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oide
mmerisal results of the Thomas-Fermi theory as generalised to arbitrary tespeia-
ture by Peynman, Metropolis, and Teller (19L9). The compariscn shows that prese
sures from the temperature-perturbed theory are qualitatively correet se long as
the total pressurs P doess not sxoeed about twice the sero-temperaturs pressurs p;
one notes from Figure 1 that this criterion is met reasonably for the cases Z = 1Lk
and 7 = 26 whare p is given,

As a check on the computed shook temperatures, the only experimental data
available are those of Walsh and Christian (}955) om Al, Ou, and Zn for shock pres-
sures up to sbout 500 kilobars. The curve of shock temperature vj pressurs fer Cu
(2 = 29) should be reasonably cleee to that for Pe (2 = 26) 4in the range of wvery
high pressure whers the Thomas-Fermi model becomes physically valid, sinos thermo-
dynamies funetions on this model scale with atomio number 7 (which differs only by
about 10 per eent for the two cases in question)., At low pressurs, the coefTiclients
s and b in the Bridgman (19L9) isothermal equation of state, = (v = ¥5)/v, = aP - wP,
are roughly the scme for the two metals (Slater 19L9). Thus, the curve of sheck
temperature vs pressure for Ou soould be close to that of Fe at the lower pressures,
rinos values of the density, the volume coefficient 4 of tharmal expansion, the
parsmster (JP/3T), = o/a, and the heat capacities, which enter (Walsh and Ohristian
1955) in determining the difference betwsen the isothermal equation of state and
the Hugeniot relation, are arproximately the same for the two metals under normal
conditions (FPorsmythe 195L). Henoe, ome expects the data of Walsh and Christian for
Ou, when extrapelated, to fair ssootily inte the computed curve of shock tespers-
ture for Fe, and Figure } shows that such is actually the case when the axtrapola-
tion is carried ocut against pressure, The dashed line through the data points of
Walsh and Ohristian has been terminated in a point of tangency on the curwe (full)
of computed shock temperature, at & pressure of 5 p,. To deterwine the curve of
shock Semperature for Fe down to the low teaperatures shown, it was necessary to
axtrapelate temperatures given by equation (11) into those given by the Taylor
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expansion at small compression,

The welocities C and C' of the shock wave in the impact surface and the meteor-
ite, &8 defined by egquations (7) and (5), respectively, are shown in Figure k for
L1k and Z = 26 as & function of Lmpact welocity V. Both shock velocities are
of the same order of magnitude as the impact welocity. The sonic speed ¢ behind
the shook is shown (dashed) in FPigure kL for Z = 1L and Z = 26; the values are deter-
nined by

-
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where € is defined (Gldvarry 195ks) a8 <4 np/d nv. On the Thomas-Fermi theory,

the value ¢g of ¢ at ¥V = 0 represents the sound speed in the undisturbed material

Mofﬂmﬂ;h“odo.ﬂmmmﬁhdtﬂwmmo{u(-
nitude for sound speeds in solide under normal conditions.® One notes that C ~ o
for V > 0, so that the material welocity relative to the sheck n-n..u ocorrectly

supersonie ahead of the stock in both the lmpact surface and the metecrite, as de-
manded bty the Bethe-Weyl conditions (Courant and Priedrishs 15.8).

V. DISCUSSION AND OCNCLUSIONS

It is clear from the preceding discussion that the results obtained are marely
qualitative for the region of high impast welocity, because of the poer apyroxime-
tion entailed in this domain by the first-order temperature-perturbed theory, If
one takes a difference between P and p of p/7 as correspending to tolerable validity
of the temperature-perturbed model, the pressurss and temperatures of Figures 1 and
2 respectively should be reasonably valid below an impact veloeity of about 27 km/wee
for 2 » 1L and 37 km/eec for Z = 26, The range of lower velocity for a pressure be-
hind the shook of less than 5 p, corresponds to ¥V < 16 and ¥ < 20 ion/see for Z = 1L

#Thus o, for iron is 11 kn/sec from the data of Figure L, as against & sound
speed of abeut 5.9 kn/sec measured by Minshall (1955) in steel.

(12)
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Initially, thess pressures and temperatures subsist in & volume which 1s of the
order of the initial volume of the impinging meteorite, if one takes into soccount
the volume swept out by the shock wave in the ilmpsct surface, noting the values of
eompression ratie indicated io Figure 1. The sxplosive release of the energy ini-
tially oonfined in this volume blasts out the lunar crater., Oifford's conclusion
that oblique impacts can yield eircular craters then follows if the flow welooities
generated by the explosive relesse exceed any component of welocity parallel to the
impact surface which the material may have soquired as a conssmence of obligue
impact, The initial phase of the release is intracteble to calculation because the
process occours at am interface between two different media; as an added difficulty,
results of Figure 2 show that the material is relatively degenerate initially, but
the squation of state will tend %o approach that of an ideal gas under adiasbatic
releass.

Since Figure b shows that the weloeity C of the shock wave in the meteorite
relative 0 the meteorite itself is of the order of the impaot velocity, it follows
that the explosive pressures and temperatures are created in a time of the order of
that required for the ilsmpinging mass %0 traverse a distance equal to its diameter,
Henos, the effective center of the explosion must lie within a depth below the im-
pact surface of the order of a linear dimension of the impinging mass. This fact
1s of importance in a practical application made (Hill and Odlvarry 1956) of the
Baldwin orater relation to the scaling of dimsnsions of explosion eraters in the
oﬂuct'\nt.nofmuhuo. As smphasized by Uifford and Baldwin, the
original volums of the exploding material will Le small relative to the volume of
the crater.

By means of a reformulation (Oilvarry 1956a) of the Lindemann law of melting,
s method of estimating the fusion temperature at high pressure has besn given by
Olivarry (1956b). The method depends on the assumption that the eritisal ratio of
root-msan-square smplitude of thermal vibration to nearest-neighbor diptance in the
solid at fusien 1s a ocenstant independent of pressure, On this basis, Figure 5
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