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4b: The Anthropic Principle


Student Resource Sheet 3[LA]: Arguments

Read the following passage and then answer the questions at the end.

The biggest telescopes can see objects about 12-14 billion light years away. This means that the light has been traveling to us for 12-14 billion years. Clearly, then, the universe must be at least this old.

While this is an incredibly long period of time, it is possible that we are the first intelligent creatures to evolve in the universe. 

Most scientists believe that the evolution of life depends on carbon. Carbon atoms are the only ones that can link together in long chain molecules. This is important for life; such very big molecules are the only chemical way (that we know of) of carrying information from one generation to the next. If this is not possible, then evolution has nothing to work on. Consequently, it is supposed that life cannot exist in the universe until carbon atoms have been formed.

All of the chemical elements that we see in the universe (aside from hydrogen, helium and tiny amounts of other very light elements) have been formed by nuclear reactions inside stars. Typically a star will live for about 8-10 billion years and then die. Sometimes the death is violent – a gigantic explosion. Sometimes it is a rather gentler fizzling out. In either case, the elements made inside the star are scattered into space. Some time later another star will be born and gather some of the earlier material round it. A system of planets may form round the new star rich in the elements needed for life to occur.

If this has happened in our past, then it would mean that the universe has been around:

8 billion years for the first star;

4 billion years that our sun has lived;

Totaling 12 billion years.

What this argument suggests is that the earliest life could have evolved is roughly 12 billion years after the universe started, which is quite close to what we think the actual age of the universe is. We have got here about as quickly as we could possibly have done.

Now, some authors choose to turn the argument round:

“One example of the use of the weak Anthropic principle is to ‘explain’ why the Big Bang occurred about ten thousand million years ago – it takes about that long for intelligent beings to evolves”

S Hawking 1988.

What Stephen Hawking is saying here is 

· intelligent life exists on the Earth, 

· intelligent life takes about 10 billion years to evolve, 

· therefore the creation of the universe must have happened 10 billion years ago (he is using earlier estimates for the age of the universe). 

The principle he is using has been called the weak Anthropic principle and it can be summarized as follows:

Weak Anthropic principle – the universe is the way we see it now, because if it were any different intelligent life could not exist.

The weak Anthropic principle is taking the fact of our existence and using it to draw conclusions about the universe. 

The weak Anthropic principle can be used to help choose between rival scientific theories. For example say one scientist came up with an idea of how stars produce their energy and calculates that a star can certainly last 8 billion years. Another scientist comes up with a rival idea, but his calculations show that stars will typically last a few million years. The weak Anthropic principle would suggest that the second theory must be wrong as stars that short lived would not allow life to evolve.

Some authors have taken the Anthropic principle even further and produced the strong Anthropic principle:

Strong Anthropic principle – the universe must be the way that it is in order to allow intelligent life to evolve.

Now our existence is not simply being taken as a fact. The strong Anthropic principle is elevating our existence into a necessity; it had to happen because of the way the universe is.

What the strong Anthropic principle is saying is that any universe governed by laws of nature such as ours would inevitably evolve intelligent life sooner or later. This is a much more controversial statement. 

Anthropic arguments reverse the normal sequence of scientific reasoning. Normally scientists explain one event in terms of something that happened earlier – “the football is flying across the room because I kicked it”. An anthropic argument would take the current events and try to use them to explain the previous events – “the fact that the football is flying across the room shows that I must have kicked it”. The first and more normal argument could be called a causal argument (a “because” argument) – the cause of an event must come before the event. Scientists are normally searching for causal links between things (something happens because of something else). This is why many scientists are unhappy with the idea of an anthropic principle having any explanatory power at all. 

Questions

1. Using the title ‘The age of the universe’ summarize in your own words the argument of the first six paragraphs (as far as the s. Hawkins quotation). Do you think that the argument has any force?

2. On earth one type of molecule is principally responsible for transmitting information between generations. What is its name and why is it important?

3. Why has Stephen Hawking chosen to put the word ‘explain’ in inverted commas?

4.  What do you understand by the following terms as used in the passage?
     Causal, anthropic, information.

5.  Consider the following argument.
     For me to exist my grandparents must have existed.
    I exist.
        Therefore my grandparents existed.
    Is this an example of a strong or weak Anthropic argument?

6 Consider again the argument in question 5. Is my existence an explanation

   for my grandparents having existed, or is it evidence for their existence?

7 Is it possible to construct a causal argument that explains your existence? 

   What sort of evidence would you want in such an explanation? (e.g. If your

   Child asks you “why am I here Mummy/Daddy?” would you want to give a

   scientific answer?)

8 Compare the argument in question 5 with the following piece of logic:
  Jesus was the Son of God. We know this, as Jesus himself said so and the Son

  of God would never lie.
  Does this argument have any force? Reading this argument, how do you now

  react to the argument in question 6?

Points for discussion

· Can facts about the universe today be said to explain how the universe began?

· To what extent are scientists influenced by ideas and principles which can not themselves be checked by scientific experimentation? 

· Is it possible to use the strong athropic principle to make predictions about something?
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