Equation of a plane:

Cartesian and Vector equations
From FP1, the Cartesian equation of a plane has the general form:
ax + by + cz = d.

It is also possible to write the equation of a plane in vector form.  The following example shows us how.

Example:  A plane has x + 2y – z = 7.

Introduce two parameters:
z = t




y = s

Then



x = 7 + z – 2y = 7 + t – 2s.

A possible vector equation for this line then is:
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or  
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In general, the vector equation of a plane has the form 
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, where


a is the position vector of any point on the plane;


b and c are vectors in the direction of the plane.

Example:  Find the vector equation of a plane passing through the points A(4, 1, -5), B(2, -1, -6) and C(-2, 3, 2).

Change this vector equation to a Cartesian equation.

Solution:  The position vector of a point on the plane is:

One possible direction vector is the vector

Another possible direction vector is

Therefore the vector equation of the plane is: 

To find the Cartesian equation we need to eliminate the parameters.

Form 3 equations:




(



i.e.




(



i.e.




(





We therefore get:

We can also get an expression for the other parameter:

Substituting these expressions into equation ( gives:

Therefore the Cartesian equation is:

The Cartesian equation of a plane has the form  ax + by + cz = d.  
This sometimes is written in the form of a dot product:
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The vector 
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 is called the normal vector – it is perpendicular to the plane.

Example:
Find the vector equation of a plane containing the lines
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  and  
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The position vector of a point on the plane is:

Two direction vectors are:

and


(i.e. the direction vectors of the lines).

Therefore the vector equation of the plane is 
A point the plane passes through





Two direction vectors
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