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On Reading Brian Greene’s Elegant Universe
and the Accompanying Materials
by Brian Thompson


Despite the fact that I am a high school physics teacher, I am reading this book from the perspective of a layman. I do not have the calculus background or higher level physics coursework to comprehend all of the intricacies of string theory.  However, this book was written for the masses, rather than for an elite few and this is evidenced by its appearance at the number four spot on the New York Times best seller list. Brian Greene’s book not only explores string theory, it also provides an excellent 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. The accompanying website and video have also proved to be valuable.


Elegant Universe begins with a history of the development of some of the most vital theories underlying physics. He explores three of the biggest conflicts of ideas in the history of physics (p. 5-6). He discusses briefly what we know about matter and the fundamental forces and their carrier particles (p. 10-12). He concludes the opening volley 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. It does not rely on the in-depth arguments of later chapters. It is also something that does not require a great attention span, as it moves through the topics quickly and does not dwell on any topic overlong. However, since it is so brief, it does not provide enough depth to any of the topics covered to be a stand alone piece.

The next section, chapter two, is one that I find to be the most compelling for students and probably the most useful in the classroom. There is a 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, although without the burden of complex equations. There is a very strong attempt to make some of the more esoteric theories understandable for most readers. This is important since these topics, especially the effect on time are particularly difficult topics. 
With the help of some graphics and simply worded explanations in chapter three, Greene breaks down the bulk of Einstein’s Special and General Relativity theories (p. 67-74). Here also is a comparison of a Newtonian versus Einstein-esque view of gravity (p. 55-56). Einstein’s view is dominant as the discussion includes the ideas of warped space and how the theory effects time (p. 62-66). 
Chapter four follows with an exploration of quantum mechanics. There is another well constructed description of this, again without the complicated equations. The theories are both explained, and their manifestations are thoroughly explored. Included are descriptions of some of the more important contributions of Max Planck (p. 91-97), and Richard Feynman (p. 97-102). Also touched on is the troubling idea of the wave-particle duality of light (p. 103-108). 
The culmination of this is chapter five where a comparison of the two main ideas of relativity and quantum mechanics is made and why they are incompatible is explained. The shortcomings are each is exposed in turn as Einstein’s picture of the universe is shown to be incompatible with Bohr’s quantum mechanics (p. 127-131). Ultimately the need for a new theory is addressed, since both theories appear to be correct on their own scale, but neither can be applied to its counter-parts realm. It would seem to not matter, until the idea of what is happening around the moment of The Big Bang is considered. There the incredibly massive and the remarkably small exist together. There the ideas break down. 
These first two sections of the text, although brief considering what is actually covered, are the most valuable for classroom use. They are quite readable and very informative. 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 equations, which many students would balk at, and the inclusion of some helpful graphic images, help to create a history that most students and teachers will be able to read. It may require careful reading and discussion, but it does deliver. It also prepares the reader for what comes next: String Theory. 
Here in the third section of the book the author embarks into a discussion of the basics of string theory. He begins by explaining a conceptual model using music (p. 135, 142-146). This is a good tactic as it is an analogy which is accessible to most people. It allows the basis for a framework unto which more complex ideas may be built. If readers can accept this simple model, they can begin to understand the more complex ideas which follow. He 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). This culminates in the idea of the hope that string theory will provide a grand unification theory through this new conceptual framework (p. 165). Although it will require science to overcome some old ideas, as pointed out in the early chapters science has always been faced with this dilemma when confronted with new concepts. The author goes into some detail of how this unification might actually happen. More importantly to me as a reader he does discuss whether this idea itself is a valid one. 
As the author goes on to further refine the solution string theory might provide he discusses the implications of string theory on physical laws. He makes what seem like valid comparisons between string vibrations and electron spin and symmetry (p. 170-174). By using more analogy to more well known and understood ideas, he provides a further scaffold upon which to build a more solid conceptual model. This proves useful as he discusses particle behavior and fundamental forces as explained through string theory (p. 174-182). The ideas become increasingly complex as the author moves through all of the potential of this new theory. 
The section then moves into chapter eight and on to one of the most difficult topics I feel is approached in the entire text. The need for the existence of extra dimensions (ten plus one) to accurately explain the motions and effects of string (p. 201-204). He spends a good deal of time constructing the ideas in this portion (p. 186-196), both because of the importance of this to the supporting math, but also, I think, since the idea of eleven dimensions is a rather difficult one to grasp. This is where the brilliance of Elegant Universe is best evidenced. The careful construction of analogies in terms that any literate individual can comprehend is invaluable to bringing this most difficult of ideas to the casual reader. Most people have difficulty thinking in terms of more than three dimensions. Even though the history of physics in earlier chapters explores the idea of space-time and the existence of a definite link between the two, the readers are all presumably human, and therefore burdened with the experience we all share of one way time and three dimensions. I find student reactions to these concepts to be either amazement or disbelief. Without knowing why it is required by the math, embracing the idea of eleven dimensions seems to require a bit of a leap of faith. 
The section finishes with chapter nine by posing the vital question of whether we can prove any of this through experiment. Unfortunately, with our current technologies, that sadly remains out of reach. But the author does leave hope for some future possibilities proving of string theory. 

From this point forth, the discussion of string theory and its implications is driven by a more philosophical, rather than mathematical approach. In fact there are very few equations presented anywhere in the text. While this does serve to make the text more accessible to the general public than it otherwise would be, it also leaves a somewhat incomplete feeling. It is as though you are being talked into something, rather than presented with evidence of its existence. I understand that string theory equations themselves are daunting, and to the casual reader, most likely indecipherable. As sure as I am that a book loaded with the supporting math would scare away the casual reader, I wish that there were more included, at the very least in an appendix. 


Lacking a series of mathematical arguments, the premises put forth in the text are constructed upon logical thought progression. It is thoroughly stated and comprehensive in its scope. Brian Greene does an excellent job of at least proposing where the theory may take us. 
In chapter eleven he addresses the tearing of the fabric of space in depth, which Einstein stated was not possible. This is discussed in depth as this is one of the major departure points from current theory. 

Chapter twelve is an attempt to tie in the many different pieces of string theory. This chapter can be tedious, as the author himself admits when he says early in the chapter “it is especially easy to lose the forest for the trees” (p. 286) Since this chapter does jump around to some very lofty topics it may be too heavy for high school level readers. Although it does spend some important time addressing M-theory(p. 298-317), which is a single theory which ties the previous, but separate, versions of string theory together. 

Chapter thirteen discusses black holes from a string theory perspective. This chapter also seems like it is beyond the reach of most high school students. It is very difficult reading and would probably leave most of my students rather confused. In this chapter and chapter fourteen he applies the concept to many of the more pressing questions facing modern physics culminating with the exciting idea of a merging of the four fundamental forces (p. 363-370). The discussion is hopeful, but realistic. Brian Greene not only understands, but also states the current limitations and shortcomings of the theory (p. 383-387).

The real value of The Elegant Universe to me as a teacher is the entire suite of material. I have used the video, the website, and selected reading with students and have had generally good response. The threefold approach allows the accommodation of multiple learning styles. The video makes excellent use of computer generated images which captivate the eye. Many of my high school students would find the reading difficult, if not impossible to digest. However, the video has an effect on them that the text could never produce. Many of my students have found the video very compelling, many, but not all. I have also had the experience of students finding the video to be too much material, and too foreign to their notions. Some students have complained that even this boiled down version was incomprehensible to them. Despite this, I find the video to reach the greatest number of students. On the other hand, the book offers a much deeper look into every aspect that Greene discusses. If taken in isolated excerpts it has great value in the high school classroom, especially the opening chapters which cover more well accepted theories. The accompanying website (www.pbs.org/wgbh/nova/elegant/) itself is another great teaching tool. It has some interactive aspects, as well as a teaching guide, which can be used in most classrooms. The website has the added bonus of providing a hands-on approach, giving more active learners a chance to experience some of the ideas in a way that they are comfortable.
Overall Elegant Universe does an excellent job of bringing to the public some of the most exciting, yet esoteric ideas in theoretical physics today. It has definitely earned a place in today’s high school physics classroom. 
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