Geometry
Definitions

A position vector is a vector which represents the position of a point relative to the origin of a coordinate system.

For example, if A is a point in Rn (a1,a2,…,an), then the associated position vector is

a = (a1, a2, …, an)
3D example 
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A displacement vector specifies the position of a point relative to a previous position (which could be the origin).
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Direction Cosine, consider a point in R3, (x,y,z) with position vector 

d= (x,y,z) = xi + yj + zk
           k
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Let d represent a direction in R3. Then we refer to x,y,z as the direction ratios.
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and

x = d . i = 
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y = d . j = 
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z = d . k = 
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Let
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 be the unit vector along d. It follows that
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Normally the cos terms are called l, m and n

So 
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Where the cosines are the directions cosines d
Since
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Equation Of A Line
Consider a line passing through the point R, with position vector r0 in the direction specified by d.
For all points on the line there exists a number 
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so that:
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Different values of 
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give different points on the line:
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 is a parametric equation of the line passing through r0 with direction d, its parametric has it relies on the parameter 
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The derivation above is valid for Rn, in component form we have m equations:
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Where i=1,2,3 … n

e.g.

Consider R2
Let 
r = (x, y)


r0 = (x0, y0)


d = (dx, dy)

    y
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The parametric equations in component form are:

x = x0 + 
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y = y0 + 
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Isolating 
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 we find
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Or multiplying by dy we get
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Where y0 is the y-intercept and 
[image: image24.wmf]dx

dy

the gradient.

We have 
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 where 
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. In particular if x0=0 we get:
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                     Gradient 
[image: image27.wmf]a


                                      x

y = y0 + 
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In 3D we add another component:


[image: image29.wmf]dz

z

x

dy

y

x

dx

x

x

0

0

0

-

=

-

=

-

=

l


The equations of the line only have one degree of freedom, because if we specify either x, y or z the other two does immediately have a value. That is, as we can only specify one variable because the other two depend on it, we say it has one degree of freedom. 

The line passing through the points R0 and R1 with position vectors r0 and r1
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Equation Of A Plane R3
The equation of the plane in R3 passing through a point A with position vector a and with normal vector n to the plane:
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In coordinate form, if r=(x,y,z) and 
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= (l,m,n) The direction cosines, then
xl + ym + zn = d

If you are given three points (A,B,C) with position vectors a, b, c, that determine a plane, we first find the normal to the plane:
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And proceed as above.

Following the same procedure in R2 we get to


                                      n

Following the same procedure in Rn gives a perpendicular body of n-1 dimension to the given vector. Indeed, at n=3 we get a (2D) plane and at n=2 a 1D line.
Also, to calculate the distance from a point P to a plane:

                                              P (x,y,z)


                                                d

                                   a – p    m
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The distance d from P to the plane is the component of a – p along the direction n perpendicular to the plane. If we use the unit vector 
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we have: 
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r – a is a vector on the plane, therefore it is perpendicular to n





The equation of the plane is therefore:


� EMBED Equation.3  ���





If we use the unit normal vector � EMBED Equation.3  ���, then


� EMBED Equation.3  ���	


Where d is the perpendicular distance of the plane to the origin.














Where











Are the angles that d makes with i, j, k
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