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Abstract 
Using the approximation of constant pressure, a thermodynamic identity for GR as given by Pad-
manabhan is applied to early universe graviton production. We build upon an earlier result in 
doing this calculation. Previously, we reviewed a relationship between the magnitude of an infla-
ton, the resultant potential, GW frequencies and also Gravitational waves, GW, wavelengths. The 
Non Linear Electrodynamics (NLED) approximation makes full use of the Camara et al. result 
about density and magnetic fields to ascertain when the density is positive or negative, meaning 
that at a given magnetic field strength, if one uses a relationship between density and pressure at 
the start of inflation one can link the magnetic field to pressure. From there an estimated initial 
temperature is calculated. This temperature scales down if the initial entropy grows. 
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1. Introduction 
We will be working with Padmanbhan’s [1] statement as to a thermodynamic entity as to cosmology which is 
written as [1] 
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The last equation of Equation (2) below is what will be reviewed, using the lens of having the pressure, small, 
and constant. Using the idea that pressure is the negative of density in inflation. 

2. Reviewing What to Do with Pressure, Using the Ideas of Inflation 
We use that pressure is the negative of density as to how to power inflation, as well as Equation (2). In doing so 
the start of the analysis, is to use Equation (3) below to parameterize pressure and density due to B fields. By [2] 
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For fidelity with inflation, we wish to have the magnetic field bounded as given in Equation (4), i.e. Equation 
(4) is necessary for negative pressure, which is only true, initially, if the density is positive, which puts in a ma-
jor constraint upon the background B field. i.e. we can argue that there would be likely by the electro weak re-
gime, an increase of the magnetic field, probably due to the synthesis of plasmas leading to E and B field gener-
ation, but that there would need to be a critical B field strength. so as to make Equation (3) and Equation (4) 
consistent with inflation. In order to evaluate Equation (2) so as to extract an initial inflationary temperature, we 
will be considering a critical B field strength relevant as to initial negative pressure which could affect the 
strength of GW propagation. Finally in the end which wish to have Equation (3) and Equation (4) as consistent 
with the Davis [3] value of vacuum energy density which we write as 

4
9 3

vacuum ~ 10 erg cm
8π

c
G

ρ −Λ ⋅
≡

⋅
                          (5) 

Davis rules out quintessence (varying the cosmological constant over time) whereas in our application, we 
will be asking that our value of Equation (5) is consistent with the High Z super nova search team graph given in 
Figure 1 [4]. In essence, that means that our calculations as to density would have to reflect the physics of [3] 
and [5] as given by.  

35 2 47 4
minimum ~ 2 10 s ~ 10 GeV− − −Λ ≥ Λ ×                       (6) 

The following bound would have to be adhered to, if the cyclic model of the universe as given by Steinhardt 
and others held [6] then the frequency as given in Equation (4) would be related to the vacuum energy [6] [7] 
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Figure 1. (distance/10 pc) so the most distant SN on this plot is 
at about 7.6 billion pc.) From [4]. This graph tends to suggest 
that the cosmological constant is a constant, not variable.          

 
1

minimum ~ ~ 1 radiation from inflation frequencyω−Λ ≥ Λ                     (7) 

One could realistically that that then, according to Equation (4) and Equation (7) that for a small cosmological 
constant, that the frequency associated due to an early universe magnetic field would be relatively high. i.e. in 
doing so, this would set the stage for what comes next, namely setting the frequency of radiation from a first 
principle fashion which will lead to several goals: 

a) Getting temperature dependence, as affected by the frequency, ω  (NLED used explicitly here) 
b) Making a full analysis of the impact of the last equation of the grouping of Equation (2), taking into ac-

count entropy, and a comparison of energy, as will be explained, in our Equation (12) as given below Figure 1 
on the next page. 

c) A balance of entropy, versus energy will be entertained and used to explain how to contribute to the 
strength of a signal. i.e. our outrageous suggestion is that if we understand negative pressure that we will be in 
turn able to discuss, up to a point, the strain, h, of relic GW. This last topic will be in the latter part of this doc-
ument, as part of the conclusion. This, also in part will be seen in a rigorous treatment of [8] which has similari-
ties to what is given in [9] 
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                                   (8) 

From here, we use the following to isolate out the term h, strain, as can be seen in [8] 

23
2gm h Tκ

− =


                                    (9) 

In doing this approximation, we then will read the trace of T (in Equation (8)) as reading as, in our appro- 
ximation which has issues and motivation given in [9] but similar to the Davis article [3] 
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If so, then one has a simple expression for h, as given by 
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We will from here, calculate strain h, and then set up how to evaluate the initial temperature 

3. Reviewing What to Do with a Minimum Negative Pressure, Its Importance, and  
Equation 2 When Examining the Strength of Relic GW 

To begin with, we make the following approximation as adopted and modified from [1] 
1 3 1 3~ ~g p pT S E l S lρ ω ρ− −   ⋅ − ⋅ ⋅ ⋅ − ⋅                          (12) 

This above is the temperature, with the S as a measure of initial entropy. If the frequencies in the beginning of 
this expression are the same as in the density ρ  with the density as given by Equation (3) then one is observ-
ing 
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Secondly, we can then look at the strength of the strain as 
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Next, we will consider the input frequencies to be used in this situation. 

4. Frequency Input into Equation (13) and Equation (14) as Given in by  
Equation (19) 

The basic working tools come from [10] with the following formulations, first of all, the spectral index, defined by, 
if 1c= =  

2 2
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This should be compared with the e fold equation, as given by 

FINAL
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 ∂ 

∫                            (16) 

We should note that there are models of e fold which are as low as 60 as given in [1], and that the value of 70 
is put in as a convenience, but not necessarily true. The figure of 70 gives a very small value to the initial wave-
length, which is put in for illustrative purposes. The very small wavelength makes our point about Equation (18) 
easier to fathom, i.e. the comparative largeness of the potential energy, which changes dramatically with expan-
sion of the universe, during inflation. 

Equation (16) is used in tandem with the potential in question to be rendered as 

~V αφ                                      (17) 

Furthermore, the potential, reconstructed, is to be compared to a frequency via using the re constructed infla-
tion potential value. 
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~ ~E V ω                                    (18) 

i.e. after constructing the potential, via Equation (18), obtaining an initial wave function is given by 

initial ~ 1λ ω                                    (19) 

This initial value of inflation is related to Equation (16) above via a final value damped by Equation (16) via 

( )initial final~ exp 70λ λ ⋅ −                                (20) 

The frequency, initially, is about 2 orders of magnitude larger than the Planck frequency as given below  
43

Planck ~ 10 Hzω                                  (21) 

The reasons for such statements and their consequences will be the subject of the following article. 

5. Showing How to Reconstruct the Potential (Energy) 
We write, most likely, that the initial time step is of the order of  

44
min 0 Planck ~ 10 st t t −≈ ≡                               (22) 

Keep in mind that in standard cosmology inflation starts around 10−35 seconds after the big bang and ends 
around 10−32 seconds after the big bang. The Planck time picked in Equation (22) is before the initiation of infla-
tion, but is picked if we view the potential energy as an emergent phenomenon which starts at the smallest in-
terval of time itself. We pick the minimum time step as smaller than the onset of inflation and specify a small 
delay, between 10−44 seconds, to 10−35 seconds. i.e. for more than 4 dimensions there should be an emergent po-
tential energy phenomenon, which starts taking effect in 10−44 seconds and which creates in 4 dimensions the 
potential energy as a non-zero contribution in 10−35 seconds. We will in a future article, specifically outline the 
mechanism for this difference in start times between 5 and higher dimensional representations of the potential 
energy beginning as an emergent field phenomenon, and having a non-zero 4 dimensional contribution as taking 
effect in 10−35 seconds. 

If one takes the Calibi-Yau string theory [11] approach to higher dimensions, the initiation of potential energy 
in more than 4 dimensions is in a sense equivalent to string theory treatment of the higher dimensions as very 
small. Small but not insignificant, as what will become very apparent in our future publication on this matter. 

For now on, we will stick with the convention picked in Equation (22) and leave its full elaboration as a fol-
low up to this article. 

In doing so, we will fix the inflaton as an emergent field which starts making its contribution in 10−44 seconds. 
Using this convention, we have the following, namely 
The coefficients of the potential to be worked with in Equation (17) 

2 2
initial2

Planck

1 2n
M

φ α α−
= − +                               (23) 

We set the initial inflaton via the equation assuming that H  is a constant, that according to [1] 

2 2 2
initial Planck Planck Planck2 d 2H M t H M tφ  = − ⋅ ⋅ ≈ − ⋅ ⋅ ∫                       (24) 

This assumes that  

( ) 2
Planck1 ~ ~ smalln H t ε +− ⋅ ⋅                             (25) 

So then that we can use a quadratic value, for a potential which is V given by 
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If we pick 1 2; 0A A A= = , and  

1 2 1
1 2~ ~V A A Aα α αφ φ φ+                               (27) 

For initial conditions, then Equation (16) will yield 
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                    (28) 

To first approximation, the above is giving an initial frequency of  

Planck280 ~M ω⋅                                  (29) 

The relevant wavelength is, then approximately 1/1041 Hz, or  
41 33 2

initial Planck10 Hz ~ 10 meters ~ 10 lλ −⇔ ×                       (30) 

We will next comment upon the consequences of Eq. (30) and the aftermath. 

6. Avoiding the Bicep 2 Disaster and Falsifiability of the Possibility of More than 2  
Polarization States for Gravitational Waves (The Search for an Alternative to  
General Relativity, Experimentally Tested) 

In our choice of frequencies, it is most important to look at the requirements for single source generation of gra-
vitational waves, as can be ascertained by [12] which puts in strict observational restrictions as to what can be 
observed, as to avoid the dust generated multiple source, very noisy stochastic background which was the un-
doing of Bicep 2. This means paying attention to the requirements given as of [13]-[16] as to suitable frequen-
cies as for Equation (28). Furthermore, Equation (28) should be carefully investigated as to answer the question 
raised by Corda in [13] as to if there are more than 2 polarization states for gravitational waves, which would 
indicate a scalar-tensor tensor gravitational theory for cosmology in place of general relativity. If there is just 2 
polarization states, as stated in [13] then of course we can stick with traditional General relativity. This means 
though that in our work, the detected frequencies are what we want, and not due to multiple sources in a sto-
chastic background. Furthermore, since we are referencing nonlinear electrodynamics, this leads to the next sec-
tion. While assuming that the analysis given in [17] holds 

7. Application to Non Linear Electrodynamics, NLED, to Various Astrophysical  
Phenomena 

In reference [18], we have reference to a phenomenon which we hope to avoid, namely as seen in 

(section 3) PREPARING THE DATA:  
In this paper we analyze the publicly available WMAP data after correction for Galactic foregrounds. We 
consider data from the V and W frequency bands only since these are less likely to be contaminated by re-
sidual foregrounds. The maps from the different channels are co added using inverse noise-weighting. 

What we are trying to do is, to use the methodology of [18] to avoid contamination of our probable signals for 
primordial gravitational waves from foreground contamination which is due to galaxies. The signal contamina-
tion as illustrated in [15] [16] is what lead to Bicep 2 data being considered hopelessly stochastic, which is in-
distinguishable from multiple sources of later non primordial gravitational waves.  

Corda in [19] has further refined the problem by a so called biometric theory of gravity in which his statement 
of the polarization phenomenon [13] may be linked to our Equation (3) being correctly evaluated. But that in 
turn means being careful of the problem which was brought up by [20] in which Non Linear Electrodynamics 
[NLED] is not the same as that of General relativity. The example of Questa in [20] is for neutron stars, and for 
a physical set up which involves admittedly a different theory, than General relativity, but in turn, it means that 
what is stated for the permissible values of the magnetic field as pertinent to Equation (3) have to be given in 
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such a way that the Non Linear Electrodynamic effects affecting gravitational waves will have to be, as given in 
the [20] neatly bifurcated from those of General Relativity. 

We very likely will be in the situation in which NLED phenomenon in the very early universe has its own 
contribution to gravitational waves, and that contribution for much the same reason as given in [20] will be ap-
portioned with the influence of General Relativity. How we apportion the relative contributions of NLED and 
General Relativity will likely be crucial in determining the validity of the Corda suppositions given in both [13] 
and in [19], in tests for the confirmation of if General Relativity should be considered the definitive theory for 
gravitational physics in Cosmology.  

8. Conclusions 
Our conclusion is to look at the given frequency, and then the wavelength, taking into account the gigantic ex-
pansion from inflation, i.e. the 60 to 70 e fold expansion given by inflation. Reference [1] gives us via inflation 
that Equation (16) yields, say for Gravity waves, the values 

8
end-of-inflation

15 16
end-of-inflation

~ 10 meters

~ 10 -10 Hz

λ

ω

−

                             (31) 

These values, due to an E fold value given through Equation (16) allow us to state that inflation physics gives 
us incredibly high initial GW frequencies, which will yield new visas as to how to look at relic GW [1] [2] The 
strain to be considered comes out to 27~ 10h − , to be observed, and if the entropy, initially is  

5
initial~ ~ 10 0S S ≠                                  (32) 

initial ~ 9 billion KelvinT ⋅                                (33) 

Equation (33) drops if the initial entropy is greater than the value given in Equation (32), which has implica-
tions the author will be reviewing. 

Our specific future work, will be divided between revisiting the issue given in [20] as it applies to early un-
iverse primordially generated gravitational waves. In addition as stated before 

We will in a future article, specifically outline the mechanism for this difference in start times between 5 
and higher dimensional representations of the potential energy beginning as an emergent field phenome-
non, and having a non-zero 4 dimensional contribution as taking effect in 10−35 seconds. 

It is the reasoned conclusion of the author that these two issues are in part intertwined, and that these two is-
sues will be part of a future publication where we examine both, and hope to ascribe the origins of both Non Li-
near Electrodynamic contributions to gravity, and what is given in the quote above, as part of additional physical 
investigation into the origins of the CMBR, so as to avoid the problems given in [15] [16] which wrecked Bicep 
2. 
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