NCERT Solutions for Class-XI Maths

Chapter-13 Exercise-13.2
NCERT Math Class 11

Find the derivative of x> -2 at x=10.
Let f(x)=x"-2. Accordingly,

£(10) = lirnf(10+h)—f(10)
h—0 h

(10+h)> =2 |—(10* -2
] J-(0-2)
h—0 h
C10°4+2-10-h+h*>=2-10" +2
=1lim

h—0 h

. 20h+h?
=lim

h—0 h

=lim(20 +h) =(20+0)=20

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

Find the derivative of 99x at x = 100.
Let f(x) = 99x,

From first principle

f(x+h)-£(10)

ORT
f’(l()O)=1imf(100+h)_f(100)
h—0 h

. 99(100+h)—99x100 . 99%x100+99h —99x100
=lim =lim

h—0 h h—0 h
= lim =1im99

h—0 h—0
=99

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

Find the derivative of x at x=1.
Let f(x)=x. Accordingly,

, . f(1+h)-£(1)
f (1)=hm#



Thus, the derivative of x at x=11s 1.

Find the derivative of the following functions from first principle.
(i) x*-27
(ii) (x—1)(x-2)

N |

i) —

Xx+1

(iv) 1

(i) x>=27

Let f(x) = x> - 27

Accordingly, from first principle
f (x + h) T (X)

OSE &
h) —27 307
| lim[<x+ ) - }_(X - )_limx3+h3+3x2h+3xh2—x3
" ho0 h o0 h
3 2 2
_ R 0 S = lim(h? +3x* +3xh)
h—0 h h—0
=0+ 3x% =3x?

(i) (x —1)(x—2)
Let f(x)=(x—1)(x—2)
Accordingly, from first principle

Pl
_ 1im(x+h—1)(x+h—2)—(x—1)(x—2)

h—0 h

(X2 +hx—2x+hx+h2—2h—x—h+2)—(x2—2x—x+2)

=lim

h—0 h

2

L T Y O

h—0 h h—0

=0+2x-3=2x-3



TR |

i) —
(iii) N
Let £ ( x) =
Accordingly, from the first principle,

)=l
L1
2 2 2 2 2 2 a2
i U)X X)) 1T o
h—0 h h—0 hx? (X+h) h—0 h x? (X+h)
1 —h? —2hx _ ~h-2x
h—0h )(2()(+h)2 h—0 X2(X+h)
_ 0-2x :_l
xz(x+0)2 x>
(iv) x+1
Let f(x)=

From first principle,
f,(X)thf(x+h)—f(x)
h—0 h

x+h+1 x+1
b1 xet_ (x=D(xh)—(x+1)(x+h-1)
=11mm

=1
w0 h i h(x—1)(x+h—1)
1 (xz+hx+x—x—h—1)—(x2+hx+x—x+h—1) 2h
= lim— =lim
h—0 h (x—l)(x+h—1) h—>0h(x—1)(x+h—1)
= lim = S
_h—>0(x—1)(x+h—1)_ (x—1)(x—1)
2

5.  For the function

100 99 2
f(x):x—+x—+...+x—+x+1
100 99 2

Prove that {’(1)=100f"(0)



The given function is
100 99 2

f(x):X—+X—+...+X—+x+1
100 99

d d XIOO X99 XZ
—f(x)=—| =+ —+...+—+x+]
dx dx| 100 99 2

100 99 2
if(x):i("_j+i["_]+...+i("_}+i(x)+i(1)
dx dx{ 100 dx|{ 99 dx| 2 dx dx

On using theorem i(x“ ) =nx""', we obtain

dx
99 98
if(x)zlooX +99X oo+ 040
dx 100 99 2

=x" +x®+.. . +x+1

.'.f'(x)=x99+x98 +.o+x+1

At x=0,
£(0)=1

At x =1,

f(1)=1" +1" 4. +1+1=[1+1+...+1+1] _=1x100=100

100 te

Thus, £'(1)=100xf"(0)

Find the derivative of x" +ax" ' +a’x" 2 +...+a" 'x +a" for some fixed real number a.

Given f(x) = x" +ax" " +a’x" ? +...+a" 'x +a"

d

F()=-( )

=%(x“)+a%(x“])+a2 di(xnz)+...+a“1 di(x)+a" i(1)

Since, i(x“)z nx"!
dx

£(x) = nx™! + a(n-1)x"? + a’(n — 2)x"3 + ... + a™!' + a"(0)

£(x) = nx™! + a(n-1)x"? + a’(n — 2)x"3 + ... +a™!

For some constants a and b, find the derivative of

(i) (x—a)(x—b)



(ii) (ax> +b)

... X—a

(1i1) 0

(i) Let f(x)=(x—a)(x—b)
=f(x)=x’—-(a+b)x+ab

L (x) :(;ix(xz ~(a+b)x+ab)

d d d

=&(X2)—(a +b)&(x)+—

dx

(ab)

On using theorem di(x“ ) =nx""', we obtain
X

f’(x):2x—(a+b)+O:2x—a—b

(ii) Let £(x)=(ax? +b)’
= f(x)=a’x" +2abx’ +b’
~f(x)= di(a2x4 +2abx? +b2) =a’ %(x4)+ 2ab%(x2 ) +i(b2)

X dx

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

i) = a’ (4x3 ) +2ab(2x) + b’ (0)
=4a’x> + 4abx
= 4ax(ax2 + b)

(iii) Let f(x)= E b)

:>f
dx(x bj

By quotient rule,

d d
O Pl e
(x-b)
_(x-b)()-(x-a)()

(x=b)’




_Xx—-b-x+a

(x—b)’
_a-b
(x —b)?
Find the derivative of >~—2 for some constant a.
X—a
Let f (X) =
d
= f' =—
(x)=( )

By quotient rule,

(x—a);(x“ —a“)—(x“ —a")i(x —a)

F(x)z X (X__a) dx
_ (x—a)(nx“‘1 —O)—(X“ —a“)
(o)
. prlx z(x—a)(nx“’l —0)—(xn —a“)
-

Find the derivative of

. 3
(1) 2x —Z

(ii) (5x3 +3x—1)(x—1)
(i) x(5+3x)

(iv) x*(3-6x")
(V) x*(3-4x7)

2

. 2 X
Vl) — —
V) x+1 3x-1

. 3
(1) 2X —Z

Let f(x) = 2x —%



=2-0
L P(x)=2

(i) (5%° +3x =1 )(x 1)
Let f(x) = (SX3 +3x —1 )(x -1)
By product rule,

f’(x) =(5X3 +3x—1)(%(x—1)+(x—1)(%(5x3 +3X+1)

:(SX3 +3x—1)x1+(x—1)x(15x2 +3)
=(5x3+3x— 1)+ (x— 1)(15x* + 3)
=5x+3x—1+15x+3x—15x2-3
=20x3—15x2+ 6x—4

(iil) x>(5+3x)
Let f(x) = x3 (5 + 3x)
By product rule,

f’(x)z(;ix(x_3(5+3x))

-° C%((O+3)+(5+3x)(;ix(x_3)

=x7(0+3)+(5+3x)(-3x )
=3x7+ (5 + 3X)(—3X4)
=3x7-15x*-9x?

= —6x° —15x"*

(iv) x’(3-6x77)
Let f(x) = x’(3-6x")

By product rule,
F(x)=x* S (32607 (3- 67 ) (x')

= x5 (0= 6 % (-9) x*1) + (3 — 6x9)(5x%)
=x° (54x719) + 15x* — 30x7>
o P(x) =24x73 + 15x4

(v) x*(3-4x7%)



10.
10.

Let f(x) = x*(3-4x7)

By product rule,
f’(x) = %(x4 (3 —4x7° ))
xS (3 (3-ax ) (x)

=x*{0—4(=5)x |+ (347 )(4)x
= x4 (20x) + (3 — 4x7)(-4x7)
=20x10— 12x° + 16x71°

£(x) =36x19— 12x7°

2

. 2 X
Vi) —— —
( )X+1 3x -1
2
Let f(x) = 2 X
x+1 3x-1

2
ff(x)=i 2 X
dx| x+1 3x-1
By quotient rule,

(k1) L (@2)=2 % (x+1) (3x—1);(x2)—x2d(3x—1)

") — dx dx X dx
ik (x+1) (3x-1)
{(m)(m2(1>H<3x—1><2x)—(x2)x3»]
(x+1)’ (3x 1)’
__ 2 _[6x2—2x—3x2]
(x+1)’ (3x 1)’
f’(x): 2 _x(3x—2)

(x+1)"  (3x-1)’

Find the derivative of cosx from first principle.
Let f(x)=cosx. Accordingly, from the first principle,

, ) f(x+h)—f(x)
- iy )

_ limcos(x +h)—cosx
h—0 h




11.

11.

= lim|

h—0j

[ cosxcosh — smxsmh COSX }

=lim
h—0|

—COSX(I COSh —Sll’lXSll’l :|

) —COSX(I COSh smxsmh}
=lim|
h—0) h

. 1—cosh
=—cosx| lim —sinx hm
h—»0 h h—0\ h

=—cosx (0)—sinx(1)

= —sinx

—cosh _0a dllrrlsmh

h—=0 h

1

e o !
..f(x)— smx}llliré

Find the derivative of the following functions:

(1) sinxcosx

(i) secx

(ii1) 5secx + 4cosx

(iv) cosecx

(V) 3cotx + Scosecx

(Vi) 5sinx = 6¢cosx + 7

(vil) 2tanx — 7secx

(1) sin x cos X

Let f(x) = sin X cos x

By product rule,

f'(x)= sinxi(cosx) +cosxi(sinx)
dx X

=sinx X (-sinx) + COSX X COSX

=-sin® X + cos” X

o P(x) = cos? x — sin® x

(ii) sec x
Let f(x) = sec x = 1/cos x

) 5o o)

By quotient rule,

d d
cosx—(l)—l—(cosx)
t'(x)= = cos? SX




~ cosx x0—(—sinx)

cos? x
_sinx _sinx>< 1

0052 X COSX COSX

~ f7(x) = tan x sec x

(ii1) 5sec x + 4cos x
Let f(x) = 5sec x + 4cos x

f'(x) =(;ix(55ecx +4cosx)

= 5%(secx)+4(;ix(cosx)

=SSecxtanx+4><(—sinx)

s~ f(x)=5secxtan x —4 sinx

(iv) cosec x

Let f(x) = cosec x, accordingly f(x + h) = cosec (x + h)
By first principle

f (X + h) - f(x)

f‘(x)z}liné
cosec(x+h)—cosecx . 1 1 1
=lim =lim— —
h—0 h h>0h{ sin(x+h) sinx

¥ 1|sinx—sin(x +h)
=i
sinxsin(x +h)

x+x+h). (x—-x-h 2x+h) . (-h

2cos sin 2cos sin| —

I | 2 2 1 .. 1 2
= lim— = lim—

sinx h—>0h sin(x +h) sinx h>0h sin(x +h)
[ (h 2x+hj . hj 2x+h
—sin| — |cos sin| — cos
1 .. 2 2 1 . 2 . 2
— lim— =———I1im x lim —
sinx h—»0h h) . sin X h—0 h—0 s1n(x+h)
5 s1n(x+h) —

—_—

2

2x+0
cos
1 2 1 y COSX

———xIx— =—— -
sinx sin(x +0) sinx  sinx

~ £7(x) = -cosec x cot x

10



(v) 3 cot x + 5 cosec x

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

f’(x) =3 (cot x)’ + 5 (cosec x)’

Let fi(x) = cot x, accordingly fi(x + h) = cot (x + h)
By first principle

f (x + h) —f (x)

. cot(x +h)—cotx ik cos(x+h) cosx
h—0 h >0 h{ sin(x+h) sinx
_ liml(sinxcos(x+h)—cosxsin(x+h)j
h—0h

sinxcos(x +h)

1 sin(x—x—h) 1 sin(—h)
=lim— _— =lim— _—
h—0 h smxsm(x+h) h—0 h sm(x+h)

_ 1 ._sinh [ .. 1 1 1
= —— lim—— || im— =———XIx—
sinx\h—0 h h—>0s1n(x+h) sin X s1n(x+0)

1
sin” x
Mco = WO X ... w0 )
Let f2(x) = cosec X, accordingly f>(x + h) = cosec (x + h)
By first principle
f (X+h)—f2 (x)

. .
L=,
._cosec(x+h)—cosecx . 1 1 1
=lim =lim—| — ——
h—0 h h—0h sm(x + h) sin x

| sinx—sin(x+h)
=lim— -
sinxsm(x +h)

x+x+h). (x—x-h
2¢os sin
_ 1 1 2 2 1 1

(2x+hj . ( h
2cos| —— |sin
2 2

)

= —lim— - =——Ilim— -
sinx h—0 h sin(x +h) sinx h—0 h sin(x +h)
[ (h 2x+h . (h 2x +h
—sin| — |cos sin cos
11 2 2 1 2] 2
= —lim— =———Iim x lim —
sinx h—0 h h) . sinxh-0 h h—0 sin(x +h)
5 sin(x +h) 5

11



2x+0
cos
1 2 1 y COSX

= xIx— === ;
sinx s1n(x+0) siInx sinx

= -cosec X cot X

~ (cosec x)’ = -cosec X cot X

So, £(x) = 3 (cot x)’ + 5 (cosec x)’

Putting (cot x)” and (cosec x)’ in f’(x)

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

(vi)5sinx—6cosx+7
Letf(x)=5sinx—6cos x + 7

f'(x) :%(SSinx—6cosx+7)

=5dix(sinx)—6%(cosx)+%(7)

=5XcosXx—6x%(-sinx)+0
~ £7(x) = 5cos x + 6sin x

(vi1) 2tan x — 7sec x
Let f(x) =2 tan x — 7 sec x

f’(x) =C%X(2tanx—7secx)

= 2(%(‘[anx)—7(%(secx)

£(x) =2 x (sec® x) — 7 x (sec x tan X)
£(x) = 2sec? x — 7sec x tan x
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