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Representing structure formation in the early
universe as a result of non linear electrodynamics influencing scale factor size
Abstract
We find that having the scale factor close to zero due to a given magnetic field value in, an
early universe magnetic field affects how we would interpret Mukhanov’s chapter on ‘self
reproduction of the universe’ in in his reference “Physical foundations of cosmology”
terms of production of inhomogeneity during inflation and its aftermath. The stronger an
early universe magnetic field is, the greater the likelihood of production of about 20 new
domains of size 1/ H, with H early universe Hubble’s constant, per Planck time interval in
evolution. One final caveat to consider. What may happen is that the Camara (2004) density and Quintessential density (Corda et al.) are both simultaneously satisfied, which
would put additional restrictions on the magnetic field which in turn affects structure
formation. In time, once Eq.(16) of this paper is refined further, the author hopes that
some of the issues raised by Kobayashi and Seto as to allowed inflation models may be
addressed, once further refinement of these preliminary results commences. We close as to
how fluctuations in the Hubble expansion parameter, H, as given below may affect structure as given in reference[10] below.

INTRODUCTION

NLED inputs to be brought up later.)

This paper has several routes as to identifying NLED
phenomenon pertinent to cosmology structure formation. First we look at what Mukhanov[1] writes as
far as structure formation. Mainly that there is a formulation of what is called self reproduction of inhomogeneity in terms of early universe conditions[1]. In
this, the starting point is if one used the meme of chaotic inflation, i.e. inflation generated by a potential of
the form as given by Guth[2] as well as Mukhanov[1]

V  potential  ~  2

(1)

In this, Mukhanov[1] write that one can look at a scalar field at the end of (chaotic) inflation, with an amplitude given by, with i for the initial value of the
inflaton such that (where m will be determined by

 Max ~ m  i2

(2)

In terms of the initial inflaton, inhomogenities do not
form if the initial inflaton is bounded[1] as given by

m 1  i  m 1/ 2

(3)

This leads to (low?) inhomogeneity in the space-time
generated by inflation. Inflation is eternal[1,2] if. there
is only the inequality

i  m 1/ 2

(4)

NLED applied to Eq. (4) plus details of structure formation added
What we will do is to look at the following treatment
of mass, and this will be our starting point. i.e. we
will be looking at, if lP is Planck length, and  >0,
then
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m ~ 10  l 3p    density 

(5)

Then we can consider the following formulation of
density given below.
If we do not wish to consider a rotating universe, then
Camara et al,[3] has an expression as to density, with a
B field contribution to density, and we also can used
the Weinberg result[4] of scaling density with one over
the fourth power of a scale factor, which we will remark upon in the general section, as well the Corda
and Questa result of[5] for density of (note reference[5]
is for a star, whereas[3] is for a universe)
In addition, Corda, and others in[5] use quintessential
density to falsify the null energy condition of a Penrose
theorem cited in[6], Further details of what Penrose
was trying to do as to this issue of GR, can be seen
in[7], and to answer how to violate the null energy
condition, one should go to[5] for quintessential density defined, with the constant in Eq.(4) greater than
zero. Then in both the massive star and the early universe, the density result below is applicable.
16
   c1  B4
(6)
3
Keeping in mind what was said as to choices of what
to do about density, and its relationship to Eq.(5)
above, we then can reference what Mukhanov[1] says
about structure formation as follows, namely look at
how a Hubble parameter changes with respect to cosmic evolution. It changes with respect to H today being
the Hubble parameter in the recent era, and the scale
factor a , with this scale factor being directly responsive to changes in density according to[4], i.e.

 ~ a 4

(7)

In the next section, we will examine how[3] suggests
how to vary the scale factor cited in Eq. (7), and we
will in this section take note of what the scale factor
cited in[3] does to the Hubble parameter given in Eq.(8)
below, and then in the section afterwards review a
possible reconciliation of what Eq.(6) and Eq.(7) say
about defining early universe parameters. But to know
why we are doing it, we should take into consideration what happens to the Hubble parameter, as given
below

H ~ H today a 3/ 2

(8)

time, for a domain size given by Eq.(9) above and that
this requires then a clear statement as to how the scale
factor changes, due to considerations given by[3] and
reconciling the density expression given in Eq.(6) and
Eq.(7) above.
Showing a non zero initial radius of the universe due
to non linear space-time E&M
What we are asserting is. in[1] there exists a scaled parameter  , and a parameter a0 which is paired with

 0 . For the sake of argument, we will set the
a0  t Planck , with t Planck ~ 10^ - 44 seconds. Also,

 is a cosmological ‘constant’ parameter which is described later, as in quintessence, via reference[8], and is
in[3] via:

0 

4 G
B0
30 c

(10)

  c 2 3

(11)

Then if, initially, Eq. (11) is large, due to a very large
 the time, given in Eq.(53) of[3] is such that we can
write, most likely, that even though there is an expanding and contracting universe, that the key time
parameter may be set, due to very large  as

tmin  t0  t Planck ~ 1044 s

1/ 4

amin


 a0   0
 2

Causal  domain ~ H

1

~ 1/  H today a 3/2 

2
0



(13)

The minimum time, as referenced in Eq.(12) most likely
means, due to large  that Eq. (13) is of the order of
about 1055 , i.e. 33 orders of magnitude smaller than
the square root of Planck time, in magnitude. We next
will be justifying the relative size of the 
Showing How to obtain a varying  with a large initial value and its relationship to obtaining a scale factor value for the early universe via NLED methods
Non withstanding the temperature variation in reference[8] for the cosmological Hubble parameter, we also
can reference what is done in reference[3] namely

  t  ~  H inflation 

2

(14)

In short, what we obtain, via looking at due to[8], that
Eq.(14) is also equivalent to

(9)

Furthermore,[1] states that about 20 such domains are created in a Hubble time interval
1


  320 B   0 

2
0



[1]

According to , if Eq.(4) holds, then inhomogeneous
patches of space time appear in a causal region of space
time for which

(12)

Whenever one sees the coefficient like the magnetic
field, with the small 0 coefficient, for large values of
 , this should be the initial coefficient at the beginning of space-time which helps us make sense of the
non zero but tiny minimum scale factor[1]

t H  H i.e. As a function of say 10 times Planck





Max

~ c2  Ttemperature 

(15)

Comparing Eq.(6) and Eq.(7) above, leads to the following constraints, i.e.
FP 4
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(16)

The above relationship will argue in favor of a large
value for Eq.(15) and Eq.(16) B field and also the cosmological ‘constant’ parameterized in Eq. (14) and
Eq.(15), i.e. once fully worked out, the allowed values
of B, for initial conditions will be large but tightly
constrained, and this in turn will allow for Eq. (9)
having initially extremely small inhomogeneity behavior, in line with being proportional to the inverse of
an allowed Hubble parameter based upon Eq. (8). Note
that from[10] we have

H
~  2m h 2   ~ 10 5
H

(17)

Here, we have that if there is a flat universe, that according to Guth[11] and taking note of

H2 

8

3

(18)

Roughly put, what we are predicting is, that if we use
what Lloyd wrote, namely[12] as well as use the magnetic field relations to density brought up in reference[5], then

# operations ~  crit t 4 ~ (t / t p ) 2
16
 c1  B 4
3
 # operations ~ (t / t p ) 2 / B8


crit

~ 1/ t 2   

for inhomogeneous patches due to NLED showing
up in CMBR: Relevance to Bicep 2 dispute?
Note that Eq. (11) to Eq.(13) are arguing in favor of a
very small scale factor, implying a large initial density
while Eq. (16) appears to give credence to a large
Hubble parameter. Further work will come up with
a set of constraints as to admissible early universe quintessence, ie. Answering the question if the cosmological constant is significantly larger, and if it plays a role
in structure formation is important, especially in lieu
of the Bicep 2 results which purport to favor large
field inflation[9]. While not wishing to get immersed in
the details of the data controversy surrounding Bicep
2 at this immediate time, further refinements of
NLED, and the relationship in Eq.(16), as to structure
formation may give credence, or help falsify the conclusions of reference[9], with great refinements and
equalities needed in defining more precisely the suggested relationships implied in Eq.(16)
Eq. 16 to Eq. (18) will in tandem lead to some of the
variation of structure given in Figure 2 of[10] which we
argue should be seen as a compliment to the work
given by[10]. In addition, the interplay between Eq. (20)
and Eq. (9) may be ripe for computer simulation work.
ACKNOWLEDGEMENTS

(19)

~ 1/ (t p B 4 ) ~ 1/ B 4
If we have such a treatment of information as given
by Lloyd[12], plus the above, we can estimate that there
is a fluctuation due to early universe cosmology along
the lines of, if we have a base line number for initial
(expansion) value of the Hubble parameter, we call
H baseline . as a starting point for an expanding universe,
and with # operations , as given by Lloyd[12] as a function of entropy, initially. So then, in terms of what
may be generated and show up in the CMBR we may
see
H (thermal ) ~ H baseline  (# operations)1/ 4 105  t / t Planck (20)

Eq. (16) to Eq.(18), if we write a change in H, as given
by Eq.(17) and that along the lines of Figure 2 of reference[10], we have, perhaps, the beginning of how
NLED may impact fluctuations in H, which in turn
may lead to the issue we started our discussion over.Eq
(20) may give some insight as to the fluctuations which
show up in Figure 2, of[10]
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