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Introduction
Many real-world phenomena involve changing quantities: 
• the speed of a rocket, 
• the inflation of currency, 
• the number of bacteria in a culture, 
• the shock intensity of an earthquake, 
• the voltage of an electrical signal, and so forth. 

In this lecture we will develop the concept of a “derivative”, 
which is the mathematical tool for studying the rate at 
which one quantity changes relative to another.
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Tangent lines
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Definition

Tangent lines
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Tangent lines

Solution
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Tangent lines
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Tangent lines

 

Solution
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Tangent lines
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Rates of change
Rates of change occur in many applications, for example: 

• A microbiologist might be interested in the rate at which 
the number of bacteria in a colony changes with time. 

• An engineer might be interested in the rate at which the 
length of a metal rod changes with temperature. 

• An economist might be interested in the rate at which 
production cost changes with the quantity of a product 
that is manufactured. 

• A medical researcher might be interested in the rate at 
which the radius of an artery changes with the 
concentration of alcohol in the bloodstream. 
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For linear case, each 1-unit 
increase in x anywhere along the 
line produces constantly an 
m-unit change in y. 

For general (nonlinear) case this  
change is not constant. 

Rates of change
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Rates of change
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Rates of change



Foundation Year Program

2019-2020

 

Rates of change

Solution (a)  
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Rates of change

Solution (b)  
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Derivative function
Definition
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Derivative function

Derivative 

Instantaneous 
rate of change

Slope of a 
tangent line
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Example 4.

Derivative function

Solution
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Example 4.

Derivative function

Solution

 

 

Tangent line (point-slope form)
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Derivative function
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Derivative function
 

Solution (a)
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Derivative function
 

Solution (b)
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Differentiability
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Differentiability
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Differentiability
Geometrically a function is not differentiable at:
• corner points
• points of vertical tangency
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Differentiability
 

Solution (a)
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Differentiability
 

Solution (b)
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Differentiation rules
Derivative of a constant
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Derivative of power functions (Power rule)

Differentiation rules

If n is a positive 
integer, then

in particular

 

Proof
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Derivative of power functions (Power rule)

Differentiation rules

If n is a positive 
integer, then

in particular

 

Proof
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Derivative of power functions (Power rule)

Extended power rule

In the next lecture we provide a proof using derivatives of a 
logarithmic function

Differentiation rules
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Derivative of a constant times a function

Differentiation rules



Foundation Year Program

2019-2020

Derivative of  sums and differences

Differentiation rules
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Derivative of a product
Differentiation rules
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Differentiation rules
Derivative of a product
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Derivative of a quotient

Differentiation rules
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Derivative of a quotient

Differentiation rules
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Differentiation rules
Derivative of a quotient
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Example 7 

Differentiation rules
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Example 7 

Differentiation rules
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Example 8 

Differentiation rules
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Example 8 

Differentiation rules
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Example 9 

Differentiation rules

 

 



Foundation Year Program

2019-2020

Example 9 

Differentiation rules
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Example 10 

Differentiation rules
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Example 10 

Differentiation rules
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Learning outcomes
•  
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Formulae
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Preview activity: Differentiation 2

 


