This classical deterministic view of the physical world has been radically
altered by quantum mechanics. As we saw in the analysis of the double-slit
experiment (Section 28-2), electrons all released in the same way will not all end
up in the same place. According to quantum mechanics, certain probabilities exist
that an electron will arrive at different points. This is very different from the
classical view, in which the path of a particle is precisely predictable from the initial
position and velocity and the forces exerted on it. According to quantum mechanics,
the position and velocity of an object cannot even be known accurately at the same
time. This is expressed in the uncertainty principle, and arises because basic entities,
such as electrons, are not considered simply as particles: they have wave properties
as well. Quantum mechanics allows us to calculate only the probability' that, say, an
electron (when thought of as a particle) will be observed at various places.
Quantum mechanics says there is some inherent unpredictability in nature. This is
very different from the deterministic view of classical mechanics.

Because matter is considered to be made up of atoms, even ordinary-sized
objects are expected to be governed by probability, rather than by strict deter-
minism. For example, quantum mechanics predicts a finite (but negligibly small)
probability that when you throw a stone, its path might suddenly curve upward
instead of following the downward-curved parabola of normal projectile
motion. Quantum mechanics predicts with extremely high probability that
ordinary objects will behave just as the classical laws of physics predict. But these
predictions are considered of very high probability, not absolute certainties. The
reason that macroscopic objects behave in accordance with classical laws with
such high probability is due to the large number of molecules involved: when
large numbers of objects are present in a statistical situation, deviations from the
average (or most probable) approach zero. It is the average configuration of vast
numbers of molecules that follows the so-called fixed laws of classical physics
with such high probability, and gives rise to an apparent “determinism.” Devia-
tions from classical laws are observed when small numbers of molecules are
dealt with. We can say, then, that although there are no precise deterministic laws
in quantum mechanics, there are statistical laws based on probability.

It is important to note that there is a difference between the probability
imposed by quantum mechanics and that used in the nineteenth century to
understand thermodynamics and the behavior of gases in terms of molecules
(Chapters 13 and 15). In thermodynamics, probability is used because there are
far too many particles to keep track of. But the molecules are still assumed to
move and interact in a deterministic way following Newton’s laws. Probability in
quantum mechanics is quite different; it is seen as inherent in nature, and not as
a limitation on our abilities to calculate or to measure.

The view presented here is the generally accepted one and is called the
Copenhagen interpretation of quantum mechanics in honor of Niels Bohr's — Copenhagen interpretation
home, since it was largely developed there through discussions between Bohr
and other prominent physicists.

Because electrons are not simply particles, they cannot be thought of as
following particular paths in space and time. This suggests that a description of
matter in space and time may not be completely correct. This deep and
far-reaching conclusion has been a lively topic of discussion among philoso-
phers. Perhaps the most important and influential philosopher of quantum
mechanics was Bohr, He argued that a space—time description of actual atoms and
electrons is not possible. Yet a description of experiments on atoms or electrons
must be given in terms of space and time and other concepts familiar to ordinary
experience, such as waves and particles. We must not let our descriptions of
experiments lead us into believing that atoms or electrons themselves actually
move in space and time as classical particles.

"Note that these probabilities can be calculated precisely. just like exact predictions of probabilities

at dice or playing cards, but unlike predictions of probabilities at sporting events or for natural or
man-made disasters, which are only estimates.
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