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Experiences supplementing NYS Regents HS Physics instruction with 
The Elegant Universe by Brian Greene together with the attendant PBS DVD special and NOVA website .

by Brian Thompson
Abstract
In this review I describe Greene's The Elegant Universe and supplementary materials for HS Physics instruction about string theory. I describe my experiences reviewing and using these materials in my class of 25 NY Regents Physics.  In general I find that there is little in the book that supports the New York State Regents Physics curriculum. The website offers a teaching guide that can be used in a hands-on lab setting. ...
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Elegant Universe: Superstrings, Hidden Dimensions, and the Quest for the Ultimate Theory by Brian Greene is a 425 page primer on String theory and the history leading to it. It can be purchased from Amazon.com for $10.85 or Borders or any fine bookstore for $15.95. The DVD is also available from Amazon.com for 15.99 or it can be streamed from the Nova website for free. The DVD runtime is three hours. The Nova supporting website address is www.pbs.org/wgbh/nova/elegant/.


I am a high school physics and science teacher in a small rural school in New York State. I teach a single class of Regents Physics each year. I have presented some material from Elegant Universe to my students for the past three years (2004-2007). I usually have around 20 physics students and they are all college-bound seniors.

Although Elegant Universe is a well written book, it fails to address any of the New York Regents Physics standards. While the New York State Physics standards do address modern physics, Elegant Universe will provide no more than a brief history of the topic which I have found too difficult for most of my students to read. 
If student interest does bring these difficult topics (relativity or string theory) into discussion, the resources provide a good starting point for students interested in independent study. Some of my students have shown great interest in the topic of string theory, but do not have the ability to comprehend the supporting math. I find that parts of Elegant Universe can be assessable to them. I offer most of this material only for purposes of enrichment. Since my students are generally on a track to apply to science-based programs in college and have developed a desire to learn anything which might fill in the gaps in their knowledge, some of them are very eager to watch the video. The book itself is has too much content to be useful to them, and when I attempted to read some excerpts with them it left them feeling confused. They complained that it was almost impossible for them to read. I have even had students refuse to continue reading in the middle of a lesson. 

Brian Greene’s book not only explores string theory, it also provides a primer on the history of some of the biggest ideas in physics. Although well written and insightful, it tends to be repetitive in its methodology and can overwhelm the reader with ideas. The preponderance of ideas the theory has inspired stands in stark contrast to its as yet untestable basic tenets. Despite some shortcomings, there is material a high school teacher can use in the classroom. I feel that a teacher should be well informed. Although I do not expect my students to learn about String Theory, they may have questions about it. Reading this book has helped me to be able to answer some of their questions, but I would never require them to read it themselves. The accompanying website and video have proved to be more valuable in the classroom.


The Elegant Universe begins with a history of the development of some of the most vital theories underlying physics. Greene explores three of the biggest conflicts of ideas in the history of physics (p. 5-6) and discusses briefly what we know about matter and the fundamental forces and their carrier particles (p. 10-12). The author concludes the opening chapter with a basic description of string theory and the hopes for a unification based upon this new idea (p. 15-20). Because this opening chapter is both pithy and brief, it is probably the most usable for high school physics classrooms. Again I reiterate that I would not have them read it, I would give them the highlights of this section as notes. 

Chapter two is one that I find to be the most compelling for my students and probably the most useful for enrichment in my classroom. Each year sometime early in the mechanics unit, one or more of my more inquisitive students will ask me about time travel. They have a passing familiarity with the idea and are usually quite hopeful with their questions. I think these questions come so early because the mechanics unit can move slowly as we build their knowledge and they had hoped for a more rapid revealing of the ‘secrets of the universe’. Since I do not address these more esoteric ideas in the normal course of my class I will lend each of these students one of my copies of Elegant Universe with this chapter marked for them to read.   There is an excellent discussion of special relativity (p. 28-30) and the speed of light (p. 30-33), as well as the effects of special relativity on time (p. 31-46). The topics are delved into in some depth without the burden of complex equations. There is a very strong attempt to make relativity understandable for most readers. This is important since these topics, especially the effect on time are particularly difficult topics in which some of my students are interested.  With the help of some graphics and simply worded explanations in chapter three, Greene breaks down Einstein’s Special and General Relativity theories (p. 67-74). Here also is a comparison of a Newtonian versus Einsteinian view of gravity (p. 55-56). 

I have found that these first two sections of the text are the most valuable for student consumption. Read them yourself before you give them to students so you can engage them in discussion if the want to pursue the topic further since there is no description of the use of the written material in the teachers manual.  

While not providing enough material to entirely replace the background information that today’s students need to tackle modern physics, they do provide an excellent basis for a discussion exploring the disparity of ideas and the need for a single theory of the universe. The lack of the advanced mathematics which high school students lack the background to understand and the inclusion of some helpful graphic images, help to create a history that your most inquisitive students will be able to read. I have only had the opportunity to share this book with seven or eight individuals and only had good responses from two or three. Elegant Universe may require careful reading and discussion, but it does offer an opportunity for enrichment for your most advanced students. 
The third section of the book Elegant Universe embarks into a discussion of the basics of string theory. If you have a willing audience, this material is better delivered by showing the Elegant Universe video. The text is difficult reading. I have only had one high school student capable of completing this material, although I have recommended it to several. Greene includes a short history of the development of string theory (p. 136-140) and the emerging need for a new fundamental particle (p. 146-164) and discusses the hope that string theory will provide a grand unification theory through this new conceptual frame work(p. 165). 

The discussions of string theory and its implications are driven by a philosophical approach. There are very few equations presented anywhere in the text. While this does seem to make the text more accessible to advanced high school students than it otherwise would be, it also leaves a somewhat incomplete feeling. My students and I felt as though we were being talked into something, rather than presented with evidence of its existence. I can be difficult to follow, as my students have told me. Only a single student I gave the material to actually finished the book

The real value of The Elegant Universe to me as a teacher is the rest of the materials including the video and the website which I have used to generally good student response. The video makes excellent use of computer generated images which captivate the eye. Many of my high school students have found the reading difficult, if not impossible to digest. However, the video has an effect on students that the text could never produce. Many of my students have found the video very compelling. They leave the room having excited conversations about the new ideas presented and return the next day with questions that have occurred to them in the intervening time. I show the complete 180 minute video only after I have completed the Regents curriculum. I have to add that although it is well made there are still students who found the video boring. Some students complained that the video covered too much material, and was too foreign to their notions for them to incorporate into their worldview. A few students even claimed that the video was completely incomprehensible to them. Upon reflection I found that the most interested students tended to be those heading into engineering or physical science after graduation and the least interested to be those heading into areas outside of the sciences. Despite this, I find the video to reach the greatest number of students and is a worthwhile if you have the time. 
The accompanying website (www.pbs.org/wgbh/nova/elegant/) itself is another good teaching tool. It has some interactive aspects, as well as a teaching guide (http://www.pbs.org/wgbh/nova/teachers/activities/pdf/3012_elegant.pdf), which can be used in most classrooms. I have used the activity “Bubble Chamber Basics”, from this guide as a lab activity in the modern physics unit. The activity presents the students with a simple picture of tracings which may have occurred in a bubble chamber. It helps make the idea of finding these fundamental particles accessible by allowing students to identify some of these particles on their own by following some simple rules. It also helps students make ties between mechanics and modern physics, since the rules are based on mechanics. Students have found this activity well within their ability to complete, and have mentioned that it was very understandable. It is the only part of all of the Elegant Universe materials which I have found to directly support the New York Regents Physics curriculum in a new and useful way. 

Overall Elegant Universe does an excellent job of bringing to the public some of the most exciting, yet esoteric ideas in theoretical physics today, but has little to offer a teacher of New York State Regents Physics. 
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