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The historical importance of quantum mechanics lies not so much in the fact that it
provided answers to a number of old questions about the nature of matter — much more
important is that it changed our idea of the questions that we are allowed to ask. For
Newton’s physicist successors, physical theories were intended to provide a mathematical
machine that would allow physicists to calculate the positions and velocities of the parti-
cles of any system at all future times from a complete knowledge (never of course realized
in practice) of their values at any one instant. But quantum mechanics introduced a com-
pletely new way of talking about the state of a system. In quantum mechanics we speak
of mathematical constructs called wave functions that give us information only about the
probabilities of various possible positions and velocities. So profound is this change, that
physicists now use the word “classical” to mean not “Greco-Roman,” %2 or “Mozart,
etc.,” but, rather, “before quantum mechanics”.

If there is any moment that marks the birth of quantum mechamcs it would be a vaca-
tion taken by the young Werner Heisenberg in 1925. Suffering from hay fever, Heisenberg
fled the flowering fields near Gottingen for the lonely North Sea island of Helgoland.
Heisenberg and his colleagues had for several years been struggling with a problem raised
in 1913 by Niels Bohr's theory of the atom: why do electrons in atoms occupy only certain
allowed orbits with certain definite energies? On Helgoland Heisenberg made a fresh start.
He decided that, because no one could ever directly observe the orbit of an electron in an
atom, he would deal only with quantities that could be measured: specifically, with the
energies of the quantum states in which all the atom’s electrons occupy allowed orbits,
and with the rates at which an atom might spontaneously make a transition from any
one of these quantum states to any other state by emitting a particle of light, a photon.

Z1«“DREAMS OF A FINAL THEORY” by Steven Weinberg.
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The consequences of the theory of relativity are vast, profound, and unexpected.
UIn Einstein’s way of thinking, the velocity of light appears as a universal constant, and
its fundamental character transcends® ¢ its historical connection to electromagnetism.
21t relates space to time in the Lorentz transformation; it is the limiting velocity that
cannot be exceeded in the transmission of signals; and it appears in the connection between
velocity, energy, and momentum of a material point having at rest the mass m. This con-

nection is given by the formulae E = mc?/4/1 — v?/c? and p = mv/ /1 — v?/c?. ¥ The

mass of bodies, defined as the ratio between force and acceleration, becomes variable

with velocity. The conservation of mass is no longer a precise law and is substituted by

a generalization of the conservation of energy, in which mass may transform into energy
according to the formula mc? = E. ¥Modern physicists have even discovered massless
“particles”, the most notable being the light quantum. For these particles, £ = pc, and they

move with the speed of light with respect to any inertial system.

A3 «“FROM X-RAYS TO QUARKS” by Emilio Gino Segre
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