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Abstract 
Herein is introduced a simple scalar field model derived from classical based 
kinetic energy, gravitational potential energy, and Special Relativity’s rest 
mass energy. By applying a classical orbit over the scalar field, relativistic ef-
fects are predicted. The scalar field is then applied to a classical model of the 
Hydrogen atom resulting in a relativistic effect equal to the binding energy of 
the Hydrogen atom. In addition, the model derives the fine structure constant 
due to the gravitational effect. The relativistic effects are then discretized in 
increments equal to the model’s gravitational induced constant. The discreti-
zation produces the Hydrogen atom spectral emissions and an angular mo-
mentum equal to Planck’s reduced constant. The model is not presented as a 
replacement for current theory, rather it is for inspection and illustration of 
how a simplistic model may offer a fundamental bridge between the more 
complex, time proven theories of General Relativity and Quantum Mechan-
ics. 
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1. Introduction 

As part of my doctoral thesis, a method was derived for introductory teaching of 
General Relativity (GR) via starting with Newtonian laws [1]. From Newtonian 
laws GR effects were derived to first order equality in Schwarzschild’s solution to 
Einstein’s field equations. The derivation methodology follows the same method 
as when Special Relativity is derived by limiting the speed of particles to the 
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speed of light in a vacuum [2]. In a continuation of the study I introduce here a 
scalar field S derived from Newtonian Gravitational potential and classical ki-
netic energy. By applying Newtonian mechanics over S, it is shown GR effects 
are included in the Newtonian calculations. This method when applied to celes-
tial orbits predicts a perihelion advance. The results of the calculations provide 
high fidelity compared to known measurements and mainstream theories. 

Here a scalar field model S is generated by equating a virtual point mass’s 
classical kinetic and potential energy as a ratio to the rest energy of the mass ge-
nerating the field. Then the model is used to investigate time dilation as an effect 
of the field due to the mass. The results are then compared to Schwarzschild’s 
solution [3] to Einstein’s field equations for matching accepted theory. Next, the 
field S is applied to a classical based model of an electron orbiting a proton. In 
this investigation of S, an electron orbital advance is predicted. The model shows 
in addition to the classical Coulomb binding energy [4], an additional binding 
energy resulting from the orbital advance. The model’s total binding energy is 
evaluated when a photon with wavelength equal to the reduced Compton wave-
length [5] interacts with the electron. At this equality, the additional binding 
energy due to the advance is equal to the binding energy of the Hydrogen atom 
(13.6 eV) [5]. 

2. The Scalar Field Model 

The scalar field is derived from Newtonian gravitational potential and classical 
kinetic energy [5]. The gravitational potential is mapped to the field by consi-
dering a virtual point particle ( vm ) equal to the mass (M) generating the field. 
The gravitational potential of vm  is calculated for all space with radial distance 
greater than or equal to the radius of M. The potential value at each point is 
equated by:  

2
v

g
GMm

V
r

= −                           (1) 

where G is the Newtonian Gravitational constant [6] and r is the radial distance 
from the center of mass M to the point mass vm . Secondly the kinetic energy of 

vm  relative to M is calculated by:  
2

2
v

g
m v

T =                            (2) 

where v is the instantaneous velocity of vm  relative to M. The energies in Equ-
ations (1) & (2) when combined form the classical total energy of vm  [7]. Last-
ly, the total energy is evaluated as a ratio to M’s rest mass’s energy and added to 
unity. The proportionality is a dimensionless scalar value:  

0

1 g gT V
A

E
−

= +                         (3) 

It is here hypothesized the value A represents the scalar time rate of a location 
in the field, proportional to the time rate at a location where no gravitational in-
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fluence exist. To transform the field’s observed time rate at a location ( localt ) to 
the observed time rate at infinity ( t∞ ), apply Equation (3) thus forth:  

localt A t∞ = ⋅                           (4) 

Here the term Exemplar space is introduced for convenience, to represent any 
space where there is no gravitational influence. In Exemplar space, the value of A 
by definition is 1.  

1ExemplarA ≡                           (5) 

In following Einstein’s postulate of the universal observed speed of light (c) 
[8], locally observed measurements of time and length are determined by the 
distance a ray of light travels in one unit of time ( t̂ ) as measured locally. The 
unit of length ( l̂ ) is:  

ˆ ˆl ct=                             (6) 

From any location within the field, the unit length and unit time are related to 
the unit length and unit time in Exemplar space by:  

ˆ ˆ
exemplar local locall A l=                        (7) 

where A is locally calculated. From this relatively non-complex scalar field, uti-
lizing transformations from local space to Exemplar space, General Relativity ef-
fects are investigated. 

3. Relativistic Effects in S 
3.1. Time Dilation 

Using Equation (3), a clock 1c  at radial distance 1r  is compared to a clock 

1Ec  in Exemplar space:  
2
1

1 1 1 12 2
1

1
2E
v GMc A c c
c r c

 
= = + + 

 
                 (8) 

where 1A  is the calculated field value at location 1r  from the center of mass M. 
When 1v  equals zero:  

1 1 1 12
1

1E
GMc A c c
r c

 
= = + 

 
                   (9) 

In Schwarzschild’s metric [4], at a radial distance r from the center of mass M 
with zero radial velocity, the local clock rate τ  as compared to a clock rate (t) 
an infinite distance from the mass (M) is:  

2

1

1
t

GM
rc

τ=
−

                         (10) 

Performing a binomial expansion on Equation (10) for 
2

GM
rc

:  

21 GMt
rc

τ = + + 
 

                        (11) 
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Analyzing Equations (9) and (11) the model produces an equivalent mea-
surement of time dilation to a minimum first order equivalence of Schwarz-
schild’s metric in GR. 

3.2. Orbits in the Scalar Field Model 

Consider a circular orbit in S about a massive object. To calculate the orbital 
transformation from a non-exemplar space to exemplar space requires squaring 
the value of A. This is because both distance and time are transformed. The 
transformation of the circumference lC  to EC  takes the form:  

2
2

2 22 2 1
2E
GM GMC A r r
rc rc

 = = + +π 


π


              (12) 

where the potential is calculated from a gravitational orbit. Of interest, Equation 
(12) shows for any gravitational circular orbit there will be a first order advance 
of:  

2

2

32 1
2
GMadvance
c

 = + 
 

π                   (13) 

Note the radial value r cancels out and one is left with a constant advance in 
length for all circular orbits regardless of radial distance from the central mas-
sive object. For orbits that are not circular but elliptical, the radial distance can 
be calculated as a dependency on the angle of rotation [9] by setting r equal to:  

( )
( )

21

1 cos

a e
r

e θ

−
=

+
                       (14) 

where a is the semi-major axis, e is the eccentricity, and θ  is the angle of rota-
tion. Integrating the value for θ  over the angle of 2π for one period P yields the 
advance. The full calculation to first order of the model is:  

( )
( )

2

1 2

0 0 2
2

31 1 d d
1

2
1 cos

GM P
a e

c
e

θ

θ

π

            + −    −       +      

∫ ∫            (15) 

The −1 is applied such that only the advance is calculated and not the entire 
elliptical circumference. When Equation (15) is applied to the planet Mercury, it 
predicts an advance of 42.98 arc seconds per century which agrees closely to ob-
servations [10] and General Relativity effects. 

4. Classical Model of the Hydrogen Atom in S 

In the classical approach, the electron is modeled to orbit the proton in the same 
way a planet orbits the sun. In modeling the Hydrogen atom the classical Cou-
lomb equation is implemented into S for equating A:  

( )
2

2 2 2
0

, , 1
8 2

p p

e

GM GMeA r m v
m rc rc rcεπ

= + + +             (16) 
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where pM  is the proton mass, 0ε  is vacuum permittivity, r the radial distance 
from the center of the proton, e is the elementary charge, and c is the speed of 
light. Equation (16) is squared in the same manner as with the celestial orbit:  

( )
2

2
2

0

, , 1
4 e

eA r m v
m rcεπ

= +                     (17) 

The second order contributions and the gravitational potential have been omit-
ted in Equation (17) as their contributions are very small compared to the Cou-
lomb contribution. As with the gravitational orbit, when calculating an advance in 
orbit, the additional distance traversed per revolution in a circular orbit is:  

2

2
0

2
4 e

eAdvance
m cε

π
π

 
=  

 
                    (18) 

Equation (18) is for a circular orbit. It is assumed any observed measurement 
will predict an orbital period as starting and ending at the same point for each 
completed orbit (in a circular orbit). This orbital observance omits any advance 
in the orbital system. As such, according the model, the total binding force of the 
orbit will be greater than the classically predicted binding energy. 

4.1. Electron Binding Energy of the Hydrogen Atom in S 

In analyzing the model’s predicted additional binding energy due to the orbital 
advance, the classical Coulomb potential energy [11] is considered:  

2

4C
eE

rε
=

π
                           (19) 

along with the additional energy needed to traverse the advance in Equation (18). 
If one takes the ratio of the advance to the circumference of the orbit, it is:  

2
2

adv
advratio

r r

 
 
 = = π

π
                      (20) 

Using the value from Equation (20) and multiplying it by the Coulomb energy, 
the additional energy is derived. The additional energy due to the advance is:  

( )
2 2

4A

adv
eE r

r rε
π

  
      =  

 

 

π 


                   (21) 

The derived total energy ( )TE r  is obtained by equating the energy of the 
classical orbit ( )CE r  plus the additional energy due to the orbital advance 

( )AE r  as a function of radial distance r:  

( ) ( ) ( )
2 2 2

4 4T C A

adv
e eE r E r E r

r r rε ε

  
      = + = +  

  


π



π π




         (22) 

where r is the radial distance between the proton and electron. 
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4.2. Photon Interaction with the Hydrogen Atom in S  

The energy of a photon with wavelength r is [11]:  

( ) hcE r
rγ =                            (23) 

Setting Equation (23) equal to ( )TE r  (Equation (22)) and adding variable K 
as the value of proportionality between ( )E rγ  and ( )TE r :  

2 2 2
4 4

adv
hc e eK
r r r rε ε

  
       = +        

 
 

π
π π

                 (24) 

Solving for K:  

2

2
2

4
4

adv
e

e r r
r

k
hc hc
r r

ε
ε

    
                               = +      

            
 
 


π



π

π
               (25) 

Reducing and rearranging Equation (25) and using Equation (18) for the ad-
vance value:  

2 2

0 0

1
2 2 2 2

e e advK
hc hc rε ε

  = +  
  π π

                  (26) 

From Equation (24), the photon energy equivalent to ( )TE r  as a function of 
λ  is:  

( ) ( )
( )

( )
( )

Total Potential Energy

Coulomb/K Advance/k

C AE E
E

K Kγ

λ λ
λ

λ λ
= +



 

                    (27) 

When one investigates eλ =   (the reduced Compton wavelength [6]) Equa-
tion (27) generates the following values:  

eλ =                            (28) 

2 eAdvance rπ=                       (29) 

Ratio α=                          (30) 

e
e

r
r

α
= =

                         (31) 

( ) 22 eE m cγ τλ π=                       (32) 

( ) 2
C eE r m cα=                        (33) 

( ) 2 2
A eE r m cα=                        (34) 
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where α  is the fine structure constant [6], er  is the classical electron radius 
[6], and em  is the mass of the electron. For a visual representation of the list of 
equations and values see Figure 1. The equations are derived from the predicted 
advance of the electron orbit. The advance causes an additional energy ( )AE r  
equated as traditional Coulomb energy ( )CE r′ ′ . The potential/binding energies 
allowable and the angular momentum states allowable energy occur at discrete 
energy levels. 

If an investigator examined the energy from ( )AE r  it is logical to imagine 
they would consider it a Coulomb based potential energy. As such, from a clas-
sical viewpoint the energy would relate to Equation (19). In terms of classical 
Coulomb energy, the advance induced energy is:  

( ) ( )
2 2 2

4 4C A

adv
e eE r E r

r r rε ε

  
      ′ ′ = = =  ′   π


 

π

π


            (35) 

To remove ambiguity the new Coulomb based equation representing an in-
vestigator’s evaluation of ( )AE r  is marked with a prime symbol. The value of 

( )AE r  when eλ =   is:  

( ) ( )2 2
A e CE r m c E rα ′ ′= =                    (36) 

The energy in Equation (36) is equivalent to the classical potential energy of 
the electron to the proton in the Hydrogen atom (27.12 eV). 

Recall from the model, the advance of the electron (Equation (29)) is an inva-
riant distance 2 erπ  for any orbit. If one increments the radial magnitude by in-
teger multiples of er , discrete energy levels are generated. Using Equation (35) 
and solving for r′  (when eλ =  ):  
 

 
Figure 1. Equation breakout. 
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2
e

e

r

r
r
α
 
 
 ′ =                            (37) 

Discretize Equation (37) in increments of er  by adding the value n to the 
equation where { }1,2,3, ,n n=  :  

( )

2
e

e

nr

r n
r
α

 
 
 ′ =                          (38) 

One can now ascertain the conversion of ( )CE r′ ′  into a step function of er  
(the gravitational induced constant of the electron orbital advance) by:  

( )

2

22 2

24 4

e

e

e

nr
n re e r n

r r r
α

ε ε α

 
 
 ′= → = =

′π π
              (39) 

Thus the energy in Equation (35) has discrete allowable energy magnitudes 
via the following equation:  

( )
2 2 2

2 2
0

2
44

C
e e

e eE n
n r n r

α
ε

ε
α

π
′ =

π
=                   (40) 

Interpreting Equation (40) the total potential energy of the Hydrogen atom 
may only take on discrete values due to the advance of the electron (a gravita-
tional effect). Thus, the following potential energies are allowed for the system:  

( ) ( )
2 2

2
0

1
4 1C

e

eE
r

α
ε

=
π

′                       (41) 

( ) ( )
2 2

2
0

2
4 2C

e

eE
r

α
ε

=
π

′                      (42) 

                              (43) 

( )
2 2

2
04C

e

eE n
n r

α
ε

=
π

′                       (44) 

According the Virial theorem [12] the average kinetic energy of an orbiting 
particle will have half the average potential energy of the bound system [13].  

Thus, to remove an electron from an n state energy, ( )1
2 CE n′  is required. Listed 

below are the values for the first three states.  

( )1 1 13.6 eV
2 CE  ′ = 

 
                     (45) 

( )1 2 3.40 eV
2 CE  ′ = 

 
                     (46) 

( )1 3 1.51 eV
2 CE  ′ = 

 
                     (47) 

If one considers the difference between energy levels, the differential energies 
match the Hydrogen spectral emissions [14]:  
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( ) ( )1 11 2 10.20 eV
2 2C CE E   ′ ′− =   

   
               (48) 

( ) ( )1 11 3 12.09 eV
2 2C CE E   ′ ′− =   

   
               (49) 

These are representative of the Lyman series [15]. Other series may be derived 
in a similar manner.  

4.3. Hydrogen Atom’s Electron Angular Momentum in the Scalar  
Field Model 

A natural continuation of analyzing the model is to classically calculate the an-
gular momentum of an electron in orbit around a proton. In order to calculate 
angular momentum, velocity is required. From deriving Equation (16) the veloc-
ity as a function of r is:  

( )
2

04 e

ev r
m rεπ

=                       (50) 

Using the value of err
α

=  from Equation (29), ( )v r  is:  

( )
2

04 e

ev r
m r

α
επ

=                       (51) 

Combining the radius, mass, and velocity the classically derived angular mo-
mentum at r is:  

( )
2

04
e e

T
r m e

r rmv
ε α

= =
π

                    (52) 

If one steps the radial value by integer multiples of er  Equation (52) is 
transformed to a discrete equation:  

( )
2

04
e e

T
nr m e

n rmv
ε α

= =
π

                   (53) 

where n takes on an integer value { }1,2,3, . Next, equate the angular mo-
mentum ′  using Equation (37) for r′ :  

( )

2

2

2

4

e

e
e e

e
e

nr
en m n

r nr

m
r

α

αε

 
 
 
           ′ = =                         

π

          (54) 

5. Discussion and Conjectures 

Equation (54) provides a straight forward understanding of the model’s predic-
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tion. The angular momentum of the system must step in discrete increments of 
energy. When eλ =   the discrete energy step is  . This correlation shows a 
one to one relation between the gravitational induced advance of the electron 
and the discrete angular momentum levels allowed. This provides a direct link 
from gravitational effects to a causal effect of quantum discrete energy levels in 
the angular momentum of an electron proton system. 

6. Conclusions 

In conclusion, it has been shown a scalar field model produces results compara-
ble to Schwarzschild’s solution to Einstein’s field equations. In applying the 
model to a classical model of the Hydrogen atom, an unexpected prediction 
arose. The model predicted an additional binding energy to the classical model 
that is equivalent to the binding energy of the Hydrogen atom when the energy 
of the system is equated to the rest mass energy of the electron. The derived gra-
vitational induced constant angle of advance of the electron’s orbit is the fine 
structure constant. In addition, when discretized, the model provides accurate 
spectral emissions for the Hydrogen atom and a one to one relation between 
Planck’s reduced constant   and the orbital advance caused by the gravitation-
al effect. 

Understanding the reason(s) the model presents accuracy to empirical data 
when the system’s energy is equivalent to the rest energy of the electron merits 
further research. 
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