RD Sharma Solutions for Class 11 Maths Chapter
30 — Derivatives

EXERCISE 30.2

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

(i) 1\x

(iii) 1/x°

(iv) [x*+ 1)/ x

v) [x2-1]/x
Solution:

(i) 2/x

Given:

f(x)=2/x

By using the formula,

d . f(z+h)-f(z)
25 f(@)) = lim 7
By substifuting the values we get,
2. _ 2
N xz+h T
h E[-[ll h
’ 2x — 2x — 2h
= [1m
>0 hz(x+ h)
. —2h
= lim
h—0 hx(z + h)
! —2
= lim ———
h—0 z(x + h)
When h=0, we get
B —2
a2
= 2x-2

= Derivative of f(x) = 2/x is -2x7

(i) 11\

Given:

f(x)=1x

By using the formula,
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flz+h)—f(z)

x)) = lim
= (f(@)) = lim ;
B}f sub stifuting the values we get,
11
— lim ve+h VT
h—0 h

By using algebra of limits, we get

— tim Vz—+z+h Vﬁ+ﬁ$+
h>0 hy/T\/T + h \/’+\/F

r—x—h

TR (V)

3;:0 hyave T h (f VT h
S v h (f vaih)

Whenh=0, we get

-1

 VAEGE VA

—1
— 3
22
1
—_ —— I 2
2
= Derivative of f(x) = 1/\x is -1/2 x32
(iii) 1/x°
Given:
f(x)=1/°

By using the formula,
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(e — i LEH D T

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

: (z+h)? z3
= li
hE}} h
.z —(x+h)?

By using the formula [a°—b® = (a—b) (a2 + ab+ b)]
z® — z° — 3z’h — 3zh®? — B°
h—0 h(z + h)3z?
" —3z%h — 3zh? — B®
0 h(z 4+ h)3a3
h (—3:1:2 — 3zh — hg)
= lim
h—0 h(z + h)*z?
(—3m2 — 3zh — h‘?)
= lim

h=0 (z + h)*z®
Whenh=0, we get

= Derivative of f(x) = 1/x3 is -3x*

(iv) [x*+ 1]/ x
Given:
f(x)=[x*+1]/x

By using the formula, ; ( h) ; ( )
d . r+hn)—Jlx

By substifuting the values we get,
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. z+h T
— lim
h—0 h
Upon expansion,
*+2zh+h* 41 241
. z+h T
= lim
h—s0 h

Bvusing algebra oflimits, we get

—z2?h—z—h

2+ 22°h + Rz 4+ — 2P
= lim
h—0 xzh(z + h)
_im x?h+ h’x —h
=0 xh(x +h)
oh(z? + he — 1)
= lim
0 zh(z+ h)
o z224+ hzx—1
= lim
h—0. x(x +h)
When h= 0, we get
2 —1
2
=11/
=~ Derivative of f(x) =1 — 1/x*

V) [x*-1]/x
Given:
f(x)=[x*-1]/x
By using the formula,
d o feth) - f(@)
E(‘f (z)) = h_‘;% h
By substituting the values we get,
(z+h)%2-1 2 1

— him z+h T
h—0 h
Upon expansion,
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2+ 2zh+h2 -1 - o |
x+h T

= lim
h—0 h
Byvusing algebra of limits. we get

3+ 222h+ hlz —xz— 2 —22h+z+ h

— lim
h—0 zh(z + h)
~im x2h+ h?x + h
h—0  xh(x+ h)
. h(z® 4+ hx+1)
— lim
h—»0  zh(z + h)
x4+ hz+1
= lim
hs0 z(x + h)
When h= 0, we get
- z? +1
o
—1+1/%2

.. Derivative of f{x) =1 + 1/x?

2. Differentiate each of the following from first principles:

(i) e”

(i) e

(iii) eax+b

Solution:

(i) e™

Given:

f(x)=e™

By using the formula,
gy — i L EER =S @)
dx h—0 h

By substituting the values we get,

—(z+h) _ o=

=

d
(") = 1
dx (%) hli% h
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e Teh—e*
— lim —
h—0 h
Taking e ~* common, we have
. e (e‘h — 1)
= 111m
h—0 h
lim e~ x lim = x (=1
_ Jim e™ % lim — % (—1)
lim = = log.,e = 1
We know that, *— 0 *
—h
R |
= —e " lim —
0 —h
S0,
= —c* (1)
fd —E_I
s Derivative of £ (x) = -e™
(i) **
Given:
f(x)=e*
By using the formula,
o) pim TR @
dz h—0 h
By substituting the values we get,
d EE{I—I—h] _ eE:r:
— (EEI) = lim
dx h—0 h
" 83$83h . EEI
= lim
h—0 h

Takinge ~* common, we have

; 831’, (eﬁh o 1)
- hli% h

By using algebra of limits,
e3bh_y

lim e®* x lim
=h-=0 h—=0 h



RD Sharma Solutions for Class 11 Maths Chapter
30 — Derivatives

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

. 3 . E‘ah—l
lim e®* x lim X 3
X_
lim == = log.e =1
We know that, x—0 x
Jh
et —1
— 3¢°® lim ——
0  3h
= 37 (1)

~. Derivative of f (x) = 3e’*

(iiif) e
Given:
f (X) — eax+b

By using the formula, ; ( h) ; ( )
d ) r+n)—flx
7 (f(2)) = —— 2

By substitufing the values we get,

i woh et ez th)+b _ qaztb
de (") = h—0 h
: ear-l—beuh o eax—l—b
e h

Taking e=*? common, we have
ea;r-l—b (Eah o 1)
= lim
h—s h

Byvusing algebra of limits,

eah—l

lim e *P x lim
— h—0 h—0

Since we cannot substitute the value ofh directly, we take
edl_y

X 4

1
= h=0

im e®™*bP x lim
h—o ah

ef_1

lim

= log,.e = 1
We know that, x—=0 x
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h
e -1
— et lim — —
h—0 ah
_ H,Eax+b (1)
_ {].E:ax+b

“» Derivative of f (x) = ae='®

3. Differentiate each of the following from first principles:
(i) V(sin 2x)
(ii) sin x/x
Solution:
(i) V(sin 2x)
Given:
f (x) = V(sin 2x)
By using the formula,
4 A e )~/ (2)
dx h—0 h

By substituting the values we get,
i /sin(2z+ 2h) — +/sin 2z
m

h—0 h
Multiply numerator and denominator by V(sin 2(x + h)) + V(sin 2x), we have

: /sin(2z + 2h) — v/sin2z  /sin(2z + 2h) + v/sin 2z
m X
e h v/sin(2z + 2h) + /sin 2z

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

= lim
5 (\/sin(Z;c + 2h) + 4/sin 2$)
By using the formula,

Ci+ D c—D
sinC — sinD = 2cos (%) sin(T)
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2 2

= lim

2 cos ( 2m+2h+21‘) sin( 2z +2h—2z )

sl (\/Sin(ZI + 2h) 4 +/sin 2543)

. 2 cos(2x + h) sinh
= lim

= (\/sin(2m + 2h) + /sin 23.:)

By applving limits to each term, we get

sinh _
lim

1

= lim 2 cos(2z + h) lim

h—30 0 h R0 (\/Sin(Zm + 2h) + 4/sin 2&-")

1
v sin 2z + +/sin 2z

= 2cos 2z (1)

2 cos 2z

24/sin 2x

cos 2T

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

(ii) sinx/x

Given:

f (x) = sin x/X

By using the formula,

d . flz+h)-f(z)
By substituting the values we get,
sin(z+h)  sing
— 1i z+h T
b0 h
zsin(x + h) — (z + h)sinz
= a0 hz (z + h)

Bv using algebra of limits,
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z(sinzcosh+ cosxsinh) — zsinz — hsinxz

= lim
h—0 hz (z + h)
I zsinxcosh + rcosxsinh —zxrsinx — hsinz
= lim
h—s0 hz (z + h)
I rsinxcosh —xsinxz +xcosxsinh — hsinx
= lim
h—0 hx (z + h)
Byv applving limits to each term, we get
. . cosh—1 =zcosxz , sinh 1 sinz 1
= zsinz lim 4 lim lim lun
h_s0 h r hs0 h hs0ozT+h wzx+h
« 2 I .
_ . —2sin5 gcosz .. sinh 1 sin 1
= rsinx lim . lim m — lim
h—s0 h T ars0 h rsoz+h r hs0x+h
w0 . N
. .-—2sin % h xcosz . sinh 1 sinz . 1
= zsinglim ——— x — + lim lim im
h—0 A2 4 T hso h hooxZ+h T hs0oz+h
h xcosx .. sinh L sinx/ .. 1
= —gzsinz X lim — + —— lim lim |
Ko 2 Z  hs0 Rl o0 2 +Hb T ho'z+h

Whenh= 0, we get
COST séﬂ.m
= —zsinz ( ) (0) +

:-52
COS & sin x
T x?
By taking LCM. we get
TcosT —sine
.'1?2
~ Derivative of f (x) = [x cos x — sinx]/x?

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

(ii) tan 2x+1)

Solution:

(i) tan® x

Given:

f(x) = tan® x

By using the formula,
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d . flz+h)—f(z)
4z (f(@)) = lim

h
By substituting the values we get.

tan?(xz + h) —tan’ =z
= lim ( )
h—0 h
Byusing (a +b) (a—b) = a? — b2, we have

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

hs0 h
Replacing tan with sin/cos.
S]II.[I"‘h] —|— sin T Eiﬂ{r-l—h} g— sin ¢
. cos(z+h) Cos T cos(z+h) COS T
= lim
h—0 h
By taking LCM.,

5 isin(z + h) cos x + cos(x + h)sinz]| [sin(x + h) cosz — cos(x + h) sin z|
= lim
fi=30

h cos? x cos?(x + h)

. [sin(2z + h)] [sin A
T ha0 hcostw cos?(z + h)
By applying limits to each term, we get

1 sin h 1
Iim sin(2x + h) lim lim
cos®x h0 (22 + ]h_m h k-0 cos?(z + h)
Whenh=0, we get
1 . 1
= sin(2z) (1)
cos? x cos?
1 ] 1
= 2sinxcosx
cos? x cos?
sin 1
=2 x X

COS T cos?
2
= 2tanxsec’ x

~ Derivative of f (x) = 2 tanx sec? x

4

(ii) tan 2x + 1)
Given:
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f(x)=tan (2x + 1)
By using the formula,

d z+h)— f(z
4 4a)) — i LE P =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(20+1)
S s 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)
= lim
h—0 hcos(2z + 2h + 1) cos(2z + 1)

By applving limits to each term, we get

1 sin(2h) 1
— lim X 2 lim
cos(2z+1) ns0  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

(i) 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, £ B — f(2)
d . r+n)—flx
dz (f(z)) = lim

h—0 h
By substituting the values we get,

sin /2 + 2h — sin 2z

—

fz.lillll] h
By using the formula,
sinC — sinl) = 2sin (C_D) EDS(C+D)

2 2
Esin(y’Em + 2h — ”E) -:05(\;’21' + 2h — V’ﬂ)

= lim A

h—0

By using algebra of limits,

. Br+2h—/ 2z B+ 2R+ 2z
2x23m(""fz+2 \.-“Z)EDS(\.-’2+E+\.-’:)

= oy 2h + 2z — 2z
vVaZx+ 2h—/2%
To use the sandwich theorem to evaluate the limit, we need 2 in
denominator.

) A Oh—/ Bzt oh— 21
2 . me( v ;1.‘+22h 2:) EDS( v’ﬂz+22h v’?:)

= lim

B0 («,,323 ) m) VZZ ¥ 2k + V2

9 % 9 sin( -,#2:+22h—v'2= ) ms( -,,#2:+22h—v'2: )
= lim
h-0 o V2z+2h—+/2z

x )

V2z + 2h + v’ﬂ)
By applying limits to each term, we get
sin ( 1F2:+22£—JE ) 9 cos ( 1;‘2:+2;‘—JE )

= lim lim
0 (ﬁ?=+2h-v’2_z) h—0 2z + 2h + 2z
2

Whenh=0, we get

. V2 +2h—2z
2cos+/ 21 . Sm( P )
¥ ———— |- lim 1

21!% C R0 ( f2z+2h—x-""2_z)
2
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cos x—“"ﬂ
V2z

~. Derivative of f (x) = cos V2x / V2x

(i) cos Vx
Given:
f (x) = cos \Vx
f (x + h) = cos V(x+h)
By using the formula,
d . flz+h)—f(z)
; (f(z)) = lim 7
By substituting the values we get,
cosvx + h —cos\/x

—
hlil;l] h

Byvusing the formula,

C+D Cc-D
casC—cnsD——Emn( —; 5111( 5 )

VT+h T
—25'111( +h+”r)sm( +'; v)

= lim
-0
Byvusing algebra nf]muts, we get

_9 SiIl( 1.-"z+l21+ﬁ ) sin( vz+g—.,& )

— lim
R0 x+h—z

To use the sandwich theorem to evaluate the limit, we need 2 in

denominator.
) Tth . VTTh—yT
_25111(@) Em(u)

= li
hlil:] ) (Vz+ -._fz]

2><(ﬁ:1:+h+\,f

By applying limits to each term, we ge‘[
. VIth— T VTHh+/T
in(557) (55
= lim — lim
h—0  NVETHh—VT  hs0 Wz +h+ T
2

—sin

When h= 0. we get



RD Sharma Solutions for Class 11 Maths Chapter
30 — Derivatives

r+h—y/T
. —sin /T ]ims'ﬂ( ) ) .
b4 " g
2/z N L
2
— sin /T
2y

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

class24
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