
Chapter 42

Nuclear Physics



42.1: Discovering The Nucleus:

In 1911 Ernest Rutherford proposed that the positive charge of the atom is 

densely concentrated at the center of the atom, forming its nucleus, and that, 

furthermore, the nucleus is responsible for most of the mass of the atom.



We see that most of the particles are scattered through rather small angles, but a 

very small fraction of them are scattered through very large angles, approaching 

180°. 

In Rutherford’s words: “It was quite the most incredible event that ever happened 

to me in my life. It was almost as incredible as if you had fired a 15-inch shell at a 

piece of tissue paper and it [the shell] came back and hit you.”



Rutherford saw that, to deflect the alpha particle 

backward, there must be a large force; this force 

could be provided if the positive charge, instead of 

being spread throughout the atom, were 

concentrated tightly at its center. Then the 

incoming alpha particle could get very close to the 

positive charge without penetrating it; such a close 

encounter would result in a large deflecting force.



Example, Rutherford scattering of an alpha particle by a gold nucleus:



Example, Rutherford scattering of an alpha particle by a gold nucleus:



42.2: Some Nuclear Properties:

Nuclei are made up of protons and neutrons. The number of protons in a nucleus is called the atomic 

number of the nucleus, and is represented by the symbol Z; the number of neutrons is the neutron number, 

and is represented by the symbol N.

The total number of neutrons and protons in a nucleus is called its mass number A. Neutrons and protons, 

when considered collectively, are called nucleons.



Nuclides with the same atomic number Z but different neutron numbers N are called isotopes 

of one another. The element gold has 32 isotopes, ranging from 173Au to 204Au. Only one of 

them (197Au) is stable; the remaining 31 are radioactive. Such radionuclides undergo decay (or 

disintegration) by emitting a particle and thereby transforming to a different nuclide.



Some Nuclear Properties: Organizing the Nuclides



Some Nuclear Properties: Nuclear Radii

The nucleus, like the atom, is not a solid object with a well-defined surface.

Although most nuclides are spherical, some are notably ellipsoidal. 

Electron-scattering experiments (as well as experiments of other kinds) allow 

us to assign to each nuclide an effective radius given by

in which A is the mass number and r0 =1.2 fm.
(1 femtometer =1 fermi =1 fm=10-15 m.

The above equation does not apply to halo nuclides, which are neutron-rich

Nuclides, first produced in laboratories in the 1980s. These nuclides are larger 

than predicted by this equation, because some of the neutrons form a halo around 

a spherical core of the protons and the rest of the neutrons. Lithium isotopes are 

examples of this.



Some Nuclear Properties: Atomic Masses

•Atomic masses are often reported in atomic mass units, a system in which the 

atomic mass of neutral 12C is defined to be exactly 12 u.

1 u =1.660 538 86 x10-27 kg.

•The mass number A of a nuclide gives such an approximate mass in atomic mass 

units. For example, the approximate mass of both the nucleus and the neutral atom 

for 197Au is 197 u, which is close to the actual atomic mass of 196.966 552 u.

•If the total mass of the participants in a nuclear reaction changes by an amount Dm, 
there is an energy release or absorption given by Q=mc2.

•The atom’s mass excess, D, is defined as

Here, M is the actual mass of the atom in atomic units, and A is the mass number for 

that atom’s nucleus.



Some Nuclear Properties: Nuclear Binding Energies

If the nucleus splits into two nuclei, 

the process is called fission, and 

occurs naturally with large (high 

mass number A). 

If a pair of nuclei were to combine 

to form a single nucleus, the process 

is called fusion, and occurs 

naturally in stars.



Some Nuclear Properties: Nuclear Energy Levels



Example, Binding energy per nucleon:



Example, Density of nuclear matter:


