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7.1: Modeling the Universe
In General Relativity, metrics come about by first proposing a matter/energy distribution and then solving the Einstein Field
Equations. If we want to know the metric to apply to a star or black hole, for example, we can think of the universe as containing a
single point mass with spherical symmetry. By imposing this constraint, we solve the Einstein Field Equations and discover the
Schwarzschild metric.

Suppose, however, that we want to determine a metric for the universe as a whole? What does the distribution of matter look like?
What constraints can we impose? To answer that question, take a look at Figures  and . The former is an image of a
portion of sky that is only 2.4 arc-minutes on each side yet contains approximately 10,000 galaxies. The latter is a temperature map
of the early universe, where temperature roughly approximates matter distribution. The colors show variations relative to the mean
of approximately .

Figure : This image is called the Hubble Ultra-Deep Field. It contains roughly 10,000 galaxies and represents a portion of sky
that is only 2.4 arc-minutes on each side. (Image credit:

Figure : An image of the Cosmic Microwave Background (CMB) from the Planck space telescope. Color indicates
temperature variations from the mean, which approximately follows matter distribution. The scale of the variations relative to the
mean is approximately . (Image credit: ESA)

Based on Figs. 7.1.1 and 7.1.2, how would you describe the matter distribution of the universe?
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Both images show that matter is distributed roughly uniformly, as there is no obvious concentration in one location. Fig.
7.1.2 does show some "hotspots" and "coldspots" but the scale of those differences is incredibly tiny.

Figure  shows the concentration of matter in the early universe across the entire celestial sphere (that is, a sphere centered on
earth). Because the variations from one location to another are so small, no matter what direction you look in you will see
approximately the same concentration of matter. We say that the universe is isotropic from our perspective.

A system of particles is isotropic from a particular point of view if its properties are the same no matter what direction you
look in.

The problem with isotropy is that it is very observer-centric. That is, it describes what things look like from one single point of
view. If we want to describe the universe as a whole, then we also have to address the question of what things look like from the
point of view of someone in the Andromeda galaxy, or any other galaxy for that matter. If everything does look the same from the
point of view of someone in any other galaxy, then we say that the distribution of matter is homogeneous.

In a homogeneous system of particles, the properties of the system appear to be the same from all points of view.

Can you think of an example of something that is isotropic? Can you think of an example of something that is homogenous?
Can you think of an example of something that is isotropic but not homogeneous? Homogeneous but not isotropic?

Answer

One example of something that is isotropic is a Gobstopper, as shown in Figure . It is a hard candy that consists of
many concentric spherical layers. It is isotropic as viewed from the center.

Figure : A Gobstopper is a hard candy that consists of spherical layers. (Image credit: Wikipedia)

An example of something that is homogeneous is the surface of a pool cue ball. If you were to miniaturize yourself and
stand on the surface, the surface would look the same to you no matter where you stood.

The Gobstopper is isotropic but not homogeneous because it does not look the same if you hopped to a location anywhere
other than the center.

The pool cue ball is homogeneous but not isotropic because if you were standing on the surface and looked up versus
looked down, you would see very different things.

7.1.2

 Definition: Isotropic

 Definition: Homogeneous
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Can a system of particles be homogeneous if it has edges?

Answer

If a system of particles has edges, then you would see something different if you stood on one of the edges versus standing
somewhere in the middle. Therefore anything with edges technically is not homogeneous. (Note that we are defining
homogeneity different from how homogeneous mixtures are defined in chemistry, where mixtures can be homogeneous
even if they are in a container.)

To be clear, while we can safely say that the universe appears to be approximately isotropic from our point of view, we can't
necessarily say that it is homogeneous because we can't observe the universe from other locations. If the universe isn't
homogeneous, though, then we can't make any claims about the matter distribution of the universe as a whole since the properties
of the universe that we observe would just be due to the specialness of our own local patch. Therefore, we will assume that our
local patch is not special in any way because we have no other option (or at least no option other than giving up). We call this the
cosmological principle.

The cosmological principle is the assertion that the properties of the universe are the same for all observers when viewed on a
large enough scale. This implies that the universe is isotropic and homogeneous.
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 Definition: Cosmological Principle
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