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Abstract 
The radical hypothesis concerning the physics of gravitational black-body 
radiation is placed on a more solid statistical mechanics foundation in this 
study. As the concepts and formalism in the former presentation are only 
partially developed and furthermore, suffer from an unfortunate misstep re-
garding Hawking radiation and the hypothetical gravitational black-body 
temperature of a parcel or distribution of energy; this paper aims to fill in 
some of the theoretical gaps in the derivation of the Planck radiation formula 
for gravity (or non-Euclidean space-time), and there by provide a more com-
plete and transparent quantum theory of thermal gravitational radiation. 
 

Keywords 
Gravitational Black Body, Gravitons, Thermal Gravitational Radiation, Spiral 
Galaxy, Rotation Curves  

 

1. Introduction 

It is well known since the 1930s, that the observed rotational velocity of matter 
and energy in the outer arms of flat spiral (disk) galaxies, such as our own Milky 
Way Galaxy, is greater than that predicted by the inverse square law of Newton’s 
law of universal gravitation (1729). This mysterious phenomenon suggests, in 
general, that the observable energy1 content of a flat spiral galaxy alone cannot 
be the total source of the gravitational force holding the massive system of stars, 
planets, gas, and dust together. 

Generally, a parcel of energy produces a gravitational field. Hypothetical mass 
less quanta of a gravitational field are called gravitons [1], and their energy, sim-
ilar to photons, which are quanta of an electromagnetic field2, generate packets 

 

 

1In accordance with relativity theory which has sufficiently established the equivalence of mass and 
energy, we shall refer to mass as energy in this study. 
2The notion of mass less light quanta was first conceived by Einstein in a paper where he proposed 
an explanation for the photoelectric effect [2] in 1905. 
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of coherent oscillations within the Planck lattice [3]. However, because gravitons 
are essentially particles of spacetime itself, then unlike photons, gravitons not 
only travel at the speed of light but also oscillate along with the internal oscilla-
tions of the Planck lattice. As is known from Maxwell’s work on electromagnet-
ism, a moving electric charge radiates electromagnetic waves. Similarly, Eins-
tein’s work on gravity showed that a moving gravitational charge radiates a gra-
vitational wave. Thus, here we imagine the gravitational field of a parcel or dis-
tribution of energy to be composed of gravitons jiggling about, coupled to 
standing wave modes of non-Euclidean (curved) space-time [4]. Suppose each 
standing wave mode of curved space-time is coupled to a harmonic oscillator of 
the Planck lattice which oscillates at the same frequency as corresponding the 
standing wave mode of curved space-time. Each oscillator has two degrees of 
freedom, one for kinetic energy and one for potential energy, so it has an average 
energy of Bk T  according to the equipartition theorem. In thermal equilibrium, 
the average energy of the Planck oscillators and the standing wave mode of 
curved space-time must be the same for the two to be in thermal equilibrium [5]. 
Hence, each mode of oscillation of the gravitational field has an energy Bk T  
and can be considered as having a temperature T, which is the basis of the Ray-
leigh-Jeans theory (1900) for the spectral radiance of electromagnetic radiation. 

2. Rotation Curves of Spiral Galaxies 

As in the case of oscillating electrons in a material radiating electromagnetic 
energy, we have oscillating gravitons radiating gravitational energy in a similar 
manner. Because oscillating gravitons increase the strength of a gravitational 
field, which in turn increases the frequency of graviton oscillations, the resulting 
strength (or energy) of any gravitational field should be infinite. However, this 
does not agree with observation. Therefore, we propose that the gravitational 
energy spectrum be discrete. In accordance with Planck’s law [6], which has 
proven to be adequate thus far, we conjecture that for a given increase in the 
curvature of spacetime, the oscillation frequency of the gravitons may increase if 
the increase in the gravitational field energy is greater than or equal to the fun-
damental unit of energy, as defined by the Planck-Einstein relation, for that par-
ticular frequency. This assumption is essential to prevent the energy of the gra-
vitational field from becoming infinite. 

Now, we proceed under the general assumption that the gravitational field of 
any parcel or distribution of energy consists of a familiar classical Newtonian 
component gN  that includes all forms of energy not made of space-time and a 
hypothetical gravitational radiation component ggr . Because the Planck lattice 
absorbs and re-emits all gravitational energy surrounding a parcel or distribu-
tion of energy with no reflection or scattering, space-time at the Planck scale is a 
perfect “gravitational” blackbody [7]. Analogous to electromagnetic black-body 
radiation, gravitational black-body radiation (GBR) [8] is defined as thermal 
gravitational radiation [9] surrounding a parcel or distribution of energy in 
thermodynamic equilibrium with the Planck lattice. The radiation component of 
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the gravitational field is presumed to be vanishingly small, except in cases in-
volving large distributions of energy like galaxies, or galaxy clusters. Therefore, 
the gravitational field of a parcel or distribution of energy is defined here by the 
following expression3: 

g g ggN r≡ + .                          (1) 

Let us assume, in general, that the thermal gravitational energy grE  of the 
spiral galaxy is equivalent to the difference in kinetic energy between the ob-
served rotation speed and the theoretical Newtonian rotation speed. Thus, 

( )2 2 21 v v
2g N Nr grE M c M= = − ,                    (2) 

where NM  is the observable (or Newtonian)rest mass of the system, grM  is 
the relativistic mass of the thermal gravitational radiation, v is the observed rota-
tion speed of the galaxy, and vN NGM r=  is the rotation speed of the galaxy, 
as predicted by Newton’s law of gravity for a distribution of energy. It follows 
from Equation (2) that the observed rotational velocity of the system is deter-
mined by 

4
v ,N

S

grGMGM
r R

= +                        (3) 

where r is the radial distance from the center of rotation of the system and 
22S NR GM c=  is the Schwarzschild radius of the gravitational source. 

From the equation for circular motion, we obtain an expression for the gravi-
tational acceleration, as follows: 

2

2

4vg .
S

gN rGMGM
r R rr

= = +  

Hence, from Equation (1) the Newtonian and gravitational radiation compo-
nents of the gravitational field are, respectively: 

2g N
N

GM
r

=  and 
4

g .gr
S

grGM
R r

=                    (4) 

Let us suppose the energy per graviton is 

2gr h hc rν= = ,                        (5) 

where cν λ=  and 2rλ =  is the fundamental (or zero-point) wavelength of 
the gravitational field [10] [11]. The graviton energy can thus be written in terms 
of R as 

,
2gr
hcR

L
=                             (6) 

where 2R L λ=  defines a radius in n-space [12] and L is the dimension of the 
gravitational potential well. The n-space associated with standing wave solutions 
involves only positive values of n, so the volume must be divided by 8. It then 
must be multiplied by 2 to account for the two polarization states of the graviton 

 

 

3For the equations presented in this study G is the gravitational constant, h is Planck’s constant, and 
c is the speed of light in vacuum, unless otherwise stated. 
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[13]. The number of states is then 

( )
3

31 4 82 .
8 3 3

LN R
r

π π    = =    
    

 

The number of states per unit volume is 

3 3
8 .
3s

Nn
L r

π
= =                            (7) 

From the assumption that the Planck oscillators are quantized in energy with 
the quantum of energy equal to Planck’s constant times the frequency, we shall 
develop a Planck radiation formula for gravity. The average energy per “mode” 
or “quantum” is the energy of the quantum ,gr gn rn=   times the probability 
that it will be occupied [14] 

0

e .
e

Bgr gr

Bgr gr

n k T

n n k T
n

p ∞

=

=
∑



  

In thermal equilibrium with the Planck oscillators, the average energy has the 
form 

,
,

e 1P th

gr
g rrE λ=

−


                       (8) 

where , 2P th Bhc k Tλ =  [15] and grT T=  are the thermal wavelength4 and 
temperature of the Planck lattice, respectively. This average graviton (or Planck 
oscillator) energy per state (or mode) times the number of states per unit volume 
times the number of gravitons grN  yields the GBR energy density, which is the 
Planck radiation formula for gravity: 

( )
,3

8 ,
3 e 1P th

gr
gr gr rs gr

E
u

r
nNr E λ

π
=

−

 
=  

 
               (9) 

where gr gr grNE =  . 
The thermal Planck wavelength is determined so that the computed rotation 

speed of the galaxy due to the graviton energy density, as prescribed by the rela-
tion above, equals the observed rotation speed of the galaxy. The GBR energy 
and thermal Planck wavelength of a few spiral galaxies were determined from 
existing rotation curve data [16] [17] and are listed in Table 1. 

The energy is related to the energy density by the following equation: 

gr gr grE u=  ,                        (10) 

where ( )1totg Nr totM M= −   is the gravitational volume5, within a region of 
space tot  is the bounded by a disk of radius r, and thickness t = 1 kpc centered 
about the galactic plane and 2vtot GM r=  is the total gravitational energy of the 
spiral galaxy, as determined from its observed rotation speed. From Equations (2) 
and (10), the relativistic mass of the thermal gravitational radiation is given by 

 

 

4This quantity is determined from the equipartition theorem for a system in thermal equilibrium 
with four degrees of freedom. 
5A region of space surrounding a parcel or distribution of energy that is essentially empty of matter. 
In general, as the total volume of a distribution of energy increases the energy density decreases, 
which causes the gravitational volume and the number of gravitons to increase. 
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Table 1. Galaxy properties. 

Galaxy Egr (J) λp,th (kpc) 
Milky Way 5.52E+51 12 
NGC 1560 1.23E+49 10 
NGC 3198 5.65E+50 14 
NGC 4157 1.54E+51 14 

 

,2 3

8
.

3 e 1P th

gr gr
g rr

E
M

c r λ

π  
=  

− 


                    (11) 

Inserting Equation (11) into Equation (3) yields a relation for the theoretical 
rotation speed of the spiral galaxy. This relation can be used to generate the 
theoretical rotation curves plotted in Figure 1. 

From these theoretical considerations, one recognizes that as the gravitational 
volume of a spiral galaxy increases, the number of allowed energy states increases, 

 

 
Figure 17. The rotation curves of a few spiral galaxies are calculated by assuming the gra-
vitons of their pervasive gravitational fields oscillate and radiate thermal gravitational 
energy. The Newtonian rotation curve for light traces mass is shown by the dashed line, 
and the rotation curve observed in the 21-cm line of neutral hydrogen is shown by the 
solid line, which extends far beyond the bright galactic center. The small squares lie along 
the theoretical rotation curve of the galaxy due to GBR, and the dotted (short dashed) 
curve is the corresponding GBR energy density profile. As one can see, the theoretical ro-
tation speeds due to GBR are in good agreement with observation. 

 

 

7The plotted curves were generated from galaxy rotation curve data provided from Refs. [16] [17] 
and the computed galaxy properties listed in Table 1. 
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which decreases the spacing between energy levels and subsequently causes the 
rotation curve of the galaxy to flatten8, as shown in Figure 1. Although this em-
pirical result manifestly contradicts the “behavior” of the typical rotation curve 
as predicted by Newton’s well-known classical theory of gravitation, it is in 
complete agreement with the predictions of our non classical Newtonian (or 
Planckian) theory of gravity. 

By differentiating ( )gru r  with respect to r, to find the location mr  of the 
maximum energy density, one obtains the following equation: 

( ),, 3 1 e P th mrP th

mr
λλ −= − , 

which can be iteratively solved. After a few iterations, one finds 

, 2.821P th

mr
λ

= .                          (12) 

Once the thermal Planck wavelength is determined from observational rota-
tion curve data, it is a straightforward matter to compute the location of the peak 
in the energy density distribution. We found that the peak GBR energy density 
of the Milky Way is approximately 1.29 nJ/m3 and is located 4.25 kpc from the 
center of the galaxy. 

3. Gravitational Black-Body Temperature9 

The GBR of a spiral galaxy consists of gravitational radiation in thermal equili-
brium with the harmonic oscillators of the Planck lattice. When they are in 
thermal equilibrium, the average rate of emission of gravitational radiation by 
the Planck oscillators equals the average rate of absorption of gravitational radi-
ation. At thermal equilibrium, the temperature T of the Planck lattice is equal to 
the temperature of the gravitational radiation grT . 

The black-body temperature of the gravitational field of a parcel or distribu-
tion of energy can be found from the wavelength at which the GBR curve peaks. 
From Equation (12) the relation for the gravitational black-body temperature 
(GBT) of a parcel or distribution of energy can be written in a form similar to 
that for Hawking radiation [21] 

4 B m

cT
k r

η
π

=
                           (13) 

where ,P th mk Lη =  with , ,2P th P thk π λ=  and 2m mL rπ= . Hence, the GBT of 
the Milky Way Galaxy is 0.0194 zK. In accordance with Wien’s displacement law 
the product of the peak wavelength and the black-body temperature of curved 
space-time is expected to be a constant, λmT = 0.005103 m∙K. In a similar man-
ner, one may also recognize that the product of the thermal Planck wavelength 
and the corresponding GBT is also a constant, λP,thT = 0.007199 m∙K. 

 

 

8This mysterious phenomenon is part of the more general dark matter problem [18] which in prin-
ciple can be resolved in the framework of extended theories of gravity [19]. 
9The hypothetical temperature of (the Planck lattice (or curved) space-time) outside a parcel or dis-
tribution of energy. 
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The Planck radiation formula for gravity can be expressed in terms of the wa-
velength λ , as 

( ) ( ) 3
64 ,
3 e 1

gr
gr gr grs hc

E
u N n E β λλ λ

λ
 π

= =  − 
              (14) 

where 1 Bk Tβ =  and ( ) 364 3sn λ λ= π  is the number of states per unit vo-
lume. 

In general, the GBR spectral density, which is plotted in Figure 2 for the 
Milky Way Galaxy, has the form 

( ) ( ) 4
64 ,

e 1
gr

gr gr grs hc

E
S N E β λλ ρ λ

λ
 π

= =  − 
             (15) 

where ( ) 4d d 64s snρ λ λ λ= = π  denotes the density of states per unit wave-
length. Similar to electromagnetic black-body radiation, the total energy density 

( )dgr gru S λ λ= ∫  

is finite and for a constant number of gravitons 2gr grN Eβ= , varies as 4T :  
4 47 7

3 3 3
,

8
50 25

gr
gr g

B

th
r

P

E k Tu N
h cλ

   π π
≈ =       

                      (16) 

where , 2P th hcλ β= . Hence, according to the galactic properties listed in Table 
1, the total GBR energy density of the Milky Way is less than 10 nJ/m3. 

 

 
Figure 211. The background GBR spectral density [20] of the Milky 
Way Galaxy. The frequency of the thermal gravitational radiation of 
the Milky Way near Earth is 1023 times smaller than the lowest fre-
quency (~300 GHz) of solar electromagnetic radiation, which is about 
1013 times smaller than the lowest frequency (~10 Hz) that can be de-
tected by LIGO [22]. 

4. Interesting Theoretical Results 
The distance R from the Earth to the Moon is approximately 3.84 × 108 m. The 
computed energy density of gravitational radiation that permeates the Solar Sys-
tem is approximately10 0.88 nJ/m3. The strength of the gravitational field pro-
duced by the background GBR [23] [24] of the Milky Way that slowly pulls the 
Moon toward the Earth is approximately: 

 

 

10The energy density is computed with rotation curve data for the Milky Way provided in Ref. [17]. 
11The plotted curve and gravitational black body temperature T of the Milky Way were derived from ga-
laxy rotation curve data obtained from Ref. [17] and the computed galaxy properties listed in Table 1. 
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2
16 2

,

4 2
g 1.82 10 m s ,

s E E

gr gr
gr

GM M c
R R M R

−= = ≈ ×  

2 2.32 kg,gr gr
gr

u
M

c
= ≈


 

3 26 34 2.38 10 m ,
3gr Rπ

= ≈ ×  

245.972 10 kg,EM = ×  

which is 13 orders of magnitude smaller than the gravitational field of Earth 
pulling on the Moon ~2.70 mm/s2. Here, grM  is the relativistic mass of the 
GBR contained within a spherical volume centered on Earth with a radius equal 
to the distance between Earth and Moon. This outcome confirms our earlier 
claim that the gravitational field generated by GBR is indeed extremely small, 
except in the case of very large astrophysical sources or events, i.e., galaxies, su-
permassive black hole collisions, etc. 

At the edge of the Solar System, a distance of 143.7 billion kilometers12 from 
the Sun, where the gravitational force of our Sun fades, the additional increase in 
the Sun’s gravitational pull due to the background GBR of the Milky Wayis ap-
proximately: 

2
10 22

g 0.76 10 m s ,gr
gr

M c
M R

−= ≈ ×


 

17
2 1.21 10 kg,gr gr

gr

u
M

c
= ≈ ×


 

3 43 34 1.24 10 m ,
3gr Rπ

= ≈ ×  

301.988 10 kg,M = ×


13 

which is almost one-tenth the magnitude of the anomalous acceleration 8.74 × 
10−10 m/s2 towards the Sun experienced by the Pioneer spacecrafts [25] (launched 
in 1972 and 1973) as they moved beyond the orbit of Uranus (approximately 2.8 
billion km from the Sun) on their way out of the Solar System. 
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