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4b: The Anthropic Principle


Student Resource Sheet 2: Cosmological Consequences

The purpose of this sheet is to provide a mechanism for introducing a class to Anthropic thinking. 

The students should be divided up into groups and asked to play one of several characters (four suggestions are listed below). You can then present the groups with a situation (which can be prepared on a card in advance) and ask them to state what their reaction to the situation would be, based on the character that they have been asked to play. This can be turned into a game if you get groups to award each other points out of 10 for the plausibility of the reaction given the character concerned. A set of situations is also provided below.

Some of the situations provided have been selected to illustrate circumstances in which something that is rather improbable has actually come about. It is very difficult to asses exactly how improbable a circumstance is, at least in exact numerical terms. What is important in the situations below is the meaning and significance that can be attached to the circumstance. The point to make with the pupils as they work with this game is that the context of a situation (e.g. the number plate example) can be highly suggestive of purpose and meaning even if the probability of the event (someone has to get a number plate with their initials by mistake) is not remarkably small. When a small probability is linked to a meaningful occurrence (the veins of rock) then the assessment of the situation can go beyond the simply numerical. It becomes highly significant because of its meaning.

Characters:

A: 
A scientist who is an atheist

B: 
A creation scientist who believes that God has created the universe and all the creatures in it by a sequence of miracles.

C: 
A priest with no particular knowledge of science, who believes that God can cause miracles by violating the laws of nature.

D: 
A theistic scientist who believes that God acts through the laws of nature.

Situations:

1. It is your birthday, and today is also when you are due to collect a new car from the garage. You arrive and see the car gleaming in the sunshine. As you get closer, you notice that the last three letters of the number plate are the same as your initials. There are two possibilities, either your husband/wife has bought you a personal plate for your birthday, or it is just a happy chance that the number plate spells your name.

2. You are doing a multiple-choice examination that requires you to tick one of 5 boxes depending on the answer to each question. The day you are doing the examination is the 5th of May. You find that you have to tick the 5th box of question 5. On your way home, you have to catch bus number 5 and when you arrive there are 5 letters waiting for you.

3. While on holiday you are walking up a mountain. On the path you notice a very strange rock. You are curious and pick it up. After your holiday you take the rock to a friend who is a Geologist working at a university. A few days later you get an excited telephone call from your friend. You go round to his lab to see a piece of the rock under high magnification. It seems that the way that the veins of minerals are lined up from a certain angle and under certain light, spell out the words “Made by God”. This amuses your friend, but he is not surprised “after all” he says, “this can be completely explained in terms of the forces that are acting between the atoms.”

4. You are visiting a large country house with a group of friends. In the garden of the house is a large maze, which you decide to explore. After a little while you become hopelessly lost in the maze. Just to make matters worse, the weather turns very nasty and a violet hailstorm starts. You are forced to take shelter in a part of the maze where the trees form a canopy over the path. After a few minutes the hail stops and you come out from your shelter. Still trying to find the way out, you turn one of the corners of the maze to find that a collection of hailstones is lying in the path. They are in the shape of an arrow pointing along one of the branches of the maze. You follow that branch and within a few minutes have reached the exit. When you find your friends, will you tell them that the hail happened to fall in such a way as to point to the exit for you? 

5. You are on an expedition through the desert. In the middle of a totally barren region you come across a small patch of water fed from an underground spring. Next to this patch of water is a large thriving oak tree. There are no other trees for twenty miles in any direction. One of the people on the expedition with you says that birds often fly over the region as they migrate. The tree must have grown from a seed dropped by a bird that just happened to land near the water. 

6. You are unfortunate enough to be on holiday in a country that is run by a vicious dictator. Having been found and arrested rather too close to a military base, you are sentenced to execution. Sitting in the cell beforehand, you hear the sounds of a firing squad ringing out regularly. Clearly there are a great number of people being put to death today. It comes to your turn and you are forced to stand before the six soldiers equipped with rifles. A cover is placed over your head and the shots ring out. You are still alive. Is it possible that all six soldiers have missed? Should you be surprised to be alive? After all if you had been executed then you would certainly not be surprised!

7. You are at a casino with a friend. He is playing cards at one of the table. The game has reached a very significant point and a great deal of money is riding on the next hand. Your friend has had quite a winning streak, but one of the other players has also been winning a great deal. The final hand is to be a competition between them. As you watch the cards are dealt by the lady running the table. You can see that your friend has been given a perfect hand which will make it very difficult for him to loose. Chance has favoured your friend in this instance. Just as you are thinking this, you look again at the female card dealer. For the first time, you realize that you have seen this lady before – at a drinks party at your friend’s house a month earlier. 

8. A space probe is detected travelling through our solar system. It has clearly come from another intelligent species. As it passes near to the Earth, radio contact is established. It turns out that it is a robot probe collecting information on the civilizations that it encounters. An exchange of information between Earth and the probe takes place. It turns out that intelligent life is very common in the galaxy, far more so than any of our scientists had speculated. However, out of all the civilizations that the probe has encountered, only 50% have had any concept of God.

9. A large asteroid hits the Earth. This is a terrible disaster as the impact took place in a large city and thousands of people have been killed. In the immediate aftermath there is total chaos. You are part of a news team sent to report on events and disaster relief. As you make your way through the ruins of the city, you see that there is a twenty-mile region in which all the buildings – banks, churches, office towers – have been totally flattened. However, right in the centre of the impact region, a children’s hospital remains totally unscathed. 

10. You have built a very powerful computer using some new technology invented by you. As its first task, you set it to calculate the decimal expansion of pi (the ratio between the circumference of a circle and its diameter). The computer calculates pi to more decimal places than has ever been done before. As you examine the print out, you notice something strange – there is a sequence 100 digits long where all the digits are zero, then an odd pattern of 1s and 0s start up. You get the computer to display these numbers of a screen with the 1s being black dots and the zeros being white dots. After a little adjustment, you find that the pattern of numbers buried deep inside the decimal expansion of pi actually draws a circle on the screen. 

Comments

1. It is certainly the case that if number plates are allocated at random then there is a chance that someone sometime will get a plate that has some significance to that person. Actually, number plates use certain codes to refer to the place where the car was registered etc. which makes this less likely. The point of the story, however, is the extra significance attached to the fact that it is the person’s birthday. How much of a co-incidence are you prepared to accept?

2. Here is a story in contrast to the first one. The sequence of the number 5 coming up at various point during the day is certainly striking, but there seems to be no overall connection between the events – why 5? The pattern seems devoid of meaning, so we are much more likely do dismiss it as ‘one of those things’ than the situation in the first example where there is meaning to the allocation of letters in the number plate.

3. Here we face the distinction between the notion that God acts against the grain of the laws of nature, or with their grain. It is quite possible that God could have arranged the forces of nature so that they would spell out this message to mankind. Is that any less significant than the alternative, which is that the message suddenly gets spelt out in burning letters across the sky? On the other hand, the geologist who is (feigning?) no surprise is being rather obtuse. We can all accept that the forces between the atoms do determine their locations within the material. Again what is significant here is that there seems to be some meaning behind the arrangement.

4. This story is supposed to contrast with the previous one. In the case of the message in the stone, the forces between the atoms have caused the arrangement to spell the message and the question revolves about the ‘construction’ of those forces. Here we have a situation that is open to arising by chance. It is possible that the hail fell randomly to make the arrow pointing to the exit. However, would it be a simpler explanation to assume that someone else had arranged them as a guide to others? Would you have to see the person doing this in order to suspect that this is what had happened? 

5. Here is another fable designed to bring out the contrast between chance events that have no meaning and ‘chance’ events that are pregnant with significance. Clearly if enough birds fly overhead dropping seeds on the desert, then there is a chance that one of those seeds will land at a location where it is able to germinate. However, the desert is a very big place and that would need an awful lot of birds. On the other hand, is it possible that someone stopped at the water hole and planted the seed (perhaps a bird landed there attracted by the water and dropped a seed – that would be an accidental planting, but surely more likely that suggesting that the seed was dropped in flight).

6. How likely is it that a collection of trained marksmen will all miss? The point of this story is not to convince the reader that there must have been a last minute reprieve for the prisoner, it is to bring out the notion of surprise. People have often suggested that it is no surprise that the universe seems suited to the existence of life (the key Anthropic observation) on the grounds that if the universe were hostile to life, then we would not be here to observe this feature. That is just like saying that you should not be surprised to be alive after the firing squad has shot, on the grounds that if they had hit you then you would not be alive to register any emotion. The force of the counter-argument is diluted by the significance of the event. 

7. The point of this story is to illustrate the notion that a fortunate occurrence may well be simply down to chance. However, if there seems to be another explanation (i.e. that your friend and the dealer have made an arrangement to cheat), then this might be a simpler explanation that just a chance event. The philosopher John Leslie has made the point that one of the reasons that we suspect something of needing explanation (rather than just being chance) is that we can glimpse a possible explanation.

8. The science fiction writer Arthur C Clarke has used a similar scenario in one of his novels. The point to debate here is that life seems more common than we might have expected. Does this mean that the universe is fine tuned so that life can come about? Is there any significance to the fact that some alien races have no God concept? It is not as if God can come into existence or vanish depending on the prevailing voting tally!

9. Random events vs. significance again. This one has been chosen to potentially open out further debate taking things beyond the immediate Anthropic focus.

10. This one is adapted from an idea of Carl Sagan’s, who was a noted astronomer, science populariser and sceptic. Sagan used this notion in his novel Contact – he felt that if God had really created our universe, then it would have been easy for him to leave signs that could be read by intelligent life. The key question is, however, how obvious these signs have to be. If the sequence of 1s and 0s had actually been Morse Code for ‘Made by God’ then there would be no dispute. It is possible that the expansion of pi draws out a circle in a certain base – this would be a wonderful mathematical discovery, but would not convince people that God had made it that way. One might argue that if God’s signs were too obvious that would erode our ability to function as independent agencies with free will, surely a desirable thing for God. On the other hand, God would have to be particularly devious to choose a combination of laws of nature that were OK for life, but not as good as they might have been on the grounds that to make them too good would be a clear sign of his presence! 
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