arXiv:0904.1363v2 [gr-qc] 18 Nov 2009

Unification of gravity and electromagnetism revisited

A. Borzou^∗ and H. R. Sepangi^†,

Department of Physics, Shahid Beheshti University, Evin, Tehran 19839, Iran

November 19, 2009

Abstract

Within the context of a 5D space-time, we construct a unified theory of gravity and electromagnetism from which the Einstein field equations and Maxwell equations emerge, with homogenous Maxwell equations appearing naturally. We also introduce a well-defined five dimensional energymomentum tensor consistent with our unification scheme. Finally, we investigate the cosmological consequences of the theory and calculate the redshift in the presence of an electromagnetic field. This result can be used to explain the recently discovered galactic magnetic fields.

1 Introduction

After Einstein published the general theory of relativity in 1915, numerous attempts were made to generalize the theory in such a way as to encompass both gravitation and electromagnetism in a unique geometrical structure. Three historically important such generalizations which are relevant to our present work here are the Einstein-Schrodinger theory, the Weyl Geometry and the Kaluza-Klein theory, briefly reviewed below.

The Einstein-schrodinger Theory [1] is a generalization of vacuum general relativity which allows for non-symmetric fields. Such a theory, without a cosmological constant, was first proposed by Einstein and Straus [5, 6, 7, 8, 9]. Later on Schrodinger showed that it could be derived from a very simple Lagrangian density if a cosmological constant was included [10, 11, 12]. Einstein and Schrodinger suspected that the theory might include electrodynamics, but no Lorentz force was found [15, 16].

The Weyl Geometry [2] came into being after Einstein put forth his general theory of relativity, which provided a geometrical description of gravitation. Later on, Weyl proposed a more general setup which also included a geometrical description of electromagnetism. In the case of general relativity one has a Riemannian geometry with a metric tensor g_{μν} . If a vector undergoes a parallel displacement in this geometry, its direction may change, but not its length. In Weyl geometry, there is a given vector k^μ which, together with g_{μν} , characterizes the geometry. For any given vector ξ^μ undergoing parallel displacement in this geometry, not only the direction but also the length ξ may change and this change depends on k_μ according to the relation dξ = ξk_μdx^μ, (1) ∗email:ahmadborzou@yahoo.com †email:hr-sepangi@sbu.ac.ir

or ξ = ξ_0e ∫_{kμdxμ} , (2)

where ξ_0 is the length of the original vector before displacement. The change in the length of ξ in going from one point to another depends on the path followed, i.e., length is not integrable. This mathematical theory of displacement provides a great flexibility in the choice of the standard of length. Thus, one can introduce an arbitrary standard of length, or gauge, at each point ds^′ = e^λds. (3) Here λ is an arbitrary function of the coordinates. To preserve equation (1) under this gauge transformation, k_μ should transform according to

k_μ = k^′_μ + ∂_μλ. (4)

Straightforward generalization of the Einstein-Hilbert action to Weyl geometry leads to a higher order theory [17]. Later, Dirac introduced a new action, the so called the Weyl-Dirac action, by including a new scalar field and thus avoiding the presence of higher order terms that had appeared in the action.

The Kaluza-Klein (KK) theory [3, 4] is perhaps the most successful of any generalization of general relativity. Historically, the unification of gravity and electromagnetism was first addressed in this model by applying Einstein’s general theory of relativity to a five, rather than four-dimensional space-time manifold. The field equations would logically be expected to be Ĝ_{AB} = kT̂_{AB} in 5D with some appropriate coupling constant k and a 5D energy-momentum tensor. However, since the latter is unknown, from the time of Kaluza and Klein onward much attention has been paid to the vacuum form of the field equations Ĝ_{AB} = 0, where Ĝ_{AB} = R̂_{AB} −^1_2R̂ĝ_{AB} is the Einstein tensor, R̂_{AB}, R̂ are the five-dimensional Ricci tensor and scalar respectively, and ĝ_{AB} is the five-dimensional metric tensor^1. Equivalently, the defining equations are

R̂_{AB} = 0, A, B = 0 · · · 4. (5)

These 15 relations serve to determine the 15 components of the metric ĝ_{AB}, at least in principle. In practice, this is impossible without some starting assumption on ĝ_{AB} . Kaluza was interested in electromagnetism and realized that ĝ_{AB} can be expressed in the form of a 4-potential A_α which appears in Maxwell’s theory. He adopted the cylinder condition, namely the independence of the components of the metric to the fifth coordinate, but also assumed ĝ_{44} = const. Here we look at the more general case where ĝ_{44} = −ϕ^2(x^α). The coordinates or gauges are chosen so as to write the 5D metric tensor in the form g_{AB} = ( g_{αβ} − κ^2ϕ^2A_αA_β −κϕ^2A_α −κϕ^2A_β −ϕ^2 ) , (6)

where κ is a coupling constant. The field equations then reduce to G_{αβ} = κ^2ϕ^2 2 T_{αβ} − 1 ϕ (∇_α∇_βϕ − g_{αβ} □ϕ), (7)

∇^αF_{αβ} = −3 ∇^αϕ ϕ F_{αβ} , (8) and □ϕ = − κ^2ϕ^3 4 F_{αβ} F^{αβ} . (9)

1Capital Latin indices A, B, · · · assume the values 0 · · · 4, Greek indices run through 0 · · · 3 and the five-dimensional Ricci tensor and Christoffel symbols are defined in terms of the metric as in four dimensions.

Here, G_{αβ} and F_{αβ} are the usual 4D Einstein and Faraday tensors and T_{αβ} is the energy-momentum tensor for an electromagnetic field given by T_{αβ} = 1 2 ( 1 4 g_{αβ}F_{γδ} F^{γδ} − F^γ_α F_{βγ} ) . (10)

Equation (7) gives back the 10 Einstein equations of 4D general relativity, but with a right-hand side which in some sense represents the energy and momentum tensor. Kaluza’s case ĝ_{44} = −ϕ^2 = −1 together with the identification κ = (^{16πG}_{c4} )^12 makes (7) and (8) to read G_{αβ} = 8πG c^4

T_{αβ}, (11) and ∇^αF_{αβ} = 0. (12)

Note that this theory does not contain the two homogeneous Maxwell equations, ∇_{(k}F_{mn)} = 0, and the metric is restricted to a special form. Of course, it goes without saying that the homogeneous Maxwell equations are constraints on the Faraday tensor and are implicit in the KK theory. However, in what follows, we show that within the context of the theory presented here, these equations can be independently obtained form the torsion free condition, in contrast to the conventional KK theory.

In this paper we investigate the introduction of a fifth coordinate, studied below, and examine its consequences. This is done by forcing the fifth coordinate to have certain properties, thus enabling one to define the resuting space-time connections. We show how the Einstein field equations in five dimensions separate into the 4-dimensional Einstein and Maxwell equations and that the Homogeneous Maxwell equations are included in the theory as R̂_{(nmk)4} = 0. The corresponding energy-momentum tensor is then defined and presented. As one of the cosmological implications, the redshif is modified in the presence of electromagnetic fields. The conclusions are drawn in the last section.

2 The setup

Let us start with the line-element for our five dimensional space-time

dŝ^2 = ĝ_{AB} dx̂^Adx̂^B , (13)

where a hat represents five dimensional objects while objects without it belong to the ordinary 4D space-time. Here x̂^α = x^α are ordinary 4D coordinates. The contravariant components of the metric are defined as inverse of the covariant components

ĝ_{AB}ĝ^{BC} = δ^C_A . (14)

2.1 Connections

At this point, it is appropriate to make our main assumption dx̂^4 dτ = −1, (15)

which is applicable to all observers. It says that the fifth component of the position of a particle in our space is the same as any other and that a test particle moves with constant velocity along the fifth direction, that is ^̇x^4 = −1. This assumption leads to the fact that dx̂^{′4} = dx̂^4 = −dτ. Therefore we have^{∂x̂′4}_{∂x̂4} = 1 and^{∂x̂′4}_{∂x̂γ} = 0. Now if f^A is an arbitrary 5D form, one can simply write ^∇_{A′}f̂^{B′} = ∂x̂^A ∂x̂^{A′} ∂x̂^{B′} ∂x̂^B ^∇_Af̂^B, (16) where a prime indicates an arbitrary observer. By substituting B^′ = 4^′ one has ^∇_{A′}f̂^{4′} = ∂x̂^A ∂x̂^{A′} ∂x̂^{4′} ∂x̂^B ^∇_Af̂^B (17) = ∂x̂^A ∂x̂^{A′} ^∇_Af̂^4, (18) or ^∇_{A′}f̂^{4′} = ^∇_{A′}f̂^4, (19) consequently, we have f̂^{4′} = f̂^4 + constant. Finally, one may conclude that ^∇_{A′}f̂^{4′} = ∂x̂^A ∂x̂^{A′} ^∇_Af̂^{4′} . (20)

It is seen that f̂^{4′} behaves like a scalar. So ^∇_{A′}f̂^{4′} = ∂_{A′}f̂^{4′} . (21) On the other hand we have ^∇_{A′}f̂^{4′} = ∂_{A′}f̂^{4′} + Γ̂^{4′}_{A′C′}f̂^{C′} . (22) The above equations lead to the main property of our 5D space-time Γ̂^{4′}_{A′C′} = 0. (23) Another way to see that Γ̂^{4′}_A′_C′ = 0 is by considering parallel transportation in order to find geodesic equations. We can define a geodesic path as the straightest possible curve, i.e. a curve whose tangent vectors are connected by parallel transport. The tangent vector to a curve is given by ^̇x^Aê_A where ê_A are a set of the basis vectors expanding the space and ^̇x^A =^{dx̂A}_{dτ} . The equation representing parallel transportation may then be written as ^̇x^A ^∇_{êA} ^̇x^Bê_B = 0, (24) or ^̇x^A^̇x^B_{,A} + Γ̂^B_{AC} ^̇x^A^̇x^C = 0. (25) It is now easy to show that Γ̂^4_{AC} ^̇x^A^̇x^C = 0, since ( ^̇x^4 = −1 ) ,A = 0.

We therefore have Γ̂^4_{αβ} ^̇x^α ^̇x^β − 2Γ̂^4_γ ^̇x^γ + Γ̂^4_4 = 0. (26) Utilizing the torsion free condition, we see that Γ̂^4_4 = 0, (Γ̂^4_{αβ} ^̇x^α − 2Γ̂^4_β )^̇x^β = 0, Γ̂^4_β = 0, (27) Γ̂^4_{αβ} = 0, Γ̂^4_{AC} = 0.

Finally, we write the geodesic equation from equation (25) ^̈x^α + Γ̂^α_{AB} ^̇x^A^̇x^B = 0. (28)

We are now in a position to investigate the functional form of the Christoffel symbols which we assume are symmetric in lower indices. Let us begin by considering the well-known fundamental equation ^∇_Aĝ_{BC} = 0, (29)

which is a result of ∂_Aĝ_{BC} = Γ̂^D_{AB}ĝ_{DC} + Γ̂^D_{AC}ĝ_{BD}. (30) We may then write ∂_Aĝ_{BC} + ∂_Bĝ_{AC} − ∂_Cĝ_{AB} = 2Γ̂^D_{AB}ĝ_{DC} . (31) Therefore, knowing that Γ̂^4_{AC} = 0, we find ∂_Aĝ_{BC} + ∂_Bĝ_{AC} − ∂_Cĝ_{AB} = 2Γ̂^λ_{AB}ĝ_{λC} . (32) Before going any further we should make it clear what we mean by the 4D metric. If we write the line-element as dŝ^2 = ĝ_{αβ} dx̂^αdx̂^β + 2ĝ_{α4}dx̂^αdx̂^4 + ĝ_{44}dx̂^4dx̂^4, (33) it would be obvious that ĝ_{αβ} = g_{αβ} are the covariant components of the metric tensor of the four dimensional space-time, and the contravariant components of the 4D metric tensor are defined as follows g_{αβ} g^{βγ} = δ^γ_α. (34) Now going back to our approach to investigate the functional form of the Christoffel symbols, we replace C in equation (32) with σ and find ∂_Aĝ_{Bσ} + ∂_Bĝ_{Aσ} − ∂_σĝ_{AB} = 2Γ̂^λ_{AB}ĝ_{λσ}, (35) which leads to what we were looking for Γ̂^λ_{AB} = 1 2 g^{λσ}(∂_Aĝ_{Bσ} + ∂_Bĝ_{Aσ} − ∂_σĝ_{AB} ). (36) One can simply check that when all capital Latin indices are replaced with Greek indices, then Γ̂λ_{αβ} = Γλ_{αβ} , where Γλ_{αβ} is the ordinary 4D connection. This is our final result. Alternatively, if C in equation (32) is replaced with 4, we find ∂_Aĝ_{B4} + ∂_Bĝ_{A4} − ∂_4ĝ_{AB} = 2Γ̂^λ_{AB}ĝ_{λ4}, (37) which would be useful in the next section. 2.2 Curvature The 5D curvature tensor, R̂^D_{ABC} , can be defined as follows ^∇_A ^∇_Bf̂_C − ^∇_B ^∇_Af̂_C = R̂^D_{ABC} f̂_D, (38)

where f̂_C is an arbitrary 5D vector. Bearing in mind that Γ̂^4_{AC} = 0, we evaluate the curvature tensor. Since the first term in (38) has the following form ^∇_A ^∇_Bf̂_C = ∂_A∂_Bf̂_C − ∂_AΓ̂^κ_{BC}f̂_κ − Γ̂^κ_{BC} ∂_Af̂_κ − Γ̂^κ_{AB} ∂_κf̂_C + Γ̂^κ_{AB}Γ̂^λ_{κC}f̂_λ − Γ̂^κ_{AC} ∂_Bf̂_κ + Γ̂^κ_{AC}Γ̂^λ_{Bκ}f̂_λ. (39) the curvature tensor is obtained as follows R̂^D_{CBA} = ∂_BΓ̂^D_{AC} − ∂_AΓ̂^D_{BC} + Γ̂^D_{BE}Γ̂^E_{AC} − Γ̂^D_{AE}Γ̂^E_{BC} , (40) which separates into R̂^κ_{CBA} = ∂_BΓ̂^κ_{AC} − ∂_AΓ̂^κ_{BC} + Γ̂^κ_{Bγ}Γ̂^γ_{AC} − Γ̂^κ_{Aγ}Γ̂^γ_{BC} , (41) and R̂^4_{CBA} = 0. (42) Here again it is clear that R̂^κ_{αβγ} = R^κ_{αβγ} where R^κ_{αβγ} is an ordinary 4D Riemann tensor.

It is now interesting to study the symmetry properties of the curvature tensor. For this purpose, let us adopt the geodesic coordinate system in which the curvature tensor can be written as R̂^D_{CBA} = ∂_BΓ̂^D_{AC} − ∂_AΓ̂^D_{BC} , (43) from which we immediately see that R̂^D_{CBA} = −R̂^D_{CAB} . (44) Now, to see if other symmetry properties are satisfied, we write our equation as R̂_{ABCD} = ĝ_{AE} R̂^E_{BCD} = ∂_C (ĝ_{AE} Γ̂^E_{BD} ) − ∂_D (ĝ_{AE} Γ̂^E_{BC} ), (45) showing that unlike the ordinary 4D space-time, because of the unusual characteristics of connections, the other common symmetries are not satisfied. In general we have R̂_{DCBA} ≠ −R̂_{CDBA} ≠ R̂_{BADC} . (46) In addition, the first and second Bianchi identities can be written as R̂^A_{BCD} + R̂^A_{DBC} + R̂^A_{CDB} = 0, (47) and ^∇_E R̂^D_{ABC} + ^∇_C R̂^D_{AEB} + ^∇_B R̂^D_{ACE} = 0, (48) where both can be examined easily in geodesic coordinate.

Inasmuch as the symmetry properties are concerned, the only tensor that can be constructed by contracting the upper and lower indices of the curvature tensor is R̂_{CA} = R̂^B_{CBA} = R̂^κ_{CκA} , (49) which has the form R̂_{CA} = ∂_κΓ̂^κ_{AC} − ∂_AΓ̂^κ_C + Γ̂^κ_γΓ̂^γ_{AC} − Γ̂^κ_{Aγ}Γ̂^γ_{κC} . (50) Again R̂_{αγ} = R_{αγ} , (51) where R_{αγ} is the ordinary 4D Ricci tensor. We shall consider the appropriate related scalar curvature after investigating the 5D Einstein field equations.

2.3 Einstein’s Field Equations Like the 4D Einstein field equations, we write our five dimensional field equations as R̂_{AB} − 1 2 R̂ĝ_{AB} = κT̂_{AB} . (52)

Note that we do not know anything about R̂. A clue for findinding the form of this scalar comes from the fact that R̂_{αβ} = R_{αβ} and ĝ_{αβ} = g_{αβ}. As a result, we conclude that R̂ = R and T̂_{αβ} = T_{αβ} where both are ordinary 4D objects. Equation (52) also includes terms with 4 as one or two indices which we will consider in the next section.

3 Electromagnetism

We now assume that all the geometrical objects that we define are independent of the fifth coordinate and thus their derivatives with respect to the fifth coordinate is zero. A reason for this assumption, which is similar to that of the cylinder condition in KK theory, is that we never see any dependence of any geometrical object on x̂^4. In what follows we will have another look at the previous section in the light of this second assumption.

3.1 Connections We start by considering the geodesic path by means of a variational approach which would provide us with some instructive points. We may obtain the geodesic equation by minimizing the usual integral δŝ = δ ∫ dŝ = δ ∫ dŝ dτ dτ = 0, (53)

where dŝ^2 dτ^2 = ĝ_{μν} ^̇x^μ ^̇x^ν − 2ĝ_{4μ} ^̇x^μ + ĝ_{44}, (54)

because^{dx̂4}_{dτ} = −1. The geodesic equation is then given by

^̈x^κ + 1 2 g^{λκ}(ĝ_{λβ,α} + ĝ_{λα,β} − ĝ_{αβ,λ})^̇x^α ^̇x^β − 1 2 g^{λκ}(ĝ_{4λ,μ} − ĝ_{4μ,λ})^̇x^μ − 1 2 g^{λκ}ĝ_{44,λ} = 0, (55)

Knowing that partial derivatives with respect to x̂^4 are zero, we can write (55) as

^̈x^α + Γ̂^α_{AB} ^̇x^A^̇x^B = 0, (56)

where Γ̂^κ_{AB} = 1 2 g^{λκ}(ĝ_{Aλ,B} + ĝ_{Bλ,A} − ĝ_{AB,λ}), (57) and a comma indicates partial derivative. Now we can define the vector potential, A_μ, as

A_μ = 2 m q ĝ_{4μ}, (58)

where m and q are the mass and electric charge of our test particle respectively. Therefore, we define the Faraday tensor as F_{μν} = ĝ_{4μ,ν} − ĝ_{4ν,μ}, (59) where by means of this equation, one can simply find the Lorentz force in equation (55). Applying the second assumption to equation (37) and taking all the possible values of indices A and B and using equation (36), we arrive at the following useful result

ĝ_{44,δ} = g^{βγ}ĝ_{4β} F_{γδ}. (60)

3.2 Curvature As was mentioned above and is well known, the homogeneous Maxwell equations appear as constraints on the Faraday tensor in the KK theory and are implicitly assumed to hold. They do do not appear in an independent manner. However, the situation is different in the theory presented here. It is therefore appropriate at this point to show that this is indeed the case.

To begin with we note that in classical electrodynamics, the Jacobi identities lead to the homogenous Maxwell equations if we define our connections as D_μ = ∂_μ + A_μ, where A_μ is the four vector potential, so that the Faraday tensor is written as F_{μν} = [D_μ, D_ν ]. Now, use of the second Jacobi identity leads to the Bianchi identity in the form

[D_μ, F_{νλ}] + [D_ν , F_{λμ}] + [D_λ, F_{μν} ] = 0, (61)

which is equivalent to D_μF_{νλ} + D_ν F_{λμ} + D_λF_{μν} = 0. (62) This is, of course, the homogenous Maxwell equations [18].

In General Relativity on the other hand, we replace D_μ by ∇_μ, so that the first Jacobi identity results in [∇_μ, R(∂_ν , ∂_λ)] + [∇_ν , R(∂_λ, ∂_μ)] + [∇_λ, R(∂_μ, ∂_ν )] = 0, (63) or R_{αβ[μν;λ]} = 0. (64) The torsion free condition also provides the first Bianchi identity

R_{λ[βγδ]} = 0. (65)

It is now clear that because of the definition of connections in general relativity, neither the first Bianchi identity, equation (65), nor the second Bianchi identity, equation (64), lead to homogenous Maxwell equations.

Let us now show that in the model presented here, the first Bianchi identity leads to the homogenous Maxwell equation. To write the first Bianchi identity in our model we have to show that

R̂^α_{βκ4} = 1 2 ∇_κF^α_β , (66)

where F_{αβ} is the Faraday tensor in four dimensional space which is defined by g_{μν} . We write 1 2 F^κ_σ = 1 2 g^{κλ}(ĝ_{4λ,σ} − ĝ_{4σ,λ}) = Γ̂^κ_{4σ}, (67) and 1 2 ∇_κF^α_β = ∂_κΓ̂^α_{4β} + Γ^α_{κλ}Γ̂^λ_{4β} − Γ^λ_{κβ}Γ̂^α_{4λ}. (68)

On the other hand we have R̂^α_{βκ4} = ∂_κΓ̂^α_{4β} + Γ̂^α_{κλ}Γ̂^λ_{4β} − Γ̂^λ_{κβ}Γ̂^α_{4λ}, (69)

R̂^α_{βκ4} = ∂_κΓ̂^α_{4β} + Γ^α_{κλ}Γ̂^λ_{4β} − Γ^λ_{κβ}Γ̂^α_{4λ}, (70)

hence R̂^α_{βκ4} = 1 2 ∇_κF^α_β . (71)

Since not all the symmetry properties of ordinary 4D space-time appear in our theory, naturally not all the known Bianchi identity forms in 4D are correct here. However, there is another form of the First Bianchi identity which is of much importance to us, namely R̂_{αβγ4} + R̂_{γαβ4} + R̂_{βγα4} = 0, (72)

which can be easily proved in geodesic coordinates. This equation therefore, leads to 1 2 ∇_κF_{αβ} + 1 2 ∇_βF_{κα} + 1 2 ∇_αF_{βκ} = 0, (73)

showing that, as expected, the first Bianchi identity results in the homogeneous Maxwell equations. It is worth mentioning that in other 5D theories, e.g. KK, equations (47) or (72) do not lead to equation (73). We can also see from equation (66) that

R̂_{β4} = R̂^α_{βα4} = 1 2 ∇_αF^α_β . (74)

3.3 Einstein field equations

If A → α, B = 4 are placed in equation (52), it reduces to Maxwell equations with a correction term

R̂_{4λ} − 1 2 ĝ_{4λ}R = κT̂_{4λ}, (75) or ∇_αF^α_λ − ĝ_{4λ}R = κT̂_{4λ}, (76) where we have used R̂_{β4} = 1 2 ∇_αF^α_β . Note that in cases where the scalar curvature is small, we may neglect the correction term in (76). We can move ĝ_{4λ}R in (76) to the right hand side and look at it as a new source. In the case of a large scalar curvature, this term results in an electromagnetic field which is stronger than that expected from the usual form of the Maxwell equations. Recent observations may provide sufficient evidence towards such a prediction. Indeed, it is possible to take account of the unusually high galactic magnetic fields discovered recently [19] for which no satisfactory explanation as yet exists.

We are now in a position to introduce the five dimensional energy-momentum tensor in the following form

T̂_{AB} = T_{αβ}^q_m κj_{0q} m κj_1 q m κj_2 q m κj_3 q m κj_0^q_m κj_1^q_m κj_2^q_m κj_3 T_{44}

, (77)

where κ is a coupling constant and j is the current vector in the 4D space-time. The equation of continuity j^α_{;α} = 0 gives us the conservation law, namely ∇^αT̂_{αB} = 0.

4 Cosmological implications

To study the cosmological implications of our model, let us start with the FRW metric which, in five dimensions, can be written as [20]

ds^2 = −dτ^2 + a(τ)^2 ( dr^2 1 − kr^2 + r^2dΩ^2 ) + ĝ_{44}(τ)(dx̂^4)^2 (78)

where we have labeled each hypersurface by the proper time, τ, of a clock carried by any of the isotropic observers [21]. As is well known, the light reaching us in an expanding universe will be red-shifted. Since light moves along null geodesics, for the world lines we have ds^2 = 0, dθ = dϕ = 0 [22] and

dτ^2 = a(τ)^2 dr^2 1 − kr^2 + ĝ_{44}(τ)(dx̂^4)^2.

Since in our unified theory one of the assumptions is^{dx̂4}_{dτ} = −1, it is then possible to write

1 = a(τ)^2 ṙ^2 1 − kr^2 + ĝ_{44}(τ),

and therefor we have dr √ 1 − kr^2 = √ 1 − ĝ_{44}(τ) a(τ)^2 dτ. Finally, following [22] we can write the red shift factor as z ≡ λ_0 − λ λ = a(0) √ 1 − ĝ_{44}(τ) a(τ) √ 1 − ĝ_{44}(0)

, (79)

where ĝ_{44} comes from equation (60). This relation shows that the redshift is modified by the appearance of components of the metric which represent the extra dimension.

5 Conclusions

In this paper we have presented a unified theory of gravity and electromagnetism where the resulting inhomogeneous Maxwell equations are modified by a term involving the curvature which, in certain cases, leads to electromagnetic fields which are stronger than those obtained from the usual Maxwell equations in cases where a large scalar curvature is present, contrary to other conventional theories, e.g. Kaluza-Klein. This could have interesting consequences and may be used to describe the recently observed unusually strong galactic magnetic fields. This is currently the focus of a work in progress.

References

[1] J. A. Shifflett, (gr-qc/0801.2307).

[2] P. Moyassari and S. Jalalzadeh, Int. J. Mod. Phys. A20 (2005) 2515-2521, (gr-qc/0410073). [3] J. M. Overduin and P. S. Wesson, Phys. Rept. 283 (1997) 303-380, (gr-qc/9805018). [4] P. S. Wesson, Space-Time-Matter, World Scientific Publishing, 1999. [5] A. Einstein and E. G. Straus, Ann. Math. 47 (1946) 731. [6] A. Einstein, Rev. Mod. Phys. 20 (1948) 35. [7] A. Einstein, Can. J. Math. 2 (1949) 120.

[8] A. Einstein and B. Kaufman, Ann. Math. 62 (1955) 128.

[9] A. Einstein, The Meaning of Relativity, 5th ed. revised (Princeton U. Press, Princeton NJ, 1956). [10] E. Schrodinger, Proc. Royal Irish Acad. 51A (1947) 163. [11] E. Schrodinger, Proc. Royal Irish Acad. 52A (1948) 1.

[12] E. Schrodinger, Space-Time Structure (Cambridge Press, London, 1950) p. 93,108,112. [13] J. Callaway, Phys. Rev. 92 (1953) 1567. [14] L. Infeld, Acta Phys. Pol. X (1950) 284.

[15] A. Einstein and L. Infeld, Canad. J. Math. 1 (1949) 209. [16] P. R. Wallace, Am. J. Math. 63 (1941) 729. [17] H. Weyl, Sitzungsber. Peruss. Akad. Wiss, (1918) 465.

[18] J. Baez and J. P. Muniain, Gauge Fields Knots and Gravity, world scientific publishing, 1994. [19] M. L. Bernet, F. Miniati, S. J. Lilly, P. P. Kronberg , M. Dessauges-Zavadsky, Nature 454 (2008) 302-304.

[20] L. F. Urrutia, (gr-qc/0402001).

[21] R. M. Wald, General Relativity, The university of Chicago Press, (1984). [22] O. Gron, S. Hervik, Einsteins General Theory of Relativity, Springer science+Business media(2007).