
Parametric Equations
In the past, we have described graphs mainly using equations in which 
y is given as a function of x.  These equations are examples of 
Cartesian equations.

Examples:
y = x 2 y = sinx

Some curves, however, are difficult to represent using equations of 
this form. An example of such a function is the cycloid.

Can you think of how a cycloid 
curve might be generated?

Curves like the cycloid are more easily handled when both x and y are 
defined in terms of a third variable, t, called a parameter.

Equations of this form are called parametric equations.

Parametric equations are also useful for describing relations that 
are not functions. 

Can you see how the given pair of equations defines the graph?
NOTES:
• The variable t is called a parameter.

• The domain for t is called the parameter interval.

• If t is defined on a closed interval, , the point
is the initial point of the curve and the point
is the terminal point of the curve. 

• When we describe a curve using parametric equations 
and a parameter interval, we say that we have 
parametrized the curve.

• The equations and the interval constitute a 
parametrization of the curve.



Example: Consider the following parametric equations…

a)  Use a table of values to sketch the curve’s graph for  

t x y

-2 8 -1

-1 3 0

0 0 1

1 -1 2

2 0 3

3 3 4

4 8 5

b)  If t represents time (t ≥ 0), in what direction would a particle 
move along the curve if its position is given by these parametric 
equations?

c) Determine a Cartesian equation 
for the entire curve.

Example: Consider the following parametric equations…

a)  Determine a Cartesian equation for this relation algebraically.

Also, The Cartesian equation is

Question for Discussion
How do we know that this domain 
restriction exists?

b)  Use a graphing calculator to graph the 
curve from its parametric equations.

Circles: A Quick Review

Recall that a circle centred at the origin with 
radius r is given by the following equation: r

x

y

(x, y)

Question for Discussion
How would the equation of a circle change if its centre 
is not at the origin? 

Example
What are the centre and radius of the circle with equation 

Centre: Radius:(0, 0) 7

Example
Determine the equation of a circle with centre (5, -3) and radius 5.

Question for Discussion

Why does this equation represent 
a circle?

EXPLORATION: Parametrizing Circles

Examples (complete on a separate page)

1)  Show algebraically that the parametric equations above represent 
a circle centred at the origin with radius a.



2)  Consider the following parametric equations:

a)  Describe the shape of the graph determined by these equations.

b)  Determine the initial and terminal points.

c)  Determine the direction in which the graph is traced.

d)  Determine a Cartesian equation to represent this curve.

4)  Consider the following parametric equations:

a)  How are these equations different from those that 
represent a circle?

b)  Use a calculator to graph the curve.

c)  How do the numbers in the equations relate to the graph?

d)  Determine a Cartesian equation to represent this curve.

A new shape…

3)  Determine the parametric equations and the Cartesian equation 
for a circle with radius 8 and centre (-3, 1).

Introducing…The Ellipse

Equations: For a > 0 and b > 0,

ParametricCartesian

Equations in the form shown above represent ellipses 
with the following properties:

• If a >b, the major axis is horizontal with length 2a and the minor axis is 
vertical with length 2b.  

• The centre is (0, 0).

• If b >a, the major axis is vertical with length 2b and the minor axis is 
horizontal with length 2a.  

Examples (complete on a separate page)

1)  Determine the parametric equations and the Cartesian equation 
for an ellipse centred at the origin with a major axis of length 9 
parallel to the y-axis and a minor axis of length 4 parallel to the 
x-axis.

2)  Determine the parametric equations and the Cartesian equation 
for an ellipse with centre (-2, 5) and that passes through the 
points (-5, 5), (1, 5), (-2, -2) and (-2, 12). 

Parametrizing Lines
We can also use parametric equations to 
describe lines and line segments.

Do you see how the line segment 
shown on the right is represented 
by the following parametric 
equations?

Examples (complete on a separate page)

1)  Consider the following parametric equations:

a)  Sketch the graph of the relation.

b)  Use the given parametric equations to determine a Cartesian 
equation for the relation.

2)  Consider the line segment with endpoints (-2, 1) and (3, 5).

a)  Find a parametrization for the line using the parameter 
interval 

b)  Find a parametrization for the line using the parameter 
interval 


