                                                         ASTRONOMY 5

                                                       Lecture 23 Summary

                        “ANTHROPIC” EXPLANATIONS FOR THE UNIVERSE




Any coincidence, said Miss Marple to herself, 

is always worth noticing.  You can throw it away later




if it is only a coincidence.

                                                                         ((  Agatha Christie, mystery writer




As we look out into the Universe and identify




the many accidents of physics and astronomy




that have worked together for our benefit,

 


it almost seems as if the Universe must in some sense have




known that we were coming.

                                                                         ((  Freeman Dyson, physicist

1) There are many strange coincidences(?) that make it appear (to some) that the Universe has been “fine-tuned” for our benefit.  Here is a short list out of many.  I present them in the order of increasing apparent fine-tuning.

· The existence of chemical compounds is due to the fact that the electron weighs only 1/2000th the mass of a neutron or proton.  By the Uncertainty Principle ((x ( (mv = h/4(), the electron must populate a larger region ((x) since its mass, and therefore its momentum ((mv) is smaller.  This means that atoms have dense nuclei surrounded by electron clouds that are 2000 times bigger.  The precise structure of electron clouds is what makes chemistry and life as we know it possible.

· Life depends on the fact that the photon energy of a typical star is comparable to the binding energy of a typical organic molecule.  The ratio of these energies depends on the proton mass, electron mass, strength of gravity, Planck’s constant (as in the Uncertainty principle), speed of light, and the size of the electric charge on a proton or electron.  It is this ratio being close to 1 that makes it possible for solar photons to make and dissolve terrestrial compounds, a key ingredient for life.

· The first crucial step in allowing stars to shine via nuclear reactions is to make deuterium (n+p) out of two hydrogens.  Deuterium must therefore not fall apart after it is made.  But consider the “di-proton” (p+p, or 2He).  This is just like deuterium but has a second proton rather than a neutron.  If the di-proton were stable, then all protons would have combined to make He during primordial nucleosynthesis and there would be no hydrogen left to make organic molecules or water today.  To stabilize deuterium but not the di-means that the strong force (which binds nucleons) can be no more than 13% stronger or 31% weaker than it is.

· Water is one of the strangest substances known.  The fact that its solid phase is less dense than its liquid phase (ice floats) is virtually unique among all compounds.  If ice did not float, lakes and oceans would freeze from the bottom up, with at most a thin layer of liquid water at the top during the summer.  They would then be unattractive places to generate life.  These and other properties of water are due to the bond angle in the water molecule of precisely 104.5(.  This bond angle is the result of another particular combination of fundamental physical constants.  Change them only slightly, and water would not exist.

· The detailed structures of large atomic nuclei seem almost random since they are complex systems with many component quarks.  Nuclei depend on quarks, but their structure cannot be predicted in any simple way from quark properties.

Consider the element carbon.  Carbon (C) is made in stars by combining three helium nuclei:  3 4He ( 12C.  This happens only because there is a special energy level in the carbon nucleus just above a similar level in the 8Be nucleus that makes the second stage of the reaction favorable (beryllium-8 is a way-station en route to 12C).  However, the same sort of reaction could cause the addition of one more 4He to burn 12C to 16O (oxygen).  If favorable, this would rapidly burn all C in stars to O, which would be disastrous for life.  

By a seemingly miraculous coincidence, the relevant O level is slightly low, the reaction 12C + 4He  (  16O is not energetically favorable, and C is preserved.  This particular fine-tuning would be completely wiped out with even the slightest changes in such things as the electric charge, proton mass, and the strength of the strong force.

2) Because of such coincidences, some authors have envisioned the Anthropic Principle, according to which the properties of the Universe can be explained  (somehow) by the fact that we are here.  There are at least two major versions of the Anthropic Principle:

a) Strong Anthropic Principle (SAP): The Universe must have those properties that allow life to develop within it at some stage in its history.  There are three common versions of the SAP:

· The Universe was consciously designed by a superior being specifically for life, and possibly just for human beings.  The amazing coincidences detailed above are proof-positive of the existence of God.  The Garden of Eden story in Genesis may be allegorical, but it is fundamentally true.

The most eloquent exponent of this view was Rev. William Paley (1743-1805), lecturer at Cambridge and author of the influential book Natural Theology.  His central argument appears dramatically in the opening lines of his book.

“In crossing a heath…suppose I had found a watch upon the ground, and it should be inquired how the watch happened to be in that place…For this reason, and for no other, namely, that, when we come to inspect the watch, we perceive…that its several parts are framed and put together for a purpose.”

Everywhere in Nature, Paley claims, we see elements of design and purpose.  Design implies a Designer.  Therefore, Nature is the result of a Designer, whom Paley calls God.  After Paley, this is called the Designer argument for God, or sometimes the Watchmaker argument.

· A second version of the SAP is the Uniqueness argument.  According to this, there is only one way to make a logically consistent universe(there is just one way it can be done.  There may be other universes, but if so, they are just like ours.  It so happens that this unique recipe for making a universe permits the development of life.  The existence of our Universe and our own existence are therefore tightly coupled as a consequence of the uniqueness of physical law.

This view closely parallels the philosophical outlook of physics for the past century.  Physicists are constantly seeking to explain the nature of physical laws via some elusive, undiscovered inevitability.  This thread permeates current string theory, in which proponents seek to show that the theory can exist in only one form and in a unique number of dimensions, etc.  The very name “Theory of Everything” seems to imply that the theory will be all encompassing and will emerge naturally without recourse to any further assumptions.

· The third version of the SAP is the strangest.  According to this, observers are necessary to bring the Universe into being!  I will repeat it though it strikes me as nonsensical.  The Universe began as a quantum fluctuation.  For billions of years, it existed only as a gigantic quantum wave-function, (U.  In this state, it did not exist as a well defined object with well defined properties, but rather it existed in all “possible” states accessible to it (a vagueness here is what is a “possible” state.)  At least one of these states evolved to give rise to observers (us), who then observed the Universe.  This “collapsed the wave-function” and made that particular universe an actual object with well defined properties.  In fact, our continued observation of the Universe is necessary to keep it well defined.  Our telescopes are keeping the Universe on track!

This argument, sometimes called the Participatory Anthropic Principle (PAP) is due to the famous physicist John Wheeler of black-hole fame.  Were it not for his high reputation, I don’t think much attention would have been paid to it.  It gives anthropic cosmology a bad name.

b) Weak Anthropic Principle (WAP):  The Weak Anthropic Principle, as it says, is much weaker than the SAP.  It points out simply that certain properties are inevitable for the Universe in order that our presence in it pose no logical contradiction.  For example, the current age of the Universe should be at least as old as the age of a typical star, because it takes that long to build up heavy elements (which we are made of) and then create life in a solar system.  By this logic, the Universe (as we see it) certainly could not be as young as, say, 1 billion years.  By the same token, the Universe could not be as old as, say, 500 billion years, as all existing solar-type stars will be burned out by then and there will be very little gas left to make new ones.  Likewise, the Universe cannot have too little matter in it, else galaxies will fail to condense via gravity, or too much matter, else the whole Universe will collapse too soon.  Thus, the WAP sets windows of eligibility for all the major parameters and says that our existence as out type of life form requires that the Universe lie within those windows.

If one envisions only one universe, the WAP is highly unsatisfactory.  Why would one roll of the dice produce just the Universe we need?  The whole picture changes, however, if we contemplate the WAP in the context of a large, possibly infinite ensemble of other universes, of all different types.  Given such an ensemble, we can argue that our Universe has been picked out of it a posteriori by the fact that we exist in it.  For example, there is a large range of ages over which the Universe could exist.  The WAP says that, out of all those possible ages, the current age must lie within some window of probability governed by our kind of life.  Within that allowable window, the exact age is random.

CONCLUSION (MINE):  The WAP makes no sense unless you are willing to accept the large ensemble of other universes.  ACCEPTING THE WAP MEANS YOU MUST ACCEPT THE ACTUAL EXISTENCE OF OTHER UNIVERSES  (the “Many-universes” interpretation of the WAP).

3) Dealing with improbability:  Any way you cut it, the Universe appears to be improbable.  Setting aside the Participatory Anthropic Principle, the others take one of three stances regarding this improbability:

· SAP (Designer): Yes, the Universe really is improbable…precisely because it was deliberately designed by an Intelligent Being for a purpose.

· SAP (One way): The improbability of the Universe is an illusion.  Actually, it’s properties are inevitable because a universe cannot exist any other way.

· WAP (Many-universes):  Selecting our Universe at random out of the vast ensemble of all other universes would indeed be improbable.  But our Universe has not been selected at random, because we are in it.  The probability of getting our Universe is greatly increased because only the tiny fraction of universes like ours can host our kind of life, and that is the only sample we are allowed to draw from.

4) An analogy defending the WAP:  “Explaining Earth”

Consider Greek astronomers of 2000 years ago, who placed Earth at the center of the Universe.  They were ignorant of the plethora of other suns and planets in our Galaxy; they thought that Earth was unique.  

A sensible question they might have asked is, why is the Earth as it is?  For example, why does the radius of the Earth have the value it does?  Thinking like physicists, the radius of the Earth would appear to them like a fundamental constant of nature, and they might have tried to deduce the radius of the Earth from first principles.

We now know that such an approach is futile.  You cannot deduce the radius of the Earth from first principles.  Rather, there is a whole continuum of planets out there with all sorts of radii, and the properties of the Earth, including its radius, have been picked out of this ensemble a posteriori (within an allowable window) by the fact that our kind of life is here.

This is an argument exactly like the WAP.  You have an ensemble, and your place within the ensemble is set (within limits) by the fact of your existence.  

But wait!  The most surprising insight to be gained from the WAP is not actually to explain the Earth at all.  Rather, it is the realization that there must exist a large ensemble of other planets.  They must really be there, even though you have not seen them yet.  If the Greeks had used the WAP (maybe some of them did), they would have deduced the existence of other solar systems 2000 years before any were actually discovered!

Cosmologists today are like the Greeks, struggling to do science with only one example.  The Greeks had only one Earth to reason about…we have only one Universe.   Trying to explain either one from first principles is a fruitless quest.  The WAP explanation based on the existence of the large ensemble is both more fertile and more interesting.  And in the case of Earth, it proved to be right.

Actually, the WAP worked not only for Earth but also for the Sun and for the Galaxy.  At various times, these objects also appeared to be unique but were later shown to be members of a large ensemble.  Their properties within that ensemble are consistent with the needs of our own existence. 

5) Final thought: If you believe in the WAP to explain some phenomenon, you are obliged to consider whether a large unseen ensemble for that phenomenon is plausible.  In the case of the Universe, we must therefore ponder whether there really could be other universes, and if so what might have made them.  A couple of ideas were given for this in Lecture 22.  For example, Linde believes that the laws of physics could be different in the many universes generated by eternal inflation.  Or, in string theory, different subsets of the 11 dimensions in the theory might expand to make different big bangs, each one of which would produce a radically different kind of universe.

If many other universes do exist, the central question of cosmology is not to explain why ours is the way it is, but rather, á la Einstein, how many ways it is possible to make a universe.  What is the vast array of other universes like and how do they compare to ours?  Do they share any common characteristics, like the number of space and time dimensions?  Do they have space and time at all?  Perhaps the Theory of Everything will tell us more about the origin of our physical laws…and the ensemble of all possible physical laws.  But these answers right now seem far in the future.

My belief that other universes actually exist leads me to capitalize our Universe to distinguish it from the others, just the way I capitalize Earth, Sun, and Galaxy.  I have been following this convention throughout the course, but you may not have noticed it.

