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Exothermal phase transitions can play an important role in the behavior 
of cometary nuclei approaching the Sun (1,2,3). This kind of effect should 
be particularly significant for comets made primarily of water ice which are 
being heated for the first time because ice formed from the vapor phase below 
150 K is amorphous. Upon heating this ice crystallizes at about the same 
temperature emitting enough heat to raise, within a few seconds, its tempera- 
ture to about 190 K. The kinetics of this phase transition has been investi- 
gated for cometary nuclei with parabolic orbits and perihelia of 0.2, 1 and 
1.5 AU. In particular the effect of rotation (4,s) of the nucleus and of 
porosity has been taken into account. Assuming a visual albedo 0.6 and an 
infrared albedo 0.4 the rate of increase of the surface temperature Ts has 
been obtained from the usual heat balance equation (5). Then the temperature 
profile in a kilometer size nucleus as a function of time has been calculated 
using thermal diffusivity of amorphous ice and assuming that the heat diffu- 
sion occurs into a semi-infinite solid which is justified because the maximum 
penetration of heat is of the order of meters. At heliocentric distapces 
larger than 2 AU, when Ts reaches 150 K, the difference between the three 
orbits is negligible and also the total heat entering the nucleus is a small 
fraction of the heat incident on the comet, Two extreme cases were investi- 
gated: the subsolar point on a nucleus rotating around an axis which points 
towards the Sun and an isothermal, somewhat unrealistic (4) case, when Ts is 
isotropic (see Fig 1 and 2). In both cases the phase transition takes place 
at heliocentric distances which are about 70 percentlargerthan the distances 
at which crystalline ice would reach 190 K. For zero porosity the depth of 
the amorphous layer which crystallizes is a few meters but this thickness 
decreases rapidly with increasing porosity so that for a loose aggregate of 
solid amorphous particles it may be as small as ten centimeters or less, The 
latter difference affects the size of the outburst of small fragments of ice 
carried away by the rapid evaporation resulting from the sudden release of a 
large amount of heat. It is not certain whether all the freshly crystallized 
layer of ice peels off or whether it remains, at least in part, on the sur- 
face of the nucleus. In the first case on subsequent passages near the Sun 
the gas and particle release will be comparable to the first release, in the 
second case these phenomena will be much weaker. It may be that the striking 
irregular outbursts (6,7) of the SW/1 comet are related to a phase change 
phenomenon of the kind here described. 
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Fig. 1 Temperature profile below the subsolar point in a water-ice cometary 
nucleus whose axis of rotation points towards the Sun for various 
porosities. % = 0.6 and AIR = 0.4. 
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Fig. 2 The same as Figure 1 but for the so-called isothermal case. 
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