h
. —2zinh
= lim

h—o h {vcos(m/2+x)=-sinXx}

[Since it i1s of indeterminate form|
sinh

—2 lim
= h—0

lim 22% = 1
By using the formula: x—=o0 x
f(m/2)=-2x1=-2
~ Derivativeoff(x) =2cosxatx=m/2is -2

(iv) sin 2xat x = /2
Solution:

Given:

f (X) = sin 2x

By using the derivative formula,



f'(a) = lim flath - jla)
A 1 {Where h is a small positive number}

Derivative of sin 2x at x = /2 is given as

f! (E) _ lim f(5+h)— f(F)

2 h—0 h
sin [2 b (% + h)}— sin 2 x%
= lim
h—0 h
— Him sin{m + 2h)—sinn
h—0 h {wsin(m+x)=—-sinx &sinn=0}
lim — sin2h— 0
=
I sin 2h
T T

[Since it is of indeterminate form. We shall apply sandwich theorem to evaluate the limit.]
Now, multiply numerator and denominator by 2, we get

. sin 2h . sin2h
lim X2 = —2 lim

. sin x

lim =1

Bv using the formula: x—=o0 x
f(m/2)=-2x1=-2
» Derivativeoff(x)=sin 2xatx=m/2is -2

EXERCISE 30.2 PAGE NO: 30.25

1. Differentiate each of the following from first principles:
(i) 2/x
(i) 1\x

(i) 1/x2

(iv) [x2 + 1]/ x
(v) [x2—-1]/x
Solution:

(i) 2/x

Given:

f(x) = 2/x

By using the formula,



d . flz+h)—f(z)
4z (@) = lim n
By substituting the values we get,
2 2

. z+h T
=,
2x — 2x — 2h
b hz(x + h)
—2h
= lim
h—0 hfﬁ(;l: —+ h)
, —2
N EI}}J z(xz + h)
When h=0, we get
—2
2
—2x2

-~ Derivative of f(x) = 2/x is -2x?2
(i) 1\x

Given:

f(x) = 1x

By using the formula,



flz+h)—f(=z)

xr)) = lim
= (f(a) = tim T
B}f sub stifuting the values we get,
1 1
. vI+h VT
= lim
h—0 h

Byv using algebra of limits, we get

o VE-VETR G+ ETT

h0 hy/z\/z +h \/‘+\/F

r—x—h

TR (V)

2555 hﬁ\/ﬁ(ﬁJr\/ﬁ)
—1

"% ey TR (Ve vaih)

Whenh=0, we get

—1

 VEVEWES V)

= Derivative of f(x) = 1/\x is -1/2 x32
(i) 1/x2

Given:

f(x)=1/x

By using the formula,



z+h)— =z
1) = g LN =S

h—0 h
By substituting the values we get,
1 1

: (z+h)? z*
= 1i
hfllrr h
z® — (xz + h)®

~ B h(z + h)3z3
Bvusing the formula[a’*—b°=(a—b) (al + ab+ b?)]
oz — 2 —322h — 3zh? — K®
— lim
h—0 h(z + h)3z3
 —322h — 3zh? — B®
— lim
-0  h(z + h)z?
h (—3;1:2 — 3zh — hg)
R0 h(z + h)3z?
(—3$2 — 3xzh — hg)
R0 (z + h)3z?
Whenh =0, we get

-~ Derivative of f(x) = 1/x® is -3x*
(iv) pe + 1)/ x
Given:

f(x)=[x2+1]/ x

By using the formula,
d . f(@+h)-f(z)

By substifuting the values we get,




(z+h)*+1 2241

. I-I—h T
= lim
h—0 h
Upon expansion,
z*+2zh+h*+1 2’41
. :I:+h T
= lim
h—0 h

By using algebra of limits, we get
I >+ 2x’h + Rz +x—x® —2®?h—ax — h
= lim
h—0 zh(z + h)
_im x*h+ h*x —h
0 xh(x + h)
. h(z*+ hz—1)
= lim
h»0 zh(xz+ h)
o224+ hr—1
= lim
h-0 x(z + h)
When h=0, we get
z? —1

2

=1-1/x?
-~ Derivative of f(x) =1 — 1/x?
(v) [x2—1]/x
Given:
f(x) =[xz 1)/ x
By using the formula,
d . fl@+h)—f(x)
=2 (f(2)) = lim -
By substituting the values we get,
{I"‘h}i—l 1

z+h T

— lim
h—0 h
Upon expansion,



z’+2zh+h*-1 -1
z+h T

— lim
h—0 h
Bvusing algebra of limits, we get

> +222h+ hr—xz—2° —22h+z+ h

— 1'1]_11

h—0 zh(z + h)
Cm x*h+ h*x + h
h—0  xh(x + h)

0 x(x+ h)
When h=0, we get
z? +1
— .
=1+1/&2
“ Derivativeof fix) =1 + 1/x2

2. Differentiate each of the following from first principles:
(i) e~
(i) e>
(iiii) e
Solution:
(i) e~
Given:
f(x)=e>
By using the formula,
d . f(z+h)-f(z)
——(f(z)) = lim
dx h—0 h
By substifuting the values we get,
—(z+h) _ oz

e

d
(%) = I
G 3



e Teh_e®
— lim
h—0 h
Taking e ~* common, we have
e’ (e‘h — 1)
= lim
h—0 h
. — . e By
lim e™ x lim X (—1)
= —=0 h—=0 -

. e¥—1
lim = log,e = 1
We know that, *—0 *
e —1

— . -
= —e " lim
h—s0 —h

So.
— " (1)
— —E_I
~ Derivative of f (x) = -e™®
(i) e>
Given:
f(x)=e>

By using the formula,

d . flz+h)-f(z)
By substituting the values we get,
d ' edzt+h) _ o3z

3z
— (e = lim
dzx ( ) h—s0 h
EEIEEh . 631‘

= lim
h—0 h
Taking e ~* common, we have
. ES:E {63.& o 1)
= 111N
h—0 3h

By using algebra oflimits,

Eah

lim e3* x lim
=h-=0 h—o bh



Since we cannot substitute the value of'h directly, we take

. 3 . Eah_l
lim e®* x lim % 3
= h-=0 h—=0 3h
X_
lim == = log.e =1
We know that, x—0 X
3h
e —1
— 3¢°® lim ——
h—0 3h
= 3¢°% (1)
— 383:12

 Derivative of f (x) = 3e*
(i) e
Given:

f (x) = e

By using the formula,
d . flz+h)-f(z)

By substituting the values we get,

d . ‘ Ea{:r:+h}+b . ea:r:—|-b
— (EMJF ) = lim
dx h—0 h
Ea::-l—beah A Eﬂx+b
= lim
h—s0 h

Taking e=*® common, we have
Ea:r-l—b (Eah . 1)
= lim

h—0 h
By using algebra of limits.

E:a.h

lim e+ P % lim
— h=0 h—0

Since we cannot substitute the value of h directly, we take
el h_ 1

ah

lim e+ P x lim X a
—= 0 h—=0

e¥—1

lim

= log,e =1
We know that, x—o0 x



— ™ lim — =
h—0 ah

_ ﬂeax+b (1)
_ ﬂER:I—Fb
~. Derivative of f (x) = ae=?t
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,

d . flz+h)—f(z)

By substifuting the values we get,
. \/sin(2z + 2h) — v/sin 2z
= Iim

h—0 h
Multiply numerator and denominatorby \(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 \/5'111(2:}: + 2h) + +/sin 2z

Bvusingal-b?=(a+b)(a—b). we get
sin(2x + 2h) — sin 2z

= lim
o0 (\/SiH(ZJJ + 2h) + V/sin 21:)
Bv using the formula,

C+ D C—-D
sinC — sinD = 2cos (%) sin(T)



9 cos ( Ex—l-ﬂzh-l—ﬁr) sin ( 2z+22h—23: )
— lim

h=0 (\/sin(Zm + 2h) + v/sin 2$)
. 2 cos(2x + h) sinh
= lim

=0 p (\/sin(lt: + 2h) + 4/sin 2;1:)

By applying limits to each term, we get
sin h 1

= lim 2 cos(2x + h) lim 3 lim
h0 R0 R0 (\/Sin(Zm + 2h) 4 4/sin 2:}3)

1

= 2cos 2z (1)
v/sin 2z + +/sin 2z
B 2cos2x
24/8in 2x
cos 2z

\/sin 2z

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

Given:

f (x) = sin x/x

By using the formula,

d . fle+h)—f(z)
By substituting the values we get,
sin(z+h)  ging
\ N xt+h T
hE}J h
A zsin(x + h) — (z+ h)sinz
- hf}} hz (z + h)

Byvusing algebra of limits,



z (sinzcosh+ coszsinh) — zsinz — hsinz

= lim
h—0 hz (z + h)
B zsinzcosh + rcosxrsinh —xzsinx — hsinzx
= lim
h—0 hz (z + h)
B zsinzcosh —rsinxz +xcosxsinh — hsinz
= lim
h—0 hx (z + h)
By applying limits to each term, we get
) . cosh—1 xcosxz . sinh 1 sin z 1
= zsinx lim lim lim ].1111
h—s0 h t ho h hoxz+h x hsox+h
_ _ —2sin® & rcosx .. sinh _ 1 sin x 1
= rsinx lim - lim lim
h—0 h T hs0 h hwz+h =z h>[l$+h
_ - sin® % h xcosxz . sinh 1 sin x 1
= rsinx lim . X — + lim lim lim
h—0 h* 4 H A h—0 h h—0 &+ h. r h0 I+ h
. . h T COS T sin h 1 sin x 1
— —zsinz x im — + lim lim lim
h—0 z hs0 h hooz+h =z hsoz+h

Whenh=0, we get

COST Siﬂ.a:
= —rsinx (0) + 5
T
COS T sin T
T 2

By taking LCM, we get
T cosT —sinx
T2
~ Derivative of f (x) = [x cos x — sinx]/x?

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

(i) tan (2x + 1)

Solution:

(i) tanz x

Given:

f (x) =tanz x




By using the formula,
dx h—0 h
By substituting the values we get,
. tan®’(z + h) —tan’z
= lim
h—0 h
Byusing(a+b)(a—b)=a’-b? we have
[tan(z + h) + tan z| [tan(z + h) — tan z|
m

h—0 h

Replacing tan with sin/cos,
sin(z+h) 4 sin sin(z+h)  sing

1 cos(z+h) COS T cos(z+h) COS T
= lim

h—0 h
By taking LCM.,

i sin(xz + h) cosx + cos(z + h)sin z| [sin(x + h) cos & — cos(z + h) sin z|
= lim

h—0 h cos® z cos®(z + h)

sin(2z + h)] [sin k]
h—0 hcos? z cos?(x + h)

By applving limits to each term, we get

1 sin h 1
= Iim sin(2x + h) lim lim
cos?x h 0 (22 + ]h_m h  h-0 cos?(z + h)
Whenh=0, we get
1 ) 1
= ——sin(2z) (1) —
COS* T cos‘
1 . 1
= 3 2sinxrcosx 5
COs“ T COS* T
sinx 1
=2 x *

cosT  coslz

= 2tanzsec’ x
~ Derivative off (x) = 2 tanx sec? X

(ii) tan (2x + 1)



Given:
f(x)=tan 2x + 1)
By using the formula,
4 (a)) — i T EHD =1 @)
dx h—0 h
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(2z+1)

— lim 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)

= lim

h—0 hcos(2z + 2h + 1) cos(2z + 1)

sin(2z +2h +1— 2z — 1)

= Iim
h—0 hcos(2z + 2h + 1) cos(2z + 1)
By applying limits to each term, we get

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

cos?(2z + 1)

= 2sec?(2z + 1)

~ Derivativeoff (x)=2sec2 (2x + 1)
5. Differentiate the following from first principles:
(i) sin V2x
(i) cos Vx
Solution:
(i) sin V2x



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

By using the formula,

4 fa)) — tim LEFW 1@
dx h—0 h
By substituting the values we get,
sin v/2zx + 2h — sin/2x

= 1i
h.lfilj h

Bv using the formula,

sinC' — sinl) = ESin(C_D) EDS(C+D)

2 2
2511‘1(1,:21: +2h — “’E) cos (\HE;I.' + 2h — V’ﬂ)
= lim

h—0 h

By using algebra of limits,

. Pr+2h—+2x Dt 2h++/2
9 % 25m(%) .:.:.s("’”T*‘"_*)

= Jim oh + 2z — 2z

V2x+ 2h—2x
To use the sandwich theorem to evaluate the limit, we need 2 in
denominator.

2 2sin(—ﬂ:+2h_@) cos(—‘ hﬂh_wﬂ)
2 2

= lim —

B0 (J?m T2k — \fzm) VIZ ¥R+ V22




9 % 9 sin( -.,#2:+22h—~..f2: ) ms( -.,#2:-1—25:—#2: )

= lim

w0 (EEE) (3 T3+ V)

Byv applying limits to each term, we get

S.m( »..-’2:+22h—~.a"ﬂ) 24:05( -.x"ﬂz+22h—v"§)

= lim lim
h—0 (*’?”%‘ng) =0 £/2x + 2h + /2
2

Whenh=0, we get

sin( V2r12h—/22 )

» 2cos V’E . 2
——— | Im =
22z B0 ( v2z+2h—y2z )

2

COS w’ﬁ
V2z
. Derivative of f (x) = cos V2x / \2x

(i) cos Vx

Given:

f (x) = cos Vx

f (x + h) = cos V(x+h)

By using the formula,



d . f(z+h)—f(z)
;i;f(f(x)} ::}ig% h

By substituting the values we get,
cosvx + h —cos /T

= li
P h
By using the formula,

C+ D C-D
cosC—cosD:—Esin( -g )siu( 5 )

_9 Si]l( VIt+htyT ) 5'111( VIz+h—/T )

2

2

= lim
h—0) h
Byvusing algebra oflimits, we get
. [ VETthtyT\ . [ VIth—T
—2 sm(T) sm(T“s)

= lim
R r+h—=x

To use the sandwich theorem to evaluate the limit. we need

denominator.
) ‘T+h . VTth—yT
_gsm(w) Sm(y)

=i
P (vVZFh— &)
2

2x (Vz+h+x)

By applving limits to each term, we get

. wrt+h—y T . VTth+T
51N — 3 — 51N — s

h—0  VEIth—T  hs0 Wz +h+ T
2

Whenh=0, we get

sin (—g?;—ﬁ )
1

—sin /T

—1x — |- lim — =
2./x s VEHRT
2
—siny/z
2/x

~ Derivative of f (x) = - sin\Vx / 2vx




EXERCISE 30.3 PAGE NO: 30.33
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

%{f{x)} = % (x*—2sinx + 3cosx)

Byvusing algebra of derivatives,

d , 4 d . d
b E(;r ) — EE(SIH x) + 3E(CGS$]
We know that,

i[xn) — IIXn_l

d, .
E[smx) = COSX

d .
E(cnsx) = —sinx

50,
=4x*-1-2cosx+3 (-sinx)
=4x'—2cosx—3sinx
~ Derivativeof f (x)is 4x°—2 cosx— 3 sinx
2.3+ x3+ 33
Solution:
Given:
f(x)=3+x + 3
Differentiate on both the sides with respect to x, we get
d _ 4 ox 3 3
dx{f{x)} L & (3* + x* + 3°)
By using algebra of derivatives,
4 rax 4 .3 d .3
We know that,

i(xn) — len—l



i XYy _ X

dx(a ) = a*loga

d

.E[constant) =0

f' =3%log. 3 +3x*-1+0
= 3*log. 3 + 3x?

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

3 =
3.2 _o/z+ 2
3 a2

Solution:

Given:

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

d d _x* 5
= S I e, Ty =
LU} = - (F-2vx + )
Byvusing algebra of derivatives,
d [x? d d (1

Bl (B S o L
fl = dx(a) zdx(\'X)-l_de( )

KZ
1d 3y ,d = d . -2
_ de[x ) de(}{z) + de (x™=)
We know that,
i ny __ n—1
. (x™) = nx
1 3-1 1 24 a3
3 (3x* ) =2 x5 x27" + 5(-2)x
1 5 L1 _3
=3><§x —xXx =z —10x
“ Derivative of f (x) is x2 —x(-12 —10x -3
4_ @xloga 4 @alogx 4 @aloga
Solution:
Given:
f(X) = exloga + ealogx + ealoga
We know that,

@logfx) = f(x)



So,
f(x)=ax+x=+a:

Differentiate on both the sides with respect to x, we get
4 _ 4 x a a
dx{f[x)} = = (a* + x* + a%)
Byvusing algebra of derivatives,

i X i a i a
We know that,
i my _ n—1
= (x™) = nx
2 (a*) = a®loga
dx
d
= (constant) = 0
f'=a*log.a—ax>1+0
=a*loga—ax3!
“ Derivative of f (x) is a*log a — ax2~!
5.(2x2+1) (3x +2)

Solution:

Given:

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

=6x*+4x2+3x+ 2

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

4 _4d 3 2
dx{f(x)} == (6x° + 4x° + 3x + 2)
Byvusing algebra of derivatives,

d o3 4.2 d 4
o de(:{ )+ 4dx(x ) + 3+ (x) + dx(z)
We know that,

i[:xn) — len—l

d
= (constant) = 0

f'=6(3x"")+4(2 ) +3(x* ") +0
=18x2+8x+3+0
= 18x2+8x+3

‘. Derivative of f (x)is 18x2+8x + 3



EXERCISE 30.4 PAGE NO: 30.39

Differentiate the following functions with respect to x:

1. x3sin x

Solution:

Let us consider y = x® sin x

We need to find dy/dx

We know that y is a product of two functions say u and v where,
u=x*and v =sin X

Ly =uv

Now let us apply product rule of differentiation.

By using product rule, we get

dx  dx dx ... Equation (1)
As, u=x°
E — 3X3—1 — 3}{2 . . i(xn) — 11Xn—l
dx ... Equation (2) {Since, dx }
As,v=sinXx
v i(sim«;) = CO0SX
dc  dx . Equation (3) {Since, dx (smx) CGSX}
From equatmn (1). we can ﬂnd dy/dx
dy _ 39 du
ol x3 ~ ~ + sinx .
& _ x®cosx + 3x7%sinx
dx {Using equation 2 & 3}
d
Y _ x?cosx+ 3x7sinx
l‘l- dx
2, x ex
Solution:

Let us consider y = x® e

We need to find dy/dx

We know that y is a product of two functions say u and v where,
u=x*andv=e

Ly =uv

Now let us apply product rule of differentiation.



By using product rule, we get

dx  dx dx ... Equation (1)

As.u=x’

du — -1 _ 2 4 on — n—1
ax X X% Bquation (2) {ax %) = X
As v=gx

dv d

_— = —(EY) = Ex i Xy — X
dxdx ... Equation (3) {Since, dx (€5) = e 1

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

&y _ padv | ydu

de dx dx

dy 3 .X 2.x%

— = X%e% +3x°¢ : :

dx {Using equation 2 & 3}
d
Y~ x2ex(3 4+ x)

&

3. x2 e*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=e

Ly =uv

Now let us apply product rule of differentiation.

By using product rule, we get

dy dv du dw

— = uw— + VwW— + uv— :

dx dx dx dx ...equation 1

As u=x?

du d

= 2X2—1 = 2% . . = Xn — I]X.n_l
dx ... Equation (2) {Since, dx( ) }
As v=e*

dv. _ d , oy _ x d % %
dx_dxr:e)_e (e¥) = e

... Equation (3) {Since, dx }
As.w=logx

dw d 1 d 1
a — &U98%) = O pauation (4) {Since, ax 1%8eX) T 3

Now, from equation 1, we can find dy/dx
ﬂ _ 2 i X E 2 :{E
= X lﬁgxdx—k e lﬁgxdx—kx e



dy
dx
dy

S e (1+ xlog x + 2 log x)

4. x" tan x

1

N 2 x X 2 X
= Xx“e*logx + 2xe®logx + x“e x {Using equation 2, 3 & 4}

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 =tanx

Ly =uv

Now let us apply product rule of differentiation.

By using product rule, we get

dy udv T vdu

dx dx dx ... Equation 1

As,u=x"

du d

=2 I1.:,‘;11—1 . . —(x?) = I1.:“:‘11—1

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

As. v=tanx

dwv d d

— = —(tanx) = sec’x , . —(tanx) = sec’x
dx  dx ... Equation 3 {Since, dx( ) }
Now, from equation 1, we can find dy/dx

dy = pdv du

o = X o ttanx —

Y _ xosec?x + nx"ltanx . .

dx {Using equation 2 & 3}

d

Y~ xn1(ntanx + x sec?x)

Sodx
5. x" log. x
Solution:

Let us consider y = x" 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"and v = log. x

Ly =uv



Now let us apply product rule of differentiation.

By using product rule, we get

&y _  dv . du |

dx dx dx ... Equation (1)

As u=xt

du _ d -
o = ™" Equation (2) {Since, &x X ) = MX"
As.v=log, x

dw

d
xlogea  Equation (3) {Since, dx
Now, from equation 1, we can find dy/dx

d
= = L dog.x) =

dy n dv du

— = X"— + log_ X —

dx dx Ba dx

d 1 _

T — x"—— + nx"llog.x , ,

dx xloge.a {USlﬂg equation 2 & 3}

dj"’_ n—1 1

EXERCISE 30.5 PAGE NO: 30.44
Differentiate the following functions with respect to x:
2
1
1. z"+1
r+1
Solution:

Let us consider

y=
x2+1
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*+1andv=x+1

Sy =ulv

Now let us apply quotient rule of differentiation.

By using quotient rule, we get

(log,x) =

1

xlcgea}



du_ dv
T = () =

dx  dx\v v2 ... Equation (1)
As.u=x2+1
E — 2-1 — i my n—1
w2 T0=2x Equation (2) {Since, dx (x7) = nx
As.v=x+1
dw d
—=—(X+1)=1 d my _ n-1
ax ~ ax ... Equation (3) {Since, ax X ) = BX" )
Now, from equation 1, we can find dy/dx
dy pou_dv
dx vE

 (x+1)(2x)—(x* + 1)(1)

(x+1) {Using equation 2 and 3}

. 2x% 4+ 2x—x2—1

o (x+1)2

o oxT 4 2x-1

T x+1)?

dy x% + 2x—1
Ldx (x + 1)2
2 — 1
2.—

x? +1

Solution:

Let us consider

y =

2x —1

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—1andv=x2+1
Ly =ulv
Now let us apply quotient rule of differentiation.

By using quotient rule, we get



dy d(u)
dx  dx\v

Asu=2x-1

du 11

roli 2X 0 =
v=xi+1

As.
_ 42 _
= (x* + 1) = 2%

... Equation (1)

d
2 Equation (2) {Since, ax
dv d
dx ... Equation (3) {Since, dx

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

1

E:_clx_d.&

dx v

x® +1)(2)-(2x-1)(2%)
o (x2 +1)2

2P 42— 4x% 4 2x
T eIy
=224 2%+ 2
s
d_y_?(l—x—xz}
adx (X2 +1)2
x4+ e”

1+ logx

Solution:

{Using equation 2 and 3}

Let us consider

X+ e
1+ log x
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
Ly =ulv
Now let us apply quotient rule of differentiation.

By using quotient rule, we get

(Xn) — Ian_l

}

[:Xn) — IIXn_l

}



E_i(ﬂ):ia‘_“ﬁ

dx  dx\v v2 ... Equation 1
As.u=x+ex
E — i X i oy _— n—1 i XKy — nX
— - (x + e ){S'mce_. FRLC ) nx &dx (e®) e
du _ d 4 raxy — x
dx dxtx) * dx(e )=1+e ... Equation 2
As,v=1+logx
W 2 ogx + 1)
— = —(logx
dx _ dx- B

d (1) + d 1

= — —(logx

dx dx( 8%)
dw 1 1 d 1
w05 = x ... Equation 3 {S'mce,a(mgx) " ox}
Now, from equation 1. we can find dy/dx

du  dw
E _ v Vi
dx w2
dy _ (1+log(1 +e¥)-(x+ e)(3)
dx (logx +1)* {Using equation 2 and 3}

1+e¥+logx+e® logx—l—%

(log=+1)*

xlog x(1 + &%) + e¥(x—1)

x(logx + 1)*
dy _ xlogx(1+e*)—e*(1-—x)
dx x(1 + logx)?

e —tanx

4l—

cotxr — ™
Solution:

Let us consider

e’ — tanx

cot x — x"

We need to find dy/dx

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

Sy =ulv

}



Now let us apply quotient rule of differentiation.

By using quotient rule, we get

dy _ i(ﬂ) = VU

dx  dx\w/ w2 ... Equation (1)
As.u=¢e*—tanx

du d . o d _ 2 4wy _ ax
~ = = (e* —tanx) (Since, % (tanx) = sec*x & - (e¥) = e )
d d d

= = —E[tanx) + a[ex) = sec’x + e¥

dx ... Equation (2)
As.v=cotx—x®
g = E(mtx— x™)
= E[mtx) —E(Xn) (Since, i[mt x) = —cosec’x & i(x“) = 11:{1“1}

& — —cosec?x— nx™? .
dx ... Equation (3)
Now, from equation 1, we can find dy/dx
dy i
d«  v? {Using equation 2 and 3, we get}
dy _ (cotx—x")sec?x + e¥)—(e¥ —tanx)( —cosecx—nx"™1)
dx (cotx—xT)2

dy  (cotx — x")(e* — sec’ x) + (€* — tan x)(cosec® x + nx""1)
sdx (cot x — x")?

am2+bm+c
5.
pr? t+qx+r

Solution:

Let us consider

y:
ax> + bx+ ¢
pX>+qgx +r

We need to find dy/dx

We know that y is a fraction of two functions say u and v where,
u=axt+bx+candv=px2+gx+r

Sy =ulv

Now let us apply quotient rule of differentiation.

By using quotient rule, we get



E:i(z):ia‘_“ﬁ

dx  dx\v v2 ... Equation (1)
As.u=axi+bx+c
M o 2ax + b . : i(x“) = nx??!
dx ... Equation (2) {Since, dx }
As.v=pxitgx+r
dv. _ d . 2 N —
= = dx(px +qgx +1) = 2px + g ... Equation (3)
Now, from equation 1, we can find dy/dx
dy o dv
dx w2

- (px® + qx+r)}(Zax+b)—(ax® + bx + c)(2Zpx + q)

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

2apx? + bpx® + 2agx® + bgx + 2arx + br—2apx®—agx®—2bpx*-bqgx—2pcx—qc
(px® + qu+1)°

agx®—bpx® + 2arx + br—2pecx—qc

(px® + gu+ 1)
x?(ag-bp) + 2x(ar—pc) + br—qe
(px? + qx+1)?
dy x*(agq—bp) + 2x(ar—pc) + br—qc
Lodx (px? + qx + 1)2
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