
0
 (10 ) (10)(10) lim

h

f h ff
h



→

+ −
=  

2 2

0

1
 

(10 ) 2 0 2
lim
h

h
h→

   + − − −   =  

= 
2 2 2

0

10 20 2 10 2lim
h

h h
h→

+ + − − +  

=
0

 ( 20)lim
h

h h
h→

+  

0
 lim 20

h
h

→
 +  

=20 
Q2. Find the derivative of x at x = 1. 

A.2. Given, f(x)=x, f  (1)=? 
We have, 

0

(1 ) (1)(1) lim  
h

f h ff
h



→

+ −
=  

0

1 1lim
h

h
h→

+ −
=  

0
 lim

h

h
h→

=  

0
 lim1

h→
=  

 =1 
Q3. Find the derivative of 99x at x = l00 

A.3. Given, f(x)= 99x, f  (100)= ? 

So, f(100)= 0
(100 ) (100)limh

f h f
h→

+ −
 

0

99(100 ) 99(100)lim
h

h
h→

+ −
=  

0

0 99 10 99 99 100lim
h

h
h→

 +  − 
=  

0

99lim
h

h
h→

=  

0
9 lim9

h→
=  

=99 
Q4. Find the derivative of the following functions from first principle. 

(i) 3 27x −    (ii)(x -1)(x-2) 

hhhty
Stamp

www.toppersguru.com


(iii) 2

1
x

   (iv) 1
1

x
x

+
−

 

A.4. (i) Given, 
3( ) 27.f x x= −  

So, 0
lim ( ( )

( )
 )

h
f

h

x h f x
f x →

+ −
=  

3 3

0

( ) 27 27
lim
h

x h x
h→

   + − − −   =  

3 3 3

0

3 ( ) 27 27lim
h

x h xh x h x
h→

+ + + − − +
=  

( )2

0

3 ( )
 lim

h

h h x x h
h→

+ +
=  

2

0
 lim 3 ( )

h
h x x h

→
= + +  

 =0+3 x(x+ 0)  
 =3x2 
 
 (ii) Given, f(x) =(x-1)(x-2)  
=x2- 3x+2  

So, 
0

( ) ( )( ) lim 
h

f x h f xf x
h



→

+ −
=  

2 2

0

( ) 3( ) 2 3 2
l  im
h

x h x h x x
h→

   + − + + − − +     

= 
2 2 2

0

2 3 3 2 3 2lim
h

x h xh x h x x
h→

+ + − − + − + −  

= 
0

( 2 3)lim
h

h h x
h→

+ −  

0
lim 2 3 
h

h x
→

= + −  

= 2x – 3. 
 

 (iii) Given, f(x)= 2

1
x

 

So, 
0

( ) ( )( ) l m  i
h

f x h f xf x
h



→

+ −
=  

2 2

0

1 1
( )lim

h

x h x
h→

−
+=  



2 2

2 20

( )lim
( )h

x x h

h
x h x→

− +
+ −=  

2 2 2

2 20

2lim
( )h

x x h xh
hx x h→

− − −
=

+
 

2 20
 ( 2 )lim

( )h

h h x
hx x h→

− −
=

+
 

2 20
 2lim

( )h

h x
x x h→

− −
=

+
 

2 2

0 2
( 0)

x
x x
− −

=
+

 

4

2x
x

−
=  

3

2
x
−

=  

(iv) Given, f(x)= 1
1

x
x

+
−

 

0
 ( ) ( )( ) lim

h

f x h f xf x
h→

+ −
=  

0

1 1 1lim
1 1h

fx h x
h x h x→

+ + + = − + − − 
 

0

1 ( 1)( 1) ( 1)( 1)lim
( 1)( 1)

 
h

x h x x x h
h x h x→

 + + − − + + −
=  + − − 

 

2 2

0

1 1 1lim
( 1)( 1)

 
h

x x hx h x x hx x x h
h x x h→

 − + − + − − − + − − +
=  − + − 

 

0

1 2lim
( 1)( 1)

 
h

h
h x x h→

 −
=  − + − 

 

0

2lim
( 1)( 1)h x x h→

−
=

− + −
 

2

2 2
( 1)( 1) ( 1)x x x

− −
= =

− − −
 

Q5. For the function 

100 99 2

( ) 1
100 99 2
x x xf x x= + + + + +  

Prove  that   (1) 100 (0)f f =  



A.5. 

100 99 2

Given, ( ) 1. 
100 99 2
x x xf x x= + + + + +  

100 100 99 99 2 2

0 0 0

( ) ( ) ( )lim lim lim
100 99 2h h x

x h x x h x x h x
h h h→ → →

+ − + − + −
+ ++

  0 0
1 lim lim

x x
x

→ →
+ +  

99 98100 99 2 0 1
100 99 2

x x x
= + + + + +  

99 98 1x x x= + + + +  
At x=0, 
f ( )x =1. 

and at x=1, 
99 98 2(1) 1 1 1 1 1 f  = + ++ + +  

=100   1 
=100 (0)f   

Hence, (1) 100 (0)f f =  

Q6. Find the derivative of 1 2 2 1n n n n nx ax a x a x a− − −+ + + + +  for some fixed real number a. 

A.6. Given, 1 2 2 1( ) .n n n n nf x x ax a x a x a− − −= + + + + +  

We know that, 

( ) 1x xd x nx
dx

−=  

So,  

1 2 2( ) x x xd d d df x x ax a x
dx dx dx dx

 − −= + + + +

1 1 2 2 3 1( 1) ( 2) 0.

and 0where  is constant)

x x n n n nda x a nx a n x a n x a
dx

dax dx daa a
dx dx dx

− − − − −+ = + − + − + + +

 = =


 

Q7.  For some constants aand b, find the derivative of 

(i)(x- a) + (x - b) (ii) ( )22ax b+  (iii)
9x

x b
−
−

 

A.7. (c) Given, f(x)=(x-a)(x-b)  
where a and b are constants. 
So,  

( ) ( ) ( ) ( ) ( ) d df x x a x b x b x a
dx dx

 = − − + − −  

=(x-a)+(x-b)  
= 2x– a- b.  

(ii) Given f(x)= ( )22 .ax b+  where ab are constant 



So, ( )22( ) df x ax b
dx

 = +  

( )2 4 2 22d a x b ax b
dx

= + +  

2 4 2 22  d d da x b ax b
dx dx dx

= + +  

 = 2 3  4 0 4a x axb+ +  

 = ( )24 .ax ax b+  

(iii) Given, f(x)= 9x
x b

−
−

where a and bare constants 

So, 2

( ) ( (
 

) ( ) )
( )

( )

d dx b x a x a x b
dx dxf x

x b

− − − − −
=

−
 

2

( ) ( )
( )

x b x a
x b

− − −
=

−
 

2( )
a b
x b

−
=

−
 

Q8. Find the derivative of
n nx a
x a

−
−

for some constant a. 

A.8. Given, f(x)= .
n nx a
x a

−
−

 

So, 
( ) ( ) ( )3 1

2 2

( ) ( ) ( )
( )

( ) ( )

n n n n n n
d dx a x a x a x a x a nx x adx dxf x

x a x a

−


− − − −  − −  − −
= =

− −
 

( )1

2  
( )

( )

n n nx a nx x a
x a

−−  − −
=

−
 

1 1

2( )

n n n nnx x nax x a
x a

− − − − +
=

−
 

1

2( )

n x n nnx x nax a
x a

−− − +
=

−
 

Q9.  Find the derivative of 

(i)
32
4

x −   (ii) ( )35 3 1 ( 1)x x x+ − −  

(iii) 3(5 3 )x x− + (iv) ( )5 93 6x x−−  

(v) ( )4 53 4x x− −− (vi)
22

1 3 1
x

x x
−

+ −
 



A.9. (i) 3( )
4

 2f x x= −  

3( ) 2
4

 df x x
dx

  = − 
 

 

2 0dx
dx

= −  

=2. 

 (ii) Given, f(x)= ( )35 3 1 ( 1)x x x+ − −  

So, ( ) ( )3 3( ) 5 3 1 ( 1) ( 1) 5 3 1d df x x x x x x x
dx dx

= + − − + − + −  

( ) ( )3 25 3 1 .1 ( 1) 15 3x x x x= + − + − +  

= 3 3 2  5 3 1 5 3 15 3x x i x x x+ − + + − −  
3 220 15 6 4.x x x= − + −  

(iii) Given, f(x) = 3(5 3 )x x− +  

So, 

3
3

3 4

( ) (5 3 ) (5 3 )

3 (5 3 ) ( 3)

d dxf x x x x
dx dx

x x x

−
 −

− −

= + + +

=  + +  −
 

3 4 3

3 15 9  
x x x

= − −  

4 3  15 6
x x

−
= −  

4

3 (5 2 ).x
x

= − +  

(iv) Given, f(x)= ( )5 93 6 .x x−−  

( ) ( )5 9 9 5 So, ( ) 3 6 3 6 .d df x x x x x
dx dx

 − −= − + −  

( ) ( )5 10 9 4  6 9 3 6 5x x x x x− −= − − + −   

= ( )5 10 4 554 15 30x x x x− −+ −  

5 5 454 30 15x x x− −= − +  

4
5

24 15x
x

= +  

(v) Given, f(x)= ( )4 53 4 .x x− −−  

So, ( ) ( )4 5 5 4( ) 3 4 3 4d df x x x x x
dx dx

 − − − −=  − + −  



( ) ( ) ( )4 6 5 5 4 5 3 4 4x x x x x− − − −=  − −  + −  −  

10 5 1020 12 1 6 .x x x− − −= − +  
10 536 12 . x x− −= −  

10 5

36 12 . 
x x

= −  

(vi) Given, f(x)=
22

1 3 1
x

x x
−

+ −
 

So, 
22( )

1 3 1
d d xf x
dx x dx x

   = −   + −   
 

2
2

2 2

( 1) 2 ( 1) (3 1) (3 1)

( 1) (3 1)

d d dx dx x x x x
dx dx dx dx

x x

+ − + − − −
= −

+ −
 

2

2 2

(  2 2 3 1) 3
( 1) (3 1)

x x x
x x

− − −
= −

+ −
 

2 2

2 2  2 6 2 3
( 1) (3 1)

x x x
x x

− −
= − −

+ −
 

2

2 2

2 3 2
( 1) (3 1)

x x
x x

−
= − −

+ −
 

2 2

2 (3 2)
( 1) (3 1)

x x
x x

−
= − −

+ −
 

Q10.  Find the derivative of cos x from first principle. 

A.10. Given, f(x) = cos x 
 So,  ( ) cos( ). f x h x h+ = +  

By first principle, 
( ) ( )( ) l im

x h

f x h f xf x
h



→

+ −
=  

1lim [cos( ) cos ]
x h

x h x
h→

= + −  

1lim 2sin sin
2

 
2x h

x h x x h x
h



→

 + + + −   = −     
    

 

1 2lim 2sin sin
2 2x h

x h h
h→

 +   = −     
    

 

2
 1 2lim 2sin sin

2x h

x h h
h→

 +   = −     
    

 



n  2 si / 2lim sin lim
2 / 2x h x h

x h h
h→ →

+ = −  
 

 

2 0sin 1 sin .
2

x x+ = −  = − 
 

 

Q11. Find the derivative of the following functions: 

(i)sin x cos x (ii) secx (iii)5 sec x + 4 cosx 

(iv) cosec x  (v)3cot x + 5 cosec x 

 (vi) 5sin 6cos 7x x− + (vii) 2tan 7secx x−  

A.11. (i) f(x)=sin x cos x 

So, 
0

( ) ( )( ) lim
h

f x h f xf x
h



→

+ −
=  

0

sin( )cos  ( ) sin coslim
h

x h x h x x
h→

+ + −
=  

0

1lim [2sin( )  cos( ) 2sin cos ]
2h

x h x h x x
h→

=  + + −  

0

1lim [sin 2  ( ) sin 2 ]
2h

x h x
h→

= + −  

0

1 2( ) 2 2( ) 2lim 2cos sin
2 2 2h

x h x x h x
h→

+ + + − =  
   

( )
0

1lim cos 2 sin
h

x h h
h→

= +  
 
 

0 0

sinlimcos(2  ) lim
h h

hx h
h→ →

= + 
 

cos(2 0)x1x= +   

cos2x=   
  (ii) ( ) sec . f x x=  

So,
0

( ) ( )( ) l m  i
h

f x h f xf x
h



→

+ −
=  

0

1lim [sec  ( ) sec ]
h

x h x
h→

= + −  

0 s
 1 1 1lim

co ( ) cosh h x h x→

 
= − + 

 

0

1 cos cos( )lim
cos( )co

 
sh

x x h
h x h x→

 − +
=  + 

 



0

( )2sin sin
1 2 2lim

cos( )cosh

x x h x x h

h x h x→

 + + − +   −     
    =

+ 
 
 

 

0

22sin sin( / 2)
1 2lim

cos( )cosh

x h h

h x h x→

 +  −  
  = −

+ 
 
 

 

0 0

21sin
2 sin / 2lim lim( 1)

cos( )cos / 2h h

x h
h

x h x h→ →

 + −  
 =  −
+

 

sin 1
cos cos

x
x x

= 


 

tan sec .x x=   
(iii) Givenf(x)=5 sec x+4 cosx. 

So, 
0

( ) ( )( ) lim
h

f x h f xf x
h



→

+ −
=  

0

5sec( ) 4cos(  ) [5sec 4cos ]lim .
h

x h x h x x
h→

+ + + − +
=

 

0 0
c  5 4lim [sec( ) sec ] lim [cos( ) os ]

h h
x h x x h x

h h→ →
= + − + + −  

0 0
i  5 1 1 4lim lim 2sin s n

cos( ) cos 2 2h h

x h x x h x
h x h x h→ →

   + + + −   = − + −       +      
 

0 0

5 cos cos( ) 4 2lim lim 2sin sin
cos( )(cos ) 2 2h h

x x h x h h
h x h x h→ →

   − + + = + −     +    
 

0 0 0

22sin sin( / 2)
5 2 sin / 22lim 4limsin lim

cos( )cos 2 /
 

2h h h

x h h
x h h

h x h x h→ → →

 +  −   +   = − −  +   
 
 

 

2 0sin
22 1 4sin

cos( 0)cos 2

x
x

x x

+ 
 

  =  −  +  
 

 sin 15 4sin
cos cos

x x
x x

=  −  

5tan sec 4sinx x x=  −  
  (iv) ( ) cosec .Given,  f x x=  



0
 ( ) ( ) So, ( ) lim

h

f x h f xf x
h



→

+ −
=  

0

1lim [cosec  ( ) cosec ]
h

x h x
h→

= + −  

0 n
 1 1 1lim

si ( ) sinh h x h x→

 
= − + 

 

0

1 sin sin( )lim
sin( )si

 
nh

x x h
h x h x→

 − +
=  + 

 

0

( )2cos sin
2 2  1lim
sin( )sinh

x x h x x h

h x h x→

 + + − +   
    

    =
 +
 
 

 

0 )
 

( )2cos sin
1 2 2lim

sin( sinh

x x h x x h

h x h x→

 + + − +   
    
    =

+ 
 
 

 

0

22cos sin( / 2)
21lim

sin( )sinh

x h h

h x h x→

 +  −   
   =

 +
 
 

 

0

2cos
( 1)sin(2)2lim

sin( )sin / 2h

x h

x h x h→

+ 
  −  = 
+ 




 

2 0cos
2 ( 1)

sin( 0)sin

x

x x

+ 
 
 =  −
+

 

cos 1
sin sin

x
x x

= −   

cot cosecx x= −   
(v) Given,f(x)=3 cot x+5cosecx. 

So, 
0

( ) ( )( ) lim
h

f x h f xf x
h



→

+ −
=

2 2 01 7sin ( 1)
cos( 0)cos 2

x
x x

+ =  +  − +  
 

0
lim3cot( ) 5cosec( ) [3cot 5cos )
h

x h x h x x
→

= + + + − +  

0 0

3lim [cot( ) cot ] limh h
x h x

h→ →
+ − +  



5[cosec( ) cosec ]x h x
h

= + −  

0 0

3 cos( ) cos 5 1 1lim lim
sin( ) sin sin( ) sinh h

x h x
h x h x h x h x→ →

   +
= − + −   + +   

 

0 0

3 cos( )sin cos sin( ) 5 sin sin( )lim lim
sin( )sin sin( )sinh h

x h x x x h x x h
h x h x h x h x→ →

   + − + − +
= +   + +   

 

0 0

( )2cos sin
3 sin( ( )) 5 2 2lim lim

sin( )sin sin( )sinh h

x x h x x h
x x h

h x h x h x h x→ →

  + + − +   
    − +     = +

+ + 
 



 

0 0 0

22cos sin( / 2)
3 sin 5 2lim lim( 1) lim

sin( )sin sin( )sinh h h

x h h
h

x h x h h x h x→ → →

 +  − 
 =  − +

+ +



 

0 0

2cos
3 sin / 22( 1) 5lim ( 1)lim .

sin sin sin( )sin / 2h h

x h
h

x x x h x h→ →

+ 
 
 =  − +  −

 +
 

23cosec 5cot cosec .x x x= − −   
(vi) Given, ( ) 5sin 6cos 7f x x x= − +  

0

( ) ( ) So, ( ) lim
h

f x h f xf x
h



→

+ −
=  

0

1lim [5sin( ) 6cos( ) 7 5sin 6cos 7]
h

x h x h x x
h→

= + − + + − + −  

0 0

6lim [sin( ) sin ] lim [cos( ) c s ]1 o
h h

x h x x h x
h h→ →

= + − − + −  

0 0

5 6lim 2cos sin lim 2sin sin
2 2 2 2h h

x h x x h x x h x x h x
h h→ →

   + + + − + + + −       = − −          
          

 

0 0 0 0

2 sin( / 2) 2 sin / 2lim5 cos lim limsin lim
2 / 2 2 / 2h h h h

x h h x h h
h h→ → → →

+ +   =   +    
   

 

2 0 2 05 cos 1 6 sin 1
2 2

x x+ +   =   +     
   

 

5cos 6sin .x x= +  
(vii) 
 Given, ( ) 2tan 7sec . f x x x= −  

0

( ) ( )So, ( ) lim
h

f x h f xf x
h→

+ −
=  



0

2tan( ) 7sec( ) (2 tan 7sec )lim
h

x h x h x x
h→

+ − + − −
=  

0 0

2 7lim [tan( ) tan ] lim [sec( ) sec ]
h h

x h x x h x
h h→ →

= + − − + −  

0 0

2 sin( ) sin 7 1 1lim lim .
cos( ) cos cos( )h h

x h x
h x h x h x h x→ →

   +
= − − −   + +   

 

0 0

2 sin( )cos sin cos( ) 7 cos cos( )lim lim
cos( )cos cos( )cosh h

x h x x x h x x h
h x h x h x h x→ →

   + − + − +
= −   + +   

 

0 0

2 sin(( ) ) 7 ( ))lim lim 2sin sin cos
cos( )cos 2 2h h

x h x x h x x x h
h x h x h→ →

  + − + + − +   = − −      +     
 

0 0

22sin sin( / 2)
2 7 2lim lim

cos( )cos( )cos cos( )cosh h h

x h h

x h x h x h x h x→  →

 +  −     = ++ + + 
 
 

 

0 0 0 0

2sin
2 sin sin / 22lim lim lim .( 1)lim

cos( )cos cos( )cos / 2h h h h

x h
h h

x h x h x h x h→ → → →

+ 
 
 =  + −

+ +
 

2 2 01 7sin ( 1)
cos( 0)cos 2

x
x x

+ =  +  − +  
 

22sec 7sec tanx x x= −  
Miscellaneous Exercise. 

Q1. Find the derivative of the following functions from first principle: 

(i)−x(ii) (−x)−1(iii) sin(x + 1)         (iv)    cos 
8

x  − 
 

 

            Find the derivative of the following functions (it is to be understood that a, b, c, d, 

p, q, r and s are fixed non-zero constants and m and n are integers): 

A.1. (i) Given, f´(x) = −x 
By first principle, 

f´(x) = lim
( ) ( )

0
f x h f x

h h
+ −

→
 

= lim
( ) ( )

0
x h x

h h
− + − −

→  

0
lim
h

x h x
h→

− − +
=  

0
lim
h

h
h→

−
=  

0
lim 1
h→

= −  
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