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grand scale the universe is homogeneous, but at 
the largest scale so far probed (clusters of clusters 
of galaxies) the universe still appears clumpy.  
If the universe is in fact inhomogeneous, it is  
not known what effect that will have on  
our cosmology.

Another common assumption is that the uni-
verse is isotropic. Isotropy means that the uni-
verse has the same appearance or properties in all 
directions. This insures that the expansion is the 
same in all directions. If there were a net flow in 
one direction, then the universe would not be 
isotropic. There are other ways that the universe 
might not be isotropic. A few years ago some 
astronomers found that distant radio sources 
had their polarizations altered by amounts that 
depended upon distance but also upon direction 
in the sky. Polarization is a term used to describe 
the direction that waves are vibrating. A wave 
can vibrate in any direction perpendicular to the 
direction that the wave is traveling. Usually, elec-
tromagnetic waves vibrate in many directions, 
but frequently the waves oscillate predominantly 
in one direction. When this happens, we say 
that the wave is polarized. The observation that 
distant radio sources were polarized depending 
on their directions in space suggested that the 
universe is fundamentally different in different 
directions, that is, it is not isotropic.

The assumption of homogeneity and isotro-
py together is called the cosmological principle. 
The cosmological principle along with the obser-
vation of the expansion of the universe usually 
leads to the big-bang model. However  
the big-bang model is not the only possible  
model in an expanding universe governed by 
general relativity. The big-bang model forces 
one to accept that the universe had a beginning. 

However, this possibility is unpalatable to many, 
as discussed previously, and also as witnessed 
by Einstein’s fudging of the value of L to get a 
static, eternal universe.

Another attempt to produce an eternal uni-
verse starts with the assumption of the perfect 
cosmological principle. The perfect cosmological 
principle states that the universe has been homo-
geneous and isotropic at all times. The phrase “at 
all times” means that the universe always has and 
always will be as it is today. In this view, stars 
and galaxies are continually being born, grow-
ing old, and dying, but the universe remains the 
same forever. Since in this model the universe 
never changes, this is called the steady-state 
theory. You may ask, “if the universe is expand-
ing, its average density should be decreasing, so 
how could the universe remain unchanged as per 
the steady-state theory?”  In order for the steady-
state universe to maintain a constant density, 
matter must spontaneously come into existence. 
Another name for the steady-state theory is the 
continuous creation theory. Some may object 
that this violates the law of conservation of 
matter, but the law of conservation of matter is 
merely a statement of how we see the universe 
operate. The rate of new matter production per 
unit volume required to maintain a constant 
density in the universe is so small as to escape 
our notice. Those who support the steady-state 
theory argue that the law of conservation of mat-
ter is only an approximation of how the universe 
really works.

In the 20 years prior to 1965 the steady-
state theory enjoyed much support. Its appeal 
stemmed from the avoidance of a beginning and 
its ultimate simplicity and beauty. It was once 
described as being so beautiful that it must be 
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true. Meanwhile the details of the competing 
model, the big bang, were being developed. One 
of the strongest supporters of the steady-state 
model, the late Sir Fred Hoyle, is credited with 
naming the other model when he, in exaspera-
tion, declared, “The universe did not begin in 
some big bang!”  To Hoyle’s chagrin, the name 
stuck, despite attempts to find a better name  
for it.

Alleged Evidences of the 
Big Bang

Several evidences against the steady-state 
theory have been presented, but the most 
devastating one was the 1964 (published in 
1965) discovery of the 3K cosmic background 
radiation (CBR) by Arno Penzias and Robert 
Wilson. In 1978 Penzias and Wilson received 
the Nobel Prize in physics for their work. As 
researchers at the Bell labs in New Jersey, they 
were developing technology for microwave 
transmissions for communication. Penzias and 
Wilson had detected a background noise for 
which they could not find a source, and seemed 
to be coming from all directions. In 1948 
George Gamow had predicted that such a radia-
tion should be seen throughout the universe, 
but the technology for detection did not exist 
at that time. By the 1960s the technology did 
exist, and Robert Dicke of Princeton University 
was planning the construction of equipment to 
observe the CBR when he happened to discuss 
the matter with Robert Wilson. Dicke encour-
aged Penzias and Wilson to publish their find-
ings, along with a companion paper by Dicke 
that explained the significance of the find.

According to the big-bang model, the  

photons in the CBR came from a time when 
the universe was a few hundred thousand years 
old and at a temperature of about 3,000K. At 
that time most of the matter in the universe 
would have been protons and electrons, but 
the temperature and density were too high for 
hydrogen atoms to form. In this hot gas, pho-
tons would have been continually absorbed and 
reemitted so that the matter and energy would 
be in equilibrium and the radiation would have 
had a blackbody spectrum that was a function 
of the temperature at that time. As the universe 
expanded, the gas cooled and the density de-
creased to the point that stable hydrogen began 
to form and remained un-ionized as atoms. 
This time in the history of the universe is called 
the age of recombination, though a better name 
might be the age of combination, since the 
atoms did not previously exist.

According to the model, after the age of 
recombination, the matter in the universe no 
longer absorbed and reemitted all of the radia-
tion, and the universe became transparent for 
the first time. Prior to the age of recombination, 
matter and energy were coupled in that the 
radiation could not escape the matter. Because 
light was so easily absorbed and reemitted, the 
mean free path of photons was extremely short. 
After the age of recombination the photon 
mean free path became virtually the size of the 
universe and energy managed to escape matter 
for the first time. We say that matter and energy 
would have become decoupled. The photons 
liberated during the age of recombination have 
traveled with little interaction in the ensuing 
10-15 billion years. The photons have main-
tained a blackbody spectrum, but the universe 
has expanded a thousandfold in size since the 
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age of recombination, so the blackbody spec-
trum has been redshifted by a factor of 1,000. 
The redshift reduced the effective temperature 
of the blackbody from 3,000K to 3K.

The steady-state theory does not predict 
the CBR, because in the steady-state theory the 
universe has always appeared the same as it does 
today, so there was never a time when the uni-
verse had a temperature of 3,000K. Some have 
hailed the CBR as one of the greatest discoveries 
of 20th century astronomy, because it eliminated 
the steady-state theory and “proved” the big-
bang theory. Since the mid 1960s the big-bang 
model has reigned as the only viable model in 
the estimation of most cosmologists, so it has 
been dubbed the “standard cosmology.”  This 
does not mean that all opponents of the stan-
dard cosmology have given up. For years Hoyle 
continued to modify the steady-state theory so 
that it too would predict the CBR, but he was 
not successful. Hoyle and some of his associates, 
such as Geoff Burbidge and Halton Arp, have 
pointed out numerous problems with the big-
bang theory. Some of these difficulties will be 
discussed in chapter 4.

The standard cosmology has been a very 
robust and quantitative model, as indicated 
by the many highly technical papers on the 
subject published each year. When asked how 
astronomers know that the big bang is the cor-
rect scenario of the origin of the universe, three 
evidences are usually put forth. One evidence 
is the CBR, as just discussed. The other two 
are the expansion of the universe and the abun-
dances of the light elements. But how good are 
these evidences?  Before answering this ques-
tion, we should investigate just a bit the nature 
of proof and prediction in science.

Proof and Prediction

A scientific theory is judged upon how 
well it explains data. Data may be divided into 
classes: the data already in hand when the theory 
is developed and new data from experiments 
inspired by the theory. The data already available 
are used to guide the construction of a theory. 
A good theory should be able to account for all, 
or at least most, of that data. In other words, a 
theory should be able to explain what we already 
know. If it does, then we say that the theory has 
good explanatory power. If a theory does not 
have good explanatory power, then it should be 
modified so that it does or should be replaced by 
another theory that does.

Once a theory is developed, it can be used 
to make certain predictions about the results of 
experiments. When an experiment is performed, 
the predictions of the theory can be compared 
to the data from the experiment. If the predic-
tions match the data, then we say that the theory 
has been “proved,” though proof in this context 
is a bit different from what is meant in deduc-
tive reasoning or even in everyday use. A better 
choice of words would be to say that the theory 
is confirmed. If the theory’s predictions do not 
match the data, then the theory has been dis-
proved, and the theory must be either modified 
or replaced. One strange aspect of science is that 
while we can disprove theories, being totally 
certain that any theory is absolutely correct is 
not possible. The history of science is filled with 
theories that once enjoyed proof or confirmation 
only to ultimately be disproved. Examples of 
these discarded theories include the phlogiston 
theory of combustion, the caloric theory of heat, 
and abiogenesis.
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We can say that a theory has predictive 
power if its predictions have been tested by ex-
perimentation. Many theories have explanatory 
power but lack predictive power. This is espe-
cially true of the historical sciences. Much of the 
alleged proof for biological evolution is explana-
tory rather than predictive in nature. Evolution 
is purported to explain what we observe, but it 
is difficult to conceive of experiments that could 
clearly test what has happened in the past. The 
same is true of creation. In either case the ques-
tion of falsifiability arises. If no experiment can 
be conducted that could possibly disprove the 
theory, then the theory is not falsifiable. Any 
number of scenarios could be concocted to ex-
plain a phenomenon, but the mere explanation 
of the facts in hand hardly constitutes proof. A 
good theory should possess both explanatory 
power and predictive power.

Are the three evidences for the big bang  
explanatory or predictive in nature?  The  
expansion of the universe is definitely explana-
tory and not predictive. General relativity sug-
gested that the universe should be expanding or  
contracting, but it could not predict which. The 

fact that the universe is 
expanding could only 
be determined observa-
tionally. Much later the 
big-bang model was 
developed to explain 
the datum that the 
universe is expanding. 
Any number of models 
could be constructed 
to explain the expan-
sion. The steady-state 
model was one of 

those attempts. Neither cosmology predicted the 
expansion, but they merely responded to that 
fact as a means of explanation.

The evidence concerning the abundances of 
the light elements is subtler, but this too appears 
to be explanatory rather than predictive. The 
elements in question here are hydrogen, deute-
rium, a rare heavier isotope of hydrogen, the two 
isotopes of helium (He3

 and He
4
) and lithium. 

Each of these elements would have been pro-
duced in the first few minutes of the big bang. 
All the heavier elements are presumed to have 
formed in stars. The big-bang cosmology does 
predict the abundances of the light elements, 
but most people fail to realize that information 
concerning elemental abundances was input 
in creating the model. Knowledge of the light 
element abundances was required in constrain-
ing which subset of possible models was viable. 
In fact, small changes in our understanding of 
these abundances have allowed cosmologists to 
fine-tune their models. It would be most strange 
if a model did not “predict” the parameters that 
were input for the theory. It would show that the 
model was internally inconsistent.

 Cosmic background radiation (CBR) image
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The CBR does appear to be a clean predic-
tion of the big-bang model. The CBR was first 
predicted nearly two decades before its discov-
ery. Even though the discovery by Penzias and 
Wilson was serendipitous, there were others 
who were making plans to mount a search for 
the CBR. The big-bang model could not pre-
dict the exact temperature of the CBR, but an 
estimate of the range of temperature was pos-
sible. The measured temperature was near the 
lower end of the range. The CBR is real, and 
its existence has been confirmed many times. 
Therefore denying its existence is not an op-
tion. The extremely smooth shape of the CBR 
spectrum is difficult to explain any other way. 
The CBR elevates the status of the predictive 
power of the standard cosmology. It is the only 
prediction of the theory. Further studies of the 
CBR will be discussed in the next chapter.

The Geometry of the  
Universe

Before moving onto other topics, a few 
concepts about the geometry of the universe 
should be addressed. Space can be bound or 
unbound. Being bound refers to space hav-
ing an edge or boundary. In two-dimensional 
space, a tabletop is bound, because it has a 
definite boundary, the edge of the tabletop. 
On the other hand, a mathematical plane 
would be unbound, because it extends in-
definitely in all directions and hence has no 
boundary. It is difficult to conceive of our 
three spatial dimensions being bound. If space 
had a boundary, one must wonder what the 
nature of the boundary would be. Would it 
be some sort of wall that would forbid us to 

cross?  If so, of what would the wall be made, 
and why could we not cross it?  Would there 
be another side, and if so, what would it be 
like and could information pass through the 
wall?  If these sorts of questions had any real 
answers, then it would seem that the other side 
of the boundary is part of our universe as well, 
so the wall is not really an edge after all. On 
the other hand, a universe without a boundary 
would seem to extend forever and would thus 
be infinite in size. As difficult a concept that 
a bound universe may be, a universe that has 
no spatial end is scarcely easier for the human 
mind to comprehend.

So we seem to be stuck with the choice 
between an infinite and unbound universe and 
a universe that is finite and bound. Is there a 
way past this dilemma?  Yes. Recall that ac-
cording to general relativity space may have 
some overall curvature. It is possible that space 
may curve back upon itself so that it has no 
boundary, but it is finite in size. Consider 
a two dimensional example. A flat, two-di-
mensional object, such as a piece of paper, 
is usually finite in size and has a boundary. 
On the other hand, the surface of the earth is 
two-dimensional, but it is curved back onto 
itself. Therefore, the surface of the earth has 
no boundary or edge, but it is finite in size. 
If you traveled in a straight line on the earth’s 
surface you would eventually return to your 
starting point. In like fashion, if the universe 
is closed back on itself and if you traveled in 
a straight line, you would eventually return to 
your starting point. Such a universe would be 
finite in size and unbound, and thus we could 
avoid both an infinite universe and a bound 
universe.
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1.	 What are the two pillars of modern physics?

2.	 What is the main difference between the Newtonian physics and the modern physics views of gravity?

3.	 What was the first confirmation of Einstein’s theory of general relativity?

4.	 What is a static universe?

5.	 What is the cosmological constant?

6.	 What does homogeneity mean?

7.	 What does isotropy mean?

8.	 What is the cosmological principle?  What model usually stems from the assumption of the 			 

	 cosmological principle?

9.	 What is the perfect cosmological principle?  What model usually follows from the assumption of the 		

	 perfect cosmological principle?

10.	What is the significance of the cosmic background radiation?

11.	Why are the expansion of the universe and the abundances of the light elements not proper evidence 	

	 for the big-bang theory?

12.	What does it mean for the universe to be bound?




