Principles for the Hypercomplex Electrodynamics

Vyacheslav Telnin

Abstract

In classical electrodynamics, four-vectors with four real
numbers t, X, y, z are used. It is noted that the same result
can be achieved with the help of quaternions with three real
numbers X, y, z and one imaginary i * t. This suggests that
we can go further, and consider all four numbers t, x, vy, z
complex. And deal with quaternions with complex
coefficients (a+i*t),(x +i*b), (y+i*c), (z+i*d). These
objects, for the sake of brevity, we call octads. But you can
go even further, and work with quaternions, where all four
numbers t, X, y, z also quaternionic. For the sake of brevity,
we call these objects Q2 numbers. All next text deals with the
generalization of classical electrodynamics onto the
languages of octads and Q2 numbers.
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1. Quaternions.

From the set of hypercomplex numbers, quaternions are
distinguished. These are numbers of the form:

ii=joj=kk=ij k=—1
W=1, ip=10 i3=j; ips=k;

, .. m
bk =lm @ hk



X=1Iip-X
n=1234) (orn=a,x,y,7)
The multiplication table for the quaternions:

. . m
ln "k =lm P hk

Ly Btz | i3 | L4 L

i iq]| iy | is | i4

ig|ig|-i1| i4 |-i3
iz |ig|-ig|-0i1] iz
ig | Qg ]| i3 |-1g|-0q
in Im 0"k

2. Cartesian product of quaternions.

We can consider the Cartesian product of several
quaternions:

Y1XY2XY3X..XYN=QN;

The numbers QN are multiplied with one another by the
corresponding quaternions.

Let’s consider the simple case N = 2:
Q2=Y1 xXY2;
Let Q be one of the numbers Q2:
Q=iyXin-xHt"
u=1,234) (wimu=a,x,y,z)

n=1234) (wmun=a,x,y,2z)
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It can be seen that Q is a 16-dimensional vector:
Q =my - Q"
(k=1,2,3,4,56,7,8,9,10,11,12,13,14,15,16)

x#"=(a, t,x, b,y ,c zdr, u, X W, u to,n, a)

Ll |l3|ls]| in

igla |t |r

U
iy | X |D|X|wWw
10

n

abBroeéxsmmknmHonpcTtyd
XU YW bbl b3 a(Russian alphabet)
In general terms:

un

M =i, Xip-m- 7

Qk = vak,xvm

The algebraic tensors for quaternions and Q2 numbers are
defined as:

In -k =im'(pmnk
mn'mkzmr'Frnk
We express F ", interms of o™, ,:
mn-mk=(nvxip-mvz’n)-(n#xiq-m”qk)=
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— : : vp uwq _
_(nv'nu)x(lp'lq)'m n'M =

= (nl'(plvu) X (ih'(phpq) 'mvpn'muqk =
= (nAXih)'(pAvu'qohpq _mvpn'mltqk =
=m, F" = (nAXih)'mlhr'Frnk
From here:

Ah p nq

r — A h v
mt L Fl =9 vu P pg M oMy

We use for m*" .. the inverse element Qe as:
Ah  _ sA.sh
prr'm r_6p'6w

And then we get

r _ r p w vp uq
F nk—Qpa) P gy P pgm My

So we expressed the algebraic tensor F ", ;, for Q2 numbers
in terms of the algebraic tensor ¢ pw for quaternions.

The numbers Q2 can be called quaternions with quaternion
coefficients. And they require 16 real numbers for their
description. For the simplicity of the derivation the basic
eguations, we consider only 8 real numbers: (a, t, X, b, y, c,
z, d). These will be quaternions with complex coefficients.
Let's call them octads.

So, if g is an octad, then:
q=i,Xip-xH"
u=1,273,4) (oru=a,x,y,2z)
(n=1,2)
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q=n,-q" (v=12,3,45,6,7,8)
We use the following form (i; = 1; i, = i):
g=igx@+i-t)+iyx@x+i-b)+i,X(y+i-c)+
+i,X(z+i-d)
q=ng-a+ng-t+n,-x+np-b+n,-y+n.-c+
tn,-z+ng-d
Neg=1lg X1, Np =10 X Ne=10, X ng=1i;Xi
To multiply octades, we build the following table:

— yh
nu'nv_n/l'f uwv

alt [ x |bly|c |z |d]|vVv
alalt |[x |bly |c |z |d

t|t|-alb|x|c |-y|d]|-z
X|x|b |-a|-t|z |d|-y]|-C
b|b|x|-t]a |d|-z]|-C
ylylc |-z|d|l-a|-t|x |b
clc|l-y|d|z |[-t]|a |b |-X

N
N
o
<
(@]
1
x
1
O
1
8]
1
L

M f)L;n/'/1

Here f lw is an algebraic tensor for octads.



3. Algebraic and metric tensors

The multiplication of the vectors n , sets the algebraic tensor

— A
nu'nv_n/l'f uv

In a non-curved space n, = 1 and one can define the metric
tensor n ,, via the algebraic tensor f ’1,“, like this:

(nﬂ'nv):nﬂvzna'faliv:1'fa;w:fa;w

4. Conjugation
For quaternions 1* =1 ii*=—-i j*=—j k*=-k
ihW=1 i,=10 i3=];, iyz=k;
W=l b =iy iy =iy b =l
' =i dkn
(in )" = ik* : in*
For Q2 numbers:
Q=iyXip xH"
(r=1,234) (n=1,2,3,4)
You can conjugate Q in different ways: by the left Cartesian
factor, by the right one, or by both at once. To distinguish
between these conjugations, we introduce a dash sign over
Q. If it exists, then it must be conjugated by the left Cartesian
factor. If Q has an asterisk, then conjugate it by the right

Cartesian factor. If there is both a dash and an asterisk, then
it is necessary to conjugate both Cartesian factors.

o . n * _ x P n
Q=1i,"Xip x# Q =i, Xiyn -x#



= . O4 m_ = P * . yP
Q=my,-Q m, =m,-C°,  m,T=m,-H",

If the product of Q2 numbers is conjugated, then a
permutation of Q2 factors is added:

(Q-R)=R-Q (Q-R*=R"-Q"

For octads, the conjugations behave the same as for Q2
numbers (consideration is made for Q2 numbers, and octads
are a part of them).

q:nﬂ.q# ﬁ:np'cpu nu*znp.hpu
C'uy, = (1, 1,_1,_1,_1,_1,—1,—1) H= (a, t,x, b,y, C,Z, d)
hll

=1-1,1,-1,1,-1,1,-1) wu=(atxbyczd)

We will call the tensors d ¥, , Cp” , Hpﬂ , cp“ , hpu by the
conjugation tensors.

5. Indexless expressions

For the octad, there are three types of its representation in
formulas:

ngx(@%+i-q%) +nyx(q*+i-q?) +
+n,x(@Y+i-q% +n,x(q?+i-q%);

ln,-q* (u=atxb,yczd)

I q

The latter method — indexless — is the most compact. Let's
look, for example, at generalization of Maxwell's equations,
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written in an indexless form for Q2 numbers (also for octads)
(the output of this formula will be given later):

D-F=—4m-j

The mathematical language of classic electrodynamics uses
three real coordinates (x, y, z) and one imaginary (i - t). And,
accordingly, three real components of the potential A*, AY, A*
and one imaginary component (i - A%).

The octad mathematical language uses 4 complex
coordinates. That is, 4 real coordinates (a, X, y, z) and 4
imaginary coordinates (i-t, i-b, i-c, i-d). You can take
the indexless action functions for classical electrodynamics
and build by them the indexless octad action functions. Then
vary these indexless octad action functions by the
corresponding indexless octad variables. And we obtain
equations for index-free octad electrodynamics. Then go to
their index octad view. These equations will connect the 8
fields F¢, Ft,F*, Fb, FY, F¢,F?,F® with the eight coordinates
q9%q%q9%q"q%,q%q%q% And you get the index octad
electrodynamics.

If in the indexless octad equations you will consider all
variables to be the Q2 numbers, then you get the indexless
Q2 electrodynamics. Then you should go to the index Q2
form of equations. These equations will connect the sixteen
fields F* (u=a,tx,b,y,c,z d,r,1,x 11,4,10,1,5) with the
sixteen coordinates Q*. And we get the equations for index
Q2 electrodynamics.

6. The first indexless octad action function

In classical electrodynamics, the action function for a particle
of mass m is:



S=—mc-[ds ds - ds = (dx, dx)
dx — vector, ds,S — scalars

Consider the indexless octad action function for a particle of
mass m:

1 S=—mc-[ds ds-ds=dq-dq
dq —octad  ds, ;S — scalars

We vary the indexless S; by the indexless §q:

B _ §(dq-dq)
§,S=—mc-[8ds=—mc f2~—ds_
(d5q)-dq +dq-(ddq) _

=—mc- [

2-ds

1 _ _
=—5-Jldéq-p+p-(dsg)] =

= 67 dp+dp-sg) = me Y
=5 J(@7 dp+dp-5q p=mec—

For a free particle at any § g and &g, there must be
§,5=0
From here we have:dp=0 dp=0

That is, the momentum p is conserved.

7. Indexless connection of fields F with
potentials A

For the potentials A, we define the derivative by the
coordinates g as:
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dA=d dA—d F
qdq q

D=n, -3 A=n,-A* F=D-A

8. Index octad connection of the field F with
potential A.

Indexless view of fields: F =D - A
And the index octad view is:
FA :flvu,avAu

(Here it is taken into account that for octads, the algebraic
tensor is f’lw. For Q2 numbers, use the algebraic tensor
Flvu-)

For octads, all eight F* are:
F®=0%%—9'At — 9¥A* + 0P AP —
—0YAY + 0°A°€ — %A% + 0%A¢
Ft=0%At +9tA%* — XAV — 9PA* —
—0YA€ —0°AY — 9744 — 94A”
F*=0%4% —9tAY + 0*A* — 9PAt +
+0YA? —0°A% — 07AY + 99A°
FP=0%AP + 9tA* + 0¥At + 9P A% +
+0YA% 4+ A% — 07A° — 9%AY

FY =0%4Y —0'A° — 0*A% + 9PA% +
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+0YA% — At + 0%ZA% — 0%AP
FC¢=0%°+0'AY —0*A% - 9PA% +

+0YAt + 0°A% + 0%AY + 994*
F? =0%A% —9'A% + 9*AY — 0P A¢ —

—0YA* + 9°AY + 0742 — 944t
F4=0%%+ 9*A% + 0¥A€ + 0PAY —

—0YAD —9CA* + 9ZAt + 924

9. Ffields in classical electrodynamics

To move from the octad electrodynamics to the classical one,
you should put:

A=A =A°=41=0

And the remaining non-zero At, A*, A¥, A% should not depend
on g% q%,q°¢ q%. That is, the four derivatives:

9%,0%,9¢,0¢4

from them should give zero. Here is what remains after this
transition:

F&=—0'At—0*A" — 9YAY — 97A% =
= 0, A"+ 0, A% + 0,AY + 0,A% =
(This is zero by the Lorentz calibration.) Further
Ft=0
F*=9YA%? — 9%AY = — 0,A” + 0,AY = —H*
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FP = 0'AX + 0*A' = — 9,A* — 0, A" = EX
FY=—0%A% + 07A* = 0,A* — 0,A* = —H”
F€=0'AY + 0YA" = —0,AY —0,A* = E”
FZ=0%AY —9YA* = —0,AY + 0,A* = —H”
F4=0'A” + 0%A' = — 0,A” — 0,A" = E*
And we have:
F*=0 F'=0 F*=—-H* FP=E*

FY=—HY F¢=EY F?=—-H? Fi=E*

10. The second octad indexless action function

In classical electrodynamics, the action function for a particle
with an electric charge e in an electromagnetic field is:

S=—e-[(A,dx)
dx u A — vectors S — scalar
For octadic electrodynamics, as an analog, we construct

1 - _
25=—e-f§-[A-dq+dq-A]

dq,A —octads, ,S — scalar

11. The third octad indexless action function
In classical electrodynamics, the action function for the

field
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1 .
= . LRk,
§=—Ier [Fix-Ftk.dn
d =dt-dx-dy-dz
F;, —tensor S —scalar

In three-dimensional form:
S = i-f(EZ—HZ)-am
8r
For octad electrodynamics, as an analog, we form:
1 —
35=§-fF-F-dQ F=D-A
dQ =da-dt-dx-db-dy-dc-dz-dd

F — octad 3S — scalar
12. Variation by 6A
1 — —
83S=§-f[(D-SA)-F+F-(D-6A)]-d()=
1 — = —
=§-f[(6A-D)-F+F-(D-6A)]-d[)=

1 - - — -
=§-f[—6A-(D-F)—(F-D)-6A] -df

d
e:fp'E
o .1 [ — _
5,8 = —fp-E-fE-[6A-dq+dq-5A]=
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1 | — dg dq
__fp.z.[gA.E+E.5A].dg_

:f%-[—(SZ-j—]_'-c?A]-d[z

_,.%
j=p- at
525"‘635:0

5A - (—1 ]—— (D- F))—O
< ! j—— (F- D)>-6A=0

The last two equations coincide when conjugated. And give
the following equation:
D-F=—4m-j

This is an index-free equation for the fields of F. In the
transition to classical electrodynamics, it passes into
Maxwell's equations. Let's show it.

13. Index view of equations for field F
Substitute in the indexless equation
D-F=—4m-j
definitions for D, F, J:
D=n, 9% n_)l:nu'CuA F=n, -F° j=n,j
We obtain an index formula suitable for octads:
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fv”g'Cﬂl'alF(T:—‘l'Tl"jv

(Here it is taken into account that for octads, the algebraic
tensor is fV,, and the conjugation tensor is ct,. For Q2
numbers, use the algebraic tensor FV , ; and the conjugation
tensor C*,.)

The case of Q2, due to the large length of the index
equations, we will not prescribe here. We will limit ourselves
to the octad variant.

In the case of the octads it will be 8 equations:

— 4 j* =0*F*— 9 Ft + 0* F* — aP FP +
+8Y FY —9°F¢ + 0? FZ — 94 F4
—4m-j' = 0% Ft + ' F*+ 9* FP + 9P F* +
+0Y FC+0°FY + 0 F* + 0% F?

— 4 j¥* =04 F* — 9t FP — 0* F¢ + 9 Ft —
—0YF?4+0°F4+0?FY — 94 F°
—4m-jb =09 FP + 9t F* — 0¥ Ft — 9P F@ —
—0YF4—0°F?+0? FC + 04 FY
—4m-jY = 0% FY — 9 F€ + 0¥ FZ — 9P F4 —
—0YF*+0°F* — 9% F* + 94 FP
— 4w j =02 FC+ 9  FY + 0* F* + 0P F? —
—0Y Ft —9° F*— 9? FP — 94 F~*
—4m-j2=0%F?—9'F4—9* FY + 9P F¢ +
+0Y F¥ —9°Fb — 92 F + 94 F!
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—4m-j4 =0 F 4+ 9" FZ — 0¥ FC - 9" F¥ +
+0YFP +0°F* —9* Ft — 9% F®

To move from the octadic electrodynamics to the classical
one, you should put:

F¢=0 F'=0 F*=—-H* FP=E~
FY=—-HY FC=EY F?=-H? F¢=FE*
je=j=jc=j*=0

And non-zero F* FP,FY,F¢,FZ? F%should not depend on
q%q",q°% q%. That is, the four derivatives

9%,0%,9¢,0¢4

from them should give zero. Here is what remains after this
transition:

0=—4n-j*=0*F*+ 0V F¥ + 07 F* =
=—0, F* =0, FY — 9, F% =
=0, H* + 9, HY + 0, H* = div H

divH =0

—4n-jt=—4n-p=
=0"FP + 0Y FC + 07 F? =
=—0,F’— 9,F°-0,F% =

=—0, E*— 0,EY —9,E* = —div E
divE = 4 - p
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—4m-j* = 0" FP — 0¥ FZ + 0“ FY =
=0, F°+0,F*—0,F =
=0, E*—0,H" + 0, H” =

= 0, E* — [rot H]* = — 4m - j*

—4m-jP =0  F¥ — 0Y F1 + 07 F¢ =
=0, F*+ 0, F'—0,F¢ =
=0,H*+ 0,E? - 0,EY =

=0, H* +[rot E]* = —4m-j> = 0

—4m-jY = —9t FC 4+ 9% FZ — 92 F* =
=0, F°— 0, F?+0,F* =
=0, EY + 0, H? — 9, H* =

=0, EY — [rot H)Y = — 4m - j¥

—4m-j¢=0'FY +0*F4 - 07 Fb =
=—0,FY—0,F*+0,FP =
=0, HY — 0, E* + 0, E* =

=0, HY + [rot E]Y = —4m - j¢ =

18



—4m - j2=—0'F4 — 90X FY + 9V F* =
=0, Fi4+ 0, FY—0,F* =
=0, E?— 0, HY + 0, H* =

=8tEZ—[rotﬁ]Z=—4n-jZ

—4m-j4=0"F*—0*F°+ 9V FP =
= —0,F*+0,F° =0, F’ =
=0, H* + 0, EY — 0, E* =

=0, H? + [rotE]? = —4n-j2 =0

We got four equations:
divH =0
divE = 4m - p
0,E—[rotH|=—4m-]
0.H + [rot E] = 0
And these are the Maxwell equations.

That is, in the transition from octadic electrodynamics to
classical electrodynamics, the equations for the fields F pass
into the Maxwell equations for the fields E and H.
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14. Motion equations for a massive charged
particle in the field F.

The action function for a particle of mass m and charge e in
an octad field F with potential A is:

S=15+25
1 S=—mc-[ds ds-ds=dq-dq
1 - —
25=—e-f§-[A-dq+dq-A]

To describe the motion of this particle in the field F, we vary
Shydganddq:

5.S= = [5G -dp+dp- 6q) p=mec 2
10 =5 q-ap pqp_mcds

1 - _
525=—e-f§-[A-d5q+d6q-A]=
1 — —
=—e-fz-[—dA-6q—5q-dA]
652615+6 25=
1 —
= E-f{6q-(dp+e-dA)+

+(dp+e- dA)-8q}
And we equate 4S5 to zero: 6S =0
In order for this to be performed for any §q and § q, you need:
dp+e-dA=0 and dp+e-dA=0

The second equation reduces to the first equation. And we
have the equation:
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dp=—e-dA=—-e-dq-F

dp dq dq
dp
— =—¢-V-F
T e-V

Let's move on to the index octadic view:

dl
nl.%z—e.nl.fluv.Vﬂ.FV

dp? 1

— =—e-fr, VF-FY

(Here it is taken into account that for octads, the algebraic
tensor is fV, . For Q2 numbers, use the algebraic tensor

Fvua-)

Let's check this formula for octads:

dp® b . b
n =—e - (V- F* -Vt Ft —V*.F*+ Vb .FP —
—VY-FY+V¢ -FC—VZ.-F2+V2.F%)

dp* b_yb

Et—=—e-(Va-F‘*+Vt-Fa—V"-F —VP.Fx—
—VY.F¢—VC¢.FY—yZ.F4—y4.F?)

dp* b b

I =—e-(V*-F¥*—Vt.-FP4y*.Fa—yb.Ft ¢
+VY.-FZ—VC¢-F4—VZ.FY +V%.F°)

dp® byt t L yb

= eV FP AV F VPO VP L FO 4
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+ VY -Fe4VC . FZ-VZ.FC—Vad.FY)

dpy a t c x z b d
— = e (VOFY—VE-FC—V¥-FZ4 VP Fh 4
+ VY -F4—Ve.Ft4+VZ.F*—ya.Fb)
dpc a c t x da b z
= e (VO FCHVEFY — VX PV FT 4
+ VY -Ft+VC-Fa4+VZ.Fb 4 yad.Fx)
dpz a z t d x b c
= e W FE VO FO VY FY VPR -
—VY-F*+Ve -FP 4+ VZ.Fe—ya.F")

dp?
7=—e-(Va-Fd+Vf-FZ+VX-FC+Vb-FY—

—VY-FP —VC . FY+VZ.Ft +V®.F%)

dq*
w1
4 dt

To move from the octadic electrodynamics to the classical
one, you should put:

vt=1

F&=0 Ft=0 F*=-H* FP =E*
FY=—-HY F¢=EY F?=-H? F¢=E*

And we get the following 8 equations:

dp® -
T =—e-(V,H)
dpt y =

P
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dp*

Il
®

- (E + [# x H] )*

dt

dd—ptb= e (H—[pxE])*
dd—’f= e (E+[vxH|)
ddﬁcz e (H - [#x E])
d;tz: e (E+[vxH])?
%: e (H—[pxE])*

And we see that the formula gives the correct Lorentz force:

d D - -
L= (F+[pxH])
As well as the correct change in the energy of the particle in
time:
dpt R
d—i = e (3,F)
So, we can assume that the correct index-free formula for a
particle in the field F is:
dp dq
E =—e'V-F V= E
A completely index-free formula is obtained by replacing dt
with ds:
dp _dq

T =——_e¢-U-F U=—-"2"
ds € ds

23



15. Density A for the third octad action function

5—1 [F-F-dn F = F#*
3 T gn —Mu

S=[4A-dn
dQ =da-dt-dx-db-dy-dc-dz-dd

A_i.p.p— - AA n.=n, c”
= 8n =ny n, =n,-c,
A_l A p v
A _87T.f pv- ¢’y F*-F

For octadic electrodynamics, we obtain:

1
/1“=—8 -[F*-F*—Ft - Ft 4+ FX .FX —Fb.Fb 4
T

+FY-FY —F¢-F¢+F%.F? —F%.F4]

1
Af=E-[Fa-Ff+Fx-Fb+FY-FC+FZ-Fd]

A=A =AY =A"=2"=44=0

To move from the octadic electrodynamics to the classical
one, you should put:

Fé=0 Ft=0 F*=—-H* Fb=E%
FY=—HY FC=EY F?=-H? F®=E*
And we get the following 8 equations:
1 1 e —
A% = —.[H? — E? At=——.(HE
a7 | ] 2, ULE)

A=A =0 =A=A*"=4%=0
24



For Q2 electrodynamics, we take
_ — _ p
F—mH~F” mﬂ—mp-CH

Also, for Q2 electrodynamics, we should use the algebraic
tensor F4,, .

16. The energy-momentum tensor for the field F
1 A u 14 v
A:nﬂ'.g.f HV.CP.F - F

The energy-momentum tensor is defined in terms of the
metric tensor:

oA oA
TMV:_ = — a =
anyv df uv
1 c’)flm, u
= —_—— . .Fp,sz
T
——nl-i 84 -t FP-FY =
8t ¢ P
1
— u —
_—na.g. p.FP.FV
1
=—1.-—.ct .FpP.Fpv
g C°
TM\/:_i.C“ .FP.FV
8t °
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17. The energy — momentum octad for the field
F

Let's look at the octade

A _ A v _ w
U —f wv~h“)ﬂ~T” n#*—nw-hﬂ

U=mny-Ut=—ny-ft,, -h%, -TH =

:i-n/l.fl .hw.cﬂ.Fp.sz
8m v H P

Ny Ny -h%, -, - FP-FV =

~ 8m

St et FP.FV =
n, - n,-c, FP-F

And now its 8 components:

1
Ut = o [F*-F*+ F - FO + F¥-F¥ 4+ FP - FP +
+FY -FY + F¢-F¢+F%?.F?+ F%.F4]

1
— [F*-Fb —Ft.FX — FY . F% 4 F¢. F7]

ub =
4r
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U’ =0

1 t da b
U¢= —-[F*-F°—F'-FY 4+ F*.F%* —FP.F7]
4n
Uz=0
1
Ud=4—-[Fa-Fd—Ff-FZ—Fx-FC+Fb-Fy]
T

To move from the octadic electrodynamics to the classical
one, you should put:

F*=0 F'=0 F*=—-H* FP=E*
FY=—HY FC=EY F?=-H? F®=E?

And we get the following 8 equations:

a:i, 2 27 —
U= o HHEY =W

1
UP = —-[HY-E* — EY - H*] = —S*

4
1

U¢= — [-H*-E?+E*-H?] = -5
4r

U= —-[H*-EY —E*-HY] = —§*
4

Ut=U*=UY=U%*=0

Here W is the energy density of the electromagnetic field.
And

1

S=— [ExH
| ]
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is the Poynting vector (the momentum density of the
electromagnetic field). But they are in the wrong dimensions
and with the wrong signs.

Let's introduce the rotation operator r=1X1i

rng=ng Tr-ng=-ng
ren,=mn, T Ny =-—Ny
ren,=n. r-n.,=-n,
rm,=ng r-ng=-n,

And also introduce newoctad w=r-U
In the case of classical electrodynamics, we get:
wt=w w*=58% wY=8Y wZ=§%

wit=wl=wt=wd=0

And we can consider wt as the energy density of the field F,
and w*, w¥, w? as the momentum density of the field F.

And we can call

1 —_
= —.r.(F* . F
w= oo )
by the octad of the energy-momentum for the field F. This is
its indexless view. This formula also fits for Q2
electrodynamics.

Let's take a look at the index view of the octade w for the
energy-momentum of the field F:

1
wh= o [F®-FO+ F-FO 4 F¥-F¥ + FP - FP +
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+FY -FY + F¢-F¢+F%?.FZ+ F%.F4]

1
w"=4—~[—Fa-F”+Ft-F"+Fy-Fd—FC-FZ]
T
wl =0
1
wy=4—-[—Fa-FC+Ft-FY—Fx-Fd+Fb-FZ]
[
wé=0
1 d t b
wZ:E-[—Fa-F +F'-FZ+ F*.F¢—FP.FY]
wd=0
18. Results

From mathematics, we took the language of quaternions and
constructed the octads. And in their language, we wrote
down three indexless action functions — for a free particle, for
a free field, and for their interaction. And from them we got
three index-free formulas:

D-F=—4m-j
dp

— =—¢-V-F
ac . °

1 —
w = 8n-r‘(F -F)
From the first formula, we can find the field F (a
generalization of the electric and magnetic fields). From the
second formula, we can find the trajectory of a charged
massive particle in the field F. By the third formula, we can
find a generalization of the energy-momentum for the field F.
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And all this simultaneously in two electrodynamics — in eight-
dimensional octadic electrodynamics, and in sixteen-
dimensional Q2 electrodynamics. Due to the large length of
the index formulas in Q2 electrodynamics, we have not given
these index formulas here.

For now, we can think, that our three hypercomplex indexless
action functions give the correct Maxwell equations, the
Lorentz force, the energy-momentum of electromagnetic
field and are therefore correct themselves. They can give us
some more useful equations.
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