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The evidences from universe, which we can observe or detect on the earth, 

are probably the tide, the nebula, and the extragalactic nebula.  

 

Tides are the rise and fall of sea levels caused by the combined effects of 

gravitational forces exerted by the Moon, Sun, and rotation of the Earth. 

 

A nebula is an interstellar cloud of dust, hydrogen, helium and other ionized 

gases. Originally, nebula was a name for any diffuse astronomical object, 

including galaxies beyond the Milky Way. 

 

Extragalactic nebula is collection of star systems; any of the billions of systems 

each having many stars, nebulae and dust. 

 

Among the tide, nebula and extragalactic nebula, we can observe the same 

phenomenon: convolution2 or we call it tide on the earth or turbulence in the 

space.  

 

We can observe that when the earth tide reaches out to the shore, it will be 

broken; similarly, we could assume that when the atmospheric turbulence 

would reach out or we call it mapping on the cosmological background, what 

would be happened? 

 

Therefore, I would like to take a journey, starting from combined effects of 

gravitational forces via wavelet analysis, navigating through the turbulent flows, 

detecting the cosmological background, and finally observing the projection 

onto the space.  

 

Gravitational Forces 

 

The tidal force produced by Moon on a small particle located on or in Earth is 

the vector difference between the gravitational force exerted by the Moon on 

the particle, and the gravitational force that would be exerted on the particle if it 

were located at the Earth's center of mass.  

 

The solar gravitational force on the Earth is on average 179 times stronger 

than the lunar, but because the Sun is on average 389 times farther from the 

Earth, its field gradient is weaker.  
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The solar tidal force is 46% as large as the lunar. More precisely, the lunar tidal 

acceleration3 is about 1.1 × 10−7 g, while the solar tidal acceleration4 () is 

about 0.52 × 10−7 g, where g is the gravitational acceleration at the Earth's 

surface. Venus has the largest effect of the other planets, at 0.000113 times 

the solar effect. 

 

The ocean's surface is closely approximated by an equipotential surface, 

commonly referred to as the geoid. Since the gravitational force is equal to the 

potential's gradient, there are no tangential forces on such a surface, and the 

ocean surface is thus in gravitational equilibrium.  

 

Now consider the effect of massive external bodies such as the Moon and Sun. 

These bodies have strong gravitational fields that diminish with distance and 

act to alter the shape of an equipotential surface on the Earth. This 

deformation has a fixed spatial orientation relative to the influencing body. The 

Earth's rotation relative to this shape causes the daily tidal cycle.  

 

Gravitational forces follow an inverse-square law, but tidal forces are inversely 

proportional to the cube of the distance. The ocean surface moves because of 

the changing tidal equipotential. 

 

Wavelet Analysis 

 

Ocean depths are much smaller than their horizontal extent. Thus, the 

response to tidal forcing can be modelled using the wavelet analysis, a kind of 

Harmonic Analysis5. By using continuous wavelet filter, we not only adapt to 

any kind of original sampling interval directly, but also fully abstract the tide 

information.  

 

Generally, wavelets are purposefully crafted to have specific properties that 

make them useful for signal processing. Wavelets can be combined, using so 

called convolution, with portions of a known signal to extract information from 

the unknown signal. 

 

Basic thoughts is to utilize a group of compactly supported wavelet filtering 

function  and . The length of  and  are two days, to 

abstract the targeting tide information. 
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transforms. 
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where  represent one day, half day, and one-third day, the unit of time 

t is hour. 

 

Turbulent Flow 

 

Turbulent flow is a flow regime characterized by chaotic property changes. 

This includes low momentum diffusion, high momentum convection, and rapid 

variation of pressure and flow velocity in space and time. 

 

Flow in which the kinetic energy dies out due to the action of fluid 

molecular viscosity is called laminar flow. While there is no theorem relating 

the non-dimensional Reynolds number to turbulence, flows at Reynolds 

numbers larger than 5000 are typically turbulent. 

 

Kolmogorov67 postulated that for very high Reynolds numbers, the small scale 

turbulent motions are statistically isotropic. In general, the large scales of a 

flow are not isotropic, since they are determined by the particular geometrical 

features of the boundaries.  

 

Kolmogorov's idea was that while the scale is reduced, so that the statistics of 

the small scales has a universal character: they are the same for all turbulent 

flows when the Reynolds number is sufficiently high. 

 

Thus, Kolmogorov introduced a hypothesis: for very high Reynolds numbers 

the statistics of small scales are universally and uniquely determined by 

the kinematic viscosity V and the rate of energy dissipation Ɛ.  
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where known as the Kolmogorov length scale. 

Dissipation of kinetic energy takes place at scales of the order of Kolmogorov 

length η, while the input of energy into the cascade comes from the decay of 

the large scales, of order L. In between there is a range of scales (each one 

with its own characteristic length r) that has formed at the expense of the 

energy of the large ones.  

 

Hence, another hypothesis of Kolmogorov was that at very high Reynolds 

number the statistics of scales in the range η  are universally and 

uniquely determined by the scale r and the rate of energy dissipation Ɛ. 

 

The way in which the kinetic energy is distributed over the multiplicity of scales 

is a fundamental characterization of a turbulent flow. For homogeneous 

turbulence, this is usually done by means of the energy spectrum function E(K), 

where k is the modulus of the wave vector corresponding to some harmonics 

in a Fourier representation of the flow velocity field u(x): 

 

U(x) =  

 

where û(k) is the Fourier transform of the flow velocity field. 

Thus, E(k)dk represents the contribution to the kinetic energy from all the 

Fourier modes with k < |k| < k + dk, and therefore, 

 

 =  

 

where  is the mean turbulent kinetic energy of the flow. The 

wavenumber k corresponding to length scale r is k = . Therefore, by 



dimensional analysis, the only possible form for the energy spectrum function 

according with the another Kolmogorov's hypothesis is 

 

 

 

where C would be a universal constant.  

 

Cosmological Background 

 

A recurrent theme in the formation of large-scale structure, where the model is 

the expansion of the universe. Since even the largest of large-scale structures 

are one or two orders of magnitude smaller than the radius of curvature of the 

universe, it is reasonable to approximate to the background cosmology by 

smoothing over all density inhomogeneities. 

 

Moreover, the high degree of homogeneity and isotropy of the observed 

cosmic microwave background radiation, remaining from an early hot dense 

epoch of the universe, suggests that within the context of general relativity the 

Einstein-Friedman models provide at least a good approximate description of 

the cosmological background. 

 

All general-relativistic cosmological models contain two major ingredients: a 

metric, which describes the structure of spacetime, and a dynamical equation, 

which specifies how that structure evolves. The Robertson-Walker metric 

describes the Einstein-Friedman cosmologies and may be written in the simple 

form 

 

d  =  

 

Einstein’s field equations specify the dynamical evolution of R(t). They relate 

the metric, and thus the curvature of spacetime, to the energy-momentum 

tensor of matter including radiation, which acts as a source for the gravitational 

field implied by the metric. Because the Robertson-Walker metric is so 

symmetric, the six independent field equations that generally apply reduce to 

just two: 
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where P is the pressure and  is the energy density of the matter and radiation 

in the universe. 

 

One of the elegant aspects of general relativity is that the field equations are 

constructed to contain the conservation laws. To see this in the 

aforementioned case, multiply the latter by , differentiate with respect to 

time, and subtract  times to obtain 

 

 

 

We must specify the global curvature k. We start with the simplest case, k=0, 

known as the Einstein-de Sitter universe. Then with   

integrate to  

 

R =   

 

if R = 0 at t = 0, and where  is the present density at R = . 

 

 

Projection onto Space 

 

At late times, after galaxies have formed and begun to cluster, the pressure P 

and kinetic energy of their motion is negligible compared to the average rest 

mass energy density . 

 

 

for all values (-1,0,+1) of the curvature k. As usual, two particles with constant 

separation x in commoving coordinates expanding with the universe will have 



a separation 

 

r = R(t)x 

 

in local proper coordinates. The background acceleration  in proper 

coordinates is the gradient of a potential, 

 

 

 

Therefore the gravitational potential in proper coordinates,  is related to 

the potential in commoving coordinates, , by the transformation 

 

 

 

If there were no commoving potential, then two massless test particles, with no 

initial relative velocity, would just accelerate away from each other in proper 

coordinates. 

 

In a statistically homogeneous system, the density around any galaxy is  

 

 

 

Where  is the average unconditional density. Local Newtonian motions of the 

galaxies in proper coordinates are governed by Poisson’s equation 

 

 = 4  

 

Note that  symbolizes derivatives with respect to proper coordinates, since 

the local matter distribution is generally irregular. The expansion of the 

universe cancels the long-range part of the gravitational field, 4 , leaving 

 

 



 

Only the correlation term of the potential energy survives in the equation of 

states, consistent with our dynamic expectation. The resulting energy equation 

of state may be written in the form 

 

U = K + W =  

 

where 

 

b = -  

 

represents the average departure from a noninteracting (ξ = 0 or perfect gas) 

system for cells of radius R. 

 

Although simple spherical volumes were used to develop, the value of b can 

readily be calculated for volumes of any shape, and in general 

 

 

 

The interaction pressure from all galaxies in a cylinder of unit cross-sectional 

area normal to the surface and extending from x=0 to x=R is their combined 

force. Since this cylinder contains dx galaxies between x and x+dx, its 

interaction pressure is  

 

 

 

Adding the kinetic part of the pressure gives the total static pressure of 

galaxies in the volume: 

 

P =  

 

For a uniform density sphere of given radius R around any arbitrary point in the 

expanding universe, the Newtonian analog for all  is  



 

 

Multiplying by the average density and integrating over the sphere gives the 

effective total expansion force acting on the surface: 

 

 

 

The absolute value of this force divided by the surface area 4  gives an 

effective expansion pressure 

 

 

 

which exactly cancels the homogeneous interaction term.  

 

Thus the pressure equation of state in the expanding case is obtained 

 

P =  

 

Finding the actual function b( ) for the cosmological many-body system 

requires a deeper analysis of its physical properties8. 

 

In the grand canonical ensemble, the average density  and temperature T 

are fixed, but individual densities and energies fluctuate among members of 

the ensemble. 

 

The gravitational contribution to thermodynamic quantities such as U, P, and S 

depends on the combination of  and T only in the form 

 

X  

 

where  may depend on time, but not on the intensive variables  or T. 

                                                        
8 Saslaw. W. C. and Fang, J. 1996. “The thermodynamic description of the cosmological many-body problem,” 

Astrophys. J. 460, 16. 



Therefore the volume average  is also a function of x. 

 

 =  

 

=  

 

=  

 

 may depend on powers of x up to and including . Since  is a given 

constant for any particular grand canonical ensemble, we may generally 

express  as  

 

 =  

 

Where one factor of  has been absorbed into the  coefficients for a given 

ensemble. 

 

We see how basic physical properties of the cosmological many-body system 

determine the coefficients. In the limit of vanishing gravitational interaction as X 

, the system reduces to a perfect gas with  , and so  

 

 

 

Physical constrains on b(x) will determine the coefficients  and . The 

variance of number fluctuations is related to the equation of state.  

 

 =  =  

 

The equality follows for any equation of state with aforementioned form, 

whatever the function b(x) is. 

 

 

 



In the limit of very strong clustering, as X , the solution is  

 

 = 1 -  

 

which will constrain the general solution. 

 

This general solution is  

 

b = 1 +  

 

where  is a constant of integration. 

 

Chemical potential, , measures the change of internal energy if one particle is 

added to the system while keeping all other thermodynamic quantities such as 

volume and temperature constant. 

 

To obtain  and to simplify the algebra in the following derivation of f(N), it is 

more convenient to use an entropy representation of the grand canonical 

potential. This is readily done by letting 

 

 

 

and as usual setting k=1. With this new , we write as  

 

 

 

and becomes  

 

 InZ 

 

along with U = , and with the Euler equation and the pressure equation 



of state, we see that 

 

ψ =  

 

Now we derive the gravitational quasi-equilibrium distribution (GQED) f(N) for 

the cosmological many-body system9.This describes a reasonable way to 

sample the universe. Thermodynamically, each subregion can be regarded as 

being in contact with a large reservoir. 

 

Across the boundaries flow particles and energy. This is our grand canonical 

ensemble characterized by a given chemical potential , temperature T, and 

value of b = . It describes systems with variable N and U.  

 

Statistical thermodynamics gives us the probability of finding  particles in 

the energy state : 

 

(V, T, ) =  

 

where 

 

Z (V, T, ) =  

 

is the grand partition function, now explicitly summing over  and . 

Substituting  into the general definition of entropy 

 
S = -  

 

directly with N = . 

 

The probability of finding a particles number N of particles in a volume V of any 

given shape follows from summing over all energy states: 

 

                                                        
9 Saslaw, W. C. and Hamilton, A. J. S. 1984. “Thermodynamics and galaxy clustering:Non-linear theory of high 

order correlations,” Astrophys. J.276, 13. 



f(N) =  

 

We calculate its generating function from the observation that  is the 

partition function, which normalizes this sum over all energy states. The 

generating function is the quantity 

 

   

 

where z is an arbitrary variable. Thus the term multiplying  in the power 

series expansion of the average  is just f(N). To determine this average, 

let z  

   

 =  = exp {ψ( ) - ψ( )} 

 

Here we regard the argument  and V of ψ as being understood since they 

do not enter explicitly in the following analysis.  

 

At this stage it simplifies the algebra to regard ψ(x) as a function of  rather 

than of x. In terms of z, equation then becomes 

 

 =  

 

Now expand the last exponential in a Taylor series around z=0 and equate the 

coefficients of powers of z on both sides of the equation to find  

 

f(N) =  

 

with 

 

 

 



This is the basic result. 

 

One of the most useful observational properties of the GOED is that its 

projection onto sky has essentially the same functional form as the 

three-dimensional spatial distribution.  

 

The value of b differs in the two cases but usually this difference is small10. The 

reason is that the derivation of the GOED applies to cells of any 

nonpathological shape, including long cones centered on an observer and 

projected onto the celestial sphere. 

 

By numerically integrating ξ over the appropriate volume to find b and then 

expressing the results in terms of the projected area of the volume, we obtain  

f (N, V, )  for an average projected surface density of sources11. 

 

Summary 

 

The location and distribution of matter and radiation in the universe must be 

mapped. These maps provide compelling evidence that on the largest scales 

the universe is isotropic – the same in one direction as in any other – and 

homogeneous – the same in one place as in any other. 

 

The most straight forward maps to make are of properties of the matter versus 

angular position on the sky. The most important of these is the map of the 

temperature of the cosmic background radiation. 

 

A three-dimensional map of the distribution in space reveals that the 

distribution of galaxies is approximately homogeneous on distance scales 

above several hundred megaparsecs. 

 

 

 

                                                        
10 Sheth. R. K. and Saslaw. W. C. 1996. “Scale dependence of nonlinear gravitational clustering in the universe,” 

Astrophys. J. 478, 78. 
11 Lahav. O. and Saslaw, W. C. 1992. “Bias and distribution functions for different galaxy types in optical and 

IRAS catalogs,” Astrophys. J. 396, 430. 
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