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Abstract
The origin of universe in a cosmic explosion about 15 billion 
years ago. Such an idea had no serious constituency until Edwin 
Hubble discovered the redshift of galaxy light in the 1920s, 
which seemed to imply an expanding universe. However, our 
ability to test cosmological theories has vastly improved with 
modern telescopes covering all wavelengths, some of them in 
orbit. Despite the widespread acceptance of the big bang theory 
as a working model for interpreting new findings, not a single 
important prediction of the theory has yet been confirmed, and 
substantial evidence has accumulated against it. Here, we examine 
the evidence for the most fundamental postulate of the big bang, 
the expansion of the universe. We conclude that the evidence 
does not support the theory; and that it is time to stop patching 
up the theory to keep it viable, and to consider fundamentally 
new working models for the origin and nature of the universe in 
better agreement with the observations.
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I. Introduction 
The universe is big in both space and time and, for much of 
humankind’s history, was beyond the reach of our instruments and 
our minds. That changed dramatically in the 20th century. The 
advances were driven equally by powerful ideas from Einstein’s 
general relativity to modern theories of the elementary particles 
and powerful instruments from the 100 and 200 inch reflectors that 
George Ellery Hale built, which took us beyond our Milky Way 
galaxy, to the Hubble Space Telescope, which has taken us back 
to the birth of galaxies. Over the past 20 years the pace of progress 
has accelerated with the realization that dark matter is not made 
of ordinary atoms, the discovery of dark energy, and the dawning 
of bold ideas such as cosmic inflation and the multiverse.
The universe of 100 years ago was simple: eternal, unchanging, 
consisting of a single galaxy, containing a few million visible 
stars. The picture today is more complete and much richer. The 
cosmos began 13.7 billion years ago with the big bang. A fraction 
of a second after the beginning, the universe was a hot, formless 
soup of the most elementary particles, quarks and leptons. As 
it expanded and cooled, layer on layer of structure developed: 
neutrons and protons, atomic nuclei, atoms, stars, galaxies, 
clusters of galaxies, and finally superclusters. The observable 
part of the universe is now inhabited by 100 billion galaxies, 
each containing 100 billion stars and probably a similar number 
of planets. Galaxies themselves are held together by the gravity of 
the mysterious dark matter. The universe continues to expand and 
indeed does so at an accelerating pace, driven by dark energy, an 
even more mysterious form of energy whose gravitational force 
repels rather than attracts.

II. The Big Bang
The early Universe was not bound by the laws of physics as we 
know them today. Consequently, we cannot predict with great 
accuracy what the Universe looked like during the first minutes 
of creation. In spite of this, scientists have been able to construct 
an approximate representation of how the Universe evolved. 

Scientists believe that the Universe was initially so hot and dense, 
that even elementary particles like protons and neutrons could not 
exist. Instead, different types of matter (called matter and anti-
matter) collided together, creating pure energy. But as the Universe 
began to cool during the first few minutes, protons and neutrons 
began to form. Then slowly over time these protons, neutrons and 
electrons came together to form Hydrogen and small amounts of 
Helium. During the billions of years that followed, stars, planets 
and galaxies formed to create the Universe as we see it today.

What is the Big Bang?
According to the big bang theory, the universe began by expanding 
from an infinitesimal volume with extremely high density and 
temperature. The universe was initially significantly smaller than 
even a pore on your skin. With the big bang, the fabric of space 
itself began expanding like the surface of an inflating balloon – 
matter simply rode along the stretching space like dust on the 
balloon’s surface. The big bang is not like an explosion of matter 
in otherwise empty space; rather, space itself began with the big 
bang and carried matter with it as it expanded. Physicists think that 
even time began with the big bang. Today, just about every scientist 
believes in the big bang model. The evidence is overwhelming 
enough that in 1951, the Catholic Church officially pronounced 
the big bang model to be in accordance with the Bible.
Until the early 1900s, most people had assumed that the universe 
was fixed in size. New possibilities opened up in 1915, when 
Einstein formulated his famous general relativity theory that 
describes the nature of space, time, and gravity. This theory 
allows for expansion or contraction of the fabric of space. In 
1917, astronomer Willem de Sitter applied this theory to the 
entire universe and boldly went on to show that the universe 
could be expanding. Aleksandr Friedmann, a mathematician, 
reached the same conclusion in a more general way in 1922, as 
did Georges Lemaître, a cosmologist and a Jesuit, in 1927. This 
step was revolutionary since the accepted view at the time was 
that the universe was static in size. Tracing back this expanding 
universe, Lemaître imagined all matter initially contained in a 
tiny universe and then exploding. These thoughts introduced 
amazing new possibilities for the universe, but were independent 
of observation at that time.

III. Expansion of Universe
Around the same time that people began to come up with the idea 
of an expanding universe, astronomer Vesto Slipher noticed that 
there are more galaxies going away from us than approaching 
us. Astronomers know that a galaxy is approaching or receding 
by looking at the spectrum of its light. If the spectrum is shifted 
toward shorter wavelength (blueshift), then the galaxy must be 
approaching, just like the sound of an approaching racing car 
has a higher pitch (shorter sound wavelength). If the spectrum is 
shifted toward longer wavelength (redshift), then the galaxy must 
be receding, just like the sound of a racing car that has passed 
us has a lower pitch (longer sound wavelength). The degree of 
the shift depends on the speed of approach or recession. So in 
other words, Slipher observed more galaxies whose spectrum was 
redshifted than those whose spectrum was blueshifted.
In 1929, Edwin Hubble discovered that farther galaxies are going 
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away from us at higher speeds, proportional to their distance. 
In other words, the spectra of more distant galaxies had higher 
redshifts. From distant galaxies, light takes millions or even 
billions of years to reach us. This means we are seeing an image 
from millions or billions of years ago. In redshift, the spectrum is 
shifted from shorter wavelength to longer wavelength as the light 
travels from the galaxy to us. This increase in wavelength is due 
to expansion of the very fabric of space itself over the years that 
the light was traveling. If the wavelength had doubled, space must 
have expanded by a factor of two. Thus, Hubble’s discovery was 
that this expansion factor was roughly proportional to the distance 
light traveled, or equivalently, to how far back in time you looked. 
This means that the universe was smaller and smaller earlier and 
earlier. The universe has been expanding.

Fig. 1:

Tracing back this expanding universe, we see that the separations 
between galaxies become smaller while the density becomes higher. 
This continues until all matter is compacted into a completely 
shrunk volume of the universe with an incredible density—the 
moment of the big bang. We can estimate how long ago this was 
by dividing the distance to a galaxy by its recessional velocity. 
This way we estimate how long ago the distance between that 
galaxy and ours was essentially zero. Calculation shows that the 
big bang occurred as long as 10-15 billion years ago, which is 
about three times the age of the Earth.
As a way of checking this age estimate, we can examine the oldest 
things we find in the universe to verify that they are 10-15 billion 
years old, but definitely not older. From radioactive dating of 
uranium isotopes, we know that the oldest isotopes were created 
(through nuclear reactions in supernovae) about 10 billion years 
ago. From our current model of star evolution, we know that the 
oldest stars in our Galaxy are about 12 billion years old. These ages 
are consistent with the age estimated from the observed expansion 
of the universe. This agreement suggests that the universe really 
began a finite time ago, providing an encouraging reason to believe 
in the big bang model of the universe.

IV. Evidence for the Big Bang
The CMB signal detected by Penzias and Wilson, a discovery 
for which they later won a Nobel Prize, is often described as the 
“echo” of the Big Bang. Because if the Universe had an origin, 
it would leave behind a signature of the event, just like an echo 
heard in a canyon represents a “signature” of the original sound. 
The difference is that instead of an audible echo, the Big Bang 
left behind a heat signature throughout all of space.
Another prediction of the Big Bang theory is that the Universe 
should be receding from us. Specifically, any direction we look 

out into space, we should see objects moving away from us 
with a velocity proportional to their distance away from us, a 
phenomenon known as the red shift.
Edwin Hubble, in 1929, was able to correlate the distance to 
objects in the universe with their velocities -- a relation known 
as Hubble’s Law. Big Bang theorists later used this information 
to approximate the age of the Universe at about 15 billion years 
old, which is consistent with other measurements of the age of 
the Universe.

V. Conclusion
The 20th century saw a giant leap in how humans perceive the 
cosmos. No longer did people assume that the universe was static 
in size. By looking at how distant galaxies recede from us, we 
learned instead that the universe is expanding in volume. Tracing 
the expanding universe backward in time, we imagined a dense, 
hot beginning of our universe in a finite past. In the middle of 
the century, we found out that the nuclear reactions in this hot 
early universe accurately account for the previously mysterious 
abundance of helium and deuterium. Moreover, we detected a 
faint afterglow of the big bang that occurred billions of years ago. 
That the universe began with a big bang is essentially conclusive 
and may stand as the most profound discovery humans have ever 
made.
The big bang, however, is merely a global description of the 
origin of the universe. Today, particle physicists have consistent 
theories about the history of the universe down to only a trillionth 
of a second after its birth or even earlier. They can test their 
theories experimentally with particle accelerators that can simulate 
events involving enormous energies similar to the condition at 
the beginning. To learn more about how exactly the universe 
began, physicists must develop a theory that works at even earlier 
times after the big bang. Such theory must combine both the 
general relativity (because of the extreme gravitational field at 
the beginning) and quantum mechanics (because of the extreme 
compactness of the universe at the beginning). The goal of physics 
today is to develop this quantum theory of gravity so that we may 
one day understand what exactly happened around the moment 
of the big bang to get the universe started.
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