
Chapter 43

Energy From The Nucleus



43.3: A Natural Nuclear Reactor:

Some two billion years ago, in a uranium deposit recently mined in Gabon, West Africa, 

a natural fission reactor apparently went into operation and ran for perhaps several 

hundred thousand years before shutting down.

Both 235U and 238U are radioactive, with half-lives of 7.04 x108 y and 44.7 x108 y, 

respectively.

Thus, the half-life of the readily fissionable 235U is about 6.4 times shorter than that of 
238U. Because 235U decays faster, there was more of it, relative to 238U, in the past. 

Two billion years ago, in fact, this abundance of 235U was not 0.72%, as it is now, but 

3.8%. This abundance happens to be just about the abundance to which natural uranium 

is artificially enriched to serve as fuel in modern power reactors.

Of the 30 or so elements whose stable isotopes are produced in a reactor, some must still 

remain. Study of their isotopic abundances could provide the evidence we need. Of the 

several elements investigated, the case of neodymium is spectacularly convincing. The 

next figure explains this fact.







43.4: Thermonuclear Fusion, The Basic Process:

To generate useful amounts of energy, nuclear fusion must occur in bulk matter.

The best method is to raise the temperature of the material until the particles have enough 

energy—due to their thermal motions alone—to penetrate the Coulomb barrier. This 

process is called thermonuclear fusion.

In thermonuclear studies, temperatures are reported in terms of the kinetic energy K of 

interacting particles via the relation K =kT, in which K is the kinetic energy 

corresponding to the most probable speed of the interacting particles, k is the Boltzmann 

constant, and the temperature T is in kelvins.





Example, Fusion in a gas of protons, and the required temperature :



43.5: Thermonuclear Fusion in the Sun and Other Stars:





Example, Consumption rate of hydrogen in the sun:



43.6: Controlled Thermonuclear Fusion:

For controlled terrestrial use one could consider two deuteron–deuteron (d-d), and one 

deuteron-tritium reactions: 

Three requirements for a successful thermonuclear reactor can be considered:

1.A High Particle Density n.

2. A High Plasma Temperature T.

3. A Long Confinement Time .

For the successful operation of a thermonuclear reactor using the d-t reaction, it is necessary 

to have Lawson’s Criterion: 



43.6: Controlled Thermonuclear Fusion:

Magnetic Confinement

A suitably shaped magnetic field is used to confine the hot plasma in an evacuated doughnut-

shaped chamber called a tokamak. The magnetic forces acting on the charged particles that 

make up the hot plasma keep the plasma from touching the walls of the chamber.

The plasma is heated by inducing a current in it and by bombarding it with an externally 

accelerated beam of particles. The first goal of this approach is to achieve breakeven, which 

occurs when the Lawson criterion is met or exceeded.

The ultimate goal is ignition, which corresponds to a self-sustaining thermonuclear

reaction and a net generation of energy.

Inertial Confinement

A second approach, involves “zapping” a solid fuel pellet from all sides with intense laser 

beams, evaporating some material from the surface of the pellet. This boiled-off material 

causes an inward-moving shock wave that compresses the core of the pellet, increasing both 

its particle density and its temperature. The fuel is confined to the pellet and the particles do 

not escape from the heated pellet during the very short zapping interval because of their 

inertia .

Laser fusion, using the inertial confinement approach, is being investigated in many 

laboratories in the United States and elsewhere. 





Example, Laser fusion: number of particles and Lawson’s criterion :


