THE UNIVERSE AS AN ISOLATED SYSTEM
	From the latter chapter, we proposed the universe to be an isolated system in which no energy or matter is allowed to leave its boundaries (if the universe has any). The universe having a boundary is another research problem on its own, because for one, we do not know how to detect the boundary of the universe, nor know how matter, energy behave at the boundary. We will however try as much as possible to avoid this argument by assuming the universe to be spatially finite without boundaries (just like surface of the earth). In other to give credibility to fact that the universe is an isolated system, we will be looking at the fluid equation which describes how the materials in the universe behave in time.
	One of the conditions for a system to be isolated is that, matter and energy in such system should be constant or conserved. If this is true for all isolated systems, it should be true for the universe whose materials are described by the fluid equation given below;
 						(3.1)
In order to discover how the universe might evolve, we need some idea of what is in it (Liddle, 2005). In cosmology the assumption is usually made that there is a unique pressure associated with each density, so that  and this relationship is known as the equation of state (Pettini, 2016). In cosmology the two constituent of the universe are;
· Dust: These are non relativistic matter with negligible pressure, . Examples are, galaxies whose only interaction is with gravity or in general, atoms which have cooled as a result of the universe expansion. It should be noted that there are no pressure gradient in the universe which supplies force to drive the expansion; hence the general assumption is that the universe is “Pressureless”.
·  Radiation: These are highly relativistic particles like light whose kinetic energy can be shown to have a pressure, .
The aim here is to show that the density of the universe’s content does not change i.e. constant but falls off as the volume increases. Substituting  for a dust dominated universe into equation 3.1, we have that;
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Where 
Similarly, working off the result for a radiation filled universe where, equation 3.1 becomes;
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From the above equation one can see that the density falls off at the fourth power of the scale factor.  Has already being accounted for as the volume and the fourth power is due to the redshift of light by a factor  which decreases its associated energy (Pettini, 2016). From equation 3.5 and 3.12, it is shown that the density of the material content in the universe is constant and thus is not increased by any additional matter and energy from outside the universe, which would have made it an open system, neither does it increase or decrease as a result of the energy exchange with any surrounding, which would have made it a closed system. Thus it has been shown that the universe is an isolated system whose density does not increase or decrease as a result of an interaction with a surrounding but rather falls off in proportion to the increase in volume and stretching of the wavelength of light. Therefore since the density of matter is constant, so also is the energy density which is given as;
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 Where U= internal energy.
	Another property of an isolated system is that for such systems, as work is done by the particles of the system to increases the volume, the temperature falls, which consequently leads to decrease in the energy density of the system. This property of an isolated is reflected in the universe and is evident in the cosmic microwave background (CMB). The CMB is a remnant electromagnetic radiation from the early stage of the universe in the big bang cosmology and is no different from any other blackbody radiation described by Planck’s law. Observations currently show that the universe is expanding and the photons wavelength is continuously stretching leading to the red shift of light by distant galaxies. So there must have been a time when the content in the universe were more compressed than now and photons were made to travel shorter distances. At that time the temperature of the universe must have been so hot that galaxies and stars were not formed but the universe was mainly made up of relativistic particles like protons, free electrons and radiations like photons. At earlier times photons travel shorter distances because they were constantly being absorbed and scattered by free electrons, at a rate faster than the expansion of the universe. As Weinberg (1976) rightly puts it, “Although in a sense the universe was expanding very rapidly at first, to an individual photon or electron, the expansion was taking plenty of time, time enough for each particle to be scattered, absorbed or re-emitted many times as the universe expanded. Weinberg further stated that such a system should be in a state of equilibrium, which in this case is a thermal equilibrium, “because a state of equilibrium of this kind is always characterized by a definite temperature which must be uniform throughout the system”. Thus the universe can be said to have been in a state of thermal equilibrium between matter particles and radiation particle. However, one of the characteristics of a radiation in thermal equilibrium with matter is that they obey Planck’s law for black body radiation, which depicts that matter emit radiation at certain temperature and the distribution of energy with wavelength of the radiation is proportional to the temperature. This means that during at least the first million years or so, when radiation and matter were in thermal equilibrium, the universe must have been filled with blackbody radiation with a temperature equal to the material content of the universe (Weinberg, 1976). If one pictures this radiation in terms of photons, it leads to the general feature of the Planck distribution and Einstein’s rule which states that the energy of any photon is inversely proportional to the wavelength. Hence putting these two rules together, the wavelength of the photons in black body radiation is inversely proportional to the temperature. 
Mathematically;
 							(3.13)
A better understanding of this relationship is seen when one considers the Wien’s displacement law (proposed by Wilhelm Wien in 1893) which state that black body radiation curve for different temperature peaks at a wavelength is inversely proportional to the temperature. Mathematically;
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Where b = 2.897729 ^m.k and is the constant of proportionality called Wien’s displacement constant, T is the absolute temperature in Kelvin. The essence of introducing the relationship in equation 3.13 is to determine what would happen to the temperature if the wavelength of photons is stretched as it is now. Obviously because of the inverse proportionality, the temperature reduces and this is in tandem with the observations provided by Penzias and Wilson in 1964, who measured the radiation temperature of 3 degree Kelvin. Precise measurement of the CMB is, data collected by FIRAS (Fixsen, 2009).
	Having established the relationship in equation 3.13 Let us then consider what would be expected of the energy density in black body radiation if the temperature of radiation decreases at longer wavelength. We will therefore result to establish a relationship between the energy density of the material content in the universe and the temperature of radiation. This leads us back to the equation 3.9 which is given as;
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Since Einstein formula  allows us to equate energy and matter. We can simply replace  with  after setting  for the above equation to give;
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If the average distance between photons in black body radiation is roughly equal to the typical photons wavelength (Weinberg, 1976), equation 3.13 becomes;
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For which it can be easily shown that energy density is directly proportional the fourth power of the temperature;
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Where A is a constant and the above equation is equivalent to the Stefan-Boltzmann law of thermal radiation. Equation 3.18 shows that the energy density increases at the fourth power of the temperature. When the temperature was about a million Kelvin, the energy density was a million trillion times larger.
	Since the increase in the average distance between photon and the redshift of light in the universe (stretching of the wavelength of light) is what cosmologist calls the expansion of the universe, equation 3.13 and 3.17 tells us that this expansion is inversely proportional to the temperature of universe. This is what one would expect if the universe is isolated, completely self contained and not affected by anything outside itself (Hawking’s, ). Although it is said that there are no real isolated systems in the nature, this paper however, provides some evident properties of an isolated which the universe exhibits. Therefore why not say the universe is the first isolated system in nature. 


  

