Physics 199: It's About Time

OVERVIEW

In Astronomy 123: Cosmology, we study the structure and evolution of the Universe. This is an amazing time in which to be a cosmologist and to learn about Cosmology. Prior to last decade, it is not an exaggeration to say that we knew only three fundamental things about the Universe: one, the Universe is expanding (which was discovered in the 1920s), two,  the Universe is filled with a low-level background electromagnetic radiation, the 3-degree Cosmic Microwave Background radiation (CMBR), and that the chemical composition of the Universe is  90 % hydrogen, 10 % helium, and  less than 1 % everything else.  Today, with new observations and discoveries being made almost daily, the explosion of knowledge and information on the Universe has turned Cosmology into a science from what it once was, philosophy. An amazing discovery which boggles the mind concerns the composition of the Universe. We now know that the total inventory of the Universe is bizarre.  The atoms, stars, planets, and us are made of materials which comprise less than 5 % of the Universe. 23 % of the Universe is made of more exotic matter, know as Dark Matter. We do not yet know what types of matter make up Dark Matter but work at new particle colliders hopes to shed light on this question.  Perhaps most unexpected is that astronomers and physicists have now been pushed to the position that the rest of the Universe is made up of something called Dark Energy, a mysterious substance which causes the Universe to expand but,  as of now, has not been identified. 

An underlying issue in the course is What is the nature of time? With the more we learn, the more it becomes clear that our Universe is not eternal. Our Universe had a beginning. This fact raises many questions. What is  time? When did time begin? Did time begin? What was before the Universe? Does time flow like a river? Is there some master clock in the Universe which governs the passage of time for everyone?  The questions surrounding the nature of time are too numerous to mention. In my Faculty Perspective Seminar (FPS), I will discuss different facets of the question, What is the Nature of Time? The seminar fits nicely with the overall course content for Astronomy 123 as it  addresses questions which surround the early evolution of the Universe directly, questions which cannot be adequately dealt with in the lectures assigned to the early Universe in the course (see http://zebu.uoregon.edu/~imamura/astr.123.html). Not as apparent, but it also turns out that if we can understand time, it likely means that we will be getting close to understanding the fundamental nature of the Universe. The understanding of time and the so-called Theories of Everything are inextricably linked, in my opinion.

SEMINAR ORGANIZATION

I propose to use one of two popular science texts as the framework for the seminar, About Time by Paul Davies, or The Fabric of the Cosmos by Brian Greene. Both books are well-written and written by accomplished scientists. Chapters in the books would be assigned readings. The readings are meant to spark the imaginations of the students. During the in-class sessions, I will discuss and lead discussions on the readings, both taking the material farther and fleshing it out. The nice thing about the seminar topic is that it raises questions rather than offering concrete solutions and bodies of facts to be memorized. Many profound questions will be posed which, amazingly, modern science can now attempt to answer.  In most instances, definitive answers will not be given, but, sound, scienttific responses will be given.  A sample course schedule (of questions based on The Fabric of the Cosmos) follows:

Part I: Reality's Arena

In the first few weeks, we would discuss and present the ways in which we view the Universe (reality). We will first consider, What is science? How do scientists approach the study of the  Universe?  We next would consider the ways in which scientists model the Universe. We touch on the concepts of General Relativity, Special Relativity, and Quantum Mechanics, the underpinnings of modern physics. 

Part II: Time and Experience

In the next few weeks, we consider questions on the nature of time. Does time flow like a river? Does time have a direction?  How is time viewed by our modern theories? When did time begin? Was time created with the Universe?  

Part III: Reality and Imagination

In the last part of the seminar, we  force a confrontation between reality (data) and imagination (scientific models). We ask, How do we experiment with space and time? Are our current theories abstractions or reality?  Is time travel possible? How can we make time machines? What are the implications for time travel? What are the implications if we can show time travel is not possible? The last question is perhaps the most profound and whose answer may be the most far-reaching.

STUDENT EVALUATION:

The students are expected to perform weekly reading assignments (fairly short, on the order of 20-30 pages per week), and to participate in class discussions. In the last session, I will pose a question, which was unanswered (but discussed) in the seminar,  to each student and have them write a response during class. 

