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Abstract

This article is on an in-depth study of the relationship between the dark matter, dark energy, radiation field and
gravitation field, based on the standard cosmic model and the principle that dark energy is originated from the
destructive interference of electromagnetic radiation field. It explains the dynamic mechanism of cosmic
expansion and contraction, and calculates the densities of dark matter, dark energy, radiation field and
gravitation field.

Keywords: Gravitation field, radiation field, dark matter, dark energy, cosmic expansion and contraction
1. Introduction

In Liang (2015) we proved that the dark energy is originated from the destructive interference of electromagnetic
radiation field, and that the increase of dark energy makes the universe expand. At the same time, the energy
level of matter reduces, more and more matter becomes the dark matter with the dissipation of electromagnetic
radiation field. The universe stops expanding and starts to contract in the action of gravity when the energy
density of radiation field becomes small enough.

But the paper does not directly involve Einstein’s equation of gravitational field. And this article will deeply
study the relationship between dark matter, dark energy, radiation field and gravitation field, explain the
dynamic mechanism of cosmic expansion and contraction, and calculate the densities of dark matter, dark energy,
radiation field and gravitation field.

For ease of discussion, we need firstly to emphasize two basic concepts of the standard cosmic model: (1) the
gravitational source is the massive matter and includes the dark matter; (2) the cosmic space is a finite space
without boundary with the curvaturek =1.

We know that Einstein’s equation of gravitational field (Weinberg, 1972) is

1
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it degenerates into Newton’s gravitational equation on the condition of static weak field, and Newton’s
gravitational equation is one about the massive matter, so, the pressure p and density p in the energy-momentum
tensor

T, = pgu +(p+p)UU, 2

should be the pressure and density of the massive matter, and they are functions of the cosmic time .

The massive matter could be divided into two classes: visible matter and dark matter. Visible matter radiates the
electromagnetic wave, and dark matter does not, like neutrinos and other massive particles in the quantum
ground state. So

P =Pyt Pon (3
where p, is the mass density of visible matter, p,,, is that of dark matter.

Using Robertson-Walker metric (Weinberg, 1972)

14



apr.ccsenet.org Applied Physics Research Vol. 9, No. 6; 2017

2
dr’ =d’ -R*(t) . drk ~+r’d6’ +rzsin29d(02} (4)
—kr
and Einstein’s equation of gravitational field gives
3R=-47G(p+3p)R, 5
and
RR+2R* +2k=47G(p-p)R*. (6)

Eliminating R from the two equations above gives the Friedmann equation:

R2+k=%pRz. 7
Suppose there is R = 0 at some moment t,, then
k:%p(to)li’z(to)>0. (8)

Since the curvature k is a constant, the equation above shows that it is impossible the curvature k equals O or -1.
And since there is k =1for pR> =3/87G, so the cosmic space is a finite space without boundary with the
curvaturek =1, and this means the universe experiences the lengthy expansion after the initial big bang, and
then will experience a lengthy contraction and brew the next big bang, as is usually understood.

2. Dark Matter Density
The Friedmann equation (7) could be rewritten as
3 ., k
=——| H+— |, D)
P 87ZG( R’ j
where the Hubble constant H = R/ R . Substituting the equation above into equation (6) gives
1 2
=——p+=q.p., (10)
p 3 p 3 %pc
2
where p. = 3H (1D
&G
is usually called the critical mass density, and
¢, =—RR/R* (12

is called the deceleration parameter. Substituting the present Hubble constant (Hinshaw et al., 2009)

H, =74.3km/(s-Mpc)into equation (11) gives

— 3[{02
&G

Suppose the matter in the gravitational source is non-relativistic, the pressure p < P, take g, =1 the equation
(10) gives

=1.1x10kg / m’ . (13

c

p=2p,. (14>

According to the astronomical observation (Weinberg, 1972), the mass density in a galaxy, i.e. that of visible
matter

p, =0.028p_, (15
so, the equation above and equation (3) give the mass density of dark matter:
Pon =1.972p. > p, . (16
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The most direct evidence of existence of dark matter is the measurement of rotation speed of vortex galaxy (Li &
Xiao, 2000). Suppose the matter density is p(1)=522 due to the gravitation in a vortex galaxy, where ris the
radius from the galaxy center, and B is an undetermined constant, so the mass within the scope of ris

r

M(r)ZJ.p(r)47zr2dr=47rpoBr ) an
0
and the rotation speed of the star at position r is a constant independent of 7 :

M (r
v(r)= GL =.,/47GBp,,, . (18)
r
This is in line with astronomical observation and provides a way to determine the constant B. For example, if
v=150km/s (Weinberg, 1972) then there is

,UZ

=————=1.24x10% /m. 19
4”Gpo
3. Dark Energy Density
In the standard cosmic model the energy conservation equation is (Weinberg, 1972)
d
R =—| R (p+p) |, (200
PR =— R (p+p)]
ie.
. R
p=—3(p+p)E. QD

This shows that the source density decreases with cosmic expansion and increases with cosmic contraction.
However, the equation above is obtained on the condition that galaxies neither are created nor disappear
(Weinberg, 1972) and the actual situation is different.

In the cosmic lengthy evolution, the total energy should be conserved, although various kinds of energy wane
and wax. At any time, if the universe doesn't expands, there should be

d
E(P"‘PE"'PG"'%):O’ (22)

where p is the energy density of the gravitational source as mentioned before, p,is the energy density of the
gravitational field, and p,is the dark energy density. Since the radiation field in the cosmic evolution is
equivalent to the blackbody radiation field (Weinberg, 1972), the energy density of radiation field is
p,=40T"/c.

Without dissipation of the radiation field translating into dark energy due to destructive interference, radiation
. . . . d

and absorption of electromagnetic waves is a conservative process, and E( p+p,)=0. But because of the

dissipation process of the radiation field translating into dark energy, there is

d
;(ﬂ+pe)=—77pe, (23)

where 77 is the conversion rate from radiation field into dark energy per unit time (Liang, 2015).
Substituting the equation (23) into the equation (22) gives
d d
_4Pqs | 9P . (24)
dt dt

This shows that a part of the dissipated energy of radiation field is translated into the dark energy and other is
translated into the gravitational field.

d
Writing f = c’iDtG

np,

, the equation above can be rewritten as
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dp,
=np —f, (25
r np.—f

This is the equation (8) in the Liang (2015), but derived in a different way here.
Using H = R/R the equation (11) in the paper can be rewritten as

1dR_ 1 dp,

Rdt p, dt
The two equations above show that when7p, > f, dark energy increases and the universe expands; when

np, < f, dark energy decreases and the universe contracts. This is the dynamical mechanism of cosmic
expansion and contraction. From the equation above we know

p,=c,R, Q27
where the proportional constant ¢, is determined by the latter equation (35).

4. The Conversion Rate of Radiation Field and the Proportion of Dark Matter

(26)

As shown in equation (3), the source of gravitational field includes visible and dark matter. On the cosmic
time-space background, we can consider that the increase of dark matter equals the decrease of visible matter:

d d
LPon __4Pn (28)
dt dt
Substituting the equation above and equation (3) into equation (23) gives
d
Pe __pp (29)

d
Suppose the conversion rate 77 is a constant independent of time and integrating the equation above gives

n:Lln(pe(tO)]’ (30)

At { p.(1)

where At =¢—1t, >0 . Substituting p, =40T"*/c into the equation above gives

n 4 ln[m} (31D

A\ T()
For instance, if T (¢,)=4000K (Weinberg, 1972), T(t)=2.73K , Ar=131.348%x10%y, then

n=2.52x10"/y=0.7984x107" /5. (32)

The reason why the value above is different from that in Liang (2015) is that the calculation cited the equation
p, =0.683p.c” in the paper, but the equation is inaccurate.

As shown in equation (18), the rotation speed v of a star at the position rin a vortex galaxy is a constant
independent of 7, so the pressure of gravitation force is

1)2

Pom— (33)
.

and the work of dark energy to resist the gravitation force per unit time, i.e. the rate of change of gravitational
energy is

dpg v )
f dt po R po
Substituting the equation above and equation (27) into equation (25) gives
1
¢, :E(npe—povzH). (35)

Thus the density of dark energy can be written as

17



apr.ccsenet.org Applied Physics Research Vol. 9, No. 6; 2017

7P,

p, = He—povz. (36)
The present density of dark energy is
p, =Py 2 2 MPe _1 42%1072 7 I m® =1.43%10° p,c*. (37)
HO HO
where p, =428x10"J /m’=4.32x107 p.c* .

If we define the energy density of gravitational field as

Do =P, 0 =4.61x107°T /m’ =4.95x107 p.c?, (38)

from the three equations above we know that that p,, p and p. are negligible, and the total energy density of
the universe can be written approximately as

Po = P+ Ppy = 2P, . (39
So there is
Q +Q, =1, (40)
where
Q =p,./p,=1.4%,
Q.. = Pon ! P =98.6%. 41D

Obviously, the density of dark matter is far greater than that of visible matter in the present universe.
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