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Cosmology: Understanding all there is…… 

"The Universe is what it is, no more, no less. What is its character?" (--Dr. Joe) 

 I find it very interesting that most people would rather ponder the metaphysical meanings 

of the entire universe than explore its possible limitless pieces. I find it common that the human 

mind would rather speculate about the universe than carefully critique what is already known or at 

least theorized. It seems almost like human nature to try and quickly judge the whole of something 

than slowly build an understanding through careful observation. We do this with neighborhoods, 

people and friends, images on TV, and yes even the Universe. We quickly draw a conclusion 

before digesting or gathering information. Everyone is guilty of running off with flights of fancy, oft 

incorrect common sense, and dogma when it comes to grasping the biggest and the most difficult 

ideas. Scientists, theologians, and lay people, struggle with their imaginations when it comes to 

pondering such ideas as an infinite universe, the first instant of time, the universe without time nor 

space, the expansion of the universe, and how this whole big place started, éor did it? Don't get 

me wrong, speculation, imagination, fringe thinking are an integral part of the scientific process, but 

too many minds get lost in the mire and forget the road of knowledge that may have brought them 

there. Perhaps it is fitting that the biggest questions are the most challenging and that there is a 

"self-aware" intelligence (at least here) to know to even ask the questions. 

 

"I think, therefore I am." 

"The universe exists, therefore it is" 

"We exist, we think, we observe, we are part of the universe" 

 

Put these together =  "The universe thinks, can it know itself?" Č  COSMOLOGY 
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Cosmology:  

This is study of the entire universe. It is the exploration, observation, and evolution of the whole 

of existence in time, place, and space of all things in the past, present, future, and before and after 

time, place, and space may even exist. (Pause and think about that for a moment. Take a moment 

of "time" to ponder your "place" in "space." Are you done? Guess what, that moment of "time" and 

"space" no longer exists. You are presently in a different "place.") 

 

Joe Physics: Let's start more slowly. Imagine sitting in your room at home. This could be 

your "little universe." Now what if you decided to catalog and list everything in the room. 

Your shoes, your computer, the air you breathe, the paint on the wall, the individual hairs 

on your head, that really much too old slice of pizza, the troll dolls next to the sock drawer, 

the chemicals in the drink you are savoring, the atoms in your body, the parts to the 

atoms, the electrons flowing through the light-bulb in the lampééyou can see that it is 

not too long before the catalog would be extremely large and cumbersome. However, did 

you ever lose a "sense" of the room? Did you lose your "idea and model" of your room? 

Surely, you can still recognize what the "room" is after compiling such a catalog? 

 

 Now imagine doing such a list for the entirety of the universe. It would make logical since 

to start with the smallest (thus far) found objects such as quarks, protons, atoms, and molecules 

and move progressively up to larger objects such as planets, stars, galaxies, super-clusters of 

galaxies, and beyond. Well, just as you could still have a "sense of understanding" about your 

"room universe," astronomers try to garner an understanding of the entire universe. 

 How large is the universe? Is it finite? (meaning there is a countable number of galaxies) 

Or is it infinite? (meaning there is no limit to the number of galaxies) 

 How long has it existed? Is it finite in age? (and if so how old is it?) Or has it existed 

forever? (Infinite in age) 

 How did it begin? Did it begin? Will it end? Can it end? 

 How is it evolving? 

 How is time and space related to the universe? 

 What is "what is?" 
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We are lead to the questions of cosmology. The study of the universe as a whole was long 

the dogmatic domain of theology, philosophy, and mysticism because only the imagination was 

available to strive for the answers to these puzzling questions. However, the pursuits of the 

imagination often lead to exploration of scientific observation. And scientific observation leads to 

theoretical conclusions (not necessarily correct answers) and proposals for answers. 

 

Let us start simply by making some observations. 

 Observation #1: The night sky is dark. This seems like a very simple observation 

with a very simple answer. You might immediately, though naively, think, "well, yes the 

night sky is dark because the Sun in not high in the sky!" Unfortunately, there is much 

more to this question. This simple question actually was a very hard puzzle for people 

to try and answer because of previous cosmological models. A dark night sky was not 

possible with earlier ideas about the universe. Early ideas held that the universe was 

static (unchanging) and boundless in time and space (eternal and infinite). 

 

If the universe were infinite in time and space then the sky should be as bright as the surface 

of the Sun, even at night!! This idea, which puzzled many people over the ages, is known as 

Olber's Paradox… or "Why is the sky dark at night?"   

Olber’s Paradox 

Heinrich Olbers (lived 1758--1840) popularized this paradox with clear easy explanation in 

1826, but he was not the first to conjecture this idea. Thomas Digges in 1576, Kepler in 1610, 

Edmund Halley, and Jean Philippe de Cheseaux in the 1720's all puzzled, talked, and pondered 

this paradox. 

Joe Physics: To understand the paradox, think of being in a dense large forest - 

every direction you look you will eventually see a tree. Likewise, if the universe is 

infinite in space and time, then when we look in any direction in the sky we would 

eventually see a star. Every direction you look you will see bright stars, dim stars, 

average stars, stars in galaxies, whole galaxies, etcé The combined effect is to 

reduce the night sky's brightness to that of the average star. Since the Sun is an 
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average star, the entire night sky would be as bright as the surface of the Sun! 

(Everywhere!). Clearly this is not the case. 

 

 

 

 

 

 

 

 

 

 

 

So why is the sky dark at night? Basically, because the universe is NOT infinite in space and 

time!! The universe has a finite age (10-20 billion years) so a large portion of the universe is not yet 

visible to us -- it simply so far away that light hasn't had time to get here yet!! (the observable 

universe is finite due to the finite age and finite speed of light through space, even if the universe is 

infinite in size!) Finite Age to Universe?  (was even proposed by Edgar Allen Poe in 1848) There 

has not been an infinite amount of time for the universe to fill with the light of stars and galaxies. 

 

 Observation #2: The expansion of the universe that was first observed by Edwin 

Hubble will help create a darker night sky. The universe is not static (fixed and 

unchanging) --- it is expanding, that is to say that the "space" in the universe is 

growing and on average the distances between groups of galaxies is increasing. As 

the universe expands, light waves from receding galaxies will stretch out and the 

energy of the light will reduce. Likewise, the time to receive the light from successively 

farther objects increases along with the expansion effectively reducing the brightness 

of more and more remote luminous galaxies. The apparent brightness will be reduced 

enough by the expansion to make the sky dark.  

 

Figure 1: Olber's Paradox: No matter where you look in a static infinite universe 
you will eventually see a star. Close stars will be bright. Farther stars will be 
dimmer, but there is also many more of those stars. Thus, all will add up to create a 
bright night sky. 
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The stretching of the light waves makes the light from galaxies appear redshifted, mimicking a 

redshift from the doppler effect as if the galaxies were moving through space away from us. 

However, the galaxies are simply being carried along with the expansion of the space between 

them---the whole coordinate system is expanding. The expansion of the universe means that 

galaxies were much closer together long ago. This implies that there is a finite age to the 

universe -- it is not eternal. Even if the universe is infinite, the light from places very far away will 

not have had enough time to reach us. This will make the sky dark.  

 

Hubbleôs observation assumed that the overall expansion that he described was uniform and 

constant -- recession speed = Ho × distance. The Hubble Constant, Ho, is the slope of the data 

relating the recessional speed of galaxies away from each other and their distance between each 

other. More importantly Ho indicates the rate of expansion that is now occurring. If  Ho is large 

(slope is steep), then the greater the expansion rate and the galaxies did not need much time to 

get to where they are now. A small Ho (shallow slope) then leads to the conclusion that the galaxies 

need a lot of time to get to where they are now. This length of time, to go from ñwhen every galaxy 

– everythingò is at one ñplaceò to grow and expand to where they are located in the present is 

called, ï ñThe Age of the Universe.ò 

 

The age of the universe can be easily estimated from everyday ideas  

 

The Hubble Law can be rewritten; 

 

The Hubble Constant tells you the age of the universe, i.e., how long the galaxies have been 

expanding away from each other:  

o
H

Age
1
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However, this value is an upper limit for the expansion age since gravity has forever been 

slowing down the expansion. In actuality the Hubble ñconstantò was larger in the past. Taking 

gravityôs influence into account, you get an age closer to; 

o
H

Age
3

2
 

Still, the age is still a good first estimate, so if the Hubble constant is large, the derived age of 

the universe will be small. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The Universe Unveils 
Bewildering Galaxies across Billions of 
Years:  One peek into a small part of the 
sky, one giant leap back in time... This  is 
mankind's deepest, most detailed optical 
view of the universe. The image, called 
the Hubble Deep Field (HDF), represents 
a narrow "keyhole" view stretching to the 
visible horizon of the universe. The HDF 
image covers a speck of the sky only 
about the width of a dime located 75 feet 
away.  Though the field is a very small 
piece of the heavens, it is considered 
representative of the typical distribution of 
galaxies in space because the universe, 
statistically, looks largely the same in all 
directions (isotropy).  Gazing into this 
small field, Hubble uncovered a 
bewildering assortment of at least 1,500 
galaxies at various stages of evolution. 
Most of the galaxies are so faint that they 
have never been observed.  This 
menagerie of galaxies probably dates 
back to the beginning of the universe and 
time. (Courtesy of R. Villard, R. Williams, 
& NASA/STSci) 
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Basic Assumptions of Cosmology:  

“Cosmological Principle” 

 Homogeneity ï matter is (on average) spread uniformly throughout space 

 Isotropy ï Universe looks the same in every direction (no special places) 

 Universality ï Physics is the same everywhere.  

 

If the universe has a finite age (which we think it does - about 10-20 billion years) then 

we can only see objects within 10-20 billion light years. No matter how big a telescope we 

have there simply hasn't been enough time for the light from more distant galaxies to reach us. All 

the objects we can hope to see make up the "observable" universe. 

The study of cosmology is difficult because we can't see all the universe. We must make some 

assumptions to base our ideas on. Homogeneity, isotropy, and universality. Any observer in 

any galaxy should currently see the same general features of the universe. 

The geometry of the universe is the study of the basic properties of space and gravity. 

Space can be infinite or finite.  If it is infinite then it goes on and on forever in all directions, and 

has no edge nor center. If the universe it finite, it still does not have an edge (if it did, that would 

violate the cosmological principle, because someone near the edge would see something very 

different from someone far from the edge). How can the universe be finite but not have an edge? 

Space can bend back on itself (as predicted by Einstein and his theory of general relativity) - the 

best way to think of it is to think of the surface of the Earthé if you were a 2 dimensional (flat) 

creature - the Earth has a finite surface area, but you can't find an edge to it! 

Do the basic properties of the universe change with time?  

Yes!! We find many more quasars at large distances (large redshifts) than near us. This means 

that long ago, there were many more quasars than there are now, thus the universe DOES change 

with time. We live in an evolving universe!!! 
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The universe is now expanding.  

If we think about the past, the universe was much smaller and denser. Indeed, we think the 

universe started in a VERY dense, VERY hot state. An "explosion" called the BIG BANG (BB) 

started this hot state of the universe to start to expand and cool. 

What evidence is there that the universe really started from a BB?  

The best evidence comes from observations of the Primordial Background Radiation.  Very 

near the beginning; the universe was a hot bath of very high-energy photons. As the universe 

expanded, the radiation cooled off.  The expansion redshifted the photons (ie. Cooled off). Some of 

the photons created in the beginning are still around but are now very low energy photons. The 

universe is filled with these photons. Can we detect these photons? YES! These photons filling 

the universe from the very beginning of time are now cooled to radio photons and were first 

discovered by Bell Lab engineers in 1960 (Arno & Penzias won the Nobel Prize). We detect these 

photons coming from every direction in space. These photons fill the universe as they did in the 

very beginning. 

NOTE: Don't think of the Big Bang as an explosion at some point in space during 

some moment. The big bang created time and space and it occurred everywhere 

in the universe at once. It was all there was undergoing a sudden change to 

become all there still is today. 

 

A Very Brief History of Time 

 Before Time /Time 0: The Big Bang occurs in an extremely hot fireball of pure energy. 

Why? Don't know. Time and space begin. 

 Time - a small fraction of a second later: The Universe fills with hot photons at 

trillions of degrees. 

 Time - a few seconds after BB: energetic photons collide to make matter and anti-

matter particles. Slightly more matter than anti-matter is made, so our universe is 

matter. These colliding photons turn energy into matter (the reverse of fusion) and 

form only single particles - protons, neutrons, and electrons. 
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 Time - a few minutes after BB: some photons fuse into hydrogen and helium nuclei, 

but heavier elements could not form because the universe was cooling too fast. 

 Time - a few minutes to 10 billion years: nothing much happened for a long time. 

Sometime and somehow matter formed into clumps that lead to the eventual 

formations of galaxies and stars. 

 Time - 10-20 billion years: after the formation of heavy elements in stars, the Sun 

and planets formed, and we are here to ask questions about how it all happened. 

 

Note that we expect the Big Bang to create hydrogen and some helium (by nuclear 

fusion of hydrogen) but NO heavier elements. (Remember they are created in stars). Thus, the 

oldest stars (formed nearer in time to the BB) should be mostly hydrogen and helium, with 

essentially no heavier elements. This is indeed what we observe!! This is yet another strong piece 

of evidence that the BB really happened. 

How do we know the present age of the universe?  

We can measure the distance of galaxies and how fast they are moving away from us (from 

Doppler shift) we can calculate how long ago he galaxies were together at the BB. 

 

The age is called the Hubble Time. So, what IS the age of the universe? We do not know the 

exact answer, because astronomers disagree somewhat on the distances to galaxies, which are 

needed to find the age, and a small difference in distance can create a large uncertainty of age.  

Finding distance to distant galaxies is difficult, because a number of steps (stepping stone method) 

must be used, and each step introduces uncertainty.  Currently, almost all astronomers would 

say that the Big Bang happened sometime between 10-20 billion years ago. 

 

 TIME - Far in the FUTURE: will the galaxies continue to fly apart forever or will the 

expansion stop and the universe start to contract, leading to the Big Crunch?? The 

answer depends on the struggle between gravity - which is trying to pull all the 

galaxies together - and the initial push given the galaxies by the Big Bang.  If gravity is 

weaker, then the initial push will win, and the universe will expand forever (Open 
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Universe). If gravity is strong enough then the expansion will eventually stop and the 

universe will contract (Closed Universe). If the push and gravity are equal the 

universe is constantly slowing down but forever expanding (Flat Universe). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Is the universe open or closed?  

To find out we need to measure the amount of matter in any one section of the universe (or the 

density). If the density is above a value called the critical density, gravity is strong enough to halt 

the expansion, if the density is below the critical density gravity will never stop the expansion. 
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Figure 3: This figure illustrates the various critical density models for the expansion of a big bang 
universe. The Closed Universe (above critical density) expands to a finite size and at some time in 
the future the expansion stops, reverses, and collapses. The Open Universe (below critical density) 
expands forever at an ever increasing rate -- infinite in extent. The Flat Universe (at critical density) 

will expand forever but at an ever decreasing rate never halting -- also infinite extent. 
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Will the universe end in fire or ice? (to steal a line from a famous poem) 

 

 If the universe is open, the 

expansion will continue forever 

and stars in all the galaxies will 

eventually fade away, and the 

universe will be a cold bunch of 

black holes, neutron stars, and 

white dwarfs.  

 If the universe is closed, the 

expansion will eventually stop, 

and the galaxies start galaxies 

start rushing towards each other.  

This will cause the universe 

to appear to "run backward" 

and the matter in the 

universe will be collapse 

back in on itself ï The Big 

Crunch -- crushed together, 

similar to the conditions in 

the BB. 

 What is the density of the universe?  At present, we believe the density is below critical, so 

that the universe is open, BUT we must understand the nature and distribution of dark 

matter before we can be sure! 

 

 

 

 

 

 

 

Figure 4: These are conceptualizations of similar curved 
geometries to use to model oneôs understanding of the 
geometry of space-time. In each case, one must realize that the 
observations are made from within the space, not the 
perspective of being outside looking at the figure.  

 Open  Infinite  Under Critical 

 Flat  Infinite  Critical Mass 

 Closed  Finite  Over Critical 
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Big Bang:  

Not in one place into another, but filled volume of the universe and created space and time in 

which the universe evolves. Primordial Background Radiation (Predicted by Gamow) (Wilson & 

Penzias in 1964)  

When the Big Bang was originally formulated about sixty years ago, not much thought was 

given to the conditions of the universe at the very beginning. By the early 60ôs some scientists had 

realized that such an incredibly hot origin might 

have left slight traces behind. A whisper of the 

beginning of everything may still linger around the 

universe. The whisper would have to be a very 

small remnant, perhaps a trace of the heat and 

energy from that beginning tumultuous scorching 

instant. 

In 1965 two Bell scientists announced they 

had indeed found such a whisper, A Cosmic 

Background Radiation. This radiation, the 

signature of the heat of a long ago creation, was 

very close to what several theorists had predicted 

some years before. When Arno Penzias and 

Robert Wilson, of Bell Laboratories, published 

their short article, it was quickly seen as 

confirmation of the Big Bang, and they received 

the Nobel Prize in 1978. 

 

 

 

 

Figure 5; The COBE (Cosmic Background 
Explorer) spacecraft. One of NASAôs great 
orbital observatories, exploring the afterglow of 

creation. (Image: Courtesy of COBE/NASA) 
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Big Bang Competition:  

Steady State Universe ï adds to the Cosmological Principle, ñLooks the same at all times!ò 

Before 1964, there were two competing theories of cosmology: the Steady State Theory, 

championed by Fred Hoyle, and George Gamow's Big Bang theory. British astronomers Bondi,  

Gold, and Sir Fred Hoyle presented an entirely different model of the universe. They found the idea 

of a sudden beginning to the universe philosophically repugnant. The SST stated that the universe 

appeared the same from any location at anytime. They proposed that the decrease in the density 

of the universe caused by its expansion (which was not under dispute) is exactly balanced by the 

spontaneous and continuous creation of matter that later condenses into galaxies taking the place 

of the galaxies that have receded from the Milky Way, thereby maintaining forever the present 

appearance of the universe. Hoyle maintained that 

the universe has no beginning or end and as the 

universe expands matter is spontaneously created. 

The steady-state theory is no longer accepted by 

most cosmologists because of the incompatible 

discovery of cosmic background radiation in 1965.  

In addition, observations of quasars, CBR, the 

Hubble Deep field, and others have further 

strengthened Big Bang Cosmology. 

 

The properties cosmic microwave background contains a wealth of information about physical 

conditions in the early universe and a great deal of effort has gone into measuring those properties 

since its discovery.   In 1992, NASA's Cosmic Background Explorer (COBE) satellite detected 

tiny fluctuations, or anisotropy, in the cosmic microwave background. These fluctuations are 

related to fluctuations in the density of matter in the early universe and thus carry information about 

the initial conditions for the formation of cosmic structures such as galaxies. 

 

 

 

Figure 6: The results of the COBE mission. 
The non-uniformity of the radiation implies 
variation in the density of matter in the early 
universe. These density fluctuations are the 
seedlings of galaxies. (Image: Courtesy of 

COBE/NASA) 
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 (Believe it or Not! There is a ñBird Poopò story that goes along with Arnoôs & Penziaôs 

discovery of the cosmic background radiationé.like to hear it?) 

 

Hear Ye not the hum of mighty workings? - Keats 

 

 

Figure 7: Another false color image 
of the detail of the background 
fluctuations that are currently being 
explored. Some theoretical 
astrophysicists have called this 
discovery the most important 
astronomical event of the century. ñ 
It is the discovery of the century, if 
not all timeò ïSteve Hawking 

(Image: Courtesy of COBE/NASA) 


