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Abstract  
This article proves that the photons of lower energy are annihilated into dark energy due to the destructive 
interference of light, and the increase of dark energy makes the universe expand, the Hubble formula could be 
derived based on it. The energy level of matter reduces, more and more matter becomes the dark matter in the 
process. The universe stops expanding and starts to contract in the action of gravity when the energy density of 
radiation field becomes small enough in it.  
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1. Introduction 
Astronomical observations show the universe is expanding now. Why does it expand? Will it expand forever? To 
answer these questions we have to solve an old problem firstly: does the entire incident light go through the film 
when the two beams of reflective light destructively interfere in the anti-reflecting film experiment? The answer 
is no. We will prove that the photons of lower energy are annihilated into dark energy due to the destructive 
interference of light, and the increase of dark energy makes the universe expand, the Hubble formula could be 
derived based on it. The energy level of matter reduces, more and more matter becomes the dark matter in the 
process. The universe stops expanding and starts to contract in the action of gravity when the energy density of 
radiation field becomes small enough in it.  
2. Photons of Lower Energy Annihilate into Dark Energy 
A beam of monochromatic light, as shown in Figure 1, strikes vertically down to a film of thickness e  with 
medium refractive index n  ( )1n > , and two beams of reflective light destructively interfere. Now we ask: 
does the entire incident light go through the film?  

 
Figure 1. Anti-reflecting film 

Without missing generality, assume the number of incident photons is 0n , and the film has two interfaces, as 
shown in Figure 1. The reflected and transmitted rate of light from the vacuum to the film is 1α  and 1β , where

1 1 1α β+ = , and that of light from the film to the vacuum is 2α and 2β , where 2 2 1α β+ = . According to the 
Lambert's law, if the optical absorption coefficient 0k ≠ of the film, notice the two beams of reflective light 
are out of phase and the two beams of transmitted light are in phase, the number of photons of the reflective light 
is  

 2
1 1 2 1 2 0

ken e nα α β β −= − ， (1) 

that of the transmitted light is 

 ( )2 2
2 1 2 2 01ke ken e e nβ β α− −= + .  (2) 
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So we have 
            ( )0 1 2n n n nΔ ≡ − +
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，
 (3) 

This shows that there are always some photons annihilated due to the reflective light out of phase. When

2
1 2 1 2

keeα α β β −=  there are 1 0n = , ( )2 21
2 2 0

2

1 0ke ken e e n
α

α
α

−= + > and 

 ( ) ( )1 2 1 2 01 1 0ke ken e e nβ β α α− −Δ = − + − >   . (4) 

Therefore, it is wrong to believe the entire incident light goes through the film when the two beams of reflective 
light destructively interfere. Obviously, the conclusion is correct even if when 0k = , namely the film does not 
absorb the energy of light. What does those annihilated photons become then? They will do not transform into 
pair of electron-positron if they are not high-energy photons. Since those annihilated photons cannot be detected 
by electromagnetic detector, the only reasonable explanation should just be that they are transformed into dark 
energy according to the law of conservation and transformation of energy.  
3. Dark Energy, Cosmic Expansion 
There are always some of electromagnetic waves that are transformed into dark energy due to destructive 
interference in the universe. In this way, the dark energy accumulates in the cosmic long evolution process. 
According to the astronomical observations, the dark energy distributes almost uniformly and doesn't 
agglomerate completely (Hinshaw et al., 2009; Planck reveals an almost perfect universe, 2013) in the universe 
space, so the increase of dark energy makes the universe expand. This can be proved as follows. 
According to Stefan-Boltzmann law of blackbody radiation，the energy flow density of electromagnetic radiation 
field in the radial direction is  

 4J Tσ= ， (5) 
And the corresponding energy density is 

 44 4
e J T

c c
ρ σ= = ，  (6) 

where σ  is the Stefan-Boltzmann constant, c  is the light speed in the vacuum and T  is the thermodynamic 
temperature.  
Assume the conversion rate from electromagnetic wave into dark energy per unit time is η  and the density of 
dark energy is dρ , we have 

 ( )
0

= d
t

d e dt fρ ηρ ρ−   ，  (7) 

where ( ) 0df ρ >  is the dissipation of dark energy density caused by the resistance of dark energy to gravity or 
the addition of energy density of gravitational field per unit time. From the above equation we obtain 

 ( )d
d

d
e df

t
ρ

ηρ ρ= − .  (8) 

As said previously, the dark energy distributes uniformly in the universe, so， according to the cosmological 
principle—that the universe is uniform and isotropic—the following equation can be written:  

 ( ) ( )d dd d d+ r r rρ ρ ρ= + ，  (9) 

where the r is the co-moving radial coordinate of the Robertson-Walker metric, and 
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 dd d

d

r
r

ρ
ρ

= .  (10) 

So the cosmic expansion rate, namely the Hubble constant, can be written as 

 ( )d1 d 1 1
d d

d
e

d d

rH f
r t t

ρ ηρ
ρ ρ

= = = − .  (11) 

According to the cosmic standard model (Peacock, 1999; Weinberg, 2008), the universe had experienced 
inflation with high temperature in the first stage and then gradually entered into the long slow expansion period. 
The inflation is 417 5 10. × years approximately and far smaller than the cosmic age, its influence could be 
neglected and the integrand ( )e fηρ −  in equation (7) could be considered as a constant, so there is  

 ( )=d e f tρ ηρ − Δ .  (12) 

Substitute the equation above into the equation (11) we obtain the Hubble formula: 

 
1H
t

=
Δ

.  (13) 

This shows that the argument above is reasonable.  
According to the observations of the Planck satellite in 2013 (Hinshaw et al., 2009; Planck reveals an almost 
perfect universe, 2013) the Hubble constant 0 74 3H . km / sMpc= , so the cosmic age at present is about  

 8131 35 10t .Δ = × y.  (14) 
Notice 20 683d c. cρ ρ= , the critical mass density 2

03 8c H / Gρ π=  and there should be ef ρ , the 
conversion rate at present is  

 5 45 95 10d d

e e e

f . T / y
t t

ρ ρη
ρ ρ ρ

− −= + ≈ = ×
Δ Δ

.  (15) 

If take =2 7T . K  which is the temperature of microwave background radiation, there is 61 12 10. / yη −≈ × . 
4. Dark Matter, Cosmic Ground State  
The equation (13) shows the cosmic expansion will not last forever. In fact, from equation (11) we see that the 
universe expands when e fηρ > , the universe stops expanding when e fηρ = and contracts when e fηρ < . 
That is to say the universe stops expanding and starts to contract in the action of gravity when the energy density 
of radiation field becomes small enough. Especially, when 0eρ → , there is  

 0
d

f
H

ρ
→ − < .  (16) 

It must be noted that the reduction of energy density of radiation field means the energy level of matter reduces, 
and more and more matter has become the dark matter in the universe, because said dark matter is without 
radiation of electromagnetic wave and in the lowest energy state. Therefore, the energy density of radiation field 
tends to be zero, at which point that almost all matter has become the dark matter and the universe is in the 
lowest energy state or the cosmic ground state. With the continuous dissipation of dark energy the universe 
contracts continuously in the action of gravity, at the same time, the matter density and temperature gradually 
rise in it—the next big bang is brewing. Thus, the relationship of the dark energy and dark matter to cosmic 
expansion and contraction has been illuminated.  
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