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TADI.E T. Summary of data from experiments with bismuth. The captions are defined as follows: To and T, arc the temperatures before 
and aiter the first wave in °c, t is the bismuth plate thickness in mm; tlo, VI, and v. are the specific volumes initially, after the first wave, 
and after the second wave in cm'/g; D,o and D21 are the velocities of the first and second waves measured relative to the material ahead 
of them in mlll/i'sec; 21t1 and 21t2 are the free-surface velocities after the first and second waves in mm/I'scc; and p. and p, are the 
pressures behind the first and srcond waves in kilobars. 

T, TI Va DIO 21H 

42 6.61 0.1021 2.043 0.272 
Am bient 42 15.13 0.1020 2.041 0.270 

(19) 42 20.13 0.1020 2.048 0.268 
42 25.22 0.1020 2.063 0.272 

Average 

-28 -27 22.05 0.1019 2.088 0.305 
62 87 20.37 0.1020 2.033 0.254 

208 236 20.38 0.1019 1.990 0.183 

[segment 2'- 2 in Fig. 2(b)] because there has not been 
time for a signiflcant amount of transformation to occur 
if the assumptions concerning the rate of recrystalli
zation made above are satisfied. As the shock proceeds 
through the metal the transition occurs and the steady
state configuration is approached. During this transient 
phase the strength of the first shock will decrease. 

The experimental technique used in this investigation 
employs measurements made at the free surface of a 
metal plate for the deduction of shock strength. There
fore, if the strength of the first shock is observed to 
decrease with thickness of the metal plate, this is 
equivalent to a decrease with time and is evidence that 
th.:: transition transient persists. Since the transient 
persists, the time required for the transformation to 
occur under shock conditions is of the same or a slightly 
smaller order of magnitude than the time during which 
the shock strength is observed to change. 

EXPERIMENTS 

The foregoing ideas were tested in a series of experi
ments with bismuth using the pin technique. Experi
mental techniques and data analysis procedures were 
similar to those described previously7 in connection 
with a study of iron. As in previous work, pains were 
taken to maintain the planarity of the shock waves 
used. This insured that the flow behind the wave was 
one-dimensional. In the present investigation it was 
necessary to modify the shock-wave attenuator because 
the transition pressure is much lower in bismuth than 
in iron. The desired pressures, of the order of 35 kilobars, 
were obtained by using thick plates of iron and Plexiglas 
between the explosive and the bismuth. The 130-kilobar 
wave in the iron was attenuated by impedance mis
match at the iron-Plexiglas and Plexiglas-bismuth 
interfaces. The dimensions of the various pieces were 
chosen so that no multiply-reflected wave could reach 
the free surface of the' bismulh in the time interval of 
interest in this experiment. 

The bismuth used for these experiments was first 
cast as a cylinder, allowed to cool, heated in an oil 
bath to slightly less than the melting point, and then 
pressed to approximately one-half ot the original height 

PI v\ D" 2ft) p. o. 

27.2 0.09524 1.172 0.478 39.9 0.08687 
27.0 0.09533 1.127 0.434 36.7 0.08839 
26.9 0.09536 1.098 0.398 34.5 0.08963 
27.S 0.09531 1.067 0.366 42.8 0.09112 

27.15 0.09531 

31.3 0.094.22 
25.3 0.09576 
17.6 0.09800 

of the cylinder. This process resulted in a plate com
posed of crystals of less than ~- in. size, randomly 
oriented. 

Three groups of experiments were made with the 
system described above. Four shots were fi red at 
ambient temperature (about 19°C) in an effort to 
determine the shock Hugoniot in the vicini ty of the 
transition point and to investigate the kinetics of the 
recrystallization reaction. Also single-shot tesLS were 
made at 72°e and -48°e to determine the tempera ture 
dependence of the transition pressure directly. 

After studying the resul Ls of these six experiments, 
it was thought desirable to determine the transition 
pressure at a much higher temperature. This required 
several modiflcations of the technique. Mel ling and 
possibly more catastrophic changes in the explosive 
system were prevented by attaching the explosive just 
before firing and by providing a i-in. air gap between the 
explosive and the heated metal parts. I t was fou nd that 
slowly heated Textolite had sufficient dimel1sional 
stability to act as the shock-wave attenuator. 'inally 
a careful investigation was made of the offsets of the 
pins from the free surface of the bismuth as a function 
of temperature so that these offsets would be acc~rately 
known. One experiment was made under these condi
tions; and the temperature of the bismuth plate was 
208°e at the time of firing. 

Pressure and compression behind the first shock 
wave were determined from measurements of shock ap.d 
free-surface velocity by using the simple conservation 
equations for mass and momentum i\-nd ~Qd 'lD
proximation that thc.Jm-surface yelocity, is twice the 
s110ck-lli!-rticle~~ . The determination of conditions 
behind the second wave for the four experiments at 
ambient temperature was carried out as described 
previously.7 In the other three experiments only a single 
shot was fired at each temperature; and sufficient 
information is not available to allow a significant 
calculation of the state produced behind the second 
wave. 

Sound velocities of about 2.15 mm/ ,usec were meas
ured by a standard pulsed-crystal technique. Attempts 
to observe the Hugoniot elastic wave moving with this 
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