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The Torsion Tensor Field .Q]‘:k As a Parallel Transported Field
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Abstract: The condition }k=0 in Einstein identity allows us to write the Riemann curvature tensor
as a product of the torsion tensor and then in terms of the electromagnetic field tensor f;; .
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. Introduction
Ina 4-dimen§ional continuum L, (x) = [z (x) ’+ Qi (x) [1] isthe asymmetrical af‘fi.ne connection
of the space, where I} are the Christoffel symbols and (2}, is the torsion tensor field. The field Lj, (x) allow us
to construct the covariant derivative of a parallel vector field A and 4; in the following way:

rAl =22+ Lyt =0 (L)
94;
VA =" — LA, =0 (12
Indexes run from one to four .The condition of integrability of (1.1) is:

AL, =0 (1.3)
Or simply as:
Where: '
aLy, ALYy : : 15
'ﬁ _'a_;z + LigeLfy = LigLfie
But: L = I + 2 then:

Liky = Rjjy + 2jja o

Where:

i
Ly =

Ri _ 61"}1 arfik Fl' Fh Firh 1.7
jkl_axk_axl+hkjl_hljk ()

‘Q}kl = Qijllk - -Q;ku + 'inllﬂjf;c - 'inlk‘oﬁ - Zﬂ}hﬂgz (1.8)
A solidus followed by an index indicates covariant differentiation with respect to the field Lj,, .

R}y, as defined by (1.7) are the components of the Riemann curvature tensor of the symmetric connection
coefficient I;, , well known as the Christoffel symbols, they satisfies the identities [2] :

From parallelism condition:
We have: [3]
And from (1.10):

Permutation of the indexes j k I in (1.8) and then add, according to (1.13), gives:
Qe + Qb + Qi + 2200, + Q5 0}, + 01500,) =0 (1.14)
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This identity discovered by Einstein in 1929, can it be obtained from Ricci and Jacobi identities [4].
In section 11 we consider the condition V,!Z}k = 0. In section 111 we find Maxwell equations.

1. The zero covariant derivative of !Z}k
If the covariant differentiation with respect to Lj-k for !Z}k is equal to zero [5], we have from (1.13) that:

Qi + Q02 + Q00 =0 (2.1)

Then from (1.8) and (2.1):

'Q;kl = _“Ql’cll“Q}h (2.2)

And from (1.12), [5]

R}kl = -Q}h-Ql’clz (2.3)

This formula is very interesting .1t has to do with a transitive group.
Now from the definition:

Qe = —u'fy (24)
i e\’ hoi
Rji = (m) wu' finfa  (2.5)

A very attractive and interesting result. The Riemann curvature tensor is generated by the electromagnetic field
tensor f;;. This formula is a consequence of Einstein’s identity (1.14). m is the particle mass, e is the electrical
charge and c is light velocity .

I11. Maxwell equations
From (2.4) the connection between the torsion tensor Q}k and the electromagnetic field tensor f;; , we have:

V2 = = Vi(uif) =0 (31)
But V,u‘ = 0. Then:

V=0 (32)

But:

afj
Vifik = 7];{ - Lj'lhfhk - Lflilf}'h =0 (33

Therefore:

af;
?jf = Ljifun + Liufin - (34)

af;
ijf = I fin + Liifjn + Qifue + 2iifin (3.5)

But from (1.12) and (2.4) we have:
Qﬁfhk + 00 fim = #uiRlijk (3.6)
Then:

of jk e ;
4= I}{lfhk + rk};fjh + muiRzljk (3.7

These equations show a relation between the gradient of the electromagnetic field tensor and the gradient of the
gravitational field though the components of the Riemann curvature tensor.

If in (3.7) we put k=I, we have:
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ofi i
1 =Ll +rzzhfjh +mLuinﬂ (3.8)

ax! J c?
The divergences of the electromagnetic field tensor is no more equal to zero.
Now, the four Maxwell equations follows from (3.7) and (3.8) .
We know that:
Riiy + Rigj + Rl =0 (3.9)
Now, if in (3, 7) we make a permutation of the indexes j k | and then add, we have:

fjk | fp

ax! axJ +

i _ o (3.10)

axk

(3.10) are the first two Maxwell equations:

Vago-Lot (3.12)
From (3.8), if [}, = 0, we have:

Ui_o (313)

ax!

Which we easily recognize as the last two equations:

v-E=0 (3.14)

VxH = %% (315)

IV. Conclusions
Equation (1.12) says: Riemann curvature tensor cannot exist without the torsion tensor
The 4-dimensional connection L}k ()= q;;(x) + fz}k (x) can be written explicitly as a sum of the gravitational

field Ijj. and the electromagnetic field Qf, = — u'f; .

Einstein identity admits two treatments. First, we demand that the tensor field (2;, satisfies the condition:
20k, + 2000, + 2705, = 0 which implies 2/, +2},; + 24, =0 .The consequences of that request
were discussed in a previous article [4] .Second we require that the covariant derivative of the tensor field 2}, is

equal to zero, which implies that the product of the tensor field Q}k is equal to zero. The consequences of this

request are presented in this article .Both request give almost the same result.

Equation (2.5) is unexpected, it demonstrates the dependence of the Riemann curvature tensor on the
electromagnetic field tensor. Its interpretation is obvious: Gravitation is generated by the electromagnetic
field.
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