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 in the teeth of

jaws
Imagine skiing down the front of a five-story 
building. That's Laird Hamilton's idea of fun, 
plunging some 50 vertical feet on a wave face 
that only a handful of surfers dare ride. 
The strenght of such waves has earned this 
Hawaiian surfing spot its nom de guerre—Jaws.  
Those who know it best fear it most. Says 
Hamilton: “some say ‘no fear’. I say ‘bull’. 
I absolutely fear it. That's why i surf it.”

by Joel Achenbach  photographs by Patrick McFeeley
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In physical cosmology, the term Big Bang has two related meanings. 
It is a cosmological model in which the universe has been expanding 
for around 13.7 billion years (13.7 Ga), starting from a tremendously 
dense and hot state. The term is also used in a narrower sense to 
describe the fundamental ‘fireball’ that erupted at or close to time 
t=0 in the history of the universe. Observational evidence for the Big 
Bang includes the analysis of the spectrum of light from galaxies, 
which reveal a shift towards longer wavelengths proportional to 
each galaxy’s distance in a relationship described by Hubble’s law. 
Combined with the assumption that observers located anywhere in 
the universe would make similar observations (the Copernican prin-
ciple), this suggests that space itself is expanding. Extrapolation 
of this expansion back in time yields a state in the distant past in 
which the universe was in a state of immense density and tempera-
ture. This hot, dense state is the key premise of the Big Bang. Theo-
retical support for the Big Bang comes from mathematical models, 
called Friedmann models, which show that a Big Bang is consistent 
with general relativity and with the cosmological principle, which 
states that the properties of the universe should be independent 
of position or orientation. The theory of Big Bang nucleosynthesis 
predicts the rates at which various light elements are created in 
models of the early universe and gives results that are generally 
consistent with observations. The Big Bang model also predicts the 
cosmic microwave background radiation (CMB), a background of weak 
microwave radiation filling the whole universe. The discovery of the 
CMB in 1964 led to general acceptance among physicists that the Big 
Bang is the best model for the origin and evolution of the universe. 
The Big Bang theory developed from observations of the structure 
of the universe and from theoretical considerations. In 1912 Vesto 
Slipher measured the first Doppler shift of a “spiral nebula” (spiral 
nebula is the obsolete term for spiral galaxies), and soon discov-
ered that almost all such nebulae were receding from Earth. He 
did not grasp the cosmological implications of this fact, and indeed 
at the time it was highly controversial whether or not these nebu-
lae were “island universes” outside our Milky Way. Ten years later, 
Alexander Friedmann, a Russian cosmologist and mathematician, de-
rived the Friedmann equations from Albert Einstein’s equations of 
general relativity, showing that the universe might be expanding in 
contrast to the static universe model advocated by Einstein. In 1924, 
Edwin Hubble’s measurement of the great distance to the nearest 
spiral nebulae showed that these systems were indeed other galax-
ies. Independently deriving Friedmann’s equations in 1927, Georges 
Lemaitre, a Belgian Roman Catholic priest, predicted that the reces-
sion of the nebulae was due to the expansion of the universe. In 
1931 Lemaitre went further and suggested that the universe began 
as a simple “primeval atom”, echoing previous speculations about the 
cosmic egg origin of the universe. Starting in 1924, Hubble painstak-
ingly developed a series of distance indicators, the forerunner of 
the cosmic distance ladder, using the 100 inch Hooker telescope at 
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