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Abstract

Analytically, Maxwell's equations for the octonion are obtained. It is shown that when using shortened notations for the
scalar and vector products of the Hamiltonian operator on the electric and magnetic field vectors, the equations have the
same form as Maxwell's equations for a quaternion. This means that the equations describe the same physical phenomena,
only for spaces of different dimensions. According to the Cauchy-Riemann conditions (CRC) and, accordingly, the
law of conservation of energy, an electron cannot transition to an arbitrary state, but only makes quantum jumps to
those locations in space where it conserves energy. Consequently, an electron moves in space along an orbit. The
resulting Maxwell equations contain Gauss's law as a scalar part, which is related to the imaginary parts by CRC and,
therefore, a change in the scalar part determines the value of the imaginary parts of the equations. A quaternion has
4D dimensions, while an octonion has 8D dimensions. It is shown that the octonion matrix can be decomposed into two
non-intersecting matrices in 8D space. A quaternion can be either single-frequency or three-frequency, an octonion can
be single-frequency or seven-frequency. Using the formula for representing the octonion matrix through two quaternion
matrices, the corresponding images of the change in the scalar part of the seven-frequency octonion for 4 quaternions
are shown.
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1. Introduction

Maxwell's equations demonstrated the possibility of the formation and emission of electromagnetic waves, laid the foundations of
electrodynamics and served as an impetus for the development of radio communications and other electronic devices and systems [1].
However, at present, with the construction of global Internet networks and global mobile networks, the need for communication channel
capacity has increased significantly. For example, the new 5G next-generation mobile communications standard requires downlink
speeds of up to 20 Gbps and subscriber speeds of up to 100 Mbps. The transmission speed in 6G is expected to increase from 1 Thit/s.
The use of traditional modulation schemes requires a transition to a higher wave range (more than 20 GHz), which is associated with an
increase in the power of transmitting devices or a decrease in the communication distance. To increase throughput in 6G, it is planned
to use the terahertz range from 300 GHz to 3 THz. Also, a natural solution to the problem of increasing the energy distance between
information symbols while maintaining the occupied frequency band and, accordingly, the channel capacity, is the transition from
a two-dimensional signal space to a multidimensional one. Currently, methods of transmitting information using the Multiple-Input
Multiple-Output (MIMO) scheme have become very popular. It has been theoretically shown that the MIMO scheme can increase
the communication channel capacity by N times, where N is the number of inputs equal to the number of outputs, i.e. MIMO NXN
[2]. To increase throughput in 5G and 6G, massive and ultra-massive MIMO are expected to be used. Thus, to increase the capacity
of global communication systems, it is necessary to increase the dimensionality of the signal space. Maxwell's equations use a vector
representation of magnetic and electrical intensities without specifying their dimensions. Maxwell's equation for the quaternion is
known [3]. The aim of this article is to obtain Maxwell's equation for the octonion.
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2. Materials and Methods for Solving the Problem

Hypercomplex numbers are obtained using the doubling procedure. Thus, a quaternion is obtained from two complex numbers, an
octonion from two quaternions, a sedenion from two octonions, etc. Since hypercomplex numbers are formed from one scalar and other
imaginary numbers that are orthogonal to each other and, therefore, they can be considered as spatial coordinates, then when using them
one can expect the formation of spaces of high dimension, multiples of 2", where n=1,2,3 ... .

The octonion or octave in algebraic form can be represented as:

o=se+xi+yj+zk+se +xi +yj +zk . (1)

where s, e, x, y, z, 5, X, y,, z, — real numbers, i, j, k, e , i, j,, k, - imaginary units.
Unlike complex numbers and quaternions, octaves do not have the property of associativity [4]. The multiplication operations of
imaginary units of the octonion are shown in Table 1.

Table 1. Operations of multiplication of imaginary units of the octonion.

xle i j kle i j Kk

ele i Jj ke i j Kk
i|i —-e k —j|i - -k J
J\J —k o—e il j k-
kil k j - -el|k —-j i —e. (2)

Let us write the exponential function of the octonion (1):

« — eS€+xi+yj+Zk+S1€1 +x1i1+y1j1+zlk1 se _Xi ey] zk NGl exlil eyljl eZ]kl ) (3)

€ =€ € (VI

Let us denote the radius of rotation in 8D space as

es:r:\/S2+x2+y2+22+s12+x12+y12+212.

The radius of rotation is equal to the modulus of the octonion |o|.
According to Euler's formula, we write expression (3) in polar representation:

e’ =e* (cosx+isinx)(cosy+ jsin y)(cosz+ksinz)x 4)
x(coss; + ¢ sins; )(cosx; +isinx, )(cosy; + jsiny; )(cosz +k sinz,) .
Let us represent real functions with imaginary units in (4) as functions of time and write them in the form of angular frequencies [3]:

x()=wt, yt)=o;t, z()=og, ;) =0,t, x()=w,t, y)=0t, z (1) =0,

where @, @;, @, @, , ®,, ©; , O -angular frequencies on orthogonal imaginary coordinate axes i, j, k, e, i,, j,, k,.

Let us represent the octonion (1) as an 8x8 matrix [5]:
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We decompose matrix (5) into basis matrices [6]:
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0000 001 0
0000 0 00 -1
000 0 -1 00 0
0000 010 0

J = K, =
001 0 000 0
0 00 -1 0200 0
100 0 0 00 0
(0 1.0 0 0 00 0]

S O O O O O O

The basis matrices are orthogonal [6]. The sum of the matrices will look like:

O=E+I+J+K+E +I,+J,+K, =

We write the octonion (5) through the sum of the basis matrices (6) as

O=sE+d+)J+zK+sE +xI, +yJ, +z K.

S O O O o O

S O = O O O o O

SO O O = O O O O

0 0 0 1
0 0 1 0
0 -1 0 0
1.0 00
0 0 00
0 0 00
0 0 00
0 0 0 0]
11 1]
11 -l
-1 1 1
1 -1 1
oo 9
11 -l
-1 1 1
1 -1 1|

(8)

4
The determinant of matrix (5) is equal to |O| :(Sz+x2+y2+22+312 X ) . The octonion matrix (5) will be orthogonal when

normalizing the octonion in algebraic form (2) modulo |o|.

The matrix representation (8) of the octonion can be split into two spatially separated matrices [6]. The first matrix is formed by the basis

matrices E, I, J , K| and, accordingly, has the structure:

1 1 0
-1 1 O
0O 0 1 -1 -1
0O o0 1 1 -1
E+I+J,+K, = 0 0 1 1 1
0O 0 1 -1 1
-1 -1 0 0 O
-1 1 0 0

-0 O O O = =

The second matrix is formed by the basis matrices J, K, E,, I, and has a structure:

_——_= O O O O

)
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0O 0 1 1 1 1 0 0]
o o -1 1 -1 1 0 O
-1 1 0 0 0 0 1
-1 -1. 0 0 0 0 -1 1
E +J+K+I, = 110 0 0 0 -1 -1 (10)

-1 -1. 0 0 0 O 1 -1
o o -1 1 1 -1 0 O

|0 0 -1 -1 1 1 0 0]

As can be seen from the structures of matrices (9) and (10), their elements do not intersect when superimposed and, as a whole, form the
matrix of the sum of all basis matrices (7). This property of octonion matrices helps to simplify receiving devices [6]. Let us write table
(2) with a matrix representation of its elements as Table 2. Operations of multiplication of basis matrices of the octonion.

x|E 1 J K I|E I J K
E|E 1 J KI|E I J K
1|1 -E K -J|I -E -K, J
J|J K -E 1 |J K -E -
K| K J -1 -E|K -J 1 -E (I
E|E -, -J K |-E I J K
I |1 K, J, |1 -E K J
J, | J, E -I,|-J K -E -I
K |K -J I, E |[-K -J I -E

When representing octonions in matrix form, it is necessary to take into account that, due to the absence of associativity of octonions in
the hypercomplex representation, when multiplying the basis matrices, the signs indicated in table (2) may not coincide with the signs
in table (11) [5].
We will represent the model of the information transmission system in the form of a dynamic equation in the state space [6]:

X(¢) = Ax(?), (12)
where A — state transition matrix, x(¢) - state vector, X(¢) - time derivative of the state vector.

The state transition matrix in (12) is determined by the imaginary part of the octonion matrix (5) in which the elements at the imaginary

parts x, y, z, s,, x,, v, z, replaced by angular frequencies: @; , @;, @ , @, , O , O , O on orthogonal spatial coordinate axes

LJ, K E,I,J,K, in8D space:

0 @ @; O @ g @, Oy, |
-, 0 -0 o -0 o o -0
—0; Oy o T, oy @ i
—0, -0, o 0 -o o -0 o

A= (13)

-0, o @ 0 -0 -0 -
O, T, o, ~0; @ 0 O O
-0, -0, -0, o o, -o 0 ;
o, 0, -0 -0, o o -0 0 |
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As is known, the functions of the fundamental matrix ®(@;,® T O O ,t) for combination frequencies are divided into
two frequency groups [6]. The first group of combination frequencies includes frequencies with numbers: 1 256 11 12 15 16 19 20 23
2425262930333437384344474851 525556575861 62. The second group includes frequencies with numbers: 347 89 10 13
1417 182122272831323536394041 42454649 5053 54 59 60 63 64. The first group includes frequencies that form elements of
single-frequency matrices corresponding to the basis matrices (9). The second group includes frequencies that form elements of single-
frequency matrices corresponding to the basis matrices (10). The formulas for the elements of the fundamental matrix are presented in

[6].
3. Technique of Obtaining Maxwell’s Octonion Equations

When deriving Maxwell’s equations for the octonion, we will use the method for obtaining Maxwell’s equations for the quaternion [3].
Let's multiply two octonions in algebraic form (1):

qp = (doe + qii + o) + G5k + quey + qsiy + o/ + a7k ) (Poe + Pii+ Poj + D3k + paey + psiy + Peji + prky ).
We remove the scalar terms from the resulting expression:

G\ Poi + 42 Po] + 43 Dok + q4Poe + qs Dol + G Doy + 47 Poky + (14)
+qopii — G201k + @31 J — 4uiy + gspie + qs ik — 4Py +

+qoDrJ + Q102K — @3 Pol — GuDr Ji — 4sPoky + qpre + Pagql +

+qoPsk — 4 \D3J + G D5 — 4aPsky + qsDs s — o3t + 4,56 +

+qoPa + G Py + Gy Pafr + Q3 Paky = qsPal — qPa) — G Pak +

+qPsh = 41Ps€ + 42 Psky — 3 Ps i + daDsi + Qe Psk = 470s) +

+40Ps)y — 9Pkt — 92 P6€1 + 436l + quDs] — GsPk + 47P6l +

+qo Pk + @1P7J) — 2Pl — 43 P7€ + G4 D7k + Gsp) — 7l

Let us denote the pure octonions as q and p and write the pure octonions as vectors:
T T

a=[a & ¢ 4 4 9 @]-p=[m P Py P opPs Py Pl (15)

The scalar product of vectors (15) will be equal to
QP=q\P1 9P, + G303 ¥ 44 P4 T 45P5 + 4 Ps + 96 Ps -

We write the removed scalar part of the product qp as

qoPo — (Q1p1 +q,00 Y @3P3 +q4Ps +qsPs t 4sPs + %Pﬁ) =qoPo — 9P (16)
Let us isolate from the sum (14) the terms with imaginary numbers multiplied by p, and q, and write them using the notation (15):

T
Pod=plar @ 4 4 45 4 4] - (17)
T

qu:qO[pl P P3 Py Ps Ps p7] .

Let's combine the remaining terms in (14) for the same imaginary numbers:

i[(Qzl% —q43P2) + (445 —q4sP4) +(4:D6 — q6 P )] +
+J [(%pl —q103) (4406 —496P4) +(qsD7 — %Ps)] +
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+k[(q,P, = 4>P) +(44P7 = 4204) + (46 Ps — a5 P6) |+

+e,[(gs, —4105) + (4P, = 42P6) + (4105 — G0 |+ (18)
+iy [(9 P4 = 4u2) +(P297 = 0207) + (4306 — 46P3) | +

+j (@7 = 4700 + (4304 = 4402) +(q5P5 —4505) | +

iy [(621 = 4126) + (4205 = 45P2) + (4304 — 4u3)]

Members (18) correspond to circulation along imaginary (spatial) coordinate axes i, j, k, e,, i,, j,, k,. We use the notation (15) and write
(18) as a vector product of pure octonions:

qxp. (19)
Thus, we combine the obtained expressions (16), (17) and (19) of the product gp and write them in the form:
qp:(‘]opo —9.p )+(%p+ Po q+q><p). (20)

Equation (20) for the octonion corresponds in form to the equation for the quaternion [3]. To obtain Maxwell's equations for the
octonion, we use the matrix representation of the partial derivatives of the octonion:

o, o, o, o o o, o, o | -
p
_ax s _az y _axl S 4 _ayl u
-2, o, o, -0, -0, -0, o, o, |,
df (o) _ -0, -0, 0, o, -0, 0, =0, Oy |lw o
do |-0, o, o, o, o8, -0, -0, —0.|nm
2, -0, 08, -0, o, o, o, -0,|m
vV
_ayl Yy _asl axl ay —62 s x !
W
_—821 J, -0, -0, 0. 0, -0, s |- 1
Let us write expression (21) in terms of basis matrices (6) as
m:(E6 +10,.+J0,+Ko, +E0, +1,0, +J,0, +K0 ) =Op
s x y z 5 1% 1] 1~z Y > (22)

do

T
where p is a vector of functions of the octonion (2) P = f(0) = [ p u v w p u v WJ and O is the matrix of partial derivatives.
The derivative of an octonion with respect to its conjugate octonion is calculated as
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(6, -8, -0, -8, -8, -8, -0, -0.].
¥ 1 1 Y1 1 p W
ax aS z _a)’ X _asl _821 a)’l u
o, —0, 0, 0, ywo 0, =0, =0, 1,
df(o) _ 52 ay _ax s z) - b2 x - 5| w (23)
do d, —0, -0, -0, 0O . o, .l o
axl S _621 a)’l _ax § _aZ y h
V,
6}’1 Z) 51 _axl _ay az s _8x 1 J
%
_621 _ah X a51 _az _8)’ x 69 i -
Using basis matrices, the derivative of an octonion with respect to its conjugate octonion is:
cﬁ (0 T
—(E0,~10,-J0, -K0,~E,0, ~1,8, —J,0, —K,0, |p=0'p. (24)

do

Expression (23) differs from (22) in that the transposed matrix is used as the matrix of partial derivatives. The Hamiltonian operator for
the octonion can be represented as a sum of partial derivatives with respect to the octonion for various imaginary numbers:

v, —z£+]£+k£+e1 0 +i]i+]1 0 +ki (25)
ox "oy 0z Os; @ Ox o, 621

The Hamilton operator (25) in vector representation will have the form:
T

V, = [ﬁx oy 0z Os; Ox; Oy, Oz ] . (26)
We will write the CRC based on the equality of expression (23) to zero:

% _ Bu ov dw Op Ou Oy O ~ 27)
ds dx Oy O0: 483 Oy Oy o

Gp 6w & Bw Op, By v, Ow

o o o o oy Oy 0 Oy

dp Ou Ov Sw dp Ou Bv, dw

& 8 85 dr &y 0 Bs Oy

G Ou & Ow Op  Ou Oy  Ow

= T E e T B o

s, dx, Oy, 0z &Os Ox Oy o

Op  Ou Ov Ow Op Ouwy  Ovw Oy
&, O, ;_E_E_E_ &y
dp Ou O  Ow Op Oy Ovw  Ow
8y, oz Os By Oy B 05 Ox

dp Ou Ov Ow Op Ou Oy Ow

&, ow Oy Oy O o o Os
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Let us represent expression (23) in vector form as a product O"p, where the matrix OT is the matrix of the derivative with respect to time
and the spatial coordinate axes of the octonion function with respect to the conjugate octonion (24):

O,,p—(0, u+0, v+0, w+ asl Pt axl Mt ay1 "+ 821 M) 1 - -
(O, ,p+0, u)+(0,,v- 6y,lw) + (é?x1 D~ awul )+ (ay1 W= 821 ")
(8y,[p +0, V) +(0,,w—0_,u)+ (6y1 D~ awvl) + (az1 = axl M)
(8Z’lp + wa) + (Gy,lu - 8”\/) + (8Zl D ayl )+ (ax1 V- 8ww1) (28)
(05, P +0,,P)+ (0, uy =0, u)+(0, =0, v)+(0., W =0, W)
(ax1 P FO )+ (as1 U= 8zl,tv) + (ay1 wW=0,,p)+(@0, m—0, W)
(Eiy1 DFO )+ (821 U= 8xl W)+ (c’is1 Ve 6y’,p1 )+(0, u; =0, ;W)
_(821 PO W)+ (ax1 WV ayl M)+ (as1 W=0,,p)+(©0, =0, u )_ -

o
y._]
=
Il
Il
o oo o o o o o

According to CRC, the resulting vector (28) must be equal to 0, since the derivatives are taken with respect to the conjugate quaternion
and are orthogonal to the directions of change of the octonion functions.

Then, taking into account the notations (16), (19), (26) and CRC (27), we write (28) as

0,,p—V,P =0.—scalar equation, (29)
V,p+0,,p=V,xp - vector equation. (30)

The derivatives of the scalar part of a function of the octonion p with respect to imaginary coordinates V , P will be a scalar vector. The
derivative of the imaginary parts of a function of a quaternion along a scalar axis O 5. P will also be a scalar vector. However, since
the scalar coordinate axis is orthogonal to all imaginary coordinate axes, the terms located on the left side of vector (30) also form 7
circulations on the corresponding planes of the spatial coordinate axes. The remaining three terms in each row of vector (28) form
vector sums of the circulations of three different and orthogonal planes. Due to the orthogonality of the coordinate axes of the planes,
the circulations are added up vectorially. According to CRC, the left-hand circulation must be equal to the vector sum of the three right-
hand circulations.

The first line of equation (29) can be written for the electric field vector in the form of the Hamiltonian operator (26) for a pure

T
octonion E= [Eu E, E, E, E E, EWIJ and the derivative along the scalar coordinate axis of the scalar part of the octonion p,,
representing the charge density P, = 0,, P in the form of a scalar equation:

V,E = p,. (D)

The left side of the remaining 7 lines (28) represents the vector equation and is equal to the derivatives of the scalar part of the octonion
P, along the imaginary axes in sum with the derivatives along the scalar axis of the pure octonion E. According to CRC, the left side is
equal to the circulation for a pure octonion:

Vopg+0,,E=V XE. (32)

Expression (31) represents the scalar part of the octonion, and equation (32) represents the vector part. We write similar equatioTns in the
form of a scalar and vector part for the magnetic intensity of a pure octonion H = [ H, H H, H » H, H, H, ] :
1 1 1 1

V,-H =p, — scalar equation, (33)
Vopy +0,, H=V xH — vector equation. (34)

Space Sci J, 2026 Volume 3 | Issue 1|9



Thus, from Maxwell’s equations for the octonion (31), (32), (33), (34), it is clear that they are similar in form to the corresponding
Maxwell’s equations for the quaternion [3]. This fact suggests that the equations reflect the same physical processes, only in spaces of
different dimensions. We also note that the classical Maxwell equations are also described in vector form, but the dimension of space
is not specified [1]. In our case, the dimension of the space corresponds to the dimension of hypercomplex numbers, i.e. 4D for the
quaternion and 8D for the octonion.

3.1. Separation of Maxwell’s equations for the octonion in space
Let us represent the octonion in the form of quaternions. Let us consider the octonion (7) and divide it into quaternion matrices [5]:

11 1 1 1 -1 -1 -1 1 1 1 1
1 -1 1 -1 11 1 -1 4 |-1 1 1 -1
1 -1 -1 1 1 -1 1 1 1 -1 1 1
11 -1 -1 1 1 -1 1 11 -1 1
1 1 1 1
11 -1 1

T _

Q_—11 1 -1
1 -1 1 1

Let's imagine the octonion in the form of 4 quaternion matrices:

0= {QT ‘PT} (35)
P Q

The quaternion matrices on the diagonals are orthogonal due to the orthogonality of quaternion matrices by definition: QQ*= E and
PPT=E.

Since the octonion (7) is also represented as the sum of two spatially separated matrices (9) and (10), the state transition matrix (13) and
the partial derivative matrices in (21) and (23) can also be represented as the sum of two non-intersecting matrices E—I1—-J, — K, and
—E, —J — K- 1,. Let us write the matrix of partial derivatives O" for the first combination of basis matrices:

s X y z 8 X, Y z,
[ Os,P O, U 0 0 0 0 —Gyl A —821 Jwﬂ
O, O.,p 0 0 0 0 —6y1,tw1 621 "
0 0 0,.P 0. u 8S1 Al 8xl M 0 0
E_1-J, K, - 0 0 -0, u  0,,p wal —8xl,tv1 0 0
0 0 -0, =0, W 531 D le,tu 0 0
0 0 -0, W 0, —Gsl U 8xl D 0 0
o,V 0. W 0 0 0 0 Gyl D —821 U
O =0 0 0 0 0 0, U 0.0 |

The second matrix is formed by the basis matrices J, K, E,, I, and has the structure:

Space Sci J, 2026 Volume 3 | Issue 1 | 10



0 0 —0,,v —0,,w —0,,p it 0 0
0 0 o,w -0.v 0,u —0,,p 0 0
O,,v —0,,w 0 0 0 0 —0, .1 —0,
B J K_I- O, ,w 0.,V 0 0 0 0 it i P
1 1 as,tpl _ax,tul 0 0 0 0 aV GZIJW
as,tul ax,tpl 0 0 0 0 _ayl,tw azl,tv
0 0 ay,tpl _az,tul _asl,tv axl,tw 0 0
L 0 0 ay,tul az,tpl _asl,tw _6xl,tv 0 0 |

Let's remove the zero elements and group the remaining elements into 4 matrices:

as,zp _ax,zu _ayl gl _azl M ay,lp az,zu asl gl ax1 M
as,zu ax,zp ay1 M az1 gl _ay,zu az,zp as1 M _axl gl (36)
as,zvl ax,zwl 8)}1 P _azl,tu _ay,zvl _az,zwl 5S1 <P axl,tu ,
_as,twl A ayl,tu 8zl,tp 8y,zwl 0. O, M axl,rp
| as,zv _6x,zw —O0, P az1 A | —_ay,zv _az,zw 5. P1 _ax1 ) |
as,zw ax,zv y.H 7P ay,zw _az,zv as1 A _ax1 P
as,zpl _ax,zul 8y1 4 521 i ay,zpl _az,zul _asl £Y axl i
_as,zul ax,tpl _8yl,tW azl,tV i _ay,zul az,tpl _asl,zw OtV

Thus, we obtained 8 equations (28), which, according to their structure, can be divided into 4 groups of 4 elements (35) or (36).
Representing the 8D octonion by four 4D matrices allows us to simplify calculations and also to clearly represent the octonion functions
in 3D space.

3.2. Gauss’s Law for the Octonion

Gauss's law for charge states that the charge density is equal to the divergence of the electric field [1]. The octonion has 8 spatial
coordinates with 7 imaginary axes and 1 scalar axis. A charge g has a particle that exists only in more complex particles or bodies. In
space, the octonion charge ¢, according to Gauss's law, is simply calculated from the wave strength. According to (31), the charge density
(divergence) is calculated as the scalar product of the field strength vector in the form of a pure octonion E with the Hamiltonian operator
in the vector representation (26). Since it is necessary to take into account the permittivity ;in space, the electric flux is used to calculate
the charge density D = ¢ E. The expression for the divergence of the electrical field is obtained from the first equation of CRC (27):

divE=(0, u+0,,v+0, w+d, p+0, 1+, v+8, w)=0,p. (37)

As can be seen from formula (37), the charge density changes in accordance with changes in the octonion functions of the electrical
field strength. It is impossible to represent the charge values at different moments in time in 8-dimensional space. However, as shown in
section 3.1, the octonion matrix can be represented as 4 quaternions (35).

The seven frequency functions of the octonion are presented in [6]. As the initial state we consider the vector
x(0)=[-1 1 -1 -1 1 -1 -1 1]. From 7 reference frequencies we obtain 64 combination frequencies. Figure 1 shows 8 signals in 7
spatial coordinates and one scalar axis, formed by summing 64 different combination frequencies when multiplying a multi-frequency
fundamental matrix by an information vector .
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Figure 1: Signals formed by the sum of combination frequencies along one scalar axis and 7 spatial

As can be seen from the graphs, thanks to CRC, the sum of multi-frequency signals does not create values with large amplitudes, i.e.
there is no peak factor.

Figures 1, 2, 3, 4 show the rotation trajectories of the scalar part of the octonion in the form of 3-dimensional trajectories for the
constituent matrices of quaternions (35).
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The charge value is represented as a point mass calculated using formula (37). The positive charge value is shown in red and the negative
charge value is shown in blue.
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Figure 4: Quaternion P (35)
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Figure 5: Quaternion Q (35)

Note that the charges are located on the scalar axis of the quaternion. In figures 2, 3, 4, 5, for clarity, the charges are arranged in
accordance with the values of the oscillation amplitude of the total signals of the 7 imaginary parts shown in figure 1. The existing
excesses of the radius of rotation of the average value have, as can be seen from the figures, small values of the scalar part and are
depicted as small point masses. This means that the total energy has a constant value.

4. Conclusion
The resulting Maxwell equations for the octonion describe electromagnetic interactions in 8-dimensional space. It is shown that the

8D space of the octonion can be divided into 4 spaces of the 4D quaternion. This capability allows for the simplification of antenna
implementation and the creation of large-scale MIMO systems.
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