




I 481 through to 1978, I found, not surprising! y, the most recent 
entries the easiest to read and absorb. The jewel in the crown 
for me, and I suspect for many readers of AJP, was Feynman's 
1965 essay The Character of Physical Law, but a (fairly distant) 
second was Our Invisible Culture (Allen L. Hammond, 1978) 
about the elusive human face of mathematics. I think that more 
than three decades later, developments in mathematics and its 
applications to biology in particular may render some aspects 
of this entry dated, but then that is to be expected in a volume 
spanning 500 years of mathematical writing! 

The final Chapter ("The Mathematicians Who Never Were: 
Fiction and Humor") contains several amusing items, but I 
gravitated immediately to an extract from Edwin Abbott's 
celebrated 1884 classic, Flatland (here subtitled A Sight of 
Thine Interior). The joys of "dimensional inte1face phenom
ena" are many and varied! In fact, several times in hjs Scien
tific American essays Martin Gardner (1914-2010) discussed 
the dimensional analogy, so I am astonished that there is no 
mention of him in this book (at least, I could find none). He 
was a well-known and highly regarded popular mathematics 
and science writer, specializing in recreational mathematics. 
His obituary in the NY Times described him as "puzzler and 
polymath," and the tribute to him in the Scientific American 
noted that "For 25 years, he wrote Scientific American's Math
ematical Games column, educating and entertaining minds 
and launching the careers of generations of mathematicians." 
In my opinion this certainly qualifies him for inclusion in trus 
eclectic survey of popular mathematics writing. 

In summary, this book contains much hard-to-find mate
rial that will be of particular interest to those who teach the 
history of mathematics, but also to those who wish to 
broaden their mathematical horizons in time (and space!), 
despite the significant omission of some of Gardner's prolific 
writings. There is much here worth delving into, and that is 
probably the best way to approach the book, rather than read
ing it through directly. 
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Once we have it, quantum gravity will explain the micro
structure of space-time. Is space continuous? What about 
time? Does space-time geometry make sense near the initial 

746 Am. J. Phys., Vol. 80. No. 8, August 2012 

, 
singularity? What is the description of physics deep inside a 
black hole? What is the dimension of space-time on the 
smallest length scales? These are the sort of questions, the 
theory of quantum gravity is expected to answer. The essence 
of our search for the theory is an exploration of the quantum 
foundations of space-time. 

The theory of quantum gravity is a fascinating subject full 
of wonderful conceptual and technical challenges. It is no 
wonder that Rodolfo Gambini and Jorge Pullin wish to intro
duce it to undergraduates with a "light and nimble" (p. iv) 
presentation in A First Course in Loop Quantum Gravity. 

General relativity makes a strong statement: geometry is 
physical, rather than a mere array of background coordinates 
over which field and particle dynamics unfolds. At times 
called general coordinate invariance, or diffeomorphism 
invariance, the background independence of general relativ
ity makes sense for the theory of the space-time geometry 
with which and on which stuff happens. It is also radically 
different from other well-tested physical theories that typi
cally assume a great deal of background structure. 

Loop quantum gravity is an attempt, as yet incomplete, to 
quantize Einstein's theory of general relativity in four 
space-time dimensions while retaining its background inde
pendence. In the Hamiltonian approach taken, the kinemat
ics (the quantum geometry of space) is quantized before the 
dynamics (the evolution of spatial geometry). To date, loop 
quantum gravity has succeeded at the first step. Building on 
methods from field theory, an essentially unique quantum 
theory of spatial geometry emerges. Loop quantum gravity 
predicts discrete spectra of familiar geometric quantities 
such as length, area, volume, and angle. Acting like quan
tum mechanical angular momentum operators, these opera
tors give the physical geometry. The scale of the granularity 
in geometry is set by the fantastically remote Planck length, 
or about 10- 35 m. 

As one would expect from a quantum theory of geometry, 
the state space is suitably weird. For instance, there exist 
states for which surfaces have area, but every closed surface 
encloses vanishing volume. The state space is also suitably 
familiar . The space contains states that closely approximate 
our apparent Euclidean geometry of daily life. 

Loop quantum gravity has also achieved success in appli
cations to cosmology, black holes, and even the nascent 
field of quantum gravity phenomenology. However, before 
the dynamics is complete, the theory must be regarded as 
tentative. 

In presenting this fascinating but incomplete theory, there 
are two immediate issues to settle-the reader's background 
knowledge and the expected depth of understanding. Wi sely 
choosing not to include general relativity in the required 
background, the authors state that they assume electrody
namics, Lagrangian and Hamiltonian mechanics, special rel
ativity, and quantum mechanics. In fact, the requirements go 
a bit beyond this with such topics as index notation and com
plex analysis. But the gaps between core subjects in the 
undergraduate physics major and the book could be bridged 
in a class setting. As to the expected depth of understanding, 
the authors announce their modest goal of hoping that 
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