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7 Abstract: It is shown that the 5D Ricci identities give us a way to create a new viewpoint on the

8 origin of the Maxwell equations, magnetic monopole problem, and also on some problems of the

9 Astrophysics and Cosmology. Specifically, the application of the identities together with the
10 monad and dyad methods makes it possible to introduce the new concept of the rest mass of the
11 elementary particles. The latter leads to the new connections between the General Relativity and
12 quantum field theories, as well as to a better understanding of the magnetic monopole problem and
13 the origins of the Maxwell equations. The obtained results also provide a new insight into the
14 mechanism of the accelerated expansion of the 4D Universe.
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18 1.Introduction

19 The article considers some old and new problems of modern physics, astrophysics, and cosmology
20 in the framework of the 5D theory, using the well-developed and well-known monad and dyad
21 methods [1] (pp. 184-207), [2,3] in General Relativity. Reviewing the papers of the different authors
22 who have worked in the framework of the 5D theories, one can see that almost all of them [4-7]
23 came to the 5D optics under the requirement that ratio€/Mhas to be constant. We demonstrate
24 that relaxing this requirement leads to new, fundamental, unexpected, and very surprising
25 consequences concerning the effective rest mass concept (ERM), the origins of the first and second
26 pairs of the Maxwell equations, and the role of the 5D Ricci identities in the understanding of the
27 some of these problems. Moreover, we hope that our findings can advance our current
28 understanding of the magnetic monopole problem, as well as the other important problems of
29 modern astrophysics and cosmology, including the ones of the darkmatter and the dark energy.
30

31 2. The basic elements of the monad and dyad methods in 5D theory

32  Here I would like to represent briefly the basic information about the monad method in 5D theory
33  with the chronometrical gauging of the monad vector and also about the dyad method with the
34 mixed, chronometric and then, kinemetric gauging of the dyad vectors. These methods allow us to

35 make the procedure of Vg —reducing: V5>V, +=>V; more correctly or, in other words, the
36  orthogonal (4+1)-splitting and then (3+1+1)-splitting of the Vg with the subsequent expressing of the
37  5Dtheory in terms of the 4D or 3D geometrical and physical values. In the framew ork of the monad
38  method with the chronometrical gauging of the monad vectors we canrepresent the 5D metric G,

39  asfollows:G,g = g — Ay - Ag (here we have put the signature of the Vg tobeequal (+———-)).
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40 The indexes A/B,C,...=01235. The 5D interval takes on the following form:
41 dl? =ds® —dA% Here ds® = Opg - dx”*-dx® and dA= Ay dx* . The space-like monad vectors

42  canbe written as follows:

Gps  ,a_ G
43 Ay = AN = J-Gs =0.
\/_Gss

B \/_6551

44 Thevector A, istangentialtothe X° coordinate line and orthogonal to the space-time hypersurface

45 V,.Also g,p is the metric tensor of V,.Then, the orthonormal condition gives us: A Ay=-1;
46 AN 0,5 =0; and, of course, we have the well-known relations: G"®. G =55 G"e JC 5CA;
47  g"® . O =4 9°°-0gc =38, Now we construct the monad differentiation operators:

48 A 0) = aj\ and gi Vg = W . Then, we can build the X°and V, projected directional normal
49  and covariant derivatives. In the case of the dyad method the 5D metric and 5D interval take on the

50  following form: Gpg =7p Tg —Ap Az —Nyg; dI’ =dz* —d& —dI? ; dTZTA-dXA;
51 di* = Nug - dx” - dx®.Now we can also write the orthonormal time-like (the case of the space-like

52  vectorss A, wascommented above) vectors of the dyad in kinemetric gauging as follows:

53 T =

=1* -1, =0,

54 and 7" Npg = A h,s =0. Note, that 3D metric of the V, has the following properties:
55 h"®.h,, =3,h*®.h,. =—62. Vectorz"is the tangential one to the x° coordinate line. We can also
56  build the same type of the differentiation operators: O;,0, are the 7— and A — projected

57  directional normal derivatives and gf\ Vg =V;— V, stand for the projected covariant

58  derivative. We will mark these projected values with a tilde over the operators. See [1-3] for more
59  details.

60  3.The new Rest Mass Concept and Some Cosmological Problems

61  Let us consider the geodetic equation in 5D theory, which has the standard form:

dix* . dx® dx©

62 -2 - pr. 22
dl? BCdl I

@

63  Here5D interval dI? = G -dx*-dx® andtheindexes A, B,C,...=01,2,35. G g is the 5D metric and

64 PBACstands for the 5D Christoffel symbols. Making here the (4+1)-splitting with the help of the monad method

65  and eliminating the 5th coordinate, then imposing the cylindrical symmetry condition (CSC) along the 5th

66 coordinate (it means that we have the Killing equations for the 5D metric GAB along the tangent vector to the

67  5th coordinate &, = ¢+ A,: Lie derivative L .G,z = Spp+E5.0=0) we may obtain from Eq. (1) the

68  following system:
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69 Dle-P)_y @
ds

D+ﬁa Q o p a a+ &
70 T:C—g'u 'Fﬂ +0 mo. 3)
71  Here,

D* —
72 —=U0%-V! -l-0}.

dS a A

73 Theindexes «,f,7,....=0123.

74 Wehave also used an integral of the Eq. (2) and inserted it to the Eq. (3). It should be also noted, that
75  according to the monad method we have put here the ERM M), of the Lorentz type in the following

76  form (here M, is an initial rest mass of the 5D test particleand P“ = rﬁo Uy

77 dI’ =ds’ —d2’, iy =m,- B, f=(1—-0°)"?, p="h,-0,G=dA/ds.

0 0 0
;g A use of the above-mentioned integral of Eq. (2) directly leads to the following exact expression for

the ERM:
2 2 a2
- n--m
80 = m ¢ —20 — Jpz DM @
0 0 2 0 2
4-ky - ®

81 Here ko is the Newtonian gravitational constant, Q0 =N-€ (eisanelectriccharge oftheelectron), and also we

82  have put here the 5D Plank mass My, =€/(2- /K, ) . Expression (4) may be transformed to the more compact

83 and convenient form by introducing the mass angle:
n-
m, -

84 X, =arsinh . M, =m,-coshy,.

85  On the otherside, we may represent this expression as a modulus of a complex quantity: My = /My, - M, ,
86  where My, =My +i-N-My /. The same may be written in the exponential form m,, =, -€"" , where

87  thephase , =arctan{n-m,, /(m,-¢)}. Here M,, is a complex conjugate to the My, value. It motivates

88 us to assume a possible connection with the quantum properties of the particles. In these terms, one may

89 consider a photon as a complex null-particle (0;0) ,a neutrino as a real particle (mV;O), and a hypothetical

90 tachyon as an imaginary particle (0; m,) . It seems to be natural to extend out the equivalence principle of the
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91 General Relativity on the scalar gravitational field (SGF) also, and because of it to put forward the hypothesis
92 that every 5D particle must contain an electric charge. Then, the neutral 5D particles must be composite ones. In
93 this sense, there are only two verily 4D particles: the photon and the neutrino. An additional argument to
94 introduce the ERM is a fact that only in this case it is possible to do the further (3+1+1)-splitting in the 5D
95 theory with an additional elimination of the time coordinate, using the dyad method [6]. Only in this case we
96 obtain the well-known system of the geodetic equations, which is very familiar to the following systemthat we

97 usually obtain in 4D theory, making the similar (3+1)-splitting of the 4D geodetic equation [8,9]:

A g2

- D mzﬁi_(lfi_vkﬁik)_Q_g_viE+M.a;mo, (52)
dr c 2-\/k—0-¢)
+ =i . _y?2 .

9 PP _Q @ gomym 2 pn s 2T i &
dr o Z'M'¢

100  Here

101 D—:a;+\7-a;+v"vr.

dr

102 Theindexes 1, J,k,...=1,2,3.

103 In anothercase, it occurred that it is simply impossible to performthe (3+1)-splitting of the equation (3) because
104 the equations (5a) and (5b) are interlaced so strongly that we have no chances to disconnect them. The last terms

105 in equations (5a) and (5b) are the scalar 3-forces which are caused by the dependence of the ERM on the SGF.

m-v' ,

106  Here we have put m=m,/v1-v? | V' =dX'/dz , ¥=dA/dz . Then, P’
107 p=m-V=mM,-U,and dz =C-dt. It should be noted also that the scalar 3-forces in equations (5a) and

108 (5b) vanish for the zero rest mass particles, as it occurs in all of the scalar-tensor theories due to the factor

109 V1-V? . The ERM M, in the 5D theory appears just as the relativistic mass M in 4D theory:

1
110 dl > ds=ds’ =dz*-dI*,m=m,-(1-v?) 2 =m, -ﬁ;v:g—l;dr:c-dt
T

111  anditis easy to prove that the same result we obtain whenever we increase the dimension:V, =V, ., .

112 Thus, following the idea of P. Ehrenfest[10], one can see here that the increase in the dimension adds some new
113  features to the physical nature of the particles.
114  The geodetic equation (3) we can easily bring to the following form:

115 M, - Dd”
S

= fLa + fBaD- (6)

116  Here
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) QZ-PY .0
117 f” =—2-uﬁ . Fﬁof is the 4D Lorenz force and f ;= 0 ﬂz

—————— is the 4D scalar one or, as we
c 4Ky -y -

118  have proposed [9], the Brance-Dicke force. Here P% = g“/’ —U”-U”is a tensor of the orthogonal
119 projection upon the 4D-velocity U direction and (Dﬂ = ?; In @ . It should be marked that the Lorentz force
120 for big masses usually is equal to zero because it depends on the Qolinearly. But the Brance-Dicke force

121 depends on the QO2 and although it is very weak it can be very significant, being accumulated for the big

122 masses (BME — the big masses effect). In addition, the scalar force is negative and has the repellent property.
123 Thus, it may be one of the reasons of the Universe expansion. | believe also that the expression (4) for the ERM
124 permits us to think that an electric charge € superposes simultaneously the role of the scalar charge, so it can
125 explain to us why we could not find this scalar charge so far. Also, one can hope that an interplay between the
126 SGF and an electric charge can explain how the dark matter may contribute to the total mass ofthe 4D Universe,
127  which is immersed in some sense into the scalar ocean. It should be added also that the SGF contributes to the
128 braking radiation force (BRF) [11] and permits us to generalizz the concept of the one:

129  g“ =0 + g + g . Here we should tell the total BRF may be represented as asum ofthe electromagnetic,

130  scalarand mixed parts, where the first one has the following form:

a 2‘33U}/ — S+ra e-P”5
131 9¢ :m'(uﬂ'v}'l:ﬂ<+m—.cz'l:ﬂ§'|:y.ﬂj;
0 o
132  and thesecond one has the form as below:
4.paf gy (_ 3.e2.0, -
133 95 =— e -P zu | VD, -20,-® + f 7|
6.C.k0.¢ -y 4.k0.¢ -y

134  Andat last the third one has the next form:

5

135 Qes =

e 3'(gﬂé,pa7_3.g“7.ljﬂ-ﬁﬁ)~F D,

6.03.k0.§02.m0 Br
136  See [9] for more details.
137  4.The 5D Ricci identities and some problems of the Astrophysics and Cosmology

138  We should remember some interesting and perspicacious ideas of the scientific classics about the
139  connections between world geometry and physical interactions. Following one of the greatest
140 mathematicians of the XIXth century - W.K. Clifford [12] — let us consider the well-known in
141  Riemannian geometry Ricci identities in the case of the 5D theory:

142 Rieo + Rase + Rass =0 . @)
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143  The (4+1)-splitting of the V, gives us the following relations between the 4D physical and
144 geometrical values [9] starting with the4D Ricci identities:

145 R% ;+R% +R%, =0 . ®)

By

146 Then, we can obtain the following very important connection between the electromagnetic tensor and the curls

147 of the SGF gradients. It gives us a very specific trigger of the changing electromagnetic process:

148 Ky Opp-Fy=@, ., -, =-m_ . 9)

149 Here &, =4-kO/C4 and the SGF curls m_, we may consider as the quasi-particles of the magnetic

150 monopole type. In some sense, these quasi-particles are similar to solitons [13,16]. Importantly, that imposition

151 of the CSC gives rise to the vanishing of these scalar curls, since only in this case the necessary and sufficient

152  condition for SGF to be laminar (®,.; =Dp.,) may be satisfied.

153 At last, making use of Eq. (9), we obtain the first pair of the Maxwell equations with a nonzero r.h.s. of the
154  magnetic monopole type, namely:
o, V., O

155 Faﬂ;y+Fm;ﬁ+FﬁM \/_6¢> q> v+ ()
A d) V* (0))

156 Imposition of the CSC here also gives rise to the vanishing of the r.h.s of Eq. (10), which reduces this equation

(10)

157  to the conventional form:

158 F

apy +F

ya;ﬂ+F . =0. (12)

Bria
159 Thus, we can conclude that the first pair of the Maxwell equations is obliged to the Riemannian structure of the

160 V5 and has another origin than the second one. Ther.h.s. R inEg. (10) we can rewrite in a more convenient

161  form:

162 R= m, —®,-m, +® -m,). (12)

2
- .(q)a :
= +
VKo aA(D
163  This gives us the possibility to represent the second pair of the Maxwell equations, which we have obtained

164  fromthe 5D variation principle [15], with the same monopole type ofther.h.s., if we believe that R is the linear

165 combination of the magnetic monopoles currents. With this purpose we write down the mixed, X° - and V4 -

166 projected, 5D field equations with the energy-momentum tensorof the 5D dustasa r.h.s.:

167 Vi@ Fy=—=Z. Jky - Q. (12)
168  Here

A B
169 QAB:ﬂO.C.dL.dL,

dl dr
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170 where £, is a matter density [15]. But before we have not imposed the CSC, we may easily bring the Eq. (12) to

171 the following form (further we will avoid to mark the projected values with a tilde), casting temporarily aside
172  therhs.in Eq. (12) :

4- .
173 V;Fﬂvzg.q)v.m"”:_—-Jr’n‘ . (13)
C
174 Here we can interpret Jrﬁ as a magnetic monopole current, where we can believe that curl m,, corresponds,

175  forexample, to the <«qorth>particle of the magnetic monopole type and m,,, - to the <south>one, or vice versa.

176 Let us call them «n-monopole> and <s-monopole> Thus, we believe that there exist the two types of the
177  magnetic monopole «charges>:n and s ones.

178 Finally, we can establish that just after we have imposed the CSC, as a result of it, the SGF curls disappear and
179 the Eg. (2) gives us an integral of the movement along the 5th coordinate connected with an electric charge of
180 the 5D test particle, so thus the energy-momentumtensor of the 5D dust (the r.h.s. in Eq. (12)) easily transforms
181 in the second pair of the Maxwell equations and gives the new r.h.s. of the conventional type as follows below

182 [15]:

bz (14)
)

183 VIF" =—

184  Here 7j4 = p, -V* is thedD electric current (0, is an electric charge density).

185 The analysis of these results leads us to the fundamental idea about the evolution of the 4D Universe. The
186 process of the transition to the CSC in the 4D Universe seems to be very familiar with the second-order
187  transition in liquid helium. Then, we may hypothesize that here we have some kind of a second-order phase
188 transition in cosmology. Let us call it the topological one [16]. It is quite possible that this transition is
189 connected with the cooling of the expanding Universe. Also, we can suppose that, as a result of this transition,
190 we have some kind of the superfluidity state of the scalar matter and it may accelerate the expansion of the 4D
191 Universe [16]. This acceleration, as well known, was discovered more than twenty years ago with the help of
192 the observations after the type la supernovas explosions. Also, we may add that this transition and, then, further
193 compactification of the 5th coordinate is possibly caused by the Casimir effect [17]. Besides it, one can assume
194 that in modern times we cannot find the magnetic monopoles in the 4D Universe, maybe only a few of the relict

195 ones [9,18]. Also one can hypothesize, basing on the expression (4), that the ERM of the particles possibly

196  varies with the cosmological time, depending on the scalar ¢, which is connected with the 5D metric G . In

197 the work [19] the authors have considered the 5D metric of the Kasnertype, which depends on the cosmological

198  time.
199 5.Discussion

200  This article was written because for a long time the author has accumulated a lot of very interesting
201  results in the 5D theory of the Kaluza type, which has been almost forgotten during the last fifty
202  years. It has occurred that if one goes beyond the 5D optics, certain new and very non-trivial
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203  properties of the matter and 4D Universe may appear. Following this approach, the author has
204 succeeded to generalize the rest mass concept and understanding more deeply the quantum nature
205  of the matter. The implementation of the monad method the (4+1)-splitting of the 5D Ricci id entities
206  makes it possible to understand how the Riemannian structure of the World affects its physical
207  properties. It permits one to approach closer to the understanding of the magnetic monopole
208  problem and the origins of the Maxwell equations. The obtained results also provide new insight
209  into the mechanism of the accelerated expansion of the 4D Universe. The author believes that the
210  application of the developed approach extends far beyond the specific problem discussed in the
211  present paper. Its generalization beyond the 5D case may be also worth-while.

212 6. Conclusions

213  Finally, the author would like to express the hope that these results may open a new page in the
214 investigations of the 5D theory and will attract more attention of the physical community.
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