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THis attempt to calculate the temperature and the
behaviour of a hot spot formed in an explosive crystal
by the passage of a fission fragment is a courageous one,
but is fraught with some danger.

It is true that the encrgy which a fission fragmont
dissipatos within a crystalline material is delivered to the
lattice, but the rate and the way in which it appears as
lattice vibrations (heat) are complex and poorly under-
stood processes. The two major way in which energy is
lost are those of fragment/electron interactions (in a
Coulomb fashion) and those of fragment/nucleus collisions
(in a Rutherford fashion). The division of encrgy-loss
to these two processes is sensitively dependent on the
nature of the theoretical model chosen for the atomic
interaction potential. Since a considerable amount of
the energy delivered directly to the lattice atoms may be
carried long distances down close-packed rows of atoms or
molecules at shock-wave velocities, the temperatures
produced at the centre of the track may well be less than
25 per cent of those suggested by the authors. Moreover,
since the diameter of the tube is only 10 A (approximately
6 atoms) the material should not be considered as a con-
tinuum, and it has been shown that the effective thermal
conductivity may be greater than the macroscopic con-
ductivity by a factor as large as 10.

The rate at which heat i3 evolved owing to chemical
reacbion is proportional to the rate constant, which the
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authors take as about 10%°/sec by extrapolating low-
temperature kinetic data over 10° °C. This extrapolation
is open to some criticism and in fact the rate constant is
moro likely to be of the order of 10%4/sec, that is, the same
order of magnitude as the lattice vibration frequency.
Hence it is possible that the ratio:

heat evolved due to chemical reaction
heat lost due to conduction

has been overestimated by many orders of magnitude.
In addition, the computed temperature profiles would
not necessarily lead to a macroscopic explosion. In all
threc figures the putative flamo front is heavily supported
from bohind (nearer to the particle trajectory) by an
intense ‘hot spot’ (radius approx. 20 1{, temperature
greater than 2 x 10* °K). If the calculations were con-
tinued until this hot spot became significantly eroded,
would the flame front continue to propagate unsup-
ported ?

The critical hot spot size between 10-* and 10-* cm is
partly derived on a thcoretical basis but mainly from
relatively macroscopic experimental observations. Al-
though there is no a prior: reason why the theory should
not be valid outside this range, the theory should not be
taken too far. First of all the number of molecules in-
volved in tho excitation of a typical track is small and an
atomistic approach may be necessary. Secondly, there is
the problem of the growth to explosion from the region of
initiation. This growth stage can be a delicate one and
under many conditions may be quenched.

The scope of classical explosion theory is more modest
than the authors imply. It is customary to calculate the
ovolution of the temperature profile from the basic equa-
tion until the end of the induction period, that is, from
6 = 0to 6 ~ 2, where 0 is the Frank—Kamenetski reduced
temperaturo increase E(T' — T,)/RT'2. Neglect of hydro-
dynamic processes is justified in this case for the con-
ventional explosives because the ratio, temperature
increase/adiabatic explosion temperature, cRT:/qE, and
thus the fractional decomposition is small (~ 5 per cent).
Thus tho classical theory enables us to determine whether
a hot spot grows or decays in its early life but cannot be
applied to considerations of its subsequent fate.

In conclusion we would agree with the title of this
artiole that there is an inadequacy of thermal oxplosion
theory when applied to fission-fragment bombardment of
explosive solids. It would seem, however, that it is not
possiblo to make sensible calculations at this stage since
the necessary parameters under these extreme conditions
are not known.
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Laboratory for the Physics and Chemistry of Solids,
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SPECTRUM-LINE-REVERSAL TEMPERATURE MEASUREMENTS THROUGH
UNSTEADY RAREFACTION WAVES IN VIBRATIONALLY RELAXING
OXYGEN

By Dr. T. A. HOLBECHE

Aerodynamics Department, Royal Aircraft Establishment, Farnborough, Hants

HIS article describes some preliminary investigations
of the effect of vibrational relaxation on the structure
of unsteady expansion waves produced in a shock tube
by the bursting of a second diaphragm. Fig. 1 illustrates
in distance-time co-ordinates the idealized flow pattern
which would result from instantaneous rupture of this

diaphragm by the initial (or primary) shock. The cxpan-
sion being investigatod takes place in the gas heated by
the initial shock; in other words, behind the secondary
contact surface. By a measuremont of the time-variation
of temperature and of static pressure at some fixed point
B, the effect of the lag in vibrational de-excitation (and
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