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amplitudes in commercially pure iron (Ferrovac E) for temperatures 

ranging from 76°K to 573°K, using_specimens of constant thickness equal 

to 12.6 mm. He found the amplitude (HEL) to be 9.61 ± 0.13 for a11 temp­

eratures. He concluded that twinning was responsible for this result; 

but later work by Johnson and Rohde (1971), described in the next para­

graph , did not support this conclusion. 

Johnson and Rohde (1971) have measured pressure profiles in a 

commercially pure iron (Ferr6vac E) in which deformation twins are found 

in recovered specimens shocked to greater than 2.5 kilobars. Specimen 

thicknesses ranged from 3.2 to 15.8 mm and impact stresses, assumed to be 

elastic, were 25, 50, and 80 kilobars. Precursor decay was observed and 

attributed to dislocation slip. Following the analysis of Section 3 with 

drag stress of 20 kilobars determined by Taylor, N~"" 108;c~2 for x = 3.2 _mm, 

a number in close agreement with Taylor's. If stress at the impact face 
I 

is assumed to be elastic, N0 is much greater than this very near the 

impact face. The exact value depends on the form of pe(x) at x = O. 
X 

For 

x ;- 12.6 mm, pressure drops behind the precursor; for x < 6.4 mm, i-t does 

not. The authors attributed this negative slope at large x to formation 

of twins, but felt that twin formation played no role in determining the 

precursor amplitude. Deformation due to twinning ,..,as shm•m to satisfy a 

rate law analogous to (3), suggesting that twinning must be considered an 

alternative to dislocation slip. One of the aims of this work was to 

explain the temperature independence of precursor ampl itude in iron for 

fixed x, but since the twinning process was apparently ineffective at 

influencing pe, temperature independence remained unexplained. 
X 

I 

A value of N0JN0 = 100 was reported by Gillis, Hoge, and Hasley (1971), 

who measured precursor amplitude in 99.9~ tantalum for x = 2.5, 6.5, 13, 
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and 19 mm. They attributed the increase in dislocation density to regen­

erative multiplication in the shock front. The record reproduced in their 

article had a rise time of about 100 nsec, which should provide ample ti me 

for plastic flow to occur . . 

Flinn (1972) measured dislocation velocities and near-threshold 

multiplication in lithium fluoride containing approximately 6 ppm 

magnesium and subjected to weak shocks of amplitude 0.3 kilobars or 

1ess. Etch-pit measurements were made on samples before and after 

they had been shocked in a gravity-drop apparatus. He found that no 

multiplication occurred for impulses less than 20 kbar-nsec acting on the 

primary slip systems, that above the threshold there is a very rapid 

increase in multipljcation with impulse, and that this region of rapid 

increase suddenly gives way to a more modest rate corresponding to (4) 

with B = S = 0 and M = 3 to 4 x 109/cm2. This is to be compared with 

Gilman's (1968) value of 109/cm2 obtained in uniaxial stress. Uncertain­

ties in the experiments are such that these different values may be 

considered to be in satisfactory agreement and no si gnificant new regen­

eration mechanism exists i n the shock front . Flinn's observation 

of a threshold impulse is interesting and will be discussed later. The 

maximum multiplication he produced was about a factor of three over the 

unshocked density, N0 = 105/cm2 

An extensi ve series of measurements on single crystals of lithium 

fluoride with varying amounts of impurit ies was reported by J. R. Asay 

(1971) and Asay, Fowles, Duvall, Miles, and Tinder (1972). Shock propa­

gation in all cases was in a <100> directi on and specimen thi cknesses 

varied from l to 25 mm. The experimental procedure was that represented 

in Fig. 3. Stress profil es, some of which were shown in Fig . 5, were 
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measured with projectile velocities held as closely as possible to 

0.34 x 105 cm/sec, corresponding to an elastic impact stress of 28 kilo­

bars. Asay counted etch pits in unshocked material and from these inferred 

initial dislocation densities: 4 5 2 N0 ~ 10 - 10 /cm. He established that 

precursor decay was indeed anomalously fast, with N~/N0 as large as 103. 

Decay rate appeared to be independent of N0, but it varied with magnesium 

impurity concentration and with y-irradiation. He reported an apparent 

minimum in decay rate for magnesium concentrations of 170 to 200 ppm. 

He concluded that regenerative multiplication could not be responsible 

for observed decays and suggested that heterogeneous nucleation, i.e., 

creation of dislocations around defect centers, was responsible for 
I 

producing large vaiues of N0 (Asay, 1971) . 

Y. M. Gupta (1973; Gupta, Duvall, and Fowles, 1975) has carried 

through a difficult series of experiments designed to test Asay's sugges­

tion about the role of heterogeneous nucleation. He measured precursor 

decay for magnesium-doped lithium fluoride in which magnesium concentration 

and heat treatment i'Jere varied in order to vary size distributions of 

magnesium fluoride precipitates. Specimens were characterized by dielec­

tric relaxation measurements to determine concentrations of Mg++_vacancy 

dipoles and by quasi-static yield measurements, which have been related 

to precipitate sizes by Reppich (1972). Specimen thicknesses \vere varied 

from one-half to three mm and precursor decay curves vJere obtained by the 

method illustrated in Fig. 3. Impurity concentrations were approximately 

120 and 600 ppm magnesium for the two materials, and each was divided 

into classes subjected to different heat treatments. These treatments 

ranged from air quenched to annealed for 70 hours and slowly-cooled. 
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There resulted six classes of materials . Five of these were "hard," 

i.e., static yield stress, v5, greater than.16 kilobars, and one was 

"soft," Ys = .07kilobars. Precursor amplitudes for the hard materhls 

quite clearly extrapolate to the common elastic impact stress of 2S 

kilobars . No decay was evident for the soft material; precursor ampli­

tude was about 8 ki l obars for specimen thicknesses between one-half anJ 

three mm, though calculated elastic impact stress was also 28 kilobars. 

•• ,, Decay curves and pressure r,rofiles for the hard materials were 

analyzed-according to (20) and (23). In each case the smallest value 
• •• •. 7 2 

of N0, approximately 10 /cm , occurs at a resolved shear stress,,, of 
I 

2 to 5 kilobars; N0 then rises sharply with, to something greater than 

108;cm2 and levels off at, "-8 or 9 kilobars. By refinement of the 

calculation which leads to (24), it was shown that M of (5) must exceed 

1011 ;cm2 in order for the largest values of N; to arise from (6). Sincti 

this is a hundred times greater than values obtained by Flinn (1972), 

it was again concluded that regenerative multiplication could not accourit 

for the observations. 

For a simple nucleation model based on stress concentration around 
I 

spherical precipitates, the stress dependence of N0 was rel ited to a 

distribution of precipitate sizes. According to this model, leveling 
I 

off of N0 at large, occurs because nucleation around the smallest prec ipi -

tates becomes saturated, and the rapid rise for small , occurs when t he 

largest precipitates become active nucleation sites. From this model 

it was concluded that the smallest nucleating precipitates had diarnctr:r·, 

of 15 to 25 angstroms, and the largest precipitates were the order of 

150 to 200 angstroms. For material doped with 120 ppm magnesium, the:~ 
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size limits are of the same order as those obtained from Reppich's (1972) 

analysis. for less pure materials, size limits from static measurements 

are considerably greater, but so is the uncertainty. 

Two additional experiments with lithiLlm fluoride have been reported 

by Gupta . One was intended to confirm directly the stress th res ho 1 d for 
I 

nucleation inferred from the sharp rise of N0 with 

This value of T corresponds to pe = 8.9 kilobars. 
X 

Tat T ~ 2.5 kilobars 

If pe < 8.9 kilobars, 
X 

there should be no dislocation nucleation and no precursor decay within 

the geometric limits of the experiment. Using lithium fluoride with 

120 ppm magnesium, annealed for 70 hours, precursor decay was determined 

for impact pressures of 15 and 35 kilobars. Decay was accelerated for 

the larger impact pressure, compared to 28 kilobars , and slowed for the 

smaller pressure. At 3 mm thickness, precursor amplitude was found to be 

nearly independent of these impact stresses (Gupta, 1975) . . Dick and Duvall 

(1975) have extended these experimen.ts to include impact pressures of 

5, 8, and 11 kilobars. They find no observable decay at 5 and 8 kilo­

bars and about 7% decay in 3 mm at 11 kilobars. 

Y. M. Gupta (1975) has also tested the assumption that secondary 

slip systems are inoperative in lithium fluoride by shocking specimens 

with <111> orientation to pressures of 40 kilobars with no evidence of 

precursor formation. In this orientation the primary slip systems are 

not stressed and failure to form a precursor results from inactivity of 

secondary slip systems, i.e., compression is elastic. 

There have been a number of measurements of the Hugoniot Elastic 

Limit under varying conditions not i nvo 1 vi ng systematic variation of 

.> 0 ? 
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specimen thickness or driving stress. These are not particularly rele­

vant to the preserrt report; a comprehensive report of such measurements 

up to 1968 \11as gi \l'en by Jones and Graham ( 1971). 

5. DISCUSSION 

The total amount of data relevant to precursor decay shock experi­

ments is not exter~5 ive. The fact of precursor decay is well established. 

The reasons for i t are not clear and may vary with the material. Explana-

tions can: be based on deformation by twinning, fracture, and production and 

motion of dislocations. The argument leading to (24) suggests that re~en­

erative multiplication of dislocations (6) is not sufficient to explain 

observed decays if rise time in the elastic precursor is very short. The 

same argument can be extended to other modes of deformatio~s ~ The ccnclu-

sion is that if deformation strain rate, E: p' does not increase more rapidly 

than e: • and 
p 

i f rise ti me i n the elastic shock does not exceed the charac-

teristic multiplication time for strain, then that deformation vJi 11 not 

contribute to elastic precursor decay. In other words, if 

where To fs a ch~racteristic time . = Mbv for regeneration, and if elastic 

shock rise time is to< T0, the deformation process may influence the form 

of the stress wave behind the elastic shock , but will not influence the rate 

of decay of the precursor itself. This supposes, of course, that the rate 

of decay correspomding to l~ is negligible. 

The work by Johnson and Rohde (1971) confirms this observation for 

twinning. Fractu-r,e may produce stress relaxation, but since the onset of 

fracture tends t a diminish the need for further fracture, nei ther should it 

contribute to prE:ursor decay. 
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The plausibility of slip is supported by Michael's observation that pre­

cursor amplitudes in tungsten are ordered in the same way as quasi-static yield 

stresses for different orientations (Johnson, Jones, and Michaels, 1970), by 
I 

the agreement between N0 and N0 for Armco iron reported by Taylor (1965), 

and by Gupta's (1975) observation that no precursor is formed in lithium 

fluoride when the primary slip systems are not stressed. When rise times in 

the shock are large, regeneration of dislocations may well contribute to or 

control the precursor decay; otherwise nucleation of dislocations around 

impurities or other heterogeneous sites is plausible . This is particularly 

so when shear stress in the shock front is much greater than the static yield 

stress. 

Evidence for operation of the dislocation nucleation process in the 

elastic shock front, with precipitates of magnesium fluoride acting as 

stress concentrators, is persuasive for "hard" 1 ithium fluoride. It is 
qualitative 

important to note that ;,.. features of conclusions reached in t hi s case 

are not influenced by uncertainties in dislocation velocities, but values of 

threshold stresses are. The possibility that secondary slip plays a role in 

decay appears to be eliminated by Gupta's (1975) experiments with shock 

propagating in <lll> directions. 

The kinetics of nucleation in solids are notably unfavorable to atomic 

rearrangements. The barrier energy for nucleation increases \vith 

particle size, so it is even less favorable for large particles than for small. 
I 

This being the case, the sharp drop in N0 with T (Gupta, Duvall, and Fowles, 

1975) may represent kinetic li mitations, not size limits~ An attractive 

alternative is that dislocations already exist around precipitates and. applied 

stresses force them out into the lattice. · The mechanics and kinetics of such 

a process have not been investi gated. 



The problem of soft lithium fluoride is a different matter. ihere 

is presumably little impediment to dislocation motion in such materials, 

so dislocation velocity can be set equal to shear velocity. By the same 

token, lattice inhomogeneities to serve as ~uc1eation sites should not 

exist in large numbers. Rise times in the elastic front are small, as 

they are for hard materials, so regenerative multiplication is implaus-

' i b 1 e. One is forced to cone 1 ude that the product N0 v0 is too sma 11 by 

two or three orders of magnitude to explain decay of the precursor 

in the first millimeter of travel . Two possibilities have been suggested. 

One is that a very large undetected density of dislocations is produced at 

the impact surface by late stages of preparation of the specimen or by the impact 

itself. The other is that the precursor formed at the impact surface is 

a very thin spike, so that (3px/ at) 0 in (20) is very large, co ntroll i ng 

the initial decay. These two processes are not independent: Int egra­

tion of (20) under assumption that F0 is negligible shows that the mean 

value of (apx/at) 0 required to accomplish the inferred decay i s approxi­

mately 3 kb/nsec. This corresponds to a precursor decay rate of 30· kb/mm 

at the surface. But (17) must also apply. Using Gupta 1 s (1975) values 

for N0,and v = vs, F ~ .1 kb/µsec . Since this is completel y negl ig ible 

compared to 3 kb/nsec, the material is essentially elastic, so no pre­

cursor wi11 form. In other words the assumption that a thin spike can 
I 

exist is incompati b1e with the assumption that both N0 and N0 are small. 

Attempts have been made to measure pressure at the impact surface 

using a quartz ga ge as impactor (Asay, 1971; Gupta, i973), but nothing 

other than the plastic stress was observed. This was attributed to slow 

response of the system, but it may refleci i ts true behavior . Within 

. the context of t he theory descri bed i n (1 7)- (20) t he onl y pos si ble 
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boundary condition vihich can be applied to the integral of (20) for 

planar impact of two homogeneous materials is that Ex is elastic and 

p = pe(E) at x = 0, t = 0. This implies that all decay curves should 
X X X 

pass through the elastically calculated impact stress at x = 0. But 

there is some surface roughness for both specimen and impactor . Suppose 

the scale of this to be about one micron. Closing velocities for the 

Asay and Gupta experiments are about .34 mm/µsec, so closing ti me is 

about 3 nsec. If the asperities are hemispheres side by side, the 

plastic strain in closing the voids is the order of one-third; so, from 

9 2 
(6) Myp ~10 /cm. Then from (21) and (23), dpe/dx ~160 kb/mm, assuming 

X 

v
0 

= vs · This is a suitable initial decay rate to produce the observed 

amplitudes at x = 1 mm. The mechanism for continuing it for a hundred 

or more microns into the crystal is not apparent. 

It should be evident from the above discussion that further careful 

work is required before precursor decay in soft materials will be fully 

understood. Surface roughness in harder materials can also be expected 

to reduce impact stress and increase the initial rate of decay. Measure­

ments in thin specimens reported by Taylor and Rice (1963), Gupta (1973), 

and Asay (1971) encourage us to think that the net effect may be small 

in hard materials. Until this question of surface effects is resolved, 

precursor amplitudes should not be extrapolated to the impact face. Onl y 

data within the measured range of x should be used. Applying this to 

Gupta's H(AQ) data and Asay 1 s V, VI-1 data we find, respectively, 

d in p~/dp = -0. 037/mm and -.09/mm. Assuming v0 = .bt/B as given by Flinn 

and Tinder (1974), we find N~ = 3 x 106 and 7 x 106, respectively. · These 

values should be considered upper limits s·ince decay rates for these two 

cases are so small that the possibility of no decay cannot be precluded 
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because of scatter in measured amplitudes. Since N0 ~ 105;cm2, N~JN0 > 1. 

Yield stresses for these materials are appreciable so it is conceivable 

that they contain nucleation centers in sufficient numbers to provide 
I 

the inferred values of N0. Precursor amplitudes fall below the nucleation 

thresholds inferred for hard lithium fluoride, however. In any case, 

uncertainty in data is so great that further detailed speculation would be 

pointless at this time. 

The second group of materials for vJhich extensive precursor ampli-
' 

tude measurements have been made is aluminum. Measurements on 1060-0 

aluminum, summarized by Arvidsson, Gupta, and Duvall (1975), indicate 
I 

quite clearly that N0JN0 significantly exceeds unity at least for 
I 

. I\, I\, 

1 mm< x < 3 mm. There is some uncertainty in the value of N0 arising 

from uncertainty in v0, but if v0 is replaced by vs, the above statement 

still holds. This, too, is a soft material, and the remarks atout uncertain­

ties made for soft lithium fluoride measurements apply here. This alloy 

is commercially pure with a nominal yield strength of 0.2 kilobars. It 

contains enough impurities to provide nucleation centers, but their 

state of aggregation is not known. Precursor amplitudes have a mean 

value of about 0.4 kilobars at 25 mm from the impact face .. This corresponds 

to a yield stress of about 0.2 kilobars~ The exact implications of 

this agreement are not clear, since the material do2s not have a sharp 

yield point. In general it indicates that there is no well-defined 

threshold decay stress, as is found in lithium fluoride, 

Similar observations have been made for single crystals of aluminum 

containing from 0.01 at% to 0.8 at% copper (Duvall, 1975). Precursor 

amp1itudes increase somewhat with copper c-0ntent, but they are smal l 

compared to impact stress and decay is very slow. 



34 

Johnson and Barker's (1969) analysis of steady wave profiles in 
~ 9 2 

6061-T6 aluminum implies that N0 ~10 /cm. Precursor decay in their 

9.5 kilobars series occurs at the rated 2n p!/dx ~ -1.0 cm. Assuming v = v5 
,, 6 2 

gives N0 ~10 /cm - The true value of v0 is probably much less than 

this, because of dislocation barriers produced by hardening. A value 

for N0 is not available. Precursor amplitude for x = 38 mm was approxi­

mately 3~5 kilobars, corresponding to a yield stress of l.7 kilobars. 

Static yield stress for 6061-T6 aluminum is given as 2.76 kilobars by 

Holt, Babcock, Green, and Maiden (1967). 

Precursor decay behavior in aluminum and its alloys differs fro~ that 

for 1 i thium fluoride in that both hard and soft specimens exhibit much the 

same variation of amplitude with distance. There are no indi~~ttons that 

elastic impact stress is reached at the surface, though decay rate of stror:iger 

material appears to increase with driving amplitude (Johnson and Barker, 

1969). The general level of precursor amplitude increases more or less 

in proportion to the static yield stress, and the conclusion that 
I 

N0;N0 > 1 appears reasonably firm. It does not seem likely that regen-

erative dislocation multiplication in the shock front is responsible 
I 

for N0, but the case against it is not as strong as for lithium fluoride. 

Details of px(t) in the elastic shock front differ from the common 

pattern in other materials. Whether this is significant or not is 

unknown (Arvidsson, Gupta, and Duvall, 1975) . 

The third group of materials for which there is a significant amount 

of data consists of iron and its alloys. Measurements by Taylor and Rice 
I 

(1963), interpreted by Tay1or (1965), show that N0 ~ N0. The on1y ques-

tions about this result arise from uncertaintie~ in calculated dislocation 

velocit ies and large rise ti mes in the elastic shock front. Other data 



35 

are not available for comparison . One would suspect on theoretical 

grounds that the velocity is overestimated at the larger stresses because 

of the impurity content of Armco iron, but there is but limited experi­

mental ground for believing this. Moon and Vreeland (1968) measured 

dislocation velocities in Fe-3.14% Si for stresses between 1.4 and 2.0 

kilobars on the {110} <111> slip system. Their value for vat 2.0 kilo­

bars was about two orders of magnitude less than is ca.lculated from 
I 

Taylor's formula. If this applied, it 'rJOuld raise N0 to about one hundred 

times N0_. Rise time ranged from about 100 to 300 nsec. If this arises from 

electronic and mechanical problems, it might obscure sharp peaks on the 

precursor. This would produce apparently slower decay rates and therefore 
I 

lower values of N0 than actually applied. If the rise times represent a 

property of the shock front, the theory of Section 4.2, based on a step 

change in stress, does not apply. In such a case there certainly would be 

ample time for regenerative multiplication in the shock front. 

Jones, Neilson, and Benedick (1962) displayed px(t) records for 4340 

steel hardened to Rockwell C40, normalized 1018 steel, and normalized 

Armco iron. Precursor decay is apparent in al1 of them between x = 20 mm 

and x = 50 mm. Values of d zn pe/dx for this interval are -.029/cm for 
X 

Armco~ -.059/cm for 1018, and -.035/cm for 4340. Taylor and Rice's 

value for Armco iron, x = 25.4 to 50 .8 mm is din pe/dx = -.049/cm. 
X 

Butcher and Munson (1968) obtained an average value of d i n pe/dx equal to 
X 

-.067/cm for annealed 4340 steel. From this they inferred a value of 
I 7 2 

N0 ~ 10 /cm, without assuming elastic impact stress. This hardly seems 

credible in view of Taylor and Rice's result. e A fixed value of din p /dx 
X 

. I_ e 
corresponds to a f1xed value of N0v0/px, - e so if v0 ~ px, variations in 

the logarithmic decay rate correspond to variations 
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seems quite remarkab1e that decay rates are so similar in such a range of 

materials. 

Rohde's (1969) 1;1ork which shows p~ at fixed x in iron to be independent 

of temperature has an important bearing on the decay mechanism. Johnson and 

Rohde's {1971) study of t\1Jinning in the same material eliminated that as a 

significant decay mechanism. Re-examination of Rohde's paper suggests 
I 

that his result is compatible with a value of N0 which decreases mono-

tonically with x. His analysis consisted, for example, of choosing 
I 

constant values of N0 and D fo (22) and (8) to fit the Taylor and Rice 

data (1963); then D was varied with temperature in a manner reasonably 

compatible with quasi-static data. There resulted a variation of p: with 

temperature at the measuring distance, contrary to his observation. If 
I 

N
0 

is a11ov,ed to vary, falling to N0 as the region of no or slow precursor. 

decay is reached, variations in temperature would have little effect at 
I 

the distance of his measurement, where N0JN0 may be near unity. If such 

a variation can be attributed to dislocation nucleation around i mpurity 

precipitates, Rohde's results imply that nucl eation is not temperature 

dependent and that the decay threshold is determined by the largest precip­

itates, not by nucleation kinetics. 

In summary one has to conclude that results of the precursor decay 
I 

experiments are mixed. It seems to be true in most cases that N0/ N0 >> 1, 

but even this mus t be tempered by realization that dislocation vel ocities 

are uncertain and that N0 has usually bee~determined by etch pit count­

ing, which is in some cases controversial. The most clear cut cases are 

t~ose for wh ich dislocation velocity can be replaced by shear wave 

velocity and etch pit counting is 1tJe11 established as a reliable indi-
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cator of di5location density. Lithium fluoride is the outstanding 
I 

example of this most favorable situation . In that case N0/N0 is 

• certainly much greater than one and it is unlikely that regeryerative 

multiplication in the shock front can account for its value. 

If the initial value of N0 is sufficiently large, it is not neces­

sary to invoke any multiplication mechanism to explain precursor decay. 

This may be the case for iron, which is notably impure with large dislo­

cation density. 

Flfnn, Duvall 1 Fowles, and Tinder's (1975) observation that a 

threshold impulse exists for regenerative multiplication in lithium 

fluoride may have implications for precursor decay. One can 

adduce various arguments to support the idea that multiplication 

• should depend on impulse, or on a combination of time and stress. 

The simplest ts the general characteristic of mechanical 

systems that their response to a forcing function depends on its magnitude 

and is independent of its time integral for long times and vice versa for 

short times (Abrahamson and Lindberg, 1972). So it is not unreasonable 

that impulse should be a significant variable for Flinn's loading times, which 

are less than 2 microseconds, and that there should be a threshold impulse 

below which no multiplication occurs. The threshold value he obtains from 

his weak shock experiments is 20 kbar-nsec for the product of resolved 

shear stress and time. 

An interesting number which may be related to Flinn's threshcild is 

obtained from a laser interferometer measurement by Barker and Hollenbach 

(Asay, Fowles, Duvall, Miles, and Tinder, 1972) on shocked lithium f l uoride. 

Their record shows a rise to 6 kilobars amplitude in the elastic precursor 

within about one nsec, follm•Jed by constant amp litude for approximately 
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19 nsec, then by a decrease in p . The impulse corresponding to this 
X 

region of constant stress is approximately 33 kbar-nsec, suggesting t hat 

the same kind of threshold exists in this case. If one supposes th i s 

threshold impulse to apply universally, it supports the assertion that 

regenerative multiplication does not occur in the elastic shock front for 

lithium fluoride . Suppose that the integral of shear stress over time 

must exceed 20 kbar-nsec before multiplication can occur. Then if the 

elastic shock is assumed to be a linear ramp rising top~ in time T, 

multiplication wi ll start when p~T > 6. 9 10 = 138 kbar-nsec. At p~ = 20 

kilobars, this requires that T must exceed 7 nsec before regenerat i ve 

multiplication starts. Rise times recorded in lithium fluoride are often 

less than this, so regeneration should not occur. 

It should be obvious from the foregoing discussion that direct 

comparison of the results of conventional strain rate experi ments with 

precursor decay experiments is totally inappropriate . They measure 

different regimes of strain rate and the phenomena involved are qualitatively 

different. Strain rate effects in uniaxial stress result from regenera-

tive multiplication and unpinning of dislocati ons, as well as their motion . 
" Dislocations typically move long distances in such experiments: £ ~ bE,L/Bs 

where Bis the viscous drag coefficient for di slocations (Gil man, 1968). 

Change Eby three orders of magnitude, which commonly occurs when going 

from strain rate to precursor decay experiments, and i changes from 

millimeters to microns, with all its interaction implications. 

In precursor experi ments regenerative multiplication is probably 
most of 

negligible inAthe cases studied, shear stresses are so large near the 

impact face that all dislocatior.s can be considered mo bile, and nuclea­

tion of dislocations is hi ghly probabl e. In t he most favorabl e cases , 
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the elastic shock appears to behave as a step in stress which samples 

the existing dislocation structure without perturbing it, except for 

nucleation. Mechanisms which may strengthen solids statically or in 

uniaxial strain may turn out to weaken them in shock because of nuclea­

tion. Many such questions remain to be investigated. It is essential 

that future investigators take great care to characterize their materials 

and to minimize deformation at the impact surface. 
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Fig. 1. 1872 Dr. John Hopkinson experiment. 
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Fig. 2. Effect of strain rate on yield stress; The dotted line represents 
the equation v0;Y5 = .357 rn i: - 1 (G. I. Taylor, 1946). 
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Fig. 3. (~) Schematic of shock wave experiment designed to measure precursor 
amplitude. (b) Schematic of quartz gage output showing precursor and 
fo1lowing p1astic v1ave (Asay, Fovlles, Duva 11, Miles, and Tinder, 1972). 
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Fig. 4. Stress-strain relations in uniaxial compression . 
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Fig. 5. Pressur2-Time profiles recorded by qua rtz gages for plane shock 
waves pro pagating =hrough different thicknesses of lithium fluoride (Asay, 
Fowles~ Duvall, nn es , and Tinder, 1972). The intersection of each profile 
with the horizonta1 axis gives crystal thickness, x, in mm. 
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