The Number of Life
1/137… give or take: the value of the fine-structure constant. Our Universe, our life and
everything we know depend on this number. What would the consequences be, if this were
to change?
What is the meaning of life, the Universe, and everything?
Ask a physicist and he will most likely, jokingly, answer:
“42” — the ultimate answer given by Deep Thought, the
supercomputer specially built to address this question in
the book The Hichhiker’s Guide to the Galaxy. However, a
much more compelling answer would be 1/137, give or take,
— the value of the fine-structure constant α. In fact, were α
to change by a small percentage, life would be all but impossible, our Universe would be totally different, and most of
the things we know would not exist. Why does α have this
magic value? No one knows. Maybe α varies across the Universe and we are just at the right place at the right time, as
pointed out by recent evidence discovered by John K. Webb
and co-workers at the University of New South Wales in
Sydney, Australia.
The fine-structure constant α quantifies how electrically charged particles interact. For example, it governs how
protons and electrons get together to form atoms. More
in detail, α combines in a pure number some of the most
fundamental constants of Nature, namely the charge of the
electron (e), the speed of light in vacuum (c) and the Plank
constant (h).
What would be the consequences of a change in α? If its
value were bigger, the electrostatic repulsion between the
protons in the nuclei of most atoms would overcome the
strong nuclear force trying to keep them together; atoms
such as carbon, which constitutes the backbone of proteins
and DNA molecules, would never have formed. If its value were smaller, a weaker repulsion between the protons
would allow for many more heavy atoms to form, but molecular bonds would also be weaker; complex molecules
would simply fall apart at the tiniest shaking. In both cases,
life as we know it would never have happened.
Physicists and philosophers alike have been fascinated
with the reason why α holds precisely its magic value: not
too big, not too small: just right. A lot of effort has been focused on trying to establish the value of α from first principles. As Nobel Laureate Max Born once wrote, “the fact that
alpha has just its value 1/137 is certainly no chance but itself
a law of nature. It is clear that the explanation of this number must be the central problem of natural philosophy.” Be
that as it may, the actual value of α remains unexplained.
No one has been able to derive the value of α from the fundamental laws underlying the structure of the Universe.
To overcome such an impasse, many scientists have
been considering the possibility that the constants of Nature may not be all that constant after all. One of the pioneers
of considering this possibility is John D. Barrow, now at
the University of Cambridge, UK. As Webb recalls, “I spent
1996 on a sabbatical at the University of Sussex, where my
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Figure 1: Constants of Nature. Constants of Nature have long fascinated scientists and philosophers
alike. What is the reason behind their numerical values?
The speed of light (which physicists familiarly call c) is
299 792 458 meters per second, the charge of the electron (e) is 0.000 000 000 000 000 000 160 217 656 5
coulombs, the Planck constant (h) is 0.000 000 000 000
000 000 000 000 000 000 000 662 606 957 Joules times
seconds. Certainly, the logic behind these numbers is
not what strikes us at first glance. In fact, generations of
great scientists have racked their brains looking for any
indications of regularity, for any signs of an underlying
logic, for any evidence of a set of principles from which
these numbers could have been derived. Unfortunately,
all efforts have, to date, been unfruitful.

colleague John Barrow was working at the time. We started
discussing a lot and he got me interested in the subject of
the constancy of physical constants. Actually, I got interested from the very beginning, but I didn’t see any new directions where the subject could go.”
When Webb went back to Australia after his sabbatical,
he started trying to figure out how he could use the light
coming from quasars billions of light years away to make
much more precise measurements of α than anyone had
done before. Quasars are the most distant astronomical
objects ever discovered, laying at the boundaries of the
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known Universe, about 15 billion light years away from us.
Their light reaches us after traveling literally astronomical
distances and collecting information about the matter it
encounters. As a matter of fact, not all light reaches us, as
the atoms found along the way absorb some specific colors.
These absorption lines constitute an actual fingerprint of
these atoms’ properties and can be analyzed to find out the
exact value of α in these distant regions. “We started looking for a way to analyze these data and put an upper bound
on the variability of α,” Webb remembers, “but it turned out
that we could clearly see that α had a value smaller than the
one on Earth.” They therefore concluded that α increases
over time [1].
Recently, new data has become available. “Now we have
datasets from two different telescopes. The Very Large Telescope (VLT) in Chile and the Keck telescopes on Mauna
Kea in Hawaii,” Webb explains. “We checked the second
set to see whether it agreed with the data of ‘99. Much to
our surprise we found out that they gave a different sign
of the variation of α. We obviously checked for systematic
errors, but we didn’t find any.” They then noticed that the
data showed a systematic spatial variation, which reflected
the fact that the two telescopes are pointing to different regions of the sky. “We then fitted the two datasets to a model,” Webb continues. “We fitted them individually and we
found out that both gave a dipole axis that agreed within
error bars. Furthermore, both gave the same magnitude
of the variation.” Webb and coworkers can now conclude
that, within the precision of their current measurement, α
appears to be spatially changing across the Universe.
Extraordinary claims require extraordinary evidence —
as Webb well knows. “When you have got something like

this, it obviously needs some independent confirmation before it gets accepted.” New information to corroborate or
disprove Webb’s analysis might come from radioastronomical observations, which might add some new, completely
independent data. Even earthly measurements of α might
provide some further insights; in fact, since the Earth is
moving through the Universe it might be possible that α
might slowly vary over time [2].
Were the spatial variation of α to be confirmed, “the consequences would be dramatic,” predicts Webb, “since most
physical equations assume constants. If α continues to vary
the further away we go, it might never reach an asymptotical value. Maybe this can be an argument in favor of the
weak anthropic principle and an explanation why the constants of our Universe are so finely tuned to our needs.”
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