The Sextant Equation

E = mc?

Peter Galison

On 17 November 1945, John Wheeler, Princeton physicist, Manhattan
. Project veteran and herald of a new age of physics, stood before a sympo-
sium audience to survey the state of his science. He began by recalling that
first moment of the nuclear age, early in the war, at the University of
Chicago. A key figure in the war effort had telephoned Washington to tell
the president of Harvard and head of the National Scientific Research
Board, James Conant, about the events that the refugee physicist Enrico
Fermi had just directed: ‘The Italian navigator has discovered America.’
. ‘Splendid,” Conant replied, ‘and is the new country safe to enter?” The
report: ‘Yes and Columbus finds the natives are friendly.” That was
2 December 1942, and the coded discussion told Conant and those respon-
sible for the American scientific war effort that the world’s first nuclear
reactor had safely begun a self-sustaining chain reaction. Physicists had
landed on the continent of applied nuclear fission where they could begin to
imagine producing power or detonations from energy buried in the heart of
the uranium atom. Over the following thirty-two months the scientists of the
atomic-bomb project drove relentlessly towards the delivery of nuclear
arms, ending, or rather pausing, in the cataclysmic blasts over Hiroshima
and Nagasaki in August 1945.

Now, as Wheeler was speaking, just three months had passed since the
war’s end.- Physics, not long before a relatively obscure academic redoubt,
now lay front and centre in the nation’s attention. Surveying physics and the
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society around it, Wheeler had a vision of the ‘formation of the new world’
augured by nuclear physics, ‘the great continent which lies beyond [fission]
and which represents the last untraversed portion of knowledge of the phys-
ical universe’. Mathematicians at the time of Columbus, Wheeler
commented, could delude themselves about just how far the explorer had
reached in his quest to circ{lmnavigate the globe. Physicists of the mid-
1940s, by contrast, could not deceive themselves about what remained to be
found. For scientists now held in their hands a sextant of a simplicity that
left no room for self-deception. Such a theoretical instrument, such a meas- |
ure of scientific progress, would at any given moment tell the human race
just how far it had progressed towards the total annihilation of matter into
energy. Powerful as it was, uranium fission took humankind but a thou-
sandth of the way towards the goal of total energy conversion, for only a
thousandth of the mass of a uranium atom blew into pure energy when the
uranium nucleus split. A pure swap of matter into energy would, by con-
trast, provide the final limit to energy production, the ultimately efficient
production of energy that could be used to construct a new industrial world.
Or to provide a weapon of unequalled power. And the sextant of modern sci-
ence giving the measure of success, showing humankind its precise location
on the scale of total conversion, was Albert Einstein’s E = mc?, the most
famous equation in the history of science.

What this means is that if a mass of m grams is lost in the splitting of a ‘
uranium atom (the parts weigh less than the whole), then the amount of
energy released in that fission process is E (in ergs), where E is given by the
mass times the speed of light in a vacaum (30 billion centimetres per
second) squared. Surprisingly enough, in Einstein’s first paper he did not
use E for Energie or Energia in German and Greek respectively, and c for
celeritas (swift in Latin), but rather L for energy (surely after lebendige
Kraft “living’ or kinetic energy) and V for the velocity of light. Although the
particular symbols of E = mc? feel inevitable to us now that we have grown
used to those particular symbols, Einstein settled on the E and ¢ only in
1912. Energy can be released in various forms — in the simplest possible
version of nuclear fission, a uranium atom divides into two smaller nuclei
flying away from each other at a furious rate. The energy released by the
splitting of a single uranium atom would be enough to budge a grain of sand
visibly off a table; releasing the fission energy contained in the million bil-
lion billion atoms of a kilogram of uranium would — and did — destroy
several square miles of city.

By the end of 1945, fission, the physics of nuclear reactors and atomic
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