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Unit Overview

Background information / abstract

This unit seeks to give students an understanding of some of the science behind the Big Bang theory of how the universe was created.  The three main pieces of evidence for the theory will be examined: the red shift of distant galaxies, the cosmic microwave background and the abundance of helium in the universe. These three pieces of evidence together interlock to make a powerful case. Students will examine the scientific account of the development of the universe from the Big Bang to the present day. They will look at creation myths, in particular the biblical account of creation in Genesis 1-3, and consider the influence of culture on these, both in relation to the time in which they were written and on our own reading of these texts. These myths will be compared to the scientific accounts. Finally, they will look at different possible scientific scenarios for the end, or continuation, of the universe and reflect on how these relate to eschatological thinking of the main faith traditions. It is inevitable that some parts of the material are difficult to understand scientifically and in some cases theologically. The initials ‘LA’ after the resource number stand for ‘Lower Ability’. Teachers should have no hesitation in using these resources to help both them and all the students clarify the material. It should be easier to engage with the other resources.

Learning Opportunities

Lesson 1. In groups, students examine the three main pieces of evidence for the Big Bang. They then prepare and give presentation of these to the rest of the class. Quotations by scientists and theologians assist them in a consideration of whether this evidence rules out the possibility of a creator God.

Lesson 2. Having devised their own creation ‘myth’ the students look at the key events in the development of the scientific account of creation and at a modern creation myth. A comparison is made between the scientific account and that found in Genesis, the students having first been alerted to the place of cultural influence on creation myths.

Lesson 3. The students study the various scenarios relating to the end of the universe and compare these with eschatological thinking of major faith traditions. They work in groups to produce sandwich boards of these different scenarios and challenge each other about these different positions.

Background information

The material that goes with this topic is designed to inform teachers as to the science behind the Big Bang theory of how the universe was created, and the various theological reactions to this advancing scientific understanding. Although cosmology and the Big Bang theory is a relatively recent addition to the canon of science (general acceptance of Big Bang theory dates to about the late 1960s and early 1970s), it would be fair to suggest that experimental evidence as we have it currently places the Big Bang on a level of certainty not too far short of the double helical structure of DNA. 

Cosmological red shift. (see Student Resource Sheet 2)
When the colours from the Sun are split into a spectrum (see PowerPoint in resource 5), there is a series of dark lines which shows the colours that are absorbed by the atoms in the outer layers of the Sun. The pattern of lines shows which elements are present in the Sun. The line in the red part of the spectrum of colours shows that hydrogen is present in the sun.

When colours from very distant galaxies are split in the same way, the same pattern of lines appear but they are shifted towards the red end of the spectrum. This is called the red shift.

The red shift shows that at some time the whole universe was much smaller (compressed). In fact the stars and galaxies did not exist and the whole universe was filled with a dense gas of elementary particles. This gas was very hot. It is this that is known as the Big Bang.

Cosmic microwave background (see Student Resource Sheet 3)
The fan of colours that we see when sunlight passes through a prism, or a piece of
cut glass, is known as a spectrum. Scientifically the different colours are different wavelengths of light and the spectrum extends beyond those colours that we can see with our eyes.

This broader range of wavelengths is known as the electromagnetic spectrum. With special equipment we can detect infrared waves (as used in night vision goggles and TV remote controls), microwaves (as used in microwave ovens and satellite TV dishes) and radio waves. All these have longer wavelengths than those we can see. 
At the shorter wavelength end, blue light becomes ultra violet (as used in sun beds), X-rays (as used in medical diagnosis) and gamma rays (used sometimes for treating cancer).

What has excited astronomers is the discovery, in 1962, of a flood of low-level microwave radiation coming down to Earth from all parts of space.

The most convincing explanation of the origin of this radiation centres on the Big Bang. Early in cosmic history, we think that the entire universe was composed of an extremely hot and dense gas (this is called a plasma). This gas would be emitting and absorbing radiation at very short wavelengths. This had the effect of tying the radiation and the matter in the gas together – the two could not be separated.

As the universe expanded it also cooled [1] and once it reached an age of about 300,000 years, atoms formed and the radiation was suddenly unable to interact with the matter to the same extent. The radiation was able to break free.

The radiation that was emitted by the matter just before it all broke free is still present everywhere in the universe. As the universe expanded, this radiation became red shifted so that it is now in the microwave part of the spectrum. We are bathed in this radiation. 

Helium in the universe (see Student Resource Sheet 4)
The presence of large amounts of the element Helium in the universe is a clue to the fact that early in history the whole universe was very dense and very hot – similar to the conditions that are currently found inside stars. 

Astronomers have discovered that the universe is composed of:

Hydrogen: 75% by mass

Helium: 25% by mass

Heavier elements: <0.01% by mass (that’s us folks!)

Hydrogen atoms are just protons and electrons which can both be created in the Big Bang. But why is there helium present? We know that inside the core of a star, the temperature is hot enough for certain nuclear reactions to take place. These reactions combine four hydrogens together to make one a helium. This process, nuclear fusion, produces the energy that powers a star. This could be where the helium comes from.

Unfortunately, this simple explanation does not work. The oldest stars that we observe seem to be about 12 billion years old, and they have roughly the same

proportion of hydrogen and helium in them
 as the more modern ones (such as our Sun). This indicates that the helium was produced before the first stars were born. 

About 3 minutes after the Big Bang the whole universe was about as hot and as dense as the core of a typical star now. 

This means that the sort of nuclear reactions that are currently turning some hydrogen into helium inside stars were happening everywhere in the young universe. A detailed calculation predicts exactly 25% helium produced. The match to the experimental value is remarkable. These reactions stopped after about three and a quarter minutes because the universe gets colder as it gets bigger.
History of the universe. (see Student Resource Sheet 3)
The Big Bang – Two problems. First, the actual origin of time is unclear. Did it come out of the space that existed before the Big Bang? In truth we do not know what happened. Second, the theory of gravity needed to cover the Big Bang (Einstein’s General Theory of Relativity) breaks down when applied in the conditions that were present in the earliest moments of history. A new quantum gravity is needed, and it is far from clear how such a theory will work.

Inflation – This was a very short period of history (between about 10-35 and 10-32 seconds) during which we think that the universe underwent a very rapid increase in size. By the end of inflation the universe would have increased in size by a factor of 1050. If inflation happened, then it should have left an imprint on the density of matter in the universe, which would then show up in the cosmic microwave background. Experiments are looking for this imprint, and so far the signs are generally encouraging.


Inflation theory is currently a very active area of research and it has led to many speculations. It is possible that not all the universe inflated at the same time, and that different regions ended up with slightly different laws of nature. Some cosmologists think that this could explain the Anthropic co-incidences that seem to exist in our universe (see section 4b)

Quark Soup – at the end of inflation, the universe was a super-hot, super-dense ‘soup’ of elementary particles interacting with one another. Among these particles were quarks (which we now find inside protons and neutrons) and leptons (very light particles such as the electron). 


The density is so great, that quarks are moving around in isolation. As the universe expands, it cools (but the energy does not flow to anywhere else; think of it as becoming gravitational energy) and as this era comes to an end, the quarks combine into particles such as protons and neutrons.

Lepton era – with the quarks confined to particles, the freely moving objects are now leptons such as electrons and neutrinos as well as electromagnetic radiation (photons). The universe continues to cool and expand.

Nucleosynthesis – for a brief period of time about 3 minutes into history, the temperature and density of the universe dropped to being roughly the same as that found inside stars now. Under these conditions, protons and neutrons combined to form nuclei of helium. The process stopped quickly and only 20% of the matter in the universe (by mass) was turned into helium. This is one of the key pieces of evidence that the Big Bang happened. Note that atoms of helium did not form (an atom being a nucleus surrounded by electrons) as the energy in the electromagnetic radiation was too great – electrons hit by this radiation would be blown out of the atoms.

Transparency – by about 300 000 years into history, the universe had cooled enough for the energy in the electromagnetic radiation to be less than needed to

break atoms up. Consequently atoms and hydrogen and helium formed. This made the universe ‘transparent’ – in other words the electromagnetic radiation was no longer being scattered about by free electrons; (think of it as being like a fog clearing). The electromagnetic radiation ‘decoupled’ from the matter, but did not go anywhere – we can now detect this ‘relic radiation’ as the cosmic background. 

Galaxy formation – slowly over billions of years, gravity pulled matter together to form stars and galaxies. This process is calculated to be so slow, that it needed a ‘push’ to get going or there would not have been enough time to form stars. Pictures from the Hubble space telescope suggest that the first stars were forming less than a billion years after the Big Bang. Cosmologists think that dark matter present in huge quantities started to clump together long before ordinary matter, getting the process underway early enough to explain these very old stars and galaxies (see 4a R12 for further discussion of dark matter).

So what is the fate of the universe?

Putting together what we know about matter, dark matter and dark energy the current experimental indications are that the universe will continue to exist forever. As time goes on, the galaxies will get further and further apart until no galaxy can actually observe any other. The stars will burn out and either explode (if they are big enough) or fizzle out into burnt embers. Eventually there will be no material left from which to make new stars. The universe will become very cold and dark and thin. Worse is in store. Some theories predict that main particles from which matter is constructed (protons) will decay into smaller particles. If this happens, then eventually all atoms will decay and the universe will be populated with elementary particles once again. Still the universe will expand moving the particles further and further away from one another until there is unimaginable emptiness. This is somewhat grandiosely called the Heat Death of the universe. 

If our measurements are wrong and there is going to be a Big Crunch, then the outcome is hardly more appealing. The universe will collapse back into a super-dense immensely hot mix of particles and energy. 

Key Quotations 
Gregory (4 BC): “what man of sense would believe that there could have been a first, and a second, and a third day of creation, each with a morning and an evening, before the sun had been created?”

Quoted in R Stannard “The God Experiment”

The tragedy of young-earth creationism is that it takes a relatively recent and extreme view of Genesis, applies to it an unjustified scientific gloss, and then asks sincere and well-meaning seekers to swallow this whole, despite the massive discordance with decades of scientific evidence from multiple disciplines. Is it any wonder that many sadly turn away from faith concluding that they cannot believe in a God who asks for an abandonment of logic and reason?”

Francis S. Collins, from Faith and the Human Genome
Aims of the topic

At the end of the topic most students will:

· Have examined the scientific evidence for the Big Bang.

· Be aware of the scientific account of the development of the universe.

· Understand the influence of culture when reading creation myths.

· Have examined some of the scientific and religious ideas relating to the end of the universe and begun to form their opinions about this.

Some will not have progressed as far but will:

· Have looked at the key scientific ideas relating to the Big Bang and the development of the universe.

· Be aware of some of the religious myths regarding the creation of the universe.

· Begin to think about different ideas relating to the end of the universe.

Others will have progressed further and will:

· Be aware of the strategies they should adopt when reading creation myths.

· Understand some of the perceived conflicts between scientific and religious accounts of creation.

· Have considered different ideas about the end of the universe and the arguments that could support these ideas, including their own ideas.

Key Questions

· How reliable is the evidence for the Big Bang?

· How has our universe developed from the big Bang to the state it is in now?

· Will the universe last for ever?

Learning Objectives

· To summarize the main evidence for the Big Bang.

· To sequence the main stages in the development of the universe.

· To identify the way in which culture has an influence on both the reading and interpretation of creation myths.

· To compare some religious and scientific ideas regarding the end of the universe.

Learning Outcomes

· Be able to explain the evidence for the Big Bang.

· Identify the key stages in the development of the universe.

· Have made comparisons between the scientific account of creation and creation myths, in particular Genesis 1-3.

· Have studied different ideas regarding the end of the universe and begun to formulate their own ideas.

Resources

· Unit overview

· Student Resource Sheet 1 Snappy answers 

· HTML files for the whiteboard / laptop – Snappy Answers

· Student Resource Sheet 2: Evidence for the Big Bang – Light, red shift.

· Student Resource Sheet 2[LA]:  Evidence for the Big Bang – Light, red shift.

· Student Resource Sheet 3: Evidence for the Big Bang – Radiation

· Student Resource Sheet 3[LA]: Evidence for the Big Bang - Radiation

· Student Resource Sheet 4:  Evidence for the Big Bang – Helium.

· Student Resource Sheet 4[LA]:  Evidence for the Big Bang – Helium.

· Student Resource Sheet 5: Power Point – Evidence for the Big Bang

· Student Resource Sheet 6:  The Face of God

· Student Resource Sheet 7:  Quotations.

· Student Resource Sheet 8:  Timeline

· Student Resource Sheet 8[LA]:  Timeline

· Student Resource Sheet 9:  Creation myths

· Student Resource Sheet 9[LA]: Creation myths

· Student Resource Sheet 10:  Reading Genesis

· Student Resource Sheet 10[LA]:  Reading Genesis

· Student Resource Sheet 11:  The End is Nigh

· Student Resource Sheet 12:  Scientific Explanations of the universe.

· Student Resource Sheet 12[LA]:  Scientific Explanations of the universe.

Books

· R.J. Stewart , ’The Elements of Creation Myth’, Element Books, 1989

· Van de Weyer and Saunders, eds, The Creation Spirit – an Anthology, Darton, Longman and Todd, 1990. 

· Phyllis Boot, ‘Big Momma Makes the World’, Candlewick Press, 2002 (deals with a creation myth in a very colourful way)

· J Allday, ‘Quarks, Leptons and the Big Bang’, IOPP

· S Hawking, ‘A Brief History of Time’, 

· Mike Poole, ‘A Guide to Science and Belief’, Lion, ch8 for students 

· Mike Poole, ‘Beliefs and Values in Science Education’, OU, ch 5 for teachers.

· S Weinberg, ‘The First Three Minutes’,

Websites

· http://www.meta-library.net/ghc-bb/index-frame.html - a set of linked pages discussing the Big Bang, quantum cosmology and the Anthropic principle

· http://en.wikipedia.org/wiki/End_of_the_world - a site with lots of links from it to articles about the various faith concepts of the end of the world

· http://www.bible.ca/pre-date-setters.htm - a list of all the various dates that have been set for the end of the world and a short description of who set them and why. An amusing read.

· http://www.xs4all.nl/~mke/intro2.htm  - Exit Mundi, a collection of well illustrated scenarios about how the world might end. Quite a hoot.

· http://www.nasa.gov - The website of the North American Space Agency excellent image libraries from the Hubble telescope among others
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