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4a: Cosmology


Note: 
This resource is available to use on the IWB or with a laptop by clicking on the HTML version on the index page for this unit.

Student Resource Sheet 1: Snappy Answers to really rather profound questions. 

1. Where is the centre of the universe?

There are two possible answers to this, both of which effectively reveal it to be a non-question (in other words, once you fully understand what is going on the question is no longer seen as being appropriate). Either the universe is infinite, in which case any one point is as good (or as bad) a centre as any other, or it is finite but unbounded (like the surface of a football, to use a 2 dimensional analogy) in which case also any point is as good as any other. Unbounded means that you can set off in any direction walking in a straight line, and eventually end up where you started from (as you would walking over the surface of a football). These two possibilities also neatly get rid of the rather uncomfortable thought about what an ‘edge’ to the universe might mean. One way of getting a grip on this is to take a strip of paper (2cm by 20cm is fine), twist it into a loop and stick one end to the other. This is called a Möbius strip and is an odd mathematical object, in that it has only one side. Looking at it seems to indicate that there are two sides, but if you trace a pencil line along it, you will draw on ‘both’ sides without lifting the pencil and end up at the place you started. So, the Möbius strip is finite but unbounded.

[image: image2.png]




2. Where did the Big Bang happen?


Everywhere within the universe at the same moment. There is no ‘centre’ to the universe which acted as a point from which the Big Bang happened. The Big Bang was not like a conventional explosion (which makes it very hard to display in animations and the like). When a normal explosion goes off, there is a point at which it happens and a surrounding space into which all the bits fly. If the Big Bang was the start of the universe, then there would be no surrounding space for any ‘bits’ to fly into.

 
Think of it this way, the universe is all the matter and the space that it occupies. If there were any space before the Big Bang, then this space would not have been created in the Big Bang, which could then not have been the origin of the universe. You have to start thinking of space as a ‘thing’ in itself. If it helps, remember that there is no empty space anywhere – even in space! The universe is filled with gravitational fields, electrical fields and other extended forms of energy: it is not empty even if there is no conventional matter around. There was no space or time as we experience them now before the Big Bang (of course if there was no time, what do we mean by before…). Stephen Hawking has used the question “what is North of the North Pole?” as an illustration of the issues – if you stick to walking over the surface of the Earth, then by definition there is nowhere North of the North Pole. Equally, if time and space are created at the Big Bang, then there is no one place where it happened and no when before it happened.

3. If the universe is expanding, why am I not getting bigger?


Electrical forces hold the atoms in your body to each other. These forces act between atoms that are very close to each other and are strong enough to resist the expansion. An ink blot on a piece of rubber will stretch as the rubber is stretched, however a piece of blue-tack stuck to the rubber will resist most of the stretch as it has internal forces holding it together. Equally, planets stars and galaxies have gravity to hold them together. It is only in the vast distances between galaxies that we can see the expansion of the universe taking place.

4. If space is mostly nothing, how can ‘nothing’ get bigger?


Well, space is not ‘nothing’: space is filled with fields of various types. It might be empty of matter, but that is not the same as being totally empty. The problem with the various analogies that are used for the expansion of the universe, such as a stretching rubber sheet, is that they all involve a physical material that is being stretched. This makes it quite a leap of imagination to the notion of space itself stretching. There is no totally accurate comparison that can be made.
It is a common problem in science that models, analogies and pictures have to be used to try to capture the essence of reality. The most useful tool for doing this has proven to be mathematics. However, this often means that the ‘pictures’ used to try and convey the mathematics to non experts are not always consistent with each other, never mind being less than fully accurate.

5. What is the universe expanding into? 


This is another non-question. When an explosion takes place it happens at a particular point and there is some volume surrounding it into which the bits can fly. To think of the Big Bang and the expansion of the universe as being like an explosion implies that there must be some volume of space into which the universe is moving.

This is not what the theory suggests. The Big Bang happened everywhere in the universe at once. The universe is a self-contained thing – we have no access to anything outside of it. If the universe were two dimensional, then it might be stretched over the surface of a balloon. Any flat creatures living in such a universe would have no access to the inside of the balloon and equally the volume of space in our 3D universe that surrounds the balloon. It would not be part of their universe. As we inflate the balloon they would be conscious that their universe were getting bigger, but would not have any experience of a ‘space’ into which it was expanding. 
In the case of our universe, there might be a “higher dimensional ‘space’” in which out universe is embedded, but it is not something that we can have any access to.

6. What happened before the Big Bang?


The simple answer to this is that time was created with the Big Bang, so there is no time for a before to happen in. This argument was first constructed by St Augustine 
“it is idle to look for a time before creation, as if time can be found before time. If there were no motion of either a spiritual or corporeal creature by which the future, moving through the present, would succeed the past, there would be no time at all…we should therefore say that time began with creation, rather than that creation began with time” What St Augustine is basically saying is that we experience time only as the changes that take place in objects – no objects implies no time. This argument certainly works if we make an identification between time as we measure and experience it within the universe and time as an abstract concept. It is possible that God experiences time, and our universal time is a reflection of this (whatever that may mean…).

7. What caused the Big Bang?


The role of cause and effect is embedded within the universe that we experience. Take that away, and it is not at all clear that the notion has any meaning. In that sense, it is possible that the universe has no cause. In a wider view, the Big Bang, as we understand it, seems to have been governed by laws of nature. These must have pre-existed the universe in some form. Modern speculative cosmology makes a link with quantum mechanical events that can happen by chance. This still implies that there must have been some quantum substrate to the universe that pre-existed it. A highly structured ’quantum foam’ may be no thing, but it is not nothing.

8. Did God create the universe in the Big Bang?


Do you create your life at any one moment?  The word creation can mean many different things. One of the problems that Scientists and Theologians have in their discussions is that they often use the same words, but mean different things by them (this is a common problem in life!). To a Cosmologist, the creation is the trigger for the Big Bang. To a Christian Theologian, God’s creation of the universe is seen more as His continual support without which it would cease to exist. Interestingly the notion that God’s creative activity is continually sustaining and working within the world has received some support from Scientist/Theologians such as A. Peacocke who are influenced by Darwin’s evolutionary ideas. The idea that God acted at the moment of the Big Bang (if the word moment is applicable in this case), and then left the universe to get on with its own devices is known as Deism. The problem with this view (which was popular in Newton’s time) is that a Deistic God who does nothing starts to fade into a God with nothing to do, in which case He may as well not exist.

 
A theologian might respond that God is a different type of cause in that God is a necessarily existing cause, whereas the other causes with the universe are contingent. However, to an atheistic scientist this sounds like hedging. God is not doing anything that has not been accounted for by science already. 
Interestingly, Stephen Hawking has provided a speculative model of the Big Bang in which there is no well-defined moment of creation (time and space merge and lose their separate identity). He has suggested that if there is no beginning moment, then there is nothing left for God to do. Actually, his model reminds us that if the ‘moment’ of creation does not really have a meaning, then God’s sustaining creation is acting at all times not specially at the start of the Big Bang.
It is a bit like saying that God moved the first pawn in a game of chess and then left the rest of the moves to the players involved. What would be the point of that? A more credible view would be that God provided the board and the rules by which we play.

9. How does the Big Bang relate to the Genesis account?


The first important point is to realize that there is no one Genesis account. Reading the book of Genesis one quickly realizes that there are two separate creation accounts melded together in the first few chapters. It has been suggested that the six days of creation refer to time as God experiences it, after all universal time came into being only with the creation of the universe. There have been many attempts to bring Genesis into line with Big Bang cosmology none of which give the impression of being anything other than contrived. The Genesis account is a poetic story of the relationship between God and the created order and especially the relationship between God and man. As such although the story is expressed in terms appropriate to the literary genre and concerns of the time, it is not to be taken as a literal account of how the universe was created which is competing with the modern scientific story. Further more, there is no inherent reason to give a privileged status to the Genesis accounts over any other creation myth.


The problem with taking this view is that the non-theologians accuses the apologist of picking and choosing ways to interpret the Bible. The Gospels are supposed to be regarded, at least in part, as genuine historical accounts, so why not take Genesis in the same manner? A reply to this criticism can be built by pointing out that different strata of the Bible are different kinds of literature; stories, legends, myths, poetry, history. Not to realize this is to fall into the trap of asking a non-question based on ignorance of the nature of the Bible.


For example internal inconsistencies as well as stylistic connections suggest that Genesis as we have it is actually a document edited together from two separate sources, and in a manner that was not too concerned with what we would call scientific accuracy! By and large, science is absent from the Bible (Solomon does a bit of categorizing). It is important to remember that not every culture actually developed science – it actually developed in Europe in C16 and C17, arguably under the influence of Christianity.


An excellent discussion of the relationship between Genesis and the Big Bang is found in Ian Barbour’s When Science Meets Religion. In this book Barbour presents four differing views of the relationship between scientific and religious thought (conflict, independence, dialogue and integration) and discusses various issues in the context of each view. 

10. How big is the universe?


The universe that we can see with our telescopes extends in all directions for about 14 billion light years (a light year being how far a beam of light could travel in one year, roughly 60 thousand times the distance from the Earth to the Sun). The universe may well be considerably bigger than this, however we think that it is about 14 billion years old, and so we can’t see any further than the distance that light can travel in this time. Potentially the universe could be infinite in extent.

11. How can something infinite get bigger?

 
Well a flippant answer would be that there is plenty of room for it to get bigger!
Actually this is a rather deep problem. It is very difficult to picture the very large, never mind the potentially infinite. Trying to do so causes all sorts of tangles. A parallel problem lies in trying to speak meaningfully of an unbounded God.
Part of the problem with this question its being phrased in terms of ‘size’. If the universe is genuinely infinite, then the notion of size of the universe is a tricky one anyway.


Whenever we think of something getting bigger, we tend to produce a mental picture of the ends of something getting further away from each other. Something infinite, of course, has no ends. A better picture would be a series of beads threaded onto a string that extended into the far distance. If the string gets stretched, then the beads get further apart all along their length. Of course in reality, the string has got ends.

A more technical answer to the question would be on the following lines.
Cosmologists in their technical discussions talk about the scale of the universe rather than its size. The idea is to consider the distance between two galaxies at a certain moment in time and use this as a reference distance. At some time in the future we imagine that the distance is measured again. The ratio between this new distance and the reference distance is called the scale of the universe at the time of the measurement. As the universe continues to expand, so the scale continues to get bigger. If we look back in time, then the scale is smaller (generally the reference time is taken to be the current point in history). Saying that the universe is getting bigger is then equivalent to the scale increasing. 


Another picture comes from the story of the infinite hotel. This one is a favourite of mathematicians. There is a hotel with an infinite number of rooms, each of which can contain one guest. The hotel is full, when another guest arrives. How can the guest fit into the already full hotel? The answer is simple. The guest in room1 is moved to room2, the person in room 2 is moved to room 3, room3 goes to room 4 etc. all the way along the rooms. Thus a new empty room is created, without having to ask anyone to leave.

12. What is quantum cosmology? 
Quantum cosmology is an attempt to link quantum theory (the theory of matter and energy on the tiniest scales) with the Big Bang. When the universe was extremely young and very small, we expect that its behaviour should be governed by quantum theory.


Quantum cosmologists have suggested that quantum effects can cause the universe to pop into existence out of nothing. They sometimes couch this as doing away with the notion that God created the universe. This is a confusion about the notion of creation as discussed above.  More importantly the cosmology assumes a strange quantum space-time which must have existed before the current universe. This could hardly be called nothing!  For more information on the implications of this, read on!
Quantum theory is the experimentally well-tested theory of how matter and energy behaves on the smallest scales. Of course, for the science to be consistent the theory really should work at all scales; we just say it is a microscopic theory because that is the regime in which we most clearly notice the effects that it predicts. This is as well, as some aspects of quantum theory are very puzzling and quite contrary to common sense. That might be a pointer to the fact that the theory is incomplete although it works well at the smallest scales.  Given that the Big Bang theory appears to be essentially correct, then at some point in the early history of the universe quantum effects should be clearly influencing its behaviour. Applying quantum theory to the whole universe is the job of the quantum cosmologists. Such work is in its very early days, and despite some rather definitive sounding statements from people working in the field, it is highly speculative.  One fundamental problem that has not been completely overcome is that quantum theory and Einstein’s theory of gravity do not mesh very well. Both are required to describe the early universe. At the extreme arm of the subject is the work being done on using quantum effects to describe the very start of the universe. 

 So what’s all this about parallel universes?

 
Generally there are two separate physical ideas getting mixed up when people talk about parallel universes. One interpretation of quantum theory suggests that whenever a quantum event happens the universe ‘splits’ so that in one ‘parallel universe’ one possible outcome happens, while in another the alternative is played out. Of course, as there are a vast number of quantum events happening all the time, this means that there are multiply branching universes spawning off each other. 


This rather strange sounding interpretation of quantum theory (for which there is no experimental evidence) is popular among those cosmologists who wish to apply quantum theory to the whole universe.  Another multiple universe theory has grown up out of the idea of cosmological inflation. This is the notion that early in the history of the universe (specifically about 10-30 seconds after the Big Bang) the universe underwent a period of rapid expansion called inflation. This theory conveniently explains some otherwise puzzling features about the universe. However, the price is that the universe would be many orders of magnitude bigger than we previously thought. One possibility is that different regions of the universe could inflate at different times and end up with slightly different laws of physics. This is not so much producing parallel universes as many different domains within the same universe. 

13. What’s a ‘multiverse’?


This is the rather grand name given to the collection of different universes. Mostly it is used to refer to the different inflated regions of this universe. 
The idea has become popular as an answer to the issues raised by the so-called Anthropic co-incidences in the universe. This is the notion that the universe seems remarkably well attuned for life to evolve. One answer is clearly that the universe was so created; another is that there is a multiverse of different possibilities and we happen to occupy the universe that is conducive to life. 
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