Using the differential operator notation developed in the
last installnent, we can wite down the field expressions.

I will use the follow ng al gebra prototypes
Ri ght Cctoni on Al gebra

(123) (761) (541)
(572) (642)
(653) (743)

Left Cctonion Al gebra

(123) (761) (145)
(572) (246)
(653) (347)

Take COctonion A(r) = ui Al sumi as the potential functions
fromwhich the left field formmay be nade by sinple |eft
pr oduct

left F(r) = DA
where * is nultiplication defined by the choice of algebra.

I will use [j] where | inplies result unit uj is applied
to the set of product terns that follow Wth this in mnd,
the left field for R ght Octonion prototype al gebra as

[ O]

+D0( AO) - D1( AL) - D2( A2) - D3( A3) - D4( Ad) - D5( A5) - DB( AB) - D7( A7)
[1]

+[ DO( AL) +D1( A0) ]

+[ D2( A3) - D3( A2) ] +[ D5( Ad) - D4( A5) ] +[ D7( A6) - D6( A7) ]
[ 2]

+[ DO( A2) +D2( A0) ]

+[ D3( Al) - D1( A3) ] +[ D6( Ad) - DA( A6) ] +[ D5( A7) - D7( A5) ]
[ 3]

+[ DO( A3) +D3( A0) ]

+[ D1( A2) - D2( AL) ] +[ D7( Ad) - D4( A7) ] +[ D6( A5) - D5( A6) ]
[ 4]

+[ DO( A4) +D4( AO) ]

+[ D1( A5) - D5( AL) ] +[ D2( A6) - D6( A2) ] +[ D3( A7) - D7( A3) ]
[ 5]

+[ DO( A5) +D5( A0) ]

+[ D7( A2) - D2( A7) ] +[ D4( AL) - DL( A4) ] +[ D3( A6) - D6( A3) ]
[ 6]

+[ DO( A6) +D6( A0) ]

+[ D5( A3) - D3( A5) ] +[ D4( A2) - D2( Ad) ] +[ DL( A7) - D7( Al) ]
[7]

+[ DO( A7) +D7( A0) ]

+[ D6( AL) - D1( A6) ] +[ D4( A3) - D3( Ad) ] +[ D2( A5) - D5( A2) ]

The scalar [0] term does not seemto have a hone in
physics. Rather than requiring it to be explicitly zero, |
wi Il dodge the issue by renoving it al gebraically by



subtraction of the conjugate of the field foll owed by
division by 2. It would have been nice if the Anal ogous
Lorentz Condition which foll ows bel ow woul d have mat ched
the [0] term but it does not. We could have natched what
appears below by defining D as its conjugate, but when
this is carried through into the formati on of the required
formof the Lorentz Condition, it too will change to the
identical formof the [0] term above, they both toggle.

Notice the vector field conponents each have a single
irrotational field formand three rotational field forns.

If we closely ook at the traditional Electric and Magnetic
field types of classical Electrodynanmi cs and their product
forms when the xyz system handedness is allowed to change,
we find Bi Bj products have the sanme intrinsic
characteristics as the original B conponents, they wll
change physical orientation when the handedness of the xyz
syst em changes.

The Ej Ej products do not have the same characteristics as
the original E conponents, the original conponents do not
change physical orientation when the xyz handedness changes
but the products do. The products Ei Bj do not change their
physi cal orientation when the xyz handedness changes.

If we are to connect El ectrodynam cs with Cctonion

Al gebras, we nust maintain these intrinsic characteristics
of the E and B fields. First things first however. W nust
first nake the extra-al gebraic connection between the basis
units of the Octonions and our physical xyz space. As shown
above, | have chosen the basis unit u4 as the go-between
for basis triplets {123} and {567}. The triplet {123} is
Cctoni on pernutation (123) yielding a closed set rule for
unit product. B field conponents and their ilk are cl osed
under nultiplication, so we nust nake a connection between
the B field and pernutation (123). The E field conponent
products are not closed formmultiplication, in fact their
products match up with the intrinsic characteristics of the
B components. {567} is not an Cctonion pernutation, and any
product of two nenbers of {567} is in {123}.

So we have a match if we attach the B field to {123} and
the Efield to {567}. W want a consistent quad of

potential functions for generating both E and B. The single
irrotational formin field units u5, u6 and u7 force the
sel ection for B to one of three rotational forns found in
each field units ul, u2 and u3. W then have A0, A5, A6 and
A7 be the potential functions for the Cctonion cover of

El ectrodynanics and the following field definitions

Efield =

+[ DO( A5) +D5( A0)] u5
+[ DO( A6) +D6( A0)] u6
+[ DO( A7) +D7(AQ)] u7

B field =



+[ D7( A6) - D6(A7)] ul
+[ D5( A7) - D7(A5)] u2
+[ D6( A5) - D5(AB)] U3

Keep in nmnd that the Octonion B field formis an al gebraic
variant, it takes on these signs only for our chosen Ri ght

Cctoni on Al gebra and selection of differentiation fromthe

left. The Cctonion E field is an algebraic invariant, it

al ways has this form

The main point of ny series of discussion threads is to
answer the question "Wy Study Octonion Al gebras?". The
nost conpelling reason is now before us. The fundanenta
construction of COctonion Al gebras bolts right up to the
necessary structure for the electric and nagnetic fields
of El ectrodynam cs, even when we | ook beneath the surface
definitions to intrinsic characteristics that are
unfortunately often overl ooked.

The classical tensorial treatnment of the "el ectronagnetic"
field pays homage to the point that the two fields are

di fferent enough to require a formthat parks their six

i ndi vi dual conponents in separate mathematically distinct
| ocations in the 472=16 receptacles of the 4x4 field
tensor. | will argue this increase in rank going from
vector to second rank tensor is a nmanifestation of the
assuned di nensi on of the vector space, and not anything
nor e.

If we start with nore than four dimensions, we have enough
dimensionality to span six distinctly different component
types without resorting to rank change.

If all we were looking for is a different and naybe better
way to do El ectrodynam cs, we would have a big "So What"
nonent at this point. | amnot. The task has al ways been to
| ook at El ectrodynanics as a neans to an end rather than
the end itself. The goal is unification of Electrodynanics
and Gravitation. So now | question of the treatnment of
Gavity in General Relativity?

VWhen Einstein went to curvature of space itself for a
mat hematical treatnent of Gravitation, he did so because
there was no other place to put it in the framework of a
four dimensional space. The singular nmethod for a centra
force was already taken by the charge*(electric field)
force of Electrodynanics.

| have always had a problemwith this. In ny hunble

opi nion, the mathematical concept of "space" is a
fundamental "first principles” notion that |ies beneath the
nmet hods of application used to describe what we see and try
to make sense out of physical reality. "Space" is to
"physical reality" as "marble" is to "a particular

scul pture". It is the "foundation" for a house, it is not
the "house" itself.



So am | claimng General Relativity is "wong"? Hardly so.

I would think that anyone with enough physics education to

be in a position to weigh in on the nerits of GR would have
cone across "generalized coordinates" in their studies. If

you did not pick up on the fundanental denonstrated concept
that mathematics is robust, and there are normally a nunber
of different mathematical formalisns that can be brought to
bear, go back to school and take the mechanics cl asses

agai n.

| do not claim CGeneral Relativity, Quantum Mechani cs,

Quant um El ect rodynami cs, The Standard Mddel, String Theory
and the like are "wong". Each, just like nmy use of
Cctonion Al gebra, are all different "generalized coordinate
systens". Al have nerit, and all have a follow ng of
believers. The parallel to religion is striking. The
believers take it on faith that their view of reality is
correct, and that all of the non-believers are at best
incorrect. At worst and too often the believers portray the
non- bel i evers as havi ng sonet hi ng wrong about them

Until you can prove to a certainty that your religion is
the only "true" one, do not | ook down on those who do not
share your beliefs. This goes equally for the study of Cod
and Physi cs.

But | digress. Getting back to ny religion, the Cctonion
field expressions have additional irrotational forms in the
{123} unit triplet we have associated with physical xyz. |
amnot in a position to denonstrate the "House of Gavity"
since | amstill working on its "foundation". At this point
I have no problemtaking it on faith that these are the
forms for the Gravitational Field, and noving on from

t here.

So why do | believe so strongly in Cctonions? | took notice
of the Cctonions when | first realized the fundanenta
structure of its multiplication rules were just what |
needed and was | ooking for to apply to El ectrodynami cs,
while using a systemwi th di mension greater than four and
likely eight. | got religion when | found ny musing over
the application of the sixteen different forms these
structural rules may take was not confronted by physica
reality. The fundanmental truth and beauty of this notion
mani fested itself in the "Law of Cctonion Al gebraic

I nvariance" which | profess. | becane an Cctonion Holy
Roller when | was able to apply this | aw successfully to
rewmite the Cctonion Work-Force Action Equations in an

i ntegrable form which all owed discovery of the equations
for Octonion Conservation of Energy and Momentum Lets
continue on the progression towards understanding this.

The next nove along the El ectrodynam cs roadmap i s com ng
up with the Cctonion 8-current density. Anticipating what
wi Il be discovered in the conservation equations and what
is present in the decoupling of the classical formof the
4-current density, we look for a formincluding an



extension to what we have in the 4D Lorentz Condition. The
ideal formfor the 8-current would involve a second
application of the COctonion Ensenble Derivative on a form
for the Cctonion Field Equations. As previously nentioned,
we need to dispatch the scalar field conmponent

al gebraically via conjugate subtraction.

At this point I would like to diverge fromthe presentation
in the PDF available on ny website. There, | absorbed the
8-current scale factor -4pi within ny description. In

hi ndsi ght, perhaps | should have only absorbed +4pi and
negated the definition | gave for current to be nore
closely aligned with tradition. | will do this here and
continue through the conservation derivation. Please take
noti ce what | present now for current through conservation
is the PDF presentations scaled by (-1).

Take the operator E as the entire Cctonion ensenbl e
derivative and /E as its conjugate formand try

i =14 { E EA - (/IN/E] +[ (NE- /E(/A ]E}

The scalar field is renoved within each of the square
brackets. Adding the comrutated forms renmpves unwanted
terms fromthe result. Here, non-comutation of Cctonion
products is not feared, it is exploited.

If we define the negative of the Octonion extension of the
D Al enbertian as the scalar operator formthat follows,
sticking to the intrinsic variables r hence D operators

- Dr2=D0"2- D17 2- D2 2- D37 3- D4N2- D57 2- D™ 2- D772

and take the Cctonion extension to the Lorentz Condition as
LC=DO( A0) +D1( Al) +D2( A2) +D3( A3) +D4( Ad) +D5( A5) +D6( A6) +D7( A7)
we will have for j unit [i] after doing the math above

ji ui =-D'2(Ai) ui + Di(LO u

LC involves all potential conponents. Just as with the

cl assical El ectrodynani cs approach, the 8-current is
decoupled into a function of only the like unit potential
function conponent if the Lorentz Condition is zero.

LCis a scalar like unit product and therefore is an
Octoni on Al gebraic Invariant. As such, Di(LC) ui is also
an Cctonion Al gebraic Invariant. Looking at the extended
D Al enbertian, it also is a scalar Cctonion Al gebraic
Invariant and therefore the full 8-current is an Cctonion
Al gebrai ¢ Invariant.

In the next installnent, I will finish up the Qctonion
Wor k- Force Action Functions and their norphing to the
Octoni on Conservation of Energy and Mmentum Equati ons.



Ri ck Lockyer
WWW. OCt ospace. com
For nmore informati on see

http://ww. oct ospace. con fil es/ Octoni on_Al gebra_and_its_Connection_to_Physics. pd
f



