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ABSTRACT
It is known that many important physical phenomena can be obtained by analyzing the equation
of state (EOS) of the stars1. For example, one can use the virial theorem and an ideal EOS to
analyze the stars in a gravitational field. In this case, it is concluded that the star is unstable if D
< 4/3 and it is stable if D > 4/3, where D is the ratio of the heat capacities at constant pressure
and constant value. Furthermore, while a stable star contracts its internal energy increases and it
gets hotter. At the same time it radiates energy. For 0= 5/3, half of the potential energy decrease
is used to heat the star and the other half is irradiated. As can be deducted from this simple
example, one can get a lot of insight into the study of the stars through the EOS. As is well
known, a major breakthrough in inertial confinement fusion (ICF) occurred with the publication
of J. Nuckolls et al.2 "Laser compression of matter to super-high densities: Thermonuclear
applications". This important idea can be easily understood through EOS. Using for example the
Thomas Fermi EOS for the deuterium-tritium nuclear fuel, it is concluded that it is energetically
"cheaper" to compress the fuel rather than to heat it. On the other hand, it is known that the
nuclear reaction rate is proportional to the density square. Therefore, the fusion gain G (= output
energy/input energy) is significantly larger by compressing the full target while heating only a
small portion of it. These schemes are known as spark ignition and fast ignition. The purpose of
the target and driver designs in ICF is to obtain an appropriate fuel areal density (DR) and
temperature (T) in order to achieve nuclear ignition and high gain. For a variety of different ICF
designs: (a) spark ignition, (b) volume ignition, (c) fast ignition with picosecond lasers or (d)
impact fast ignition, one requires different domains of initial DR and T values. Therefore the
input energy for every scheme is in a domain set by the EOS and the mass of the fuel.
Furthermore, the output energy is also a function of DR and T and therefore its value is deduced
from the EOS. Another fundamental point in the compressed target evolution is radiation
leakage. Radiation mean-free path scales at T7/2, which means that this energy sink term can be
become rather small in highly compressed targets (high areal density) and moderate T.The paper
deals with an analysis of the gain in ICF using the virial theorem and the Thomas Fermi EOS.
Furthermore, simulation results of the recent impact fast ignition model3 will be presented. In
this context we shall analyze for example, what could be better inertial fusion energy (IFE)
choice: to have a compression of 200 g/cm3 and a temperature Ti or a compression of 600 g/cm3

and a temperature T2, where T2 is smaller than Ti. The answer depends on EOS. We analyze the
EOS and suggest the optimum IFE design in order to achieve a maximum gain.
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