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4.1 EULER EQUATIONS IN THE FOUR-DIMENSIONAL SPACE

Known calculations, made as early as by Poisson for the transformation of

the velocity of points of space from system ©® to ®' taking into
consideration the four-dimensional space, will be repeated in this chapter.

However, there is a significant difference between the calculations
presented herein and those currently existing, since the former strictly
introduce differential forms, defined on a differential manifold and
connected with the rotations of any SO(n) group, while emphasizing their
invariant hypersurfaces.

Let us consider subset U of the differential manifold of physical space
MRe, embedded in a four-dimensional Euclidean space E*. In addition,
later in this chapter, we will assume that identity mapping from the subset
of space UcE'touisa map of the subset U .

In system ©, there is a discriminated point ]‘3 and the orthonormal base
{ei = 1,2,3,4} while in system ©®', we have P'; and the orthonormal

base {e’i:i:1,2,3,4}. The figure below shows both of the coordinate
systems and position vectors of particle P . Versors of orientation for

mirror spaces & and ,3 are denoted as “/1and “ 7 , respectively.

FIG. 1

G _de oy (e 1 e
=23, +x)=Vo+df(;xfe’jdt:V°+; dr e’+;x[ dr W

. . de. . .
After resolving the quantity —~ in the base e'i = 1,2,3,4 , we have:
t'
de, &) *T(i' L AT At ot AT At At A A |)
ar :ZA,'@; =*\4/e',ne'sne' + A e ne'yne' +Ae' Ae' e+ Al ne' Aey (2)
j=1
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i
, where 4, :

i ( de'i
Ak=(8k| dt') (3)

. . T . .
, and an isomorphism *' between the 7-dimensional vector space E£" and

the [ n ]—dimensional space of the external products of s — 1 vectors.
n—1

. . . T .
In a generalized case, an isomorphism * between the linear space k of

external products AYE" and the linear space of n-k external products
/\n—k En

ol )=
ei] A eiz ARNA eik 6‘ik+] 2o dngol sl oo eik+1 A eik+z ATRYA einfk (4)

In particular, for a four-dimensional space, we have:
*T( )_
e, ne Ne=¢

xT
ey NENE ()

(5)

( )=
(e, ne ney)=e,
* (ez ):

e ne)=e,

Therefore, assuming the following notations:

3
e, Ne;ne, =g
3
e, Ne;ne =e,
; (6)
e,Ne Ne, = e,
3
e, ne Nne; =e,

, we have:

n n-1 n
¥ xe o¥=) e )
i=l i=l

n-1

,where n=4,XeE", e,

=e Ne ..\€

n—1

n—1
, or more generally,

n—

r n—1 n r 1 n
¥ é= th ei= inei (8)
i=1 i=1

Let us explain that operator * s not a Hodge operator because it has a

slightly different definition. The Hodge operator is defined as follows:
*(ei Ne, A...NE )=8 e A..N€ (9)
1 2 k 2 n—k

L e A
Holyseeoslp s b2 50 oolp—k Lt s

Thus, the operators have different signs:
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*(eil ne, A.../\efk):(— l)k("fk) T (ei1 ne, /\.../\e,.k) (10)

T .
The operator *' will be referred to as the transposed Hodge star operator
and it has the following features:

=g €, NNV

iyt dsednot € sttt ooy iz i

*T % _ (7 l)k(ﬂflx)ld

—

7}
* ) (e, Ae
-

= (—l)klnik)é‘ e Ne N..N\eg,
iy seenlieslia sl sy el 1) I T
x7 )" — %

— — % -
i AN )= i @ A8 AN, =K AE Ane, )=

—_

*T *( ): *T —
e’! A e’z AR e':. g’l’li" ool sl 41 5Tk 42 seveslm—k e'm A e’wz AT E,H
2
= E iyt iy € N N i A€
w e —wxl _ g (11)

7\

T

(*) *(e, Ae,  A.AE ):
k+1 T2 In-k

-1
=) =
( glm,'u:,‘ s sl ol sl e’x N e'z AR e’x

ANe  AN...NE€ =

=& o . . . e
T tsl 2 seesly oty sty seeesle sy el sl sl 2l g it /=3 In-k

_ k(n—k)

) =y

&

S\ N\l
) )=6) -
( Cigoy NCipy N NE Eivtaipsiviivyasmins G NGy N NG

2
= € i dpaitaaedn 1 € A€ ALLAE,

ok iy ikv2 In-k

(*r )71 - _ el (*T)il =1Id

Using the orthonormality of versors {e',. = 1,2,3,4}, we have:
(e'i | e'j )= 5:‘1 (12)

, therefore, differentiating with respect to time in system ©, we have:

de'. de'.
(dt: |evj)+[e‘i| dt'/JZO (13)

, from which it follows that 4€'; is orthogonal to éi.
dt'

Therefore:

*;ét :45'2/\é3”é4+/§é4/‘é3/‘é1+/§é4/\él/‘éﬁ/ﬁéz/‘él ny=

d d d d

{é.\g zw3w4{éz|;ﬁ}wm{%\;ﬁ}mﬁ.@{é‘,\g}zwmfﬁ
d d d

:(ézlji}/\és/\él{él|£}4/\é1/‘é2{é4|£}2/\é1/‘és: (14)
d d d

{ézlg}fé}/‘él{él ‘7?}4/\é2/\é|+[é4‘£}3/\é2/\él =

d dé, d d d d
O O e e e -

Chapter belongs to the "Theory of Space" written by Dariusz Stanistaw Sobolewski.
Http: www.htsengines.com
E-mail: info@htsengines.com
© All rights reserved.



) déz ) A A Al dé} Al ) ) ) déz ) A A (15)
= eJE e'sne' e, ez|§ YNV 64|E e\ nesne, =

de,
dV

=|e |—dé3 e, ne A, H e |—dé3 e, Ae e H e |—dé3 €', ne' Ae,H e \—dé} e A

1 dt' 2 3 4 2 dt' 4 3 1 3 dt' 4 1 2 4 df 2

) dé ) ) ) ! dé A\ ) ) ) dé ) ! '
:(el|d—;je4Aeers4{ez|d—;jelAe4Ae3+(e3|d—;jel/\ez/\e3: (16)
(e' |dé3 e',ne'yH e |% e'\ne' 4{6‘ \& e\ e, [ne

1 dt' 4 2 2 dt' 1 4 3 df 1 2 3

A

*

= A, ne 1 Al ne A A A N+ Aie ne Aey =

7 = Ale, ne ne Al ne A AE A AL A e e Ay =
e, nesne ﬁ{e‘ |& €', ne' Ae’ﬁ{e’ |& €' ne ne'yH € |& €',
4 2 df 4 3 1 3 df 4 1 2 4 df 2
( ]e ne' /\64‘}{ Ai;;]e ne' /\eﬁ{ 3|a§;]e NeyNE = (17)
' dé ! dé4 1 | 1
AE €', ne'y 7 e\ ne' e3|§ e\ ne, |nE,

2
The repeated bivector will be referred to as angular velocity @ and will be

defined as follows:

2 de' de' de'
w=|e,|— e\ ne 4 ey —2 e\ ne,H e, | —2 |e' Aey
dr' dr' dr'

+| e Ide'2 e ne',H e Ide'l e', e+ ne' (18)
1 dr' 3N€y 3 dr 2NE Yy 3

2
It is no accident that angular velocity @ was denoted by us as a differential

form of second order, defined on the tangent bundle TM ®¢ of manifold
M*®of the four-dimensional physical space because, according to the

definition, a differential form at point g of manifold MReis an external k-

form, defined on the tangent space TM;{e z

! See the supplement. We wish to explain that the passage from vectors to linear
forms is possible due to the isomorphism, defined by the scalar product. The scalar
product may be defined by means of Riemann metric on Reimann manifold.
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2
Therefore, the equation of angular velocity @ may be written in a

generalized way as a differential form of second order, defined on the
manifold TM * in the following form:
2
a(q) = o, ,(q)dq, ~dq, + @, (q)dg, A dg, + o 5(q)dg, Adg,
+a)394(q)dq} /\dq4 + w24(q)dq2 ndgq, +Ct)2’3(q)dq2 ndg,

0)1,4(q) [ ¢ (q)] ,(q)

wl,z(q) ( ¢ (q)j ,(q)

o ;5(q) = ( = (Q)j 2 ws(q) (19)
(0 e 2 _/

wy4(q) = (e] (@] di' (LI)] = w(q)
( el _

@,,(q) = (63 @] g% (q)j = ,(q)

@,5(q) = (e'l ¢, (q)] @ (q)

, where g € M *

This means that we are going to use the external and differential form of
angular velocity, which is expected to prevent any misunderstanding.

n
Morover, the external form of the equation is defined on a )
n_
dimensional linear space of A2 E" external forms of the order n-2

defined on space E".

Reassuming, in the physical space which is a n-dimensional differential

manifold 7 >3 angular velocity is a differential form of the order n-2,
defined on the manifold.

Ultimately, by substituting in Formula (1), we have:

dx _ dxX' S
— =V, +—+* oA X' (20)
dt dt
, and:
2
V=v,+v'+* oA X (21)

. 1 . . .
In the coordinate system ®' we will examine, in every case, only such

2 . . it S
elements®, for which velocity V' is equal to zero:

%i.e., small regions of space.
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2
7 =7, +* oA (22)

More generally, in a n-dimensional space, we have:
r n-2
V=v,+* oaXx' (23)

, but 170 may be written as:
Vo =**9, (24)
Therefore, after substituting (24) in Formula (23), we have:

n-2 n—=2
=V, +* OAX'=F Y+ oAX'=

n-2 (25)
*T(*T/O + a)/\fc'j

<l

We will frequently describe such cases in which \_50 =0. For such cases,
Formula (23) is in a simplified form:
n-2

v=* o AX' (26)

Let us note that for every element X' of n -dimensional space x'e E" we
have:

n-2 d;c' n-2 ~
o —>—=* oAX (27)
dt
. . . T
Let us write down the results of the effect of isomorphism *' on the base

2
. - . 2 4
versors of bivectors from a six dimensional space ¢; € A“E"™:

7 [21/\ 3 xieij:*T[el/\e4/\Z4xieijzfxze3+x3ez
( J=+(e )= e+ m

o0 (28)

T Eeu\ Z x,.e,.j = *T(el Ae, A z x,.e,.j = —x,e, + x,e,

= X,e, — X €,

4
e, ney N Z xe, | =—-xe, + x,e

. 2E4 . (222222
The base of the space of bivectors A is the set: {el,ez,%,e4,e5,eﬁ}

, where the following notations have been introduced:
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er=¢e Ae,
e =e, A e,

e; =e; Ne,

(29)
es =e ne,

es =e A e,

e = e, A e,

. . . -2 4 .
Further, let us introduce Euclidean structure in space A"~ F , assuming

G .
v (X17)=2, x», (50

)fE/\nizEn/\j/E/\nizE" P

the following definition of a scalar product:

, Where:
(31)

The norm, determined by the scalar product, is in the following form:

)
¥l = (= 1%)= 2 =/ 2
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4.2 ANGULAR MOMENTUM IN THE FOUR-DIMENSIONAL
SPACE

n-2
. —_— -2 .
The following definition of angular momentum J € A" " E" is assumed:

n-2
mE AV, (33)

1 1

1l

N
*Z X, Amy, =%
i=1

Using equations obtained earlier, we have:

n-2 N N r 2
—* Y ATV =% o+ x o4k ' =
J = E mx; AV, = E m (%, + XAV +* oA X, | =
i=1

i=1

N N 2 N 2
=*E mix’i/\v0+*z mx, A* a)/\xl.’+*z mx' A% onX'= (34)

i=1 i=1 i=1

. 2 . N 2
=*MR AV, +*Mx, A * a)/\R'+*Zmix'i/\* o X,

i=l1

, Where it is assumed that:

— 1 N

R=—) mJX, 35
MZ (35)
1
M

Assuming that vectors R and \_50 are coaxial, R'= 0 and n= 4, we have

the following angular momentum formula:

2 N -
J=*> mX'A* onX' (36)
-1

i

Let us use Formulas (28) for calculating the components of angular
2 2 2
— ' ' ' > ' ' ' V3_
momentum J for @ =@ e’'=we 'Ae," and X;'= X, 'e,'+x;,'e;"":
2 N 2
e =" mi(xz.i'ez v+x3,i'es‘)/\ >kTwl eI (xz.i'ezv‘*x},fve}‘):

i=1

<

*

M-

|l ) |l ] |l ) ' ")
m; @, (xz.i €, +X;; € )/\ (_ Xy €3 FX3; € )— (37)

N

' 2 Al 2 Al " ' 2 Al 2 Al Al

m;@, ((xz.i ) + (x3.i ) )92 ANey = z m; @, ((xz.i ) + (x3.i ) )gl Ney
P

*

I
.MZ

® Distance, in directions which are perpendicular to the axis of rotation.
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Let us note that the left side of the equation is a bivector and on the right
side there is another bivector, namely angular velocity.

Therefore, we can write:
2

} =lw (38)

, Where Iis a symmetrical linear operator (or tensor of inertia)
2 2
transforming bivector @ into bivector J .

More generally, in a n-dimensional space, we have:
n-2 n—2

J=1ow (39)

2.2 2 22
In the matrix form, operator /in the base {el e.e, ‘34,@5’@6} can be written

n
as [z/ where 1€91,2,... 5 =N _,n~njeN, ,=N,.

n_
Given the notations introduced herein, the component of angular

2
momentum J, is expressed by means of the general formula:

2 6 2 6 6 2 6 6 2 6 6 2
J=D Jiei=3 1 0e; =331, 0e=221 0e

i=1 i=l j=1 j=1 i=l i=l j=I

s (40)
J=)1,,0,

Jj=1

or, more generally

n-2 Ny n=2 Nuo W, Ny

ZJ,e,: ZI o, e,—ZZlﬂa) e,—ZZlﬂa) e

i=1 =l j=1 Jj=1 i=l =l j=1

(41)

Same as in the three-dimensional case, the bivectors of the base in which

the operator I is diagonal will be referred to as principal planes of
moments of inertia. Moments of inertia with respect to such planes will be

referred to as principal moments of inertia and denoted as ]N .

Using the notation we have introduced for the base bivectors, we have the
following for angular velocity:

2 C B G o ) A G R K B Sl

Comparing angular velocity in the four-dimensional space and angular
velocity in the three-dimensional space:
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~ d d d
« :(63 de;jel *{61 | de;jez +(ez ;jes (43)

2
, we find that the respective components of the bivector @ of angular

velocity may be equated with the components of the velocity vector.
Directly from Formulas (42) and (43) we obtain:

czo—— ez— e2— e2+e|ﬁe2+e|d—eze2+e|ﬁe2 a4
w0 é—0e—we S R e R R e (44)
,and:
2 2 2 2 2 2 2
O=-0 -, e,— 0, e+, e,+ 0, e+ e (45)
, Where:
de,
w,=|e
(o)
o —(e ldez) (46)
5 4 dt,

Therefore, from Formula (45) it follows that the components of the
bivector of velocity are rotations in planes which are spread on the

complements of the base bivectors. As an example, let us consider
2 2
component ¢, of the bivector of velocity @ which is — @, according to

Formula (45). This means that the issue dealt with is rotations in a plane

which is spread on vectors L(€2,€3). The subspace which is spread on

2
vectors L(e,,e,), i.e., the same vectors which form the base bivector ¢

of subspace A2 E" where n=4, is the invariant subspace of such

rotations.
On the other hand, when comparing moments of inertia Ii with their

three-dimensional counterparts, we have:

_ _ _ 7 3d)
I =1, —114,14 =1
3d
122124,24:15 ) (47)

— — 734d)
13 - 134,34 - [3

2
Therefore, angular momentum in the principal planes {e’NM} of the

moment of inertia takes the form:
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2 22
J=Iw=

2 2 2 2 2 2 (48)
_ ( ( { { ( {
=—lwe\-Lwc,—Lwe+1swe,+1sw,e+1ew,e

If the angular momentum is a bivector then its time derivative, equated

with torque, is also a bivector:
2

aJ_ ) (49)
dt

More generally, for a n-dimensional space:
n-2

aJ 'y (50)
dt

For calculating the time derivative of the bivector at the passage to the
system ©' we will use Formula (20) which takes the following form after

substituting [ =P0:

)l
— = —+% OAX (51)
dt {e] ,ez,e3,e4} dt {e'l,e'z,e'3,e'4}

2
Transformation of the time derivative of bivector u to the system ©' isin

the following form:

6 2
dﬁ_d(;uieijzidu'[ 2’-+Z61u',-dé"' (52)

dt dt o dt o dt
2
de', _ d(el/\e4)=&/\e,4+e,l/\de4 _
dt dt dt dt (53)

2 2 2 2
T T *
=* (a)/\e'lj/\e'4+e'l/\* [a)/\e'4)=a)/\ e,

*
, Where we have introduced a new operator A , defined as follows:

2 2 2
UA (x/\y)s*T(u/\xj/\y+x/\*T(u/\y) (54)
, and more generally:

n-2 n-2 n-2
u/\*(x/\y)s*r(u/\xj/\y+x/\*r(u/\y) (55)
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Therefore, after substituting (52) in (51) we obtain a formula for
transformating the time derivative of the bivector:

szt Z":du'. 22 2
— = Le'iton u 56
dt = dt (56)

(€] o'
, and more generally:
n-2 [ " J
d u n-2 du' n-2 n=2  n-2

= Le'i+on u
dt Z dt (57)

2
After passing to the system ®', in which the operator I is diagonal and its
components are constant in time, we obtain from Formula (49):

d22
2 1
dJ _ (“’)_

2 2 2 2
0 ” =-lwe -1l on e -1,0,e,+
O L e L o e
-Lw,on e,-Lo,e',;— Lo, on e+ (58)
. 2 2 N 2 . 2
+lso,e'\+1sw, 0N €'+ 1sa,e's+
2 2 2 2 2

* . ] *
+Isw;on estlcwge'+ 16w, 0n €'
, or more generally:

a7 4 -2 L (59)

After substituting the bivector @ in Equation (56) with the expression from
Equation (18) we obtain:
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2 2
on" e, =*" ((— we'\ne',—m e, ne'  —m,e's ne'  Fa,e | Ae'y e ne's e, ey ) N ) ne'y+
e nF ((— we'\ ne',—m,e', Ne' —we' N +a,e' Ae'yFase’ ne' s ae', ne'y ) ne'y)=
2 2 2 2

=-m,e'\ne' +we', ne' ra,e\ Ne's—ase ne', = —o, €'+ oy ', + o, el — s e
2,2 X
on' e, =* ((— we'\ ne',—m,e', Ne' —we' ne' e ne', Fase’ ne'yrae', Ne' ) ne', ) ne'y+
e nF ((— W\ N~y N~ 0,0 N 0,8 Y+, N+ N ) A e 4) =

2 2 2 2
= we'yne,—oe | ne' e, N+, Ae' = o ey - oy e o, e — o ey

2 2
v _xTl P ' ' ' ' P P ' ' ' '
on” e, = (- e e ,—me', Ay~ Al 0,8\ N e Al e Al ) A e ) Al

e ((— we'|\ ne'y,—m,e', Ne' —wie' e 0,8 Ae'y Fase ne'sFael, Ne'y ) ne' 4) =

2 2 2 2
=—me', Al o8\ Ne' —we' e e Ne' = —o eyt @, €'+ o e — g e 60
(e n ettt nc ne s OO
on” ¢y, =¥ (- we re,—m,¢s ey —,e A 0,8 Ay o' A e AES ) A AL+
N ((— we'|\ e ,—mye' e —me's e e Ay e ne's e, Ny ) A e'z) =

2 2 2 2

=—m,e'\ne',—ae' Ae', e Ne'y o ne' = w, e+ o e+ o e+ oo e

2
* T
on ey =* ((— we'|\ ne'y,—m,e', Ne' —we e+ 0,8 Ae', +aose ne'sFael, Ne'y ) ne' )/\ e's+

N ((— we'|\Ne',—mye', ne' —ae's e e Ay +ae ne's e, Ay ) Ae'y
2 2 2 2

A 0. N 08 A8 N = ., O 0 € — . €

= wye',ne's—we' ne's—we ne'y,—ao,e\ Ny = @y €+ a e — €'y — @, €

2 2

* T

on €' =%* ((— we'| ne',—m,e', ne' —wie's e e Ae'yrael ne's+ae Ae'3)/\ e’z)A e+

Nl (A A R S S B ! ) Voo VAo )

[N (( we'\ne',—m,e',ne, a)363/\e4+a)4e1/\62+a)5€1/\€3+a)662/\€3)/\e3)—

2 2 2 2
o A Vg e O A = O — B — 10 O — . O
=-we' | ne'stae' Ne'stwe' Ne' —oe' ne' = —o, e -, ey - m, e —w, €

Therefore, ultimately:

22

d} d(]wj L2 2 2 2 2N
—=——<=-l0e -1lo|-0,c+tue,+oe—we,
dt dt 5

2 2 2 2 2

. ! ' ! ! \
—Iza)zez—Izan(a)les—wsel+w4e5—a)6e4]+

2 2 2 2 2

2 \ \ \ ! \
— L, e\~ Lo, —we,+w,e\+ae'—wge's |+

2 2 2 2 2
+lio, e+ 1o, 0, +o e, +o e+ oe |+

2 2 2 2 2

2 \ ! \ ! \
+1swse's+1s | w,e'+ages—we',—w, e |+

2 2 2 2 2
2, ' \ \ \ 1 —
+15w6e6+l<,wﬁ[fa)se;wserwzefw/,ez =

(61)

2
+[—Ila)I + 10,0, L,o,0, + 1+ 0,0, — I w5w4]e|+
2
\
e',+

. 2
+| = Lo, + o, - 1,o0,0,+ s 0,0, 1 oo |e's+

2

2
+[14 w, + 1w, +1,0,0, —1s o;0,— 1 w6a)2]e'4+

2 2
+| Is o5 — 1,o,0, + 0,00 + [+ 0,0, — 1 6 a)ﬁa)sje'ﬁ

Therefore, Euler equations in the four-dimensional space take the following
form:
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a)I:(szls)a)za)3 [14*]5)6{)4(0; D,

w, = (13 *11)‘01“’3

/ﬁ

I4*Isja}4w6 D,

o, = (1, - I, )o,0, + (Isflsja)sa)ﬁ D,

(o

Is a)5=(1|—14jw1w4+(1 )a)3a)6+D5

lewg=|1, —14](02(04 +(13 15)(030)5 + D

lao,=|1

In the case where all the components of the moment of force are equal to

zero we obtain the following after multiplying by &,®,,a%,@,, s, 0,
respectively:

lLow = (I2 -1, )a)la)za)3 + (14*15})1”4@5

Lo,0, = (13 -1, )a)]a)za)3 + (14— Iojw2w4a)6

1,0,0, = (1l -1, )a)]a)za)3 + (15— 16)(03(05606

lio,0, = (15— Ilja}la}4a)5 + [16— Izja)za)m)6 (63)
Is o0, = (11 —14}01(04(05 + [15— I jw3w5a)6

ls oo, = (12 - 14Ja)za)4w6 + [13 flsja)}a)sa)é

16,0, + L,o,0, + [0, + 1+ 0,0, + s d,0, + s 0,0, =0 (64)

, Which gives ultimately:

d
dt(lla)f+12a)22+13a)32+14wf+15a>52+16a)62)=0 (65)

This equation leads to the law of conservation of kinetic energy for space
channels:

/S S S R S b
Sl T2 473 4 PA TS5 P60 — const (66)
LL L LI

More generally:
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— =const (67)

Then, after multiplying by [,@,,1,0,,L,w,,1,0,,10,1.0;, respectively,

we obtain:
Iloo, = 1,(1, - I,)o,0,0, + 11(14— Is)a)la)4a)5
Lo,0, = 1,1, - I, )o,0,0, + 12[14— Is)a)za)4a)6

oo, = 1,1, - I, Jo,0,0, + 13(15— Ié)wwswﬁ

(68)
I;o,0, = 14(15— [1ja)10)4w5 + 14(16— Iz)a)za)4a)6
Iloo, = ]5(11 - 14}01(04(05 + ]5(16— ]3ja)3a)5a)6
Iloo, = 16(12 - 14ja)2a)4a)6 + 16(13 - Isja)3a)5a)6
Ultimately, we obtain:
Ilow, + 10,0, + 1;0,0, + [;o,0, + o0, + [; 0,0, =0 (69)
, which gives
d
d_(szf Lo+ Rl + ol + 120} + 20} )=0 (70)
t

This equation leads to the law of conservation of angular momentum for
space channels:

JE+ I+ I+ T+ T2+ T} = const (71)

, and more generally:

Nn—Z
Z J iz = const (72)

i=1
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4.3  SPACE CHANNEL AT REST

Taking into consideration the symmetry of a space channel or, more
properly, assuming that a space channel is symmetrical, we assume the
following equalities:

Ig=1=1,=1, (73)

, and

[WEI4215:[6 (74)

A similar assumption will be made with regard to the respective angular
velocities:

WO =@ =@y =

@, =0,=0, =0,

(75)

Therefore, directly from Formula (48), we obtain a simplified formula of
angular momentum for a space channel:

2 22 2 2 2 2 2 2
J=lo=-l.w] e+e,+e |+1,0;| e,+es+e (76)

Additionally, for a space channel which is orthogonal to boundary
hypersurfaces, we will assume that:

®; = 0 (77)

After substituting in the angular momentum formula, we obtain:

2 22 2 2 2
J:Ia):—lga)g(eﬁ e2+e3) (78)

In an interesting case, a space channel at rest only has a single component
of angular momentum, for instance, componente, A g, :

2
J=—l.we ne, (79)

In fact, it appears that this type of a space channel is characterized by
rotary motion around the axis of e, but also around the axis of ¢, while, in

three-dimensional physics, rotations around the axis of e, are connected
with the spin.

Moreover, let us note that there are exactly three space-channel
orientations in which rotations around the axis of ¢, take place. Does it

follow that quarks are space channels having such orientations? This
question will be answered in the subsequent chapters.
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