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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  

- Any other problems related to rate of change.  

 

 

Example 29: Find the derivative of f(x) = x2 –  2x using the definition.  

 

Solution    

 f(x) = x2 –  2x    

h

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

0h

−+
=

−→  

h2x2hxh2x)hx(2)hx()hx(f 222 −−++=+−+=+
 

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 30: Show that the derivative of   xy =   is  x2

1

dx

dy
=

 

 

Solution:  

 

hx)hx(f +=+    and    x)x(f =  
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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   

 

 

k 

Example 31: Differentiate   

Solution:  
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Slope and tangent lines:  

 

Example 32: 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 −
=

+

−
=

+

−−

=

−
+=

−+

             

 
22/x  (x)f'm −==
   at x = 3 m = -2/(3)2 

Then y = -2/9   

 

y + 2/3 = -2/9 (x-3)       
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Rules for differentiation 

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

 

 

      0)C(
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d
.6 =  
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nx)x(
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d
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−=  

      
dx

x

1
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x
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d
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d
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d
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d
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University of Anbar                                                                                               Calculus I 

College of Engineering                                                                                          By Group of Calculus I 

Department(s): Elec. Eng. Dep.                                                                             Phase: 1 
.                                                                          Semester I (2018-2019) 

 

 43 

Example 33:  

Solution:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 34: 
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Example 35: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Derivatives of trigonometric functions  

- X is measured in radians  

-  

Example 36: Find  d/dx {sinx} ?  
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Solution:  

 
 

But :     

 
     

 

Then  
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Example  37:  

Solution:  

 

 

 

 

Example  38:  

 

 

 

Solution:  
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Example  39: 

 
 

Example  40: 
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Higher order derivatives  

 

Example 43: Find y′, y′′ , and y′′′  for the following functions:  

1. 
5xx2y 3 −+=

 

2. x21

x2
y

−
=

 

 

Solution  

5xx2y 3 −+=
 

1x6y 2 +=
 

x12y =
 

12y =
 

 

x21

x2
y

−
=

 

222
)x21(

2

)x21(

x4x42

)x21(

)2(*x22*)x21(
y

−
=

−

+−
=

−

−−−
=

 

34 )x21(

8

)x21(

)2(*)x21(2*2
y

−
=

−

−−−
=
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46

2

)x21(

48

)x21(
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y

−
=

−

−−−
=

 

 

The Chain Rule  
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Example 44: Find F(x)′ if    
1xF 2

)x( +=
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Example 46:   

 

 

 

 

 

Solution  
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Implicit Differentiation  

 

To find dy/dx for any equation involving x and y differentiation each of term in the 

equation with respect to x instead of finding y in terms of x.  
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Related Rates  
 

In a related rates problem the idea is to compute the rate of change of one quantity in 
terms of the rate of change of another quantity (which may be more easily measured). 
The procedure is to find an equation that relates the two quantities and then use the 
Chain Rule to differentiate both sides with respect to time. 
 

Problem Solving Strategy 

1. Read the problem carefully. 

2. Draw a diagram if possible. 

3. Introduce notation. Assign symbols to all quantities that are functions of time. 

4. Express the given information and the required rate in terms of derivatives. 

5. Write an equation that relates the various quantities of the problem. If necessary, 

use the geometry of the situation to eliminate one of the variables by substitution. 

6. Use the Chain Rule to differentiate both sides of the equation with respect to t. 

7. Substitute the given information into the resulting equation and solve for the unknown rate. 
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Example 72:  
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Example 73:  
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Example 74:  
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 Indeterminate Forms and L’Hospital’s Rule 

John Bernoulli discovered a rule using derivatives to calculate limits of 

fractions whose numerators and denominators both approach zero or +∞. The 

rule is known today as l’Hôpital’s Rule, after Guillaume de l’Hôpital.  
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Example 75: 

 

 

 

Example 76: 
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Example 77: 
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Example 78:  ` 

 


