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 Abstract. Using work by Fishbach and Talmadge, we use 5th force arguments and the common Virial theorem, 

plus a modified Wheeler De Witt wave function to set up an energy fluctuation equation. From there, we also use 

a modified Heisenberg Uncertainty principle to isolate the role of an inflaton in Pre Planckian space – rime. Its 

consequences are remarked upon with  the range of a purported 5th force and  scaled as between 10^-1 to 

10^-3. 
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1. Looking at the virial theorem 

We  begin via first re stating the Gasiorowitz version of the Virial theorem [1] which is rendered as 
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I.e. we will attempt to connect this, with the 5th force potential as given by [2,3] as 
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Here, in the early universe, we are assuming, using [3]  
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The above explicitly uses the Fifth force charges 
i M iQ f m   

Next, we will look at a wave function with the real part as given by [4], in the Wheeler De Witt 
approximation [4] 
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While we are at this, we will also use [5] Here, we will be taking into account, the issues in [9] as to 
symmetry breaking, by a change in the HUP. 

Then, set from [8], i.e. Begin with the starting point of [5,6,7, 8,9 ]   

2
l p                     (5)    

We will be using the approximation given by Unruh   [6,7] , of a generalization we will write as 
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If we use the following, from the Roberson-Walker metric [9]. 
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Following Unruh [6,7] , write then, an uncertainty of metric tensor as, with the following inputs  

2 110 35( ) ~10 , ~10Pa t r l meters                                    (8)
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This Eq.(9)   is such that we can extract, up to a point the HUP principle for uncertainty in time and 
energy, with one very large caveat added, namely if we use the fluid approximation of space-time [ 5]  

( , , , )iiT diag p p p                                      (10)
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Then, Eq. (9) and Eq. (10) and Eq. (11) together yield 
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And we will be using the Giovannini approximation of[5,9] 
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Finally, we will use the results from Padmanbhan [10] as to a scalar inflation field, and a given 
cosmological potential 
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In short, Eq. (14), Eq. (13), Eq. (12), Eq. (4), Eq. (3) and Eq. (1) will all be combined, inter related and 
used as the focus of a way to represent the inflaton in Pre Planck time physics, this with[11]  

                                                             m(graviton,rest)~ 10^-54                                                               (15) 

While doing this, with a low mass for a ‘massive graviton’ we will be looking at [12,13, 14] as far as 
restraints, as well as comparing our results to that given by [15,16] 

Here, we are assuming one half the value of Planck time, i.e. about ~ .5
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If he above energy is also, by thermal arguments equal to scaling by [17, 18] 
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Also 
The energy expression we will reference comes from [16], page 44 is 
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2. Comparison of the formulas, with a derived value compared to the ideas/ results of 
[15, 16] 

We will be using Eq. (16) in its variance in order to obtain an energy expression. Before we do so we 
will, say that Planck mass has 2.177 times 10^-8 Kilograms, Planck length is 1.616 times 10^-35 meters, 
and Plan time as 5.391 times 10^-44 seconds.  Now, due to Planck units, we can and will make the 
following simplifications, namely  

The five universal constants that Planck units, by definition, normalize to 1 are: 

 the speed of light in a vacuum, c, 

 the gravitational constant, G, 

 the reduced Planck constant, ħ, 

 the Coulomb constant, 1/4πε0 

 the Boltzmann constant, kB 

 

We will find this extremely useful in order to avoid having the calculations which follow completely 
messed up. i.e. in doing so we look at the mass, for Planck mass, which is going to be set to 1. I.e. this 
will have immediate consequences in the equations we will work with next. I.e. Planck mass will be set 

https://en.wikipedia.org/wiki/Speed_of_light
https://en.wikipedia.org/wiki/Gravitational_constant
https://en.wikipedia.org/wiki/Reduced_Planck_constant
https://en.wikipedia.org/wiki/Coulomb_constant
https://en.wikipedia.org/wiki/Boltzmann_constant


 

 

 

 

 

 

equal to 1. We will in our own derivations figure in the mass of a graviton, rest, about 10^-62 kilograms, 
as by given by these units as  

                                                                m(graviton,rest)~ 10^-54                                                            (19) 

These units, as well as Planck time set as = 1 , and Planck length, as set = 1 will be used extensively 
in our manuscript. 

Let us now begin the process of looking at the new development, with  the range of a 
purported 5th force and  scaled as between 10^-1 to 10^-3. 

2 2 /
/

10 1
. ~

r
graviton r

G m e
K E E e

r r


 

 

 


    
           

 
   

            (20) 

Here, if we are looking at Pre-Planckian space-time we may be able to use a convenient trick to analyze 
Eq. (20) above. The wave function, 

                                             ( ) ;iWKB e phase                                                                  (21) 

and we then will look at the Mean value theorem for integrals, with [19] 

Mean value theorem for integrals (what you need to know) 

For c between b and a, the and f(x) a continuous function between a and b, as a mid-point 
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If we apply Eq. (22) to Eq. (21), and Eq. (20) and make the following substitutions, this is what we get             
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Provisionally, we will be setting this with 
0 Pr l , and we will be putting this into, if 2 110

min ~ 10a   
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This should be compared with what is in [16] where we write 
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Then,’We begin with, as given in [15] 
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Using the formulation as given in this article, we write using Planckian scaling of units the following. 
Using Eq. (27) above, explicitly, we obtain the following for the energy 
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Essentially, to compare Eq. (28) with Eq. (24) we need to understand if the so called length of the fifth 

force, in terms of effective interaction, as given by  plays a significant role.  Moreover, it is important 
to keep in mind the key role [15] plays, as well as looking at the energy is given as follows, namely, if 
we look at say again, as given by B. Hu [16] which we write up as follows: Assuming an energy density as given 

by , in Pre Planckian space-time is given by , if we have an averaged out mean frequency for particle production  

given by 
averagek  
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The second line of the above is making the approximation that the insides of the first line, are averaged 
out to a constant, which is defensible in the situation of a Pre Planckian space-time condition. Secondly, 

we are assuming in all of this that
2

averagek is the number of ‘created’ particles in k space, in space-time 

is in terms of  a situation for which we are assuming a very narrow range of k values, so we are when 
looking at the 2nd line of Eq. (29) referencing an averaged out value for the number of created particles 

which we then identify as
2

averagek , and have 3( ) PlanckV volume l , i.e. with Planckl Planck length. 

If so, then we could define having a net energy as given by [16] 

                                                              
 

3 2

3

1
~

22
average averagec k k

d k
E  



   
     
   

                                       (30) 

We have several different ways to address what is meant by this energy. Our supposition is that we 
could make a reference, here, to, if c (speed of light) = 1, to have, here, initially, a transfer of gravitons, 
as an information carrier, from a prior universe to our present universe so that as a result of a match 
up in Pre Planckian space-time to Planckian space time we would have Eq. (30) as rendered by, using 
Hu again, [31]  
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And a graviton count, in the Pre Planckian era we would give as [16]  

                                                                    ~ 1 (exp( / ) 1)gravitons c tempn E T                                                  (32) 



 

 

 

 

 

 

3. Conclusion: Examining a tie in with Padmanabhan, of reference [10] 

For the sake of convenience, we will be using the [10] conventions as to a Potential energy, and also 
an inflaton as given by Eq. (14). In doing so, we will consider the situation where the logarithm is 
expanded to be  as given by Beyer [21  ] on page 299 to have the following behavior 
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Here, in this case, G=1 in Planckian units whereas E  is either from Eq. (28) or Eq. (24). Given a 
fluctuation in time say half of Planck time, then the above, would be then, in terms of Eq. (28) or Eq. 

(24) putting strict limits on the bound of 
0V  

If we find the bounds due to Eq. (28) and Eq. (24) are giving about the same value as to 
0V , then in 

terms of inflation, the two schemes outlined are giving equivalent information. 

This is something which needs to be investigated. Finally, the issues brought up by [22,23,24] as to first 
of all fidelity with respect to LIGO and Gravitational waves, ,as well as the foundations of gravity 
brought up by Dr. Corda need to be vetted. Also the issues brought up in [25,26,27,28,29,30] need to 
be investigated.  Once this is done, and the formulas held to be approximate, it is conceivable that the 
datum and speculations given by Dr. Corda in [23] will be examinable and hopefully confirmed.In short, 
we would require an enormous ‘inflaton’ style   valued scalar function, and 2 110( ) ~10a t   . I.e. 

assuming a quantum ‘bounce with 2 110( ) ~10a t  , and we hope to confirm it soon. 
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