BEng Foundation Year  /  Term 2  /  Lecture Notes 1
PRELIMINARY NOTIONS TO DIFFERENTIAL CALCULUS

I. FUNCTION AND FUNCTIONAL NOTATION
When two variables quantities x and y are so related that the value of one quantity y depends on the value of the other quantity x, then y is said to be a function of x.
Examples:
y = 2.x + 1


or
y = sin(x)


or
y = x2

etc…

A mean of expressing that y is a function of x when the formula connecting the two variables quantities is not known or when we are dealing with a general rather than a particular function of x, is to write:
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etc…

The notation 
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 does not mean that y is f multiplied by x but is simply an abbreviation for the words “function of x”. The different letters f, 
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, F,… are used to denote different functions.
If 
[image: image6.wmf](

)

x

f

y

=

 and we wish to specify y for a given value of x, say x = 3, we write the result as 
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Example 1:
Let’s consider the following function f: 
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Calculate 
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Answers: 
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2 is the value of y when x = 0


[image: image15.wmf](

)

2

3

3

4

3

f

2

+

+

´

=


 
[image: image16.wmf]2

3

9

4

+

+

´

=


 
[image: image17.wmf]2

3

36

+

+

=


 
[image: image18.wmf]41

=


41 is the value of y when x = 3
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16 is the value of y when x = (2

Example 2:
Similarly, let us consider the equation 
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 with the following function 
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: 
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Calculate 
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Answers:

[image: image28.wmf](

)

(

)

7071

.

0

45

sin

45

=

=

o

o

F

 to 4 decimal places.

So 0.7071 is the value of y when x = 45(

[image: image29.wmf](

)

(

)

1

90

sin

90

=

=

o

o

F


So 1 is the value of y when x = 90(
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Functions such as we have considered up to now are termed explicit functions.

The variable quantity x is called the independent variable.

The 2nd variable y, whose value depends on that given to x, is referred to as the dependent variable.

Sometimes the relation between 2 variable quantities x and y is given in a form such as:

(i)
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(ii)
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These are called implicit functions. In these 2 examples given above we could make y the subject and obtain:

(i)
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and in this form, y is an explicit function of x.

II. GRAPH OF A FUNCTION
1) System of coordinates:
We usually specify the position of a point P in a plane by its perpendicular distances OM and MP from 2 fixed perpendicular lines Ox and Oy as shown in the following figure:
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The lines Ox and Oy are called the axes.

O is the origin.

The distance OM is referred to as the abscissa of the point P.

The distance MP is referred to as the ordinate of the point P.

A convenient method of referring shortly to the position of point P whose abscissa is x1 and ordinate y1 is to say that the point P has coordinates x1 and y1 and to use the symbol 
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 to designate the position of such a point.
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Sign convention:

· For point to the right of axis Oy: the abscissa is positive.

· For point to the left of axis Oy: the abscissa is negative.

· For point above axis Ox: the ordinate is positive.

· For point below axis Ox: the ordinate is negative.
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Thus in the above figure we have:
· The point P1 is located by its coordinates 
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· The point P2 is located by its coordinates 
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· The point P3 is located by its coordinates 
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· The point P4 is located by its coordinates 
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Note: it is not essential for the axes Ox and Oy to be mutually perpendicular but it is often convenient to use axes at right angles and we will only deal with this case. Such a system of coordinates (Ox ( Oy) is known as the rectangular Cartesian system. x and y are referred to as the rectangular Cartesian coordinates of point P.
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The distance between 2 points with given rectangular coordinates:
Let P1 and P2 be the 2 given points and let their coordinates be respectively 
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The distance P1P2 is:
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Example:
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2) How to draw a function:
A very common way to represent a function is to use a rectangular Cartesian system. For a chosen set of x values, we draw in the system all the points of coordinates x and y and link them together. The curve thereby created represents the graph of the function.
Example:
Let’s consider the function 
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	Chosen set of x values
	-5
	-4
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5

	Corresponding y values
y = f(x)
	26
	17
	10
	5
	2
	1
	2
	5
	10
	17
	26


Hence, the graph of the function f is:
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