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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(10)
h

I .
o=
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.(ED + h)

=20—+0

=20
2. Find the derivative of x at x = 1.
Solution:

Let f(X) =X
Then,
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From first principle

f(x+h) — f(10)
h

Fe)={n;

Letf(x)=x
From first principle

f(x+h) — f(10)
h

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

f(1+h) —f(1)
h

=]

 (1+h)—-1
lim—
_ h—0 h
r 1+h-1
_#2% h
h

lim —
_ h—oh

lim1
— h=0

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(10)
h

I _1s
F) =]
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)yx+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
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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:
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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)?
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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=
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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
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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_
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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

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

. 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,
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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

NCERT Solutions Mathematics Class 11 Chapter 13

Limits And Derivatives


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

) BYJU'S

The Learning App

_,f"{x) =lim f(x+h}—j" {1]

n—xlb I’I_il
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= [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|

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 Leatning App Limits And Derivatives

1 5101
=21 =71
COSXCOSN COSX COSX

=2sec’ ¥—Tsecxtanx

https://byjus.com


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

