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Proof of the Big Bang 
This document lists multiple independent proofs that 
point to the Big Bang theory as being the correct ex-
planation for the formation of the universe. 
Graeme Birchall – Graeme_Birchall@verizon.net 

Age of Universe 
In physical cosmology, the age of the universe is the 
time elapsed since the Big Bang. The current meas-
urement of the age of the universe is 13.798 billion 
years ± 37 million years.    

Ref: https://en.wikipedia.org/wiki/Age_of_the_universe 

Cosmic Microwave Background Radiation 
The Cosmic Microwave Background (CMB) is the 
thermal radiation left over from the time of recombi-
nation in Big Bang cosmology.  The CMB is a snap-
shot of the oldest light in our Universe, imprinted on 
the sky when the Universe was just 380,000 years 
old. It shows tiny temperature fluctuations that corre-
spond to regions of slightly different densities, repre-
senting the seeds of all future structure: the stars and 
galaxies of today. 

Anisotropy 

The anisotropy (i.e. tiny difference between one di-
rection and another) of the CMB can tell us much 
about the type of universe that we live in:  The angu-
lar scale for the first peak determines the curvature of 
the universe (but not the topology of the universe). 
The next peak – ratio of the odd peaks to the even 
peaks – determines the reduced baryon density.  The 
third peak can be used to get information about the 
dark matter density. 

Polarization 

The cosmic microwave background is polarized at 
the level of a few microkelvin. There are two types of 
polarization, called E-modes and B-modes: 

 E-modes arise naturally from Thomson scatter-
ing in a heterogeneous plasma.  They were first 
seen in 2002. 

 B-modes are not sourced by standard scalar 
type perturbations. Instead they can be created 
by two mechanisms: the first one is by gravita-
tional lensing of E-modes, which has been meas-
ured by the South Pole Telescope in 2013.  The 

second one is from gravitational waves arising 
from cosmic inflation. Detecting the B-modes is 
extremely difficult. 

Primordial Gravitational Waves 

Primordial gravitational waves are gravitational 
waves that should be observed in the polarization of 
the CMB and having their origin in the early universe. 
Models of cosmic inflation predict that such gravita-
tional waves should appear; thus, their detection sup-
ports the theory of inflation, and their strength can 
confirm and exclude different models of inflation.  It is 
the result of three things: inflationary expansion of 
space itself, reheating after inflation, and turbulent 
fluid mixing of matter and radiation.   

Ref: https://en.wikipedia.org/wiki/Cosmic_microwave_background 

Helium 4 Ratio 
Big Bang nucleo-synthesis predicts a primordial 
abundance of about 25% helium-4 by mass, irrespec-
tive of the initial conditions of the universe.  One anal-
ogy is to think of helium-4 as ash, and the amount of 
ash that one forms when one completely burns a 
piece of wood is insensitive to how one burns it. 

The Big Bang theory explains why there is far more 
helium-4 in the universe than can be explained by 
stellar nucleosynthesis. In addition, it provides an im-
portant test for the Big Bang theory. If the observed 
helium abundance is much different from 25%, then 
this would pose a serious challenge to the theory.    

Ref: http://en.wikipedia.org/wiki/Big_Bang_nucleosynthesis 

Deuterium Ratio 
Deuterium (symbol D or 2H), also known as heavy hy-
drogen) is one of two stable isotopes of hydrogen. It 
has a natural abundance in Earth's oceans of about 
one atom in 6,420 of hydrogen. 

Because deuterium is destroyed in the interiors of 
stars faster than it is produced, and because other 
natural processes are thought to produce only an in-
significant amount of deuterium, it is presently 
thought that nearly all deuterium found in nature was 
produced in the Big Bang 13.8 billion years ago, and 
that the basic or primordial ratio of hydrogen-1 to 
deuterium (about 26 atoms of deuterium per million 
hydrogen atoms) has its origin from that time. This is 

the ratio found in the gas giant planets, such as Jupi-
ter.  Ref: http://en.wikipedia.org/wiki/Deuterium 

Lithium Abundance 
Lithium (symbol Li) is one of the primordial elements 
produced in Big Bang nucleosynthesis. A small 
amount of both 6Li and 7Li are produced in stars, but 
are thought to be burned as fast as produced. Addi-
tional small amounts of lithium of both 6Li and 7Li 
may be generated from solar wind, cosmic rays hit-
ting heavier atoms, and from early solar system 7Be 
and 10Be radioactive decay.  

Ref: http://en.wikipedia.org/wiki/Lithium 

Galactic Red-Shift 
In the early part of the twentieth century, astronomers 
made first measurements of the red-shifts and blue-
shifts of galaxies beyond the Milky Way. They initially 
interpreted these redshifts and blue-shifts as due 
solely to the Doppler effect, but later Hubble discov-
ered a rough correlation between the increasing red-
shifts and the increasing distance of galaxies. Theo-
rists almost immediately realized that these observa-
tions could be explained by a different mechanism for 
producing redshifts. 

Hubble's law of the correlation between redshifts and 
distances is required by models of cosmology derived 
from general relativity that have a metric expansion of 
space. As a result, photons propagating through the 
expanding space are stretched, creating the cosmo-
logical redshift.  

Ref: https://en.wikipedia.org/wiki/Redshift 

Galaxy Evolution 
A telescope is a time machine inasmuch as it can di-
rectly look back in time.  The further away the object 
that it sees is, the further back in time the object is.  
This principle can be used to compare early and cur-
rent galaxies. 

Most present day galaxies with stellar masses more 
than 1011 solar masses show no ongoing star for-
mation and are dense spheroids.  Ten billion years 
ago, similar galaxies were typically forming stars at 
the rate of hundreds per year. 

Ref: Science Magazine, 17 April, 2015, page 314 
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Stellar Morphology 
The earliest stars, assuming that they are still burning 
Hydrogen, will be only composed of Hydrogen and 
Helium, both which elements were formed during the 
Big Bang.  Even if they are now burning heavier ele-
ments, they will be lacking in elements above iron, 
which are only formed when stars explode. 

Ref:  http://en.wikipedia.org/wiki/Metallicity 

 Population I Stars: These are young stars with a 
high metal (i.e. any element other than Hydrogen 
or Helium) content.  The Earth’s Sun is such a 
star. 

 Population II Stars: These are stars are those 
with relatively little elements other than Hydrogen 
and Helium.  These are much older stars. 

 Population III Stars: These are stars are ex-
tremely poor in all elements other than Hydrogen 
and Helium.  Their existence is inferred from cos-
mology but they have not yet been observed.  
They only existed very early in the universe. 

Ref: https://en.wikipedia.org/wiki/Stellar_population 

Age of Oldest Stars 
Small stars burn slower than large stars.  The small-
est stars will take much longer than the current age of 
the universe (i.e. 13.7 billion years) to run out of hy-
drogen.  The fact that there are no stars older than 
this age suggests that the universe must have had a 
start point. 

Oldest White Dwarfs 
A white dwarf is a stellar remnant left over after a star 
has run out of fuel and exploded as a super nova. A 
white dwarf no longer undergoes fusion reactions, so 
it has no source of energy. 

A white dwarf is very hot when it is formed, but since 
it has no source of energy, it will gradually radiate 
away its energy and cool. This means that its radia-
tion, which initially has a high color temperature, will 
lessen and redden with time. 

Over a very long time, a white dwarf will cool to tem-
peratures at which it will no longer emit significant 
heat or light, and it will become a cold black dwarf.  
However, the length of time it takes for a white dwarf 
to reach this state is calculated to be longer than the 

current age of the universe and since no white dwarf 
can be older than the age of the universe, no black 
dwarfs should exist, and none have been found. 

Ref: https://en.wikipedia.org/wiki/White_dwarf 

Pristine Gas Clouds 
Gas clouds formed immediately after the Big Bang 
would have a very different composition from gas 
clouds formed subsequently.  In particular, they 
would only contain Hydrogen and Helium.  Such 
clouds have recently been discovered. 

Ref: http://news.ucsc.edu/2011/11/pristine-gas.html 

Intergalactic Voids 
Cosmic voids are the vast empty spaces between fil-
aments (the largest-scale structures in the universe), 
which contain very few, or no, galaxies.  These zones 
have less than one-tenth of the average density of 
matter abundance that is considered typical for the 
observable universe. 

Voids are in contrast to walls – the regions of the uni-
verse that contain the typical cosmic mean density of 
matter abundance. 

Dark Energy Equation of State 

Voids act as bubbles in the universe that are sensi-
tive to background cosmological changes. This 
means that the evolution of a void's shape is largely 
in part the result of the expansion of the universe. 

Isolated Galaxies Differences 

Galaxies that reside in voids have differing morpho-
logical and spectral properties than those that are lo-
cated in the walls. One feature that has been found is 
that voids have been shown to contain a significantly 
higher fraction of starburst galaxies of young, hot 
stars when compared to samples of galaxies in walls. 

Ref: https://en.wikipedia.org/wiki/Void_%28astronomy%29 

Supernova Types 
A supernova is a transient astronomical event that 
occurs during the last stellar evolutionary stages of a 
massive star's life, whose destruction is marked by 
one final titanic explosion. This causes the sudden 
appearance of a "new" bright star, before slowly fad-
ing from sight over several weeks or months. 

Pair Instability Supernova 

A pair-instability supernova is a special type of super-
novae that only occurs in a star with a mass range 
from around 130 to 250 solar masses and low to 
moderate metallicity (low abundance of elements 
other than hydrogen and helium – a situation com-
mon in Population III stars). 

Pair instability supernovae completely destroy the 
source star and do not leave behind a neutron star or 
black hole. Many solar masses of heavy elements 
are returned to interstellar space. 

The recently observed transient objects SN 2006gy, 
SN 2007bi, SN 2213-1745 and SN 1000+0216 are 
hypothesized to have been pair-instability superno-
vae.  

Ref: https://en.wikipedia.org/wiki/Pair-instability_supernova 

Epoch of Reionization 
In Big Bang cosmology, reionization is the process 
that reionized the matter in the universe after the 
"dark ages", and is the second of two major phase 
transitions of gas in the universe. As the majority of 
baryonic matter is in the form of hydrogen, reioniza-
tion usually refers to the reionization of hydrogen gas. 
The primordial helium in the universe experienced 
the same phase changes, but at different points in 
the history of the universe, and is usually referred to 
as helium reionization. 

 The first phase change of hydrogen in the uni-
verse was recombination. This occurred 379,000 
years after the Big Bang, due to the cooling of the 
universe to the point where the rate of recombi-
nation of electrons and protons to form neutral 
hydrogen was higher than the reionization rate. 

 The second phase change occurred once objects 
started to condense in the early universe that 
were energetic enough to ionize neutral hydro-
gen. 

The likely candidates for reionizing the gas in the 
early universe are Dwarf Galaxies (as opposed to 
larger galaxies like the Milky Way), Quasars (i.e. ac-
tive galactic nuclei), and Population III stars. 

Ref:  https://en.wikipedia.org/wiki/Reionization 
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