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Fig.8 Experimental arrangement employed to meas-
ure the resistance of shock-wave loaded Ge in multiple
wave regions

plicit manner due to the compllications of the
multiple wave structure resulting from exceeding
the Hugoniot elastic limit.

One valuable feature of the shock-wave com-
pression measurement of the permittivity 1s that
the measured current 1s proportional to the change
in permittivity. Thus, the shock-wave measure-
ments provide a very sensltive determination of
the permittivity change because they do not in-
volve taking the difference between permittivity
values obtained at different pressures.

Properties of [111] Germanium

Recently, impact measurements of the resis-
tivity of germanium under shock-wave compression
were reported (33,34). The technique allowed de-
termination of the resistivity under one-dimen-
slonal elastic compression and permitted the lden-
tification of the shock-wave pressure-induced
transition to the white tin structure. Many of
the experiments were performed in stress reglons
for which multiple waves were known to exlst due
to the cusps in the stress-volume relation at the
Hugoniot elastic limit of 44 kbar and at the 120~
kbar high-pressure phase transition. According-
ly, the experiments were designed to avold wave
interactions which result if the waves are re-
flected back into the specimen from an lmpedance
discontinuity.

Again, the shock wave 1s induced into the
sample by the symmetrical impact of [111] orienta-
tion germanium disks so that the particle veloclty
imparted to the specimen is known. With the ar=-
rangement as shown in Fig.8, the resistance be-
tween the faces of the speclmen disk 1s then re-
corded as the shock waves traverse the sample.
Backup disks of germanium were carefully mated to
the rear of the specimen such that the waves pass
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Fig.9 Expected resistance-time record for
a semiconductor exhibiting multiple waves

through and out of the specimen without reflec-
tion.

The propagation of multiple wave fronts di-
vides the specimen into various regions, each
with a different resistivity and each with a
thickness which varles with time depending on the
shock velocitles. After all the waves have propa-
gated out of the specimen disk, the resistance-
time behavior shows a final value, Re, correspond-
ing to the total stress. The initial unstressed
value, Ry, and the flnal values of resistance are
connected by a contlnuous line consisting of seg-
ments of different slope, each segment corres-
ponding to particular wave fronts. This 1is de-
plcted 1n Filg.9 for the case of two wave fronts
propagating through the specimen. The resistance-
time behavior shows the number of wave fronts
(hence the presence of a cusp in the stress-vol-
ume relation) and the shock veloclty of each wave.
However, the dilvisilon of the total input partilcle
velocity among the varlous waves 1s not indicated
In the data from a single experiment.

To find the particle velocity assoclated with
each cusp, the lmpact veloclty 1s varled in small
increments around the region of a suspected cusp
untlil a change 1n the number of waves 1s observed.
This establishes the critlcal particle velocity
of the cusp as accurately as it can be bracketed
by the various experiments, 1In thils case, 1t is
particularly important to be able to achleve a
preselected veloclty. Once the particle velocity
assoclated with the cusp 1s determined, the stress
and veloclty for each experiment can be computed.
From these measurements, the Hugonlot elastlc
limit was found to be 44 kbar and the phase tran-
sition was found to be at a pressure between 114
and 122 kbar,

Duff and Minshall (35) have demonstrated
that the measurement of the shock-wave velocity
of a small increment of pressure in the mixed-
phase region of a first-order transition is suf-
ficient to compute the slope of the pressure-
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Fig. 10 Experimental arrangement for compressibility
measurement on fcec 30%Ni-70%Fe

temperature phase line. Thils unique situation
arises because the adlabatic compression result-
ing from a small pressure increment in the milxed-
phase region must display a finlte compressibili-
ty due to the entropy change of the transition.

To measure the shock veloclity in the mixed-phase
reglon, multiple wave reflections and interactions
must be avolded and the input stress to the sample
must be accurately controlled. This impact ex-
periment 1s therefore an ideal method for making
the measurement. In the mixed-phase region of
the 120-kbar germanium transition, the slope of
the phase line was found to be =3.1 X 10~2 kbar
%=1, This value allows the transition to be
identified as the statically observed transition
to the white tin structure (34).

With the capabllity of performing experiments
in small pressure increments, it is not difficult,
although 1t was not done in this case, to deter-
mine the volume change associlated with the filrst-
order transition. The measurement of the slope
of the phase line and the volume change complete-
ly specifies the transition since the entropy
change of the transition can be calculated from
the Clausius-Clapeyron relation.

The results of the resistivity determinations
are fully reported elsewhere (34). They can be
summarized by saying that meaningful measurements
were obtalned only in the elastic region and that
the values showed agreement with the theoretical
predictions for silicon on the effect of one=-
dimensional strain on the band structure.

Second-Order Transition in 30%Ni-T0ZFe

Alloys of about 30%Ni-70%Fe in the fcc phase
have long been noted for the enormous pressure
sensitivity of their magnetic properties. Com-
pressibility determinations for this alloy were
recently reported from 4 to 50 kbar which have
resulted in an identification of a pressure-in-

30% Ni 70% Fe
SPECIMEN

QUARTZ
Al GAUGE

S

Uo

Fig.11 Experimental arrangement for com-
pressibility measurements employing both im-
pact-surface and rear-surface measurements
of the stress-volume relation

duced ferromagnetic Curie point transition (36).
Compressibility measurements can be made quite
accurately with shock-wave loading techniques,
and impact experiments have the control necessary
to examine the compressibility in enough detail
to detect the transition.

Two different experimental arrangements were
used for the compressibility measurements. In
one case, Flg.1l0, a symmetrical impact is used to
produce a known particle veloclity in the sample.
The stress-time profile which results after the
shock wave has propagated some distance from the
impact surface 1s then measured with a high-reso-
lution quartz stress gage.lo The time for the
shock waves to propagate through the measured
thickness 1s obtained from a measurement of the
impact time and the arrival time as indicated by
the quartz gage. These rear-surface data alone
provide sufficient information to precisely de-
termine the stress and volume change for each ex-
periment. In this case, the additional data on
the particle veloclty ilmparted to the sample were
used principally for a quantitative comparison
with the data measured at the quartz gage inter-
face. This comparison of the independent measure-
ments of the total particle veloclty, which nor-
mally 1s not availlable in other experiments,
serves to glve greatly enhanced confidence in the
result.

The second method employed is much more elab-
orate but ylelds considerably more information.
This experiment, which 1s described in more detail
elsewhere (12), 1s simllar to that described in

1o This gage was developed as a result of the
previously mentioned determination of the piezo-
electric properties of shock-wave loaded quartz
(23).




