Class XI

Chapter 13 - Limits and Derivatives

Mathematics

Question 1:

Evaluate the Given limit:

Answer

limx+3=3+3=6
Question 2:

Evaluate the Given limit:

Answer

lim
N

y_ 22
r

Question 3:

Evaluate the Given limit:

Answer

]..",I.m“'- = (l) =n
Question 4:

Evaluate the Given limit:

Answer
lim
vty — 2 4-2

Question 5:

Evaluate the Given limit:

Answer

i e 4 22-.
(=2
A Y T 4

Exercise 13.1

limx+3

-3

/ 220
lim| x——

T

Tl 7

limg #*

rF—kl

o Ax+3
lim

r+d oy =2

dx+3 4(4)+3 _16+3 19

2 2

X+ xT+1
lim
w=p—| T — |_
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Mathematics

o, s 't iy 1.
i X+ +I:{ 1) +( ]]+I:1 I+l _ 1
el x—] —1-1 -2 2

Question 6:

{.r+|}"—l

lim
Evaluate the Given limit: e X
Answer
oo lx+1 -
llm[ ]
kil X

Putx+ 1=ysothaty— 1as x— 0.

: C{xH1y =1 o
Accordingly. lim =lim -
A=ar X Pt .r_
‘ S
=lim-=
b=l =]
=51 lim -
vy — g
=3
C(x+35) -1
S him ( ) =5
—al i k|
Question 7:
. 3x —x-10
11n}—_1
Evaluate the Given limit: eyt —4

Answer

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

0
0.
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Class XI Chapter 13 - Limits and Derivatives Mathematics
o3 —x—-10 . (x-2)(3x+5
'.l|m17—llm{ I )
= o4 e (x-2)(x+2)
. Ax+3
= lim
a—2 x4+t
3{3}+5
242
11
4

Question 8:
. x' -8l
lim —
Evaluate the Given limit: w3 2xt =5x -3

Answer

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

¢ - 81 (x=3)(x+3)(x" +9)
Slim—— = lim :
3 2x =5x =3 =1 (x=3)(2x+1)
_ (x+3)(x*+9)
=lim-—
A3 2x+1
(3+3)(3* +9)

L

Question 9:

i ax+b
im
Evaluate the Given limit: el oy 4|

Answer

. ar+b  a(0)+b
lim = =
=0 ex+1 e(0)+1

0

0.
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Mathematics

Question 10:

lim—
2l
Evaluate the Given limit: z° -1
Answer
I
-t
lim —
2]
z" =1
0
At z = 1, the value of the given function takes the form 0.
1
Put 2" =¥ gothat z—1 as x— 1.
!
. o= xt ]
Accordingly, lim ———=lim
Tl v—+] _]_'—I
S |
e &
= lim
g
11 . A —a
=21 lim
—~z x_a
=2
1
lim = —— =2
-
zt —1
Question 11:
. ax 4 bhr+4e
lim —— Ja+h+e =0
Evaluate the Given limit: el ey +hy+a

Answer
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Mathematics

ar’ +hr+c u[]}: +h(1)+e

lim — =
lextdbxta (1) +b(1)+a
B a+h4c
a+hb+c
=1 [a+b+c=0]
Question 12:
1 1
- 3
lim +—=
Bvaluate the Given limit: =3 x+2
Answer
1 1
.|_
lim 4+—=
2 x4 2

At x = -2, the value of the given function takes the form
1 1 [2+ ,'I.'W
$
. .2 . 2x )
Now, lim *—= = lim
-2 x4 2 w2 x4 2

=]irnL

vl 2y
_ 1 _ -1
2{—2] 4
Question 13:
. &Inax
[im
Evaluate the Given limit: e by
Answer
. sInax
lhm
v i} h.'i'

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

0

0

0

0,
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Class XI Chapter 13 - Limits and Derivatives Mathematics
. Sinex . sinax ax
Now, lim = lim =
e 1] }x Jrepd f-l"-‘f x
. (sinax) (a)
= ||111| ><| J
n a:.l,‘ ax \
a sinax
=—lim]| - - [.1'—}(! = (I —* [}]

b=l gy )

_ 2.1 lim3MY _
b -y

_a
)
Question 14:
. sInax
lim— L b0
Evaluate the Given limit: w0 sin by
Answer
. sInax
lim — La, hel
e gin by
]
At x = 0, the value of the given function takes the form 0,
Ix sin ax
: ®ax
. SIngrx . Loax )
MNow, lim — =lim-— -
= ginhy 0 [ sinby
| = b
W br .-'I
lim |f sin |
{ ol h =L} I frae J X —} ﬂ —1 CT.T —} D
= oo =
b lim |'/$1T| hx \"| Landx - 0= hx -0
e LI L mw J
fa’ 1 sin v
= | Jx lim—— =1
b 1 vl g
_a
h
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Class XI Chapter 13 - Limits and Derivatives Mathematics

Question 15:
sin(m—x)

Evaluate the Given limit: " *(T~X)

Answer

umsm{ﬂfx}

s m(m-x)

Itisseenthatx = n=> (n-x) - 0
.'.|im$|l1[n_x]=] lim sin{m—x)
s g(m-x)  wisee (m-x)

Question 16:

; cosx
1
Evaluate the given limit: B S ¥
Answer
,ocosx cos( 1
lim = —
ag—-x w—-0 =x
Question 17:
i cos2x—1
1 —
Evaluate the Given limit: st cpsx —|

Answer

. cos2x-—1
hm—
w0 cosx—|
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Mathematics

0.

Class XI
]
At x = 0, the value of the given function takes the form
Now,
. cos2x—1 . 1-2sin’x-1 X
lm1—I =lim—— cosx=1-2sin 5
el Ve T e rmpdl . s X
SRS I-2sin’ = —1
2
. 5 ™y
(sin’ x ,
o e s
. sInT X . -
= lim = lim - !
-t 4 X r—all
sin- .. X
7 sIn 2
= 2 X
=[x
[-‘l "\- 4
3
2) )
- (sin®x )
lim .
L] T
_ b A
=4 i &
. s X
sin
. 7
lim =
v—ali (I]_
l\ kY 2 A ¥
. sinx |
lim |
v—sll Y P, X
=4 - X == Y — )
HIE -
. 8
lim =
-
\ 2
1° . siny
=4— lim———=1
]' 1r—wll .\'
=4
Question 18:
. ar4xcosx
lim ——————
sl fginy

Evaluate the Given limit:

Answer
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Mathematics

ar+xcosxy

lim -
el hgin
0
At x = 0, the value of the given function takes the form 0.
Now,
. ax+xcosx 1. x(a+cosx)
m—=—Ilm—
r=0 o hsiny b w0 sin x
1 ’ )
—lim| —— | lim(a+cosx)
= smx ) n
] 1 .
= —x————=xlim(a+cos x)
h . sinx | s
lim |
|_\ x—rl kY z_.
1 [ sinx
—x(a+cos0) lim I
h | «—=0 x
a+l1
h
Question 19:
lim xsecx
Evaluate the Given limit: r—{l
Answer
. . X 0 ]
lim xsecx = lim = ===
¥+ heosy cosO ]
Question 20:
. sinax+ hx
lim——— a, b a+bh=0
Evaluate the Given limit: w0 gx +sin by
Answer
0
At x = 0, the value of the given function takes the form 0,
Now,
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Mathematics

C o sinax + bx
lim—M—
vl gy = sin J}.T
5

( sin ax
Jm' + bhx

. ax
= lim :
a0 [ sin h:'.']

ax + fn‘l
. bx

SN ax

a0 51!

p N
| lim |<lim (ax) + lim bx
_ |\.|l,'—}|| ax
. . . sinhx
lim ax + lim bx| lim
¥ —pl

¥ —pll "\'I"_;:. Ay

[As x— 0= ax — 0and by — 0]

F,

— Nl y el

lim ((ex )+ lim bx [

. sInx
; : lim =1
lim ax + lim bx =y

r—¥ll r—+ll

lim (ax + b )

- lim (ax + by )

=lim (1)
=1

Question 21:

lim {cosec x —cot .\']

Evaluate the Given limit: x—ll

Answer

At x = 0, the value of the given function takes the form 50— 6.
Now

!
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lim(cosec x —cot x)

x—#il

1 cosx)
=lim| ————
RNy snx
. [(1=cosx®
= |1m| -
=0l sinx )
(1-cosx
. |_\ X l§
=lim————~=
PR | sinx J
LY S
. l—cosx
lim
= T—Ll X
. sinx
lim
X oo _'l'
0 . l—cosx . sinx
= lim =0 and lim =]
I el ol oy
=0
Question 22:
. tan2x
lim
.\—rf _ m
) 2
Answer
. tan2x
lim
.\—rf _ n
) 2
L 0
Xx=— —
At 2, the value of the given function takes the form 0.
Bl L
N _—— :.‘." X —» —, }’ —¥ []
Now, put 2 so that 2
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i ™
tan 2| y+ T |
J

. tan2x . 2
 lim— =lim——— =~
x s: N — n ¥y .:'
2
o tan{m+2v
= lim { - :I
:.—n-'l W
. tan2v r
= lim < tan {7+ 2y ) = tan 2}]
Yy =pl} \ -
. sin2y
= lim———
vy eps 2y
[ sin 2y 2 )
= lim h
v =il } cios 2} _.|
[ sin2y (2
= lim = |« lim [y =2 0=2y 0]
L= 2y v cosly )
2 [ sinx
=1x lim =1
L"ﬂb'-ﬂ _'\. sk N
2
— ]_J-(—
|
2
Question 23:
2x 43, x=1)
- lim lim 3(x+1), =)
Find % f(x) and ** fix), where f(x) = -
Answer
The given function is
{‘2.\'+ 3. =)
Ix+1), x|
fixy= 1 ( ) !

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

K==l a—slh

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

x—»0"

soim f(x)=lim f(x)=lim f(x)=3

vl il "
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Mathematics

lim f(x)= Iirrl13{:r+ 1)=3(1+1)=6

¥l

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

v»l" r—=l

sdim f{x)=lim f(x) = Iin?._;f'{x] =6
r—sl ; — /

x=+l"

Question 24:

him oz -
Find 4 fx), where ) = L ¥ 1 x>

Answer
The given function is

-1, x=1

o

jo-f”

-1 x=1

lim f(x)=lim[x* 1]=1-1=1-1=0
w1

a—l &

. L . __ _3_ _ 3_ 1 A
lim f (x)=lim| —x I-| *-1=-1-1=-2
It is observed that lim f(x)+# lim f(x).

R | x—l"
Hence, lim f(x) does not exist.

a—l

Question 25:

.4
=

="
= |

lim L
Evaluate +—! f(x), where f(x) =
Answer

The given function is

,[H . x=0
1 X

0, x=0
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]irp f(x) hm[| q

o —x)
= I1m| —
y—l

el

| When x is negaitve. |.1' = —.1'-|

=lim(-1)

lim f{x)=lim _M-‘

y=ni]" Tenll .1|l‘

£l

=lim(1)

el

. ."u'_ r . .
= Iun[ When x is positive, |x] :.'r]
= L

=1

It is observed that lim f(x)# |]1TI F(x).

Tl

Hence, lim ,‘f( ] does not exist,

i—elb

Question 26:

lim —

Find <0 (% =0
f{x), where f(x) =

Answer

The given function is
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¥
. —, v )
f(x)=1lx
LJ. x=0

_!in_'n f{m} = lim | = J

Tl |.-T|

_ !_.irﬂ{ ﬂ [ When x <0, |x]=-x]
=lim(-1)

=-]
lim f(x)=lim —]
= |__im \‘lJ [When x=0, |1| = .'r]

= ||m ( ;]
=1

It is observed that lim _f'l[_t'}i lim f(x).
i —l

a—wli

Hence, lim f(x)does not exist.

gl

Question 27:

lim _3
Find 5 =S
f{x), where f(x) =

Answer
x5

The given function is f{x) =
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I_i1'£‘| flx)= Ilm [|1 - 5]

=lim(x - 5) [ When x>0, |x|= _r]
-5

Il
Lh

0
Iirr;._ fx)= Iir?_ (|x]-5)
=lim (x~-5) [ Whenx > 0. |x|=x]
foc)
=0
lim fx)= lim flx)=0

Hence, Ii|‘|1.,f'f:-.']=ﬂ

Question 28:
(a+hx, x<I
14, x=]

b—ax x> _ lim .
Suppose f(x) = and if = f{x) = (1) what are possible values of @ and b?

Answer

The given function is

[+ by, x <1
f(x)=14. x=1

b—ax x>

lim f(x)=lim{a+bx)=a+b

vl ¥—l

lim f(x)=lim(b—ax)=h-a

=l v —l

f(1)=4

It is given that ln-m,}-f (x)=F(1).

!.]]:ll‘i f ['n.] = ll{l‘! flx)= I._!J}:l f{x] =f(1)

—a+h=4and h—a=4

On solving these two equations, we obtain a = 0 and b = 4,

Thus, the respective possible values of @ and b are 0 and 4.
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Mathematics

Question 29:

Let v @as vees % be fixed real numbers and define a function
F(x)=(x-a)(x-a,).(x~a,
lim 0, Taeees lim
What is “ " f(x)? For some 72 e compute T f{x).
Answer

The given function is 1 “} = {'T_ dy }{J' — }“‘['\‘_ﬂw }

]ilﬂ _f{.r] Hn] [[\ — }(I— a, }[1— a, ]]

= [!im (x-a 1}[|113}|(x 7 }}..._m (x—a, }}

=(a —aq, ){“l _“:}"'[Hl _”-a}_u
|m1 _}"l::r} =)

Now, lim f(x)= lim [(_r— ax—a,)..(x—a, }l:

B = ’th} (x—a, }] ’V lim (x—a, }-‘ _]l[l! (x-a, }-I

=(a—a)la—a,)...(a—a,)
< lim Sx)=(a—a)a—a)..(a—a,)

Question 30:

(x[+1, x<0

40, =0
x=1, x=0
If £(x) = o -1 x>0
lim
For what value (s) of a does = f{x) exists?

Answer

The given function is
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Mathematics

|x]+1, x<0

f(x)=10, x=0
-1 x=0

When a =0,
lim f(x)= lim (|x[+1)
=lim(~x+1) [1fx <0, |x]=-x]
= 0+1
=1
lim () = lim (|x|-1)
=lim(x~1) [1fx>0, |x|=x]
0-1
=1
Here, it is observed that\li!?ll fx)# ]1m f(x).

s lim _,F'[.t] does not exist.
=l

When a < 0,

.“_.r?.' f(x)= I1_1n ||+ I]
= ILi_r’rI! (—x+1) [J.' <a<0= |a|= —.T]
=—qu+1

lim f (x) = lim ([x|+ 1)
=lim(~x+1) [a<x<0= |x|=—x]
=—a+]

“ NS (x)= 1 (x)=a

Thus. limit of /' (x)exists at ¥ = a. where a < 0.

Whena > 0
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Class XI Chapter 13 - Limits and Derivatives Mathematics

lim £ (x) = lim (|f=1)

=im(x-1)  [0<x<a=a|=s]
=a-1

lim /(x) = lim (|x|-1)
= lim (x - 1) [0< a<x=|x|=x]
=ua—1

!i11|1 fx)= Im1 f(x)=a-1

Thus, limit of /' (x)exists at x = a, where a > 0.

lim f'( x)
Thus, == exists for alla # 0.

Question 31:
fix)-2

. . lim = " lim f(x)
If the function f(x) satisfies Xt =1 , evaluate =1
Answer
fx)-2
lim {RJ =1
H—+l x'_l
Txl=2
lim(f(x)-2) __
IN'H}ML_I)

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

=] *

:}Iimf{x}—l_i 2=10

5= —1
— ltirz‘llf{x}—i =0
|\11::;| f(x)=2
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Mathematics

Question 32:

mx” +n, x<l)
Sx)=nx+m, 0=x<l
nxt + m, x =
If .
lim f(x)
=17 " T exist?
Answer

The given function is

mxs 4+, x< ()
S{x) = mx+m, 0=x=]
nx' +m, x =1

lim f(x)=lim (x4 1)

=m(0) +n
=n

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

yv—3il" ¥ =il
=n(0)+m
i,
lim | x
Thus, =+t _f{ :Iexists if m=n.

lim [/ {x)= Iinll{n.r +m)

K= N a—k
=n(l)+m
=m+n

. . o 3
]Lnl1 .f[.r]—ljlm[ux +m}

=n(l) +m
=m+Hn

!_i]'rll flx)= |i|]|1 flx)= Ijr!'llf{x}.

lim f(x)

hus,

. For what integers m and n does

exists for any integral value of m and n.

lim

r—sil

fix)
and
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Mathematics

Exercise 13.2
Question 1:
Find the derivative of xz - 2 at x = 10.
Answer

Let f(x) = xz — 2. Accordingly,

7'(10)=lim f(10+1)- £(10)

h
[{m—hf —2]—(1{}3—3]

=lim

iyl h

10 +2.10h+ R -2-107 +2
=lim

fpall |'r]‘

C 20h+ R
=lim—

fpall l|I':'.
=1im(20+ /) =(20+0)=20

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

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

Answer

Let f(x) = 99x. Accordingly,

F(100+ /)~ f(100)

(100) Lil?:ll'

h

_99(100+/h)—99(100)
=lim '

fil f

99100+ 994 — 99100
=lim

fr—00 h

.99k

lim—

=0y

— lim(99) = 99

Tp=tel)

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(1+n)=£(1)
h

f'(1)=lim

fi—il}

1+h)-1
_ Iim&
Fr—ali .lri'

. h
=hm—
L1} I;T

= lim(1)

=1

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

Question 4;

Find the derivative of the following functions from first principle.

() xs = 27 (i) (x - 1) (x - 2)

1 xsl
iy x vy x-—I
Answer

(i) Let f(x) = x3 - 27. Accordingly, from the first principle,

flx+h)—f(x)

S'(x)=lim=
h—sll 1
[l{x+f:}'a—2?:|—[l'_':-" —2?}
=lim
Fp—all ||'ir
. X+ +3xCh+3xR -
=lim
Jp=ul} h
R R S
=lim
Trenld h
=lim { 3T+ 3_1'a’r:|

=0+3x" +0=3x"

(i) Let Alx) = (x - 1) (x - 2). Accordingly, from the first principle,

Page 22 of 68

Website: www.mentorminutes.com Email: care@mentorminutes.com



Class XI

Chapter 13 - Limits and Derivatives

S(x)=lim Sx+ h_}_ /(1)

el |

(x+h—1)(x+h-2)—(x—-1){x-2)

=lin

f

Y rhr=2x+he+h =2h—x—h+ 2} —(.‘r3 —2x—x+ 2}

= lim

it h
(fx+hx+ b —2h—h
= lim-

h

. 2hx+h =3k
=lim———

Fp—ai) 1
=lim(2v+h-3)
={2.1‘+l']—3]
=2x—3

. |

f {I}:—,«

(iii) Let X, Accordingly, from the first principle,
Lo flx+h)=r(x)
7=l L
L
) {_'r Fh v
= lim
h—s0l h
o _I: x+hY
= lim— {—}
fo—sli Jff 2 {Ji . h}-

o= =k th]
= lim— ;
)

heall fy .'I.':{.T+.FI

1| =h* =2hx
bl x*(x+h)

: —h—-2x
= |IerI =
] Lllll.—{-.‘l. 4 ;}} ]

0-2x -2

x (x+0) «x

Website: www.mentorminutes.com
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Class XI Chapter 13 - Limits and Derivatives
: x+1
f(x)="—
(iv) Let - x—1_ Accordingly, from the first principle,
fx+h)=1(x)

F(x)=lim

=} h
|'r.1('+.l'1}+]_.\'+]
x+h-1 x-1

=lim=
=il h

(x—IMx+h+1)—(x+1){(x+h-1)
(x—1)(x+h-1)

o]
=lim—
—ll h—

; 1 _[_1':+J'i'.r—x—.'|.'—f'1—l}—[x:+:"1r—.1‘+J.'—.n’:—I]q
=i (x=1)(x+h=1)

= Iim—_ 2 }
ni—0 fp _{_T— (x+h-1)

- !'113'1'|:(:-:— ]]{_.':+ h - l}]

-2 -2

-

C(x-D(x=1) (x-1)

Question 5:

For the function

iy b <

f'l[x}:'—v'—+...+L+.rvl

100 99 2
Prove that -’fu{l} - Iﬂﬂf’[ﬁj
Answer

The given function is
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i Ly 3

. X X X
)= +—t..+—+x+]
/() 100 99 2 !

d d | "™ K™ X’ |
—f(xX)=—| =+ =t x+]
o de| 100 90 2

d . d (XM d (X d r} o d
— _ = | =)+ —(1
I{T) LIT[IGG]+L£Y 99 I-| +L£1:[2 ) (1'}+LIT{)

dx’ L dx

. 1. . .
On using theorem ;—(f )= """, we obtain

X
i,_f'[.T]= 100z~ | 99x_ ot X140
v 100 99 >
=x"+x"+. . +x+]
S (x)=x" T x4
Atx=10.
F(0)=1
Atx=1

S)=1"+1" 1+l =114+ +141]  =1x100=100

{10 gezrm

Thus, /(1)=100x7"(0)

Question 6:

T =1 X _np=-2 n—I| ] .
Find the derivative of X +axv +a’x ~“+..+a X+ for some fixed real number a.

Answer

. n-| 2. .m=2 1
Flx)=x"+ax"" +ax"" +..+a" 'x+a"

Let
“ ':f i I | ¥ p=2 si—| ]
Xj=—1Xx +dax +i X +...+ X+
I(x) {”{1 i a-x a’ T x+a ]
= i{x" } +a ;—i{x"" :l +a’ ;—i{_\'"':} +..+at ‘i‘{\} +a" :—i[l}

, d _ .
On using theorem d—ﬂ."' =nx""". we obtain
X

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

=" ra(n-0x"+a’ (n=-2)x""+__+a""
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Question 7:

For some constants @ and b, find the derivative of

X—da
() (x = a) (x - b) (ii) (axz + b)2 (i) x—>h
Answer
NLletf(x)=(x-a)(x-5)
= f(x)=x"~(a+bh)x+ab
_f'{x] = %{x: —(a+b)x+ .f.-f.v:]
d - d i
=—|x |—{a+b)—I: — | ah
fi".r['T } (a+ }}n’,ﬂ.‘{r}-l_u[r[ﬂ }

H -'r i) = H
On using theorem {T{T }: nx""', we obtain
X

f(x)=2x—(a+h)+0=2x-a—h

-

(il Let j'{x}:{_cm' +b)
= f(x)=a’x" +2abx" + b’
" ,f"l:.‘x'1.|'= d (cr'x" + 2ahx” 4 a’f}:u: d {1'] F2abh & [1] i & {III:'_I}

el ax ax el

. ) d . .
On using theorem i—_‘n' =nx"". we obtain
ax

fMx)=a’ (4.\‘1)+ 2ab(2x)+b7(0)
=da’x" +dabx

= dax [..f..-.'r‘? + h}

t:.r—a]
Let f{x)=——=
tf(x) -b)

Y d(x—a’
= f'(x)=— -

a o

By quotient rule,
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_ (x—h) d_(,r—u]—{,r—u] J_(.'r—h]
1(x)= clx : clx
(x—b)
={.'L'—b}{l}—{11—ﬁ}[l}
(x—h)
_X h=x+a
(x—b)
a—bhb
(x-b)

Question 8:

X' -a’
Find the derivative of X =4 for some constant a.
Answer
l,t‘l_f[tl'] _ =g
X—d
' y
. d|{x"-a"
= [Mx)=—
/() ci‘r{ x-a ]
By quotient rule,
d o, o d
() (x—a) .:h'{r ~a }—{_.1' —a }Ch_{x—a}
.,?" X)= - -

(x—a)
(=)~ -0) (e}
B (x— rr]:
e —anx™ —x" +a"

(x—a)

Question 9:

Find the derivative of

2x 3

0) 4 iy (5x + 3x - 1) (x - 1)
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(i) x=3 (5 + 3x) (iv) x5 (3 - 6x-9)

&

2 X
(V) x-4 (3 - 4x-5) (vi) x+1 3x-1
Answer
flx)=2x 3
(i) Let 4
o 3
r — 2 _ =
/() afr[ vy
B o _u"lf'J]
(4'r'l. {4‘{(‘\\4
=2-0
=2

(i Let FOO =(5x3+ 3x- 1) (x-1)
By Leibnitz product rule,

(x)= [5_\--‘- +3x - ])i[l‘— )+ (x—1 }%(51 +3x— 1)

(53" +3x=1)(1)+(x=1)(5.3x" +3-0)
= (5x" 4+ 3= 1)+ (x = 1)(1557 +3)

=5x" +3x—1+15x" +3x~15x" -3
=20x" - 15x" +6x -4

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

By Leibnitz product rule,
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wpon o d ) 3 d ;4
f {1}—1 m_l:ﬁ+31]+(5+ _'r}m_f_l }

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

=—bx " —15x7"

i
= —3x7| 2+E_|

3

X

(2x+3)

-3
=—|5+2.
2 (5+29)

(iv) Let F(x) = x5 (3 - 6x-9)
By Leibnitz product rule,

d

f(x)=2{3-627 )+ {j_f”‘"}]%{-f]

(RN
=x"{0-6(-9)x "} +(3-6x ) (5x")
= x (5427 ]|+|:'u-4 —30x°
=54x7 +15x" =30x7°

=24x7 +15x"

24
=15x" + -
x

(v) Let f{x) = x4 (3 - 4x-5)
By Leibnitz product rule,

e SR

SR TN
=x ["'”‘“} (3427 )(—4x7")
=20x" —12x~ +16x™"
=3ﬁ1"'"—131"‘;

12 36

5 1

X X

—|{{] 4{
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(vi) Let F(x) = X +1

fﬂ{r}:i[x:: I]_%[E: I]

By quotient rule,

() D=2 (x+1) | |
f {1} _ dx . el
(x+1)
(x+1)(0) 2[|)}'{:‘u- )(2x) () (3)
(x+1) (3x—1)

-2 511'5—2.1'—3.'(“

-l‘ll o 2 C-'I'l
3a—1) 5 (¥ )—x
’ ]n’.\.‘{l ) _ efx
{3_1.'— ]]'

(x+ I}: i {3.1‘—]]:

_ 2 __3_1"' 25"
(x+1)" | (3x-1)

-2 af3x—

(x41) (3x-1)

Question 10:
Find the derivative of cos x from first principle.

Answer

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

vion v Fx+h)=f(x)
. cos(x+h)-cosx

= lim ,r -

Jr—ai) i
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=lim
h—pld h

[ cosxcosh—sinxsinh— ms.x}

—L'u}:;.x'{l - 0% h} —5in xsin I}}

=lim
|'.'—=nl'_ h
[ ~cosx(1-cosh) sinxsinh
=lim -
h h
. l—cosh . sinfr
=—cosx| lim——— |—sinxlim |
Ti—0i 1 =iy | h J
. . l—cosh . sind
= —cosx(0)-sinx(I) lim =0 and lim =1
fpll .IrT - Jl_i'
=—-sinx
L (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 + Scosec x

(vi) 5sin x — 6cos 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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F(x+m)-7()

x)=lim-

/()= tim )
i sin(x+h)cos(x+h)—sinxcosx
im :
h

= lim 2];? :2 sin{x+ /i) cos(x+4h)—2sinx cos.\-]

lim——| sin2(x+ /) —sin 2.1.-J

=i .ﬁ

. 2x+2h+2x | 2x+2h-2x
= [im 2cos -sin

h—i 2 hy 2 2

o dx+2h . 2h
= lim—| cos sin

) 2 2

=lim L cns{l‘r i h}ﬁ:inh]

-]

] . sinh
= limcos(2x+ h).lim

=l =l .;i'
=cos(2x+0).1
=C0s 2y

(i) Let F(x) = sec x. Accordingly, from the first principle,
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. . S x+h)= 1 (x)
"(x)=lim- :
f(x)=lim =
sec|x+/r)—secx

=lim
D) Jf']-
| 1 1
lim— -

i L:nﬂ[.r Hh) cosx

| cosx —cos(x +h)

o
= lim—

not i cosxcos{x+ i)
— Fx+x+hy . (x—x-h)
—< 5lNn |5[]1|
— lim— = = i - £
Cosx i cos(x+ /)
o (2xh L R
2sin sin| |
. \ 2 ! W 2 g
Jdim— : : :
cosx Gt cms{.r [ r'.i}
ﬂnrﬂ\
Gin (2x+h) L 2)
11
2 ) (R
1 13
= lim
cosx o cos(x+h)
N C(2x+h0
5;1n| | sin
: h, 2 4 I" I\. 2 ,-'I
= Jdim —.lim =
cosx ", |'/ h | ot cos(x+h)
\ 2;
| Sinx
= |

COSX COSX
—gecytan x

(iii) Let f (x) = 5 sec x + 4 cos x. Accordingly, from the first principle,
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Sx+h)=i1(x)

{x)=hm
7(x)=tim L
I Ssec(x+h)+4cos(x+/)—[5secx+4cosy]
= |im
Fi—) _|||I
sec(x+h)-secx | cos(x+h)-cosx
:_"\Iij: { } =+ 4 lim [ { } :I
Je—ld h- | l”.
=:'\|1'1nl ! : 4 lim l[ccls[.r | .-’r]l C(!R.T]
ik cos(x+h) cosx | i h

.. I_cmr—cos x+h | . .
=5 lim — (/1) +4lim —[cos xcos i —sin xsin /i ~ cos x|
=0l cosxeos(x+h) 0 h

Lo (x+x+h) . (x—x—h"
i —2s5in n|
3 a ]. Y F; \ . ]. . .
= lim— + 4 lim — —{:nsr{l—c:}sﬁ}—sm ¥8in .f::|
cosx i=t fr cos(x+/) b=ty
moo [ 2x+hY . [ h)
} —~2sin sm| — | .
50 A _ (l—cosh) . sinh
= Jim— + 4| —cos xlim =———— —gin x lim ——
cosx =0 cos (x + /1) h h i fy
sin h .ﬁ|
o 2x+h) L2
SII'I| -
2 J h
5 . B .
= JAim = + -IIV{—cns x ). (0)—(sin x). I—I
cosx il cos(x+h)
C(2x+h) (R
) s;|||| 5in
3 } 2 I 2 .
= | lim = lim —<dsinx
cosx | A0 r.:n.k:{,r+:’?} st} f
2
3 sinx )
= . d—4sinx
COSXY CDSXY

=3secxlan x.—4sin x

(iv) Let F (x) = cosec x. Accordingly, from the first principle,
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flx+i)—f(x)

1) <
J7'(x) lim )
L ™ 3 ] ~ S o, s
J'(¥) =lim P | cosec(x +/)—cosecy |
=lim ! :

et sinfx+h)  sinx

: sinx—sin(x+ /) '
=lim . .
0 el sin(x -+ )sinx

(x+x+hY . (x=x=-h"
|~.L;u1l |

2eos
=lim— L= 4 —
il fp HIJI{T | h}.l;m X
oo (2x+h )
2cos| sin| —_ |
| - -
= lim LA N
ey sin (¢ + /r)sin ¥
si11|'/ ’x|
cos (2x+hY T\ 2,
2 )-I |'z Ii' \I
V2
=lim . S
il 51[1[_1; —J’:]sln x
i (2x+hY) . ()
cos | sin
1i '\, 2 211 \ 2 A
=lim Jim ——=
0l sin (x4 A)sinx | 1 "fr“|
- 9

' y \ =)

[ —cosx \I|l

L sinxsiny
= —Cosecycot x

(v) Let f {x) = 3cot x + 5Scosec x. Accordingly, from the first principle,
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)= h
_ 3cot(x+ i)+ Scosec(x +h)—3cotx— Scosec x
- -"I-IP' h
= 3Iiml[cm{_r+ hj—cotr]+5l1ml[cmscc (x+h)—cosec ,r] A1)
h—0 =0

Now. lim %[mt (x+/)—cot .r]

. 1 _ll_‘{}ﬁ[.x'-l—.lr'.'} {_:(;5_1‘]
=lim -

bt fy _sin{xH’:} sinx

1 _m!-;[x + I.i]!:hin X = CO0% X S5in (.‘c . f?}
i fy sinxsin(x+#)

_ -1- . _h =
=Iiml Tm{r. =5
w0 | sinxsin(x+h) |

“im | _sin(-h)
=0 sin xsin(x+ Ir}_

[ _sin .Fr] i 1
=—| lim .| lim— :
-y b=t sin x-sin (x + h}

=—1.— ,l = ,_J = —cosec’x o
sinx-sin{x+0) sin”x

I~
R—
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|
lim—| ¢
fr—will Jf;I:

1
= liim —

h—wld 7

= lumn —

H—wld

==

]
= |im —
Fi—slh I,!'J-

= ljml
h—lt fip

osec{x+h)— mscc.ﬁ.‘]

1 1

sin{x+/h) sinx

[ sinx —sin (x+1)

i x + f;r} 5inx

N (1+.r+h) (.I’—.\'—J’i]
2cos +5In
L 3 2

\ &
Eiﬂl{.\'-l—;".'}l 510 %

F_J [2.1'4-!1] . f .F:]
2eos| T |sin| —
i l\. i

F:in{1'+ J’r}ﬁin v

= lim

Tl

sin
Iv+h) [ 2
cos > i
2)

\' —

s x + fr)sinx

i 2x+h) i h
—Cos N J 5m| =

=lim| — _ Tim ——
el sin (x4 i) siny | 2 (fi‘]
B A
J L
— 05X ] ]
sinxsiny )
= —COSECY Cot ¥ ~(3)

From (1)

, (2), and (3), we obtain

/'(x) =—3cosec”x — Scosec xcot x

(vi) Let F (x) = 5sin x — 6cos x + 7. Accordingly, from the first principle,
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flx+h)=f(x)

H—lp .h'

f{x)=lim

=lim ! [5sin{x +h)—6cos(x+h)+7-5sinx+6c0sx - ?]

Fiel) ‘vajl
] i
— . & l o - — ™ | }.
EJ_]H p [jlsln (x4 h)-sin 11 {1 cos(x + i) —cos .TJ
=5Im F[mn{u + ) - sin 1] ﬁ&;ﬂ—}[um{xﬁa} cmn]
] x+h+x) fx+h—x) . cosxcosh—sinxsinh—cosxy
=5hm—| 2cos n | —6lim
dr=sl | h- : J \, 2 ) f=pll _h
4+ h —cosx(l—cosh)—simnxsinh
:wlml[icos(m Ie?]sn—} ﬁllml { ) }
bl L 2 2 fi—sll h
r sin h)
. 2x+h) _ | —cosx({l—cosh) sinxsink
=5|lim cnsf ol 2 —6lim [ }—Sm il
Jr—sli \ .ﬁl‘ Ir—sii h ‘f?
. 2 )
sin :
iy I - [P Y
:E[Iimcos("hq}u lim —2 —6[( Lm:}[hm—l cosh | lun( sk }
Jr—all . : J _’“ JI'F Jr—all h J |—a-ll,\ h J

T2
=5cosx.| —Er[[—cosx}_[ﬂ}—sinx. I]
=5c05x+05Inx

(vii) Let f (x) = 2 tan x — 7 sec x. Accordingly, from the first principle,
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f(x)=lm

fi—si) h

=lim t’m
S—el) r [

= l|1'r|1‘ r’ |73 {t;m (_1.'

: J".J] tan .1‘}

F(x+h)—f(x)

h] 2tan x4+ Tsecx

'.-"{s;eu{_r | f#} ﬁecx}_‘

;r Tsec(x+

2hm I:tan ¢ 1)~ tan 1.] 7hm I:a'ec x4+ 1) R-EC.'I.':I
Fr—mdl ‘l Ty IJ l]-
21 ] ::-Ln[ v'?} SN X 7 1 1 |
2him— —Thm— —
= co%[w. ‘ r’r) COS X ] ccm{.t f fi} Cos .y
51 am[t [ f:rllu}a X=smnxy Lm[t | fl} 21 | cosx L[}H[.l‘ [ J'J)
2hm— —Thm—
=0 fg cus.tm:-s(,r I Fr] =0 Bl cosx Lm{ 1"#}
¥+x+hY . (x—x—h"
r -2 bl]'l| :.||1|
1| sin(x+A-x) _ . s
=2lim— —Tlim— - 4
0 | cos xcos(x+h) s fy cosxcos(x+h)
. +h
P 25|n|
2 lim | [ 5 fi I 71 I . 2
=2lIm : —Thm—
vl Jcosxcos(x+ .Li] bl fy Cos lcm{x I Fr
/ oy in| 2 +hY )
"‘\ S s |
. ; l : - . L2
:2| lim | lim 7 lrlIJTI ; = | lim 2
\ st Jy \ s ong ¥ Cl‘l-‘?-l:."-'— L.,]-JI -1 " T bl pog X Lﬂﬁ( v+ ,ﬁ}
N 1 A L J

l

=2sec” X

: -7 1|
COS X COsSY

: b
sy |

L COSXNCOS X )

Tsecxtanx
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NCERT Miscellaneous Solutions
Question 1:

Find the derivative of the following functions from first principle:

() —x (i) (=)-1 (i) sin (x + 1)

5
CO5| X —
(iv) 8

Answer

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

By first principle,

f{x+h)=f(x)

EORTE
_ lin1—{x+]1}—{—x]|
b=} h
. —x—h+x
= lim——
h—#i}
= lim_—rI
li—d) h

=lim(—1)=-1

Ti—sl

F(x)=(-x)" =—== f(x+h)=

X . Accordingly, (x+h)

(i) Let
By first principle,

F{x+h)—1(x
£'(x) = lim (x+h)-f(x)

|1 —l

[ _ R
=Iim—l | —(—I }

h=0h| x+h I\ x )

N
= lim— +—
=0 h| Xx+h X

= lim—
s h | x(x+h)

1_ x+x+h}

|| —x +[.\=;+h}‘

= lim— -
ieih| x(x+h)
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~lim 1 h
0 b x(x+h)

=lim————
Al x(x+h)

(iii) Let f(x) = sin (x + 1). Accordingly, ”xih}: Sjn{ﬁJr h+lj

By first principle,

["[."{}: lim F{x+h)=f(x)

ln=pll |'|

—|]]‘|‘|l|:'%l['|{\+|I+|]—\.I]‘I{\-|- 1)]

h—+01 il
g X+h+1+x+1Y . (x+h+l-x—1)]
=lim—| 2¢co8| —4—m—M — .~;m|—
h ;II]'l 2 2
1 2\+h+” _ h
=lim—| 2 cos| —— —
h :-II]'| 2
(1
. [7\+h+2 kl
= lim| cos
li—s01 2 h]
h
sirnl
i
= limcos ﬁ} Iim# As h—}{]:>|—1—>{}
b=l |“ 2 J |: " h 2
2
2x+0+2 [ sinx
=008 ———— |1 lim =1
2 B
=cos(x+1)

b

f{x]=ms(x —g |

;n:\
f{x+l1}=cns[x+h——|
4. Accordingly, . 8/

(iv) Let
By first principle,
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, o fix+h)-1(x
f'(x)=lim [ )=f(x)
b=l h
1l T Com)
=lim—|cos| x+h—— |fn:r.}5'. H—— |
h=0 | | g 8 )
B &
| m T i
| -‘+h—3+-‘i— ] XAh— T X
= lim—| —2sin> sin 8
b=+ |y 2 2
L I'\
i ]-[\
2x+h——
o ) .
= lim 2sin sin
hvt 2 2
L 5 A
B i - i h 3
2x+h—2 |sin| -
= lim| —sin 4 y -
h—sli 2 h i
i \ | 2
i i T . ‘h
2x+h-— -‘>""| j] r h .
= lim| —sin 41 lim e Ash—=>0=_-—=10
hi—sld 2 h—:.-n h Y 7
L . - LE,J
Iy
2.‘;+{}—_—
=—35In N
o T
= —SII1| X— |
\ J

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,
By first principle,

fle+h)=x+h+a
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) i L) = (2)
£(x) = lim 222

yx+h+a—x—a

= lim
h—l) h

(R
=hm| —
h—0 | h

=lim(1)

d—ell

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):

Answer

Lﬂf{-‘f}={!r;-x—qj[f%-i_&\]

A

By Leibnitz product rule,

,,f"(,'r] [;J.t—q][ "—1;+.w | +‘ %—.\' :{;:,1.‘+q}'

' B

=(px -l—r,.r][r.\' ' +.~;;|r + %+.'; |[_.r_1}
L A
& r A
= I+ o ( 5
(px q][ rx } . a.J P
C=ry ()
=(px+ q]| |t ots P
I S W & !
_oprogr pr ps
O
B qr
ps =3
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Question 4:

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

Answer

Let ‘irh]' = ax "'h]{{'.r + ﬂ,]..

By Leibnitz product rule,

f'(x)=(ax+b) d {E'.T'I'ffr)? +(-:.'.‘I."'-|:J"}_ d_{m.‘+f>}

dx el

= (ax+ h)i(r".r' + 2cdx + d"} +{ex+ d]: .;_,.’I(m_ +b)

dx iy
I ¢4y d d [ d d |
— (ax+b)| & x|+ Zedy )+ —d [+H{ex+d) X+ — h
(ax+b) m_{f ¥ ] ci\'{ cdx ) ™ } (cx+d) |:a'_r ax il

=(ax+b) [2:::.1' + 2.:"::") + [L‘.\' +d” ]fr
—2c(ax+b)(ex+d)+alex+d)

Question 5:

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

ar+h

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

Answer

ar+h

X
Let cx + d

By quotient rule,
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i i
(ex+d) o (ax+b)—(ax+b) = (ex+d)
[{.'.‘C—ff}?

_ (ex+d)a)-(ax+b)(c)
(ex +4:i-’}'l

acx + ad = acx = be

£(x)=

(cx+d)
ad —be
{ﬂ' +d }:

Question 6:

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

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

1+
X
1
1
X
Answer
. | x+1
: " ¢ X+ _
Let # {1} e == = Swherex =0
' I v=1
1
X X

ol

{x)= -
. { ) (_'L'—I_)-
={_r—]}(]}—{.t+]}(]}- x#0. 1
(eo1y

x—l-x—1
SN k20,

(x-1)

-2
= —ox=01

(x-1)
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Question 7:

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

and s are fixed non-zero constants and m and n are integers): ax" +hx+c
Answer
. 1
f(x)=—F——
Let ax’ +hx+c

By quotient rule,

(rm‘? + h.‘r+r} “?_ (1)- d_ [ ax’ + bx +("J
1(x)= dlx alx

{(.‘.\': +hx + c']:

{E.U.': +hr+c)(0)=(2ax+b)

- ['m': +hr+e ]
~ —(2ax+b)

{E!.'I.': + b +c'_]_

Question 8:

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

av+h
and s are fixed non-zero constants and m and n are integers): px tgx+r
Answer
. ax + b
Let /' (x)=

px” gy tr

By quotient rule,
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Mathematics

2 !
{p.\" +gx+ r) L.-’

(ax +b)—(ax+b) d (px* +gx+r)
1 { .1'] _ d i il

{].r.‘r,\‘: Ty r }7
_ (;n‘: +gx+ r](.::} - [ur + h]{l;n‘ + .:;]

{;JJ.‘: +y+ .r-]:

_apx’ +agx +ar —2apx” —agr—2bpx - bg

ey

( px” + gx + r)
—apx’ —2bpx +ar — by

(p:r: +gx+r J:

Question 9;

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

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

Answer

Lel_f'{.r}= px tgx+r

ar+h

By quotient rule,

(cx+b) ”r_ { px’ +gx + J‘}—(I.'}J.‘: + g + r] ;i_{fm'+ h)

f(x)= el

[f.r.'l.‘+f?'}:
(ax+b)(2pr+g)- {;J.-:" +aqr+r)(a)
a {..f.r.\‘+h}:

Ef:l,r:x: Fagy + 2hpx + by ;.r;u'z agx — ar

(ax+b)’

apx” + 2bpx + bg — ar

{u.t + b}:

;J.l'j +gx+r
ax+ b
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Question 10:

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

a b

A

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

Answer

/
Let/(x)= L—: —Z 4cosx
X X

. diay d( b d
fAx)=—| — |——| — |+—(cosx
{ } ol l\.rJ J vl xt ) :rfr{ }

{l'll -]
=il 1 )=h
oy ‘ } i

d ¢ I
m_{l } “h_{[_lh r)

l o [ Cd
=a|-4x7 )=b(-2x7" )+ (-sinx) [{—[1 ) = al1d{—{Ctﬁﬂ.1'}=—Sll.k']
: dx v

—4a  2H
=— +T—5’II'I.‘.'

X X

Question 11:

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 -2

Answer

Letf(x)=4/x -2

{ — { {
)= (5 -2) = (445) - (2
£y r |
P -0=4| '.ﬁ']

dxl ) \ 2
f [ 4
=|2x? |:;,_

\ JooNx

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)n

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

. X ||I _ X
_!"{.r]=lin1'f (x+h)=7(x)

h—ai} T

ax+ah+b) —(ac+ b)Y
1

= lin
fi—sib b
[u.t+h}"'(1+ i ] ~(ax+h)
— lim a4 b
fi—sth h

[1+ ah T_l
=(ax+h) lim D
Bl i

={r.r.~.'+h]': liml 1+n[ al ]+”{”_I][ it ]3+... -1
st g ax+h |2 av+h

(Using binomial theorem )

1o i’
[ cih }+H{H Jah

b —+...( Terms containing higher degrees of /1)
v+

2{ax+b)

=(ax+h) lim el +"'"{f?—l)cr:}';
o (ax+b) 2(ax+b)

=[rn‘+h]':|: e +D:|

(ax+h ]

=(ax+h) lim > |

h—lh _II!]'

[u.'r - h)“

= nl
(ax+h)

= na(ax +b)"

Question 13:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

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

Answer

Let f{\] =(ax +b}" [{._1. N fi")"”
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By Leibnitz product rule,

f'(x)= [.f;.'r‘i-h:ldf—f{rx | u’}"' F(ox 4 ff]"'”f—?r[wr- ) (1)
) alx dlx

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

flx+h)=(cx+ch+d)

£ (x)=lim Ailx+h)=1(x)

Je—wld 1
(cx +ch+ {i"}m —(cx+d ]m
i

={r_-.'f+n."]m]iml (H— ch ] —l:|
=0 f cx +of

. [ : —1 et
4mﬂnmml|+’m”+m“’}{ L£"4
ksl fp (cx+d) 2 (ex+d)

= lum
Fr—a A}

w1 v, m{m—1)c"h o . X
=(cx+d) lim— men [ ) +...( Terms containing higher degrees of /1)

S| (ex+d)  2(ex+d)

. m(m—1)c’h
me ( ) N

=(cx+d) ].I-Iil\'llll|:[[w+d} 2[{-_1.'+{.|"}3 :|

=(cx+d)" [ e ; +D}

ox 4

Cme(ex+d)

(cx+d)
=me(cx+d)"
i{{‘.'l.' +d ]"' = me(ex+d ]”H ~2)
dx
Similarly. c—i [ ax + b =na(ax+b }”_I ..(3)

Therefore, from (1), (2), and (3), we obtain
1'(x)=(ax+b) {mc-[m‘+ d)" '}+[cz~r+d}'”{m{m,_l_ﬁ].-. .}

:[;L‘C-I-h]" '{L',‘l.'*cfj'" I| mr.'[r..',‘n:-l—!'}J+nu{t.',‘k'--t.l"]
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Question 14:

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 n1 and n are integers): sin (x + &)

Answer

Lot S (x)=sin(x+a)

flx+h)=sin(x+h+a)
By first principle,

Fx+ )= 1| x]
i

() =1in

sin(x+fi+a)=sin(x+a)

= lim
Si—l) Jf!
I{' . N hY oo ) A
1 x+h+a+x+al . [ x+h+a-x-a
= lim st| |5n1|
=l s 2 J \ 2 /]
1 (2x+2a+hy . [(h)
=1lim—| 2 cos| mn|
soplT0 2 2
ﬂnrh]
: (2x+2a+hy| |2
=lim| cos |< ;
=) \ _2 J 1|II j [
51 ][’ h
P . n|— -
. 2x+2a+hy,. | 2 h
= lim n:ur«'.| |l|m i Ash 0= — =10
0|2 .- -'_;..‘ | h | | 2
\ 2 J
f2x+2a) [ sinx
ms| Skl VY | lim I
2 k=il oy

=cos(x+a)

Question 15:

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

Answer

Let J{x)=cosec xcotx
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By Leibnitz product rule,
#7(x) = cosec x(cot x) + cot x(cosec x) (1)
Let f, (x) = cot x. Accordingly. £, (x+h)=cot(x+h)

By first principle,
filx+h)=fi(x)

IR
fi(x)=1lim P
I cot(x+h)—cot x
=lim
LIE] _If-lr
.1
=lim

cos(x+h) cosx
w0 el sin(x+ k) sinx

=lim— —~ .
=ty sinxsin(x+#)

a1l sin(x—x-h)
=lim - -
w0 h| sinxsin(x+h)

] Co 1| sim(=h
_ 1 im | Sin=R)

sinx =il sinx+h)

-1 (. sinfyl,. | )
=— | lim J lim—

sinx Le=o fp 0 sin(x + h)

- [ 1
=—— 1| =
sinx | sin(x+0)
-1

50 x

I [ sinxcos(x+ i)~ cosxsin(x+h }}

= —cosec’ x
- (cot x) = —cosec’x (2)

Ax+h)= X+
Now, let f2{x) = cosec x. Accordingly, ’f {T h} CGSEC{ ’ h)

By first principle,
] A 14 "r 1 3

fi=l) _ril

= liml[coscc{x+ h)—cosec x |

=it

Page 52 of 68

Website: www.mentorminutes.com Email: care@mentorminutes.com



Class XI Chapter 13 - Limits and Derivatives Mathematics

I J
=lim : -
fr—ail h . SN [_\_’ +||L|'] sIn.x

1 _sin_\‘—mn[.l'—h]
=lim—| — —
0l sin xsin{x+h)

i«
Zcos

— lhm— -
sinx sinfx+ /1)

f2x+h . I
2cos SN
b ]

o=

sinx il i sin{x+/)

R f2x+h)
sin | 1:0:;| = |
1 L2 .

sipy fo if”\] sin{x+h)

1) {24+
SI.Il’:l| ] | CDS| “5 .I
=~ lim L=

1 0 gin( x+A)
A

] I by 2 A
siny  sin(x+0)

-1 cosx

51MY SINX
=—cosecy. cot ¥

-~ cosec .T]a = —cosecy.cotx -(3)
From (1), (2), and (3), we obtain
1"(x) = cosec x| —cosec’x |+ cot x( —cosec xcot x)

= —Cosec y—col” x cosec x
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Question 16:

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

CO5 X
and s are fixed non-zero constants and m and n are integers): | +sin x
Answer
. COS X
flx)=—"—
Let " l+sinx

By quotient rule,

(1+sinx) o (cosx)—(cosx) & (1+sinx)
1(x)= dx dx
_ (1+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’

(1+sinx)’

—sinx—sin’ x—cos” x
(1+sinx)

—sin.r—(s;in: X+ 08 1]
(1+sin .T]:
_ —sinx—|
- (1+sin :r]:

_ —(I+sinx)

B {:l+5in.~.‘]:
B 1
(1+sin x)

Question 17:

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

SIN X + COS X
and s are fixed non-zero constants and m and n are integers): SIN X —cos ¥
Answer

. SIM X+ COS T
fx)=———
Let ! NN —CO5X

By quotient rule,
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(sinx—cosx) i (sinx+ cosx)—(sin x + cos x) cl (sinx—cosx)
f(x)= x x

(,\'.in Y= C08 1}

('.-';in.t cos .'I.'ll(cn:'s_r Hin.ﬁ.‘] {bill.‘t’ ' L"U.‘;A‘]{U{JHI i :-';ill.'r}

(sinx —cos 1}

(sinx [Jﬂ!'i.'l.':]: (sinx+ cosx)

(sin x— cos .1']:

—inn' X0 x=28MXCOsy 48N x4+ co8” x4 251 x cos _TJ

(sinx—cosx)

—[l - I]
(sinx —cos x)

- (sinx - cosx)’

Question 18:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
secx—1

and s are fixed non-zero constants and m and n are integers): secx +1

Answer

secxy —1
flx)=——

let © 7 secx+l
|
fx)=LoSx__ _ l—cosx
C I, 1+cosx
CoOs X

By quotient rule,
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(14 cosx) ”r_{ | —cosx)—(1-cosx) d (14 cosx)

.f'r { .T} _ ﬂ'f'\ :"l‘['l.'

(l i L‘{)HI}:

{1+ eosx)(sin x)—(1-cosx)(-sinx)
(1+cos .1'}:
_ SIN X+ €08 X SINn X+ SIN Y — S0 X CoS X
B (1+cosx)
25in x

B (1+cosx)’

2sinx 2sinx
|"] ] | (secx+1)
. secx sec” x

2sinrsec x
(secx+1)
2sinxy

secy
COs X
{.qcc:r ; I]'

2secytan x

B (seex+1)

Question 19:

Find the derivative of the following functions (it is to be understood that a4, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): sinn x

Answer

Let y = sinn x.

Accordingly, for n =1, y = sin x.

ey . d .
S =CDS X, e, —SINX=COSX
ax dax

Forn =2, y = sinz x.
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adv d .
;== =—(sin xsin I]
dv

= (Hil‘] X }r S0 X + 510 X (:;in .1'}r
= COS X SINX +8in X cosx
=2sinxcosx l:l]
Forn =3, y = sinz x.
Ly _d

S ——[5in:r5in::l.']
dy oy

= (sinx) sin® x +sin x(sin’ .r]f
= cosxsin’ x+sinx(2sinxcosx)
= cosxsin® x+2sin’ ¥ cosx
= 3sin’ xcosx
e 3 (a1}

—{5i11” .‘L'J = 1 sin
We assert that dx

Let our assertion be true for n = k.

i . 3 . |
—{H'lﬂ'l' .T}=kﬁn1'ﬂ“ FI\’_‘('I'HJ['
e, v
Consider

:f {Hin*" :r] = j {sin.\'ﬁj]f ;.,-}
dx et

= (sinx) sin* x+sin x(sin’ \}

= cosxsin' x+sin x(.ﬁ- sin'' ™ xcos .T)

=Ccosxsin’ y+ksin” xcosxy
=(k+1)sin" xcosx

Thus, our assertion is true for n = k + 1.

Hence, by mathematical induction, dx

Question 20:

XCDsX

¢ n Y _ ..
— | sin .1]—.=mn

[B}' Leibnitz product I'Llli:]

[By Leibnitz product rule]

:L.‘sing {1]:

[E}' Leibnitz product ru]e]

[Using {2]]

(=1} _,
XCOs X
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Find the derivative of the following functions (it is to be understood that a4, b, ¢, d, p, q, r

a+bsinx
and s are fixed non-zero constants and m and n are integers): c+dcosx
Answer
. a-+hsinx
Letf(x)=—
- c+dcosxy

By quotient rule,
(¢+dcosx) & (@ +bsinx)—(a+bsinx) d
Ii4-.1 { __"_) — il frky

(c+dcosx)

(c+dcosx)

_(c+dcosx)(beosx)—(a+bsinx)(—dsin x)
(c+dcosx)

_ cheosx+ bd cos” x4+ ad sin x + hd sin” x

{c + L."L‘UH_T):!

hecos x+ ad sinx + hd’(cuﬁ' x+sin” _1']

(c+dcos x}:

B boecosx+ ad sinx+ bd

¢+ dcos x]'l

Question 21:

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

sin{x+a)

and s are fixed non-zero constants and m and n are integers): COS XY
Answer
. sinfx+a)
S(x)=
Let CoOsx

By quotient rule,
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dr. . S d )
COS X E[sm{x+n]] —sin{x+ “}.:r’_r COS X

(=)= cos’ x
CL\S,Ti[Sin{_T+(:}]—Sin(,1'+c:}{—5in.‘t'}
F(x) =—= — 0
Cos” X

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

g'(x)=1lim

fa—ll

= lllllll}-lllf,‘t +h+a)—sin(x+a)

dr—l 1

1 1+!'?+c1+\.+f.r x+h+a—1c—a‘
=lim— "’Lﬂb| ‘
.ll—;llh

| '(21'1'."'(1'1";]'“
=lim—| 2cos
T ;Ilh FJ

r’;_,
. [21+2a+h
=lim/| cos
L] 2

k
_’
2

h
sin| — _

) 2 2 i f.’:’a J
=|1mcnsL A E?+I|I|1 K\’. Aﬁh—r{]:}?—)-f}:|

-rl :III ——"'u' IK'F? L 2

=1 3))

( 2x+2a) . sinh

:Lcos—Jxl lim =1
s _,u._.,:. h

=cos(x+a) o)

From (i) and (ii), we obtain

f'(x)=

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

cos™ X

COEI{x+a—x]

cos” x
cosa

COs™ X
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Question 22:

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): x4 (5 sin x - 3 cos x)

Answer

o4 . .
Lot J(x)=x"(5sinx—3cosx)
By product rule,

fx)=x" 2 —(5sinx—3cosx)+(Ssinx _'E{:{m_v.']i{x']
ax det 7

iy ax

[ (sinx)— ﬁ—(ws x]}+{5sin x—3cos .r]i[.ﬁ]l

[ cosx—3 bll]\}]+{‘\5un—‘:cusm {41

Sxcosx+3xsinxy+20sinx—12cos 1]

Question 23:

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 n1 and n are integers): (x2 + 1) cos x

Answer

e /(x) = (7 +1)cosi

By product rule,

y . SV
fx)= [1 }I{me} b cos x :I{x 1)
=(x* +1)(—sinx)+cos x(2x)

=—x"sinx—sinx+ 2xcosx

Question 24:

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): (ax2 + sin x) {(p + g cos
x)

Answer

Lot S (X)= (ax” +sinx)( p+geosx)
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By product rule,

fx) :(.r_.f_‘r': +sin .ﬁ:]i—f{p +geosx)+(p+g CE]};I]:—J{LH" +sin .1'}
dx ax

= (m‘: +sin J.‘} (—gsinx)+( p+gcosx)(2ax+cosx)

= —gsin .\'{m" +sin .1.'] +(p+geosx)(2ax +cosx)

Question 25:

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

and s are fixed non-zero constants and m and n are integers): {" CHS A H ¥ — tan “}

Answer

Lot F(¥)=(x+cosx)(x—tanx)

By product rule,

Sx)= (x4 c{hhx}i_{.‘r tan x ) +(x lml.ﬁ.'}i_ (x+cosx)

=(x+ L‘nﬁ_r]Li (x)- i_ (tanx) +(x—tanx)(l—sinx)

(x —a:n::.r][l - ;i tan .\.}— (x—tanx}(1—sinx) (1)
X

Lot £(x)=tanx g(x+h)=tan(x+h)

. Accordingly,
By first principle,
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g(x+hn)—g(x)

h
( tan (x+ /1) — tan x \‘|
b,

g'(x)=lim

=lim

h—=l3

h )
im || sin{x+h) sinx
k| cos(x+h) cosx
1 _sin{:r+hj{.‘m‘x—5in.\'cu.~_~'{x+h]

lim —
i fy cos(x+ fi)cosx

I sin(x+h—x)

= Jdim
cosx o i cos(x+h)

o

o1 sin hr
B dim—| ————
cosx o= | cos{x+h)

sinf1’) (l ‘
e n;,'nx[_r+1'r}),

| i
| lim
cosx bl )
l |
= .
cosx  cos(x+0)

=se¢” X i)
Therefore, from (i) and (i), we obtain
7'(x)=(x+cosx){1-sec’ x )+ (x—tanx)(I-sinx)
=(x+cosx)(—tan’ x)+(x—tan x)(1-sin x)

=—tan” x(x +cosx)+(x—tanx)(1—sin x)

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

and s are fixed non-zerc constants and m and n are integers): Jx+Tcosx

Answer
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. dx+5s8inx
flx)=r———7—

Let  3x+7cosx

By quotient rule,

(3x+ ?cns_r}j (4x+35sinx)—(4x+5sinx) d (3x+7cosx)
X X

F(x)=- <

(3x+Tcosx)

i (3x+7 ms.r}[al i{.\-]+5 :Ii (sin 1]} —(4x+5sin _1'}[3 i x+7 i cos .1}

(3x+7cosx)’
(3x+Tcosx)(4+35cosx)—(4x+5sinx)(3—-Tsinx)
(3x+7cosx)

12y +15xcosx+28cosx+35¢cos” x—12x+ 28xsinx—15sinx +35sin” x
(3x+T7cosx)

[5xcosx+28cos x4 28xsin x—15sin x +35[c:}$3 x4sin’ x}

(3x+Tcosx)
B IS5+ 15xcosx+28cos v+ 28xsinxy—155in x

(3x+7cos x]:

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

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

4 T 3
X C0S
W4
sinx

Answer

2 [E\'
¥’ cos 4J
() =
Let 'f{ ) sinx

By quotient rule,
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) d ;s v il .
sinx ; {.‘r'} x° (slnx]
Ji”(‘l] cos—. [a — [rhY
4 5in° x

* »
T siny-2x—x Ccosx
= 05—,

sin” x

m .
X COs 4 [2 s5INXY—Xx CDR.\‘]

. 2
sin” x

Question 28:

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

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

Answer

flx)=—>

Let |+ tan x

{ d
]_._t I,‘ {. -l _'a I tr ra
( anx](h_{\} 1{4’:‘_[ +tan x)

(1+tanx)

(1+tanx)-x- [: (1+ tan x)

f'(x 4y _ . (1)
') (1+tanx)

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

By first principle,
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g(x+h)—g(x)

/()= i £
I +tan(x+/5)—1—tanx
=lim { }
Bl IJ'?
o Csin(v+ k) sin _1'_
lim— ( } ==

b= | cos(x+ k) cosx

sin{x+h)cosx—sinxcos(x+h)

= lim—
=i g cos(x+h)cosx
. 1| sin(x+h-x

=lim— ( )

i | cos(x+ J’:}cm;_t

sin i

= lim—
s o | cos(x+h)cosx

¢ %

o osinh | . i '
=[lim | lim
Vit e cos(x ) cos x|
== — = 5eC X
Cos™ X
el : ..
— —(l+tanx)=sec” x . (1)

o

From (i) and (ii), we obtain

f'(x)=

I+tanx—xsec” x

(1+tan x)’

Question 29:

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

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

Answer

Let f{x)=(x+secx){x—tanx)

By product rule,
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F'(x)=(x+sec J}%[‘E —tanx)+(x—tan J}%[T +sec x)

d o d d
=(x+ —(x)——t +H(x—tz 2 X
=(x smm){ -(x) 2 20 1} (x 1n\)[m[ i \}

=(x +scc:r}{l — %tan J.'j|+l::l.'— tan x][] + %scc 1} (1)

Let f, (x) = tanx. f.(x)=secx
Accordingly, f(x+h)=tan(x+h) and 1, (x+h)=sec(x+h)

=t 150
A
J

. [ tan 1+h] tan x
:||m|

di—wd

=lim

d—pll

[tun{r+h] t.;me

h

1] sin(x+h)  sinx
= him =
=0 h| cos(x+h) cosx

[ sin(x+h)cosx —sinxcos(x+h)
B0 Jy cos(x+h)cosx

sin(x+h—x)

b0 k| cos(x+h)cosx |

sin

=0 | cos{x+h)cosx

foosinh (. I
= lim J [im
\ h=il h =l s lr.'{' + h} COs X

d . .
= —tanx =sec” X )
v
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l( n . £
¥ . folx+h)—flx
1 {.T):l|m| /2 I AC) ‘
) It fi ;
 {sec(x+h)—secx
= ||n|| ( ] 1
To—sll If:
| 1 |
= [1m—

=i | cos(x+) ~cosx

i ] | cosx—cos(r+h)
= 1111k
et i |cos( x4+ h)cosy

i - -. S
—lsin[ Y+x+h |-Si[l[ r—x— |
l 1 2 2
= Jim—
COsx A0t cos(x+/)
[ .-2-‘ & ) I _# -\._I
—Esm{ k. |-sm[ : ]
I 1 .2 ) L2
= Jdim—
cosx cos(x+/1)

l.si n | 4 \

sm[lr+ .l':] | L2
L2 I
| | 2

= dim '
cosx il cos(x+ir)

| (2x+h ‘|L

< limsin i
=0 2 S|
=8eC Y -
limcos(x+ /)
Ji—1
sin 1
=8ec
Ccosx
el
— Tsm: y=sgcrtany , Lol
i

From (i), (i), and (iii), we obtain
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S'(x) = (x+secx)(1—sec” x)+(x—tan x) (1 +secxtan x)

Question 30:

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-zerc constants and m and n are integers): sin” x
Answer
: X
flx)=—=
Let SosInT X

By quotient rule,

L. d o .,
s X X—Xx SN X

j-J{ﬂ: u‘xl dx
s5m X
ﬁ! L = -l
—8&IN" ¥ =HSIN"  XCOsSY
It can be easily shown that dx
Therefore,
L oaood da .,
sin qul X—x ; sin” x
S Ay (X
J(x)= —
st x

] ' |

sin” x.1—x(ssin’ .1.--:05,1'}
sin’” x

sin””! .r{ 51N x — mx cos .'c}

e My
sin”" x
 SINXY—axcosx
- sin” x
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