Class XI Chapter 13 - Limits and Derivatives Maths

Compiled By : OP Gupta [+91-9650 350 480 | +91-9718 240 480]

Exercise 13.1

Question 1:

Evaluate the Given limit: l_in}x +3

Answer

limx+3=3+3=6

Question 2:

, T 22
Evaluate the Given limit: lim x—T

K—n

Answer

. 22] 22]
limx—|=|n——
4[ 7 7

Question 3:

Evaluate the Given limit: ]inlmr:
]

Answer

limnr® =xn [l }! =1

r—wl

Question 4:

) o Ax 43
Evaluate the Given limit: hn} >
U 1 .T_

Answer

. dx+3 4(4)+3 16+3 19
lim = = =
ety =2 4-2 2 2

Question 5:

. N S |

Evaluate the Given limit: I||11|—]
VRS B x_

Answer
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Class XI Chapter 13 - Limits and Derivatives Maths

10 5 L 1y 3
i X +I={ 1) +(-1) +I=1 1+l _ 1
s “1-1 2 2

_ o (xy
Evaluate the Given limit: 1|n;1
=il r'||‘
Answer
5
o x+1) =1
1IIT1{ ]

v =wil X

Putx+ 1 =ysothaty - 1asx — 0.

. _ [.r+l}"—l T
Accordingly, lim =lm=-
] X (= j'_]
_ EERT
=lim
vy —1
e oxt=a .
=51 lim = na"
e x—g
=3
o x+3) —1
|m( ) =5
sl ] Ay
_ L 3t —x-10
Evaluate the Given limit: hm,—4
=52 .T- —
Answer

0
At x = 2, the value of the given rational function takes the form E
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3xt —x— x=2)3x+5
 lim 22 ,T m—lim{r J(3x+5)

P | 2 [_1:—2_]{1‘+2]
. Jx+5
= lim
=1yt
3{2)+5
2+2
11
4
Question 8:
] o x*-81
Evaluate the Given limit: lim——————
e It —8x—13

Answer

At x = 2, the value of the given rational function takes the form E

o8] {x—i](r+3}{f+9)
Sim—— = lim
=3 Dyt —fy =3 = {1—3]{2x+1}
c+3) (2 +9
=lim(Jl )(1 ]
= 2x+1
(3+3)(3" +9)
S 2(3)+1
_ 6x18

Question 9:
ax+h

Evaluate the Given limit: lim
v epl] c__r+'|.

Answer

. ax+b a(0)+b
lim =
=0 ex 41 e0)+1

=h

Page 3 of 68

By OP Gupta [+91-9650 350 480]


OP GUPTA
Typewriter
By OP Gupta [+91-9650 350 480]


Class XI

Chapter 13 - Limits and Derivatives

Maths

=i =]

Evaluate the Given limit: 1_iﬂ|‘| ,
Cozf ]

Answer

=i =]

lim—
2—|

LA |

0
At z = 1, the value of the given function takes the form a

1
Put 2 =X so that z —1 as x — 1.

: oz x
Accordingly, lim ———=lim
| =l oy —|
zh =1
. I.II_.." 12
= lim
x—+l J'. _I

I

Il
-

slim =

_ax +hx+e
Evaluate the Given limit: lim ,a+bh+e#0

e ox? +hry+a

Answer

R [1_.‘.11_ =
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" av’ +hr+c u[l}j +h(1)+¢
1 ex’ +bx +a r“}:+h“)+a

_a:.'-l—h+c
a+b+c
=1 [(r+h+c';t{3|]

1

+
Evaluate the Given limit: lim £—2
—p—2 x.l_z
Answer
1 1
.|_
lim £ 2
y=p—2 .:T"l‘z

0
At x = -2, the value of the given function takes the form —.

11 2+r]
{1 2x
Now, lim +—= = [im ——=~
2 x 42 et x40
:]iurnL
Ttlzx

) .. sinax
Evaluate the Given limit: lim
=il -.h.T
Answer
. sInax
lim
i =wi] rh.T

At x = 0, the value of the given function takes the form a
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NCI'W.. lim SN gy —lin Sll"i X t’,
J=pil I}x a H.' ;_ "x'
sin ax ]
= |||11( ] f—J
'r—al.l,\ ax ' h
:_hm[ﬁmax] [_T—}ﬂ:}-cl"{—}ﬂ]
A lim S0
h | ik J"I

a
b

Question 14:

sIn ax

Evaluate the Given limit: lim— La, b=0
e gin by
Answer
. EInax
lim — L, h=l)
e gin by

0
At x = 0, the value of the given function takes the form —.

. "
SIax

. Sil'l oax
Mow, lim— = lim -
s=igin by 0 [ 8in by
| = by

h bl' A
lim |’ sinnﬂ
_rﬂxxﬂ'-*'-'“l\ ax x—=0=ax—0
\ J Ii|11|/$mb'ﬁ| andx - 0= bx >0
by r':'._‘. fu' J
fal | sin v
=| X lim =1
Wb =y
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Question 15:
_ .. sin(m—x)
Evaluate the Given limit: lim——————
K= ﬂl{n_x)
Answer
limsm[ﬂ:—x]
X—¥T g [(n'___y‘]

Itisseenthatx - n=(n-x)—0

.'.|imm“[ﬂ_x}=l . sin(m-x)
s om(n-x)  mie (m-x)

1 lim Y
T y =i} ?

L

Question 16:
. COSX
Evaluate the given limit: lim
K =i] T—x
Answer
. ocosxy  cos( ]
lim = =—
-y -0 m
Question 17:
. oL cos2x-1
Evaluate the Given limit: lim———
el cosx—|

Answer
. ocos2y—1

lim——
vl posx—|
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At x = 0, the value of the given function takes the form E .

Now,
. eos2x—1 _ 1-2sin’x-1 X
lnu—lzlnn— cosx=1-2sin 3
bl (08T = ] .3 X =
cos 1-2sin” — =1
2
(sin*x) .
| - X
. v
=lim =lim— :
=t 4 X =l
sin” Y «
’ 11 2
) X
— | =
[‘T)- 4
3
= r
~ (sinx )
lim ; |
=4 y=mil 1) /I
.o X
sin”
. .
lim =
r—afl (,1; =
\ 2
| SN x "*|'
X x
=4 Y—=0=——10
510 -
lim——=
il X
2
I _ siny
=4 lim———=1
1- =il Vv
=4

Question 18:

. .. . G+ XxCcnsx
Evaluate the Given limit: lim—————

w0 hsinx

Answer
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. Gy XCcosx
lim—————
sl hsinx

0
At x = 0, the value of the given function takes the form a

Now,
. ax+xcosx 1 . x(a+cosx)
m—=—lim———
el hsinx b o sinx
1., x Y .
—|.IIT'I.L — |xlim(a+cosx)
=losmy f o0
=_x . x lim(a+cosx)
b (.. sinxy = ~'-(
lim |
.I'k. v—0 oy A
1 . sinx
—x(a+cos0) lim l
h k=l oy
a—+1
b
Evaluate the Given limit: lil'li'lISi:C.‘l.'
r—il
Answer
. ] X 0 0
limxsecx=lim =——=—=10
¥+ =ieosy cosl ]
_ .. sinax+hy
Evaluate the Given limit: lim————— a,h,a+bh =0
e gy + sin by
Answer

0
At x = 0, the value of the given function takes the form E

Now,
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o sInagx + by
lobm——
vl gy +sin by
S1N ax
ax + by
- ax
= lim = —
Tl sin bhx
ax + |"J.‘l.'|
. by
/ L
. sinax . _
| lim Jxllm{ax]+l|mb.\'
"«.'“'-_}“ ax a—wli v—all
. . . sinhx
lim ax 4+ lim bx| lim
F—plh a—dl Fy—plh bx

lim (ex )+ lim bx

— Ne=pll y =]

lirn ax + lim b

x—l sl

lim (ax + bx)

— =l

~lim(ax + bx)

v—sl)

=lm(1)

Tl

=1

Question 21:

[As x — 0= ax —» 0 and bx — 0]

O SINX
lim =
sy

Evaluate the Given limit: lilr}[cosec x—cot x)
x5l

Answer

At x = 0, the value of the given function takes the form =o—az .

Now,
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lim {m:&ec x=cot x}

x—ai]

ms.r]

fol
= lim| ————
=0l sinx  sinx

(1 —cm‘-x]
=lim| ——

=0l siny

Fa

[l—cosx“'

)

=lim N

A=l (:iin .TJ

woX

. l—cosx
lim
il ..T
. sinx
lim

xepdl _1'

[Iimﬂ =0 and lim SIY l:|

x—edl Ir r—ell .'lr

= —l||'::-

Question 22:

. tan2x
lim
2

Answer

. tan2x
lim
x m
1 K=

2

Ak

n ]
At x= E , the value of the given function takes the form ﬁ

T
Now, put X—5=}’ so that x—}%. y—0
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‘)
tan 2| Y+ —
. tan2x . o2
S lim = lim
. lr m y =l y

PN -
2

t: 2y
i 20 (2 42Y)
¥t b

tan 2y

=lim
v =i} W

. sin2y
= lim
vy eps 2y
[sin 2y 2
o
2y cosly

\‘ I [ 2 1
« lim
)yl cos2y

h A

A

= lim

y =)

sin 2y

Question 23:

2x+3,
Find llrIJ f(x) and 1|rI|1 f(x), where f(x) =

Answer

The given function is

] 2x+3,
) = 3(x+1),

x =10

x=0

lim f(x)=lim[2x+3]=2(0)+3=3

¥ =il a—l)

lim f (x) =lim3(x+1) =3(0+1) =3

iy /()= i (s} iy

x—l

3(x+1),

[lan{:[+2}'}: tan 2}]

[y > 0=2y—>0]

. Sinx
lim =
&=k} Y

r=A1)

x>0
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lim f(x)= Iirr|13{,r+I] =3(1+1)=6

lim I,r"l[x}:]irr.l3[x+]}:3{l+l]:ﬁ

vrl"

I'111|1 flx)= Iir}} Flx)= I_in*|1f{.r) =6

Question 24:

. -1, x=1
Find lim f(x), where f(x) = .

i —x =1, x=1
Answer

The given function is

-

.f(x}{

i

—x =L x=1

lim f (x) =lim[ x ~1]=1*-1=1-1=0

x—+l

lim f[.-r}:linll[—x:—l] =1 -1=-1-1=-2

a1
It is observed that lim f(x)+# lim f(x).
1l . a—sl*

Hence, Iimj'(x} does not exist.
x—+l

Question 25:
X
. Uﬁ vz
Evaluate 1-"? f(x), where f(x) = 1 x
Answer 0, x=0

The given function is

[¥]
f(X) _ T{, X+ ﬂ
0, x=10
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=il a—sll

= Iim(—]
:l_”'ll‘\

¥

lim f(x)= lim [E}

e

=lim(-1)

Al

lim f(x)=lim [@}

w—pil* rn il
. X
= I1n1[—]
a—l Y
=lim(!

el

[When x is negaitve, |‘u| = —:r:|

When x is positive, |x[=x
p

It is observed that lim f(x)# lim f(x).

Hence, lirrl‘:f{x] does not exist.

Question 26:
X
) — x=0
Find 1_|rr':': f(x), where f(x) = |,1|
Answer , =10

The given function is
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X hy o .
::| ["v‘vhenx-::{l. |.1|— 1]

—lim (1)

K=pi}

=

X
I )= lim| —
fim £ (x) ﬂrJH
. X .
=1 — When x =0, |x|=:
..Il'll[‘j| [ enx =, |‘l.| ‘{':I
(1)

K—ib

= Iim

w—wib

=1
It is observed that lim f(x)# lim f(x).
a—wll x—dF

Hence, lim f[x}does not exist.
="

Question 27:

Find lim f(x), where f(x) = |-

Answer

The given function is f(x) = |I|—
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lim flx)= Il_ir:_1 |:|1 —S:I

=lim(x-3) [When x>0, |x|= J:]
=5-5
=0

lim f(x) = lim (|x|-3)
=lim(x-5) | When x>0, |x|=x]
=5-5
=0

lim fx)= lim flx)=0

Hence, lim f(x)=0

Question 28:

a+bx, x<I1
Suppose f(x) = 1 4, x=1 and if ll_i_r’r;: f(x) = f(1) what are possible values of a and b?
Answer b—ax x=1

The given function is
a+bx, x<lI
Flx)=44, x=1
bh—ax x>

lim 7'(x) = ]in|1[u+hx} =a+b

K—=| A

!Lrln flx)= lim (b—ax)=b-a

f)=4

It is given that Il_iﬂ}_f{x} = f(1).

s lim f (x) = lim f (x) =lim £ (x) = £(1)

= a+bh=4and b-a=4

On solving these two equations, we obtain ¢ =0 and b/ = 4.

Thus, the respective possible values of a and b are 0 and 4.
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Question 29:

Let a, .. ..uus a, be fixed real numbers and define a function

f(x)=(x-a)(x-a)..(x~a,)

What is lim f(x)? For some a # a,, ..., @, compute llm f(x).

=kl

Answer

The given function is f(x)=(x—a,)(x—a,)..(x—a,)

lim f{(x)= lim [[t—fr Jx—a,).(x- ”J]

N—*il) Rl

SC (A

=(a,—q ) —a, } [“I_” =0

Now, lim f(x)= lll'll[ x—a)(x—a,)..(x—a, }]

K= X

= |:I?||‘f‘:{1 -4, }][!llﬂ (x—a, ]:I[llllﬂ{x —-d, }:|
=(a—a)(a—a.).. a-a,)
slim f(x)=(a—a )(a—a,)..(a—a,)

A

Question 30:

|.1:|+l, x= )
If fix) =10, x=0,
h =0

For what value (s) of a does 1|m f(x) exists?
Answer

The given function is
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Class XI
[¥[+1, x<0
f{x} =41, x=10
x[-1. x>0
When a =0,
lim f (x) = lim (|x]+1)
=lim(-x+1)
=—0+1

=1

lim f () = lim (|| -1)
=lim(x~1)
=0-1

[If:r =, |1| = —.J.':I

[If:r =10, |'r| = 1]

Here, it is observed that lim /(x) = lim /(x).

s lim f(x)does not exist.
=l ]

When a < 0,
JI_[TI flx)= |1_1T‘| (|x]+1)

=lim(-x+1)

L 47

=—g+1

lim f(x) = lim (Jx[+1)

vt

=lim(-x+1)

=kl

=—g+1

sl

I:X{ﬂ{ﬂ:b |.r :—.r]

I:{.'{I{ﬂ:? |x :—x]

sim f(x)=lim f(x)=-a+]

N

Thus, limit fo{x]txists at x = . where a < 0.

Whena >0
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lim f(x)= |E'rI|] (| =1)

K=+l

=lim(x—1)

Eaar )

[ﬂ'{ ,r<:u:;=|x|=x:|

=a-=1

lim /(x)= lim (|x|-1)

K=pil T=bil

= hm[x— 1}

=yl

[ﬂ-:i o <X :>-|Jr|=x]

=ga—1
s lim _}"{x] = lim _f'{.t) =a-1

Thus. limit of f (x )exists at x = a. where a > 0.
Thus, ]L'l_ll}f{?f} exists for all a # 0.

Question 31:

f‘[x}—Z
x =1

If the function f(x) satisfies hm

Answer

f(x)-2

x| X -

lim(f(x)-2)

|

llm[h - ) -
2

w—l

= lim(f(x)-

x|

)=
= lim(f(x)-2)==
2)=0

|11'n("{ —1}

K=+l

(17 -1)

N ™

::»hm[r (x)-

:}Ilmf{ }—Iinﬂ:[}

y—+] N—+l

= limf '{} 2=10

|

slimf(x)=2

x=bl

=T, evaluate 1\'|L7}f‘(x] .
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mx” +n, x=10
If f(x)=qnx+m, (< x<1. For what integers m and n does Hn‘: f{x) and
§—sl
nx' +m, x =

1Lil:? flx) exist?

Answer
The given function is
mx- +n, r=0
Sx)=qnx+m, 0=x=]
nx' + m, x =1

lim fx)= lim (mx? + n]

-

=m(0) +n
=Hn

lim f(x)=lim(nx+m)

y—sil’ ¥ =i}
=n(0)+m

.

Thus, ]Li_',lﬂ fx)exists if m = n.
EI-[J] Sx)= !1i_r]|l{n.\'+ m)
=n(1)+m
=m+n

lim f(x)=lim (uf +m)

P x—l ’
= n{l}'\' +m
=m+n

!11;51 flx)= !il)'{'_l flx)= |LII'I'|1f{‘L}

Thus, “ﬂ_‘l S (x) exists for any integral value of m and n.
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Exercise 13.2
Question 1:
Find the derivative of x* - 2 at x = 10.
Answer

Let f(x) = x*> - 2. Accordingly,
F(10 +f?}—f{||:f_}

F(10) =lim-
fi—sld h
[{mmf —z]—(mi—z}
= lim
Fe—sll h
C 10P+ 2108+ 0 =210 +2
= lim
fpeall h
. 20h+H
= lim
Teoall JIIT
=i 2 =2 =7
Lllm{_ﬂ+f?} (2040)=20

Thus, the derivative of x* - 2 at x = 10 is 20.

Question 2:
Find the derivative of 99x at x = 100.
Answer

Let f(x) = 99x. Accordingly,
f{lﬂﬂ+ﬁ?}—f{lﬂﬂ]

7(100) = i H22 7

. 99{1ﬂﬂ+h]—99{lﬂﬂ]
=lim '

f—ali h

L 99 100+99h —99 100
= lim

Jr—01 h

. 994

lim—

Jr—l h
= Iirn{??_] =499

Jp=ll

Thus, the derivative of 99x at x = 100 is 99.

Question 3:

Find the derivative of x at x = 1.
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Answer

Let f(x) = x. Accordingly,
/(1) lim'f{”h} ()

A=} J'?

1+ h)-—
:.im“_ﬂl
Ji—0 Jli'
=|im£
.l|—;|lh

=lim(1)

dr—#ll

=1

Thus, the derivative of x at x = 1 is 1.

Find the derivative of the following functions from first principle.
(i) x> =27 (i) (x - 1) (x - 2)

(ii) —I, (iv)
X
Answer

(i) Let f(x) = x> - 27. Accordingly, from the first principle,
flx+h)=rf(x)

x+1
Y —

Sf(x)= !Il_r}? .
[fx - a’:}j - 2?:| - (J:1 - 2?)

=lim=

Jr—all ||'F

L ox +Rh +3x7hA 3k -
=lim

Jr=al) h

Ll +3x h43xk
=lim

Jpenld jll-||
= I__im(a’:: +3x" + 33‘.\’:}

=0+3x" +0=3x"
(i) Let f({x) = (x - 1) (x - 2). Accordingly, from the first principle,
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. Flx+h)=f(x)

(x)=1i
f {T] fr=plb _.I'-lr
i (x+h=1)(x+h=2)=(x-1)(x-2)
= h
; (.3.'3 +hy—2x+hx+ I — 21"?—J'—h+2]—(:«'3 —2x—x+ 2)
= 1m
fr—slll .Jli"
_ (m- +hx+h' —2h- h)
=lim
i) ;T
- 2hx+ k' =3k
= lim——————
fr—il) h
= |m1[2r+h—'—!]
=(2x+0-3)
=2x-3

. 1
(iii) Let ! [1}=x— Accordingly, from the first principle,

) A=A
fe—{} _||L|r
L1
= ]inlw
-0 h

[ —(x+hY
=]iml i i/ (x }]

RO R a7 (x +h}:

=lim—

o fr_ Xt [1‘+h]:

|| —h* —2hx
=lim—| ——
k| xt (x+h

)
-|I [ —h- ]
x+h)

D'H

.1.‘“{.1.‘ +'EI} -T"

| _.1:: —x =k -Ehx]
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x+1

(iv) Let fl[x] =; . Accordingly, from the first principle,

vin e Sx+h)=1(x)
i {r:l lim b

a =il
x+h+l x+1
=Hm[r+h—l - x—l]
- h
_ Hml[[r—l}{x+ﬁr+1}—{I+1}{x+ﬁr—l}]
(x—1)(x+h-1)

fi—0 (_Y—]){.‘C+J'I?—]}

= Iiml_ —2h
0| (x— )(x+h-1)

I _[,\::+F1r+x—x—h—1)—[x:+F1t'—:c+x+.l’:—I)]

:Iim[ = }
fi—s0 [x—l]{_r+h—l}

=2

GG ey

Question 5:

For the function

1o 4 2
f{x}=1—+—+...+1+x+l
100 99 2
Prove that f;“} = m{]f'm}
Answer

The given function is
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L [T

) X x x°
x)=—+—+..+—+x+I
f(} 100 99 2
o o b
if(‘f}=i L+L+...+L+x+l
ey dv| 100 99 2

176} Gy 7
i!(r}=i(“—]+i[r— |++1[T—)+i .r]+i{1)
¢l gl 100 del 99 ael 2 d x

. (. o .
On using theorem ‘—(x' )= nx""' . we obtain
dx

i) O -
i;f"[x]l:mﬂJr +1;u;tx o140
d’ 100 99 2

=x"+x .+ x+]

()= T ]

Atx =0,

f(0)=1

Atx=1

L)=1"+1" 4+l =1+ L+ L+ 1] =1x100 =100

[EH1 termns

Thus, f‘{1}= mﬂx}ﬂ{ﬂ}

Question 6:

Find the derivative of x" +ax" ' +a x" ~ +..+a" 'x+a" for some fixed real number a.

Answer
Let f(x)=x"+ax""+a’x" +..+a" x+a"

B I:f i =] - ip— i
.'.f'(.‘l.'}=T{:i’ +ax" ' +a' " 4+ d" x4 a ]
(w

o

dx dx dx i

. i _ .
On using theorem d—.".'” =nx"", we obtain
ks

f(x)=m""+a(n-1)x"" +a* (n=2)x""+..+a"" +a"(0)

=nx" ' ra(n-Dx""+a’ (n=2)x""+..+a"

= —(.‘n."" )+ i —![.'I.'”_] } +a’ i(_'n."":]-|- vt a™! i{-.l] +aq" i[l}

dx
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Question 7:

For some constants a and b, find the derivative of

(i) (x = @) (x - b) (ii) (ax® + b)* (i) %
Answer x—h
(iYLet f(x) = (x-a) (x-Db)

= f(x)=x"~(a+b)x+ab

sf(x)= %{x: —{cr+h}x+mb)
d, . d d
:E X }—{H+F}]E(x}+a(ah}

= 'ﬂr ] - =
On using theorem T{'r )= nx"", we obtain
(X

f(x)=2x—(a+b)+0=2x-a-b
(iiy Let /(x)=(ax* +b)
= f(x)=a’x"+2abx" + b’

s M) = di(f::f +2abx’ +b° } =q’ f—(.\f4 ]+ Zf.rf}{—f['_rl) + —{ff]

v o e el

. d ~ .
On using theorem —x" = nx"™"'. we obtain
clx

(x)=a’ (4,\"1‘] +2ab(2x)+b°(0)
=4a’°x" + dabx

= dax [a.xz + h}

—a)

—
=

(i) Letf(x)=

= ["(x) d [r—”]

ZE x—h

By quotient rule,
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Class XI
{ It
x=h ¢ X—a)-lx- x—b
S D) e
' (x—b)
_(x=B)()-(x-a)()
(x=bY
_x—h—x+a
(x=b)
_ a—b
(x—b)
Question 8:
Find the derivative of roa for some constant a.
Answer xoa
x"=a"
Let 1=
¢ f{l} x—a
:’\_f:{x:':i[x. - J
' del x—a

By quotient rule,

di ., PR |
g )
(+-a)
(s-a){ 0)(+ -’
- [.r—a]:
_m —any —x" +a"
(x—a)
Question 9:

Find the derivative of

. 3
(i) Ex—z (i) (5x® + 3x - 1) (x - 1)
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(iii) x3 (5 + 3x) (iv) x° (3 - 6x7°)

>

-4 -5 2 ¥
(V) X" (3= 4x79) (vi) =
Answer

: 3
(i)Let.f‘l{lf}=2_~|;_E
d 3
" -9 E_ 3
7'(x) dr[ -3
d d (3

=2 -

”’"{ m‘erd]
=2-0

=2

(i) Let F(x) = (5x° + 3x - 1) (x - 1)
By Leibnitz product rule,

[5T1+?1—1) d (x=1)+ l:\—l}t;_(‘n +'h—l)

iy fy

(537 +3x=1)(1)+(x—1)(5.3x" +3-0)
(51 +31—I] (1—1}{1:1). +3}
=5x +3xr-1+15x" +3x-15x" -3

20" =153 +6x -4
(iii) Let f (x) = x> (5 + 3x)
By Leibnitz product rule,
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ooy s d B Iy d =
/ {x}— -ri"‘r{5+3] (5+ }:i‘r( )

=x 7 (043)+(5+3x)(-3x)
=x7(3)+(5+3x)(-3x7)
=3x 7~ 15x" = 9x7

=—6x" —15x~"

L
=—3x""| 2+E]
LoX

-3
=—(5+2
S(5+20)

(iv) Let f (x) = x° (3 - 6x7°)
By Leibnitz product rule,

f{x}_fi(q 6x ")+ (3—5:"]i[,€)

dx T
=x {{] - t’:{—‘}}x"}" } +(3 - f&x"}}[Sx" ]
—x [54,:"" }+ 15+% — 30"
= 54y +15x =302
=24x7" +15x"
24

[

X
(v) Let f (x) = x™* (3 - 4x7°)
By Leibnitz product rule,

f’{x]=‘4{f(3 47 )+ (34 )
=X {ﬂ—4(—3}x'”]+(

=x7 (200 )+ (3-4x7 }{—4’*' ')

=15x" +

(-f 4}

4
dx
v ) (-4

=207 —12x77 #1627
=36x" —12x~

12 36
=——+ il

X X
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(vi) Let f (x) =

(2 df ¥
I {J:'_Li‘r(.‘f‘i‘lj df[3x—l]

By quotient rule,

( }_-{IH]::? : -
S (x+1)
_(_1'+—|;I[ﬂ}—2[|}:|_[(3.‘r—|}(2.t:}—(_‘r:){3:|:|
[,1.'+I]J :

2 [ext—2x-3w }

(x+1) (3x-1)’
EERES —zf}
C(xel) | Gae1)

-2 x(3x-2)

(x+1) (3x=1)

Question 10:

Find the derivative of cos x from first principle.
Answer

Let f (x) = cos x. Accordingly, from the first principle,

., L flx+ .F;r}—_f'[x}
J( {XJ B !Jlﬂ i
_ i S0 (x+ ;‘:] ~Cos X
Fr—all 1
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=lim

[ cos xcos h—sin xsin b —cos .'r}

i) h

| —cosx(l—cosh)-sinxsinh
=lim

=l Ih

h=+) h h

| —cosx(1-cosh) sinxsink
=lim -

hr—=li

I—cosh| . (sinh)
———— |—sinxlim |
I ol )

[]Iim :

=— (05 .\'[Ijm

=—cosx(0)-sinx(l)

=—zinx

S (x)==sinx

Find the derivative of the following functions:
(i) sin x cos x (ii) sec x (iii) 5 sec x + 4 cos x
(iv) cosec x (v) 3cot x + 5cosec x

(vi) 5sin x — 6cos x + 7 (vii) 2tan x — 7sec x

Answer

—cos/

- 0 and lim 51;11!: = I}
7

fa=pl}

(i) Let f (x) = sin x cos x. Accordingly, from the first principle,
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e
— lim sinfx+ h}cm;{lr h:l— 5in X Cos X
=il h

Hi—lh

] . .
=lim o [Esm (x+h)cos(x+h)—2sinxcos .T]

= lim L[sin 2(x+h)—sin 2,1.']

h—iv 2y

| 2x+2h+2x . 2x+2h-2x
= lim 2cos -sin

h—l 2

. |[ 4x+2h . Eh}
=lim—| cos sin——

.'l—a-l]h 2 2

o .
=!I_I;II'!E c05{21+h]ﬂmh:|

) . sinf
=limcos(2x+A).lim ql? :

1—pl n—slk 1
=cos(2x+0).1
=¢os2x

(ii) Let f (x) = sec x. Accordingly, from the first principle,
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f(x)=1lim S+ h] _ _.f'[r]

hi—sld h
sec{x+h)—secx
=lim [ )
Bl B
BRI -
lim—

=0 i| cos(x+h) cosx

=lim—

h—l

_::1)5.'.1:—-::05'.(.1' HFW

cos xcos(x+ /)

- =

o (xvx+hy L (x—x—h)
1 | ~2sin 5 |5111| -,
1
— lim — h A L 2
cosx 0 cos (x +4)

C( xRN RNy
235N :sm|
(. L2 )L 2
dim— -
cosy 0 fy cos | x h}

i
2x+h) L 2)
. |ff:l-\|

'uz.)

| lim
cosx 0 cos(x+/)

“h - ((2x+h)
| s1n

| 2 |
" - A

g1n

= Jim———=—= lim

cosx "y |'( h it ::{J:i(x | _:;.]

\ 2
| 1 siny
COSY  COSX

=secxtanxy

(iii) Let f (x) = 5 sec x + 4 cos x. Accordingly, from the first principle,
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f(x+h)=f(x)

re)=im=
: Ssec(x+h)+4cos(x+h)—[3secx+4cosx]
= 1m
- .IIII
sec(x+h)=secx | cos(x+h)=cosx
::"'limI: ( ) =4 4Iim[ ( ) :I
=} h li=} i
o | I .
=5lim— | -lluu—[cos[:r ki) cos:r]
i=b | cos(x+ h) cosx =t fy

=5lim—
=0 h| cosxcos(x+h)

+ 4 lim — [cosxcosh —gIin xsin /i —cos 1]

|| cosx—cos (IHTW
|’ 1) ?

3 e ".‘r+x+h‘| . 'x—.n‘—.":rJ
. —2sin sin |
3 . \ b 1 . .
= lim — +41im —[ —cos x (1 —cos /) —sin xsin /|
cos X Tr=sli h CGS[I'F;}} A=} _h
ao [ 2x+RY (R
i —2sin sin| -~ | _
51 \ )L 2 _ {l-cosh) . sinh
= dim— + 4| —cos x lim =———= —sin xlim
cosx o0 f cos (x +/) et by

[r
. (2.\'+h | 2
1N ;
I, 2 A 'F_
2

= dim +4|_[—c:051"}.[{l}—{5in x). I-|
-:;ﬂs.r. fi—tl ms(.r+h) !
C(2x+h) (R
_ sin s5in
5 2 | 7 .
= | lim Jim — 45 x
cosx | 0 ::uk.{x +h} Wt
2
3 sinx .
= . d—4sinx
COSXY COsXY

=5gsecytany.—4sinxy

(iv) Let f (x) = cosec x. Accordingly, from the first principle,
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F(x)=1lim fleth)= 7 ()

h—sid l||r;|-

L i ] ~ - - - S Tl
S(x)= %un ; LLOSEL(.\ +§3}—L05&L1J

| 1 1
=lim - .
Fopli I; 3110 [,T'l-]'r]'} sSinxy

sinx —sin(x+/h)

—

ol

=lim

Foali

sin(x+h)siny |

Y+x+hYy . (x—x—h)
2cos J-sm |
i E A

—liml - -
st fy sm{x [ J'r}sm X

o [2x+hy L kY
-cr:-s| sin| — |
. 2 ) 2
_ S
=lim - :

i fy sin {x+/)sin x

=

A

(2x+h)
S L".Sl B

P
E J I"JIiII

2
ay

(h
sin|
|

e

=i
o sin{x +/1)sin x

g (2x+ i) (h
cos

| L 2
=lim| ——————= |, :
=0l sin(x+A)sinx | A, (l'r-"]
L2

i Y.

i Y
—LCO5 X
= —==2 |
Sinxsinx

= —COosecycory

(v) Let f (x) = 3cot x + 5cosec x. Accordingly, from the first principle,
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mf{:-:+h}—f[x}

f {x] - ]l'.ll—.t"J ;i"
Y 3cot(x+h)+ Scosec(x+h)—3cotx - Scosec x
=lim
) h

=3 Eli_l'g%[cm (x+h)- CGT.T] +5 !Iim%[cnscc(x+h}—mscc x] 1)

Now, liml [cut[,r+ h)—cot x]

fi—ib

=lim—

| _L‘ns(x+h} ~ cosx
bkl sin(x+h)  sinx

=lim

] _ms[x+ h)sin x - cos xsin (x+h)
=y sinxsin(x+h)

[ sin(x—x—h) ]
=|iml ~?||1(1’L X }
sl fy | sinxsin (I"‘h}_

o I 5in{—h}
=lim—
P50 h| sinxsin(x+h) |

. sinh | .. 1
=—| lim—— |[.| lim— :
b=l "-'—"]_*‘.1I'I_‘:'-$II'I{_I+JF?}

1 -1 3
=—1.— - = ———=—COsec’x
Siln_r-filn{x+ﬂ] sin” x

-(2)
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1
lim — [mscc (x+h)- coscc:r]

il i

= lim —| — : - .]
it fr| sin {.1:+f1r} sinx

I [ sin .r—s;in[x-{-h]]

=lim—| — ;
W0 il sin [.1; +h)sinx

_,,I [.1‘+.T+fi) (.r—.r—.fr]
L0085 - 51N
2 2

]
= lim—

i fy sin {x+/1)sin x
F_J [jxﬂq . [ hj
D5 S| =
] 2 2
=lim— . :
ity sin( x -+ /r)sinx

=lim
[ 5,||:’1[,\“+.I!1‘]Sil"l X

[21 +h] . (J"-’J
—COos N sin|
=lim = ' 3

o0l sin(x+h)sinx ’ i [J'r?]

=08 Y .|
sinxsinx /)

= —C0secycot x {3]

From (1), (2), and (3), we obtain
/"(x)=—3cosec’x — Scosec x cot x

(vi) Let f (x) = 5sin x - 6cos x + 7. Accordingly, from the first principle,
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)=t D7)

f—ih J'-lr

=lim L[isin{x +h)=6cos(x+h)+7-5sinx+6cosx—T]

Tl

= liml[i{sin (x+h)—sin x} . 6[:;:}5 (x +h)—cos r}]

fi—1 h
N . o
=5lim E[ﬁln{_‘i +fr}—smx]—ﬁﬁﬂﬁ[mﬁ{x+h}—cmx]
1 x+h+x) . (x+h-x) . cosxcosh—sinxsinfi—cosxy
=5lm—| 2¢cos sin | —Glim
Jr=wli h 2 4 fr=pl} h
, Iy , | —cosx(l—cosh)—sinxsin/
=:':I|ml EEDS[M smE —6lim A{ ) ! :
b=l Jp . 2 2 Jr—1 h
sin )
Ty —cosx{l=cos/ i 1
_ 5lin ms[-.\Hﬂ] 3 —Er”tl’l{ cos x(1-cos r}_smxsmh]
h—0 2 h Jr—sli h h
2 )
th
i - —_— s \\I v
=5[I_imcns(“'\+hﬂ lim— 2 —6|:(—Eﬂﬂx}[|lml cosh |—sinxljm(ﬂﬂ
fr—sil | j ﬁ—,u _||I‘|r fi—sll _||[‘- 4 hi—ld ‘fj J
2

= 5C0s X. I—Er[[—cos:r}_[ﬂ}—sinx. I]
=5c08x+65Inx

(vii) Let f (x) = 2 tan x - 7 sec x. Accordingly, from the first principle,
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,i‘{x} =lim-

f'[.\'H’i}—j'{x]
i} h

lim : Etan[x i J’r] ?sec[x i h) 2tan x 4+ Tsecx

N} h

o] .
,l.-,”,?. FJ|_H {tdn(_'-. .i':l] tan _1} '.-"{5&':{.1 | fr} sec_x} |
: ]
2lim—| tan(x+h)—tanx |=7lim—| sec{x+h)—secx
i o ) tan ] 7t e s
]_sin x+h) sinx 1 | | 1
2him— [ ]— —Thm— —
il f cos[_r : h} COsSX st fp DC‘IS{.\' [ fr} COs X
| s;in[.'f I frllcm;_'f .L;in,'n.'cns[.t [ fr] 1| cosx L‘ns[_x‘ [ J';]
2hm— —Thm—
it f cnsx{:cm[,r [ h] =0 fp caaxcns{x : f?}
s (xtx+h) . (x—x—h"
1l sin (X + 41 —x) - Sm[ Sm| ]
2lim— | =T7lim— L= —
=0 | cosxcos(x+h) | 0 h cosxcos(x+h)
A 2x+hY L R
Cain i) | Zsm[ |!~1m| 5 |
. L sinn . 2 o
2hm . —7hm— A £
vl h ) cosxcos( x4 I.i] b=t fy cns.tcos{_r [ h}
( A S.m”zxﬂf'] \
. 4
C o sinh | o sm : L2
2| lim lim 7l lim = | him 2
\ Y |} _r_il halh gy ¥ Cl‘lﬁ{-‘r— —I.i'] "1 ol ||r]' b—aih cosveos| v+ h]
s 2 A J
| " sinx
21 ———-17.1|
COSXYCDsXY L CDEXCOSY
2sec’ X —Tsecxtanx
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NCERT Miscellaneous Solutions

Question 1:
Find the derivative of the following functions from first principle:
(i) =x (ii) (=x)7* (iii) sin (x + 1)

(iv) cﬂs[x —E]
8

Answer

(i) Let f(x) = -x. Accordingly, f(x+h)=—(x+h)
By first principle,
fx+h)-f(x)

i {x}zhlm h
_jim —0 ) =(=)
=} h
. —x—h+x
=i
h—} h
= lim—
li—sl¥ h
=}i|11[—]]=—l
(i) Let f(x}={—x}-l :L:_—l. Accordingly, f(x+h)=- -
X X {x+]1}
By first principle,
Fix+h)—1{x
f'{x)=lim (x+h)-f(x)
li—+ld
1 -1 [—l‘
=lim— - —
n=0h| x+h ‘.HJ
1 =1 1
=lim— o+ —
h=+th| x+h x}
1| —x+(x+h)
=lim—| ————
h-*"h_ x{.‘(+h]
] l_—x+x+h
=lim—
eih | ‘-:{x+h)]

Page 40 of 68 By OP Gupta [+91-9650 350 480]


OP GUPTA
Typewriter
By OP Gupta [+91-9650 350 480]


Class XI Chapter 13 - Limits and Derivatives Maths

.1 h
=lim—| ———
h—i |y x(x-{-h}

1
=i
huﬂx(x +h)

(iii) Let f(x) = sin (x + 1). Accordingly, f{x+h}:5in{x+h+lj
By first principle,
F(x+h)=f(x)

f'(x)= lim "
= Li_l;tﬂ%[sin (x+h+1)=sin(x+1)]

o [x+h+]+_\'+l], [x+h+1—x—l]
= lim—| 2cos =in
=t g 2 2
1 [2x+h+2}. [h]
= lim—| 2¢cos| ——— |sin| —
b 2 2
L [h
2x+h+2]_‘““"[zJ
> (5
2
ﬂn[l]
= Iimtnr{zx +2h * 2]-Iim 2 Ash —}ﬂ::»%—}ﬂ:|

fy—sl [T h
- o L
2

2x+0+2 [ . sinx
= 05| ——— |1 lim =]

. sl oy

= |lim| cos

bi—+0

=cos(x +1)
m T )
(iv) Let f(x) =cos(x _E] . Accordingly, f(x+h)= cns[x+ h_EJ

By first principle,
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flx+h)-1(x
F'{x]: lim [ } { )
(A B i) h
N P T ) P -]'E\'
= lim— cm‘.[x +h== |—cm‘.[x -
h+0 [y L 8 J 8 J
_ . ,
|-‘+h_;+-"—ﬂ:] x+h-"
— lim—| =2sin> s11 8
b=+t |y 2 2
| b
i i
v _=
o | 2x+h h
= liim —| =2 sin S1 —
b+t [y 2
L \ s
[ ' . [hY
Ix+h—" |sin| 3]
= lim| —sin 4 LS
h—#l1 2 (E]
' 2
( J ‘h
2.\;+I1—1 sm E] h
= lim| —sin 4 lim—— [f-‘xs h—rﬂ:}——r{l}
b~ 2 by [(h) 2
| - (3)
i
bl
2.‘;4—0—_—
= —sIn N
\
o T
= —5|n| N — |
L 8

Question 2:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): (x + a)

Answer

Let f(x) = x + a. Accordingly, f(x+h)=x+h+a
By first principle,
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()= i L )

x+h+a—-x—ua

=lim

h—ld 1

ra
Ry
=lm —J
-"—"‘"k r{!'

=lim(1)

d—eld

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

W F
and s are fixed non-zero constants and m and n are integers): {;J.t+¢;}[—+.q-]
X

Answer
Let f'(x)=(px +q]{£+.f;]
v

By Leibnitz product rule,

I

" ’ ¥ \ A i [
f'(x)= (mﬂﬂl ;+.5- | +| i+ 8 I{prﬂ;}

,,

hY

(p)

=(px+g)(rx"+s r+f£+.-
( px q](rm s) e a)

={px+q}(‘*'—’f-1]+[£+5};}

i '

=(px+q)| =

v X J

*, A

.fr Y
Fl—+5|p
x )

_pr_ar e
xooxx
q."

= ps =
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax + b) (cx + d)?

Answer
Let f(x)=(ax+b)(cx+ ﬁ'}:
By Leibnitz product rule,
" o : »d
f(x)=(ax+b)—(cx+d) +(cx+d) —(ax+b)
dx ' dx

1

= (m‘ +b]i[c':x: + 2('{i\'+a"') +[r_".1' +ra’] {—'lr‘(.fr.\'+b}

v dx
={¢y+h][i(¢-‘f]+ i (2cdx )+ iidf}+{cx+d}3[;i_ ax + ri_f:'_

= {ax + h][lcz.'r+ Er:d')+ [r:x +d’ ]fr

=2c(ax+b)(cx+d)+a(cx+d)

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

ax+h
and s are fixed non-zero constants and m and n are integers): 7
cx+
Answer
. ax+h
Let fx)=
(%) ex +d

By quotient rule,
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(cx+d) d (ax+b)—(ax+b) d (ex+d)
f'(x)= dx . clx
(cx+d)
_ex+d)(a)-(ax+b)(c)
- (ex+d)
_acx +ad —acx — be
- {r_'.'r+d:|:
_ ad—bc
B [m‘+d}"'

Question 6:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers):

1+
X
I_l
X
Answer
l+| x+1
Letf{x]: X :'TH where x =0
' ]_1 x=1 x-1
X X
By quotient rule,
()= (x) ‘;" (x-1)
f(x)= x ) 4y Lx#0.
x=1)

GO0
(v
B x—I—x—l_

=— x=01

(x-1)

2
(x=1)

Lael ]
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): ————
ax” +hx+c
Answer

T
ax’ +hr+c

Let f(x)=
By quotient rule,

(m': +bx+ c) d (1)- d {EII: +£u‘+(’}|
f'(x)= dx cx

{m': +hr+ {'J:

(m': +bx+¢)(0)-(2ax +b)

((ur: +hr+e }:

—I:Em'+b]

{E!.":: + bx +c']_

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

. . ax+ b
and s are fixed non-zero constants and m and n are integers): ———
pxt +ygx+r
Answer
. ax+b
Letf(x)=

pxt +gx+r

By quotient rule,
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(X7 +qr+r) ir{ux +b)—(ax+b) i (;Jx: +qx+r)

f'{x)= :
f'(x) {;u‘:+qx+r)_

(;}x: +gx+ r](ﬂ)—{m+h}{2px+q)

(px: + g+ r]:

_apx” +agx + ar —2apx” — agx — 2bpx - bg

( X’ + gy + r]'
N —apx* = 2bpx +ar —bg

(p:r: +gx+r }:

Question 9:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

bl
i . px”Hgx+r
and s are fixed non-zero constants and m and n are integers): —.f
ax+ b

Answer
. S gt
Let f [x}: px” +gx+

ax +h

By quotient rule,

(ax+5) ::r {_p.rl +q,r+r)—(p,r: +gr+r) j:r (ax+b)
X iy

£(x)= 2 oy
(ax+b)(2px+q)- (pxl +gx+ r}{u]
) (ax+ J.”ﬂ}:
2apx” + agx + 2bpx + bg — apx” — agx — ar
) (ax+b }:

_apx’ +2bpx +bg —ar
{ax + f:r]-j
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

a b
and s are fixed non-zero constants and m and n are integers): — -~ +C0sX
RS

Answer
Letf(x)=——
x
., a
x — +— COS X
(x)= ;h[ ] {f"\l | )
=g d {.‘r'*}—h (_1.":}+ d (cosx)
dy oy e
=a—-4x7)=b(-2x7")+(—sinx) [i[f) ~ e and < (cosx)= —sin.r]
v v
—d4a 2h
=—F+ —5 sl
voox

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): 4+ x -2

Answer
Let f(x)=d/x =2

f"{x}:%(gﬁ _3):i{4¢'§}__

1™ f |
=4i[ -0= 411 ']
dl-f A l'k.-

1 ™

i .
=| 25 2 ‘:;

L A \,ll':

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax + b)”

Answer
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Letf(x)=(ax+b)". Accordingly. f (x+ /)= {a(x+h)+b| =(ax+ah+b)
By first principle,

(- (.
J/(x)=lm / {1' +h)-7(x)

h—ai _|I'-]-

—ting (ax +ah+h) —(ax+b)
f—sld fj

v +h) | 1+
(n }£ ax +h

et h

ah

| ~(asroy

(1 alr T_l
= (ax +h) lim € ;_h
b} 7

B oae i _] :
=(ax+h) llml 1+n[ ah ]+H(” }[ ah J +..p—1
st g ax+h |2 ax+bh

(Using binomial theorem )

—1a'h
[ ah ]_'_n{n Ya'h

av+h E{“_‘I[ +ﬁ]1

+...( Terms containing higher degrees of /)

n = ].
=(ax+h) lim—| n
IT{ ) bl :{il'

=(r.r:f+h]“ lim i +H(H_])“Jh+“'
oo (ax+h) |2(ax+h)

= {c:_'l.'+h]“ [{L:i b) + D:|

[u.r+h}”
(cx+ h)

= na

= na ( ax +h}” I

Question 13:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax + b)" (cx + d)”
Answer

Let f(x)=(ax+b) (cx+d)

i
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By Leibnitz product rule,

j"(:r]:[ar+h)"%{rx+d}'" (cx+d)" E{m’hﬁ} (1)

Now, let f; (x) = (cx +d)"
£ (x+h)=(ex+ch+d)"

fi(r+h)= £,(%)
h

£ (x)=lim*

Tl

{-:1.+L.J'i+u"} r_~.+¢e’]

= Iim
Fr—d

h
=(cx+d)" ]iml (I+ ch ] -1
ORI ex+d
" - -1 ol
~(cv+d) tim L | 14tk mm=1) ( )1 P
it fy [L'J.'+u'} 2 (L'I-Fﬂrj-
" [ i _I .."r_.’ .
=(cx+d) lim | e +m[m ) - +...{Terms containing higher degrees of /1)
el fy _[L'_I+u":l 2[1_-_-.;-1-1}]

- - —1)e’)
=(ex+d) lim e +m[m }‘?r+...
0l (ex+d)  2(ex+dY
=(('_1r+u':lm[ e +EI':|
e +d
- me(ex+d }'"
(ex+d)

= mc(cx +d } :

i{m‘ -He’]'" = mc(-:'x—l- u’]MH (2}

FiLs

Similarly, ;—"r[mwh}” =.=m{ux+h}”_| ..(3)
.

Therefore, from (1), (2), and (3), we obtain
I(x)=(ax+b) {mc[cr+ ﬂ"}'"_l } +ex+d)" {Hu{m‘+b}""}

=(ax+b)" (ex+d)" [mc ;11+F}]+Fm[w+u"}]
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): sin (x + a)

Answer
Let f(x)=sin(x+a)
flx+h)=sin(x+h+a)

By first principle,

flx+h)=f(x)

f(x)=lim-
d =i} h
_sin{x+h+a)-sin(x+a)
= lim
Ji—sld ,ﬂII
1 ‘x+h+a+x+a) . (x+h+a-x-a]
= lim | 2 cos| Jsm|
h=i) by L 2 2 /]
1 (2x+2a+hY . (h)
= lim—| 2 cos| -Jsm |
= h | 2 L 2).
"{iﬁrh \|‘
. (2x+2a+h)| 12
= lim| cos | -
LIE= ] . 2 J .||II\"
.sm [ h
. 2x+2a+h).. L2 I h
= lim C(JH[ lim 2 Ash—=0=—- =0
Iy 2 ,."I—J—.II |l( h. | 2
_ 2
F2x+2a) [ sinx
Cos Jxl lim ]
& A=y

=cos(x+a)

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): cosec x cot x

Answer

Let f(x)=cosec xcotx
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By Leibnitz product rule,
" (x) = cosec x(cot x) +cot x(cosec x) (1)
Let f, (x) = cot x. Accordingly, f, (x+h) = cot(x+h)

By first principle,
1 [_1' +h}— e [1]

=lim
£ (x) =lim P
. cot{x+ /1) —cot x
fi=p b j-.r

- cos(x+h) cosx
=11 -
0 b sin{x+h)  sinx

o
=lim— , :
b i sinxsin(x+#)

| sin (x=x=h) ]

| sinxsin{x+/4)

I 1| sin(—h)
=— lim—| ————
sinx i=0 k| sin{x+h)
/

sm h 1
sinx L J f*-*"'sln{'r+h}

-1 |
= 1
sinx [sin{.x+ I‘J}J

5in° X

[ sinxcos(x+ /) —cosxsin(x+ fr}}

o
=lim
h=ail I;

—

= —cosec’x
“(cot x) =—cosec’x (2)

Now, let f;(x) = cosec x. Accordingly, fa(x+/)=cosec(x+/)

By first principle,
£y (x)=lim: filx+h)- £(x)

Fi—l) j'jl

= lim— : [coscc[x+h]—coscc :4.-:|

1=} .r'!:?
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. | |
=lim : T
w0 sin(x+h) sinx

| " sin ¥ —sin (r— h]}

=lim—
|'.'L[r“ h | 510 .i.‘Sirll:J-' T h)

o (x+x+h) . (x—x—h)
| sm|

~C0s
[ 2 ) 2
: .|1I'I'l— \ - E . A
sinx sin(x+h)
(2x+h) . h
2cos sIn
1 1 L 2 ] 2
—— lim— ,
sinx #-0 j sin{x+h)
e (2x+h"
, sin| L'us-:| N |
=— lim . I'\.—z'll .'k “« /
sin X fo0 H] sin(x+/h)
'\2/'
" h Ix+h)
sin| — | cos |
L 2 2
= = _lim 7 Jim—
sinx -0 | ﬂ =0 sin(x+h)
LR
h, -
2y 407
cos |
1 I 2
siny  sin(x+0)
-1 cosx
SINX SN
=—cosecy.coty
L
~.(cosec x) =—cosecy cot x -(3)

From (1), (2), and (3), we obtain
"(x) = cosec x(—cosec’x )+ cot x(—cosec x cot x)

1 7
=—C05eC" X —Ccol” X cosec x
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

. . CoOs X
and s are fixed non-zero constants and m and n are integers): -
1+sinx
Answer
COs X
Let f(x)=———
1+sinx

By quotient rule,

) (1+sinx) i_ (cosx)—(cosx) i (1+sinx)
/'(x)= - (1+sinx)’ -

_ (1+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)
—sinx—sin” x—cos” x

- (14 Ei]'l.‘{'}?

—sinx - {s;in: X +C0s° x]
(1+sinx)

—sinx—1

- (1 +sinx)’
~ —(1+sinx)
- {l+5in.~r]:
1
:{I+s[n.r]

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

] ] 5N X 4+ CO8 X
and s are fixed non-zero constants and m and n are integers); —M——

SN X —COs X
Answer

Let /(x)= §IN X + CO8 X

5iN ¥ —COS X

By quotient rule,
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(sinx—cos x) i (sinx+ cosx)—(sinx +cosx) d

(sinx—cosx)

IR dx
/ (T} - [F.in X = Cos _T):
~ (sinx - cos x)(cos x—sinx)—(sinx + cos x) (cos x +sin x)
B (sin x - cosx)’
~(sinx - cosx)’ ~(sinx + cos x)’
. (sinx - cosx)’
—[sin: X+ 08T X —28IN X C0s X +5in” x4 cos” x + 2sin IEI}S.‘{']
) (sinx - cos 1‘}:
e
(sinx—cosx)’
22
) (sinx —cos .1-):
Question 18:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers):

Answer
s5eC X = |
Let flx)=———
[ } secy+1
1
- l=cosx
A QDS
f)=""—=12
1 COs X
COS X

By quotient rule,

secx -1

secx+1
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{l+ :::151'] d {l—L‘(J:\iI}—{l—C{JH."{} d {|+{_'(JH_T}

f(x)= dx dx

(l Foos 1‘]:

~(1+cosx)(sinx)—(1- (im; x)(-sinx)
(1+cosx)

SIN X+ COS X SN X + SN — SN X Cos X

(1+cosx)
~ 2sinx
. (14 cosx)
2sinx 2sinx
) |“] | T ) {5ecx\+1}:
. secx, sec x

2sin rsec” x
(secx+1)
2sinxy
sS0CX
COS X
(secx+1)
B 2secxtlan x
(secx+ 1):

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): sin” x
Answer
Let y = sin” x.
Accordingly, forn =1, y = sin x.

Cdy . d .

S =Cosx, e, —sIinxy=cosx

dx dx

Forn =2, y = sin® x.
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dy d
.',;:—{Sln.'l.'b‘;ln.l'}
dx  dx
=(sinx) sinx+sinx(sinx) [B}' Leibnitz product I'Lllr'::]
= COS X Sin X +Sin X cosx
= 2sinxcosx (1)

Forn =3,y = sin’ x.

v d

..E=E[mmsm x)
=(sinx) sin” x +sin x(sin’ .r)f [By Leibnitz product rule]
= cosxsin” x+sinx(2sinxcosx) [Using [l]]

= cosxsin’ x+2sin” ycosx
=3sin’ xcosx

dyi. .0 «(n-1}
We assert that —{sm :r:J =nsin'" " xcosx

dx
Let our assertion be true for n = k.
. d . k . [k-1)
i.e., —|sin" x]=ksin" ' xcosx vl 2
s x) (2)
Consider
o {ﬁin*" :r] = ;i [sin_r sin’ x)
= (sinx) sin’ x+sinx(sin* 1) | By Leibnitz product rule]
= cosxsin’ x+sin x(ff sin"'”xcosr;) [Using (2) ]

= cosxsin’ x+ksin' xcosx
=(k+1)sin" xcosx

Thus, our assertion is true forn = k + 1.

. . . d ;. | . I
Hence, by mathematical induction, ur—{sm” :r:] =nsin'"" xcosx

X

Question 20:
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

] ) a+hsinx
and s are fixed non-zero constants and m and n are integers); ———
c+dcosx
Answer
a+bsinx
Letf[x}: _
¢+dcosx

By quotient rule,

(c+d msx]i[rH bsinx)—(a+bsin x]i[c +d cosx)

£(x)- : &

(c+dcosx)

_(e+dcosx)(beosx)—(a+bsinx)(—dsinx)

3

(¢+dcosx)

chcosx+ bd cos” x4 adsin x + bd sin” x

[{' + ¢l cm‘._‘l:):

' 2 " il
becosx + ad sin x + hd(cuﬁ' x+sin” 1}

(c+dcos Jr]l'1

_becosx+adsinx+bd

(c+dcosx)

Question 21:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

sin{x+a
and s are fixed non-zero constants and m and n are integers): M
cosx
Answer
. sin{x+a
Let f(x)= ( )
: cos X

By quotient rule,
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dr. . o
Cosx a[sm {x +ﬂ']] —5in [.1.' - a}a Cos.x

f(x)=

cos’ x
COS X If—;:[s.in (x +a]] —sin(x+a)(—sinx)

fi(x)=—"»~—= ; (D)

Ccos™ X

Let g(x)=sin(x+a). Accordingly. g(x+h) =sin(x+h+a)
By first principle,

x+h)-glx
g'{,\'}:limg(r+ )-2(x)

fa—sll

—]1111—[sm x+h+a)-sin(x+a)]

Jr—sld

—Ill'ﬂ—[
Ji—sl h

1+h+a+1+a] [r+h+a—v aﬂ

2x+2a
L.111
2

|
e B

. [2I+2ﬂ+."ﬂ
=.Ir.]]:l|1| COs
. [h\'
sin
{
:Ii111m:sfx+2ﬂ+ﬂ.lnn1 2)
Jpenld 2 J i_:_..-::. I{E L
~1 )]
2x+2a . sink
=| cos % | lim——=1
2 =
=cos(x+a) . (i)

From (i) and (ii), we obtain

/(%)=

_cos(x+a—x)

cosx-cos(x+a)+sinxsin(x+a)

COs™ X

5
cos™ X
Cosda

3
CO5™ X

Aﬁh—}{]:}i—}f}}

|
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): x* (5 sin x - 3 cos x)

Answer

Let f(x)=x"(5sinx—3cosx)
By product rule,

j"{.‘r]: X d [J\m X n:m;.t_} f [55'“1 X amn] d (.1')
dlx dx

[ (sinx —Ji(ms_r]} +(5sinx—3cos .r]i[f}

elx dx
=x*[5cosx—3(-sinx) ]+ (5sinx—3cosx)(4x")

= x"[5xcosx+3xsinx+20sin x—12cos x|

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (x> + 1) cos x

Answer
Let f(x)=(x"+1)cosx

By product rule,

. . d dyoa
! {.1']:(_1" | ]}E{“}n} FCos I(x H1)
= (" +1)(—sinx)+cosx(2x)

=—x'sinx—sinx+2xcosx

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax® + sin x) (p + g cos
X)

Answer

Let f(x)=(ax’ +sinx)(p+gcosx)
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By product rule,

flx)= [m" +sin .ﬁ:]i(p +geosx)+(p+geos x]i(m{: +8in _1'}
dx dv
=(ax’ +sinx)(—gsinx)+(p+geosx)(2ar +cosx)

= —gsin x(rn': +sin .T) +(p+geosx)(2ax +cosx)

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): [-T +C05.T}{I—tﬂn.‘f}

Answer
Let f(x)=(x+cosx)(x—tanx)

By product rule,

S'(x)={x+cosx) d (x—tanx)+(x—tanx) d (x+cosx)
dx dx

=(x+cosx) { .::r (x)- ;i (tan x) | +(x—tan x)(1-sinx)

elx

[x—cnsx]{l—itanx]—[x—tanx](l —sinx) 1)

Let g(x)=tanx. Accordingly, g(x+h)=tan(x+h)

By first principle,
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¢ (x)=lim glx+h)—g(x)

Tr—sl]

_ Iim[ tan (x+ /) — tan x x‘|

h J

o _Sin{x+h} SN X
= lim -
not bl cos(x+h) cosx

h—=li

= lim—
=0 cos(x+ h)cos x
l _ Csin(x+h—x
= Jim ( }
cosx i | cos(x+h)

. ]_ sin f
.I]]TI— —_—
cosx = fr| cos{x+h)

1] sin (o + ) cos.x —sin x cos (x + h]}

, { !
[ sinh|| .
| hm | hm—
cosx bt o )L cos(x+h)
k3
L
cosx  cos(x+0)
1
Cos” X

=sec’ x i

Therefore, from (i) and (ii), we obtain

Fx)=(x +ccnsx](] —sec’ x)+(x—tan x)(1-sinx)
= (+cosx)(~tan’ x )+ (x— tan x) (1 -sin x)

= —tan’ 1‘(1+cusx]+{x— tan .r]{l —5in Jc]

Question 26:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
dx+5sinx

and s are fixed non-zero constants and m and n are integers): —mM ——
Jx+Tcosx
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Answer
Let flx)=0——F——
{} 3x+7cosx

By quotient rule,

dx+5sinx

(3x+7cosx) ; (4x+5sinx)—(4x+5sinx) j (3x +7cosx)
X X

/(%)=

(3x+7cosx)’

(3,1-+?cnsx}[4i (x)+5 j {5jn.1-)}—(4x+55in,1-}[3; _1r+]':£ir Cos .1}
_ » _ )

X X

(3x+7cosx)
_(3x+Tcosx)(4+5cosx)—(4x+5sinx)(3-Tsinx)
(3x+7cosx)

C12x+15xcosx+28cosx+35¢0s” x—12x+28xsinx —15sinx+35sin” x

(3x+7cos _1'}:

[5xcosx+28cosx+28xsinxy—15sinx +35[c:}53 x+sin’ x)

(3x+7cosx)
a A5+ 15xcosx+28cosy+ 28xsinx—13sinxy

(3x+7cos x]:

Question 27:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers):

p “]
x°cos
¥

sin x
. n
T Cos ]
4

5in x

Answer

Let /(x)=

By quotient rule,

Page 63 of 68 By OP Gupta [+91-9650 350 480]


OP GUPTA
Typewriter
By OP Gupta [+91-9650 350 480]


Class XI Chapter 13 - Limits and Derivatives Maths

N
7(x) 0054,

. T
T sinx-2x—x cosx
=cC0s—, —
4 sin” x

n .
X COS8 4 [EEII'I X—=XCos .'L‘]

sin” x

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers):

| +tanx
Answer
X

Let /(¥)= | +tan x
s) []+tanx]i{x)—xi_[l+tanx]

x)= : 2
' (1+tanx)

(1+tanx)—x- d (1+ tan x)

£'(x) dx (i)

(1+tan x)’

Let g(x)=1+tanx. Accordingly, g (x+h)=1+tan(x+h).

By first principle,
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g(x+h)—g(x)

g'(x)=lim

fr =}

=lim

f—sli

{I+Ian{x+ﬁ}—]—tan x}
f

1 _5in{1'+h} B sil1,\':|

= lim—
v g L‘(‘.IH{_I | f?) COs X

i 1_sin{.x'+:"'.r}::{:5.r—sin.rcos{.x‘+h}
= =
=] cos(x+h)cosx

| sin(x+h-x) |
=|iml sin(x+h 1}
/] I u<:5{1‘ | f?) COSX |

sin /7

= lim—
w0 i | cos(x+ /) cosx

[ sinh .. I
=| lim | lim
L= h = e [1 | f?] COSX
A

::ri{l+tun.1.']=sauzx i)
el

From (i) and (ii), we obtain
_ l+tan ¥ —xsec x

f'(x)

(1+tanx)

Question 29:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (x + sec x) (x — tan x)

Answer
Let /(x)=(x+secx)(x—tanx)

By product rule,
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F(x)=(x+sec A‘}%[:r—tan x)+(x—tan A‘}%[xﬂecx}

= {x+sccx}[%(x]—itan x}+{x—tanx][%[1]+%sccx}

=(x+sec x}[l L x:|+i:x— tan x]|:1 2 gecx

dx friy

Let f,(x)=tanx, f,(x)=secx

(1)

Accordingly, f (x+h)=tan(x+h) and f,(x+h)=sec(x+h)

y m:.im[ﬂ{f‘“*g-ﬁ{ﬂ

= |i|11( tan (x + /) - tan _TJ

Ji—si

f

_ “m[tan{:Hh]—tan x}

h

i ! sin(x+h) ~sinx
=0 | cos(x+h) cosx

h—

i 1] sin{x+h)cos x - sin xcos(x+4)
=lim—
=ih| cos(x+h)cosx

1| sin(x+h-x) |
i b | cos(x +h}cr:rsx_

sin f

=0 i) cos(x+h)cosx

[ . 8in hJ : |
=|lm——1|| im
i L cos(x + h)cos x

d N .
s —tfanxy =sec” X )
dx
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()= tim| L= £ () J
) h—alk ,f_l
{ . 3 g
=|i1n| sec(x +"r’] SEC X
Je—s01 h

1 1
= lim— -
=i fy _;.:05[:': Fi)  cosx

) 1_c05.r—ccrs{r+h]
= lim
0| cos(x+h)cos x

. v+ x+h Cx=x=0"
—2sin +8in
1 2 2 ).
= Jdim—
cOsx W0 Ji cos(x+/)
C(2x+hy . =R
—2s1n - 510
1 1 . ] L2
= Jdim—
COSX 0y cos(x+/)

1 .
= dim
oSy A0 cos(x+/)

[ (2xen)| ],
< limsin | < i
- oo

lim <
=Secy. :
limcos(x+/1)
Ji—l
sinx, |
=secxy.
COS X
d
= Tsm: r=sgcxtany ) ()
ax

From (i), (ii), and (iii), we obtain
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£ (x) = (x+secx)(I—sec” x)+(x—tanx)(1+secxtan x)

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers):

sin” x
Answer

X

Let f(x)=——
sin” x

By quotient rule,

N | d .,
sin"x—x—x—sin" x

£'(x)= clx cx

sin”" x

) d ., e
It can be easily shown that Tﬁlﬂ x=nsin"" xcosx
ax

Therefore,

d

sin"x— x—x— sin"x

IJFIJ{-I':}: tf:'lf‘ — ax
SmmT X

sin” x.l—-x (n sin"' xcos :r)

sin”" x
sin"™! X{Hi]'t X — 1Y C0S .'r}

- = Xa
sm-x
~ SINX—nxcosx

i+l

s1n X
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