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Differentiation 

 
Introduction  

Derivative: it’s a function we use to measure the rates at which things change, 

like slope and velocity and accelerations.  

 

The derivative of a function is a function f′ where value at x is defined in the 

equation:  

 

h

)x(f)hx(f
lim  (x)f'

0h




  

The function h

)x(f)hx(f 

  is the difference quotient for f at x. 

 h is the difference increment.  

f′(x) is the first derivate of the function f at x.  See figure below.  

 

 

 

 

The most common notation for the differentiation of a function y = f(x) besides 

f′(x) or dy/dx and df/dx Dx(f)   (Dx of f) .. etc..  
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Application of differentiation: 

- The velocity and acceleration at time t and   

- Problems of cost , maxima and minima  

- Electrical circuits’ problem  

- Flow of water (change in volume with time) 

- Any other problems related to rate of change.  

 

 

 

Example 2: Find the derivative of f(x) = x2 –  2x using the definition.  

 

Solution    

 f(x) = x2 –  2x    

 

h2x2hxh2x)hx(2)hx()hx(f 222 
 

h

)x(f)hx(f
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

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h

)x2x(h2x2hxh2x

h

)x(f)hx(f 222 




 

h

x2xh2x2hxh2x 222 
 2x2h

h

h2hx2h2





 

We can take the limit as h           0: -  

(lim  (x)f'
0h 

 2x2h  ) =  2x – 2  

 

Example 3: Show that the derivative of   xy    is  x2

1

dx

dy


 

 

Solution:  

 

hx)hx(f     and    x)x(f   

 

 

h

xhx

h

)x(f)hx(f 




            ÷  0   (Not Ok) 

 

xhx

xhx

h

xhx

h

)x(f)hx(f











 

= xhxh

1

xhxh

x)hx(









 

 

x2

1

xhxh

1
lim  

dx

dy

0h





                Ok   
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Example 4: Differentiate   

Solution:  

 

 

 

Slope and tangent lines:  

 

Example 5: Find an eq. for the tangent to the curve y = 2/x at x = 3  

Solution:  

 

h

)x(f)hx(f
lim  (x)f'm

0h




  

hx

2
)hx(f


    

 

2x

2

x)hx(

h2

h

x)hx(

h2x2x2

h

x

2

hx

2

h

)x(f)hx(f 














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
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22/x  (x)f'm 
   at x = 3 m = -2/(3)2 

Then y = -2/9   

 

y + 2/3 = -2/9 (x-3)       

 

 

Rules for differentiation 

If f and g are differentiable functions, the following differentiation rules are valid  

 

 

      
0)C(

dx

d
.6 

 

      
1nn

nx)x(
dx

d
.7

  

      
dx

x

1
or

x

dx
)x(ln

dx

d
.8 

 

      

dxe)e(
dx

d
.9

xx 
 

      
dxalna)a(

dx

d
.10
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x

1
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1
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dx

d
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Example 6:  

Solution:  
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Example 7: 

 

 

 

 

 

 

Reminder:  

 
 

 

Example 8: 
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Additional Example  

 
 

Derivatives of trigonometric functions  

- X is measured in radians  

-  
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Example 9: Find  d/dx {sinx} using the definition?  

Solution:  

 
But :     

 
    

 

Then  
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Example  10:  

Solution:  

 

 

 

 

Example  11:  

 

 

 

 

 

 

 

Solution:  
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Motion and velocity  

Example  13: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Higher order derivatives  
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Example 14: Find y′, y′′ , and y′′′  for the following functions:  

1. 
5xx2y

3 
 

2. x21

x2
y




 

 

Solution  

5xx2y
3 

 

1x6y
2 

 

x12y 
 

12y 
 

 

2.   x21

x2
y



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
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




 

34
)x21(

8
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2

)x21(

48

)x21(

)2(*)x21(3*8
y









 

 

 


