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This book presents the main aspects of cosmology such as:

the cosmological principle, Hubble's law and the recession of galaxies

Newtonian and relativistic cosmology

the problems of flatness and the horizon, the De Sitter and Lemaitre models

the cosmological theories of the Big Bang and steady state

cosmological thermodynamics and cosmological eras

the role of dark matter
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Cosmology is the science that deals with the study of the structure, origin and evolution of the Universe and, as such, represents one of the highest points of current physical knowledge.

In fact, all the previous theories converge in it, such as mechanics, thermodynamics, general relativity, but also quantum, nuclear and particle physics.

Therefore, a full understanding of cosmology cannot be separated from an awareness of the rudiments of these sectors of physics.

Nonetheless, in this book references to nuclear and particle physics and to general relativity will be presented, at least in their specific aspects.

For an in-depth study of these sectors, please refer instead to other specialized writings.

The purpose of cosmology is not to study the solutions of Einstein's equations for the gravitational field, but to apply these solutions on a universal scale and draw conclusions about the overall structure of space-time.

This book presents the main cosmological studies that have been substantially investigated over the last hundred years, with the fundamental contributions of general relativity and quantum physics.

The cosmological theories resulting from the reconciliation of these two sectors at the level of the structure of the Universe have made it possible to make a thermodynamic and temporal classification of the evolution of the Universe, without however solving all the problems in this regard.

The still mysterious role of dark matter, its entity and its composition, remains one of the most fascinating challenges of contemporary science.

THE



	[image: image]

	 
	[image: image]





[image: image]



BASIC CONCEPTS
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Cosmological principle


––––––––
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Cosmology studies the structure, origin and evolution of the universe.

The foundation of modern cosmology is the so-called cosmological principle enunciated by Milne in 1933.

According to this principle, the universe must be fundamentally homogeneous (its appearance does not depend on the point of observation) and isotropic (its appearance is the same in all directions) on a large scale and subject everywhere to the same physical laws, so that any observer, placed at any point of it, is able to observe the same characteristics and to arrive at the same results.

It is, if you like, an extension of the Copernican principle according to which the earth is not a privileged place in our solar system.

The cosmological principle is not a demonstrable law, but a rational requirement of our intellect, which could not make the object of scientific knowledge a universe not subject everywhere to the same laws of nature.

A direct consequence of the cosmological principle is that the universe, to respect the conditions of homogeneity and isotropy, must be static or characterized by a homogeneous motion (expansion or contraction).

Experimental data collected in the second decade of the twentieth century confirm this prediction by demonstrating that the universe is in a state of homogeneous expansion.

The term "homogeneous" does not refer to the rate of expansion (which in fact, as we shall see, decreases with time), but to the fact that the expansion uniformly affects the entire universe (there is no portion that expands faster than another).


Redshift


––––––––
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When we observe the spectra coming from bodies moving relative to us, they appear deformed.

In particular, the lines are displaced towards longer wavelengths if the light source has a relative moving away, while they are displaced towards shorter wavelengths if the source is animated by a relative moving towards.

Since in the visible spectrum the longer wavelengths correspond to red, while the shorter wavelengths correspond to blue, the phenomenon of wavelength "stretching" from a receding body is referred to as a redshift or red-shift, while the phenomenon of "compression" of the wavelength coming from an approaching body is referred to as blue-shift or blue-shift.

Naturally this does not mean that a radiation that has undergone a red-shift or a blue-shift actually appears red or blue to us, it only means that it appears to us with a wavelength respectively greater or less than the one it possessed at the moment of emission.

The intensity of the phenomenon is greater the greater the radial speed of departure or approach.

The phenomenon is analogous, as Doppler pointed out in 1842 and as Fizeau experimentally demonstrated in 1848, to that which occurs in acoustic waves.

It is in fact known that an approaching sound source produces a more acute sound, while moving away produces a more serious sound (Doppler effect).

Suppose now that a light source emits electromagnetic waves of period T and that the source is moving away from the observer at a speed v.

After having emitted the first crest, the second will be emitted after a time T.

But in the time T between one emission and the next, the source moves away by a space vT.

This distance increases the time required for the second crest to reach the observer by an amount vT/c.

The observer will therefore no longer measure a period T, but a longer period.

The time between the arrival of one crest and the arrival of the next will in fact be equal to
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On the basis of this new period the observer will calculate a wavelength equal to
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while the outgoing wavelength is related to the original period T
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By dividing member by member the last two relations we obtain
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from which simplifying
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and finally
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This parameter is commonly referred to as 'z', red-shift parameter.

It is therefore shown that if z is due to the Doppler effect it is equal to the ratio between the relative speed of the emitting body and the speed of light.

Since it is quite simple to calculate how much the wavelength of a line spectrum has increased or decreased by comparing it with the standard spectra of the various elements and compounds obtained in the laboratory, consequently the speed of departure or approach is immediately determined, expressed as percentage of the speed of light.

For example, if we measure an increase in the wavelength of the spectral lines of the hydrogen that makes up a galaxy by 1%, we can deduce that between the earth and this galaxy there is a reciprocal movement away which occurs at a speed of 1% than that of light (v/c = 0.01), equal to 3,000 km/s.

By determining the red-shift parameter (z) of some celestial bodies, values greater than 1 have been calculated.

Of course, this cannot mean that such bodies have speeds greater than those of light.

Instead, it means that they move away with speeds so close to those of light (relativistic speeds) that it is necessary to use a relativistic relation for the calculation of z.

In other words, Lorentz transformations are to be used.

In special relativity z is related to the departure velocity v by the following relations:
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With these relations, it is seen that z can never be greater than 1.

In 1925 Slipher measured the red shifts of 45 galaxies.

With the exception of Andromeda and a few other galaxies which had shown a blueshift, and therefore a relative motion of approach, all the others showed a more or less marked redshift.
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Hubble's law
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In 1929, Hubble, working on the data collected by Slipher, came to define a relationship that linked the distance of the galaxies to the entity of their red-shift and therefore, ultimately, to their speed of departure.
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where v is the speed of departure in km/s, D is the distance in megaparsecs (Mpc) and H is a constant of proportionality, known as the Hubble constant , which is now given the value of 55 km/(s Mpc).

According to this relation, therefore, all galaxies, with the exception of some close to us which present local motions, show a speed of departure or recession which is directly proportional to their distance.

For example, a galaxy 1 Mpc away from us is receding at 55 Km/s, one 2 Mpc away at 110 Km/s, and so on.

Introducing the red-shift parameter, the relation becomes

[image: image]

In this way the measure of the red-shift of each galaxy becomes a measure not only of its recession velocity v, but also of its distance D.

It is in this way that astronomers have calculated the distance of the most remote celestial objects, such as radio galaxies and quasars.

––––––––
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Recession of galaxies


––––––––
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Although apparently it may seem the opposite, Hubble's law is perfectly consistent with the cosmological principle.

In reality, the recession motion of the galaxies should not be considered as a real movement, in fact what expands in the universe is space-time.

Galaxies can be considered stationary with respect to an expanding space-time.

This allows us to accept, among other things, recession speeds, for the most distant galaxies, greater than those of light and to interpret the red-shift parameter z no longer as due to the Doppler effect, but connected to the dilatation that also the lengths d wave they experience when space-time expands.

So if the universe doubles in size all the wavelengths of electromagnetic radiation are also doubled.

In this case we speak of a cosmological red-shift.

Obviously, in this vision, a relativistic vision of space-time must be considered.

Ultimately, the universe now has a dimension z+1 times greater than it did when the radiation that we now perceive with red-shift z was emitted.

The relation which in this case links zav will be obtained after analyzing the equations describing the dynamics of the cosmic expansion and the space-time metric.

Once Hubble's law has been accepted as a consequence of the expansion motion of the universe, it is possible to make some interesting considerations.
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