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Constructive cosmology.  Practical cosmology has the goal to construct the true model of the real Universe, and this constructive side is paralleled by its exciting explorative aspect, in its penetration into deep space. Due to limited observational means and theoretical understanding at each epoch, the adopted world model has its limits, too, even if it may seem quite satisfying. Indeed, one might be content with “fine-tuning” the current model. However, in cosmology it is advisable to probe different ways to explain observations and alternative initial hypotheses. This also leads one to classify reasonable cosmological models. Highlighting their cornerstones, it may be helpful for planning crucial tests and even directing the thinker to a novel idea. 

In world models, old and new alike, one may discern three cornerstones. All start with some Observation. All use some Theory. All rely on some Cosmological Principle. We may characterize cosmological models by asking about their relation to those fundamental things.
· What observations are viewed as cosmologically important or relevant?
· What physical theories, in particular for gravitation, are used?
· What fundamental assumptions, going beyond our finite empirical range, are expressed as Cosmological Principle(s)?
Our present standard (Einstein-Friedmann) world model is based on key facts in the large scale realm of galaxies, where we see the cosmological redshift and the Hubble law, and the cosmic background radiation, very isotropic and accurately thermal. Einstein's general relativity and Friedmann's expanding model form the theoretical framework, together with the standard particle physics. Friedmann's model rests on Einstein's Cosmological Principle of homogeneous and isotropic spatial distribution of all main matter components.

Thus we see that world models may be grouped according to a few key questions. One set concerns the framework itself: What is gravity? What are the matter components and their equations of state? How are these components distributed in space? The second set touches observations and inferred cosmological laws: What causes the cosmological redshift? What is the origin of the thermal background radiation? What is behind the global evolution and the arrow of time? What is the spatial and temporal extent of the Universe?

Gravity theory.  The heart of any cosmological model is the gravity theory, as gravitation is the dominant force beyond the scale of stars. The gravity theory can be made in different ways, with at least  two main ways to construct relativistic quantum gravity (geometric and field). Within the geometric approach there are attempts to generalize Einstein’s gravity theory in order to avoid dark matter and dark energy.

It is important to note that up to now relativistic gravity has been tested experimentally only in weak field conditions. The well known classical  relativistic effects usually cited in favor of general relativity may be derived within the field gravity theory, too. It is true that expanding space (and the Hubble law) follow elegantly from the general relativity-based Friedmann model. However, for the very reason that the redshift is a primary cosmological phenomenon, independent tests of its physical origin should be done. To prove that space is really expanding, would mean strong support for general relativity as the gravity theory.

Although geometry has had great success in gravity physics, there are conceptual difficulties within such a description of gravity, including the problem of the pseudo-tensor character of the EM tensor for the gravity field. These may signal a need for a gravity theory where the energy of the gravity field has the same regular sense as in all other fundamental interactions. Developments in theoretical physics suggest that we may be close to a transition from Einstein's general relativity to a quantum relativistic gravity theory, which inevitably will change the cosmological model. Such cosmic constituents like the vacuum and dark energy have a quantum nature. At present they enter general relativity on a phenomenological level only. As parts of the new quantum gravity theory these entities will likely affect our view of such things as dark matter, large-scale structure formation, and other phenomena, including the nature of the cosmological redshift.
Composition and distribution of matter. Two main components of cosmic matter are relativistic and non-relativistic substances. The relativistic parts, such as photons, neutrino, gravitons, the cosmological vacuum, have a natural uniform spatial distribution. The non-relativistic component is the matter related to galaxies, containing ordinary luminous matter (stars, gas) and possible dark substances (baryonic and non-baryonic). Modern redshift-based maps and the large-scale structure analysis  have led to the result that a stochastic fractal distribution with the dimension D = 2  may approximate reality (luminous matter) on scales  from 0.1 Mpc up to about 100 Mpc. The distribution and constitution of dark matter is still an open issue. 
One should have in mind the possibility that both Einstein's Cosmological Principle of homogeneity

and Mandelbrot's Cosmological Principle of fractality could be simultaneously true, but relate to different

spatial scales and different components of matter.
The nature of redshift and the Hubble law. The cosmological redshift is an observational fact that can be interpreted in various ways. At least three mechanisms exists producing redshifts independent of the wavelength: space expansion, Doppler effect and global gravitational effect. An important constraint for the possible mechanism is given by the linear distance–redshift relation. Harrison (1993) has shown a clear distinction between different interpretations of the cosmological redshift. Gron & Elgaroy (2006) and Francis et al.(2007)  have argued directly from the distance–redshift relation that it cannot be due to the ordinary Doppler effect as motion within space. The space expansion governed by uniform matter produces both the redshift and the linear Hubble law. Intriguingly, the global gravitational effect within a fractally non-uniform matter distribution also produces the linear redshift Hubble law, so this alternative should also be studied.
The origin of the CBR.  There are two basically different approaches to the nature of the cosmic background radiation. The first makes use of the standard hypothesis that it originated in the hot early Universe. The second approach tries to understand  it as the result of integrated contributions from radiation sources at a variety of redshifts. E.g., Hoyle (1982, 1991) pointed out that the energy from nuclear reactions and radiated by stars during their life is just the same as the energy of the observed CBR, and if there is a process to thermalize this energy then the background radiation could have this ordinary physical origin.

Alternative frameworks in cosmology


Amidst the success story of modern cosmology one should not lose sight of a few healthy reminders of why also alternative models have the right to exist in contemporary cosmology. First, the finite observable part of the possibly infinite Universe does not allow one to test directly the initial hypotheses on the Universe as a whole. The possibility of a major reform is never excluded. Second, even the observed key phenomena may have different interpretations, each corresponding to a choice of the basic framework that is able to explain the main cosmologically relevant observations. Third, theoretical physics is a developing subject and “new physics” may offer a wide spectrum of different cosmological applications. Even in the current standard model the nature and physics of 95 percent of the substance is unknown (dark matter, dark energy).  
It is also good to realize that alternative approaches (sometimes described as a “noisy minority”) actually define that territory of theoretical ideas that push astronomers to devise important cosmological tests. Hubble & Tolman (1935) suggested the number counts and the surface brightness as ways to test alternative causes of the cosmological redshift. Hoyle (1959) proposed the angular size – redshift relation to test the steady state model.  Sandage, Tamman & Hardy (1972) viewed the number counts and the linear Hubble law as a test of de Vaucouleurs's (1971) hierarchical model. Novel ideas may also bring into light weak spots of the standard model and may help to find ways to test the underlying cosmological physics.
Selection effects in astronomy and cosmology


A modern cosmologist has at his disposal tremendous amounts of data obtained at different wavelength bands. One might think that the more there are objects, the easier it is to test world models. Unfortunately this not exactly so, because collected data are influenced by various selection, distortion, and evolution effects. The observations in the “cosmological laboratory” are inevitably affected by our one-point position in space-time and all sorts of instrumental limitations. The selection effects distort the original physical relations between observed quantities and are dangerous in that they may make observed relations imitate theoretical dependencies, which are not true and just originate from the observing procedure. A classical example is the notorious Malmquist bias. As one probes deep space, one progressively observes objects which are either apparently fainter or intrinsically more luminous. Because one cannot measure arbitrarily faint fluxes, one necessarily observes exceptionally powerful objects. Such observations are not representative of the typical populations at large distances. This “iceberg effect” is one aspect of a group of selection effects often collectively put under the name Malmquist bias.

