The strong nuclear force turns out to be far more complicated than the
gravitational and electromagnetic forces, One important aspect of the strong
nuclear force is that it is a shert-range force: it acts only over a very short
distance. It is very strong between two nucleons if they are less than about
107" m apart, but it is essentially zero if they are separated by a distance greater
than this, Compare this to electric and gravitational forces, which decrease as
1/r* but continue acting over any distances and are therefore called long-range
forces.

The strong nuclear force has some strange quirks. For example, if a nuclide
contains too many or too few neutrons relative to the number of protons, the
binding of the nucleons is reduced; nuclides that are too unbalanced in this
regard are unstable. As shown in Fig. 30-2, stable nuclei tend to have the same
number of protons as neutrons (N = Z) up to about A = 30 or 40. Beyond
this, stable nuclei contain more neutrons than protons, This makes sense since,
as Z increases, the electrical repulsion increases, so a greater number of neutrons—
which exert only the attractive nuclear force—are required to maintain stability.
For very large Z, no number of neutrons can overcome the greatly increased
electric repulsion. Indeed, there are no completely stable nuclides above Z = 82.

What we mean by a stable nucleus is one that stays together indefinitely. What
then is an unstable nucleus? Tt is one that comes apart; and this results in radioac-
tive decay. Before we discuss the important subject of radioactivity (next Section),
we note that there is a second type of nuclear force that is much weaker than the
strong nuclear force. Tt is called the weak nuclear force, and we are aware of its
existence only because it shows itself in certain types of radioactive decay. These
two nuclear forces, the strong and the weak, together with the gravitational and
electromagnetic forces, comprise the four known types of force in nature.

m Radioactivity

Nuclear physics had its beginnings in 1896, In that year, Henri Becquerel
(1852-1908) made an important discovery: in his studies of phosphorescence, he
found that a certain mineral (which happened to contain uranium) would
darken a photographic plate even when the plate was wrapped to exclude light.
It was clear that the mineral emitted some new kind of radiation that, unlike
X-rays, occurred without any external stimulus. This new phenomenon eventually
came Lo be called radioactivity.

Soon after Becquerels discovery, Marie Curie (1867-1934) and her husband,
Pierre Curie (1859-1906), isolated two previously unknown elements that
were very highly radioactive (Fig. 30-3). These were named polonium and radium.
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FIGURE 30-2 Number of neutrons
versus number of protons for stable
nuclides, which are represented by dols,
The straight line represents N = Z.
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FIGURE 30-3 Marie and Pierre
Curie in their laboratory (about
1906) where radium was discovered.
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