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How It All Began

By BRIAN CLEGG

In the 20th century, quantum mechanics and general relativity transformed physics. Each proved extremely good at matching experiment and observation, yet the two theories would not work together. General relativity provides our best explanation of gravity, but it ignores quantum effects—the physics of the very small. To understand the full interaction of matter and forces requires a quantum approach to gravity. If there was a big bang, it was a quantum phenomenon involving the entire universe, only explicable using quantum gravitation.

Like many before him, Martin Bojowald, an associate physics professor at Pennsylvania State University, has found the search for a workable theory of quantum gravity anything but straightforward. In "Once Before Time" he charts the development of loop quantum gravity, one potential mechanism for a bridge to unite physics. Opposed by a more popular contender in string theory, and with alternative formulations arising all the time, loop quantum gravity faces an uphill struggle if it is to become the dominant theory.

A distinct problem in reaching a better understanding is that the mechanisms used by theoreticians in attempting to unify physics may have a limited correspondence with the real world. Mr. Bojowald is honest about this: "There are as yet no observations to corroborate the theoretical formulations of quantum gravity."

Without observations, physicists try to use mathematical consistency to evaluate the relative effectiveness of different theories. Often this proves nearly impossible in practice, leading to the use of subjective measures of the "beauty" or "elegance" of a theory. Researchers with very different ideas of beauty will pursue radically different paths, reducing the chances that the different factions will communicate with one another and ultimately increasing the chances that scientists may lose sight of reality.

A considerable number of theories have been posed to overcome the incompatibility between quantum mechanics and general relativity. Even since "Once Before Time" was written, a new hypothesis from Petr Horava has provoked considerable interest. His theory separates space and time from the uniform grip of general relativity, appearing to combine quantum theory and relativity without the usual problems. In Mr. Bojowald's book, though, the two significant contenders are string theory and loop quantum gravity.

String theory has the greatest support but has also proved highly frustrating. Its strength is in the elegant simplicity of the idea. All the particles in physics, including the graviton (the hypothetical particle that carries gravitational force), are represented by different modes of a single elementary object, the string. The attractive image of vibrating strings, however, hides horrendously complex mathematics, the need for nine or 10 dimensions, equations with billions of solutions (any of which could match reality) and a total absence of predictions that could be tested by experiment to add weight to the theory.

Loop quantum gravity is less well developed but takes a very different approach. In this theory it is not only matter that can be split down to atoms. Space itself, even with no matter present, is atomic. Some of the properties of these atoms of space can best be described mathematically using an extended, one-dimensional loop, hence the term "loop quantum gravity." Once more the math is ferocious, with space constructed from a latticework weave of one-dimensional components; like string theory, loop quantum gravity has yet to make a useful prediction that can be tested.

Although both theories attempt to explain the nature of space, time and the universe, they have emerged from totally different directions. String theory was developed by combining the way particles and forces are described, making use of the powerful influence that symmetry holds in basic physics and regarding space-time as a given. Loop quantum gravity stems from an analysis of the geometry of the universe, building everything, including space-time itself, from scratch. 
These two theories, string and loop quantum gravity, produce fundamentally different views of the universe's origins. The existing theory about the big bang (and about black holes) involves singularities—points of collapse where standard physical measures like density become infinite, causing the equations to break down. String theory offers mechanisms to get around the singularity problem of the big bang: Physicists Paul Steinhardt and Neil Turok have proposed an "ekpyrotic" model, where two universes floating in multidimensional space collide to produce a new beginning for the universe. But string theory can still produce unmanageable infinities.

The biggest benefit of loop quantum gravity is that it doesn't involve these singularities and infinities. It predicts a quantum effect where the gravitational force becomes repulsive in the conditions around the big bang, producing a "big bounce" before a singularity can form. If this were the case, it would be possible in principle for some information to pass through this bounce from a previous incarnation of the universe. Loop quantum gravity offers the tantalizing possibility of a prehistory of everything.

Perhaps the best-known title in the popular science genre is Stephen Hawking's "A Brief History of Time." It is often said to be a book that many have started to read but few have finished. By comparison with "Once Before Time," Mr. Hawking's book is lightweight bedtime reading. There is no doubt that Mr. Bojowald will leave many casualties by the roadside—but those who persevere will find undoubted insights into one possible explanation of the universe at its most fundamental and will experience the work of top-level science as close to first-hand as is humanly possible for a nonscientist.

Mr. Clegg is the author of "Before the Big Bang" and, most recently, "Armageddon Science." 

