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4a: 
What does science have to say 
about the beginning of the universe?

 

Unit overview

Background information / abstract

This unit assumes the Big Bang as a starting point and traces the evolution of the universe from then to the current time. 

The scientific story of the creation of the Universe from the Big Bang through to the evolution of the human brain is incomplete but compelling. The major points it raises which have theological implications are a) that the scientific story accounts for our origins in a manner that does not require any Divine intervention and b) that we are of the stuff of the universe – there is no evidence for any ‘added spark’ that distinguishes us as humans from the rest of the universe. In addition to these points, the material of this topic provides an excellent and interesting background to a discussion of God’s interaction with the world and the notion of miracle.

Teacher support materials

Background information on the Big Bang

Do you believe in the Big Bang? The journal, Astronomy, December 2002, points out that just one in three Americans believes that the Universe was created in the cosmic explosion called the Big Bang. That’s about 5% fewer than before the 1990s. According to the US National Science Foundation, only about 70% of Americans believe the earth orbits the sun instead of the other way round (Copernicus taught this in the fifteenth century, so where have the other 30% of Americans been since then?) and 53% believe that some form of the theory of evolution of living things is true - but that means nearly half don’t. 

What is Big Bang Theory? 

Big Bang Theory is a scientific theory based on pretty good evidence. Like all theories, it is simply the best explanation of the way the world is that we have come up with so far. If you believe in Big Bang Theory, you don’t believe it is true in the way that 2 + 2 = 4 is true, nor in the way that you know that you are you. For most purposes, knowledge means (for philosophers) “justified, true belief”. Cosmologists believe that Big Bang Theory is worth exploring further (and is better than any other theory of the universe’s coming into being) because there is good evidence that it does the two things a theory is expected to do, explain and predict. Big Bang theory explains how the universe originated and became as it now is, and it predicts how it will develop from now on. So it is a theory, not a mere guess. 

Why should we accept it? 

What might be its relationship to belief that God created the universe? That is the subject of this guide material and other units in this project. Big Bang Theory explains how the universe itself evolved from an initial very simple state to form the complex universe we now observe. In other words, the universe evolved. Atoms, stars and galaxies all evolved from simpler states of the universe: they have not always been there. This is stellar (star) evolution and not like the Darwinian Theory of the evolution of living species. But it too raises questions for theologians. Big Bang Theory is often misunderstood. For one thing, the very name is misleading as the initial singularity, as cosmologists call it, occurred in the most profound silence with the coming into being of pure energy, space and time. A better name might be “The Great Light”. And it is not like the explosion of a firework in a pre-existing room. Big Bang Theory says that everything, including space itself, including time, came into being in an infinitely hot, infinitely dense point at one instant. This coming into being of time itself in the Big Bang isn’t easy to understand but it does answer one of the questions pupils ask. “What was there before the Big Bang?” The answer is that time, past, present or future as we know them did not exist until the event we call the Big Bang. 

Similarly, when St Augustine was asked what God was doing before he created everything (including time, according to Augustine) the answer snapped back, “He was preparing Hell for people like you who ask silly questions”.  Augustine also famously said that God did not create the universe in time, but with time. In other words, time too is a creation of God. Other units in this project will consider the relationship between God, time and eternity but eternity is a word used in religions when speaking of God. It has no place in scientific theory. 

Trying to picture the Big Bang is impossible: it would be like a point but not a point drawn on a piece of paper. Just a point and nothing else at all but it wouldn’t be a point for very long. Television programmes such as Channel 4’s Universe which try to show this event always get it wrong, necessarily. This point-event, called the initial singularity, was the whole primordial universe and it occurred about 13.7 thousand million years ago. At once, it began expanding faster than the speed of light. For the first 10-34 seconds, there was only energy. As the universe expanded and cooled, elementary particles such as quarks and electrons condensed. When the universe was one-millionth of a second old, it was cool enough for quarks to stick together to form the protons and neutrons studied in chemistry at KS 3 and 4. After three minutes had gone by the first simple atomic nuclei formed, mostly hydrogen with some helium. 300, 000 years would pass before the protons could capture electrons to form the first atoms and at that time light began to flood the whole of space. 

Since then it has cooled to just about three degrees above absolute zero (i.e. minus 270 degrees Celsius) as the universe expanded to its present size (about fourteen thousand million light-years across). This event took place about fourteen thousand million years ago, when, of course, no one was around to observe it. It is described as a “theory” which is often mistakenly taken to mean just a guess. But it’s no wild guess.  

The matter arising from the Big Bang, now taken to be the standard model of how the universe began, had mass, and so exerted gravitational attraction on other matter.  Although the universe was almost perfectly uniform, there were ripples. These caused local concentrations of matter which drew together and attracted more matter to themselves by gravity as space expanded. When the mass became great enough, the pressure was so great that warming occurred to the point where the hydrogen underwent a fusion reaction to produce helium plus a tiny proportion of lithium. These were the first elements and the simplest. The heat was so great that the result was the ignition of stars. This is how stars evolved in the past and how stars are forming today. The fusion process generates tremendous amounts of energy (it is the same as that in a hydrogen bomb). 

Processes, such as the evolution of stars, are still going on in some regions of space which we can see by using the Hubble Space Telescope. The first generation of stars flared into light, consumed their nuclear fuel over about ten thousand million years or so, and died. These stars are called the first main sequence stars. Stars which were about eight to ten times heavier than our sun were so massive that the declining energy produced by fusion could no longer hold their outer envelope up against the powerful force of gravity. They first imploded in seconds and then exploded outward blasting away all their outer layers in an event called a supernova as the star was destroyed. It is only through such explosions that all the heavier elements such as carbon, oxygen, nitrogen, calcium and iron, from which we are partially formed, are thrown out from within stars to cool and form planets and the atomic building blocks from which proteins, DNA and living organisms can be made. 

The physicist, Sir James Jeans noted that we are all made from the ashes of dead stars. In supernovae, atoms are cast out into space like seeds from which all that we see has been made. Why Big Bang? The name Big Bang Theory was given in jest by Fred Hoyle. He and two other Cambridge astronomers, Herman Bondi and Thomas Gold, came up with another theory in part to avoid the conclusion which might give religious people hope that physics was describing the Creation. Their theory, Steady State Theory, required hydrogen nuclei to pop into being all the time all over space rather than have one spectacular initial event. Hoyle went further and said he would prove Big Bang couldn’t be a correct theory. The theory predicted that, given the rapid early expansion, just two kinds of nuclei should have been made, hydrogen and helium, and they should be in the ratio of 3:1 hydrogen to helium. Then to his chagrin, it was shown that this was indeed the ratio over the entire universe. He had in fact predicted a fact about the universe which fitted Big Bang theory and not Steady State theory. Steady State Theory just didn’t fit the accumulating evidence but Big Bang Theory did.  

Another prediction was made by George Gamow : after fifteen [fourteen?] thousand million years of expansion, the universe should have cooled to a low temperature of about three degrees above absolute zero. This is sometimes called the universal or cosmic microwave background radiation. Two scientists at the Bell Laboratories, Penzias and Wilson, discovered just exactly this in 1965. At first they didn’t believe their own results but this was when physicists of the Cold War and Russia said that if the American antenna at Bell was any good, it should be able to pick up a signal measuring the temperature of the universe and it should be about three degrees above absolute zero. And sure enough it had. The full story is a good one and is included in extension materials later in the lesson plans.  Penzias and Wilson won the Nobel prize for their research and provided very good evidence in favour of Big Bang Theory. 

Theories in science do two things: they explain and they predict. Experiments test these aspects of theories. Further research at the Paranal Observatory in Chile in the year 2000 has further added to the confidence scientists have in this evidence for an expanding universe. Why was the temperature so low? This was the afterglow of the high temperature radiation which flooded space 300,000 years after the Big Bang. Initial singularity theory predicted that since then the universe has been expanding and gradually cooling down at a rate which could be calculated.  

Is there any evidence for this? Yes. It was predicted by Einstein in his General Theory of Relativity but the observations which demonstrated this were made by an astronomer who was also a lawyer and at one time the US Army’s Middleweight boxing champion, Edwin Hubble. Working in the 1920s, he noticed the “red shift” of light from galaxies far from earth. The further away they were, the faster they seemed to be moving away from each other and from us, shifting the light which came from their stars towards the red end of the spectrum. 

The Priest and the Precision Cosmic Egg 

It was a Belgian Roman Catholic priest working at Princeton University, Abbe Georges Lemaitre, who realised that if the universe was expanding, one could “run time backwards”, as it were, and calculate that at one time the universe must have been in a very hot dense state, a concept he called the “Cosmic Egg”. It was one of the earliest statements of what scientists now call Big Bang Theory. There is one further issue worth considering. It is sometimes said that the Big Bang was anything but a chaotic random explosion. It was a very finely tuned event. Tiny changes in the expansion rate would have meant that no stars or galaxies formed and that life could never have occurred. This effect is called the Anthropic Cosmological Principle and is seen by some theologians such as William Lane Craig at Louvain University as a version of the Argument from Design. Put simply, the precise values of the forces and speed of expansion and the basic or fundamental constants of nature are so finely tuned that some argue that this can be taken as evidence of the hand of God in creation making a universe in which we can exist as observers and worshippers. 

So is Big Bang Theory true? We have seen evidence which backs up a strong degree of confidence in this theory. There are several problems about the apparent age of the universe and other factors which suggest that, whilst this is the best theory we have so far, further research may lead scientists to modify their beliefs in some details, though the overall picture of a universe evolving over time is well-substantiated. Does this theory contradict the Genesis Creation Story in the Bible? 4b will go on to discuss creationist beliefs, including young-earth creationism, but the stimulus material provided might prove useful in debating the topic of a cosmos expanding through time. 

Key Quotations 

The following quotations illustrate different points of view that could be the basis for discussion.

“…it would seem that present-day science, with one sweep back across the centuries, has succeeded in bearing witness to the august instant of the primordial Fiat Lux [Let there be Light], when along with matter, there burst forth from nothing a sea of light and radiation, and the elements split and churned and formed into millions of galaxies….  Thus, with that concreteness which is characteristic of physical proofs, [science] has confirmed the contingency of the universe and also the well-founded deduction as to the epoch when the world came forth from the hands of the Creator.  Hence, creation took place.  We say, “Therefore, there is a Creator.  Therefore, God exists!”


Pope Pius XII, 1951

“Unlike the modern school of cosmologists, who in conformity with Judaeo-Christian theologians believe the whole universe to have been created out of nothing, my beliefs accord with those of Democritus who remarked ‘Nothing is created out of nothing’”

Hoyle, F, Facts and Dogmas in Cosmology and Elsewhere 
(Cambridge: Cambridge University Press, 1982 p2f)

 “So long as the universe had a beginning, we could suppose that it had a creator. But if the universe is really completely self-contained, having no boundary or edge, it would have neither beginning nor end: it would simply be. What place, then, for a creator?”  Hawking

Aims of the topic

At the end of the topic most students will have:

· a basic understanding of the facts about modern astronomy
· been able to express their emotional response to science’s insights about the beginning of the universe

· a basic understanding of the scientific story of the evolution of the universe from after the Big Bang through to the evolution of life on Earth and the human brain
· been challenged to think through their assumptions about what we really know about why we are here

reflected on what they have learnt and been challenged by 
Some will not have progressed as far but will have:

· a little knowledge of the facts about modern astronomy
· been able to express their emotional response to science’s insights about the beginning of the universe

· a very basic understanding of the scientific story of the evolution of the universe from after the Big Bang through to the evolution of life on Earth and the human brain
· been challenged to think through their assumptions about what we really know about why we are here

reflected on what they have learnt and been challenged by 
Others will have progressed further and will have:

· a good understanding of the facts about modern astronomy
· been able to express their emotional response to science’s insights about the beginning of the universe

· a good understanding of the scientific story of the evolution of the universe from after the Big Bang through to the evolution of life on Earth and the human brain
· been challenged to think through their assumptions about what we really know about why we are here

· reflected on what they have learnt and been challenged by 
Key Questions

· What can science tell us about how the universe began?

· Can we trust what science tells us about the beginning of the universe?

· Is science in conflict with religion about how the universe started?

Learning Objectives 

· to understand some of the basic facts about modern astronomy
· to be able to express an emotional response to science’s insights about the beginning of the universe

· to have a basic understanding of the scientific story of the evolution of the universe from after the Big bang through to the evolution of life on Earth and the human brain
· to be challenged to think through assumptions about what we really know about why we are here

· to reflect on whether scientific accounts leave any room for the notion of God

· to reflect on the challenges offered through studying this unit

Resources

Web references:

http://en.wikipedia.org - a superb free encyclopaedia site with an excellent sections on everything to do with this topic. Not much else is needed

Text References:

Doing away with God? – Russell Stannard’s indispensable guide to this topic. Written in response to questions about the Big Bang and the existence of God, this is at a very accessible level (while still being rigorous) and covers nearly all the material for this section. The book is brief enough to be read at a single sitting.

Curriculum Links
 

Science 

[11-14] Sc1 2d: 
Consider Key facts that need to be taken into account when collecting evidence and how evidence may be collected.

[14-16]: Sc4 3
Students should be taught:

· how gravity acts as a force through the universe (3b)

· how stars evolve over a long timescale (3c)

· about some ideas are used to explain the origin and evolution of the universe (3d)
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