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As we have shown before, the limit 
h

afhaf
h

)()(lim
0

−+
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 represents the slope of the tangent of 

the tangent of the function f(x) at the point x = a, and also represents the velocity of an object 

moving under the equation of motion )(tfs =  at the time t = a. Also, this limit is interpreted as 

the rate of change of any function f(x) with respect to x. Therefore, this kind of limits is widely 

used in physics, economy, biology and all fields of science; consequently we give this kind of 

limits a special name that is “derivative”. 

Definition (1) The derivative of a function f at a number a, denoted by )(af ′  is, 
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If this limit exists. 

Remark (1) if this limit exists at x = a, the function f(x) is said to be differentiable at a, if not 

then the function will not be differentiable at a. 

Example 1 use the definition of the derivative to find )(af ′  where .)( 2xxf =  
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Example 2 use the definition of the derivative to find )(af ′  where 
2
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x
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Corollary (1) The derivative of the function f(x) at the point a equals the slope of the tangent line 

to the curve of f(x) at the point (a, f(a)). i.e. if m is the slope of f(x) at the point (a, f(a)) then: 

)(afm ′= . 

 

Example (3) find an equation of the tangent line to the parabola 982 +−= xxy  at point )6,3( − . 

Solution: 

Since ,98)( 2 +−== aayaf then 

98829)(8)()( 222 +−−++=++−+=+ hahahahahahaf , 

∴ ,82)98()9882()()( 2222
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At a = 3, implies that 2868)3(2)3( −=−=−=′f  and therefore the slope of the tangent to f(x) at 

the point )6,3( −  is then 2−=m . 

Since 
scoordinatexindifference
scoordinateyindifferencem =  then 
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This implies that 
3
62

−
+

=−
x
y , then )3(26 −−=+ xy  and the final form of the equation of the 

tangent line to the curve at the given point is reduced to: 

xy 2−= . 

 

If we put hax +=  in the definition of the derivative we find that as 0→h  then ax→ . Now, 

the limit of the derivative can be rewritten as: 
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Example (4) If 
5
322lim

5 −
−
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x

x
 represents the derivative of a function f at a number (a). Find f and a? 

Solution  
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Since as ax→ ,   5→x , then 5=a , and xxf 2)( =  where 32)5()( == faf . 

 

Example (5) If 
h
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 represents the derivative of a function f at a number (a). Find f 

and a? 

Solution  
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Since  h   is the mount of  change, then  by comparing 1=a , and 10)1()( =af , this implies that 
10)( xxf = . 

Another solution: 

h
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Since as ax→ ,   0→h , then h  here is variable like x, and consequently 0=a , and 
10)1()( xxf +=  where 1)01()1()( 10 =+== faf . 
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Example (6) If 
h
h

h

1)cos(lim
0

++
→

π  represents the derivative of a function f at a number (a). Find f 

and a? 

Solution  
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Since  h   is the mount of  change, then  by comparing π=a , and πcos)( =af , this implies that 
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Another solution: 
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Since as ax→ ,   0→h , then h  here is variable like x, and consequently 0=a , and 

)cos()( xxf += π  where 1cos)0cos()0()( −==+== ππfaf . 

 

 

Corollary (2) If )(tfs =  is the position function of a particle moving along a straight line, then 

the instantaneous velocity (v) at t = a is given as )(afv ′= . 

 

In general if y = f(x) the derivative the derivative )(af ′  represents the rate of change of the 

function f(x) with respect to x at the point x = a. 

 


