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we often refer to them simply as “particles”) A proton is the nucleus of the simplest
atom, hydrogen. Tt has a positive charge (= +e = +1.60 x 107" C, the same
magnitude as for the electron) and a mass

my, = 1.67262 X 107" kg.

The neutron, whose existence was ascertained in 1932 by the English physicist
James Chadwick (1891-1974), is electrically neutral (g = 0), as ils name
implies. Its mass is very slightly larger than that of the proton:

m, = 1.67493 x 107" kg.

These two constituents of a nucleus, neutrons and protons, are referred to
collectively as nucleons.

Although the hydrogen nucleus consists of a single proton alone, the nuclei of
all other elements consist of bath neutrons and protons, The different nuclei
are often referred to as nuclides. The number of protons in a nucleus (or
nuclide) is called the atomic number and is designated by the symbol Z. The
total number of nucleons, neutrons plus protons, is designated by the symbol A
and is called the atomic mass number, or sometimes simply mass number. This
name is used since the mass of a nucleus is very closely A times the mass of one
nucleon. A nuclide with 7 protons and 8 neutrons thus has Z = 7 and A = I5.
The neutron number Nis N = A — Z,

To specify a given nuclide, we need give only A and Z. A special symbol is
commonly uscd which takes the form

7X,
where X is the chemical symbol for the element (see Appendix B, and the peri-
odic table inside the back cover), A is the atomic mass number, and Z is the
atomic number. For example, ';N means a nitrogen nucleus containing 7 protons
and § neutrons for a total of 15 nucleons. In a neutral atom, the number of elec-
trons orbiting the nucleus is equal to the atomic number Z (since the charge on
an electron has the same magnitude but opposite sign to that of a proton). The
main properties of an atom, and how it interacts with other atoms, are largely
determined by the number of electrons. Hence Z determines what kind of atom
it is: carbon, oxygen, gold, or whatever. It is redundant to specify both the
symbol of a nucleus and its atomic number Z as described above. If the nucleus
is nitrogen, for example, we know immediately that Z = 7. The subscript Z is
thus sometimes dropped and "N is then written simply “N; in words we say
“nitrogen fifteen.”

For a particular type of atom (say, carbon), nuclei are found to contain
different numbers of neutrons, although they all have the same number of
protons. For example, carbon nuclei always have 6 protons, but they may have
5.6,7. 8,9, or 10 neutrons. Nuclei that contain the same number of protons but
different numbers of neutrons are called isotopes. Thus, |\C, '2C, '2C, '.C, iC,
and '2C are all isotopes of carbon. The isotopes of a given element are not all
equally common. For example, 98.9% of naturally occurring carbon (on Earth)
is the isotope '7C, and about 1.1% is 'JC. These percentages are referred to
as the natural abundances.” Many isotopes that do not occur naturally can be
produced in the laboratory by means of nuclear reactions {(more on this later).
Indeed, all elements beyond uranium (Z = 92) do not occur naturally on
Earth and are only produced artificially, as are many nuclides with Z = 92,

The approximate size of nuclei was determined originally by Rutherford from
the scattering of charged particles by thin metal foils. We cannot speak about a
definite size for nuclei because of the wave—particle duality: their spatial extent must
remain somewhat fuzzy. Nonetheless a rough “size” can be measured by scattering
high-speed electrons off nuclei. It is found that nuclei have a roughly spherical

"The mass value for each element as given in the periodic table (inside back cover) is an average
weighted according to the natural abundances of its isotopes.
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