Class XI Chapter 13 - Limits and Derivatives Maths

Exercise 13.1
Question 1:

limx+3
Evaluate the Given limit: #=*

Answer

limx+3=3+3=06

x—*3

Question 2:

n

lim [x ——]
Evaluate the Given limit: * 7

Answer

[ 22][ 22]
lim| x——|=| n——
% 7 7

Question 3:

limmr*
Evaluate the Given limit: !

Answer

limnr® =xn (l }] =1

r—+l

Question 4:
. 4x+3
lim

Evaluate the Given limit: *** x—2

Answer

. 4x+3 4(4)+3 16+3 19
lim = = =
rad oy —1 4-12 2 2

Question 5:

x4
im —
Evaluate the Given limit: ' ¥~
Answer
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10 3 Iy Iy 3
i X +]={ 1) +(-1) +I=1 1+1 _ 1

el oyl ~1-1 -2 2

Question 6:

(I+|]5—]

lim
Evaluate the Given limit: * " X
Answer
.
Codx+1) -1
llmQ
K =il X

Putx+ 1=ysothaty - 1asx— 0.

. C{x1)y =1
Accordingly, lim = lim
=l X | 'i_:_l
5 5
v =T
=lim
=1 =]

=3
i (x+5) -1 s
r—ull X
Question 7:
L 3 —x-10

Evaluate the Given limit: *** X —4

Answer

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

0
0.
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3x —x-10 {.Y—E]HA'-I-E]

s lim - = lim
= x" -4 =2 (x=2)(x+2)
. dx+5
= [im
a—wl x+2
3 3{2}+5
242
11
4
Question 8:
. |
lim
Evaluate the Given limit: *** 2% —3x—13
Answer
0
At x = 2, the value of the given rational function takes the form 0
. o8 ) {x—3]{.r+3}{x:+9]
Shim———- = lim

=3 2xT =5x-3 0 (x-3)(2x+1)

—lim {Jr+ 3](1‘1 +9]

=3 2x+1
(3+3)(3°+9)
2(3)+1
_ 6x18
7
108
7
Question 9:
. ax+h
lim
Evaluate the Given limit: **" ex +1
Answer
. ax+bh  al0)+b
lim = ( ] =h
=0 ex+l e(0)+1
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Question 10:
=3 _]

lim |

z—l

Evaluate the Given limit:

Answer
|

- _

==

lim

z—l

zt =]

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

1
Put = =X so that z —»1 as x — 1.

. . Zio Cox =1
Accordingly, lim ———=lim
| - | x—
=h
. ox =1
=lim
x—+l ¥ -
. . ox"=a" _
=21 lim =na"
P ¥ — 1
=2
1
sdim = =2
z—l - _'I
Question 11:
Cax 4+ br+e
lim a+b+e=0

Evaluate the Given limit: “* X" +bx+a
Answer
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cmj+hx+c!:u[ﬂz+h{0+c

lim— -

ol ox” +hx +a c(ly +b(1)+a
_(.'-I—.l'}-l-f.'
a+h+e

=1 [ﬂ+ﬁ+€#ﬂ]

Question 12:

1 1
+
lim -+ 2

Evaluate the Given limit: "7 X+2

Answer
1 1
.|_

lim &2
¥=p—2 x.l_z

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

1 1 2+x
e
Now, lim +—= = Jim ~—=

x—=2 I+2 r——1 _'['_4.2

2(-2

S

Question 13:

51N ax

lim
Evaluate the Given limit: **" bx

Answer
. sInax
lim

=i} l_hx

0
At x = 0, the value of the given function takes the form 0,
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. sInax . sinax (,
MNow, lim = lim
el I}x e 1] ‘ "

,1"
='ﬂ[“11$“] )

a .. sin ax
=—lim

[.T—}ﬂ:}ﬂ_‘l.'—}{]]

h...-_w
o sin
! lim-——2 =1
I »i} 1_'
- a
h
Question 14:
. sinax
lim— e
Evaluate the Given limit: * " sinbx
Answer
. sinax
lim — Ld, b=l
el gin by
0
At x = 0, the value of the given function takes the form 0
sinax |
. osinax .\ oax
Now, lim— = lim—— z
i ginhx o0 [ sinbx
| = by
s b.‘f /
F aim e
. SIN ax
. lim]
Fel L X — U' —= X —» ﬂ'
= — [k ——F—
\ J Ii|11|{$mb'ﬁ| and x — 0= hx =0
by b':'|". fu*
fa) | . siny
:| b lim =1
'\_b ] =il JI
_a
i)
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Question 15:
limsm{ﬂ:__x}
Evaluate the Given limit: m(m-x)
Answer
1imsm[ﬂ:—x]
K= J-I[]T.—‘l.]

Itisseenthatx - n=>(n-x)—0

I.msin[n—x} 1 .. sin(n—x)
lim—— = — e, S
wr p(n-x) w0 (m-x)
| . siny
=—x1 lim——=—=1
T yrl
1
T
Question 16:
. COSX
lim
Evaluate the given limit: **" T—x
Answer

cosxy cosl 1

lim =—
el —x m-0 =xn

Question 17:

lim cos2x—1
Evaluate the Given limit: **" cosx—1

Answer
. cos2y—1
lim —F"——
w0 gosx -1
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]
At x = 0, the value of the given function takes the form 0,
Now,
. cos2x—1 . 1-2sin’x-1 X
lml—I =lim——— cosx=1-2sin 3
resll oE oy — p . :.‘L’ st
cos 1-2sin” -1
(sin*x| .
o L
-1 1) I S -
=lim = lim— :
e | ) —
sin” iy
7 SN 2
») X
= | ®
[‘T )- 4
»l
- A
~ (sinx )
lim . |
y =il _'||_"
=4 /
- el .1-
sin”
. 7
lim =
vl (I]-
2
sinx |
li |
vy X
=4 '“': [.r—}[}::a——}ﬂ}
510 -
lim =
b
: 2
: sin y
=4 — lim———=1
= 1=l 1
=4
Question 18:
. x4 xcosxy
lln'l—

Evaluate the Given limit: **"  bsinx

Answer
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. AX 4 XCcosx
lim————
v hgin x
0
At x = 0, the value of the given function takes the form 0,
Now,
. av+xcosx 1. x(a+cosx)
hm—=—lm—
el hsiny b =i sinx
1. x Y
=—lim| —— |xlim(a+cosx)
f:] ¥—al} sINX a0
LNV S lim(a+cosx)
(. sinx) =0 )
lim |
(l.'—.ﬂ:l X /.
1 . sinx
=—x(a+cos0) lim =1
b vl w
a+l
b
Question 19:
limxsecx
Evaluate the Given limit: ==
Answer
. ] x 0 )]
limxsecxy =lim = ===
£l =+ eosy  cosl ]
Question 20:
. sinax+ by
lim———— a.ha+h =0

Evaluate the Given limit: * " @x +sin hx

Answer
0
At x = 0, the value of the given function takes the form 0,
Now,
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Cosinax + by
lim——
vl gy 4 sin by
SN X
ax + by
- ax
= lim = —
T sin by
.::_1'+|"11'|
. by
{ o osinax . _
| lim Jxllm{m}+l|mb.\'
'k.'“'-_}“ ax a—#l1 r—¥ll
. . . sinhx
lim ax <+ lim bx| lim
p=plh =] hy—plh bx

lim(ax )+ lim bx

_ xesld el

lim ax + lim bx

x—ll =il

lim (ax + bx)

_ x—l

B lim ( ax + b )

v—sli

=lim(l)

il

=1

Question 21:

[As x — 0= ax —» 0 and bx — 0]

. sInX
lim =1
x—il X

limcosec x —cot x)

Evaluate the Given limit: ***

Answer

At x = 0, the value of the given function takes the form @@ —5

Now,
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lim {cusec x—cot x}

=il

cos.r“}

ro
= lim| ——-—
ol sinx  sinx

. (1=cosx
=lim| ————
=0l siny
. "y
[]—COS.\‘ |

A\ )
= lim-———=
A+l (:\'I]'i .‘('J

X

. l—cosx
lim
T—all ..T
. sinx
lim

xwld _1'

|:|imﬂ =0 and lim SIY l:|

x—pl X =l oy

= —l||'.'::-

Question 22:

tan 2x

Answer

tan 2x

m 0
At 2 , the value of the given function takes the form 0,

m T
X===Yy x—o>—=,y—=0
Now, put 2 so that
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2./_ x
tan 2 n |}.+5J

) X
- lim = lim >
% r: . i ¥l Y
1 N—— #
2
o tan(m4+ 2y
= lim { z )
:.—|I;I Y
. tan 2y
=lim = [lm1{rt+2}'}:tan 2}]
y g} W
sin 2y

= lim
%

( gin 2v N 2
=| lim - Jxlim [}"_"('32}'_*1}]
kh—all 2} ‘-—'”\_CL'I'S 2} J
=1x 2 [Iimsmx=|:|
cosl =X
= ]J{E
1
=2
Question 23:
{2_r+3, =)
lim lim x+1 X
Find ==* f(x) and ' f(x), where f(x) = 3“ ) v=0

Answer

The given function is
{Er+ 3 x<0
x+1 X
fx) = 3(x+1), =0

-
2

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

K=l

lim £ (x) =lim3(x+1)=3(0+1) =3

=il

~im f(x) = lim f(x)=lim f(x)=3

=il
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lim £ (x)=lim3(x+1)=3(1+1)=6

K=l

lim f(x)=lim3(x+1)=3(1+1)=6

e r=l

Iin|1 flx)= Iir}'} flx)= I_in*|1f{.r} =6

Question 24:
x=1

{xﬁ -1,
lim Ll
Find * f(x), where fx) = (% 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

" _ a _ 2 _ — 2 _ —__1_ - _Jj
151'1f[r}_l1ﬂll[ x I]_ F—l=-1-1=-2
It is observed that lim f(x)# lim f(x).

a—sl ) sl

Hence, lim f(x) does not exist,
a—+l

Question 25:

. x=0
X
lim 0 =0
Evaluate ' f(x), where f(x) = “°
Answer
The given function is
X
U . x=0
X
0, x=0
f(x) =
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Jim f(x) = lim | ==
= Iim(_—x] [When:-: is negaitve, |:r|= —:r:|
.'-—hll.k X

=lim(-1)

a—ld

X
- [x R

—lim| ¥ When x is positive, [x] =
1mL] [ When x is positive, |x[=x]

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

x—ll

Hence, lirrl‘:f{x] does not exist.

Question 26:

lim _
Find =0 f(x), where f(x) = (0 =0

Answer

The given function is
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X
—, x#10
f{_x’}: X
0, x=0

lim £(x)=lim ﬁ
b} sl | |y
X
=lim | - When x <0, || = —x
-'I—T'[—_r:| [ en x < |1.| 'I.:|

—lim(-1)

=1
~

fim /(x)= fim)

K=k

. X .
=lim| = When x >0, |x|=.
1m [I I: €N X = |";| ‘{':I
1)

=lim(

Kk

[t is observed that lim f'(x)# lim f(x).
=l

a—wll

Hence, Iim1 f [x}dﬂes not exist.
¥yl

Question 27:

Find * f(x), where f(x) =
Answer
. o x|-5
The given function is f(x) = .
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lim flx)= lim |:|1 —S:I
= |II_I_I];|: (x=3) [w hen x>0, |x|= J.‘]
=5-5
=0
lim f(x)= lim (|x|-3)
=lim(x-3) | Whenx >0, |x|=x]
=5-5
=10
lim / (x) = lim  (x) =0
Hence, lim f(x)=0
Question 28:
a+bx, x<lI
4, x=1
_ lim
Suppose f(x) = b-ax x>1 and if == f(x) = f(1) what are possible values of a and b?
Answer

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

lim 7 (x) = ]ﬁiry[u+hx} =a+b

v—=|

lim 7 (x)=lim(b-ax)=b-a

v—=l" 1l

f)=4

It is given that IL.'E}-}({'T) = f(1).

+ lim fix)= lim 7 (x)=lim £ (x) = £ (1)
=a+bh=4andb-a=4

On solving these two equations, we obtain o =0 and # = 4.

Thus, the respective possible values of a and b are 0 and 4.
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Question 29:
Let “rv P25 oo “s be fixed real numbers and define a function

flx)=(x-a)(x-a,)..(x—a,)

lim
o a#EA, Oey
What is ** f(x)? For some P mame

lim
"compute ¢ f(x).

Answer

v)=(x—a, ]{x—a:},,,{x—a”}-

The given function is J { }

lim f(x)= lim [[t—fr,][ a ) x— ]:|

:Lllw [x—a,]}[!u\;: Y —d, } [!”*“. :|
=(a,—a)(a-a)..(a—-a)=0
h—lﬂf{‘} =0
Now, ll-l,r:]. Fx)= EI_IH I:{r— a)(x—a,)..[x—a, }:I
= |:IT||I‘:{1 —a }][!"H (x—a, }][IL"H{I -a, }:|
=(a—a)(a-a,)..la-a,)
slim f(x)=(a—a ){a—a)..(a—a,)

Ak

Question 30:

|x|+l, x<0
0, x=1
|x—1, x=0

If f(x) =

lim
For what value (s) of a does =+« f(x) exists?
Answer
The given function is
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[x[+1, x<0
f(x}= 0, x=10

|:r|—|~ x=0

When a =0,
lim f(x) = lim (|x|+1)
= lim(-x+1) [1fx <0, |x|=-x]

=l

=—0+1
=1
lim f () = lim (|| -1)
=lim(x—1) [1fx >0, [x]=x]

=0-1

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

sl r—il!

- lim f'(x)does not exist.
=l

When a < 0,

lim 1 (x)= lim (|x]+1)

=lim(-x+1) [x{a{ll}:;r |x =—x]

T—*i

=—g+1

lim f(x) = lim (|x]+1)

vt

=lim(-x+1) I:{E{I{ﬂ:} |x =—.r]

T—*i

=—g+1

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

N=*i

Thus. limit off{x]exists at x = a. where a < (0,

Whena >0
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lim f(x)= Ilm{|w:|—]]

=0

=lim(x-1) (0<x<a=|x=x]

X—¥id

=a-1

11m flx)= |1I11 (| —1)

=lim(x-1) [l]'-:: a<x ::-|Jr|=x]
=g-—1

o lim _,f'{x] = lim _f'{.wli =a-—1

Thus. limit of f (x )exists at x = a. where a > 0.

lim f(x)
Thus, = exists for all a # 0.

Question 31:

. f[x} 2
lim limf(x)
If the function f(x) satisfies * x -1 , evaluate *=! .

Answer
Fx)-
il wT =]

135?(1‘{:&) )

lim(x* 1)

=T

sl

= lim(f(x)-

x=rl

)= wlim(x"-1)
:;»llmf (x)-2)=m=
2)=0

K=+l

(1" -1)

= lim(f(x)-

Kl

= Iimf[x}—limi =1

%=l x—l

= limf \;} 2=10

¥l

slimf(x)=2

x=al
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Question 32:
mx” +n, x<0
Sx)=qnx+m, D=xsl
3 . lim f(x
If X M, x>1 . For what integers m and n does =" { )and
lim f(x)
S exist?
Answer

The given function is

mx” +n, r<0
Slx)=qne+m, D=x<l
ny +m, x =1

lim f(x)=lim{mx’ + n)

K=l x—l}
=m(0) +n
=n

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

y—i" y—i}
=n(0)+m
= m.
lim f(x)
Thus, == exists if m = n.

lim f(x)= IinT{n.T+m}

x—+l

=n(l)+m
=m+n
lim f(x)=1lim (nf +m)
v—+l a—l !
= n{l}J +m
=m+n
s dim f (x)=Tlim f(x) =lim £ (x).
limf(x) _
Thus, 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,
£(10+h)- £(10)

“[10])=lim-
7'(10) lim 2
[[mm]: —2]—(m3—2}
= lim
fr—sll h
10+ 210+ =2-107+2
= lim
Treall h
. 20h+ I
= lim ———
fpall h
=Li1n{2ﬂ+f?}={2ﬂ+l)}=iﬂ

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,

£(100+ k) - £(100)

7(100) =y 222

. 99(100+/)—-99(100)
=lim :

[ h

99 1004+994 —99 100
= lim

Jr—ll h

. 994

lim—

Jr—+01 h
= lim(99) =99

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,
,f”{l)—liln‘f{nh} (1)

b 1

(L)
Jr—i) Jli'
h

=lim—

Sl h
=lim(1)

f—0

=1

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

Question 4:
Find the derivative of the following functions from first principle.
(i) x> =27 (i) (x - 1) (x - 2)
1 xl
(i) X Gv) x¥—1
Answer

(i) Let f(x) = x> - 27. Accordingly, from the first principle,
_f'[x+h}—l,f'[.r}

Ji‘ {I} N !lI—I’a]]‘!: b
I:fx - h}j - 2?:| - (J:i - 2?}
= lim =
Jp—all I|IF
Cox + N +3xh+ 3k -2
=lim
Jr—all h
W 33 he 3xh”
=lim
Jr=nl) j'-||

=lim(h* +3x" +3xh)

=0+3x" +0=3x"
(ii) Let f({x) = (x = 1) (x = 2). Accordingly, from the first principle,
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Class XI Chapter 13 - Limits and Derivatives Maths

Fh)= 1 ()

£(x) =i

f=plk T
i (x+h=1)(x+h=2)=(x=1){x-2)
- l}l—lo]r-ll h.
y (.3.'3 +hy—2x+hx+h' - 21"?—J'—h+2]—(:«'3 —2x—x+ 2)
= lim
fp—sil] .Jli"
(m +hx+h -2h- h]
=lim
fr—ill IJ'T
_ 2hx+ht=3h
=lim—
iz —3il) h-
= I|n1[2'r+h—‘-!]
={2_r+f}—3}
=2x-3
f(x)=—
(iii) Let X" . Accordingly, from the first principle,
lx+h)=f(x
J{J{'T}z!'.llrﬁ-f{‘l jlz f {A)
1 3 1
' ox
=lim (reh)
h—0 h

] _:c: —{x+h}:]

0 fp g7 (x +h}:

L _.1:: —x =0 =2hy
=lim— - =
a0 fy X [.T-I—h]_

. -2
=lim—
k| { x+h)
. —J'?
= lim
e 1 + I}
D 2x
s (x +{]}' x
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Class XI Chapter 13 - Limits and Derivatives Maths
x+1
N 'x ="
(iv) Let x—=1, Accordingly, from the first principle,

=il
x+h+1 x+1
:Hm[r+h—l _x—l]
b0 h

_ii H(x=1)(x+h+1)—(x+1)(x+h-1)
- }‘TE (x—1)(x+h-1)

iy Tx+h)=1(x)
I {.r)—llm p

[:.:’+h.r+x—x—f1l—l)—[x’+h_r—:r:+x+h—|)
=0 f [_Y—]}{."L'-I-J'I? —]}

= Iim—_ —2h
=0 _{.T - I](x—l- - I]

=Iim[ = }
[ {x—l]{r+h—l}

=2

GG (o1

Question 5:

For the function

o W 2
__f'{x}:l—+ b x4 ]
100 99 2
Prove that f{l}:lﬂﬂf [U}

Answer

The given function is
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Class XI Maths
T“m TU'-." X
flx)==—+—+..+—+x+]
( } 100 99 2

176} ga ™y ]
if(r}=i(“—]+i[r— |++i[v_J+i .r]+i{1}
dx dv! 100 ) dxl 99 | del 2 | dx elx

. (. . :
On using theorem ;—(r ): nx""', we obtain
X

i) L] -
if[r}:mﬂx +ggx o0
d’ 100 09 2

=x"+x ]
LX) =xT T x4
Atx =0,
f(0)=1
Atx =1,
S)=1"+1" 4+ 1+ =1+ L+ 1] =1x100 =100

thus, /(1) =100x7(0)

Question 6:

T n—1 X nm-2 r—I| ] .
Find the derivative of ¥ +aX +ax ~+..+a X+4a for some fixed real number a.

Answer
Let flx)=x"+ax"" +a’x" " +..+a" 'x+a"
- ﬂf & w—l ¥ =2 ii—| 0
S Mx) = —{1‘ +ax" t+a T L tra T x+a ]
dx
d i d ;. cod g ey i
= —(.‘r“ }+ i} —[.1." ! } +a” —(;.,-' ‘]—I— wta™ —{‘-.] +a —[l}
dx dx iy A% dx
* Lf ] ar—] N
On using theorem —x" = nx"" . we obtain
dlx
F(x)=mx""+a(n-1)x""+a* (n-2)x""+...+a"" +a"(0)
=nx" ' +a(n-0)x""+a’ (n=2)x""+..+a""
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Class XI Chapter 13 - Limits and Derivatives Maths

Question 7:

For some constants a and b, find the derivative of

X=da
(i) (x - a) (x - b) (ii) (ax?® + b)? (iii) ¥—b
Answer
(i) Let f(x) = (x - a) (x - b)
= f(x)=x"~(a+b)x+ab
. d
S (I}ZE{I —{fr+|'5}x+nb)
d ;s d d
=—-(x }—{a+h]£[x}+a[gh}

. d n - -
On using theorem T{‘r )= nx"", we obtain
(X

f(x)=2x—(a+h)+0=2x-a—b
F(x)=(ax +5)

= f(x)=a’x"+2abx’ +b’

(i) Let

g ,f"l‘l.‘r} = di(fr:f + 2abx’ + b } =qa’ 'f—(_\r4 ]+ lfff}i['_rl] + —{b’]

v dx dx dx

. d . ;

On using theorem — x" = m™ ' we obtain

. i
X

[(x)=a’(4x7)+2ab(2x)+ b7 (0)
=4a’x" +dabx
= dax (a.xz + .h}

(x—a
(x=b

R

Let f(x) =
(iii)
-2 {z=2)

_E x—h

e

By quotient rule,
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Class XI Chapter 13 - Limits and Derivatives Maths

[.r—b]:; {.r—u]—{,r—u];_ (x—b)

/)= (x—b)

D) (-a)()
(x—b)
=x—h—x+a
(x—b)
_a—b

(x-b)

Question 8:

" Lol

X —a

Find the derivative of ¥~ for some constant a.

Answer
x—a"
Letf{x)=
f{ ) x—da
s d [ x"—a"
= f {1}=—[ : ]
del x—a

By quotient rule,

7 ] ) (A‘—ﬂ}i(r” —r::”}—{.r" —.::”}:x{x—a]
EE {x_ﬁ}:_
(x —a](m""' - :})ﬁ_(rn " )
{.T —g]'

" —anx' —x" +a"

(x—a ]:

Question 9:

Find the derivative of

3
2x—=
(i) 4 (i) (5x° + 3x - 1) (x - 1)
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Class XI Maths
(iii) x3 (5 + 3x) (iv) x° (3 - 6x7°)
2 B X
(v) x* (3 - 4x7%) (vi) ¥+l 3x—I
Answer
flx)=20-2
(i) Let 4
d 3
(x)=—|2x—=
/(x) d‘c[ ' 4J
el d(3
2l
dx dy\ 4
=2-0
=2
(i) Let F(x) = (5% + 3x - 1) (x - 1)
By Leibnitz product rule,
: d d
) =(5x" +3x=1)—(x=1)+(x=1)—(5x" +3x -1
7()= (55" 3= 1) S (=1 # (e 1) = )
(557 +3x=1)(1)+(x—1)(5.3x" +3-0)
= (57 +3x—1)+(x—~1)(15x +3)
=S50 4+ 3r—1+15x" +3x 15" -3
=20x" —15x" +6x—4
(iii) Let f (x) = x 3 (5 + 3x)
By Leibnitz product rule,
Page 28 of 68
Website: www.vidhyarjan.com Email: contact@vidhyarjan.com Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051
(One Km from 'Welcome’ Metro Station)



—

vt

Class XI Chapter 13 - Limits and Derivatives Maths

. od ] 3 d; 4
f I:.‘ff}—.'.l -ri‘r{5+3:l]+{5+ x}m‘(l ]l

=x 3{ﬂ+3}+{5+3x}(—3,~: )
=x 7 (3)+(5+3x)(-3x7)
=3y —15x" = 9x”"
=—6x " —15x"

(., 5

=—3x7) 2+—]
\ X

x
2x+5
< (2x43)

;—?(5+ 2)

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

1= G {3-0x")s(3-0x") (<)

dx Tl
-5 {0-6(-9)* |+ (3657 (5)
=x (547" )+ 152" 3007
= 54x 7 +15x* —30x7°

= 24x7 +15x"
24

x
(v) Let f (x) = x™* (3 - 4x7°)

By Leibnitz product rule,

=15x" +

P() = (3 (34 ) ()

X

{03 {3 4y

=27 (200 )+ (3-4x7)(—4x7)

=20x" —12x" +16x7"
=36x" —12x~
12 36
=-—5+t
X X
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Class XI Chapter 13 - Limits and Derivatives Maths

2 x

(vi) Let f (x) = X+1 Jdx—I

o d (2 ) d ¥
I {J]_{i‘r[l"{'lj d’.‘k’[jx—l]

By quotient rule,

{,\'+I]i‘{2}—2i{ﬁr+l} _ (3.r—|]i(,ﬁ)—,r‘ i{s.x—]}
(x+1) (3x-1)

:'i-r+I)[ﬂ)—zm]_[(h—n(zx}-(x:){g}}
(x+1) (3x-1)

7=

=2 [ 6x* — 25— 3x°
(x+1) I (3x—-1)°

a -2 3x =21 i|

(x+1)" | (3x-1)

-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,

, _ flx+h)-f(x)
S'(x)=lim .

h—lb

. cos(x+h)-cosx
= lim
Fr=a) h
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Class XI Chapter 13 - Limits and Derivatives Maths

. | cosxcosh—sin xsinh—cmx}
=11m

di—ll _,{?
| —cosx(l—cosh)—sinxsinh
=lim
f—l h
| —cosx(l=cosh) sinxsinh
=lim -
h=+0 h h
- l—cosh| . (sinh)
=—cosx| lim——— |—sinxlim| —— |
h—sli 1 fe—will ) h /l
. . l—cosh _sinh
=—cosx(0)-sinx(l) []lm =0and lim =I}
fr=pll B} h
=-sinx
S (x)=—sinx
Question 11:

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 — 6¢cos x + 7 (vii) 2tan x - 7sec x
Answer

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

fr('l.] = !II_|;fI'|I ’f [1 T hl:_ f {'1}
— lim sin{x+ h}cus-{:l.r h)—sin x cos x
fi—wlh b

H—wld

= lim ih [Esin (x+h)cos(x+h)—2sinxcos .T]

=lim L[sin 2(x+h)—sin2x |

i 2
o1 2x+2h+2x . 2x+2h-2x
= lim 2cos +5in

.'l—;l.lzh 2

. |[ 4x+2h . Zh}
= lim—| cos 5in—

.'l—;l!lh 2 2

L .
:!ng c05{21+h]ﬁmh:|

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

1—pll =k -||
=cos(2x+0).1
=¢0s2x

(ii) Let f (x) = sec x. Accordingly, from the first principle,
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Class XI Chapter 13 - Limits and Derivatives Maths
Ax+h)—f(x
f(x)=lim /1 ] : [ )
[ h
sec|x+/i)—secx
=lim [ )
fi— 5
I ||
lim—

= f ::ns[:r Ifr] COs X

I cosx—cos(x+h
= li111l ( )

h—0

cos xcos(x+ /1)

o (xex+h . (x—x—h)
1 | ~28in f |'_-;111| .
1
_ lim — s 4 b A
cosx 0l cos(x +4)

—-—

C(2x+h L Ry
2sn sm|
(. L2 )L 2
Jdim— -
Ccosx fioo fy cclﬁ(_t' [ I:i}

(0

. sin
2x+hy 2]
J |.—’h'\

i
sinl

=

2x+h)
'} i . 1 2 1]

: s lim— !
cosx ', | -"F] i cos(x+ )

.
T—
-

iy

_ | lsin:r

COSX  COSX
—secxtan x

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

Page 33 of 68

Website: www.vidhyarjan.com Email: contact@vidhyarjan.com

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051

(One Km from 'Welcome’ Metro Station)

Mobile: 9999 249717



Class XI Chapter 13 - Limits and Derivatives Maths

i L)/ ()

F(x)=

fa—sil h
: Ssec(x+h)+4cos(x+h)—[5secx+4cosx]
= um
Si—l} J]Ir
sec(x+h)—secx | cos(x+h)—cosx
—"\limI: ( ) = 4 4Iim[ ( ) :I
Je—0) h N i
ey b I I |
=5lim— | -Iluu—[cos[:r Hi) cos:r]
It _cos{x—h] COs X it fy

|| cosx—cos (x+7)

. . . .
=5lim— +4lim —[cos xcosh —sin xsin /1 —cos x|
=0 cosxcos(x+h) s fy
s [ x+x+h | . '“x—x—a’:r‘J
i —2sin sm|
:" s L} ) LY = ]. N N
= lim — +4lim—| —cos x[l—casﬁ]—smxsuﬂr]

cosx =0 fp cos(x+/) h—s)

[ . '“Ex+h“. F h)
—2sin sm|— |

- £ -
5.1 | L2 ~ (l-cosh)  sinh
= Jim— + 4| —cosxhm —gin x lim
cosx Gy cos(x+/) R ety
_ [ -
sin[ 1)
. (21 +h L2 )
sin
\ A J h
5 2 .
= dim < +-||7[—CGSI‘}.[U)—{ELHI].|—|
cosy imo n::n'_‘:s{.r +h} '
. 2x+h) . [ i
) sin sin
5 . 200, .
| lim ~ lim —4sinx
cosx | 0 cos(x+h) v B
2
5 sinx .
= : Jd—4sinx
COSXY COsSX

=3secxtanx.—4sinx

(iv) Let f (x) = cosec x. Accordingly, from the first principle,
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Maths

f(x)=1lim St h)=7(x)

h—sid 1

L 3 ] - ~ - ~ A
F(x)= lim p LLOSEL(.\ +h}—mseuJ

. 1 1
= lim - :

w0 | sin(x+h)  sinx
_ sinx—sin(x+/)
=lim . .

w0 i sin(x+h)sinx

X+x+h
2c0s

.(r—x—hw
= 81n |

|
E

—1'1111i - -
=l sm{.‘r [ J'r}l_-‘.ln X

o [(2x+h LR
-cos| ; sin | - |
=lim -~ Z —
B i sin{x+/)sinx

A

(2x+h
— usl

2 ).ll h

7

¥,

. h
sin|
L2,

— i
. sin [_1: + f:-] sin x

( (2x+ i) L
cos SN -
1 I

) | 2 )
=lim - 2| lim ———=<

w0l sin(x+A)siny | A, (f?]

) 2

i\ / \

& "
—COs X
=l '
Sinxsinx

= —COosecycory

(v) Let f (x) = 3cot x + 5cosec x. Accordingly, from the first principle,
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: St h)=f(x)
S (x)=1im P

]

3cot(x+h)+ Scosec(x+h)-3cot x - Scosec x

= lim
) h
] 1
= 3Ll_]l_]li[cm{x+h]—cm.\']+5!IJ_]PIE cosec(x+ /1) — cosec ,r] (1)

Now, liml [cut(,r+ h] —cot x]

=it

=lim—

1 _C{}S(I -I—h} _{;(}5_1‘
o0 sin(x+h)  sinx

=lim . .
hlh o sinxsin(x+h)

Csin(x—x—h) ]
=Iiml am(r X }
bl fy _5111x5iﬂ (I"‘h}_

i _ms[x+ Jt)sin x — cos xsin {_r + f?}}

1 i sin(—h) |
= lim—| — -
P50 b | sinxsin(x+ h) |

.osinh | 1
=—| lim—— [.| lim— -
Wl bt sin x-sin (x+ A1)

1 ~1 ]
:—], = - - _ 2. 2
Siin_r-fiin{x.q.ﬂ} sin? x cosec x { ]
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Maths

1
lim — [mscc (x+h)- coscm‘]

=il 1

=lim—| — : - .]
it fi | sin {.1:+f'.r} sinx

o
=lim—| — :
i frl o gin {.1: + h)sinx

_,.I [1+.1‘+}'i) [.r—.r—ﬁ]
2cos -51n
2 2

[ sinx —5;ir1[x + Ir]]

o
= lim—

i fy sin (x+ /A )sin x
Fq {l‘l.‘+.n"}} . [ h]
ZCDs S| =
] 2 2
=lim— ; ;
ity sin( x -+ /r)sinx

=lim
et s+ fr)sin x

[21 + h] . [
—cos N 510
= lim - '

2
ol sin(x+ hr)sinx ‘ i [J'r?]

=05 Y _l
sinxsinxy )

= —cosecx cot 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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; - flx+h)- f(x)
x)=hm:
f { ) h—ilh J'-Ir
N .
:Lnnh[35|n{x+fr}—ﬁms[x+h}+?—Ssmx+f>f:{:51—?]
o . )
i =S TS B |
lim h[jlbm(ﬂh} sinx}—6{cos (x + h) ms.rJ
. 1. . o
—5!}_[333[9[[’!{11-1{?}—5[{11 —ﬁgﬂﬁ[ma{1+ﬁ}—cml]
. x+h+x) . (x+h-x . Cosxcosfi—sinxsinfi—cosx
=5lm-—| 2cos 5in | —6lim
Jr=pll 2 J f=sll _h-
. 2x+h) . - | —cosx(l—cosh)—sinxsinh
=:'=I|ml Ecns[h h]smﬂ —61lim { )
=0 fy . 2 2 J—sll h
sin h
2x o | —cosx{1—-cosh in xsi
= 5lim cns[ \+.F;=J 2 —ﬁllm{ ( }_ SIN XSiN h]
=l h dr—s1 h
2 )
qinh
P : — e B ¥
=5[Iimcns(“m+hﬂ lim— 2 —6{(—0(}5;}[Ilmﬂ |—sinxljm[ﬂﬂ
Jr—all ' 2 I'P_HI _||I'|r Fr—ll _||[; J fi—adl h J
2
=5+:05x.I—Er[[—cus.‘:}_[ﬂ}—sinx.I]
=5cosx+0OsInx
(vii) Let f (x) = 2 tan x - 7 sec x. Accordingly, from the first principle,
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o
7(5) =t T I )
A=} 1

=lim : tm{ J’r] ?sec[x i h:l 2tan x4+ Tsecx

h—sll h

= llil:r|1I ,:,|7 {td]‘l .i'? tan .1'} ?{5&1:{.1‘ [ fr} sacx}_‘

tanx | =7 lim ] I:sec{.r [ h} ger .1':|

=2lIm I:tELn x+h
h et fy

lim | tan (x+ /)
) sinx ]

. [ sin(x+ 1) sinx e I 1

e cm[u h} COSX o0 il cos(x+h) cosx

aln[t I f.'rllcm X ﬁin,\'cns[ﬂf i fr]

| | cosx n:ns[.l: [ 4"!]

—7Thm—

|
2hm—

i fy cnsxms[,r [ h] fe—il h COsX cm[

—2s1n

[ sin(x+h—x) L2 )

v h)

[" x+x+h' . (x—x—h ]
SII'.|.|

—Thm—

.1
lim— _
cosxcos(x+/) 0 fp

i ”';

Il
13

)

.
Zsin[_'1l th
o 2
—7hm—

2him

cosxcos(x+h)

" sin h\| |
Jr—li '\., _I'il

( Al

S1n Sll’]

.-’ ; s [

. ). 1 .

=2 lim > lim 7 |m 2 lim
\ Ji—aid Jll_il Il ppyg X Cl.'ISI:.T— .".F]

\ 2)’!.\

—2l—7 1|

. \
s |
COSXCO5N L EOS X COSX

=2sec” x— Tsecxtanx

J cosxcos(x+ I.i] h=0 f cns.tcm x4 .fr

.l
&

W N b0 0S X cns{ X+ .Fr]
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Chapter 13 - Limits and Derivatives

Class XI Maths
NCERT Miscellaneous Solutions
Question 1:

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

5
cos| X ——
(iv) 8

Answer

(i) Let f(x) = -x. Accordingly, f(x+h)=—(x+h)

By first principle,

fix+h)-1{:
£ (x) = lim L) = F ()
bl h
i~ ) =(2%)
h=ad} h
. —Xx—h+x
=1li
h—+1) h
= lim—
h— 1k h
=}i|11[—]]=—l
F(x)=(-x)" = =—! f(x+h)=—
(ii) Let —X X . Accordingly, (x+h)

By first principle,
fl{x + h]— £ x}

F(x)=lim
1 [—I‘
=lim— - —
h=0h| x+h xJ
1 =1
=lim— +—
hoth| x+h x
1| —x+(x+h)
:IIITI_—
b= hy x{x+h:|
. ]_—x+x+l1
=III'If'I——
heth x(x+h)
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Class XI Chapter 13 - Limits and Derivatives Maths

1 h
=|'|m— _—
hﬁ”h[x(x+h}]

1
—1i
e x(x+h)

(i) Let #(x) = sin (x + 1). Accordingly, | (X Th) =sin(x+h+1)

By first principle,
Fix+h)-1f(x
f'{x)=Ilim (x+h)=F(x)

i=ald |'|

. .
= L]_I}IIIF sin{x+h+1)-sin(x+ I):|

o x+h+l+x+1Y . (x+h+l=x=1
= lim—| 2cos sin
-t 2 2
1 2x+h+2Y. (h
= |lim—| 2cos| ——— |sin| —
b+l |y 2 2
ﬂﬂ(h]
2x+h+2]_ |2
’ [h]
2
ﬂn[l]
:Hnumx(jxt;+2]dm1 2 Aﬁh—éﬂzbg—éﬂ}

by —si b h
2 o L
‘ 2

2x+0+42 [ . sinx
=cos| ———— |1 lim =1

? =ik Y

= lim| cos

b—sl1

=cos(x +1)

f(x)= cos(x —E]
(iv) Let 8

By first principle,

n'\
f{x+h}=cns[x+ h——J
. Accordingly, 8
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Class XI Chapter 13 - Limits and Derivatives Maths

f{x+h)-1f
F(x) = lim 0 =)
=l h
] il ( T i T
= lim— u:m‘.[x+h—— |—u:05[x——
h allh_ 3;‘ E,’
_ p ,
| |-‘+h_;+-‘*—n] x4h—"—x
— lim—| =2sin> sin 8
b= |y 2 2
| b
i s
| 2x+h—— '
= lim—| =2sin 4 SN —
i b 2 2
_ ) P
Ix+h-= SlnI%I
= lim| —sin 4 )
h—#li 2 (E]
( , . (h
2x+h-— -‘5""[— h
=lim| =sin| ——* | | lim—— [As h—r{J:>——1-{J}
h—s0 2 by [h) 2
| = 3)
i
2.‘;4—1}—_—
=—smn| —— [.1
2
s
. T
:—sm| X - |
L8

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[‘H- h] =x+hta

By first principle,
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Maths

x+h+a—-x—a

=) h

h‘.
= Iim(—J
Ji—) h

5

=lim(1)

Ji—

Question 3:
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

Answer
Let f(x)=(px +q}[£+&']

By Leibnitz product rule,
‘ / S y 5 ,
/! {.\']=(p.r+q]| —+5 | +| —+8 J{p.r+q}
b X s LX ;

X A

=(px +q}[—ﬁw'l]+{£+x]p
. \

=(px+ q]| _}J | [£ . SJ;J-

X X

L =

— o r s
P _r P
X X X
v
= ps— qﬁ
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Class XI Chapter 13 - Limits and Derivatives Maths

Question 4:
Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax + b) (cx + d)?

Answer

Let fx)=(ax +h]|{c‘.‘r+d}:

By Leibnitz product rule,
" e 2 »
f(x)=(ax+b)—(ex+d) +(cx+d) — (ax+b)
dx ' dx

- (m‘ + b]i[E:I: + 2edy + fe"') + [r."x + ra’]: {%{m‘ +b)

=(ax+ h][i (r:"x’ ] + i (2cdx)+ d‘

el
= (ax+ h][EcJ.'r-- Ecd)-- [L"Jl' +d’ ]fr

a”}+{cx+d}:[:l ax -+ j b
ae X

:2c[a_r+b]{m'+d}+ﬂ{f-‘f+f*"]:

Question 5:
Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r

av+h

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

Answer

(x)

Let . ex +d

3 ax+h

By quotient rule,
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Class XI Chapter 13 - Limits and Derivatives Maths

(cx+d) d (ax+b)—(ax +b}i(c‘x +d)

Y dx

f(x)= (ex+d)
_ex+d)(a)-(ax+b)(c)
- (ex+d)
_acx +ad —acx — be
- {r_'.1'+d]:
_ad—bhe
R (cx+ d}"'

Question 6:

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

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

1+
X
1
-
X
Answer
1_|_| x+1
& _ v'r_ X _T+I k .
Let_f(x}— 1—1':_]—T_I¢x~.here1;t{]
'I_ - v
X X

By quotient rule,

d

d
(x=1) (x4 1) = (x+1) 5 (x=1)
£'(x)= 23 —X L x20, 1
(x=1)
Il ={x+1){]
GO0
(x-1)
:Lx‘_]_ v=0. 1
(x-1)
= x#0, |
(x=1)
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Class XI Chapter 13 - Limits and Derivatives Maths

Question 7:
Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r
1
and s are fixed non-zero constants and m and n are integers): ax’ +bhx+c
Answer
o 1
PRAC ey

By quotient rule,

(m': +bx+ c} d (1)- d {f]‘.T: +b1‘+{’}|
fJ(T]: i e -

{(.Lr: + by + c}

(m': + bx +t']{[}]—{2ﬂx +b)

- ]

(m': +hx+ c'}

—{Er.r:r+b]

{m': + bx +c'_]_

Question 8:

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

ac+ b
and s are fixed non-zero constants and m and n are integers): P* T4¥+r
Answer
. ax +h
Let f(x)=—— " —
pPx-+gx+r
By quotient rule,
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Class XI Chapter 13 - Limits and Derivatives

Maths

(px* +qx+r) :r{ux +b)—(ax+b) i (px* +qx+r)

f(x)= :
/(%) {;}.‘l::+qx+r)_

(;}x: +agx+ r](a)—{m+h}{2px+qr)

(px: +gx+ r]:

_apx” +agx + ar —2apx” — agqx — 2hpx — by

( px” -+ gy + r]-
B —apx® —2bpx + ar —bg

(p:r: +gx+r }_

Question 9:

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

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

Answer
e ]
_pxT gyt

Let f (x)

ax+b

By quotient rule,

(ax+5) ;i_{_pxl raqu+r)—(pe’ +qr+r) ;:: (ar+b)
(ax +h)

(ex +b}[2;u‘+q]—[px: +q,r+r}{u]

- (ax +b)

_ 2apx” + aqx + 2bpx + bg — apx” — agx — ar
(ax+b }:

f'(x)=

_apx’ +2bpx+bg—ar
{ax + f:r]-j

pxt o+ gx
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Class XI Chapter 13 - Limits and Derivatives Maths
Question 10:
Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r
a b
_.l___"+ COs X

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

Answer

o

y h
Let/(x)=—F——+cosx
X X

T A

=—| = -
dvl x el ) dy

+

= d {-.1"*}—#: d (_'I.'_:}-i- d (cosx)

dy dlx dy

5 . 'lr 1] i 'Ir .
=a|—4x7)=b( 257" )+ (-sinx) “(x") = nx"'and ——(cos x) = —sin x
oy o
—d4a 2 .
=—+—-—sinx
x X
Question 11:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

o _
and s are fixed non-zero constants and m and n are integers): Wx-2

Answer

Let/(x)=4Jx -2

Feky ax el
Yy ¢ |
=4i[v! |—D=4| 1 ]
i I )
=|2I1 ‘z—

Question 12:
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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Class XI Chapter 13 - Limits and Derivatives Maths

Let f(x)=(ax+b)". Accordingly. f (x+h)={a(x+h)+b} =(ax+ah+b)’

By first principle,

f'(x)=1lim flxth) =1 (x)

h—sil h-
. Nax+ah +h]"' —(ax + h)ﬂ
= lim
.'lIIrI:- h
Y .
) |1+ —(ax+bh
:"m[m ) [ cr.1'+h) (ax+h)
fi—elh h
(1+ ki jn—l
= ax +h) lim e ;_h
h—xil 7

l -1 :
=(ax+b) llml I-Hr[ ah ]-{-ﬁ(” }[ ah ] +.p—1
Bl g ax+h |2 av+b

(Using binomial theorem )

[ ah J+H{H—I]H£h!

ac+h |_2{u_1; +,|‘:]J

n - ]. a = a
=(ax+h) lim—| n +...(Terms containing higher degrees of /)

bt f
:(u:l.'+h]“ lim| — 4 - ]}ﬂjh T
=il {.:.r_l‘+e"} |2{c.r.1f +h }_

= {ﬂ'.'l.'-l-h‘]“ [{L:i b) + D:|

[{.r.r+h}”
(e + h)

= M

= na(ax +h)

Question 13:

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

fx)=(ax +b}“ (ex+d)

rH

Let -
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Class XI Chapter 13 - Limits and Derivatives

Maths

By Leibnitz product rule,
F(x)=(ax+b) %{L‘I +d) +(cx+d)" %[a.r+ h) (1)
Now, let f; (x)=(ex+d)"
f(x+h)=(cx+ch+d)"
fi(x+h)= £, ()
h

£ (x)=1lim-

Je—wli

(ex+ch+d) —(cx+d)"
h

={|:'.1'+c.":|"” ]iml (I+ ch ] -1
=0y v+

= Iim
Hr—d]

. [ - —1 i’
=(ex+d) l,iml [I+{ ek +m{m ) | ) +.__J—]}

=0 fy ex+d ) 2 (cx+d)

o : el
= (ex+d) ]-"“l mch +m[m ]{ ﬁ;
cuh| (extd)  2(ex+d)

— [("'I._+|'-rl.l)m lim me! + 'I”{m - 1}{::'“ +
4 bl [.’_’,‘L‘+EJ"} 2[{,‘.\“"("'}3

(e [ 2]

ex+d

N mc*( ex el }'"

(cx+d)
= me(cx +d } :
i{u +fa’] mc(t’x+ u’]MH (2}
dx
Similarly. d_f (ax+b)" = na(ax +h)" .(3)
"

Therefore, from (1), (2), and (3), we obtain
I(x)=(ax+b) [mc[cx+ ﬂ"]lm_l } +ex+d)" {nu{m‘+b}“_|}
=(av+b)"" (ex+d)" [mc ax +F}]+mr[w+d}]

+...( Terms containing higher degrees of /1)
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Class XI

Chapter 13 - Lim

its and Derivatives

Maths

Question 14:

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

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

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

By first principle,

flx+h)-f(x)

fx)=lim-
{ ) fa—i} '{r
. sin(x+h+a)-sin(x+a)
= lim
Ji—sli h
1 (x+h+a+x+al .
=lim Ecﬂs| /Isml\
Sl h \ 2
1 (2x+2a+hY . [ h)
= lim | 2 cos| —Jsm — |
h— | 2 \ 2).
e
sin| —
lim ]H2X+2ﬂ+h1 [ZJ
= s
fi=sd} \ 2 'fj"lr""
L2 )
Jsjn [ h
: 2x+2a+h L2 )
= lim cos lim g~
IEy] 2 ),-'_;'_HI | ,{]‘ '|
L

= 05

(2x+2a
|— w1

=cos(x+a)

Question 15:

(x+h+a-x—-a)
2 J

Ash—r{]:-f—}f}

e

X—=l} x

. sinx
lim = 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): cosec x cot x

Answer

Lot f(x)=cosec xcot x
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Class XI Chapter 13 - Limits and Derivatives

Maths

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,
filx+h)— £ (x)

" (x)=1lim-
S (x) = lim .
. cot(x+h)—cotx
=i h

- cos(x+h) cosx
= -
0 bl sin(x+h)  sinx

=lim— _ :
[y sinxsin(x+#)

1| sin(x—x—h)
=lim : .
"0 i | sin xsin(x+h)

I 1| sin(—h)

=——lim—| ——~

sinx =0 | sin(x+h)
-1

osinh | ]
=——— | lim lm——
sinx L=t h h=0 510 {_T+ h}

-1 1
L
sinx [sm{xﬂl)]
-1

sin° X

I [ sinxcos(x+h)—cosxsin(x+ fr}}

ey

= —cosec’x
- (cot x) =—cosec’x (2)

filx+h)=cosec(x+h)

Now, let f,(x) = cosec x. Accordingly,

By first principle,

f;{ﬁ.]l lim f:[‘(+f?]— 1 {x}

fi—l) j'?

= lim l[coscc (x+h)-cosec x]

h—l
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Class XI Chapter 13 - Limits and Derivatives Maths

1l 1
=lim : -
w0 sin(x+ k) sinx

| | sinx—sin (x+ h]

=0k sin xsin(x+ )

5 X+ x+h' x—x—h)
cc-s| sm|
o 2 ) 2 )
— lim—
SNy sm{_\' : hj
2x+h) . h
"cc-s| sin
|| 2 ) 2
—— lim—
sinx o fy sin(x+h)
R (2x+h0
sin| L'cns;| N |
_ ! lim LEZ. =
sinx fo0 /J"q sin{x+/h)
\22
(h 2x+ k)
sin| — | ms |
L 2) )
= lim == lim

sin.x oo |fq st sm{r+h)
"-.2.-"

20400
Cos |
1 | 2 )

sin X sin(x+0)

-1 cosx

5IMY SINX
=—cosecy.coty

L}

c.(cosec x) =—cosecx cotx -(3)
From (1), (2), and (3), we obtain
"(x) = cosec x(—cosec’ x ) + cot x(—cosec xcot x)

1 il
=—C05eC X —Ccol” X cosec x
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Question 16:
Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r
COs X

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

Answer

f(x)=

Let l+sinx

COs X

By quotient rule,

(1+sin .r}i[cos x)—(cosx) ;—i{l +sinx)

f'(x)=

_ (1+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’

(1+sinx)’

—sinx—sin” x—cos” x

(I +:-;i11.1r}:

—sinx —[sin: X+Cos x}

(1 +5in_r]:
_ —sinx—1
B (1+sinx)’
_—(1+sinx)
R (1+sinx)’
1
B (1+sinx)

Question 17:

Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r
5in X + COS X

and s are fixed non-zero constants and m and n are integers): SIN.X—C0SX

Answer

f(x)

Let sinx—cosx

5IN X+ COSX

By quotient rule,

Page 54 of 68
Website: www.vidhyarjan.com Email: contact@vidhyarjan.com Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051
(One Km from 'Welcome’ Metro Station)



Class XI Chapter 13 - Limits and Derivatives

(sinx—cosx) i (sinx+ cosx)—(sinx +cosx) d

v

f'(x)=

[F.in X —C0s .T):

(sinx - cos x)(cosx —sinx)—(sinx + cos x ) cos x +sin x)

(sinx - cosx)’

~(sinx - cm_r): ~(sinx+ cosx)

(sinx - cosx)’

—[sin' X4 C08 ¥ —28INXCOSX +S8iN" ¥+ COs X+ 2sin IEI}S.‘{']

.
{NI]'I X —CO08 1‘}'

I LS
: (sinx—cos x)’
7

(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): Secx+1I

Answer
secxy —|
(x)="

Let secx+1

_I—CGSI

I 1+
+1 l+cosx

CosX

By quotient rule,
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Class XI Chapter 13 - Limits and Derivatives Maths

(]-l—::m‘.x] d {I—mm‘}—[l—cn}i_\'} d [|+{;<:H_T}

f(x)= dx dx

(I+ L‘UHI]:

{1+ cosx)(sinx)—(1-cosx)(-sinx)

{1+ cos x}:

_SINX A+ COS X SIN X+ SIN X — S0 X COS X

(1+cosx)’
2sinx

(1+cosx)’

Zsinxy  2sinx

(l+ 1 ] (secx+1)
7g

secy sec” x

sinxrsec” ¥

(secx+1)
2sinx

5
COS X
(secx+1)
2secxtlan x

- (secx+ ]}:

Question 19:

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.

. .E: Cosx, Le., EH]H X =CO5X

Forn =2, y = sin? x.
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Class XI Chapter 13 - Limits and Derivatives Maths

dv  d . .
Ji——=—({5Inxsimnx
el u'fr{ }

=(sinx) sinx+sinx(sinx) [B}' Leibnitz product I'Lllr'::]
= COSXSiNX+sinxcosy
=2sinxcosx (1)

Forn =3, y = sin® x.

cdy _d o

..E=E[mmmn :.]
=(sinx ) sin” x +sin x(sin’ x) [ By Leibnitz product rule]
= cosxsin” x+sin x(2sinxcos x) [Using [l]]

= cosxysin’ x+2sin’ xcosx
= 3sin’ xcosx

d ;. a0 . {m-1}
—{sm IJ=HE§IH XCO5 X

We assert that ¥

Let our assertion be true for n = k.

i{ﬁin*x}=k5in'-""”xcnsr .(2)
i.e., dx

Consider

L d ;. .
{sm* 'x] = (sm_mm‘ _‘I.')
|

dx
- r - * - - j. f . -
=(sinx) sin® x+ F‘.mx(sm .1') [E}' Leibnitz product I‘LL]E]
. b . o (k-1 .
=cosxsin’ x+sin x(a’f sin'" ™" xccrs.r) [Usmg {2]]
= cosxsin' x+ksin' xcosx
=(k+1)sin" xcosx
Thus, our assertion is true forn = k + 1.

d ;. n ) « (a1}
—{sm I'J:.??SIEI XCO5 X

Hence, by mathematical induction, dx

Question 20:
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Class XI Chapter 13 - Limits and Derivatives

Maths

Find the derivative of the following functions (it is to be understood thata, 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
Lt‘.t X)|=—
f{} c+dcosx
By quotient rule,
{c+u*uusx]i[u+bs]nx]—(u+bsinx]i(eH!uosx]
f(x)= dx dx

(c+dcosx)
_(e+dcosx)(beosx)—(a+bsinx)(—dsinx)

(e+dcosx)

cheosx + bd cos” x + adsinx + bdsin” x

[{' + ¢l cn_v.:l:}:

N 2 - )
hecos x+ ad sin x + hd(cuﬁ' x+sin” 1}

(c+dcos .r}:

_becosx+adsinx+bd

(c+dcosx)

Question 21:

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

sin(x+a)
and s are fixed non-zero constants and m and n are integers): cosx
Answer
(x)= sin(x+a)
Let / l}_ COS X
By quotient rule,
Page 58 of 68
Website: www.vidhyarjan.com Email: contact@vidhyarjan.com Mobile: 9999 249717

Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051
(One Km from 'Welcome’ Metro Station)



Class XI

Chapter 13 - Limits and Derivatives

Maths

dr. . o
COS X a[sm{x+a]] —sin(x+ a}a COS X

f(x)=

cos” X

Cos x %[sin (x +a}] —sin(x+a)(—sinx)

f'(x)=

T
COs5™ X

(i)

Let g(x)=sin(x+a). Accordingly. g(x+h)=sin(x+h+a)

By first principle,
g(x+h)-

g(x)

g'(x)=1lim

fa—sll

—]1111—[sm x+h+a)-sin(x +u

Jr—ld

= |1m—|j2 Lﬂb(
Ti—sl) |,
(2x+2a
= |1m—|:2 L
Jr=sl) h 2

. 2x+ 2{?+Ir
=lim/| cos
Ti—sld

ILmll'l

( A
sin| —
, [ |[
:Ii111cnsfx+2§+ﬂ li 2)

fr=l)

[ 2x+2|::]
=| Qo8 5 |

=cos(x+a)

. (ii)
From (i) and (ii), we obtain
f'(x)= T

cs X

_cos(x+a—x)

cos x-ca’.}s{x +a] + 5in x.*;in{x + a}

=
Cos™ X
COsa

3
CO5™ X

1+h+a+,1+a] [r+h+a— ¥ cr]]

#

Aﬁh—}ﬂ:}ﬁ—}ﬂ}

=l

1hn§Elﬁ=1}
h
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Class XI Chapter 13 - Limits and Derivatives Maths

Find the derivative of the following functions (it is to be understood thata, 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 S(x)=x"(5sinx—3cosx)

By product rule,

..flr(x]:'“%[iﬁiﬂx Jeosx )+ (Ssinx 3Cilﬂx]:Ti_(-‘fl]

_.'l.'-l. |:5i{5[" _-._-J —Ji{CDS_T]i| +{5 S[" X —JCDS.\']i[eTJ]

dr edx dx

% [5 cos x —3(-sin \}] +(5sinx—3cosx)(4x)

= x'[5xcos x+3xsinx+ 20sin x—12cos x|

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

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

By product rule,

f'(x)= (f + ]}%{CL}S x)+ c{mx;—i(f + ]]

_ (x: +|}[—sin.r}+ cos x(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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Class XI Chapter 13 - Limits and Derivatives Maths

By product rule,

: . o ) .
Irr'|' 3 — e X 0% X 05 X 2 ._'. -
_ {r] [.crr +5in x]—{p+qu}n]+[p+qLnu}—dx{m +a|n.1}

iy

- [f;rﬁ:2 +sin .T](—qsin x)+(p+qceosx)(2ax+cosx)

= —gsinx(ax’® +sin _1.') +(p+geosx)(2ax+cosx)

Question 25:

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

: . x+cosx || x—tanx
and s are fixed non-zero constants and m and n are integers): { }{ }

Answer
Lot f(x)=(x+cosx)(x—tanx)

By product rule,

J'(x)={x+cosx) f (x—tanx)+(x—tanx) :r (x+cos x)
dx X

_(x+cos .1-}[;—1{;-) - (ian J-)} + (x—tan x)(1sinx)

=(x+cos .r}[l —itan .‘E:|+ (x—tanx)(1-sinx) 1)

X

et &(¥) = tanx g(x+h)=tan(x+h)

. Accordingly,
By first principle,
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Class XI Chapter 13 - Limits and Derivatives Maths

g(x+h)-g(x)

g'(x)=lim
_ !im[ tan (x+ jr] —tanx \‘|
=511 y

/
i ] sin(x+h)  sinx

het k| cos(x+h) cosx
1] sin(x+ ) cos x - sin xcos (x+ h)

=lim—
0 fy COs ( x+ h)cosx

l _ Csin(x+h—x
= Jlim { }

cosx k| cos(x+h)

1 sin f
= .I]]TI— —_—
cosx i i| cos(x+h)

. ¢

C . sinh)
| lim |
cosxy et fy )

: 1. :
cosx  cos{x+0)
1

COS™ X

A
]im;
=0 cos(x+ )

Y

=sec’ x (i)

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

Flx)=(x +c05x](] —sec’ x)+(x—tan x)(I1-sinx)
= (x+cosx)(—tan” x)+(x - tan x)(1-sin x)

= —tan” Jc[x+ms;x]+{x— tan .r]{l —5in Jc]

Question 26:

Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r
dx +5sinx

and s are fixed non-zero constants and m and n are integers): 3¥+7cC0sx

Answer
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Class XI Chapter 13 - Limits and Derivatives Maths

dx+55inx
fx)=

Let  3x+Tcosx

By quotient rule,

(3x+7cosx) d (4x+5sinx)—(4x+5sinx) d (35 +7cosx)
F'(x)= = 5

(3x+7cosx)’

3x+Tcosx)| 4 d x)+3 d sinx) [—(4x+5smx) 3 d x+7 d COs X
dx e frhy dx

X X

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

(3x+7cosx)

~12x+15xcosx+28cosx+35c0s” x—12x+28xsinx —15sinx+35sin” x

3

(3x+7cosx)

[5xcosx+28cosx+28xsinxy—15sinx+35 (msz xX+sin” x)

(3x+7cos x)
3 35+ 15xcosx+28cosy+28xsinx—13sinx

(3x+7cos x]z

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):

2 i
X COs
5)

sin x
; T
X cos ]
_\4)

Let sin x

Answer

By quotient rule,
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Class XI Chapter 13 - Limits and Derivatives

) v d
sinx {x"} x” [smx]
,,f"(x]—cosi, x gt
4 SN X

T | sinx-2x—x cosx
= cos—. —
4 5N x

Xcos : [Esin X—Xxcos x]

. 2
5mM X

Question 28:

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

x
and s are fixed non-zero constants and m and n are integers): |+tanx
Answer
¥

f(x)

Let l+tanx

i {I+tanx](%{x)—xi[l + tan x)

f(x .
) (1+tanx)
(I+tun x]—.r- d (1+tan .r]
.f.r{x] — dx 3 {‘l}

(1+ tan x]:

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

By first principle,
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Class XI Chapter 13 - Limits and Derivatives Maths

g(x+h)-g(x)

g'(x)=1lim

fr—ail

=lim

h—ld

I +tan(x+/)—1—tanx
h
1 _.ﬂiﬂ{l' +h)  sinx

= lim—
=i fp m&;{x | h:l COs X

i ) | sin(x+#)cosx—sinxcos(x+h)
= 1T =
et fy cos(x+h)cosx

I sin(x+/ —.'r} |

1
=lim—
h—lh u<:5{x+h)cusx

sin fr

=lim—
b+ fi| cos(x+h)cosx

fosinh L
=| lim | lim
i h b= cos(x +h)cosx
r
== — —sec  x
COs” X
i .
:::—{I+tun.1‘]:seu31' i)
'

From (i) and (ii), we obtain
_ I+tan X —xsec x

f'(x)

(1+tanx)’

Question 29:
Find the derivative of the following functions (it is to be understood thata, 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 S (x)=(x+secx)(x—tanx)

By product rule,
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F(x)=(x+sec A’}%[I—lﬂl‘l x)+(x—tan A‘}%[A’+Stt.‘r}
= {x+sccx}[£{x}—%tan x}+{x—tanr][%[1]+%sccr}

= [:r+scc;.-}[1—%tanx}ﬂx—tan x][l+%scc1} (D)
Let f,(x)=tanx, f,(x)=secx
Accordingly, f,(x+#)=tan(x+h) and f, (x+h)=sec(x+h)

o=t Hr = 50)

Tl

(tan(xi-h)—tan_r]

=lim

Ji—id h
| tan(x+h)-ta
=I|m[ an (¥ ] M}
Fi—d h
= lim

[ sin(x+h) - sinx
=0 h| cos(x+h) cosx

1] sin (x+h)cosx —sinxcos(x +I.=]}

=0 h| cos(x+h)cosx

1] sin(x+h-x) |
i h| cos(x +h}:nsx_

sin fr

=0 h| cos(x+h)cosx

[ . sin hJ . |
=| hm——1[| lim
i h )L o0 cos(x + ) cos x

COs8™ X
d - N
= —tanx =sec” X )
x
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Class XI Chapter 13 - Limits and Derivatives Maths

y A eh) = )]
odx :lun[' = =

43 { ) Jr—silk \ ij J
 (sec(x+h)—secx
= ||11|| (x ’] !
Jr—al h- |
o 1

|
= lim— -
=i i cos(x+d)  cosx

1 _C{:'S.r—c:)s{r+h]
= lim
0| cos{x+h)cosx

(x4 x+h S x=x=h)
—2s1n +5In
1 2 ; 2 ]
= dim— -
cosx 0 fi cos(x+#)
i . 2x Y
—2sin 1
| 1 ) L2
= Jim—
cosx o0 fy cos(x+4h)

|.f,inr h ]
. [21‘+a’:], ll
sin
2

1 h
5

cos(x+h)

1 .
= dim
Cosx Al

[

< limsin

er T

C(hY

s | sme

| |} lim <
2 )|,

=gecy. .
limcos(x+/)
Ti—=3l
sinx. |
=seC
Cos Y
e .
= secx=secxtanx . . (1)

e

From (i), (ii), and (iii), we obtain
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Class XI Chapter 13 - Limits and Derivatives

£'(x) = (x+secx)(I—-sec” x)+(x—tanx)(I+secxtan x)

Question 30:

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

L}
and s are fixed non-zero constants and m and n are integers): S %

Answer

. X
flx)=—=
Let sin” x

By quotient rule,

=W d "ﬂr L
5N X—X—X—5In X

() =t

5m - x

—sin" x=nsin"" xcosx
It can be easily shown that dx

Therefore,
* i d * #H
sin'x - x—x-sin" x

£(x)= dx dx

sin”" x

sin”x.1—x (n sin""' xcos :c}

sin”™”! x{ﬁin X — HX COS .'c"}
|
s x
- SINX—nxcosx

sin™ x
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