Descriptive Template for Finding Equations of Planes

1. What do we need for an equation of a plane?
· A position vector: 
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· Direction vector: 
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 (orthogonal to plane of interest)
2. How do we get the position vector (remember a position vector is special vector that originates at the origin)?
· It could be given explicitly:
	Standard Format
	Mathematica Format

	Given:
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	[image: image4.png]In[156]:=
r0={2,1, 1};






· Or we are given a point P and then construct a position vector by using the origin O:
	Standard Format
	Mathematica Format

	Given:
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Construct: 
[image: image6]
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	[image: image8.png]In[156]:=
r0={2,1, 1};






3. How do we get the direction vector that is orthogonal to plane we are looking for?
· Again, it could be given to us explicitly (but, this would be too easy):
	Standard Format
	Mathematica Format

	Given:
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	[image: image10.png]In[154]:=
n={-9, -6, -12}






· Or we might have to construct normal vector using two other vectors in the plane by finding the Cross product of those vectors (the cross product is actually the easy part – if you use Mma).  How do we find these two vectors and their cross?  
· They could be given to us explicitly

	Standard Format
	Mathematica Format

	Given:
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Construct:
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	[image: image13.png]In[151]:=
vl={-4,0, 3};
v2=1{-2,3,0};
n = Cross[vl, v2]

out[153}=
{-9, -6, -12}






· Or we could be given one vector and two points and must construct the second vector:

	Standard Format
	Mathematica Format

	Given:
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Construct:

[image: image15]
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	[image: image18.png]In[146]:=
vl=1{-4,0, 3};
P={2,1,1};
Q=1{0,4,1};

PQ=0Q-P
out[149]=

{-2, 3, 0}
In[150]:=

n = Cross[vl, PQ]
out[150]=

(-9, -6, -12}






· Lastly, we could be given three points and have to construct the two vectors
	Standard Format
	Mathematica Format

	Given:
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Construct:

[image: image20]
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	[image: image23.png]In[140]:=
P={2,1,1};
Q=1{0,4,1};
R={-2,1, 4};

PR=R-P
PQ=0Q-P
out[143]=
{-4, 0, 3}
out[144]=
{-2, 3, 0}
In[145]:=
n = Cross[PR, PQ]
out[145]=

(-9, -6, -12}






· Finally, it could be implied by some other obscure piece of information:

· We could be given the Cartesian equation for a parallel plane from which we can glean the normal vector using Equation 8 on page 798.
	Standard Format
	Mathematica Format

	Given:
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Construct:
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	[image: image27.png]= n={3, 2, 4};






Note: that if we scale 
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demonstrating that the normal we just found has same direction as normal vector found under previous methods.
4. Now we can use the position vector and the normal vector to form the vector equation of a plane by using Equation 5 in Stewart on page 798 and then easily form the scalar (Cartesian) equation for a plane using Equation 7 on page 798 or Simplify command on Mathematica.

	Standard Format
	Mathematica Format

	Required components:
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where 
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Stating above four lines is sufficient for describing the vector equation of plane, but if we want we can substitute vectors into 
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 and clean up:
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Then perform the dot product by hand and arrive at Scalar Equation for Plane:
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	[image: image37.png]In[192]:=
r0={2,1, 1};
n={-9, -6, -12};
r={x,y, z};
Simplify[Dot[n, (r-x0)] = 0]

out[195]=
3x+2y+4z=12
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