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EXERCISE 13.1

1. Evaluate the Given limit: )
Solution:

Given

limx+ 3

H—=3

Substituting x = 3, we get
=3+3

=6

x+3

lim [x——]
2. Evaluate the Given limit; *” 7
Solution:

_ - lim [x——]
Given limit; "% 7
Substituting x = w, we get

lim x——

**"[ 2’*"2] =(m-2217)

. ~ . limmr
3. Evaluate the Given limit: =l

Solution:

i oL limme?
Given limit;

Substituting r = 1, we get
limm »*

A= (1)

=T

-

l[im dx+3
4. Evaluate the Given limit; = x—2
Solution:

. dx+3

] o lim
Given limit; = x-2
Substituting x = 4, we get

. dx+3
lim

ix=2 =[44) +3]/(4-2)
=(16+3)/2
=19/2
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5. Evaluate the Given limit; ="' x—1
Solution:

Given limit; =  x—1
Substituting x = -1, we get

a1

lim
rael y—]

=D+ (1) +1]/(-1-1)
=(1-1+1)/-2

=-1/2

lim
6. Evaluate the Given limit: = ¥
Solution:

| o lim[:r+|}'—]
Given limit; = X
=[(0+1)>°-1]/0
=0
Since, this limit is undefined
Substitute x + 1 =y, thenx=y -1

5
\ -1
lim )
y—=1 ¥—1

lim @)°-1°
= y—=1 y-1
We know that,

¥ gt

lim
Xx—»a XK—a =na|1—1
Hence,
5_ 45

lim )" 1

y—=1 y—-1
=5(1)
=35

(x+1) ~1

https://byjus.com


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

m BYJU'S NCERT Solutions Mathematics Class 11 Chapter 13

The Learning App lelts And DerlvatIVES
3y —x-10
] o lim———
7. Evaluate the Given limit; =2 x4
Solution:
By evaluating the limit at x =2, we get
. 3x"—x—10
lim—; i
x=2 X% =322 -x-10]/4-4
=0
Now, by factorising numerator, we get
. 3x*-x—10 3x%—6x+5x—10
lim——— i 2K TORToRT Y
x—=2 X*—4 _ LI_I:I% x*—22
We know that,

al—b2=(a-b) (a+b)

. (x—2)(3x+3)
— 1(1_1}% (x—2){x+2)

By substituting x = 2, we get,
=[3(2)+5]/(2+2)

=11/4

1im'f4;gl
8. Evaluate the Given limit; *** 2x" —5x—3
Solution:
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First substitute x = 3 in the given limit, we get
. (3" — 81
lim =

:J'—*" 2(3)* —5x3 -3

=(81—81)/(18—18)
=0/0
Since the limit is of the form 0 / 0, we need to factorise the numerator and denominator

(22 — 92 + 9) (x — 3)x + 3)a2 + 9)

lim

s, S, T et : ‘ li ; :
o33 22" — 6% +.2 — 3 _ g5k 2z + 1)z — 3)
| . r 4+ 322 + 9
lim r- — 81 ]i'ﬂ‘ll ( > X )
r—3 222 _ 53 — 3 r—3 {2 T -+ 1)
Now substituting x = 3, we get
]
(3 + 3)3° + 9)
= (2x3 + 1)
= 108/7
Hence,
] rt — 81
lim
z—3 242 —52—3
=108/7
“mu:r+b
9. Evaluate the Given limit; *" ex+1
Solution:
lin ar+h
=t ox +1
=[a(Q)+b]/c(0)+1
=b/1
=b
|
im 5~
10. Evaluate the Given limit: zb -1
Solution:
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1

. zi—-1

1111} —

el

*1 =(1-1D/(1-1)

=0
Let the value of z1 'S be x
(z}/6)2 = x2
7173 = x2

Now, substituting z! '3 = x2 we get

¥* -1 x*-1°

lim =
x—1 x—1 x—1
We know that,

. oxB—gt
lim

X—=a X4 = nall—l

x%—12
1111} —
ol %
=72 (nl—l

=2

o axt +bhx+e
lim Ja+h+e#0

11. Evaluate the Given limit; = ex” +bx+a
Solution:

. ax +bhx+e
lim Ja+hb+e#0

Given limit; ' ex’ +bx+a
Substituting x =1

lim ax” +bx+e

ol o’ by +a
=[a (12 +b (1) +c]/[c (1)2 +b (1) +a]
=(at+b+c)/(a+b+c)
Given

[ﬁ+|ﬁ—|—c;tﬂ]

=1

11
+

. o lim & 2
12. Evaluate the Given limit: =7 x+2
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Solution:
By substituting X = - 2, we get
1.t
lim &=
K——2 x+2 — 0 I."I 0
Now,
1 1 24X
_+_ —_—
lim == =%
x—=—2X+2 _ x+2
=1/2x
=1/2(-2)
= = J. ."Il 4
“msinm'
13. Evaluate the Given limit; = bx
Solution:
. singx
. lim
Given " bx
Formula used here
IIm
z—022L —

44
By applying the limits in the given expression

li sinax _ 0

x—0 bx

Limits And Derivatives

By multiplying and dividing by ‘a’ in the given expression, we get

iy Spar . a
r—0 bzx a
We get,

lim Hin_f;r..::: w &
r— 0 O b
We know that.

lim 32X = 1
x—0 X

a_sinax a
B ey R
=a/b
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. sinax
lim —
14. Evaluate the given limit; *~ sin bx

Solution:

sin ax

lim = -
Xx—=(0SInDx _ ﬂ_u"l u

By multiplying ax and bx in numerator and denominator, we get

sinax

sin ax X
=1

; ing. sinbx

] ax
Jim =
BE b=

x—0 sinbx K

Now, we get

sinax

5 lim
2 ax—o ax

b 13, SIODX
lim
bx—g DX

We know that,

sinx
=1

lim
¥—=0 X

Hence.a/b = 1
=a/b

. osin(m
lim

15. Evaluate the given limit: *
Solution:
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.osin(m—x)
lim——
= m(m—X)

. —3 . i —3 1
lim 32— _ gy SR, 2

¥—r T(m—X) m—x—0 (m—x) m

1 . sin{m—x
— lim Sin ()
| Mm—x—0 (mT—Xx)

We know that

lim=—=1
x—=0 X
1., i — 1
i (m—x) L
Mm—x—=0
=1 ,I" T
. COSX
1111}
- o L x_h"; —
16. Evaluate the given limit;  © =~
Solution:
lim 05X _ co=0
x—0 T-X  T—0
=1 f T
. cos2x -1
1111}—
17. Evaluate the given limit; *~~ €0sX—1
Solution:
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cos2x -1 0

lim =-

x—0 cosx—1 4]

Hence,

. cosZx-—1 . 1-2sin"x—1
lim =lim———=—
x—0 cosx—1 x—0 l—Essz—l

(cos 2x = 1—2 sin’x)

gin®xx x%

. sin®x .

lim—x =lim——

x—0 sin=- x—0 gip2Z.E
bl LAY

¥
(52

. sin®x

lim =

E—0 X
gin2%

ey
)

. z
. {=sin®x
lim
x—=0' x2

I
sm)

=4 1}{i_l}-':l"( (?_z‘}z
We know that,

. sinx
lim =1

x—0 X

=4x 1%/ 1?

-4

dX - XCO0s5X

lim :
18. Evaluate the given limit: *~~  SIIX

Solution:
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\ axX+XCOSX 0
lim—————=-
x—0 bsinx 0
Hence,
. AN+XCOSX 1., x(a+cosx
. 11111+ = -] g
x—) bsinx bx—p sinx

1,, .
=limx lim(a + cosx)
bx—=0 =x—0

1 .
X —m=X lim(a + cosx)
lim—— x—0

X—=0 X

1
b

We know that,

sinx

=1

lim
¥x—=0 X

%x (a+ cos0)

={a+1)/b
19. Evaluate the given limit:
Solution:

lim xsec x = lim—

w—0 x—=() COSX

lim = -
_ x—0 cos 0
=0

20. Evaluate the given limit:

Solution:

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

limxsecx

i} i
E—

. simax +bx
lim——— aba+b=0

=0 ax +sinbx

https://byjus.com


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

[BBYJUS

The Learning App

sinax+bx (1]

lim——— =
x—0 ax+sinbx (1]
Hence,
., ax
. sinax+bx ) {smﬁ}axﬂnx
lim——— = lim b
w—0 ax+sinbx x—=0 ax+{sinﬁ}
. . ax . .
lim sm—)x limax+1lim bx
aAx—0 XS w0 x—~uh
lim ax+lim bxx{ lim sin—)
X—0 X—=0 bx—0 DX

We know that,

. sinx
lim =1
x—=0 X

limax+1lim bx
X—0 H—0

limax+lim bx
X—=0 X—=0

We get,

lim(ax+bx)
X=0

~ :1:1—I~1h (ax+bx)

_ - lim(cosecx —cotx)
21. Evaluate the given limit: *—=*

Solution:
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lim (cosec © — cot x)
r— 0

Applying the formulas for cosec x and cot x, we get

COS T
cosec T = il and cot z = —/———
Sin Sl T
lim (cosec x — cot ) = lim ( 1 _ ALy
r— U r— () "s81n & Sin &
lim (cosec x — cot x) = lim 1 — coszx
T — () r— () sin x
Now, by applying the formula we get,
- m Ll - m m
1 — cosz = 2sin?> gnd sin x = 2 sin == cos =
2 2 2
2 5:1112%
lim (cosec © — cot ) = lim —
=) r =0 2 sin=cos—
2 2
lim (cosec x — cot ) = lim tan
r— (] r— () 2
=0
. fan2x
lim
Iy T
2

22. Evaluate the given limit:
Solution:
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Letx—(n/2)=y
TllE:ll, X— (T[I."Ell =Y— 0

Now, we get

. tan{ 2y -+
lip 2Ry +m)
y—0 ¥

. tan(2
llmﬁ
= ¥y—=0 ¥

We know that,
fanx=sinx/cos x

ginZy

m
_ y—=0¥ CO52Y

By multiplying and dividing by 2, we get

gin 2y 2

=lim
y—=0 2y COs2y

sin 2y

=1lim x lim
2y—0 2¥ y—+0 COs2y

=1%x2/cos0

=1x%x2/1
=2
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: . 2x+3x=0
Find imf(x)gnd Imf(x), where f(x) :I
=0 al [3(x +1)x >0
23. L
Solution:
2X+3x=0
Given function is f(x) = Ao
3x+Dx =0
iy 00

lim f(x) = 1117%(2:{ + 3)

x—=0"
=2(0)+3
=0+3
=3

:}nghf{x) = ]{1_1:% 3(x+1):

=3(0+ 1)

=3(1)
=3

0 = 1100 = i) =3

Hence,
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lim f(x):
Now, for *=1

111111_ f(x) = 1111}3{:{4— 1)

=3(1+1)
=3(2)
=6

ll_plh f(x) = 1191 3(x+1)

=3(1+1)
=3(2)
=6

lim f(x) = ;L%er(x) = 1‘1_1,1} f(x)=6

x—=1"

lim f(x)=3 lim f(x)=6
x—=0 ﬂlﬁﬁQMd x—=1

lim f(x)
24. Find *™ , Where

[xf—lxgl

]—xz—lx::-l

LS

f(x)=

Solution:
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Given function is:

{ x*—1x=1
f(x)=1 |

]\—x‘ —1x =1
Li_l}}f{xj;

lim f(x) = limx*—1
Jon 1) = iy

31:5111_ f(x) = EH}L f(x)

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

lim f(x)
Hence, *1 does not exist
%, Xx+0
. X
lim f(x) 0, x = 0

25. Evaluate *~°
Solution:

, where f(x) =
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Given function is f(x) =

We know that,

lim f(x)

r—ra exists only when

Now, we need to prove that:
We know,
X =x,ifx>=-x,ifx<0
Hence,

lim f(x) = lim I

x—=0" ¥—0" X

. —X .

i = Jm )
=-1

: . |xl
lim f(x) = lim —
x—0% x) =0t X

lim= = lim(1)

— x—=0X x—0
=1
We find here,

ELIE:‘- f(x) =+ &EE.L f(x)

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

li r)= i x
A= i D
lim f(x)= lim f(x)
=) r— ()
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lim f(x)
Hence, <0 does not exist.
{ X
—-x=0
L I
lim f(x) 0.~
26. Find *—* , Where f (x) = *
Solution:

Given function is:

[
f(x)=4|x
(x)= “ | )

\0.
]{méf{x)

11111 f(x) = 11111 n

. X . 1
lim—=lim—
— ¥—=0—X x—=0—

=-1

11111 f(x)= lim —

x—0 +||
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lim> = lim(1)

— Xx—=0X x—0

=1
We find here,

HE}_ f(x) =+ ,}EE,L f(x)

lim f(x)

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

Hence, *~° does not exist.

lim f(x)
27. Find *~- . where
Solution:

Given function is:

flx)=|x|—5

lim f(x):

X—3

!}Hél_ f(x) = !}LI‘IEI_lxl -5

lim(x—5)=5-5

— X—3

=0

lim f(x)= lim |x|—5
Jim, (%) x_.5+| I

lim(x— 5)

— X—=3

f(x)=[x|-5

https://byjus.com
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lim f(x) = 11111 f(x) = 11111 f(x)=0
Hence, *=3

{a—bx.x =1
f(x)—‘ 4, =1
_ - lim £(x
28. Suppose baxx >l and if =—=! (x)= f()
aandb
Solution:

Given function is:

a+bx,x<1

flx)= 44, x=1
b-ax,x>1
and

1111} f(x) =f(1)

lim f(x)= lima+ bx
x—=1" x—1

=a+b(l)

=a+b

Eﬂlll f(x) = ]‘.cl_I:Ilb —ax

=b-a(l)
=b-a

https://byjus.com
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Here,
f(1)=4

lim f(x) = lim, f(x) = limf(x) = f(1)
HEHCE, x—=1 x—=1 x—=1

Then,a+b=4andb—-a=4
By solving the above two equations, we get,
a=0andb=4

Therefore, the possible values of a and b is 0 and 4 respectively

29. Letag, az..eeeeen. an be fixed real numbers and define a function
f(x)=(x-a) (x-a2....... (x — an).

lmf(x)? lim f(x)
What is *—=& For some a # ai, ay, ....... an, coOmpute *—2
Solution:
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Given function is:

fix)=(x=aq) (x=ay) ... (x-an)

lim f(x)-

x—+a,

lim f(x) = lim [(x - a,)(x- a,) ... (x- a,)]

[lim(x —a,)] |[lim{x— 32)] - [lim(x — an)]

x—a, x—a, x—a,

We get,

~ (a1-a1)(a;-az) .. (a1 -a,) =0

(W]

lim f(x) =0 (

Hence,
lim f(x)-

X—a

LI_IE f(x) =L1_1};[(X— a,)(X-a;) ... (x-a,)]
_limts—a) [pimce—2p)]-[pimce— )
We get,

= (a_al) (ﬂ.—ﬂz} A {ﬂ—ﬂn}

limf(x)=(a-a,) (@a-a,) ... (a-a,)
Hence, ™~

lim f(x) =0 }{1_1}; fx)=(a-a;) (@a-a;) . (a-a,)

Therefore, *~%: and

https://byjus.com
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ﬂx|— Lx<0
f(x)=4 0, x=0
20, 1f hx|—l.x =0
Solution:

Given function is:

x|+ Lx <0
f(x)=¢ 0, x=0
[x|-1Lx >0

There are three cases.

Case 1:

Whena=0

lim f(x):

x—=0

li%l_f(x) = li%l_(lxl +1)

lim(—x+1)=-0+1

— Xx—=0

=1

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

Imf(x)
For what value (s) of a does =—2 exists?
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Jig £0) = i (1~

lim(x—1)=0—-1

_ x—=0

=1

Here, we find

0 = I f)

lim f(x)
x=0 does not exit.

Hence,
Case 2:

Whena<0
lim f(x):

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

lim{(—x+1)=—-a+1

= X—a

Jim 160 = lim (11 +

lim{(-—x+1)=—a+1
__ x—a

lim f(x) = lim f(x) = limf(x) = —a+1
Hence, X—3a XN—=3a X—3

Therefore, lim (f(x)) existsatx =aand a <0
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Case 3:

Whena>0

lim f(x):

lim f(x) = lim (Jx| - 1)

lim(x—1)=a—-1

lim, f(x) = lim (|x| — 1)

lim(x—1)=a—-1

— X—a

lim f(x) = lim f(x) = limf(x) =a—1
Heﬂce, X—3a X—=3a X—3a

Therefore, lim (f (X)) existsatx=a whena>0

. f(x)-2 _
; o m—— = lim f(x)
31. If the function f(x) satisfies *~ X —1 , evaluate *—!
Solution:

https://byjus.com
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mnw -
- 2 -
Given function that f (x) satisfies ol xT -1
!l{i_rf.}_ flx)—2
limx®—1 =T

Hﬂ}{:f{:}{) —2)= n{]in}(xz —1))
Substituting x = 1, we get,

.Li_l}}(f(x) —2)=m(1>—1)

Li_r}}{f{xj —2)=mn(1-1)
Li_l}l}[:f[:}{) —2)=0
limf(x) —1lim2=10

x—=1 x—=1

1'111} filx)—2=0

=2
"mx: +n, x<0
f(x)={nx+m.0=x=1
nx’+m. x>1 limf(x)
32.If . For what integers m and n does both =—?
limf(x)
and =1 exist?
Solution:

https://byjus.com
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f(x)=
Given function is

lim f(x):

x—0

lim f(x) = lin:é{n’u(E +n)

x—=0"

=m(0)+n

=0+n

=n

i 69 = lim(oc + m)
=n{0)+m

=0+m

=1

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

2
mx-+n, x<»0
nx+m, 0=x=1

nx" +m. x=1
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Hence,

lim f{x) exists if n = m.
w—0

Now,

lim f{x):

x—1

111111_ f(x) = lin}(n:{ +m)
=n(l)+m

=n+m

J, 00 = iy + )
=n(1P+m

=n(l)+m

=n-+im

lim f(x) = lim f(x) = limf(x)
Therefore *7* x=1 x=1

lim f{x)

Hence, for any integral value of m and n *™* exists.
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EXERCISE 13.2
1. Find the derivative of x>- 2 at x = 10
Solution:
Let f(x)=x?-2
From first principle
From first principle

f(x+h) — f(x)
h

f'(x) = lim
(x) = lim
Put x= 10, we get

f(10 +h) — f(10)
h

f'{10) = %_ll_l;%

- [(10+h)?—2] —(10%—2)
lim
— h—0 h

102+2x10xh+h*—2—-102+2

_im h
20h + h?
lim —
h—0 h

_ EEE.{ZU + h)

=20—+0

=20

2. Find the derivative of x at x = 1.
Solution:

Let f(X) =X

Then,

https://byjus.com
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From first principle

f(x+h) — f(x)
h

f'(x) = lim
(x) = lim
Letf(x)=x
From first principle

f(x+h) — f(10)
h

r 1
F) =]
Putx =1, we get

f(1+h) —f(1)
h

(1) =|m

 (1+h)—-1
lim——
_ h—0 h

Lo1th-1
_#2% h

. h
_im

lim1
h—0
=1

3. Find the derivative of 99x at x = 100.
Solution:

Let f (x) = 99x,

From first principle
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f(x+ h) — f(x)
h

f'(x) = lim
(x) = lim
Put x =100, we get

f(100 + h) — £(100)
h

f'{(100) = Lﬂr

~99(100+h)—99 x 100
lim
— h—0 h

99 x 100 +99h — 99 x 100
lim
_ h—0 h

. 99 x h
hoo D

lim 99
h—0

99

4. Find the derivative of the following functions from first principle
(i) x3 =27

(i) (x=1) (x-2)

(iii) 1/ x?

(iv)x+1/x-1

Solution:

(i) Let f (x) = x3- 27

From first principle
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f(x+ h) — f(x)
h

f1() =

o x+ h)® —27] — (x®—27)
lim
h—0 h

- x*+h®+3x?h+ 3xh? —x?
lim
h—0 h

~ h*+ 3x*h+ 3xh?
lim
_ h—0 h

Lina(hz + 3x?% + 3xh)

(ii_) Letf(x)=(x—1) (x-2)

From first principle

f(x+ h) — f(x)
h

f0) =

 x+h-1DE+h-2)—(x—1D(x-2)
lim

— h—0 h

lim

(x*+hx—2x+hx+h*-2h—-x—-h+2)—(x*—2x—x+2)

e h—*U h

 hx+hx+h®*—2h—h
lim
_ h—o0 h

Llﬂn(h +2x—3)
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=0+2x-3

=2X-3

(iii) Let f (x) = 1/ x?

From first principle, we get
f(x+ h) — f(x)

F(x) =y

h

r 1

2 2

) LiHEII{:-:+h:|h X
x? —(x+h)?

=(0-2x)/[x* (x + 0)?]
=(-2/x%

(iv) Letf(x)=x+1/x-1
From first principle, we get

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives
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f(x+h) — f(x)
h

F) =]

x+h+1 x+1

= lim x+h-—1 x—1

h—0 h

y (x—1)(x+h+1)—-(x+1xE+h-1)
_ 1o h(x— )(x+h—1)

o 1[(x*+hx+x—x—h—-1)—-(x*+hx+x—x+h—-1)
= nloh (x—D(x+h—1)

_y —2h
T heoh(x— D(x+h—1)

-2
= - D&sn—D

B 2
T x-DE-1)
_ 2
S (x—1)2
f(x):L_—X___”X__X __.L
5. For the function 100 99 2

Solution:

https://byjus.com

.Prove that > (1) =100 > (0).


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

' NCERT Solutions Mathematics Class 11 Chapter 13
m BYJU'S Limits And Derivatives

The Learning App
Given function is:

Klll}l} XGQ’ Xl

4+ —+x+1]
100 99 2

f(x) =

By differentiating both sides, we get

Xlﬂﬂ ng XE

m-l-ﬁ‘l-'"—l-i-l-}{‘l- 1

d

d
ax ™ = 5

d /x4 /x*° d (x*\ d d
= =\T00 ) T&=\9 ) T R\ T ) @ F D

We know that,

i my _ n—1
it(x)—nx

df{:) 1Dﬂx99+99xgg+ +2X+1+U
T YT 7100 99 2
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X)) =x+x"®+-.+x+1
Atx=0, we get

fl0)=0+0+...+0+1

f'(0) =1

Atx=1, we get

f{1)=1"2+1%+ . +1+1=[1+1..+1] 100 times =1 x 100 =100

Hence, (1) =100 f(0)

; . . .n n-1 2,n-2 n-1 n .
6. Find the derivative of X +dX +d X ~+..+da X+4a for some fixed real

number a.
Solution:
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Given function is:
1
[

fix)=x® rax® ! +a’x* 2 +.. +a"'x +a

By differentiating both sides, we get

; d n n—1 2 12 n—1 n
f{x)=£(}{ +ax” " +ax “+..+a :{+a)
d d d d d
_ n n—1 2 n—2a . n—1 n
_dX{X )+ adx{x J+a d_X{X )+ --+a dx{xj+a dx{lj
We know that,

i my __ n—1

» (x") =nx

f{x) = nx™" + a(n-1)x"2 + a(n - 2)x"3 + ... + a™ + a"(0)
f(x) = nx™ + a[n-1)x"2 + a(n - 2)x"3 + ..+ a™!

7. For some constants a and b, find the derivative of
(i) x—a)(x—b)

(ii) (ax? + b)?

(iii)x—a/x-b

Solution:

() (x—a) (x-D)
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Letf(x)=(x—a)(x—b)
fx)=x2—(a+b)x+ab

Now, by differentiating both sides, we get

f'(x) = %(XE —(a+b)x+ab)

d d d
_ 2y _ — —
= &) —@+b) )+ (ab)
We know that,
n—1

d romy _
it(x)—nx

fllx)=2x-(a+h)+0

=2Xx—a->b
(i) (ax? + b)?

https://byjus.com
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Let f(x) = (ax*+ b)?
f(x)=a%x*+ 2abx? + b?

By differentiating both sides, we get
f'(x) = i (a%x* + 2abx? + b?)

rrey 4o roa 4,2y, 82
F(x) = & (x9)+ (2ab) = (x7) + < (b?)

We know that,

i my n—1
i“(x ) =nx
fiix)=aZx4x> +2ab x 2x + 0

= 4a3%%3 + 4abx
= 4ax (ax? + b)

(i) x—a/x-Db
ary L (x—a)
Let f [I}_—{_\?*—-b}

By differentiating both sides and using quotient rule, we get

rix) - 2=4)

(v-)- L (v-a)~(v-a) - (x-b)
(x-5)

=D -G-a))
(-0

7=

https://byjus.com


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

' NCERT Solutions Mathematics Class 11 Chapter 13
m BYJU'S Limits And Derivatives

The Learning App

By further calculation, we get

_x=b-x+a
(x-b)

_ a—b
(x-b)

x" —a"

8. Find the derivative of X —a for some constant a.
Solution:

Letf(x)=

L

x'—-a

)

X—ua

By differentiating both sides and using quotient rule, we get
o ‘_ri Ir:l _ aal
4 {l)_ffx[ X-a J
d

x- a) a(x" -’ ) n(_r” - J%(:m f.f)
(e

By further calculation, we get

[':": - ﬂ'] (.ru:""] - {})ﬁ_ (In _ Ei‘”)

(x-a)

e’ —anx™ —x" v a”

()

/(%)=

9. Find the derivative of
(i) 2x -3/ 4

(ii) (553 + 3x — 1) (x = 1)
(iiii) x3 (5 + 3x)

(iv) x° (3 - 6x°)

(v) x4 (3 - 4x®)
(vi)(2/x+1)-x?/3x-1

https://byjus.com


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

' NCERT Solutions Mathematics Class 11 Chapter 13
m BYJU'S Limits And Derivatives

The Learning App

Solution:
(i)
Tetf(x)=2x-3/4

By differentiating both sides, we get

f'(x) =%(2X—%)

(ii)
Letf(xX)=(5x*+3x-1)(x-1)

By differentiating both sides and using the product rule, we get

f'(x) = (6x*+3x—1) E(X— 1)+ (x— 1)£(5X3 +3x+1)
B dx dx

=(bx*+3x—1)x 1+ (x—1) x (156%%+ 3)

=(5%3 +3x - 1)+ (x - 1)(15xZ + 3)

=5x3+3x-1+15%° +3x-15x2-3

=20%° - 15%2 + 6x - 4

(i)
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Let f(x) =x7 (5 + 3x)

By differentiating both sides and using Leibnitz product rule, we get

oy s d an d (-
f(_r}=:rji{5+31']+{5+gx)i[:13)

=57 (0+3)+(5+3x)(-3+7)
By further calculation, we get
=x7(3)+(5+3x)(-3x7)
=337 -15x7 =0y~

=—6x" -15x""

=—3x" (2 +£]
X

o d
=Y (0x45)

X
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Let f(x) = x° (3 — 6x77)
By differentiating both sides and using Leibnitz product rule, we get

- 5 j U] & d 3
S(x)=x ;—I{Z%—Eb:r )+(3—I5x ]E(T ]

=x {{] ~6(-9)x"" } +(3 - E&x"}](i‘c" }
By further calculation, we get

=x (547" )+ 152" 3007
=S4x +15x* —30x7°

= 24x" +15x"

=15x" + 21:

v

Let f(x) = x* (3 — 4x2)

By differentiating both sides and using Ieibnitz product rule, we get
& d =5 =5 d
Filx)= x“E(S i ]+(3—4x )E(x“]
=g {'['.I— 4 [-5) I_H} + (3 — 457 J[—ril) S

By further calculation, we get
=37 (2057 )+ (3427 ) 4x7)

=20 =127 #1627

3

=36x" —12x

12,36

3 ]
O
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(vi)
f(x) =
Let

2 x?

x+1 3x-1

By differentiating both sides we get,

f‘{j—d 2 x°
MEm\x+1 3x—1

Using quotient rule we get,

Fx) = Xt 1) GBx—1)2

x+DI@-23x+1) } l{zx— 1) 2 -x2 3 (3x- 1)}

x+1D00)-2(1)] [Bx—1D2x)-x)x3
(x+ 1)2 ]_ [ (3x—1)2 ]

B 2 6x? — 2x — 3x°
T (x+ 1)2_[ (3x— 1)2 ]

2 x(3x—2)
T x+1D2 (3x—1)2

10. Find the derivative of cos x from first principle
Solution:
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Letf(x)=cosx
Accordingly, f(x +h)=cos (x+ h)
By first principle, we get

flx+h) —fix)
h

r .
F={n
S0, we get

1
= LIE%H [cos(x+h) — cos(x)]

_ 1[ 5 si (x+h+X) . (x+h—x)]
—I}HE‘H —4 BIN T s11 T

By further calculation, we get
_ 1[ 5 si (Ex+h) . (h)]
=lim|-2sin{——sin{5

. h

 xemy . sin®)
= lim —5111( ) x lim A

h—0 2 h—»o0 2o

2

2+ 0
=—sin( )xl

2
=-sin(2x/2
= - sin (X)
11. Find the derivative of the following functions:
(i) sin x cos X
(ii) sec x
(iif) 5 sec x + 4 cos x
(iv) cosec x

(v) 3 cot x + 5 cosec x
(vi)5sinx—-6cosx +7
(vii) 2 tan X — 7 sec x
Solution:

(i) sin x cos x
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Letf(x)=sinxcosx

Accordingly, from the first principle,

vpn o St h)=1(x)
S'(x)=lim -

f1—l

_ip sinx+ A)cos(x+h)—sinvcosx
- .'Jl—i;II! h

x !ji_amﬁ[zsin (x+4#)cos(x+#)—2sinxcos x]

N )
= !JI};E;!E[SM 2(x+4h)—sin 2,1]
. 2x+2h+2x . 2x+2R-2x
=lim Zcos g5in
= 2 2

By further calculation, we get

. 1[ dv+2h . 2#}
=lim—| cos sin—
-0 2 2

f1—l

= Iim%[cns{zx + h)sin .t‘r]

=limeos(2x+h).lim il

h—+0 b=t
=cos(2x+0).1
=08 2x
(ii) sec x
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Letf(x)=secx
=1/cosx

By differentiating both sides, we get

f {:X) - é (ED]:S X)

Using quotient rule, we get

d d
cosx— (1) — 1—(cosx)
fF{:X) _ dx dx

COSX
cosx X 0 — (—sinx)

C052x
We get

sinx

 cosZx

sinx 1

© cOoSX  COSX

=fan X sec x
(iii) 5 sec x + 4 cos x
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Letf(x)=5secx+4cosx

By differentiating both sides, we get
() =~ (Ssecx + 4
x) =< {5secx + 4 cosx)

By further calculation, we get
d d
=5 o {secx) + a’-l-&{cos X)

= b secxtanx + 4 X {—sinx)

=5secxtanx-4sinx
(iv) cosec x
Letf(x)=cosecx

Accordingly f{x + h) = cosec (x + h)

By first principle, we get

flx +h) — f(x)
h

P =y

., cosecxthl-cosecx
=lim
h—0 h

=limi( - 1)

h—=oh “sin{x+h) sinx

https://byjus.com
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sinx—sin{x+h}

sinxsin{x+h}

x4+x+hy —x-h
1 Eccs{ = )sm(x = J
— m_

NCERT Solutions Mathematics Class 11 Chapter 13
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1|2co

sinxh-gh

B sinxh—oh

By further calculation, we get

lim

sinxh—0

L
z

5 CDE(

— sin(
(EJ sin{x+h}

sin(gj x

h—o sin(x+h}

COSK

SiNX

-LOSeC X COt X

(v) 3 cot x + 5 cosec X
Letf(x)=3 cotx+ 5cosecx

f(x) = 3 {cot x)’ + 5 (cosec x)’

Let £ (0) =cot x,

f1{x) = ]ing

Accordingly fi st +h)=cot (x + h)

By using first principle, we get

fi(x+h) -5
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. cotlx+h}—cotx
=lim ———
h—=0 h

— lim (cus{x-ﬁ—h} cusx)

h—rﬂ h \sin{x+h} sinx

By further calculation, we get

. 1 {sinxcos{xth}—cosxsin(x+h}
=]im - (

h—oh sin x sip (x+ht

“lim 1 ( sin(x—x—h}

h—nh ‘“sinxsin(x+h}

1 zin(—h} ]

—1/sinx h_IEh [sinfx+h}

__ sm h)
sinx h_;:] h _3.:]. zin(x+h}

. 1 1
T minx sin(x+07}
- 1
=in? x
= - cosec? x

Let f7 (x) = cosec X,
Accordingly f; {x + h) = cosec (x + h)
By using first principle, we get

L+h) -HE
h

509 =

iy cosedxth)—cosecx
h—0 h

—1'11113( r )
" hooph \sin(x+h) sinx
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. 1 [sinx—sin{x+h}
=lim = [—

hooh | sinxsin{x+h)}

By further calculation, we get

_ 1 l]_ml Ecos(x-l-::-l_hjsin(x_!;_hjl

sinxh—ph sin{x+h}

sinxh=oh sin{x+h)}

_ 1 lim 1 [2 cns{zx;hj sin(_?hJ]

i [t

sinx h—0 ('El sin{x +h}

B

co s(zx;hj

1
= — lim X lim
sin xhoo h hoo sin(x+h}
z
2x+0
- cos(=5)
sinx sin{x+0}
1 COSX

ginx ginx

=-cosec X cot x

Now, substitute the value of {cot x)’ and (cosec x)’ in £’{x), we get

f(x) =3 (cot x)' + 5 (cosec x)'

f(x) = 3 x (-cosec? x) + 5 x (-cosec x cot x)

f(x) = -3cosec? x - Scosec x cot X
(vi)5sinx—6cos X+ 7
Tetf(x)=5sinx—6¢cosx+7

Accordingly, from the first principle,

https://byjus.com


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

[BBYJUS

The Learning App

h—i

s f[x+h)—-f{:r]
f{:{]—lll'ﬂ p

=lim %[Ssin{x+h}—6ms[1+h)+?-—5sinx+6c051«?]

= Eiml

lim— [5 {sin(x+h)-sinx}—6{cos(x+ h)-cos T}]

=5 Li_r:}%[ﬂin{x 34 fr) —sinx |—6 I;.l_r}:' %[cus{x+ fr) —c0s :r]

By further calculation, we get

o] *x+h+x) . [x+h-x _ cosxcosfi—sinxsinfi—cosy
=5!m&}?— 2cos —— ain miu—- —Glim

Bl h
- —cos x{1—cos k) —sinxsin
:5|imi[2cns[h+hJsiu£:|—6lim[ cosx(1—cos/)—sinxsin
hi—0 Jy 2 2 fi—1i

h ]
Now, we get

.
5111 — i ‘ :
l .| —cosx(1—=cosh 3
=5lim COS{EE'FI?J 2 _6“1“{ ( }_SlﬂTSlllh
fi—=1 2 fi]
2

fr—ll h f? :|
'ainﬂ
=5[Iimcns[2x+h]:| lim—_2 -—6[[-cns:«-}[lim]ﬁm5hj
fr— 2 __,'.,_m E
S 2

=0y

s [sinhﬂ
—sinxlim| ——
=il h

=5cosx.1 —Er[(—cus x).(0)—sin x.]]
=5cosx+0Osiny

(vii) 2 tan X — 7 sec X
Letf(x)=2tanx—7secx

Accordingly, from the first principle,

https://byjus.com
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_,f"{x) =lim f(x+h}—j" {1]

n—xlb I’I_il

NCERT Solutions Mathematics Class 11 Chapter 13
Limits And Derivatives

= [i111—1~[2mn (x+/7)—T7sec{x+h)-2tanx+ ?secx]

-} h

_ [i1n~1~ [E{tan (;.- + ,r-;] —tan 1} - ?{sec{x + ft:}-r 580 \}]

fi—e0l h

fi—»

I ]
= hm? I:tan {Jr + f;r] —tan .T:I -7 lim— I:sa:{_‘r -+ h}—sec‘.:r:l

Tt 3

By further calculation, we get

1 {sin[xﬂr] _ sinx}_ﬂ.

o fy

| | 1
m— =
-4 CDE{JL'-I- #}) cosx

=2lim—
fralh g cos(:r -!-fr] COsX b
—

=2lm—
=l GDSICGS[I - h]

_vlimi sin(xﬂ':—:r) —"e'!iml
2 fisn fp cosxms{x +f?}

50 fi| cosxcos(x+/)

Now, we get

i (sin !r] I
=2hm
o\ f ) cosxcos(x+ )

sin{:&‘+f:r)cns:'f-—sin:l.‘ct:rs[.‘-'f+f?]] - I[cusx-—cas[x-hi'?}]
— 1M —

CO5XCcos [.\.‘ + fr]

oo [x+x+ﬁ)_ [A‘—x—h]
—a 3111 - S -

; [2.1'+f1] . ( h)
=2sm sn| ——
| 2 2

—7hm—
b fy cosxcos(x+ /1)

=7 m = || [im

. Bt i 1
=2 lim—— || lim
] j; L o i Lo e (:_T =+ .|r-i']

=

il COS X C0s (_T =+ h]

Yya
Siﬂﬁ sin["x”!]
J 3 2

;
s
T

13|
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1 5101
=21 =71
COSXCOSN COSX COSX

=2sec’ ¥—Tsecxtanx
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MISCELLANEOUS EXERCISE PAGE NO: 317
1. Find the derivative of the following functions from first principle:
(i) —x
(i) (=)

(iiii) sin (x + 1)
(iv) c::rs[x —g]

Solution:

(i) -x
Letf(x)=-x
Accordingly, f(x+h)=-(x+h)

Using first principle, we get

Accordingly, f (x+h)= ( _+I1 ]
X 1

Using first principle, we get
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f’(x} =Iimf(x+ h)—ﬂ:x]

li—+i2

s [ el [—IJ
=lim— - —
k] X4k \ox

o I ~E 1
=lim— i
h+0h|x+h x

1[—x +{x+h}]

B LJ—JRE x(x+h)

By further calculation, we get

1] =x+x+h
=lm—| ——
=1 h| x(x+h)

~fim | —
b=l ] _x(x-!-h}

:‘1/x2
(iii) sin (x + 1)
Letf(x}=sin(x+ 1)

Accordingly, f(x +h)=sin(x+h+ 1)

By using first principle, we get

eon g T(x+R)=F(x)
f'{x)=lim :

= Li_i}g%[sin (x+h+1)—sin(x+ I}:|

o1 X+h+1+x+1Y , [ x+h+1=-x-1
=lim—| 2cos zin
I1—:-Iili'|_|: [ 2 ] [ 2 )]
. ][ [2:{+I1+2) X (hﬂ
=lim—| 2cos| ———— |[sin| —
b=l |4 2 2
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—

sin

[_

)

) 2%4+h+2
= lim| cos .
f=sl1 2

o =
pamm—

We get,

. (h
. Ix+h+2Y . Sm[zJ
=|1!1‘|C{}S T N |

my—
hi—0 %—Hb E_l
2

We know that,

h—:~{}::-]%—:~ﬂ

[2:<+D+2]
= C0% T .1

=cos(x+1)

i

(iv) m[x ‘g]
Letf(x) =cos(x—§]

Accordingly, f(x+h)= cos[x +h —g]

By using first principle, we get

£(x)= Iimf[x+h]—f{x}

b=l

g 1T s
=lim—| cos x+h=—)~cm‘. Wi —
h+ |y 8 g

We get,
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[x+h~£+x—£] Xt h s o o =
=hm—|=2smn $ sin 8 .

h—+0 [y 2 2

Further we get,

T
2x+h—— ’

w2 ;
=lim—| =2sin| ——= {sin—
h=+0i |y 2 2

S0,
ekl B [llj
2x+h—— |sin| =
. . 4 2
= hm| —sinl - — 2l I el
h= 2 {h]
2
i . h
Ix+h-2 sm[—}
: ; A 11 e 2
= lim| —sin dim
h—D0 2 !;—,L'l [1_]]
) 2

[Ash—»ﬂ:»%—m}

o 0| L
4

=—3In N

Hence, we get

[ ﬂ
=-sin| X -
8

A

Find the derivative of the following functions (it is to be understood that a, b, c, d, p,
g, r and s are fixed non-zero constants and m and n are integers):
2. (x +a)
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Solution:
Letf(x})=x+a

Accordingly, f(x +h)=x+h+a

Using first principle, we get

ooy o ()= F(x)
f(;)-{l_’m“ i

S0, NOW we get

. x+hta—x—a
=lim
D=1 h

. [ h ]
=lim| —
Si— h

=lim(1)

h—

=1

3. (px+q)(r/x+5s)
Solution:

Letf{.\:):{px+q}[£+s]
X
Using Leibnitz product rule, we get
. I3 " '
S(x)=(px+ q][;ﬂr] +[;+3]{px+q]
We get,

= (pr+q) (' +s) +[£+S][P}

X

By further calculation, we get

_ {px+q][—;x‘2 ] +[£+:§]p

X

={px+q)[;—;]-l-[£+ﬁjp
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Now, we get

X X X
=j).'i—-q—f
x-

4. (ax + b) (cx + d)?
Solution:

Let f(x)= {:r:u:+b}(ax+d]

-

By using Ieibnitz product rule, we get
£ {r) =(ax+ b}i{m‘+d}3 +(ex+ d}z E-{ux+b)
dx dx
We get,
= (ar + b]i (r:z:r2 +2cdx +d” ) + [r:.'.'.'f +ﬂ’]1 i[m‘+ !:-)
ax dx
By differentiating separately, we get
d ..y d d .. 2| d o
= e Sy s 2 - - - ——— —
(m+b][dx{¢ )+ ch{ Cdx]+drd }+{m+a’) [dxm+ dxﬁ}

S0,

=(m:+b)(2¢1x+ 2::‘d)+[cx+d:)a

=2c(ax+b)(ex+d)+a(ex+d)’

5 (ax+b)/(cx +d)
Solution:
LE.‘fj'{_r} =

ax b
ex 4o

Using quotient rule, we get
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#'(x)

_ (c:r:+d)%{ax+b)—{ax+b}%{cx+a’]
(cx+dY

Further we get

(ex

+d)(a)~(ax+5)(c)

{cx+d]:

S50, now we get

acy =+ ad —aex = be

(c:r+a’):

Hence,

ad — be
[c:r-i-d)?

6. (1+

1/%)/ (1-1/%)

Solution:

I x+1
l+—

Letf(x)= "11:= 3 =x+l,wherex;¢{]

x=1 x-1
X x

Using quotient rule, we get

7'(x)

(D () ) )

(x-1)

a0

Further, we get

(=D -(+1)()

Lx=0, 1

(v=1)
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S0,

:Lx:]: v20. 1
oIy

2
(1)

7.1/ (ax®> + bx + ¢)
Solution:

Let f(x)=

—

Ll ]

1
ax’ +hx+c

Using quotient rule, we get

(.:wx2 +bx+c)d£(1}—%(ax! +J1':-x+c3}
N z

()=

s 1
(m:' +hx+ c)

By further calculation, we get

(ax® +bx+c)(0)—(2ax +b)

(m:z +bx +c]:

—(2ax+b)

=

{axg +bx+c')

8. (ax+h)/px®+gx+r
Solution:

ax+h
px1+qx+r

Let f(x)=
Using quotient rule, we get

, d 4,
71(x)= (Pv'c‘ +qx+r]£{ax+b}—(ax+b)g[m— +qx+r)

( Pt 4 g+ r)j
Further we get,
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(9" + e+ r)(a)~(ar+8) 2pr-+)
(px: +gr+ r]z

Again by further calculation, we get

_ apx” +agx + ar = 2apx” — age—2hpx —bg
(sz + g + r]l
_ —apx’ —2bpx+ar—bg
(pxz + g -H'}!

9. (px2+qgx+r)/ax+b
Solution:

. X+ X+ 8
Lt/ (=508

Using quotient rule, we get

o T s 2 ’ d
(m‘+b)aipx +q:.+r)—(px +q:c+;]g[ax+b)
(ax+b)

£(x)=

By further calculation, we get

_ (ax+b][2px+q)—[px2 +qx+r](a)
(ax+b)

S0, we get
3 Zapx: + aip -+ 2bpx + beg — ap_vz = agx —ar
{ax +h }1

_ apx” + 2bpx + bg —ar
(ax+ b}z

10. (a/ x* — (b / x?) + cox X
Solution:
Let_f'(x}:i— b

4 2
X X

+Cos.x
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By differentiating we get,

22 45 S

On further calculation, we get

—a ()b (%) 4 (cos)

dy
We know that,

d pouy ii RV
[JT[J )_;m. and—(cos x) = mna}

o

S0,

:ﬂ(_4rﬁj_h(_zx4]+(—5ﬂ1I}

—da b
=——+——sinx
.T X

11.4w{_—2

Solution:

Letf(x)=avx -2
By differentiating we get,
d d
F(x)= (44’_ 2)= E{4£)_E(2}

Further, we get

il

=

Limits And Derivatives
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1 L
=4 lxz I]
2

12. (ax + b)"
Solution:

Letf(x)={ax+b)

Accordingly, f (x+h)={a(x+ ) +b} = (ax+ak+b)

Using first principle, we get

) figg £ =7 (%)
f(x)=lim =

h—»il

o (m’ +af +b]" - [m’ +&T
fi-slp b

Further we get,

{m‘-l—ﬁ}”[l-b ak )m{m'-fb)”

. erx
= lim

[ I

[I ah j -1
- {ﬂ_‘{ -|-|;J']" I_]m X :_b
Ml 7
By using binomial theorem, we get

:(4:::r+h:|"'1in1i I+n[ 2l }J—n(ﬁl_])[ i ]_ri-... -1
bl gy ax +b 2 \ax+b
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Now, we get

bt fp av+h

Moye -1 jhz — .
=(av+h) lim - {n[ s ]+ L +...(Terms containing higher degrees of .r'?]]

|2(ax + b}j

=0, wWe get

=(ax+h)’ llmL Al +n(n 1}a31r+m]

131l m-[—b} [_{mi—.h

On further calculation, we get

:[u.‘c+h]“[- = -+Di|

(ex+b)

[m‘ + b)u
(ax+b)

=nafax+b)"

=

13. (ax + b)" (cx + d)m
Solution:

i

Let £ J.,} ar+b {cx+d]
By using I eibnitz product rule, we get

F(x)=(ax+p) ir{r;'JH d)" (a‘c-!-a')m%(ax+ﬁ)w

let f; (x) = (ex+d)"

Hx+h)=(cx+ch+d)"
Then,

filx+h)- filx)

fi (x)=lim-

fa—sll

+ch+d +of
_Im}.{m ch+ }ﬁ fa }
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By taking {cx + d)= as common, we get

=[m‘+u‘]m1iml[(l+ h ) —l]
=4 fy ex +d

On further calculation, we get

=[¢‘1‘+d]m1iml i meh +m(m—[] (clhz] .
5 PRy (cx+d) 2 {r::JH-a’]2

Now, we get

fa—il .Ilri|

i b m(m—1)ck? L
=(ex+d) iuul[ Lo LW J_E )¢ . +,.,{Terms containing higher degrees of /)

(ex +r;J") (m-+rj)“

We know that,

=1

d ur
—lex+d)] =molex+ed
dx {L } }?IL(L‘L }

=l

Similarly. di{mﬁ b)Y =na(ax+5b)
X

= {4:.:11'+n:a”)ﬁJ lim L e + m{m— l}c_h +]

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

Now, we get

:(L‘Jf-f-d)m[ e +ﬂ}

ex +d

_; mc(a‘c-l-.c;f}m
- (c::r+d:l

w—l

=mc{cx+u’}
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Hence, we get
f(x)=(ax+b) {mc (ex+d)" } +(ex+d)" {Hu (ax +f:~}""}
=(ax+b)"" (cx+d)" [mc(m' +b)+na(ex+ d}]

14.sin (x + a)
Solution:

Let f(x)=sin(x+a)
F{x+h)=sin(x+h+a)

By using first principle, we get

v S )= (x)
FE)=lm=
:!Iﬂ5in{x+h+ai~sin(x+a}

On further calculation, we get

P | x+h+a+x+al  (x+h+ao—-x—-n
= lim—| 2¢cos| ————  [sin
nesi 2 2

S0, we get

. 1{ [21+2a+ﬁj . [hﬂ
=lim—| 2cos] ————— [sin| —
=i fo 2 2
sin E
: [E:H—Emwh] 2
= lim| cos 5

h=xdl

)

By taking limits, we get

i

limy 3
) 2

https://byjus.com
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Hence, we get

[ 2x+2a
= ms| # |

2
=cos(x+a)

15. cosec x cot x
Solution:

Let f(x) = cosec xcot x

By using Leibnitz product rule, we get

L)

/'(x) = cosec x(cotx) +cotx(cosec x)
Let ; (x) = cot x.

Accordingly. f, (x+ /) = cot(x+h)

By using first principle, we get

e Sl £()
ONLE
— i cot [.1'+jr}—cnt x
jnil i
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On further calculation, we get

= lim
B} h

Now, we get

=lim—

I (cos(x+h) cosx
sin{x+#) sinx

fi—i

= lim

sinxsin(x+#)

| [ sinxcos(x+h)—-cosxsin(x+ fr}}

L] sin(x—x-h) ]

b0 | sinxsin(x+h)

We get

| |
= lim

sinx =0

-1 f

So, we get

— | llm
S x h—d F

sinf

1

[ sin(—h) }
sin(x+h)

o

I |
w0 sin (x + h)
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159 |
" sinx l'[si|1(.x+ﬂ)]

_ =

sin° x

= —Ccosec X

Hence. we get

(cot x) =—cosec’x -(2)

Now, let f2(x) = cosec x. Accordingly, £, (x+h) = cosec(x+h)

By using first principle, we get

£y (%) =lim

& Sr—1i

Lix+h)-f(x)
h

- fim— [cﬂscc[x+ h) —cosec x]

f—il h

By calculating further, we get

o B 1 l
=lim—| — T
=0 fi| sin(x+5)  sinx

| [ sin .r—sln[.n"—h]}

= lim—
=0t sinxsin(x+ k)

So,
X+x+h fx—x—h)
EmsL 1|
l | = 2 '
= — lim— : - =
simx e sln[_r-- h}
| - s Y]
I l ,..C‘.'IS| pr sin P
— lim—| y 2 ¢ =
sinx it fp | sin(x+h)

Limits And Derivatives

https://byjus.com


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

NCERT Solutions Mathematics Class 11 Chapter 13
m QYJL!,& Limits And Derivatives

o h (2x+h)
I s | cos| |
: e R,

= - lim - e
J'IW sin{x+h)
Iy

sinxy | 1
2

\Y

We get,

Zx+ k)
sin cos |

1 ¥

=—— lim
3(n% A

Ch

5 | .
g o S T
W W0 sin 1+h}
A

i3 b2 "“"‘_

cos

Tfﬁ:\]
- I 2 _J
sinx  sin(x+0)

..v"_"\""-

-1 cosx

SIMY SINX
=—COsecy.cot ¥

Hence,
(cosec .I‘}J = —coseck.cot ¥ ['%]
From equations (1) (2) and (3) we get,

["(x) = cosec x(—cosec’x )+ cot x(~cosee xcat x)

1 3
=—COsec ¥ —Ccol” x cosec x

CcOs X
16. I+sinx
Solution:
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et/ ()= 1ir:: X

By using quotient rule, we get

. d d .
(1 +sm.1]E{cos,x)—licns_x]a(l +sinx)

() (1+sinx)’
_ (I+sin x]{—sinx}—{?osa—}{ccrs x)
(I+sinx)
We get,

~ —sinx—sin” x—cos’ x

- (I +5i11.r}:

—sinx— [s{n: X408’ x}

(1 +§iil‘i_‘f):
Now, we get

_ —sinx—1
B (1+sinx)’
~ —(1+sinx)
 (1+sinx)’
-
 (1+sinx)

51N X + COS X
17. sinx—cosx
Solution:
et ey 8iN X+ COS X
f[ ) 5iN X —COSX
By differentiating and using quotient rule, we get

(sinx—cos 1]% (sinx+cosx)—(sin x+cosx) %[sin X—C08¥)

1=

[sinxucus _T:lz
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On further calculation, we get
_ (sinx—cosx)(cosx—sinx)—(sinx +cosx)(cos x +sin x)

(sinx—cosx)’

2 2

—(sinx-cosx)” - (sinx + cos x)

(sinx—cosx)
By expanding the terms, we get
—[sin2 X008 ¥ = 28N XCosy+5in° ¥+ cos X+ Es{n,x::usx]

Y

{Sin X =CO08 I)'
We get
~[1+1]
(sinx—cos x)’
-2

(sinx —cos x)°

secx -1
18. secx+1
Solution:
secx —1
Lﬁf[x)_ secx+1
Now, this can be written as
e
_gosy _ l—cosx
fe= 1 " " l+cosx
CO8X

By differentiafing and using quotient rule, we get

(1+ cm‘;x]-{{--(l —cns;:]—(l —C(‘JSI)-‘;-(|+C(‘JSI)
> ,:r

I(x)= (1+cosx)’
_ (1+cosx){sinx)—(1-cosx)(~sinx)
(1+cosx)’

On multiplying we get

_ Sinx+eosxsinx +8inx —sinx cosx
- 2
(1+cosx)

_ 2s5inx
(1+cos x}:

NCERT Solutions Mathematics Class 11 Chapter 13
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This can be written as
2sinx

- a4

(r5es)
14—
SEC X

On taking L.C.M we get
2sinxy
(secx+1)
sCCT X
On further calculation, we get
_ Zsinxsec” x
- (secx+1)’

2sinx
TP
_ cosx

(secx+1)’
_ 2secxtanx
(secx+ I)2

19. sin" x
Solution:

Let y = sin” x.

Accordingly, forn=1, y =sin x.
We know that,

dy

— = COsX, Le, —SINX=CcOsXx
A

2

Forn=2, y=sin- x.

o =i{sinxsin x)
¥

So, dx

By Leibnitz product rule, we get

r r
= (HII‘J .}'i'} SN X+ 510 JC[SII'I JL'}
= COS X8l ¥+ sin ¥ cos x
=250 XCO5%

3

Forn=23, y=sin" x

@ d s
o E—E[MHJMH .-1]
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By Leibnitz product rule, we get

L in A ] i
=(sinx) sin’ x +sinx [sm a x)
From equation (1) we get
= cos xsin” x+sin x{2sin xcosx)
= cosxsin® x+2sin’ xcosx
=3sin’ xcosx

o

—(Sil‘l” _'c:] = nsin
We state that, 4*
For n =k, let our assertion be true

)y cos v

ie., %[:simJr x]=ksin“_'}xcnsx 2]

Now, consider

g;(sin"*' x] = :;% (sin xsint _1')

By using Leibnitz product rule, we get

r

- r . - -
=(sinx) sin® x+sin x(sin* x)

From equation (2) we get
=cosxsin’ ¥+sinx (,‘f sin* ™ x cns_r)
=cosxsin' x+ksin® xcosx
=(k+1)sin" xcosx

Hence, our assertion is true forn=k+1

by mathematical induction, i(sin” x)=nsin"" xcos x
Therefore, =

a+bhsinx
20. c+dcosx
Solution:

Let/ (x) - c+dcosx

By differentiating and using quotient rule, we get

a4+ hsinx

(c+dcos x]i(a +bsinx)—(a+bsinx) i_[r:+ d cosx)
f’{.ﬂ:): EA) dy

(c+dcos :t:jl2
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B (c+dcosx)(beosx)—(a+bsinx)(—dsinx)

(c+dcosx)
On multiplying we get

_cheosx+bd cos® x + ad sin x+ bd sin® x

(c+d cns.rj:
Now, taking bd as common we get
beeosx +adsinx+ .IrJff(COF-: x+sin’ _1']

(c +d cos Jr]n3

_becosx+adsinxy+bd

(c+dm5x)2

5'm|[.n:+ u}

21. cosx

Solution:
Let £(x)= sin(x+a)
COs X
By differentiating and using quotient rule, we get

qdr. : o
COS X E[sm (x +cr)]— sin(x+ a}acnsg

/(=)=

cos” x
el "
COS :r—[sin (x+ a]]— sin{x+a)(—sinx)
f'l(,l'): clx CDS:X sae {]}

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

g ()=l 15 EC

fi—=11

= ]imi[sin{xﬂr +a)—sin(x+ a]l:l
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On further calculation, we get

L1 ,1+1"?+a+‘|.+£f :.-.+J';+a—'c Pl
=1”“E 2cos

o1 11+2.::+h
=lim—| 2¢co8| ——M—

N=xll h

h }
[2x+ Za+h ] :|
=lim| cos 5

T}

Now, taking limits we get

gin

o

L

)

, 2x+2a+ by,
= lim cos T lim

fi=sl) .E_p:?‘ ( ]
2

2| =

We know that,

sinh -1
.l]_.f: h
[ 2x+2a ]
=| Cos " 3 |

=cos{x+a)

From equation (i) and (ii) we get

. (i)

f’(.r) - L'U.‘ix-cns{x+a)+sin x&i11{x+a}

cos” x
_ ccs{x+a—x}
T cos’x
_ cosa

- B
CO5™ X

22. x* (5 sin x — 3 cos X)
Solution:

Let /'(x)=x*(5sinx—3cosx)

[Asfr—}{]:}g—}ﬂ}

By differentiating and using product rule, we get

f(x)=x" i(isin:c—3::0$x}+{isinx—3msx)

o

d ¢y
E(T]
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On further calculation, we get
sy o d o aane ) (A
=3 [de{suu] de(msa]}ﬂﬁsuu 31:4::5;)#;[.1:]
>0, wWe get

=:rJ'[5@05x—3(—5inx)]+(55fn x—3cns:r)[:4;r3)

By taking x* as common, we get
=x" [Sxcosx+3xsinx+20sinxy—12cos x|

23. (X2 + 1) cos X
Solution:

Let /' (x)= {xz +l]cos.‘c
By differentiating and using product rule, we get

7/(5)= (3 +1) (coss) oL 41

iy

On further calcualtion, we get
= (J.‘a +l][—sinx}+ cos x(2x)

By multiplying we get

=—x"sinx—sinx+2xcosx

24. (ax? + sin X) (p + q cos X)
Solution:

Let f (x) = (ax* +sin x)(p+qcosx]
By differentiating and using product rule, we get

Fix)= [m:"r +5in I]i(p-" geosx)+( p+geosx) %(ﬂx‘? -+sin :.:)
On further calculation, we get

- (m‘z +sin :c](—q sinx)+( p+gcosx)(2ax+cosx)

=—gsinx(ax’ +sinx)+(p+gcosx)(2ax +cosx)

o5 (x+cosx)(x—tanx)
Solution:
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Let f(x)=(x+cosx)(x—tanx)

By differentiating and using product rule, we get

Fx)=(x+ cnsx}-{%_—(x- tan x) + ( x — tan x) a—{;:[x+ cos x)

=(x+cosx) [%{x]—%(tﬂu A):| +{x—tan x)(1-sinx)
Now, we get

=(x+ cns,\:][i —%tan x}+ (x—tanx)(1—sinx) )
Letg (x) = tan x . Accordingly, g {x+4) = tan(x + /)
By using first principle, we get

glx+h)—g(x)
h

[ tan (x +/A)— tan .r]

g'(x)=1lim

Fa—i)

=lim

=D

i

On further calculation, we get

i) [ sin(x+4) ~sinx
T i 5 _DDS{J‘+I?) Cosx

=lim—
b=l g COs (:c + h] cosx

1 [ sin{x+ k) cosx—sin xcos (x+ h)}

Now, we get

| . I|sin{x+h-x)
= e ._Ill‘n... e .
cosx w0 | cos(x+7)

1, 1| sink
= Jdim—| ————
cosx h+0 fi| cos(x+h)

S0, we get
] [ . sin a‘f] . 1
= J lim— || lm—
cosy fr—¢ll h h—=ih COs (x o= .h}
We get
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_ 1 i |
cosx  cos(x+0)

1

 costx

=sec” X (1D

Hence, from equation (i) and (ii) we get

f(x)=(x+cos :r:)(] —sec’ x) +(x - tanx)(1-sinx)
= (x++cosx)(~tan® x )+ (x— tan x)(1-sin x)

= —tan’ x(x+c0$x]+{x-tan x){l-s[n x)

dx+5sinx
26. 3x+Tcosx
Solution:

Let f{x} =

By differentiating and using quotient rule, we get

4x+3s5inx
Ix+Tecosx

(3x+7cos 1‘}%{43 +3sinx)—(4x +55inx}%{31 +7c0osx)

T ‘x — -
/') (3x+7cosx)
On further calculation, we get

(3x+7cos x}[il %{1] +5%{31n :)}—{41% 5sin x}[i’n ix+ Ticns _11

el dx

(3x+7cosx)’
_(3x+7cosx)(4+5cosx)—(4x+35sinx)(3-Tsinx)
- (3x+7cosx)
On multiplying we get
_12x+15xc0osx+28cosx+35¢08” x—12x+28xsinx —15sin x +35sin® x
- (31‘-{-?1:{}31)2
We get

15xc08x +28c08 x + 28xsin x—15sin x -1-35[:::,:::-5J x+8in° x]

(3x+7cos :r}:
_ 35+15xcosx+28cosx+28xsiny—15sinx

(3x+7cos x]1
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27.  sinx
Solution:

)

sinx
By differentiating and using quotient rule, we get

sin :r—d— (_1'2 )a-_":2 i [sin x]
Filxj= cns%. dx dx

sin® x

By further calculation, we get
—cos®E [sinx-l\:—f ms:.:]

"
By taking x as common, we get

. 2
3 X

xcosg[z sin x — xcos x|

sin® x
X
28. I+tanx
Solution:
Let £{x)=
f[) 1+tan x

By differentiating and using quotient rule, we get

(1 +tanx] & (‘c) J.—(I+tanx)

f(x)=

(l+tan.x]

d
(i + tan J.']—x-- : {l + tan x]
f(x)= d .

(1+ tan x)’

Let g (x) =1+tanx. Accordingly, g(x+#)=1+tan(x+5).
Using first principle, we get
g (T) = lim glx+h)-g(x)

it =sll ?!:I'
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_ Iim[l+tan{x+:}—I—tanx}

|:Sirl{_x+h) 3 sin ;l;j|

ms{_x -Hr*:) COSX

=i

L]
= lim—
=0 o
By taking L.C.M we get
i ] sin{x+/)cosx—sinxcos(x+h)
= 1111 =
cos(x+#4)cosx

=i h

We get

[—

. Sin(:'.'+h—:r) ]
= lim—
i) fp _ms{x+ﬁ:)unm_

sin /7

=lim—
wob fi | cos(x+/r)cosx

S0, we get

. sinh ) 1
=| lim | lim
= b= cos(x -+ h) COSX

=gec’ x

=I_)( 7
CoOs X

d 2 rm
—(l+tanx)=sec x
r:?':r{ + .mJ.) sec” X {i1)
From equation (i) and (ii) we get

_ l+tanx—xsec x
(1+tanx)’

f'(x)

29. (X + sec xX) (x — tan x)
Solution:
Let /' (x)=(x+secx)(x—tanx)

By differentiating and using product rule, we get
F'(x)=(x+sec :Ja]i (x—tanx)+{x—tan A‘}i[.\' +secx)
dx dx

S0, we get

CTE: +sccr)[%{x}—%tan _r]+{_r—tan \}[%[T]+ %scc .\'}
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=(x+sec x}[l - itan x}+{.‘:— tan x][] - ;—iscc .1} (i)

Letf (x)=tany, /. (3)=3ccx
Accordingly, f (x+h)=tan(x+h) and f,(x+h)=sec(x+h)

(o A=A

LY

: (tan (x+h) hm]
=lim

fi—i )
b

By further calculatmn, we get

[tan(r+h]— tunx}

h

=lim

di—)

lim ] sin(x+h) sinx

= li -

=0 | cos(x+h) cosx
Now, by taking L.C.M we get

i [ sin(x+h)cos x —sin IC(’JS&{I+.||1}]:|
=lim—

=0 Jy cos(x+h)cosx

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

o 51N 1
=lim—
=0 Ji| cos(x+h)cosx

[ sinhk ). I
=| lim J lim
,\_n'.l wlli h fa=sl} cgs[,r+h}£‘05 X
]

— = Sec” X
COS™ X

=1x

Hence we get

d o .
—tanx =sec” x 1)
v
Now, take
) L))
h—adk h

https://byjus.com


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

Limits And Derivatives

m BYJU'S NCERT Solutions Mathematics Class 11 Chapter 13

The Learning App

(sec(x+h)—secx
:Iim| (‘ ;] !
T

Tr—sl1

This can be written as

o 1
= lim— —
h= fy _ms{x Hi)  cos .1]
By taking L.C.M we get

) 1_=:os.r—ccrs{r+h}
= lim
i fi | cos(x+fr)cos x

On further calculation, we get

s x+x+h
—2sin +s5in
| 2 J
= Jim—
cosx W0 i cos(x+/r)
o 2x+hy L =
—2s1n sin
1 | . )
= Jim—
coSX o0 fy cos(v+h)

We get
lsin( L ]l
siu[lr-l-h]{ L2
2 i (
= : Jim L 2
cosx B0 cos(x+11)

By taking limits, we get

"

Ll’.— o]

=82Cx

[ (2x+h "}
4 luusm| > = lim

.I-I

i l |
5
=

. (h
sin J
| (s
h
2

limcos(x+/)

el
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We get

sinx 1
o

COsY
e e
—SseCcxy =secxytany , )

e

From equation (i) (ii) and (iii) we get

£7(x) = (x+secx)(I—sec” x)+(x—tanx)(1+secxtan x)

X
30. sin" x
Solution:
Let = %
f{I] sin” x

By differentiating and using quotient rule, we get

sin"x—x—x—sin" x

j-a(x]z efx ox

sin®" x

Easily, it can be shown that,

—sin" x=#nsin"" xcosx

dx
Hence,
sin” .li.l —xi sin” x
() = ——&

sin® x
By further calculation, we get

si=1

sin” x.1- x(n sin”"” xcos x)

sin®" x
By taking common terms, we get
sin"™ x(sinx—mrcos x)

- = M
sin™" x

Hence, we get

_sinx—pxcosx

ool

51 X
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