45 Rules of Direction

Assume two vectors may be multiplied in a variety of ways (dot product, cross product, and other
products). Each vector contains a set of “basis vectors” (unit vectors). The basis vectors may also be
identified as “directional vectors”.

Each type of multiplier is represented as a “labelled general multiplier” (xn).
Where: N is a “product type number” (product label).

N = 0 gives the dot product

N =1 gives the cross product

N = 2 gives a “star product”

N > 2 gives other vector products

A set of four “directional rules” are associated with each type. The “rules of direction” are a convenient
way to represent various types of vector multiplication.

The Vectors:
Two 3D vectors (A, B) are:
A =Ase; + Azez + Ases
B = Bie; + Bez + Bses
Where: (A1, Az, A3)(B1, B2, Bs) are scalar components of each vector
(ez, ez, es) are directional vectors (unit vectors)
The General Vector Product:
A “labelled general multiplier” (xn) represents all types of product.
The general 3D product is: A xy B = X Table(xn)

Where: Table (xn) =

A1Bieixnes Ai1Bseixnez | AiBzeixnes
A,Br1exxne; ABrexxnez | AxBzeaxxnes
AszBies3xne; AsBsesxnez | AsBzesxnes

Each type of multiplier (xn) has four rules of direction.



Rules of Direction

The Dot Product:
The dot product of two vectors returns a scalar, it is represented if: N =0
The “dot multiplier” may be represented as: xo

The 3D dot product is: A X0 B =% Table(xo)

Where: Table (xo) =
A1Bieixeer AiBreixeez | AiBseixoes
A,Biexxee;r AzBezxxeez | AzBsezxoes
A3Ble3Xoe1 A332€3Xoez A383e3x0e3

The direction vectors are represented as: (en, ep)
The four rules of direction for Dot products are:
Rule 1: enxoen=1 Rule 2: epxoep =1

Rule 3: enxoep=0 Rule 4: epxoen=0

Applying the rules of direction gives: Table (xo)r =

AB;| O 0
0 A2B> 0
0 0 As3Bs

Giving a dot product: AxoB=A.B=AB;+A;B, +A3Bs3

The Cross Product:

The cross product returns a vector which is perpendicular to the plane of A and B.
Itis represented if: N=1

The “cross multiplier” may be represented as: x;

The 3D cross product is: A x1 B =7 Table(x)

Where: Table (x1) =
AlBle1x1e1 A182€1X1€z A133€1X1€3
A,;Biexx e; ABrezxxie; | AxBzezxies
A33183X181 A3 BzEgXlez A3B3€3X183
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Rules of Direction

Rules of direction for cross products:
Rule 1:Enxen=0 Rule 2: epxep:0 Rule 3:enxep:'e0n+pe6-n-p Rule 4: epxen:'enxep
Where: ep=-1

Applying direction rules gives: Table (x1)r =

0 Ai1Bzes -A1Bse;

-AzBleg 0 Ange1
A381e2 -A332€1 0
Giving: AxB = (Ang - A3Bz)e1 + (A3Bl - AlB3)ez + (Ale - AzBl)e3

The Star Product:

The star product returns a vector which is not perpendicular to the plane of A and B.
Itis represented if: N=2

The “star multiplier” may be represented as: x»

The 3D star product is: A x; B=A*B =173 Table(x,)

Where: Table (x2) =

A1Bieixze; A1Beix:e; | AiBserxzes
A,Biexxze; AsB.exxoe; | AzBsexxzes
AsBiesxze; AsB.esx.e; | AsBsesxzes

Rules of direction for star products:
Rule 1: enxzen = €4n Rule 2: epx.ep=-e4p,  Rule 3: enxep=0 Rule 4: epx;en,=0

Applying direction rules gives:

AiBies 0 0
0 AszEz 0
0 0 AszBse;
Giving: A*B = AsBse; + A;B-e; + A1Bies

Conclusion:

Vector products of various types are defined by rules of direction. A variety of products may be of use in
physics. The star product may represent a gravitational field.
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