collision probability, plotted in accord with the formula of [3], is well approximated by the
equation wf(T) = aT® where a, determined by least square in a field H making an angle 20° to
the [10I0] axis, is equal to (6.37 * 0,16) x 10°,

In conclusion, the authors thank E. A. Kaner for a discussion of the results and Yu. D.

Samokhin for help with the experiments.
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The authors of [1] observed, on the shock-compression curves of many rare-earth metals,
adiabat kinks due most probably to the formation of low-compressibility electronic configura-
tions as a result of the transition of 6s- or Lf-electrons to the d-levels:i The occurrence
of similar situations is to be expected in the compression of calcium, strontium, and barium,
as a result of the displacements of their s-electrons to the d-levels of these elements, which
are close in energy.

We present here the shock-compression curves of four alkali-earth elements (Mg, Ca, Sr,
and Ba), obtained in a wide range of pressures.

To produce high shock pressures in the investigated metals, we used previously developed
explosive devices [2,3], which produced shock waves of fixed intensity in the sample-covering
screens. The shock-compression parameters were determined by the reflection method (4,51,
whereby the wave velocities in the samples were determined experimentally, the pressures (p)
and mass velocities (U) were determined by graphic constructions in pressure-velocity dia-
grams, and the densities (p) were determined from the mass-conservation equation.

The determined shock-wave kinematic parameters are shown in Fig. l. The abscissas are
the mass velocities and the ordinates the wave velocities.

The plots in the diagrams determine the experimentally obtained relations for the in-
vestigated metals. The D-U plot of magnesium is a straight line, and that of calcium con-
sists of two linear segments of different slope, meeting in a kink at U ~ 3.8 ¥m/sec. More

noticeable is a kink on the strontium curve, at U ~ 2.8 km/sec. The increase in the slopes

265



of the D-U plots of Ca and Sr to the right of the kinks is evidence of a Jumplike decrease in
the compressibility of these elements.
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14
O\ / Fig. 1. D-U diagrams of Mg (o
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8 -
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6 / y 0O - initial speed of sound cal-
culated from the adiabatic com-

]
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/ rd
2 %- rd
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U, km/sec
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Pressibility coefficient.

In barium, the same kink occurs apparently at low pressures, since its D-U diagram is
parallel to the right-hand sections of the diagrams for Ca and Sr. The conservation laws
P = p DU and o = p/(D - U) (o= p/po

g:aMbar / 4] 20 2 Gsr-w is the degree of compression and Py is
the initial density) relate the shock-
/ Mg ’.Sr wave kinematic parameters with the
15 shock-compression thermodynamic char-
/ Ca acteristics p and 0. For Mg, Ca, and
Sr the shock-adiabat configurations are
10 shown in Fig. 2. The obtained form of
/ the adiabats is characteristic of 5
o/o / second-order phase transition. Ac-
o5 ;/. ”//, —”""/! cording to Arkhipov [6], at high tem-
peratures such transformation can be
% // the result of electronic transitions.
0,'0 45/'2,0 25 a0 3 The fact that kinks appear on the com-
G=p/P, pression curves of Ca and Sr (and pos-
Fig. 2. P-o diegram for three alkali-earth ele-  S1by Ba) but not Mg confirms that they
ments. Notation the same as in Fig. 1. are due to electronic realignment -

the transition of s-electrons to un-
filled d-levels.
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In radiative transitions of carriers to neutral impurity centers in semiconductors such
as Ge and Si (minimum of the conduction band located at the center of the Brillouin zone),
the probabilities of phononless and phonon transitions vary with the type of impurity. Pok-
rovskii and Svistunova [1] have shown that this is connected with the depths of the corres-
ponding levels in the forbidden band. The extent to which the transition-probability ratio
depends on the chemical nature of the impurity atoms or its charge state is still unclear,
however, Thus, for example, in optical transitions in which As and Sb atoms take part, this
ratio changes appreciably [2], in spite of the small difference in the energy levels
(ESb = 0,0096 eV and E, = 0.0127 eV). This is due apparently to the different sizes of the
Sb and As atoms, and consequently to the different form of the Coulomb fields of these atoms
in the lattice.

Special interest attaches to radiative recombination at deep multiply-charged impuri-
ties, all the more since there is still no adequate theory of deep impurities [3,4].

We have investigated the emission corresponding to electron transitions to the energy
levels of zinc atoms in the charge states ZnO and Zn . Zine produces in germanium two ac-
ceptor levels with energies 0,03 and 0.09 eV over the top of the valence band. The Zn con-
centration in our experiments ranged from 1 x 1015 to 4 x 107 cm~3. Nonequilibrium carriers
were produced in the sample by injecting holes through a p~n junction or by illumination.
All samples had n~type conductivity, so that under equilibrium conditions all the Zn atoms
were in the Zn state. The measurements were made in the temperature interval 20 - 150°K.

At temperatures from 60 to 150°K the recombination-radiation spectrum included lines
corresponding to electron transitions to the Zn~ level (0.09 eV) and to the valence band.

At low injection levels the spectrum contained only an emission line corresponding to an

electron transition to the Zn level (Fig. 1, curve I). The maximum with quantum energy
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