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The Present Universe 
 

The dome of the night sky is studded with stars.  There are approximately 5,000 
stars that are bright enough to be seen by the naked human eye.  For most of the 
history of our species, these were all the stars that existed for us. 
 
The Milky Way Galaxy 

 
In addition to the stars, the moon, the planets, and sun, there is also a visible arc 

of diffuse light that stretches across the sky from horizon to horizon. Virtually all pre-
historic and ancient cultures had myths to explain its origin.  Ancient Armenian 
mythology called the arc “The Straw Thief's Way.”  According to legend, the god 
Vahagn stole some straw from the Assyrian king Barsham and brought it to Armenia 
during a cold winter.  When he fled across the heavens, he spilled some of the straw 
along the way.  A Native American Cherokee tribe myth called it “The Way the Dog Ran 
Away,” explaining the arc as cornmeal spilled by a dog who stole it and spilled it as he 
was fleeing.  

Today we call it the Milky Way, a name that comes from an ancient Greek myth.  
Zeus, the king of the gods, had a son, Heracles, who was born of a mortal woman.  
Zeus was fond of Heracles and decided to let the infant suckle on his divine wife Hera's 
milk when she was asleep, an act which would endow the baby with godlike qualities.  
When Hera woke up and realized she was breastfeeding an unknown infant, she 
pushed him away, and the spurting milk became the Milky Way.  Our word galaxy also 
comes from this story, as the Greek word for milk is gala. 

Although some pre-Socratic astronomers speculated that the Milky Way 
consisted of stars too close together and faint to be seen as individual stars, the idea 
was not accepted by Aristotle and was therefore not part of the Late Medieval and 
Renaissance worldviews.  Like so much of Aristotle’s work, his view of the Milky Way 
did not survive Galileo’s empirical approach to knowledge.  With his telescope, Galileo 
was able to see the individual stars within the Milky Way.  Thus the realm of the stars 
was no longer seen as spherical but rather as disk-shaped.  Galileo, not given to 
modesty, bragged, “The universe which I with my astonishing observations and clear 
demonstrations had enlarged a hundred, nay, a thousand-fold beyond the limits 
commonly seen by wise men of all centuries past, is now for me so diminished and 
reduced, it has shrunk to the meager confines of my body." 

This disk model of the Milky Way survived into the twentieth century but 
presented a serious philosophical problem in the intervening centuries.  The Copernican 
principle, or the notion that we are not at the center of the universe, seemed to be 
contradicted by the disk model.  As astronomers peered into the disk, it appeared to end 
at about the same distance from the solar system in all directions.  Are we in the center 
of the galaxy after all?  Observationally, it appears that we are.  

Well, we are not.  The observational problem is that the disk of our galaxy, in 
addition to stars, also contains gas and dust.  This dust is very effective at absorbing 
and scattering visible light, thus blocking our view of more distant stars in the disk.  The 
actual disk is many times bigger than the part we can see, and, rather than being in the 
center, we are actually located somewhere out in the “suburbs.”  By 1920 this was a 
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well-established fact, primarily due to the work of the American astronomer Harlow 
Shapley.  
 

 
Terms of use: The image in the above diagram of the Milky Way Galaxy is attributed to 

the University of Arizona Astronomy Department and can be found at 
<http://atropos.as.arizona.edu/aiz/teaching/a250/shapley_curtis.html>. 

 
 
Other Galaxies 
 

What had not been well established by 1920 was whether our Milky Way Galaxy 
was unique in the universe or simply one of many galaxies separated by vast distances 
of space.  The debate centered on the nature of spiral nebulae, fuzzy, spiral-shaped 
structures in the night sky.  Some argued that they were other galaxies like our own, but 
at extreme distances from us, making them appear small.  Others argued that they 
could not possibly be that far away.  Each side supported their position with complex but 
ultimately inconclusive evidence.  The fundamental problem was that in 1920 there was 
no way to directly measure the distances to the spiral nebulae. 

A variable star is one whose luminosity changes with time.  It had been 
established earlier that certain variable stars called Cepheid variables have luminosities 
that are proportional to their periods of variability.  For example, a Cepheid variable that 
completed its periodic variability in 30 days was more luminous (emitted more energy 
per second) than one with a period of 20 days.  The period and luminosity are related by 
a mathematical equation.  Because the period of variability is easy to measure, the 
period-luminosity relationship can be used to establish the luminosity of the star.  Then, 
by measuring the amount of energy we actually receive from the star (the apparent 
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brightness of the star), the distance to the star can be determined. The apparent 
brightness of an object diminishes with the distance from the object.  For example, the 
wattage of an incandescent light bulb is a measure of its luminosity, or its intrinsic 
brightness.  As you move farther and farther from the bulb, the light appears dimmer 
and dimmer.  The inverse-square law is an exact mathematical relationship among 
luminosity, apparent brightness and distance.  But this method could not be utilized to 
measure the distances to spiral nebulae until there was a telescope powerful enough to 
see individual stars in the spiral nebulae.  

In 1919, the 100-inch Hooker telescope at the Mount Wilson Observatory in 
California was completed, with Edwin Hubble in charge of its operation.  With this 
powerful instrument, Hubble was able to identify Cepheid variables in several spiral 
nebulae.  He determined that they exist at great distances from earth, distances that are 
consistent with the fact of their placement in galaxies separate from ours.  Hubble’s 
historic 1924 paper ended the debate, finally establishing the fact that we live in what is 
known as an “island universe,” and that spiral nebulae are in fact spiral galaxies, more 
or less like our Milky Way.  In addition to spiral galaxies, Hubble also observed elliptical 
and irregular galaxies.  
                

 
 
 
Clusters and Superclusters of Galaxies 

 
Hubble realized that galaxies are not uniformly, or even randomly, distributed 

throughout space.  Rather, they are clustered.  Our own galaxy is part of a cluster of 
about 30 galaxies called the Local Group.  At distances many times greater than the 
distance between galaxies in a cluster are clusters of other galaxies.  We now know that 
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in addition to clusters of galaxies, there exist clusters of clusters, or superclusters, as 
they are called.  Observation suggests that superclusters seem to be the last level of 
clustering.  However, superclusters are not uniformly or randomly distributed either, but 
rather are distributed around the edges of huge volumes of seemingly empty space 
known as voids.  As best we can determine, on the scale of voids, the universe is at last 
homogeneous.  As far as our most powerful telescopes can see, this distributional 
model appears to hold.  The universe is like foam, with the voids being the empty space 
within bubbles formed by superclusters.  
 
Hubble’s Law 
 

Hubble continued to use the 100-inch telescope to study galaxies.  In 1929, he 
published a paper that would later be recognized as the most important observational 
fact about the universe ever discovered.  His finding appears to be a simple fact that, at 
first, does not seem particularly revolutionary.  It was only after it was properly 
interpreted that Hubble’s discovery came to be seen as groundbreaking. 

 

 
 

The light we receive from galaxies has many wavelike properties.  It had been 
known for some time that the light we receive from galaxies beyond the Local Group is 
red-shifted.  That is, the wavelengths of this light are stretched out relative to the light 
we receive from nearby objects.  In the visible spectrum, red represents the longest 
wavelength and blue is located toward the shorter end of the spectrum.  If the wave is 
longer than expected, it is called redshifted.  Conversely, if the wave is shorter than 
expected, it is called blueshifted.  Thus, the light from distant galaxies is always 
redshifted.  By 1929 Hubble had gathered enough data to establish that the amount of 
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the redshift is directly proportional to the distance to the galaxy from which the light was 
emitted.  This observational fact is now known as Hubble’s Law.  

Hubble recognized that he had established an important piece of information 
about the nature of the universe, but he did not know exactly what that information was 
telling us.  He was an observational astronomer, and his discovery needed a theoretical 
explanation.  That explanation would be given in 1930 by the British theoretical physicist 
Arthur Eddington. 
 
The Expansion of Space 
 

Ironically, the correct explanation had been available well before the existence of 
other galaxies had been established.  In 1905 Albert Einstein published his theory of 
relativity, a description of the nature of space and time that united them in a way that 
predicted the existence of some seemingly bizarre phenomena.  Among them were time 
dilation and space contraction, concepts that were soon empirically verified.  Einstein’s 
theory also predicted the equivalence of mass and energy, that is, that mass is just 
another form of energy, and that the two are related by the famous equation E = mc2. 
Einstein realized at the time that his theory was incomplete.  He was certain that gravity 
was a property of space-time even though it was not included in this early version of his 
theory.  He immediately set about to remedy this omission. 

By 1915 Einstein had revised his theory to include gravity.  The new version of 
his theory is now known as the general theory of relativity, as opposed to the 1905 
version, which now is called the special theory of relativity.  As a first application of his 
new theory, Einstein calculated the orbit of Mercury.  It was well known that calculations 
based on Newton’s theory of gravity gave a slightly incorrect answer.  As with the 
discrepancy in the calculation of Uranus’ orbit, the initial attempt to fix this involved an 
undiscovered planet that was influencing the orbit.  The planet was even given a name: 
Vulcan.  But it soon became clear that such a planet did not exist and therefore there 
must be a problem with Newton’s theory of gravity.  Calculations based on Einstein’s 
theory of gravity, in contrast, gave an exact measurement of Mercury’s observed orbit.  
Clearly Einstein’s theory was an improvement over Newton’s.  

In addition to giving the correct orbit of Mercury, there was another feature of 
Einstein’s theory that made it a significant improvement: It did away with the concept of 
action-at-a-distance.  In Einstein’s theory the sun does not pull on the planets.  Rather, 
it warps the space-time in its vicinity in such a way that the inertial motion of the planets 
through space-time is an elliptical orbit around the sun.  

By 1916, however, Einstein was beginning to have doubts about his theory.  
When he applied it to the universe as a whole, it clearly predicted that space must be 
either expanding or contracting.  The nature of gravity in the theory would not allow for a 
static universe.  In the theory, gravity was only attractive and this would cause an 
initially static universe to collapse in on itself.  Einstein and the other scientists he 
consulted believed that the universe was in fact static.  Because of the theory’s ability to 
account for Mercury’s orbit, Einstein knew that he was on the right track, so rather than 
discard his theory, he tried to tweak it to eliminate the offending prediction.  He 
introduced a repulsive force into his equations, called the cosmological constant, the 
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sole purpose of which was to balance the attraction of gravity and thus allow for a static 
universe.  

Einstein made an error here.  His introduced repulsive force could not properly 
balance gravity. The equilibrium between the two was unstable, like balancing a pencil 
on its point – an action that is theoretically possible, but which in reality collapses with 
any slight disturbance that unbalances the pencil.  In Einstein’s case, such a 
disturbance would result in either the expansion or contraction of the universe – exactly 
what Einstein was trying to avoid.  This problem was pointed out in papers published in 
the 1920s by at least two theoreticians, one of whom was the Belgian priest and 
scientist Georges Lemaitre, whom we’ll discuss in more detail later. 

Other physicists mostly ignored these papers, and it is unclear whether Einstein 
himself was aware of them.  One person who was aware of them was Arthur Eddington, 
considered at the time to be one of the few physicists who actually understood 
Einstein’s theory.  When he heard about Hubble’s Law, Eddington immediately saw it as 
observational evidence that space is expanding. When Einstein learned about these 
observations, he called his inclusion of the cosmological constant in his theory “the 
greatest blunder of my scientific career.”  We will learn in a subsequent reading that it 
may not have been a blunder after all. 

The expansion of space does not mean that everything in the universe is getting 
bigger with time.  Some structures are held together by forces sufficiently strong to 
prevent the expansion of space from increasing their size.  This is true for galaxies (and 
everything in them) as well as for clusters of galaxies.  However, gravitational attraction 
between the clusters and superclusters is not sufficiently strong, and the expansion of 
space results in the increase of the sizes of the superclusters and the voids.  

The concept of expanding space is a complex and confusing one.  The first 
question most people ask is, “What is it expanding into?”  Unfortunately this question 
doesn’t have an answer, at least not one that can be visualized.  Generally when we 
think of something expanding, we visualize it getting bigger.  That is, we visualize its 
edges as moving outward.  But the universe has no edges.  Aside from the fact that an 
edge to the universe doesn’t make any sense (what would happen if you stepped over 
the edge?), the general theory of relativity, the theory we use to describe the space-time 
of the universe, requires an unbounded universe.  This is true whether the universe is 
infinite (with no edges) or finite (seemingly not possible), either possibility of which is 
allowed by the theory.  

Our universe has three spatial dimensions (at least, three dimensions that have 
extension in space).  A finite but unbounded space can only occur if the space is 
curved.  To visualize curved space, one dimension greater than the dimensions of the 
space is required. Thus, we cannot visualize a curved three-dimensional space because 
we cannot visualize in four dimensions.  Since concrete, visualizable models are helpful 
in understanding abstract concepts, astronomers use a curved two-dimensional space 
to help us understand an expanding, finite but unbounded universe.  

Imagine a two-dimensional object, something like the surface of a piece of paper.  
If it is not infinite, it is bounded by edges.  But if we bend it into the shape of a sphere, 
curving it into the third dimension, it no longer has edges.  The surface of a sphere is a 
finite, but unbounded with a two-dimensional surface.  We can visualize a finite but 
unbounded two-dimensional surface because we can visualize in three dimensions.  We 
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cannot visualize a finite but unbounded three-dimensional surface because we cannot 
visualize in four dimensions.  

Now imagine the sphere to be the surface of a balloon and let that surface 
represent the space of a fictitious two-dimensional universe.  Obviously, expansion will 
be represented in this model by blowing up the balloon.  If we attach small pieces of 
paper to the surface of the balloon and let each represent a cluster of galaxies, we have 
a pretty good representation of the consequences of expanding space for our universe. 
As the balloon is blown up, the clusters of galaxies get farther apart (i.e. the sizes of 
superclusters and voids increases) while the size of the clusters is unaffected.  The 
distance between clusters is increasing, but the clusters are not moving.  That is, they 
are not moving through space because they are fixed in space (stuck to the surface of 
the balloon in the model). 

 

Clusters of galaxies are

represented by pieces of

paper on the balloon.

As the balloon is blown

up its surface area (space)

increases with time.

The clusters of galaxies

do not increase in size. 

They get further apart but 

do not move through

space.

The Balloon Model of Expanding Space

 
 

As three-dimensional beings, we could say that our three-dimensional universe is 
expanding into the fourth dimension.  But phrased this way, this concept makes no 
sense to us.  It is best to stop asking the question in that way, i.e., “What is the universe 
expanding into?” because such a question is seeking to visualize something that is 
inherently non-visualizable.  

The balloon model also represents another important fact about our universe, 
which is that all places on the surface of the balloon are equivalent.  There is no center 
in this model universe -- at least not one that is in the space of the universe itself, or that 
is on the surface of the balloon.  Just as our universe has no edges, it also has no 
center.  This is an important point to remember when we talk about the Big Bang theory 
in a later reading.  
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Expansion of Space

• 1916 - Einstein’s general theory of relativity predicts that 

space must be either expanding or contracting. Einstein 

does not believe this and tries to “fix” the theory.

• 1920s - Other astronomers and physicists show that all 

versions of the GTR require either the expansion or 

contraction of space.

• 1929 - Hubble’s Law.

• 1930 - Arthur Eddington explains Hubble’s Law as the 

expansion of space as described by the GTR.

• 1930 - Einstein calls his not accepting his original theory 

“the greatest blunder of my scientific career.”

 
 

The general theory of relativity can be used to describe a universe that is either 
finite or infinite, just as it can be use to describe a universe that is either expanding or 
contracting.  Observational data is required to determine which of these theoretical 
possibilities matches our actual universe.  Hubble’s Law is observational evidence that 
we live in an expanding, rather than a contracting, universe.  In our balloon model, we 
represented a finite universe.  However, recent evidence seems to indicate that we live 
in an infinite, rather than a finite, universe.  

If the universe is infinite, how can it be expanding?  This is perhaps even more 
difficult to imagine than a finite expanding universe. How can there be more space later 
if there is already an infinite amount of it now?  One idea that might help visualize this is 
to think of numbers.  How many whole numbers are there?  There are an infinite 
number of them.  Further, if we divide each odd whole number by two we get another 
infinite set of numbers.  Combining these new numbers with the whole numbers, we 
have half again as many numbers.  There are still an infinite number of them, but, in a 
sense, the infinite set of whole numbers has expanded to an even larger infinity.  

In short, we simply cannot conceive of the universe as a whole – and it’s not 
helpful to try.  When you think of the universe, just think of a finite part of it – such as a 
part big enough to contain many voids and superclusters – and know that the rest of the 
universe is just more of the same. 
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Dark Matter and Supermassive Black Holes 
 
When we think about galaxies, we visualize them as our telescopes see them: 

stars with some interstellar gas and dust.  By the 1970s, astronomers had come to 
realize that these components of galaxies make up only a small fraction of their mass. 
The additional mass is called dark matter and is inferred to exist because of its 
gravitational effect on visible matter.  This is the only way dark matter can be detected, 
because it does not emit, absorb, or scatter electromagnetic radiation.  Thus, it must 
consist of uncharged particles.  At the present time we do not know the full nature of this 
matter, only that it is not made up of ordinary matter, i.e. protons, neutrons, and 
electrons.  Dark matter will be discussed in more detail in a subsequent reading. 

In addition to dark matter, most galaxies contain supermassive, but extremely 
compact, objects at their center.  The evidence indicates that these objects are black 
holes with masses that range from hundreds of thousands to billions of times the mass 
of our sun.  The object at the center of our Milky Way Galaxy has a mass of about four 
million solar masses.  Although this is a very large mass for a single object, it is small 
relative to the mass of our galaxy, whose stars alone have an estimated mass of 
hundreds of billions of solar masses.  
 
The Universe vs. The Visible Universe 
 

There is consistent confusion in the media and some textbooks about what is 
meant by the word universe.  Generally speaking, the word refers to everything that 
exists.  But there are times when what is really meant by the term is the visible universe; 
that is, the part of the universe that we can observe.  Present evidence strongly 
indicates that the universe is infinite.  However, because the age of the universe (at 
least that part of the universe for which observational evidence is possible) is finite (13.7 
billion years), the visible universe is finite.  

As we look out into space we are also looking back in time.  Light travels at 
186,000 miles per second.  At this speed it takes 2.2 million years for light from the 
Andromeda Galaxy to reach us, so another way to quantify the distance to the 
Andromeda Galaxy is to say that it is 2.2 million light-years away.  Some galaxies that 
we are able to observe are more than 10 billion light-years away.  Obviously we cannot 
observe anything that is more than 13.7 billion light-years away, and, thus, the 
observable or visible universe is finite, extending out 13.7 billion light-years from us in 
all directions. This is our so-called “horizon.”  Because the Big Bang model does not 
attempt to describe that region of space significantly beyond our horizon, space-time 
could well be quite different out there.  

It is not uncommon to hear a commentator say that at a certain time after the Big 
Bang, the universe was the size of a pea.  Often such commentators will even hold up a 
pea to show you how small it was.  In fact the universe probably is, and always has 
been, infinite.  What such examples really try to illustrate is that at a certain time after 
the Big Bang, the visible universe was the size of a pea.  However, this model is very 
misleading.  A pea has a center and an edge in space, but the visible universe does not.  
This example further leads to the idea that the Big Bang occurred at the center of this 
pea and matter has spread out to the size of a pea since then. Again, this is not the 
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case.  The center of our visible universe is us – a fact that would be equally true of any 
observer anywhere in the universe. 

The distinction between the universe and the visible universe is not easy to keep 
in mind, and in most cases it is not an important one.  There are times in the following 
readings where the word universe is used when visible universe might be more 
appropriate.  However, the distinction is important here, when we are talking about the 
size of the universe. 
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