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An Elegant Idea:

String Theory and The Elegant Universe
Louis Nemzer

In The Elegant Universe, Brian Greene presents a new model of physics known as “string theory” in an easily understood manner. He implies that this theory has the potential to become the much sought after “unified theory” that encompasses all the fundamental forces and particles.  The book begins by pointing out several flaws with the currently accepted model consisting of relativity and quantum mechanics. The existing model does not account for the relative masses of the fundamental particles or the strengths of the four primary forces, which seem to have arbitrary values. More significantly, however, Greene points out an intrinsic tension between quantum mechanics, the framework that describes very small particles, and general relativity, which relates to very massive bodies. While these two theories form the basis of modern physics, contradictions appear when attempting to combine them. For example, in the case of black holes, which are both small and extremely massive, bringing together quantum mechanics and general relativity leads to nonsensical results. Specifically, quantum mechanics and the uncertainty principle dictate that at very small scales approaching Planck’s length, space is filled with “quantum fluctuations,” while general relativity requires “smooth” spatial geometry in order to be valid. This means that quantum mechanics and relativity are fundamentally incompatible at the smallest levels.

The book uses this premise to introduce string theory, which maintains that all matter is made up of identical “strings,” which have finite size and are indivisible. Each fundamental massive particle is really a tiny loop of string whose properties are determined by its vibration pattern. Just as a macroscopic string can resonate with various modes, these extremely small loops have resonance patterns representing each of the fundamental particles. Since this replaces the modern conception of elementary “point-particles,” the tension between quantum mechanics and relativity can be resolved. Since the strings have finite size greater than Plank’s length, the small distances where quantum mechanics and relativity conflict can never be probed. This obviates any potential contradiction, since the uncertainty principle dictates that phenomenon that cannot be measured cannot really be considered to even exist. In addition, by considering the possible resonance modes of strings, it can be shown that the masses and charges of the elementary particles are not at all arbitrary, but rather reflect a profound unity 

While the book does introduce string theory in a very lucid manner, the incidental presentation of relativity and quantum mechanics is where the book really shines. The accepted tenets of modern physics are made accessible to any reader, regardless of previous knowledge. Especially well done are the sections on “the ultraviolet catastrophe” and the photoelectric effect, which directly lead to the concept of quantazation and highlight the importance of Plank’s discovery. Even readers with no familiarity with relativity or quantum mechanics will have little difficulty following his methodical and clear discussion of the current state of physics.

The book briefly addresses detractors of string theory by mentioning the potential pitfall in finally deciding that strings are the ultimate “uncuttable” entities. After all, atoms, protons, and quarks have all been thought to be indivisible at one time or another. He also concedes that an accelerator with the ability to demonstrate conclusively the existence of strings would have to be the size of the galaxy with many orders of magnitude more power than current accelerators. This means that it is unlikely that direct evidence of strings is unlikely in the near future. In addition, string theory requires the existence of at least ten dimensions, with the extra ones “curled up” so as to have eluded detection until now. These problems could have received more attention as they have been a major reason string theory has not gained more widespread support. 

The final potion of the book contains many speculative possible avenues for the future advancement of string theory, but not even all string theory proponents accept some of these conjectures. This is in contrast to the first sections of the book, which deals with the universally accepted principles of the standard model and “mainstream” string theory.

While not quite “The theory of everything” The Elegant Universe is a very readable and worthwhile. String theory is still young, and, as indicated in the book, may soon gain greater acceptance as a way to understand the universe we inhabit.

