The Legacy of Einstein:  Notes from the 2005 Nobel Conference

-- Doug Wilhide, October 2005
One hundred years ago a physics student supporting himself as a patent office clerk in Bern, Switzerland, got on a roll.  He had twice submitted theses to complete his Ph.D. and been rejected both times.  He was discouraged but he used the quiet time in the patent office to work through his thoughts.  Between March and September of 1905 he wrote and published four scientific papers that revolutionized our understanding of the universe.  The student’s name, of course, was Albert Einstein.  The papers earned him an international reputation.  A few months later he finally got his Ph.D.

This year’s Nobel Conference at Gustavus Adolphus College in St. Peter, MN, focused on the “Legacy of Einstein” on the hundredth anniversary of his breakthrough year.  It was a delightful, if unusual way to spend a couple early autumn days.  The drive down from Minneapolis through farmland and along the Minnesota river was lovely, the campus was in full bloom and bustle, and about 5000 people gathered together to sit on hard seats in a big conference hall to listen to two days of serious lectures about ideas way over the heads of most of us.  In the midst of a season of disasters -- political, societal and natural -- it gave one hope.

This year’s conference seemed to me a bit unbalanced, both a little heavy and a little light.  The heavy part was in the content, which was mainly theoretical physics and speculative cosmology.  I’m an English major and, while I appreciate and respect math and science, it’s a bit like speaking a foreign language for me.  It takes continuous attention and effort just to understand, let alone consider, what’s being said.  

The light part was more about the ethos of the event.  After 1905, Einstein quickly became an icon as well as a scientist, and his long, public life was lived in spheres other than physics.  Like Hemingway, the life and the image of the man became more widely known than the work itself.  There’s nothing wrong with including the icon as part of Einstein’s “legacy,” but at a conference like this, I was looking for more focus on the science itself and it sometimes seemed to go missing.

That said, I was still working at a disadvantage so I’ll adjust my usual detailed notes to cover up the fact that I just don’t have a lot of the basic background knowledge in this area.  Instead of a blow-by-blow account, I’ll try to pull out things that were interesting, amusing or at least understandable.

The first lecture was by Wolfgang Ketterle who won the 2001 Nobel prize in physics and teaches at M.I.T.  His subject was “Bose-Einstein Condensates and Other New Forms of Matter Close to Absolute Zero.”  He’s an engaging speaker and he tried to make this highly technical subject of general interest, but a faulty sound system and a distinctive German accent made it difficult.  (I wonder if Einstein had the same problems.)

Ketterle earned two Ph.D.s (it seems to have become easier since Einstein’s day) for his work on “spin relaxation in disordered materials.”  He used laser spectroscopy to do trace analysis in semiconductors then moved on to “combustion diagnostics” and then to the field of laser cooling and trapping.

* How do lasers, which we all think of as hot beams of light, cool things?  Ketterle and his colleagues developed a machine that aims a very tightly focused laser at atoms.  The atoms get agitated and give off energy in the form of fluorescence.  If you keep doing this, eventually the atoms give off all their energy and get very close to absolute zero.

*  What is absolute zero?  Temperature to scientists is a measure of energy.  The Kelvin scale uses zero as the point where there is no energy -- hence the term “absolute zero.”  On the fahrenheit scale this corresponds to -459 degrees.  It’s -273 degrees on the Celsius scale.

*  The background temperature of the Universe is about 2.7 degrees Kelvin.  Ketterle’s experiments worked in the range of “nanokelvins,” or about a million times colder than the universe.  In fact, his team holds the record for the coldest temperatures ever measured.

*  In 1925 Einstein received a paper from an Indian mathematician, Satyendra Nath Bose.  Together they predicted that at very cold temperatures matter would change its essential form.  The atoms would not only not have any energy but they would stop spinning as well.  They predicted that the atoms would no longer act as they usually do, but would come together “in lockstep” and become a single wave form.

* Ketterle’s description of his experiments to test this was like an adventure tale.  He showed his lab notes -- what happened at 8PM, what happened around midnight and finally a “eureka moment” early in the morning.  A lot of scientific breakthroughs seem to come late at night or early in the morning because the experiments are very complex and take a while to get going.  Once you get close, however, the excitement builds and people work through the night.

*  In 1995, Ketterle’s team thought they had managed to cool sodium gas to the point where it was no longer a gas but had become a condensate, with atoms arranged in a tight, regular pattern.  But how to measure the temperature?  They trapped the supercold atoms in a magnetic field, then turned it off and let the atoms “drop” through a light beam.  The shadow of the atoms could be measured. The bigger the shadow, the warmer the atoms.  Early in the morning of September 29, 1995, they discovered patterns that proved they had a new form of matter.

*  This “designer matter” verified Bose and Einstein’s predictions.  It also holds promise for a number of applications.  At temperatures extremely close to absolute zero, atoms are arranged in very regular formations, and have more space between them.  This supercold matter acts both like a wave and tightly organized particles. It may allow us to measure much more accurately than now and may also provide a “toolbox” for experiments in superconductivity and data storage.

* In the Q&A session, Ketterle was asked how atoms with no energy can still have subparticles in motion.  He noted that temperature is a measurement of energy in motion, but even when there’s no motion the particles inside atoms still move around.  This is part of Heisenberg’s uncertainty principle -- matter cannot stand still -- and since measurements are taken at a point in time, you can’t know if a second measurement will show the same thing.

*  How accurate was Einstein’s prediction?  Einstein theorized on the basis of a “perfect” gas, and for that situation he was very accurate.  With the invention of lasers and more accurate measurement techniques, Ketterle was able to go beyond Einstein and confirm his theories for other kinds of gases.

Comment:  The really interesting part of all this is the technological aspect -- making machines that can get matter down to temperatures a million times colder than space. Ketterle’s expertise in optics and laser spectroscopy is matched by his inventiveness in figuring out how to trap and measure ultracold matter without heating it up.  In the realm of theoretical physics it’s good to know that creativity also thrives in the more mundane areas of figuring out how to build the machines that can prove or disprove the theories.

Jean and I took a break and enjoyed a picnic lunch under blue skies and trees changing colors.  Joggers seemed to run great distances around the fields in front of us.  We drank a couple small glasses of white wine.  We bought t-shirts and a couple books, including “Einstein for Dummies,” which I’m using for these notes.  Then we headed back for the next talk, joining an overflow crowd of students, teachers, old people like us and even a couple of the joggers.

The second lecture was by Thomas Levenson whose topic was “The Education of Alfred Einstein.”  Levenson teaches science writing at M.I.T., has published a well-received book about Einstein in Berlin, and is kept busy in the “glamorous” field of making films and documentaries about Einstein’s life and times.

Einstein spent the years between 1914 and 1932 in Berlin.  He didn’t want to go because he didn’t like the militarism in Germany or the restrictive academic atmosphere.  But all the top physicists were there and he wanted to join that community.  He did a lot of his in depth work in Berlin and also began to emerge from his role as just a theoretical physicist, becoming engaged in other matters. Levenson noted that by the time he got to Berlin, Einstein was well aware of the burden of celebrity that surrounded him.  “I feel like I’m being stalked by myself,” he said to George Bernard Shaw.

*  Einstein really didn’t like formal education.  He dropped out of high school and constantly annoyed his department chairmen in college (contributing to the rejection of his doctoral theses.)  

*  Levenson has a good definition of education:  “the process by which a young man or woman comes to grips with the person it is possible for him or her to become.”  He listed key lessons that Einstein learned while in Berlin.

*  The first lesson:  Intelligence and wisdom are not correlated.  When Einstein got to Berlin everyone on both sides was happy about the “Great War” starting.  Einstein thought that his new colleagues, because of their intelligence, would be different.  He was wrong.  Max Ernst and Max Plank were chemists who played a role in the invention of poison gas.  They and others contributed to a kind of “brilliant brutality.”  

Einstein was appalled at “the complicity of men who should have known better.”  By 1915, in the midst of working through his theory of general relativity, Einstein took time out to write an essay against the war.  But he found the German people “unteachable.”  He continued to oppose the war, however, and was listed as one of Germany’s top 10 “dangerous” pacifists.  Before he came to Berlin he was very much a private person, but by the end of 1918 he had discovered “a new moral obligation” to contend against evil in public.

* The second lesson:  Einstein discovers how to be Jewish.  Before Berlin Einstein was not religious and he would always be mostly secular, with a belief in a kind of generalized, 18th-century, impersonal God.  But in Berlin he formally joined a Jewish congregation and became a prominent spokesman for the plight of Eastern European Jewish refugees uprooted by the war.  In 1916, when it became apparent that Germany could actually lose the war, its leaders developed a strategy to blame the Jews for Germany’s defeat.  What had become a “genteel” anti-semitism became much more widespread and vicious.

Einstein came to believe that only God’s “nonexistence” could explain the horrors of the war.  He continued to act as a fundraiser for European Jewish refugees into the 1930s, at increasing personal risk.  He argued that “sacrifice in the name of life becomes grace,” a position aligned with fundamental beliefs in many religions.  (When Levenson gave a talk on this in California, a Muslim came up to him and said, “What a wonderful talk!  You have captured the spirit of Islam.”)

*  The third lesson:  Einstein confronts the war between truth and beauty.  Even though Einstein had laid the foundations for quantum mechanics in his 1905 papers, he could not accept the way it had developed.  Where traditional physics relied on testing theories and proof, quantum physics depended more on possibilities and probabilities.  It was messy -- useful in explaining things, especially at the level of how atoms and particles interact -- but unverifiable.  “I am convinced that God is not playing dice,” Einstein said.

Traditional physics, even the physics of relativity, had a certain elegance and beauty to it that quantum physics lacked.  Was Einstein getting old?  Maybe.  Physicists, like poets, seem to do their best work when young.  After Einstein got to Berlin he was still making important discoveries (among other things, he invented quantum statistics) but perhaps he was losing the instinct about which ideas to reject and which to pursue.  As an older theoretician he couldn’t accept that “beauty is an unreliable marker of truth” and so he “gave up” on much of quantum theory.

*  The fourth lesson:  Einstein confronts the gap between hope and fact.  Einstein had become a committed pacifist while in Berlin.  He thought that “the welfare of humanity should transcend the interests of nationality,” and that thinking people everywhere would agree with him.  But the rise of Hitler and Nazism in Germany changed his mind.  He left Germany in 1932 and never returned.  In 1939 he wrote the first of several letters to President Roosevelt, urging him to lead America into war against Germany.

* In the Q&A session, Levenson was asked about other lessons Einstein learned.  Levenson suggested that he also learned the power of publicity and how to make use of fame, accepting the intrusion into his private life because it allowed him to express his views to larger audiences.  He also “came to grips” with the failures of his private life, retreating into his research when he discovered that he too was probably “uneducatable” as a family man.  He learned about economics and money, helping to get funds for research by other scientists and to organize funds for refugees.  He also came to accept the value of quantum theory and said “If you are out to describe the truth, leave elegance to the tailor.”

* Levenson also noted the many times Einstein stepped up to counter injustices.  Prior to Martin Luther Kind, Einstein was the only Nobel laureate who spoke out against racism in America.

Comment:  Levenson thinks Einstein became a truly educated person while in Berlin.  Like the scientist he was, he accepted the evidence in front of him and tried to change his own views based on it.  However, in some areas he couldn’t dismiss his beliefs.  Like Henry Adams (a relative of two presidents, who wrote a keystone work of American biographical literature, “The Education of Henry Adams”), Einstein became “well educated” but was still unable to completely grasp the changes in the modern world that he had helped create.

The third lecture on this first day was by Kip Thorne, a Cal Tech professor, whose topic was “Warped Spacetime: Einstein’s General Relativity Legacy.”  Thorne is a friend of Stephen Hawking and they sometimes argue publicly about esoteric issues such as black holes and the details of what happens in and around them.  I’ve seen several PBS programs on these issues but I’m still confused about a few basic concepts.  Maybe you are too, so here’s an attempt to clear up some stuff everyone else at the conference seemed to know.

*  Einstein’s June 1905 paper was on the “special” theory of relativity.  His assumptions excluded gravity and he planned to work in that factor later.  He did so and wrote the “general” theory of relativity 10 years later.  

*  The 1905 theory overturned a basic assumption key to Newtonian physics:  that time and space are absolute and separate.  Einstein showed that they are not absolute because they appear different to different observers moving relative to each other through the universe.  This paper also theorized that nothing moved faster than the speed of light and that space was curved.

*  The famous equation, E=mc2, was part of a short paper Einstein submitted in September 1905 after he realized that if space and time were related, so were energy and mass.

* I’m still not sure what “spacetime” is.  It comes out of two ideas in the special theory of relativity.  One is is that the speed of light is constant to all observers.  The other is that motion through space is relative to the observer.  We’ve all had the experience of sitting on a train when a train next to us starts to move and it seems like we are moving even though we aren’t.  If both trains are actually moving at the same speed, it looks like we’re standing still relative to each other.  If we’re moving in one direction and the other train is moving the other way, it appears to be going much faster than it is.  So our perception of time (in this case, speed) is relative to our movement through space.  

Einstein theorized that the combination of our motion through space and our motion through time would equal the speed of light.  If you were moving through space at light speed, time would stop.  Even if you’re not moving through space at all, you’re still moving through time.  

One of Einstein’s professors, Herman Minkowski, read the paper and didn’t believe Einstein could have done it because he was such “a lazy dog” when it came to mathematics.  Minkowski went on to develop a mathematical proof of special relativity, showing that the three dimensions of space and the single dimension of time were related in a four-dimension construct he called “spacetime.”

Kip Thorne began by reminding us that Newton and Einstein are the two greatest minds to attempt to understand the universe and that both of them created “laws” that define the parameters for all the other work of physics.

*  When Einstein got around to including gravity in his work on relativity in 1915, he theorized that space would be warped by  massive bodies.  This was highly controversial at the time, but in 1919 the chance came to test it.  There was an eclipse that year and the English physicist, A.S. Edington, led an expedition to observe it.  The idea was to see if the light of stars was deflected as it traveled through space around the sun.

The expedition, involving scientists from several countries, was an important “healing” exercise after the end of WWI.  It also proved Einstein right. – not only was light deflected as it traveled through warped space, but it was deflected by the amount he had predicted.  This gave the theory of relativity great credibility and increased Einstein’s international fame.

Still, the measurement techniques were pretty broad.  Even in 1955, there was a plus-or-minus factor of 30% in the accuracy of the readings.  It wasn’t until the 1970s when radio telescopes were sent into space that truly accurate readings again proved Einstein right.

*  Thorne, like several of the other speakers, bemoaned the recent cutbacks of funding for space science.  Bush’s expedition to Mars in particular was cited as “devastating” because it will use up all of NASA’s resources at the expense of other projects.  It’s not really science, said a couple speakers, it’s exploration. 

*  The warping of space by the gravitational fields of large bodies also causes the apparent slowing down of time.  Using the same kind of technology employed in GPS systems, multiple satellites with extremely precise clocks have proved this.

* Space and time seem to whirl around like a vortex or a tornado near very massive bodies.  In 1939 Robert Oppenhemier and others suggested that Einstein’s theories could result in the formation of “black holes” -- areas where massive bodies caused space to fall in upon itself and to trap everything around them, even light.  Thorne held up a black ball about a foot in diameter and said that if this was a black hole it would weigh thousands times more than the sun.

*  The structure of black holes (all this is theoretical, of course) is interesting.  Their circumference may be fairly small, but their diameter is huge.  This is because you measure diameter across the surface of a plane that cuts through the middle of the ball.  Since space is warped inside a black hole, or dragged down into it, you end up going down the vortex and back up as you measure diameter.  

*  If you think of a black hole as a tornado, the top part is where space starts to swirl and get warped.  About halfway down you come to the “horizon” where time also swirls to the point where light can’t escape.  Time also reverses, with everything below the horizon going backwards.  At the bottom of the funnel you have a “singularity” -- a point of almost infinitely dense mass.

* How can we see black holes?  After all, they’re black.  We can infer their existence because they cause ripples in spacetime that we now call “gravitational waves.”  These were also predicted by Einstein in 1916.  When two black holes are near each other the waves overlap and create ripples and the frequency of the ripples can be measured.  Think of two drops of water hitting a pond near each other.  Where the circular waves intersect you get a vertical pattern of interference.

*  The great physics experiment in this arena is LIGO -- the Laser Interferon Gravitational Organization.  It involves 500 scientists from 50 countries and has been developing since 1970.  It consists of several very large detectors located around the world that are designed to detect and measure gravitational waves from intersecting black holes.  The project has been hurt by scientific funding cuts but this coming year is a big deal.  Scientists will search for these waves starting this month and hope to find some.

*  The thing about gravitational waves is that they are not electromagnetic like light, sound, X-rays, microwaves, etc.  So they represent a kind of motion and energy we’ve never before been able to measure.

*  The term “naked singularity” got bandied about and people perked up a bit, hoping for some smut.  A naked singularity is that point of infinitely dense mass, only without the rest of the black hole.  The Big Bang started with a naked singularity.

*  Thorne and Stephen Hawking made a famous bet in the late 1980s about whether it was theoretically possible to travel back in time through a black hole.  Hawking thought not, Thorne thought possibly.  After going back and forth for most of the 1990s, Hawking conceded that it was remotely possible, but “exceedingly unlikely” with a 1 in 10 to the 60th chance of success.  He sent Thorne a t-shirt that said “nature abhors a naked singularity.”  The fun these theoretical physicists do have!

*In the Q&A session Thorne was asked if we could go back in time what would it be like.  Thorne discussed a principle called “self-consistency” that attempts to “make the universe safe for historians and physicists.”  One of its premises is that slight variations make it impossible to change things, even if you go back through time.  If a billiard ball falls through a black hole and goes back in time, emerging at the same place it started, would it knock itself out of the way?  Maybe not, because it wouldn’t come back to exactly the same space.

Comment:  All of this began to get a bit overly-speculative for me.  I realize we’re dealing with intensive mathematical stuff behind all these theories, but without the math (not that I’d understand it anyway) it begins to lose meaning.  Black holes are interesting, as is this notion of gravitational waves and a new kind of energy we haven’t “seen” before.  But if these scientists want funding for LIGO and similar projects, I think they need to make a more concrete case for their value.

There were other events taking place in the evening, including a concert, a play and a lecture on religious implications, but Jean and I still had half a bottle of wine.  We stopped to finish it off at a point looking out over the Minnesota River valley, then drove 12 miles to our hotel in Mankato, had dinner and watched the rest of a special on Bob Dylan before falling into our own black holes of sleep.

Day two began with heavy rain and high winds, but we made it safely back to St. Peter in good time.  It was actually quite refreshing and we walked in to the sounds of the Gustavus orchestra playing themes from Star Wars.

The first speaker was Sylvester James Gates, a professor from the University of Maryland, who spoke on “Is Cosmic Concordance in Concomitance with Superstring/M Theory?”  Gates is an imposing presence.  For one thing, he’s African-American, a rarity among scientists at this level.  For another he has a kind of deep and broad wisdom about his field and is regarded as an exceptional mathematician and one of the leading developers of string theory.  If I had to nominate a new Nobel winner among this group, Gates would be my choice.  He has an excellent speaking voice and took the time to make sure the sound system was working right -- it doesn’t matter how good you are if no one can understand what you’re saying.

* He began by pointing out that relativity and quantum theory are the two “most tested and successful theories in physics” and that Einstein spent most of the latter part of his life trying to find some kind of reconciliation between the two, even though he couldn’t quite come to grips with quantum mechanics.  On his death bed, Einstein asked for paper and pencil and was trying to work out an equation when he died.

*  Gates has a student who’s especially adept at computer graphics and he made a point of recognizing him.  The graphics in his presentation were very good, but Gates also emphasized that they were not just illustrations but represented some of the most advanced and arcane mathematical principles available.

* No aspect of string theory has ever been observed -- it’s all mathematical construct.  The reason it’s so popular is that it appears to be our best shot at completing the reconciliation Einstein sought.

*  Gates noted that he sometimes gives his students assignments where they start with a set of equations and are asked to complete them.  He can read the papers from top to bottom or bottom to top and sometimes in the middle “a miracle happens -- you see evidence for the existence of God.”  Students insert a kind of “fudge factor” to make things work out.

*  Einstein, “who was at least as bright as we are,” did the same thing.  He wanted to believe that the universe was static and his equations didn’t show that.  So he inserted a “cosmological constant,” an act he later called his “biggest blunder.”  

*  The Big Bang led to four possible models for the universe.  It could expand forever as the force of the explosion continued to drive matter away in all directions at the same speed.  It could expand and then collapse as matter and gravity counteracted the initial energy.  It could have always been there, forming a kind of giant bubble in which the big bang is just another event.  Or it could expand forever at increasing speeds.  This last possibility is what is known as “the concordance model.”

*  Scientists have discovered that there is more matter in the universe than we can account for.  This is known as “dark matter” and also “dark energy.”  “Various matter,” the stuff we are made of and everything else we can detect, accounts for only about 5% of the mass of the universe.  Dark matter accounts for about 65%.  The remaining 30% is the dark energy surrounding dark matter.  Everything we can detect is like “the froth on the surface of a turbulent ocean.”

*  LIGO is important because it will allow us to detect gamma rays emitted by the intersection of gravitational waves caused by the collision of black holes or neutron stars.  These rays were first observed in the 1950s when we launched satellites to detect nuclear explosions.  They revealed continuous bursts of gamma rays, which meant either someone was testing bombs all the time or something else was happening.  When the satellites were turned towards space, they found that these rays were coming from beyond our galaxy:  “ET was trying to contact us.”

*  Gates has a gift for metaphor.  “Listening” to this gravitational radiation will give us a new way to understand the universe.  It’s like hearing the deep sound waves of whales in the ocean.  LIGO is like taking a sonogram of the universe from inside the mother’s womb.

*  It’s extremely difficult to study string theory because of the size and cost.  If we reduce the everyday world to 10 to the minus 5, we can observe blood cells through equipment like an electron microscope.  At 10 to the minus 9 we can begin to see DNA, which requires more expensive equipment.  At 10 to the minus fourteen we can begin to detect the particles inside the nuclei of atoms, a process that requires billion-dollar particle accelerators.  But string theory requires working in the 10 to the minus 35 range, and all the money in the world isn’t enough.

*  So the only way to discuss string theory is through mathematical models and it requires extremely advance mathematical concepts that only a few people can master.  It’s a little like music.  We can experience the sound, but the sound comes from a score that relatively few people can “read.”  Still, the universe “doesn’t work by magic” and deciphering the scores is a key part in understanding it.

*  When two particles come close to each other they send a message saying that they should either be repelled or attracted to each other.  There’s a miniscule time delay and space for this to happen and we need to know what happens in that time and space.  But we won’t know if we’re not looking.  

* Gates tossed a bean bag to a member of the audience.  The guy caught it.  Young kids, Gates pointed out, can’t catch because they don’t have a picture in their minds of how the bag is supposed to move through space and time.  Our experience of “quantum weirdness” is like that.

*  Hawking and others theorized that the message sent out by two approaching particles is carried by something called a “graviton.”  It may account for much of the dark matter and energy in the universe.  It may also account for why the moon stays in orbit around the earth.  The centrifugal force that balances the gravitational pull of the Earth should have worn off by now but “the moon still isn’t here.”  Some of the quantum weirdness may explain why.

*  Einstein’s fudge factor, it turns out, may not have been a blunder after all.  His cosmological constant may turn out to be related to the workings of gravitons.  This may illuminate what Einstein meant when he said “imagination is more important than knowledge.”  You can’t do without knowledge, but sometimes you have to imagine a way to have the knowledge make sense.  This requires the imaginative power of “a good guess.”

*  The strings in string theory come in two forms.  One is a more or less wiggly line.  The other is circular.  Gates likes to think of the first as pieces of spaghetti and the second as spaghetti-os.  Both move constantly, and like any string in motion, they vibrate and have frequencies.  As mathematical representations they are very complex.  The first theories in 1968 postulated that they existed in 25 dimensions, not counting the three of ordinary space and the one of time.  By 1984, new theories of “heterotic superstrings” postulated 10 dimensions.  

* Gates is working to get it down to four additional dimensions by showing that the strings vibrate around certain fixed points.  He’s also working on “pseudoparticles” that  have functions similar to gravitons, but this requires extremely complex geometry because you’re dealing with mass and matter.

*Gates got the only standing ovation of the conference, a remarkable sight:  5000 people applauding a theoretical physicist and mathematician as if he were a musician.  In the Q&A session he was asked if string theory helps explain dark matter.  Yes, through a concept called “supersymmetry.”  Using the geometry of string theory you can begin to understand how to measure dark matter.

*  What would Einstein have thought of string theory?  First of all he probably wouldn’t have understood it because even though he was a good mathematician for a physicist, this requires mathematics way beyond that level.  He would have liked the geometric approach but would have had a hard time with advanced concepts of particle physics.  In the end he probably would have shrugged and said “show me.”

*  In what medium do strings vibrate?  They don’t.  They’re theoretical, mathematical concepts so they don’t require a medium.

*  Do strings only exist at these very small levels?  That’s where most of the research is being done, but recent discoveries indicate that there may be “cracks” in space that extend over great distances and some of these seem to have characteristics of sub-atomic strings.  As with a lot of things in quantum physics, there seem to be parallels between the very small and the very large.

*  How does string theory fit into Einstein’s legacy?  Geometry, like relativity, is a way of thinking and Einstein would have appreciated that.  It’s also not a coincidence that 10 to the minus 35, the area where string theory functions, is also the wavelength of light photons.  If Einstein were alive today “he probably would be working on string theory, but he wouldn’t tell anyone.”

Comment:  I’ve tried to understand string theory but mostly I still don’t quite get it.  I’m getting closer, and Gates’ illustrations and metaphors helped.  He was also a more eloquent defender of theoretical scientific research, noting that we pay for science and we have every right to decide not to fund certain activities.  But we do so at a cost.  This kind of research has always lead to better understanding and to advances in technology that gets applied in all kinds of ways.  Without this research, for instance, our cell phones wouldn’t exist.  When we decide to go to Mars instead of fund other research, we are postponing both scientific understanding and technology for our children and their children.

The second speaker of day two was Wendy Freedman, a cosmologist who is a director at Carnegie Observatories in Pasadena and one of the principle scientists working with the Hubble telescope.  Her talk was on “The Legacy of Albert Einstein for Cosmology.”

Freedman began by noting that she had an affinity for Minnesota because she and her sister both played hockey for a college team in Canada.  Many people (myself included) also made a mental note that cosmology is different from cosmetology and when we’re talking about Einstein’s legacy, we’re not talking hair styles.

*  Einstein’s 1905 special theory of relativity proved that time and space are related.  His 1915 general theory went further and indicated that space is curved and “dynamic” -- it can be warped by gravity.

* Before Einstein we really knew very little about the universe.  Newton’s universe had structure -- it was composed of stars like our sun that clumped together into a galaxy.  The only galaxy we knew was our own, the Milky Way, which had a diameter of about 30,000 light years.  And we didn’t really know much about that:  Newton knew that the earth was not the center of the “universe” because he could tell that the planets revolved around the sun.  But he thought (or maybe he was playing it safe to avoid the problems Galileo faced) that the Milky Way revolved around the sun.

*  Pre-1905, we thought matter in the universe consisted of stars and planets.  We thought the universe was static, unchanged and unchanging in time.  We didn’t know how it began.  And space and time were absolute and separate.

*  After Einstein, all this changed.  A hundred years later we now know that the Milky Way is just one of billions of galaxies and that our sun is located about 2/3 of the way out from the center, “sort of the Lake Wobegon of solar systems.”  We know the radius of the universe is about 13.7 billion light years.

*  We now know that galaxies are composed of hundreds of billions stars, planets, and dark matter and that there are hundreds of billions of galaxies in the universe.  We know the universe is dynamic, that it began with a “Big Bang,” that space and time are relative and that space is curved.  So Einstein made a big difference.

* Freedman reviewed many of the concepts other speakers had covered, including the possibility that Einstein’s “fudge factor” of a cosmological constant may have some validity. 

*  Edwin Hubble was one of the first researchers to make precise measurements of the bending of light that Einstein predicted.  He took photographs of what he called “nebular fuzzies” at the Mt. Palomar telescope in Pasadena.  He found that the light from these things (we now know them as supernovae) got very bright then dropped off quickly.  He also discovered that these supernovae were in every galaxy.  By measuring the shifts in their light he found that galaxies are speeding away from us and each other.  This discovery helped determine the distance to galaxies and also proved that the universe is expanding.  It also implied that the universe had once been much closer together and gave support to the Big Bang theory.  And it explained why we saw bursts of gamma rays all over the sky.

*  New observational technologies have helped us test these theories to much higher degrees of accuracy.  For instance, with the Hubble telescope we can now measure the light from distant stars to within one thousandth of one percent.  This has helped us learn that there is much more mass in the universe than there should be, and much more structure.  

*  Space isn’t a void.  It’s held together by a kind of “sticky” substance that keeps galaxies from spinning away from their centers and keeps X-ray gas around exploded stars much longer than it should be there.  The “Hubble constant” attempts to explain some of this dark matter and energy and it operates very much like Einstein’s cosmological constant.

*Freedman went on to discuss the “Giant Magellan” telescope being built in the Andes mountains where the atmosphere is uniquely pure and the sky is clear at least 300 nights a year.  She also recounted an adventure several years ago when she was spending the night observing stars from the Mauna Loa observatory in Hawaii.  The temperature is a fairly constant 32 degrees. You get to the observation platform with a special lift and sit there all night.  One evening the lift broke and there was no way to get down.  There were also no “facilities.”   

* The Q&A session went on much longer than usual, with a number of interesting topics being discussed.  Hubble died of a heart attack at the age of 64 and never won a Nobel prize.  Gates suggested that a good theme for a future Nobel Conference would be to focus on people who deserved the prize but for various reasons never won it.  He also suggested it would be a good idea to set up a program of posthumous prizes to recognize them. 

* Someone asked “how do you know the universe is billions of years old?  Were you there?”  It’s a stupid question, of course.  We know lots of things that happened when we weren’t physically present to observe them.  Gates pointed out that a scientific theory is not “just” a theory.  That, in fact, scientific theory is the only form of belief that does get tested and proved right or wrong.  The task of each generation is to absorb and test the knowledge handed down to it.  Science does this in ways that other “belief systems” don’t.  So in some sense a scientific theory is more solid than facts.  Facts are only data.  But scientific theories are distillations of facts that attempt to explain them.

* Does dark matter have mass?  Yes.  It clumps together and is weakly interactive with a force like gravity but different in ways we don’t yet understand.

*  Where does God live in this kind of universe?  This question seems to come up at each of these conferences as the audience channels the popular attempt to mix religion and science.  Gates again provided the most lucid answers.  He noted that Einstein said that science was a “cosmic religion” and that many scientists are religious, sometimes because of their work.  The research into quantum physics has shown very useful and interesting structures -- “It looks like a good pattern.  But it’s not provable.”  Still, science is not religion.  It doesn’t depend on magic or miracles and it doesn’t work on faith.  It works on logic and proof.  Gates:  “Science neither affirms nor denies the existence of God.”  That question is outside its purpose and its parameters.

Comment:  Freedman is an interesting and energetic speaker, but her talk seemed to buzz about among subjects mostly already covered.  She’s clearly one of the world’s top observational cosmologists, collecting the data that theoreticians use.  She’s also a worthy heir to Hubble, a strong advocate for investing in better observational equipment so we can know more and test theories better.   She closed with an Einstein quote:  “The most incomprehensible thing about the universe is that it is comprehensible at all.”

The final talk was by George F.R. Ellis, a professor at the University of Cape Town, whose subject was “The Existence of Life in the Universe and the Crucial Issue of Ethics.”  Each of these conferences has a session related to ethics, though many of the speakers raise and address ethical concerns.  Ellis teaches applied mathematics and “complex systems” and is another collaborator of Stephen Hawking’s.  They are co-authors of theoretical works on the structure of large-scale spacetime.  Ellis is also widely involved with social issues in South Africa and a recipient of the Templeton Prize, a Nobel-like award given for discoveries about “spiritual realities.”

He began by suggesting that ethical truths are as “embedded” in theoretical physics the same way advanced mathematics is.  “The universe allows us to come into being” and we should consider what that means as we try to understand how the universe is structured.

*  The universe appears different depending on how closely you look at it.  If you observe it at a level of 1 part in 100, it appears homogeneous -- space looks evenly distributed and its temperature looks constant.  But if you look closer, at 1 part in 1000, you see that mass is distributed unevenly and that there are hot and cold spots throughout the universe.  You also find variations in the movement of mass in space.

*  The seeds of all this variation were sown by the Big Bang.  Temperature, for instance, moves “from left to right.”  The closer you get to the Big Bang, the hotter things get and they get colder from that point in both space and time.  The current background temperature of 2.7 degrees above absolute temperature is the product of 13 billion years of cooling.

* In the first three minutes after the Big Bang temperatures were so high that space was “opaque.”  Only hydrogen and helium existed.  Now space is “transparent” and we find all the elements.  As things cooled, helium and hydrogen condensed to form “first generation” stars.  These stars condensed and exploded to create denser materials and the “second generation” stars we can observe today.  Only these stars have elements denser than hydrogen and helium and they account for all the “variable” matter in the universe -- the 5% or so that is not dark matter or dark energy.

*  One of the problems in trying to discover what happened at the moment of the Big Bang is that we postulate a flat plane in which the universe sits.  This is probably incorrect, but we don’t yet have the tools to construct a starting point in multiple dimensions, though string theory may be getting us there.

*  After reviewing a lot of the concepts discussed by previous speakers, Ellis tried to establish a “context” for humanity in the universe as we currently understand it.  Overlaying physics with Darwin shows us how “finely balanced” conditions must be for life to exist and change.  If things were different in only tiny degrees in key areas, we would not be here.  We need three dimensions, for instance, for humans to exist.  We need a cosmological constant that is perfectly balanced: too weak and matter flies apart; too strong and it collapses on itself.  

*  Ellis discussed the possibility of “multiverses” instead of a universe.  Is there life as we might recognize it beyond our planet?  If there are multiple versions of our universe, as big as it is, then statistically, life should exist elsewhere.  Even though conditions have to be just right, “somewhere, somehow, someone will get it right.”  But this gets us into the realm of statistics and probabilities, not verifiable evidence.  This is where physics becomes metaphysics.

*  If there is life in other places in the universe, what would it be like.  Ellis thinks it would have to be carbon-based because only carbon allows for the complexity we find in life.  He also thinks that other forms of life would have DNA and RNA, though perhaps not structured exactly like ours is.

*  All kinds of conscious life seem to have similar psychological needs.  We need a brain, or some way to process data and make sense of it.  We need a rationality function and some kind of faith/hope function.  We need emotions because they form our first and fastest reactionary system.  Our emotions are primary and genetic, “hardwired” into our makeup, whereas our rational and faith/hope functions are slower and secondary.  

* All of these functions are influenced by each other.  Guiding this influence is our sense of ethics -- what is right or wrong.  This is what he means by ethics being embedded in the physical nature of life.

* If we encounter other life forms, what might happen?  Will we like them?  Will they like us?  Will it be “ET or Judgment Day?”  The evidence we’ve been sending into space is not encouraging.  Our TV and radio broadcasts travel very great distances and they don’t show us to good advantage.

* Still, Ellis believes there is reason for hope because things have generally improved over the last 200 years in spite of dramatic setbacks.  He thinks we are moving to a “global ethical consensus” on things like a belief in democracy and recognizing equal rights of women and people of all races.

*  But if humanity is to survive technological advances we need to make a more rapid ethical transition.  We need a “deep ethics” that recognizes what is true and what is false.  It doesn’t lie in wealth -- the more you have the better;  it doesn’t lie in power -- might makes right.  It may lie in “intellectual certainty” where you have to prove that what you call “truth” is true.  

Comment:  Ellis thinks that the issue of security is really an ethical issue.  “Sacrificing on behalf of others is the only path to true security.”  You need to turn enemies into friends because that is the only way to be secure.  Ghandi and Martin Luther King recognized this.  So did Einstein when he said that “sacrifice becomes grace.”  

Jean and I left St. Peter and drove back to Minneapolis.  The rain had stopped; the late afternoon sun was brilliant.  The fields and hills were beautiful.  And the usual minor miracle happened as it always seems to do with these conferences:  we left town at the end of summer and two days later we returned to a world full of autumn.
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