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NCERT Solutions for Class 11 Maths Chapter 13

Limits and Derivatives Class 11

Chapter 13 Limits and Derivatives Exercise 13.1, 13.2, miscellaneous Solutions

Exercise 13.1 : Solutions of Questions on Page Number : 301
Q1l:

limx+3
Evaluate the Given limit: *—**

Answer :

limx+3=3+3=6

x—33

Q2:

MH[x———]
. T 7
Evaluate the Given limit:

Answer :

) [ 22] [ 22]
limlx—|=|n——
N—+T 7 7

Q3:
limm #

Evaluate the Given limit: "

Answer :

limar® =n [I }: =1

r—l

Q4 :
. dx+3
lim

Evaluate the Given limit: *** ¥ —2
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Answer :

_dx+3 4(4)+3 1643 19
lim = = =—
e x—2 4-2 22

Q5:
L |
i
Evaluate the Given limit: ™" x—1
Answer :
10 5
o e+ 1 [—]] +{—I} +1 1-1+1
lim = - —_
Te=i—] x—1 —-1-1 -2
Q6 :
s
x40y =1
].IITIQ
Evaluate the Given limit: **" x
Answer :
5
x40y =1
hmﬁ
=il x

Putx + 1 =y so that y A¢a€’ 1 as x A¢a€’ 0.

_ (1) =1
Accordingly. Iun( } = lim?
=] X =1 J:_l
L
=lim-
=1y -]
=51
=3
lim ) 1
=l x

2
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Q7 :
3 —x—10
lim————

Evaluate the Given limit: *** X" —4

Answer :
]
0

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

3x* —x— x=2)(3x+5
 im 2% ,I lﬂ=“m(r )(3x+5)
=yt =4 =2 (x=-2)(x+2)
. 3x+5
= lim
x—+2 x+2
_3{2]-1—5
242
_u
4
Q8:
. x' =81
e R —
Evaluate the Given limit: *** 2x" —3x—3
Answer :
0
At x = 2, the value of the given rational function takes the form 0
. v —81 ) {1—3](.1(-4-3)(13-#9}
Solim—s = lim
=3 2xT=5x-3 = (x=3)(2x+1)

{:r—l- 3]{1‘1 +9)

= lim
A3 2x+1
(3+3)(3" +9)

C2(3)+1

_ 618

7

108

7
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Q9 :

I ax+h
m
Evaluate the Given limit: **" ex +1

Answer :

0)+b
1ima.r+b:ﬂ‘( ]+ b
=0 x4+l ¢(0)+1

Q10
[
SR
lim—
z—wl
]
Evaluate the Given limit; zt =1
Answer :
[
-3 _1
lim—
2l
z -]

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

Y ~ ~
Put £ =X sothat z A¢a€ 1 as x A¢ga€’ 1.

|
-] xr =1

Accordingly, lim———=1im
= = vl oy —
-l
= lim
==l X -
i i
_ . x'=a -
=21 lim =na"
s T4 'T_a
=2
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Q11:

l,ma_r:+hx+c' hic0
im——————a I
Evaluate the Given limit: ** ¢x” +bx+a

Answer :

ax’ +hx +¢ n:-'[l}2 +b(1)+¢

lim— = -
! ox” +bx+a c(1) +b(1)+a
_;.r+h+(_'
a+h+c
= [(r+h+c;tﬂ]
Q12:
1 1
+
lim *—2

Evaluate the Given limit; **7 X+2

Answer :

|
+
lim x 2
=2 ¥4 2
0
At x = &€"2, the value of the given function takes the form 0 .
11 [ 2+ x]
+ -
. o) . 2x
Now, lim +—= = lim
-1 4 2 -1 y4 2

. |
= lim —
L 21"
B | B -1
2(-2)
Q13:
. sInax
lim
Evaluate the Given limit: ***  bx
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Answer
. sinax
lim
x =] blr
)]
At x = 0, the value of the given function takes the form 0,
. sInay . sinax ax
MNow, lim = lim X —
re=pl I}x =)l H_"' hx
; sin ax a
=lim w| —
r—ld ax h
a . 5in ax
=—lim [x—H]::-m:—H]]
h-lll'—i-“ EJX
o . siny
=—x] |1m—J =1
I.h RIE U
_ o
b
Q14
. sinax
lim— ,a. hz0
Evaluate the Given limit: *" SIn bx
Answer :
. sinax
lim— L
w0 gin hx
0
0

At x = 0, the value of the given function takes the form
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Q15:

Hmsm{n—x}
Evaluate the Given limit: T[[ﬂ: - .!-:)

Answer :
Hmsm{n—x}
N—*TT n(ﬂ: p— x]

Itis seen that x A¢a€’ m = (11 4€“ x) A¢a€’ 0

. osin(m=x) 1 sin[rr—x}
Slim——=— —
Kb TE[T[—K} R::-t]—rll (?‘E—?{]
= le
T
_1
T
Q16:
lim 225

Evaluate the given limit: * "' T—x

|
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x—=l=ax—10
andx — 0= bhx =10

;i

|

. siny
lim

_1'—||lfl

|

|-1 !

uT““F=q

¥
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Answer :

.ocosxy cos( 1

lim = =

elp—x -0 =@

Q17:
. cos2x-1
lim ——

Evaluate the Given limit; " €0sx—1

Answer :
. cos2x—1
lim———
w0 gosx —1
0
At x = 0, the value of the given function takes the form 0

Now,
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. cos2x—1 . 1-2sin’x-1 L X
lim———=lim— cosx=1-2sin 5
Tl T = el .3 X
cosx—1 1-2zin” — =1
sin” x ,
a ¥ rd h"x
-1 R R
=lim =lim :
=l | v—ll
sin” .
S1I 3
= 2 X
o e
X
2
LT
. | sin-x
lim .
] x
=4 b
N
o2 X
sin”
. )
lim =
r—all [IJ'
5
I\ -

X
sin
lim—2
T X
' 2
: . siny
=4— lim——=1
1‘ =il },l
=4
Q18:
. av -+ xXCcosx
lim————
vl hgin x

Evaluate the Given limit:

Answer :
ay+ xcosx

lim -
s hsinx

0
0.

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

www.ncrtsolutions.in



www.ncrtsolutions.in
www.ncrtsolutions.in

www.ncrtsolutions.in

Now,

_ax+xcosx 1. x{a+cosx)
lim—" = " im—— 7

el hsinx b a—i sinx
I .. ¥ o)
=—lim « lim{a+cosx)
b.‘r—-«'? Sil'l..\!' =0
] | )
=—x—————xlim(a+cosx)
h . sInx w—l
lim
x—al x
1 . sinx
=—x(a+cos0) lim =1
h =l oy
a+l
3]
Q19:
lim xsecx
Evaluate the Given limit: *—
Answer :
. ; X ] 0
limxsecx =lim =——=—=1)
v+l +cosy  cos( ]
Q20:
. singx 4+ by
lim—— a,h,a+h =0
Evaluate the Given limit: * " @x+sinbx
Answer :
0
At x = 0, the value of the given function takes the form 0 .

Now,
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CsIngax+bx
lim—
w0 gy +sin by

Sin ax
[ ]m' +bhx

= lim >~
w0 [ sin hx
ax + h_rL

hx

cry—ll ax a1 v—3ll

= - [Asx — 0= ax—0and by — 0]
_ . . sinbx
limax+lim !')I[Ilm ]

el 1=l hr—slb bx

i A
(Iim e Jx lim (@x) + lim bx

— N=pl) K=l

lim (ax )+ lim bx sin x
[]im“ - :I}

s

lim ax + lim b

x—+l x—¥l

lim (ax + bx)

_ x—+l

B lim ( ax + bx)

v—l)

=lim(1)

r—ail

=1

Q21 :

lim (cosec x —cot x)
Evaluate the Given limit: ***

Answer :
At x = 0, the value of the given function takes the form = — o

Now,
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lim (cosec x - cot x)

x—all

. | Cos X
=lim| ———
o0l ginx  sinx
. [ l=cosx
=lim| ————
=0 sinx
[l—cosx]
. X
=lim——=

x—0 SNy
X

. l—cosx

lim—

Tl X
sinx

all oy

el

Answer :

. tan 2x
lim—

m
T X——

2

x=—

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

s
X——=Y

Now, put 2 so that

. l=cosx
lim ————
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Tl X

—0and lim 22X = 1}

0
0.

x—}i,}r—}ﬂ
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t +2y
fim 20 (7 +2Y)
v ==} };

. tan2v
=lim =
y =pil} LY

-

sin 2y

= lim
v=0 yeos 2y

. [sin 2y 2 ]
= lim ¥

v=ol 0 2y cos2y

(. sin2y . 2
= lim =~ |=lim
'\_ E:L'—a-IJ 2} Y —sll cos 2}

2
cosl)
2

Pt

=1=

=2

Q23:

2x+3,
lim lim 3(r+|},
Find **"f(x) and **! f(x), where f(x) =
Answer :
The given function is
{Ex +3, =0
00 = 3(x+1), x>0

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

k= a—+
fim £ (x) = lim3(x+1) =3(0+1)=3

Iirai flx)= “T. flx)= lim fx)=3

lim f{x}:lﬁimE(xH] =3(1+1)=6

K=l

[lan{n +2y) = tan 2}-]

[y = 0=2y 0]

. sinx
lim =1
=ik Y

xr=10

x =10
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lim £ (x)=1lim3(x+1)=3(1+1)=6

¥ ll-

wlim f (x) = lim £ (x) =lim £ (x) =6

=+l

Q24

-1 x=1
lim o1, k=1

Find ==! f(x), where f(x) =

Answer :
The given function is
-1

-1l x<l

—x —Lx>1

lim £ (x)=lim[x*~1]=1 -1=1-1=0

x—+l

lim f(x)= |lﬂ|l|:—1‘ —I] =—1"-l=-1-1=-2

=l
It is observed that lim f(x)# lim f(x).
x—sl x—l*

Hence, lim f(x) does not exist.

Q25:
H,, r=l
X
lim 0. =0

Evaluate “~*" f(x), where f(x) =

Answer :

The given function is
X
U . x=0
X

0, x=10
f(x) =
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w—il wib
= Ilﬂl(_?x] [thnx is negaitve, |x|: —x:|

= lim| = [When x is positive, [x] :.r:l

It is observed that lim f(x)# lim f(x).
a—li il

Hence, lim f{x} does not exist.
K=k

Q26 :
X
—, x#0
|x
lim 0 x=0
Find *~*" f(x), where f(x) = "’ ’
Answer :

The given function is
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x

—, vl
fF(x)=1kd

0 x=0

x| -

=lim [i:| [E‘r"henx =1, |1:| :—x]

=lim (1)

K=l

=-1
. . . X
fimy 7 (x) =i H

=lim| =
o 113 x

=lim(1)

ik

[When x =10, |J.| = .r:l

| I

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

x—+iF

Hence, lim (x)does not exist.
sl

Q27 :

lim |-

Find 7 f(x), where f(x) =

Answer :

-5

The given function is f(x)
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lim flx)= lim |:|.1 - S:I

= In_i_r'n; (x=3) [When x>0, |x|= x]
=5-5
=0

iy /01 i -5
=lim(x-5) | When x>0, |x|=x]
—5-5
=0

. lil‘l;'l f[x} = |i1‘£1_ I,?"[.t'} =

Hence, lim j'{x] =1

Q28:

a+bx, x<1

4, x=1

b—ax x=1 lim .
Suppose f(x) = and if ! f(x) = f(1) what are possible values of aand b?
Answer :

The given function is
a+by, x<I

flx)=14. x =l
bh—ax x>1

lim f(x) = ]ﬁim[ﬁ+bx} =a+bh

|

|an1 £ (x)=lim(b-ax) =b-a
f(1)=4

It is given that I_in‘ltf{x) = f(1).
cim f (x)=lim f(x)= Iin‘lnf{x] =f(1)
sl =l X—
=a+bh=4andb-a=4
On solving these two equations, we obtain ¢ =0 and b = 4.

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

www.ncrtsolutions.in



www.ncrtsolutions.in
www.ncrtsolutions.in

www.ncrtsolutions.in

Q29 :
Let Ays Ays veeey a, be fixed real numbers and define a function
f(x}z{x_al}{x_af },..{x—ﬂ”}

lim

. A&, Ayens @ lim
What is *~* f(x)? For some A

" compute 7 f(x).

Answer :

The given function is f{r} - {x 4 }{x % }{x — } ,

Imlj{ )= Ilm[ y—a)(x-a,).(x-q,)]

~[im(r-a) [t~} [lin(s-a.)
=(a,—a)(a,-a,)..(a-a,)=0
cim f(x)=

L —kidy

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

Nl L—*a

=[tim (x4 }][!_irﬂ [x— a, ]:|...[lli|}nu{x -a,)]
=(a—a)la-a.)..la—a,)
im f(x)=(a-a)(a-a,)..(a-a,)

i o1

Q30
x| +1, x<0
0, x=0
|I—L x>0
If f(x) = .

lim
For what value (s) of adoes **¥ f(x) exists?

Answer :

The given function is
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f+1 x<0
S(x)=10, x=0

|:r| -1 x=0

When a =10,
lim f(x) = lim (|«]+1)
=lim(-x+1) [Ifx <0,

T3l

A‘|=—x]
=-0+1
=1

lim f ()= lim (|«[-1)

vl x—"

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

=0-1

Here. it is observed that lim f(x)# lim f(x).

a—wll r—=il’
- lim f(x) does not exist.
=11

When a <0,

lim f(x)=lim (|x|+|]
=lim(-x+1) [x{ra{ﬂ:: |x:—x]
=—a+l

fim £ (x)= fim (1 +1)
:lim[—x—l-l] I:{.F{I{D:P |x:—x]
=—g+]

“lim ()= fim 7 (x) = e+l
Thus. limit oi‘f{x]cxists at x = . where a < 0.

Whena>0

www.ncrtsolutions.in



www.ncrtsolutions.in
www.ncrtsolutions.in

www.ncrtsolutions.in

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

N =¥l A=l

=lim(x-1) [D-:: x{u=>|x|=,f:|

o 47}

=a-=1

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

=lim(x-1) [ﬂﬁ a-f.:c:>-|x|=x]
=a—1

~ lim fx)=lim f(x)=a-1

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

lim f(x)
Thus, +—*« exists for all a # 0.

Q31:

. fix)=2
lim (x) =T limf{x]

If the function f(x) satisfies **' X" —1 , evaluate *—!

Answer :

f{x)—? o

lim
il w7 =]

lim ((x) - ]_

x|

2
lim (x* - 1)
2

K=l *

= lim(f(x)-2)=nlim(x"-1)

x| ! x—+l

= lim(f(x)-2)==(1"-1)

Nl

= lim(f(x)-2)

B
= limf(x)-lim2=0
Kl N—]

:>1imf'[x}—2:ﬂ

el

s limf(x)=2

x=nl

Il
=

Q32:
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my” +n, x<0
S(x)=qnx+m, D<x<]

e+ m, 1 limf(x)  limf(x)

. For what integers m and n does *—*! and exist?
Answer :
The given function is
nix” +n, x<0
Sx)=1nx+m, 0<x<l
o’ +m, x>

lim f(x)= I*_i_r’r&{mx: +n)

x=i
=m(0) +n
=n

lim f{:r:] =lim(nx+ m)

vl v—+(}
=n(0)+m
=m.

lim £ (x)
Thus, +— exists if m =n.

lim f{x)= Iirrll{nr+ n)

ey | A
=n(l)+m
=m+n

lim f(x)=lim (nf + m)
vl =l
= n{l}J +m
=m+n

s lim f (x) = lim £ (x) =lim £ (x).

lim f(x)
Thus, ! exists for any integral value of m and n.

Exercise 13.2 : Solutions of Questions on Page Number : 312
Ql:

Find the derivative of x> - 2 at x = 10.
Answer :
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Let f(x) = x> &€" 2. Accordingly,
F(10+ k)~ £(10)

10)=lim
f{ ) fi—edb h-
[(10+h) ~2]-(10°-2)
= lim
Fr—sll h
L0+ 2100+ =210 %2
= lim
Tp—all h
20h+k
=lim=———
fpeall h
_Llirr.l{znm} (20+0)=20

Thus, the derivative of x* 4€“ 2 at x = 10 is 20.

Q2:

Find the derivative of 99x at x = 100.

Answer :

Let f(x) = 99x. Accordingly,

(100) = lim mnm} 7(100)

f—lk

(mnm) 99(100)

m‘)‘)xlﬂﬂﬁ}‘}h—‘}‘h 100

S0 ;-‘a

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

Q3:

Find the derivative of x at x = 1.

Answer :

Letf(x) = x. Accordingly,
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=)

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

Q4

Find the derivative of the following functions from first principle.

(i) x° &€ 27 (ii) (x 4€“ 1) (x 4€“ 2)

I_ x+1
(i) ¥ (v) ¥-1
Answer :

(i) Let f(x) = x* &€" 27. Accordingly, from the first principle,

£(x)=tim L E+A)-7 )

h—sld h
[{x + h)j - 2?}— {x'ﬁ - 2?]

=lim

il h

L X+ 3 h+ 3k -
=lim

Tr=al) h

L #3xTh+3xkh
= Im':
= !JLTI'.I(!: +3x7 + 3xh}

=0+3x7+0=3x"

(ii) Let f(x) = (x &€“ 1) (x &€" 2). Accordingly, from the first principle,
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fx)= lﬁim i 2_'”::}

f1=ul}

(x+h=1)(x+h-2)=(x-1)(x-2)

= lim
Fr—si) b
; (5" +hx—2x+ hx+ 1 = 2h—x—h+2) - (5" —2x—x+2)
= [1m
Fr—sil .Illir
, (}.r,:.‘+h,r+h:—2h—h)
= lim
Fr—il h
. 2hx+ht=3h
=lim————
Fr—sil ||L|"
=lim(2x + h=3)
=(2x+0-3)
=2x-3
1
.f[I}:—;
(iii) Let X" Accordingly, from the first principle,
(x4 )= F(x
)= i LR )
bl I
1
v+h) X
e CLl)
=0 h
=lim—

| [ ¥ —{x+h}:]

=0k x:{x+h}:

=lim— -
Rl x(x+h)

2

| _.1;: - =k -th]

1| =K =2hx
=lim—| —
J'r—}u};_x- {x+h}'

. -h-2x
=lim| ————
L= L“ (.r+ 1}]' ]

_ 0-2x -2
T2 a3
xM(x+0)  x
x+1
. x ==
(iv) Let x—1 Accordingly, from the first principle,
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£/(x) = lim F(x+h)-1(x)
B} fr
x+h+1 x+1
—lim [r+h—l x—l]
h->0 h

1 [[x—l}{x+h+1)—{I+1}{x+h—1}]

=lim—
0 (x=1)(x+h-1)

1 _[x:+h:-:+x—x—h—l)—[x:+h_r—:c+x+h—l]

ﬂﬂﬁ (_r_]){r+."?—]} }

= Iiml_ =—
=0 _{.'r —1)(x+h-1)

=!.i%|:(x—|]':_f+h_]}:|

=2 =2

TG (x-1y

Q5:

For the function

100 a9 2

. X X
)= —t — L+ — 1
fx) 1{}{}+99+ +—t+x+
Prove that f’{l]=|ﬂﬂf’[ﬂ}
Answer :

The given function is
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(LK tHy ‘*

. X X
X)=—+—+.. +—+ x+1
f(x) 100 99 2
11H) o 2
if(x}:i A S
dx dx| 100 99 2

O e e b el

On using theorem di(.r”) =nx""', we obtain
n

e am
—_f }—]UUI 99 o +E+I+{I
100 09 2

=x" 4 x4+

f'[_r:l=xw +x A x+]

Atx =0,
f(0)=1
Atx=1,

=11+ 1+ =+ 1+ =1x100=100

,f'(1}=1{]{]><f‘{[‘.l}

Thus

Q6:

I m—1 X_n-2 n—l n
Find the derivative of ¥ +&Xx  +a x ~“+..+a X+a for some fixed real number a.

Answer :

Lot flx)=x"+ax""+a'x" " +..+a" x+a"

s S(x) = ;i(.\"' +ax" +a’x" o+ v+ d)
dx
I o ! n— 2 l =2 - 1 o 1
=—(-Y—(_\' )+a—‘—(x I)+a -(—‘-(\ )+...+a '-fz;(.\')+a ‘—(f;(l)

On using theorem -‘;—I-.r” =nx""". we obtain
X
L(x)=mx"" +a(n-1)x""+a’ (n-2)x""+...+a"" +a"(0)

=l

=nx""+a(n=-1)x""+a’ (n=2)x""+..+a
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Q7 :

For some constants a and b, find the derivative of
X=da

(i) (x 4€“ @) (x 4€“ b) (ii) (ax® + by’ (i) ¥—H

Answer :

() Let f (x) = (x 4€" &) (x 4€° b)

= f(x)=x"~(a+b)x+ab
Lf(x)= %{x: ~(a+b)x+ .-::b]

d . d d
= a(x }—{a +FJ]£I:X:|+E[0PJ}

On using theorem di[x" ] =nx""', we obtain
X

S(x)=2x—(a+b)+0=2x—a—b

flx)= (ax’ + b]'

= [(x)=a’x"+2abx’ +b’

(ii) Let

" d . g v , d dyia.y dy,,
Sof (.\')=I(a x'+2abx’ +b )=a —(.\'4)+2ab$(.\' )+£(h )

X dx

S d , A :
On using theorem T\ =nx"". we obtain
X

f(x)=d* (4.\':‘)+ 2ab(2x)+b7(0)
=4a’x’ +dabx
= 40.\'((&‘" - b)

. (x—a)
Let f [x} =
(iii (x=)

== g5

By quotient rule,
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T (x—b)

_(=B))-(-a)()
(x=b)
=x—h—x+ﬂ
(x-b)
_a -b 1
(x-b)

Q8:

Find the derivative of ¥ —# for some constant a.

Answer :
Lot (x) =2 =

, d | x"—a"
j’”"‘)m[ ]

By quotient rule,

(x-a) § (v'~a")-(x" ~a) § (+-a)
(x=a)
(v-a)(n"! ~0)-(x"~")
(x-a)

B ﬂxu _ﬂﬂ.x” | _xu.l +ﬂ'”

(x—a)

/(%)=

Q9:
Find the derivative of

Zx—é

@) 4 (i) (5x° + 3x 4€“ 1) (x 4€“ 1)
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(i) X% (5 + 3x) (iv) X° (3 5€* 6x7)

2 X

(v) x# (3 a€« axes) (viy X+1 Ix—1

Answer :
flx)=20-2
(i) Let 4

f(x)=2 [Er—i]

dy 4

~255l3)

(ii) Let f (x) = (5x* + 3x 4€“ 1) (x &€“ 1)
By Leibnitz product rule,

; e e 3
=[5.\:' +3_r—l)E[x— I]-I—(J:—]}E(Sx +3_\:—1)

(527 +3x=1) (1) +(x=1)(5.3x" +3-0)
(53 +3x 1)+ (x=1) (1557 +3)

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

(iii) Letf (x) = x** (5 + 3x)

By Leibnitz product rule,
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f(x)=x" 31(5 +3x)+ {5+3x};i(x'-‘)

=1 (043)+(5+3x)(-3x7)
=x 7 (3)+(5+3x)(-3x7)
=3x 7 ~15x 7 = 9x”

=—6x" —15x~"

=—3x [?+i]

_ 3
=Y (2x+5)
X

-3
=—(5+2
S(s+2v)

(iv) Let f (x) = x° (3 &€" 6x*¢°)

By Leibnitz product rule,
7/() = (3-6x")+(3-6x") ()
=x {ﬂ—t’){—l}]x } (3 fx ][ ]

=x'(54x" ) +15x* -30x
= 54x7" +15x% =302~
=24x" +15x"

24

g

X

=15x" +

(V) Let f (x) = x** (3 &€" 4x*°)

By Leibnitz product rule,
f(x)=x j(a 47 )+ (3-4x )
=x {{]—4[—3}_1 ‘]+(
=x4[zux“)+{3—4x-](—4x-)

=20x" —12x" +16x7"

%M
)

!

=36 —12x"
_ 12 36
Ix'ﬁ xll'l

2 x

wi)Letf()= ¥+1 3x—I
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)il
el x+1 dvl 3x =1

By quotient rule,

Q10:

(3x-1)
_I:.r+I)[ﬂ}—2[I]:|_[(3\'—]}[2){}—(13){3}]

(x+1)

(x+ I}J (3x— I}:

(x+1) (3x-1)’

-2 6x° —2:1:—3.‘(3]

-2 3 - 211]

Find the derivative of cos x from first principle.

Answer :

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

f'(x)=

i S (4 1)~ (x)
=l h

L <8 (x4 h)-cosx
Fral) h

www.ncrtsolutions.in
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_im| COSXCOS/r—sin xsin & — cos x
_.'.-—H'_ fir
_ _—msu(l—mﬂh}—gmxsinh}
=lim
fa—wld h
[ —cosx(1-cosh) sinxsinh
=lun -
h rll_ h‘ h
. l=cosh) . .. (sinh)
=—cosx| lim——— |[—sinxlim —J
=i fir fr—will ] h
= —cosx(0)-sinx(1) [nm'_m”’:uand limsmhzl}
fall h bt
=—3inx
S f(x)==sinx

Q1l1:

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

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

Answer :

(i) Letf (x) = sin x cos x. Accordingly, from the first principle,
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f'[x+ h]—_f'(x}

EN g s
o)t
i sin(x+h)cos(x+h)—sinxcosx
= lim
fi—s1) h

= IirniJijl [2sin(x+h)cos(x+h)— 2sin xcos x |

fi—lh

~ lim [sin2(x+4)-sin2x]

i T h

. 1[ 2x+2h+2x 11'+2h—2_1}
=lim 2cos -5in
JJ—;IJZ}? 2
. |[ 4x+2h . 2}:}
= lim—| cos sin—

.II—H:Ih 2 2

L ]
=!||_|'13E[cns{2x+h]smh:|

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

f—pld f1—slb
=cos(2x+0).1
=cos2x

(ii) Letf (x) = sec x. Accordingly, from the first principle,
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f(x+h)-1(x)

“(x)=lim
.f ( ) Sl l’
+/h)—secx
- sec(x+/1)—secx
i Ji]
=liml : :

0 fo| cos(x+h) " cosx

: |_cos.\'—cos(x+h)
=lim—
h—0 | cos.\’cos(x + /’)

. (x+x+hY. (x=x-h
—2sin| ——— |sin| ————
| 1 2 2

= dim—
cosx iy cos(x+4)
i 2X+H) ( h
-2sin| =—— |sin| - =
| GO | 2 \ 2
= dim—
cosx 0t fy cos(x+h)

sin /—’
. [2x+h) 2
sin

2 ‘/h\
S 2 J
= dim h
cosx i cos(x+ /)
. (h . [ 2x+h
sin| — ==
| SR 290 = 2
= Jdim Jim
cosx ', (h) = cos(x+h)
’ 2
ol | sinx
COSX  COSX
=secxtanx

(iii) Letf (x) = 5 sec x + 4 cos x. Accordingly, from the first principle,
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e S(x+h)=1(x)

(x)=h
v ( ) 1=l h
i Ssec(x+h)+4cos(x+h)—[5secx+4cosx]
=lim
N0 h
sec(x+/h)—secx cos(x+h)=cosx
=51im|: ( ) ]+-Ilim[ ( ) ]
Ji—0 h b=l h
T | | 1 |
=5lim— ~ +4him —[cos (x+h)-cos .\‘]
=0 h| cos(x+h) cosx | H0h

+4lim ,l[cos xcosh—sinxsin/ —cosx|
)

Tl

I [ cosx—cos (x+h)
=0 k| cosxcos(x+h)

. (.\'+.\‘+h]. [x—x—h]
—2sIn - |sin
2 B

> S | 1 S
=——7Iim— +4hm—[—cosx(l—cosh)—sm x'sin h]
cosx =0 i cos(x+h) =0 fy '

-2 sin( 2\45 )sin ( -
) J

< \

o>

5 1

= dim—
cosx ki f cos(x+#)

h—=0 h -0 h

) e |
+ 4[-—cos xhm (_ﬂs_’.). <inoe im0 h]

=——.Iim
cosx /0 cos(x+/h)

+ 4[(—cos x).(0)—(sin x). ']

. ( 2x+h ) !
= sin sin
3 . 2 .
= | lim Jim
cosx | =0 cos(x+h) 0

| =

)

—4sinx

N R

5  sinx 2
= : d—4sinx
COSX COSX

=S5secxtanx.—4sinxy

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

hah

f(x+h)-f(x)
h

. 1

"(x) =lim—| cosec(x+/1)—cosecx

() =lim-, [ cosec(x-+ ) ~cosec |
=lim—l l l

o0 h| sin(x+h) Csinx

1] sinx—sin(x+h)
=lim~—| — .
s sm(x+h)smx

" x+x+hY . (x=x=h)
2¢os - |sin| ——
2 2

=lim— . -
0 sin{x+/7)sinx
[ [2.\'+h). ( /7)
2cos sin| —
sxavi) 2 2
= lim - 3 .
a0 o sin (x+/A)sin x
sin 2
cos 2x+h 2
2 h
. 2
=lim > :
Jr—st sln(,\"‘}' h)SIn X
(2.\'+h]\ . (/’)
L sin| —
. 2 ) | g2
=lim| — —— | lim —— ==
=0l sin(x+A)sinx | 7, [QJ
- 7

/

_[_=cosx 1,
sinxsiny /)
= —cosecy cot x

(v) Let f (x) = 3cot x + 5cosec x. Accordingly, from the first principle,
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S(x+h)=-f(x)

7=
I 3cot(x+ A1)+ Scosec(x+ h) - 3cot x — Scosec x
= lim
h—s0) h

=3 !ﬂé[cm (x+h)- -:or:r] +5 !I_]II% cosec (x+ /) - cosec x]

Now, lim%[mt{x+ h]—cot x]

fa—l}

| _L‘{}S(.I' + h) COs Y
= lim—| — - —
s sin(x+h)  sinx

1 _ms[x+ ft)sin x — cos xsin {x + fr}
b sinxsin(x+h)

1 sin(_r—x—h} |

bl 1 8in x sin {x + J'r]

1 5in{—ﬁ.’r:|

b= fy | sinxsin(x+ h)

. osinh | . I
=—| lim—— [.| lim — =
b=y -‘.-—:-IJ:;1|1_T-3|I'I{.I+JF?)

! ) 1
=—], —] : I 2. B 2
sinx-sin(x+0) sin’x cosec’x (2)
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1
lim—| cosec|x+h)—cosecy
fo—pil fir[ [ ] ]

tim |
ot fi| sin{x+h) sinx

| sinx -sin[x + h}

=04 | sin(x +/1)sinx

_,i [x+_r+fr] . (.r—x-h]
2cos *SIn
I 2 2

= sin{x+#)sinx

',J [2x+.i'rJ . [ Ir]
= C0Ss S| =
1 2 2

fisl fy 5in { X+ }"r} 5111 X

=lim
it osin(x + fr)sin x

(3x+h]
—Cos

. 2

= lim

5
0| sin(x + A )sin x ’: o [E]
) 2

= 05X 1
sinxsiny )

= —COSeCY cot X -(3)

From (1), (2), and (3), we obtain

/" (x)=-3cosec’x — Scosec x cot x

(vi) Let f (x) = 5sin x &4€" 6¢cos x + 7. Accordingly, from the first principle,
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=0

o )= £(3)
S(x)=lim et

=lim : [Ssin(x+h)—6cos(x+h)+7 -5sinx+6cosx-7]
1

hi=sl)

=lim l[) {sin(x+h)—sinx}—6{cos(x +h)- cosx}]

=0 h

—5lim sin{x+#)-sinx —6lim’l[cos(.x+h)-—cosx:|
1

h—l) 1 hi—)

1 x+h+x) . (x+h-x _cosxcosh—smnxsin/i—cosx
=5lim—| 2¢cos| ——— gin| ————— = T e i

Ji-»li h 2 2 feal) h

2x , | —cosx(l—cosh)—sinxsinh

=5|iml 2cos( Saul smﬁ —6lim ‘( ) i

=0 2 2 Sl h

sin h
2x | —cosx(l—cosh Inxsin/

- Slim cos( \;—h) b —6I1m|: ¢ x(, 1) sin \Ismh]

-1 Z , .’

h =0
2

. h
- sin o '
=5[Iimcos[“" +h)] lim— = -—6[(-cosx)(liml LOSI’)-sinxlim[—sm k ):l
fi—a) 2 -h-,n 17 Jr—sll h h—0) h
2

= 5cosx.|—6[(—cosx).(0)—sinx.l]
=5co8x+6sinx

(vii) Let f (x) = 2 tan x &€" 7 sec x. Accordingly, from the first principle,
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1'(x)=lim J(x+h)—f(x)

fi-»0 h

2 ]
=lim—[ 2tan (x + &)~ 7sec(x + h)—2tan x+ Tsecx |
it h -

=lim —1~|:2 {tan(.\' +h)~—tan .\'} -7 {sec(.\‘ + ) - sec \}]

fi—s0) h

=2lim 4 tan (x + /1) - tan .\'] ~7lim l[sec(.\' +h) - secx]

T h N I’
- 1| sm(x+/) sinx 1 1 |
=2lim— ( )— —7hm— -
"0 h| cos(x+h) cosx | 0k cos(x+h) cosx
- sin(x + /1) cos x — sin xcos(x + /1) _— cos X —cos(x + /)
=2hm— —/nm-—
0 fy cosxcos(x+h) w0 | cosxcos(x+h)
5 (x+x+h) . (x—.\‘—h
=i . —2sin| ——— |sin| ——
1| sin(x+h-x) " 2 . 2
=2hm— —Thm—
0 fo| cosxcos(x+h)| 0k cosxcos(x+h)
- 2x+hY. { h)
o ~2sin sin| ——
s sin ki | | 2 2/
=2hm —7hm—
0\ h ) cosxcos(x+h) et fy cosxcos(x+h)
( h . [ 2x+h
¢ SN — s 5
.osinh| l ] % 5 2
=2| Iim lim -7 lim = | im
) 7 Jioaly cosS X cos(_\-+ h) ’11 0 {l Y] CosS Y Cos(.\' =+ h)
v 2
| sin X
=2l —7| —
COS X COS X COSXCOSX )

bl
=2sec” x—Tsecxtanx

Exercise Miscellaneous : Solutions of Questions on Page Number : 317

Ql:
Find the derivative of the following functions from first principle:

(i) &€ (ii) (3E“X)*" (iii) sin (x + 1)
%)
Cos| X ——
(iv) 8

Answer :
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(i) Let f(x) = a€"x. Accordingly, fx+ h) =—(x+ h}

By first principle,

F(x)=(—x)" = =21 f[x+h]=(

x+h
(i) Let —X X Accordingly, }

By first principle,
f‘l[x + h] -1 x}

f'(x)=lim

li—i

1 - [—I‘
= lim— - —
h+0h| x+h :k;J

.1 -1 1}
= lim— +—
h+0h|x+h x

=lim—

h=0l |y I x(x + h]

L1 x4+ x+h
= lim—| ——
=0h| x(x+h)

1 _—x+{x+h}]

_1i
hn}'}x[xﬂl}

_ L1
XX X

(iii) Let f(x) = sin (x + 1). Accordingly, f(x N h) - Sln{x +h+ I)

By first principle,
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F(x+h) f'{w:]

f{h:l—hl‘ﬂ

la=alh

= Iim—[sin[x+h+l)—sin[x+l}:|

h—sli h

1 x+h+1+x+17Y . x+h+1—x—l]
=lim—| 2 cos sin
h—;l]hI: [ 2 ] [ 2
o [2};+I1+2] . (h]
=lim—| 2 cos| ——— |sin| —
b0 |y 2 2
sin(ﬂ]
. [2x+h+2] 2
= lim| cos .
2 h
[2]
:-'.in[—] _
=Iimcc:s[2x+h+2]-lim 2 Ash—;ﬂ::-%'—;ﬂ}

h—sl1 2 %_..u [E] |
“ 2

kh—

[2x+ﬂ+2] sinx }
=cos| ———— |1 1 m =1
2 ERal
=cos(x+1)

f{x}=¢@s(x—£] f[x+h}=cos[x+h—£]
(iv) Let 8 . Accordingly, 8

By first principle,
f(x+h)-1f(x)

f'(x)=lim

hiwdl

1 m
=lim— Lo'f.[x+h—— |—LD'§[X——J
hsl |y 8 g
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(-‘”fh—ﬂ*"—n] Xx+h-" x4
=lim— —Esinl‘“ 8 5in 8
h— |y 2 2
: Ix+h-"
=lim—| =2sin| ———= |sin—
b+ |y 2 2
| \
i s v (hY
2X+h—— S'“(&J
= lim| —sin 4 x
h—+0 2 [ﬂ]
i 2
I 3 .
e h sm[—] "
=lim| =sin| ——— | |.lIim———= Ash—=l=——=1
h—0r .2 I:—'.HI [E] 2
L L : 2
2x+0-%
=—3sIn |

Q2:

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): (x + a)

Answer :

flx+h)=x+h+a

Let f(x) = x + a. Accordingly,

By first principle,
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x+h+a—x—a

h— F.]'

I‘ [h]
=lim| —
Ji—l) h

=lim(1)

hi—

Q3:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-

mraler]

zero constants and m and n are integers):

Answer :
Let /'(x)=(px +q][£+a}

By Leibnitz product rule,

o

f'(x)= (px+q)('—\:+s] +{%+s)(px+q)'

= (px+q)(rx! +s)' +[£+S](P)

X

~(pr+q)(-n)e{ Zas o
=(px ’*q)[;—f% [,T+ S)p

=_—l)r—i',;+p—r+p.v

X X% X

Q4:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
zero constants and m and n are integers): (ax + b) (cx + d)*
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Answer

f'[x}:{ax+b}[cx+rf]

Let

By Leibnitz product rule,

£(x)=(ax+b) :Zv (ex+d) +(cx+d) :zi (ax +b)
=(ax+ b)-‘-l—(c:x: +2cdy+d’ ) +(cx+d) i(a\' +b)
de d

:(ax'+b)[;_(c:.\':)+ i (2cdx)+ S.d:j|+(c.\'+d):[z-a\'+ 4 b:|

X \ X dx
=(ax+ h)(ZCI_\’+ 2cd')+ (Cx +d’ )a

=2¢c(ax+b)(cx+d)+a(cx+d)’

Q5:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
ar+ b

zero constants and m and n are integers): ex+d

Answer :

av+h
Let '”I}_ cx+d

By quotient rule,

{cx+a’]i|:¢r+b)—{ax +b}i;i(cx+d]

fx)= (ex+d)

_ (cx+ d)(a}—(a;:wb}[c}
(ex+d)
_acx+ ad-affr —be
l:c.r+a’]'
_ ad —bc‘ﬁ
(cx+d)
Q6:
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
zero constants and m and n are integers):

1+
.
1
-
X
Answer :
1_'_l x+1
: . x X+l
Let f [x}: ”1 = 1_" == cwherex =0
1 x= x—1
X X

By quotient rule,

i
(x=1) S (x+1)=(x+1) " Jr—l}
()= di  x#0,1

=)
- ()~(x+1)()
(x=1)

:LIE_IE x#0. 1
(1)

=——7, x#0, |

(x-1)

L=,

Q7 :

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): &% +hx+c
Answer :

S (x)=

Let ax’ +fn:+-:‘

By quotient rule,
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(ax® +bx+c) d (1)- d {ux: +bx+c)

F(x)= dx cx i

[mr? + by + c]

- (ax: + bx +c]{{}}— 2ax +b)

(m'? + b+ ::'}:
B —[E(m'+ E.‘r]

(uxj + bx +c':|;

Q8:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
ax+b
,Ji:uc:l +gx+r

zero constants and m and n are integers):

Answer :

ax+h
pxj +gx+r

Let f(x)=
By quotient rule,

f 2 ﬂr ) | I!:i'r f 2 .
(P +qrtr)(ax+b)—(ax+b)—(px*+qx+r)

fi(x)= 3
(%) (p.r3+qx+r}'

(;},\;3 +gx+ r](q]—{m‘+h}{2px+q)
(px’ +:,w+r]:

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

=

(P.T:+(Ii".1'+ r]-
—apx* = 2bpx +ar —bg
(f}r3+qx+ﬂ"]:

Q9:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
‘J':ur2 +gx+r

zero constants and m and n are integers): ax+b
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Answer :
. T g+

Let f (x)= 22 "0
ax +h

By quotient rule,

(ﬂ.‘:+b]%{pxl +qx+r)—(px: +gr+ r]%[mﬁ h)

f)= (ax+b)
(ax+b)(2px+q)—(px* +qu+r)(a)
) (ax+b)
2apx” + agx + 2bpx + bg — apx” — agx — ar
) {a;r-lrb}:
apx” +2bpx + hg — ar
T (aveb)
Q10:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-

o

b
—4——3+ CO5 X

zero constants and m and n are integers): ¥ X

Answer
[

Let/(x)= e ‘h +Cos X

2 d( a d( b d
¥j=—] = = = e X
/ (\) t/.r[.\“] ¢/.\'(.r‘) dx(cosx)

=a A (.r" )—h S (.r': )+ L (cosx)

dx dx dx
=a(-4x7)=b(-247")+(-sinx) [%(r’) = n.\'""and%_ (cosx)=—sin .\}
—4a 2b .
=——+—F5—Sinx
X X

Ql1:
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-

zero constants and m and n are integers): 4‘“;-_ -2

Answer :

Letf(x) =dx -2

Q12:

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

Answer :
Let f(x) = (ax+b)". Accordingly, f (x+ /)= {a(x+h)+b| =(ax+ah+b)

By first principle,
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f'(x)=hm"

h-l

f(x+h)—1(x)
h

(ax+ah+b)" —(ax+b)

=lm
) ,1
(u.\'+b)"(l+‘m--— —(ax+h)’
e ax+h )
h-sl) h
\”
(l (.l/lh 1
= (ax+b)" lim~— T2
St} I’
oy -I / :
=(ax+h) llml l+n( ah )«i—"(" )[ i J+ -1
h-0 ax+b [2 ax+b

(Using binomial theorem )

=1 2,3
[ ah ]+n(n ya'h

—+...( Terms containing higher degrees of A
(L\'+h l._z(([_\' +h)' ( & g < )
na__ n(n—1)ah
h—+t ((I.\"I-b) l__Z(u_\' +[7):

=(ax+bh) lim 1|
/]

(ax+b)’

=na
: (ax+h)

= na (ax +h)" '

Q13:

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): (ax + b)" (cx + d)"

Answer :
Let f(x)=(ax +b]" (ex +d}.u.

By Leibnitz product rule,
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£(3)=(av+ ) L evvd) +(evrd)' L(aes) (1)
Now, let f;(x) =(ex+d)"

fi(x+h)=(cx+ch+d)"

Si(x+h)=fi(x)

1 (x)= lim

] h
lim (ex+ch+d )"' —(ex+d ¥
=it
hsld h
=(cx+d)" liml (I+ ol J -1
W9 h ex+d
m g i ; -1 Uzh:
=(cx+d) l'lml 1+ il +m(m ) ( ) +... |-1
=0 h ((.'.\' +(j) 2 ((_‘_\’ +(i )-
oy [ fi —1 'Jl 5 e, .
=(cx+d)" lim L)| ek 4 i1 ,7 +...( Terms containing higher degrees of /1)
Oh| (ex+d)  2(ex+d)

_— me  m(m=1)ch
=(cx+d) lim + —+...
v w{(cxw) 2(exrd) ]

=(cx+d)’"[ e +0]

ox+d

- me(ex+d )

(L'.\'+ Ll)
=me(cx+d)"
%{cx +a.q’]"r = me(ex+ u"]m_l .(2)
Similarly, di{uxm}” =na(ax+b)"" ~(3)
X

Therefore, from (1), (2), and (3), we obtain
S(x)=(ax+b) {mc (ex+d)" } +ex+d)" {na(ax+b}"_1}
=(ax+b)" (ex+d)"" [ me(ax+b)+na(ex+d)]

Q14
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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): sin (x + a)

Answer :
Lo f(x)=sin(x+a)
f(x+h)=sin(x+h+a)

By first principle,

f(x+h)-7(x)

f'(x)=lm
= (‘) fa—s() h
- lm sin(x+h+al)—sin(x+a)
1= 1

| x+h+a+x+a) ., {x+h+a-x—-a
=lim—| 2c¢cos sin
h=0 h 2 2

1 2x+2a+h\ . (h)
=lim-—|2cos| — [Sin —J
h— h _ 2 _ 2

. (h
: [2x+2a+hj Sm[_Z—J
= lim| cos 4
Ji-d) 2 h
3)
vsin(ﬁ
AL ) T
= |il’ﬂCOS(2A+~a+h\]lim 2 Ash—->0= {: ——)0}

dh=bd) | 2 J f’i—.u E\ L <
2 2J

(2x+2a [ sinx
os| —— [x] lim 2|
\

]
(]

‘) X—»() X

L

=cos(x+a)

Q15:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
zero constants and m and n are integers): cosec x cot x

Answer :

Lot f(x) = cosec xcot x

By Leibnitz product rule,
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f'(x)=cosec I{C{}L‘L')r +cot x (cosec x). (1)
Let ; (x) = cotx. Accordingly, f, (x + i) = cot(x+h)

By first principle,

fi(x+h)= £, (x)

f‘l {1‘] - .II'E-TI.! | h
i cot(x+h)—cotx
=lim

cos(x+h) cosx
) '“'hxs'.n(‘}"-l'h} sin x

I [ sinxcos(x+h)—cosxsin(x+h)
bt Jy sinxsin(x+h)

| i sin(x=x=h) ]

heslh Jy _Sjnxsm (,‘l[' - h‘:l

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

-1 _sinh Y| 1
=——| lim lim————
sinx \ =0 o J| w0 sin(x+h)

-1 |
LI
sinx | sin(x+0)
-1

T w2
sm-x

= —cosec’x
».(cot x) =—cosec’x (2)

S (x+h)=cosec(x+h)

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

By first principle,
£ (+)= lim .f’:(r”?j-.f: (x)

= lim l[coscc (x+h)-cosec x]
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1f 1
=lim—| — ——
e i sin(x+h)  sinx

=lim—| — -
0 k| sin xsin(x +h)

1 ' sin X —sin (Jr - .ﬁ}:|

X+x+hY . (x—x—h
2cos 5||1|
| | 2 2
=—— |lim— -
sinx el i sm(r+ h]
5 2x+ kY . (=h
2cos sin
I 1 2 2
=——o  Ilim— :
s x 0 f sm{x+ h}

. ho 2x4fi
| s 2;| cos| =,
= lim

sinx [E] - sin(x+Ah)

2
[2.\: + hJ
08
. 2
Jdim

o (h
1 5in E
sinx -0 (E] i gin(x+h)

= Jim
“¥

2x4+0
L Ims 5

Csinx sin(x+0)

-1 cosx

B sinx sinx
=—cosecy.cot ¥
-.(cosec x) =—cosecx.cot x -(3)
From (1), (2), and (3), we obtain
f'(x) =cosec x( —cosec:x] +cot x(—cosec xcot x)

= —co&af.:ix - CI‘JT.E X CcOsecx

Q16:
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Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
cos X

zero constants and m and n are integers): | +SIN.x

Answer :

f(x)=

Let 1+sinx

COE X

By quotient rule,

. (1+sin :«-}i[cus,r}— (cosx) %(1 +sinx)

£(x)=

(1+sinx)’

(1+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’

—sinx—sin’ x—cos” x

(1+sinx)’

—sinx— [ain: X+ Cos” x]

(1 +3inx):
_ —sinx—1
- (1+sin x]:
_ —(1+sinx)
B (1+sinx)’
~1
B (1+sinx)

Q17:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
5N X 4+ CO5 X

zero constants and m and n are integers): SINX —CO8 X

Answer :
5N x4+ Ccosx
x} - 0

Let Sin ¥ —Ccosx

By quotient rule,
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SIN X —COS X SINX+cosx)—(sinx-+cosy SN X —COosy
;fx el

fr{'x]: z d

(sinx—cosx)

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

(sinx - cos x}:
~(sinx- cus:]: ~(sinx+ CGSI]:

(sinx— cos r}:

—[sinj T+ C08 x—28inXcosx +8in” x4 cos” x4 2sin xcos x:l

-

(sinx—cosx)
B 52

) (sinx—cosx)’
-2

(sinx —cos :.r):

Q18:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
secx—|

zero constants and m and n are integers): S€€ X +1

Answer :
secx — |
flx)=—"—
Let secx+1
|
" l-cosx
_ COSX _
J{[I}_ 1 _1
1 +CO5X
COs XY

By quotient rule,
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(] + ::m‘.x] ::; (I —{_‘(}SJ') - (I - {:nﬂ_‘r)j (I | {:(:ﬂ:r)

fr(\} — . Ay

[I+ tn.v.x]'

(1+cosx)(sinx)—(1-cosx)(-sinx)

{I+cu5x}:
_ SIN X+ COS X SN X+ SIN X — S0 X COS X
B (1+cosx)
~ 2sinx
(1+cosx)
2sinxy  2sinx
( ] (secx+1)
SeC.XY sec” x
~ 2sinxsec x
{secx+l]'
2sinx
secx
_ oSy
(secx+|]:

B 2secxtanx
(secx+ ]}:

Q19:

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): sin" x

Answer :

Lety =sin" x

Accordingly, forn =1,y =sin x.
dv

L =C05X, LB, —SINY=cosXx
ax

Forn=2,y=sin’x.
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dv d .
= =—(sinxsin :r}
dx dx

r r
=(sinx) sinx+sinx(sinx) [B}f Leibnitz product ru]e]
= COS X SiN X +sin X cos x

= 25in X COs X (1)

Forn=3,y=sin®*x.

By cdips  gogn

o E = E(Sln xS .\)
= (sinx) sin® x +sin x(sin” x )' [By Leibnitz product rule]
= cosxsin’ x+sinx(2sin xcosx) | Using (1) ]

=COosSXSin” x+2sin” xcosx

=3sin’ xcosx

NI R D L | —
—|sIn" X |=#nsIn XCOSX

We assert that @

Let our assertion be true for n = k.

If—'lr(:rnin" x}:ksin”'”'xcnsx {2]
ie., X
Consider

;1‘ (sin*" x) B :;\ (sin.\' sin’ .\-)

- ' . “ - - . ¥ . -
=(sinx) sin x+sm.\'(sm‘ .\') [By Letbnitz product rule]
= Ty R | L | (v, o o
=cosxsin’ x+sinx{Asin” ' xcosx Using (2)
=cosxsin’ x+ksin' xcosx
=(k+1)sin" xcosx
Thus, our assertion is true for n = k + 1.

NI R e | [—
—|sIn" x| =#nsm XCO5X

Hence, by mathematical induction, dx

Q20

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
a4+ bhsinx

zero constants and m and n are integers): ¢ +dcosx
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Answer :
Lﬁtlf{x} _ a-+hsiny

¢+dcosx

By quotient rule,

(c+dcos x]i (a+bsinx)—(a+bsin x]%[r;w dcosx)

f'(x)=

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

(c+ nh:::r:s..::]3

_ cheosx+hbd cos® x + adsin x+ bd sin” x

3

(c+dcosx)

b cos x + ad sin x + bd(mﬁl x+sin’ :r}

(c+dcos x}:

N hocosy+ ad sin x+ bd

(c+dcosx)’

Q21:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
sin(x+a)

zero constants and m and n are integers): COs5X

Answer :
£(x)= sin{x+a)

Let COs X

By quotient rule,

COS X %[sin{x+a]]—sin(x+ a)%cosx

f(x)=

cos’ X

{-. . ;
ms;rf;[sm{x+a]]—sm(x+ n}{—smx} 0

fi{‘x]z oz
cos” x
Let g(x) =sin(x+a). Accordingly. g(x+h)=sin(x+h+a)

By first principle,
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g'(x)=lim

fe—sll

g(x+h)-g(x)
h

-]1111—[sm x+h+a)-sin(x+a)]

Jr—sl}

1+h+a+,1+a] [r+h+a— X a”

&

r."
: 2x+ Za+h LE
= lim| cos
2 J'_\‘
2
\l

fr=el}

2x+2a+h sin l i

= lim L{]HL Asho0= h —» D}
=] __m L 2
E
2x+2a [ sinh
=| cos—— |=| lim——=1
2 |0k
=cos(x+a) (i)

From (i) and (ii), we obtain

7'(x)-

_cos(x+a—x)

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

cos™ X

=
cos™ X
_ Cosag

d
Co5™ X

Q22:

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

Answer :

S (x)=x"(Ssinx—3cosx)

By product rule,

www.ncrtsolutions.in



www.ncrtsolutions.in
www.ncrtsolutions.in

www.ncrtsolutions.in

ff(l-):f %(hinx-3c:)$x}+{5$il11'3‘3“3"):_{()(4]

d . d X d
=x' [Sg{sm x}—jg(cm:]} +(5sinx —31:03:];[1*}
= x'[5cosx—3(-sinx) |+ (5sinx—3cosx)(4x’)

= x" [Sxcosx+3xsinx+20sin x—12cos x|

Q23:

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

Answer :
et Sx) =(x' + I]cos X

By product rule,

2 d d ;o
f(x)= [x' + I)E{cosx]+cc}5:c£[x' + IJ
= (J:: +I][—sir1.t:}+ cosx(2x)

=—x"sinx—sinx+2xcosx

Q24 :

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

Answer :
Lot f(x)=(ax’ +sinx)(p+gcosx)
By product rule,
f'(x)= [a'r" +sin x]i(p+ geosx)+(p+g ::c_rsx}i(crc! +sinx)
friy el
= (m‘z +sin _\:] (—gsinx)+(p+qgeosxy)(2ax+cosx)

= —gsin _r:(m': +sin r}+{p +gcosx)(2ax +cosx)

www.ncrtsolutions.in



www.ncrtsolutions.in
www.ncrtsolutions.in

www.ncrtsolutions.in

Q25

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-

. (x+cosx)(x—tanx)
zero constants and m and n are integers):

Answer :
Lo/ (x)=(x+cosx)(x—tanx)

By product rule,

S(x)=(x+cosx) ;i (x—tanx)+(x—tanx) ;; (x+cosx)

=(x+ ms.r}[%{x]— %[tun ;—)} +(x—tanx)(1-sinx)
- {,\-+cns.t}|:l—%tan x]+[x—tan %)(1-sinx) - (i)

Lo 8() a3 g(x+h)=tan(x-+1)

. Accordingly,

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

Fe—sl)
tan (x+ /) —tan
— 1im an (x+ /) —tan rw
h—li ||r-ll J

i ] [ sin(x+h) ~sinx
iy | cos(x+h) cosx
1| sin(x+ k) cos.x—sinxcos(x + h)

= lim—
i fy cos(x+h)cosx

I _sin{x+h—x)
Jim
cosx v h| o cos(x+h)

1 sin f
= rI]]TI— —_—
cosx =0 i| cos(x+h)

I _sinh) [ I )
| lim J lim ——
Cosx [ h f—ih E.Db_{,\" +.h'}
_ | l
cosx  cos(x+0)

COS” X

=sec x i
Therefore, from (i) and (i), we obtain
£'(x)=(x+cosx)(1-sec’ x)+(x—tan x)(1-sin x)
= (x+cosx)(~tan” x)+(x—tan x)(I-sinx)

=—tan’ x(x+cusx]+{x— Lan.r){l —sin x)

Q26 :

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
dx+5Ssinx

zero constants and m and n are integers): X+ 7C0SX

Answer :
dx+5snx
.f [_]_'} = eee—
Let Jx+Tcosx

By quotient rule,
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(3x+7cos J.): (4x+35sinx)—(4x+5sinx) ;{31 +7cosx)
X

I'(x)=

(3x+7cosx)’

Jx+Tcosx 4d X +5ﬂr sinx) |—(4x+5s5mx 3dx+?dcns_!r
( )45 ()5 |

e Prky

(3x+7cosx)’
(3x+T7cosx)(4+5cosx)—(4x+35sinx)(3-Tsinx)
(3x+7cosx)’

C12x+15xcosx+28cosx+35c0s” x—12x+28xsinx —15sin x+35sin” x

{3-1 +7cos 1}:

15xcosx+28cos x+ 28xsin x—15sin x +35(c05: X +sin’ x}

(3x+7cos x)
_ 35+ 15xcosx+28cosy+28xsmx—13siny

(3x+7 msx]:

Q27:

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

e[
X COs| —
4

sinx
Answer :
- by
X CGS[Z]
fx)=—:
Let s x

By quotient rule,
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sin x i{ (_r*' } —x? i_[sin x}

(%) = cos—~
f{x]—cns4,

sin” x

T

= c0s

. »
sinx-2x—x cosx
sin’ x

X oS : [2sin x — xcos x|

. 2
5mM X

Q28

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
X

zero constants and m and n are integers): |+ tanx

Answer

f(x)=

Let | +tan x

X

i (1 +tanx]%(x)—x%[l +tan x)

1'(x)

(1+tan .r}l

[I +tunx]—r- d {l +tan:r]
7(x)= dx (i)

(1+tan x)’

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

By first principle,
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g {-T}: Ll—r'-ll-ll h
i I+Ian{_r+:}—]—tanx

1 _Hiﬂ{l' + 1) ~sinx

=i fp _ms‘.{x | h) Cosx

1 _sin{x+f’?}ms.r—sin xcos(x+h)

= fy cos(x+/1)cosx

sin(x+ F}—.T} ]

= i L\(JS{_T +_||!:I) COsXY ]

sin fi

0 i | cos(x+ ) cosx

/| )
q, lim
A

b= s [Jr +h)cosx

h

== — =sec’ x
Cos™ X

:}i{l+ tan .T}ZSEEE_T L. i)
el

From (i) and (i), we obtain

. |+ tan x — rsec” x
fx)=

(1+tanx)’

Q29 :

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

Answer :

L/ (x)=(x+secx)(x—tanx)

By product rule,
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F(x)=(x+sec x]%[;—tan x}+{x—tan.x}%[x+sec:}

=(x+secx) Lfi“] —i_ tan x]+{x—tan _&.'}[d_i[xh %scc _a.'}

A i kY

=(x+sec x}{l — itanx}ﬂx— tan x][l LI x]
dx dx
Let f,(x) = tanx, f,(x)=secx
Accordingly, fi(x+h)=tan(x+h) and f,(x+h)=sec(x+h)

.ﬁ(x):.im[ﬂ{wﬁ—m}}

dipell

(tan(xﬂrh]—tan:n}

= lim
Ji—pdd h
ol tan(x+h)—-ta
=I|m[ & ] nx}
[ h
=lhm |

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

[ sin(x+h)cosx —sin xcos(x+4)
=0 h| cos(x+h)cosx

1| sin(x+h—x) |
=0 f| cos(x +h)cos X |

sinh
=0 Ji| cos(x+h)cosx

[ . sinhj . I
=| lim——|.| lm
ety b cos(x+ h)cos x

1 .
=lx———=sec"x
COS™ X
o 5 .
= —tfanx =sec x (1)

v
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10t L)

li—=0 h
sec{x+/1)—secxy
=lim (r ') -
=] h

=lim— l 1
= | cos(x+h)  cosx

1 Pcosx—cos(x+h)]

= lim -
| cos(x+h)cosx

i : ['.\'+.\'+h] : (.\’-.\'-/)]
=2sin -sin
; 2 2
= Jim— - '
cosx At i cos(x+/7)
[ (2.\‘+h] _ (-n)
—2sin -sin| —
| B 2 2
= dim—
cosx 0 fy cos(x+/)

| S
= dim
CosX 40 cos(x+/)

( -
) sm[ —) l
J lim sin( 3\2;”1 ﬂ lim _\2 >

)f e R
* 5

fesu

=8ecxy .
limcos(x+/1)
Ji=sl1
sinx. 1
=secy.
COS X
o
— —Secx=secxtanxy ; ()

dx
From (i), (ii), and (iii), we obtain

f'(x) = (x+secx)(1-sec’ x)+(x—tan x)(1+secxtan x)
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Q30:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are fixed non-
X

= M
zero constants and m and n are integers): SII X

Answer :

fx)=—>

Let sin” x

By quotient rule,

. od d .,
S X—X—X—35In X

If-.l{x]z fx — :1{1'

=

21
—sin" x=nsin""' xcosx
It can be easily shown that dx
Therefore,

sin"xy—x—x sin"x

f(x)= dx dx

sin’" x

sin” x.1— x(n sin”’ :rcos,r)

sin®” x
sin”” x(sinx —nxcosx)

sin® x
~ sinx—nycosx

Hin.'H-'I 3
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