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RADIATION TEMPERATURE IN SOLIDS UNDER SHOCK LOADING '̂ 

Paul A. Urtiew and Richard Grover 

Lawrence Radiation Laboratory, University of California 
Livermore, California 94 550 

ABSTRACT 

This paper describes an experimental technique for measuring the 

temperature of a material under shock loading. Temperature measurements of 

shocked materials have not previously been obtainable, and therefore investigators 

of shock phenomena have been limited to expressing the equation of state of a 

shocked material in terms of the pressure, volume, and change in internal 

energy of the material. Temperature has been determined analytically on the 

basis of several theoretical assumptions. The new ability to measure temperature 

will not only provide a check against the theoretical determination of temperature 

but will also be useful in detecting melting along the shock Ilugoniot and in checking 

the Hugoniot results against static predictions. 

The new technique is based on the ability to measure the amount of therm.al 

radiation emitted from a shock-heated surface supported by transparent material 

and detected by photoelectric devices capable of responding to a change that 

occurs within a few nanoseconds. Observations are limited to the sensitivity of 

the diodes which covers some of the visible and part of the near infrared energy 

spectrum. 

Work performed under the auspices of the U.S. Atomic Energy Commission. 
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Exper iments were performed on some meta l s near thei r mel t ing region, 

in pa r t i cu la r on magnesium in the p r e s s u r e range 350-550 kbar which should 

yield t empera tu re s between 1600 and 3000''K. Resul ts indicate that observed 

t e m p e r a t u r e s of polycrystal l ine samples a r e considerably higher than 

t e m p e r a t u r e s es t imated on the bas i s of equil ibrium thermodynamics and depend 

s t rongly on wavelength in a t ime-dependent manner . A theore t ica l model based 

on nonuniform heating at high shock p r e s s u r e s can be used to explain the observed 

t e m p e r a t u r e behavior . 

INTRODUCTION 

The equation of s ta te of condensed m a t e r i a l s at high p r e s s u r e s and under 

dynamic loading is p resen t ly expressed in t e r m s of p r e s s u r e , specific volume, 

and change in internal energy. The re has been no means of measur ing the 

t e m p e r a t u r e of the m a t e r i a l under these conditions, so it is evaluated theoret ica l ly 

in accordance with cer ta in models and assumpt ions . An exper imenta l verification 

of the theore t ica l ly determined t empe ra tu r e is considered to be of g rea t in te res t 

not only because it will br ing out the third of the th ree fundamental p a r a m e t e r s 

for the equation of s ta te , but a lso because it will provide an independent check 

of the theore t ica l assumpt ions . 

The exper imenta l m e a s u r e m e n t of t e m p e r a t u r e should also yield a be t t e r 

insight into the problem of melt ing under shock loading. Since the solid-l iquid 

phase line and the shock Hugoniot in the t e m p e r a t u r e - p r e s s u r e plane in tersec t at 

an appreciable angle, the two-phase region of the m a t e r i a l should appear r a t h e r 

dist inctly between the two abrupt changes in the slope of the Hugoniot. This should 

also verify the predict ion of the melt ing region now available only from the s ta t ic 

data at lower p r e s s u r e . 
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Since under dynamic loading conditions the changes of s ta te oc-cur at an 

ext remely fast r a t e , one is limited to exper imental iechtuques that can res[)ond 

to such changes with a minimum of dis tor t ion and delay. We have accordingly 

chosen the optical technique which can give us the absolute t e m p e r a t u r e from 

the measu remen t of the amount of t he rma l radiat ion emitted from a surface of 

a shock-heated sample . 

When the sample m a t e r i a l is t r anspa ren t t he re is the advantage that its 

radiat ion may be observed through a layer of the s a m e ma te r i a l which has not 

yet been affected by the shock. However, the t r anspa rency has a disadvantage 

in that one does not get the full amount of radiat ion corresponding to its 

t empera tu re until the thickness of the compressed l ayer r eaches the cha rac t e r i s t i c 

optical thickness of that ma te r i a l , i .e. , when the shocked layer becomes opaque. 

This type of t e m p e r a t u r e m e a s u r e m e n t has a l ready been done by a group of 

Russian invest igators who repor ted the t e m p e r a t u r e of s eve ra l a lkal i -hal ide 

1 2 

c rys t a l s and some liquid compounds. Thei r r e su l t s show in genera l a good 

agreement with the theory but only in and near the melt ing region of the m a t e r i a l . 

The i r deviations from theoret ica l predict ions in other regions a r e at t r ibuted to the 

complex e lect ronic behavior under shock compress ion . 

When the m a t e r i a l is not t r anspa ren t then the problem becomes somewhat 

m o r e difficult in that the observat ion is l imited to the outside surface of the ma te r i a l 

which when free and unbounded is by definition never under p r e s s u r e . In this 

case one m e a s u r e s the so-ca l led res idual t e m p e r a t u r e of the ma te r i a l , after it 

has been shocked and re l eased back to ze ro p r e s s u r e . Such m e a s u r e m e n t s have 
3 4 

been performed by Taylor and by King et a l . and the res idua l t e m p e r a t u r e of Cu 
was found to agree within the exper imenta l e r r o r with that predicted by the theory . 
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However, this information does not give shock t e m p e r a t u r e nor does it 

provide sufficient data to locate melt ing along the Hugoniot. 

In o r d e r to m e a s u r e t e m p e r a t u r e in the nont ransparen t m a t e r i a l s under 

p r e s s u r e one mus t hold that p r e s s u r e by a backup t r anspa ren t anvil whose 

own p roper t i e s a r e such that the contribution to the amount of radiation a r e 

e i ther nil o r known. The purpose of this communication is to desc r ibe such 

a sys tem and to p resen t some resu l t s on magnesium in the range of p r e s s u r e s 

between 3 50 and 550 kbar . 

EXPERIMENT 

The shock p r e s s u r e s of in te res t in this investigation a r e usually obtained 

by a high explosive (HE) sys tem with the aid of a flying plate . The exper imenta l 

setup is i l lus t ra ted in Fig, 1; the HE par t is not drawn to sca le because of its 

re la t ive insignificance. 

The p r e s s u r e pulse of the detonation wave through the explosive sys tem 

(1) d r ives the thin Monel flying plate (2) at its free sur face velocity of near 

3.5 mm// isec through a 1- in .gap. This gives the plate ample t ime to reach a 

s teady velocity before it s t r i kes the aluminum base plate (3), generat ing the 

des i red shock wave through the sy s t em. 

The wave p r o c e s s e s that take place after the impact a r e bes t i l lus t ra ted 

in a t i m e - s p a c e plane which is shown in F ig , 2. Here the space axis is 

r ep re sen ted by the center l ine through the exper imenta l a s sembly and the t ime 

axis begins with the impact of the flying plate (2) with the aluminum base plate (3). 

The impact r e su l t s in two shock waves that propagate in opposite d i rec t ions . 
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The forward-running wave propagates through the base plate into the sample (4) 

and then into the t r anspa ren t anvil (5). The wave that s t a r t s back into the flying 

plate will ref lect from its opposite side as a rarefact ion wave and will follow 

the or iginal shock wave at a significantly higher velocity. The geomet ry must 

be such that this reflected wave does not over take the original shock wave before 

the l a t t e r reaches the interface between sample and anvil. To avoid reflect ions 

from this interface one could choose the anvil ma te r i a l to be of the s ame shock 

impedance as the sample , although this is not absolutely n e c e s s a r y if one can 

reasonably a s s e s s the change of s ta te due to the reflection and in pa r t i cu la r its 

contribution to the t e m p e r a t u r e . The numbers along the l ines in the t i m e - s p a c e 

plot indicate the velocit ies for a pa r t i cu la r case where the magnesium sample 

was backed up by a t r anspa ren t NaCl c rys ta l and the shock velocity through Mg 

was measured to be 8 mm// isec . 

The observat ion of the sample surface is made by a photo detector (8) 

through the t r anspa ren t anvil (5), through an ape r tu r e 8 mm in d iamete r (5a), 

and through a nar row-band in terference filter (6) of a pa r t i cu la r wavelength. 

The amount of radiat ion from the investigated sur face is thus controlled 

geometr ica l ly and spec t ra l ly . 

The whole sys tem inside the sample holder (7) is placed under vacuum to 

el iminate a possibi l i ty of a i r f lashes from the a i r bubbles t rapped at the interface. 

F u r t h e r precaut ion is taken to subdue the extraneous light by masking off the 

s idewalls of the anvil and by vapor-plat ing a thin film of the investigated m a t e r i a l 

onto the surface of the anvil which is in contact with the s ample . Both sur faces 

composing the interface a r e flat and smooth to within 1 mic ron . 

As the shock leaves the meta l the observed sur face is under p r e s s u r e and 

at a cer ta in t e m p e r a t u r e . Being at a high t e m p e r a t u r e the surface begins to 
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emit t he rma l radiat ion of which a cer ta in amount is picked up by the de tec tor 

and t ransformed into an e lec t r ica l signal on the osc i l loscope. The value of 

the signal in volts is 

A A f 2 
h = B - ^ x | b(X) T(X) P(XT) dX (1) 

where , \ -, 

-5 f ^2/^'^ 1 
P(XT) = c^X ^ \e ^ - ij 

is P lanck ' s formula, with c^ and c„ radiat ion constants equal to 

3.7403 X 1 0 ' ^ e r g - c m ^ / s e c and 1.4387 cm-°K respect ive ly , b(X) and T(X) 

r ep re sen t the spec t ra l r esponse of the na r row band fil ter and that of the de tec tor 

respect ively , A and A , cor respond to the a r e a s of sou rce and detector 

respect ively , i stands for the dis tance between the two a r e a s , and B is a bulk 

constant to convert the radiat ion power into the p roper units of the s ignal . 

The factor X is a geomet r ica l factor resul t ing from integration of tiie angular 

response of the detector over the total a r e a of the s o u r c e . 

The signal obtained during the experiment is compared with the one 

m e a s u r e d during cal ibrat ion of the s ame de tec to r -and- f i l t e r assembly on a 

s tandard ca rbon -a r c light source which rad ia tes at a known t e m p e r a t u r e 

T^ = 3800°K, The t e m p e r a t u r e of the a r c has been verified with a thermopi le 

yielding at the s a m e t ime the value for the a r e a of the sou rce . The cal ibrated 

signal is expressed s imi la r ly by 

A A r 2 
hQ = BQ - ^ ^ - ^ XQ I b(X) T(X) P ( X T Q ) dX (2) 

^0 -^^1 

where x^ - 1.0. 
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Assuming that for a na r row spec t r a l band one could wr i te 

P(XT) = Q '^ (T) P ( X T Q ) 

where O'N.(T) is a function of t e m p e r a t u r e only, E q s . (1) and (2) can be combined 

to yield 

,2 

Since 

h ^ . „ . ^ s -̂ 0 B 
-r- ff . ( J ) -^ ^ X . 

'̂O ^ ^sO r "o 
(3) 

P^(T) 2̂ F - V 
L ^ 

(4) 

is a function of t e m p e r a t u r e only for a pa r t i cu la r value of X, it can s e r v e as a 

link between the osci l loscope signal and the t e m p e r a t u r e , yielding 

-1 

'̂ 2 / "̂ 2 ^0-^0 
(5) 

where ? is a new constant composed of geomet r ica l , e lect ronic , and optical 

factors which a r e determined each t ime for a pa r t i cu la r se t of components; 

it is explicitly equal to 

^ 0 ^sO i2 
B- - T ^ T -

(6) 

All this of course if based on the assumption that the surface under observat ion 

is shock-heated uniformly and the emiss iv i ty of the ma te r i a l under these 

dynamic conditions is nea r unity or at l eas t the s a m e as the emiss iv i ty of the 

carbon a r c to which these m e a s u r e m e n t s a r e compared. 
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RESULTS 

Typical r e co rds resul t ing from these exper iments a r e shown in Fig, 3 . 

Here the osci l loscope t r aces r e p r e s e n t the s ignals which were obtained from 

a magnes ium sample through an infrared fil ter (O.iJ /i) and three different anvil 

m a t e r i a l s as indicated on the figure. The choice of these anvils was based on 

the i r different heat capaci t ies and compress ib i l i t i e s , the combination of which 

should yield different shock heating of the anvil and thus enable study of the 

effects this had on the resul t ing signal from the interface. 

Of main in teres t he re is the r i s e t i m e of the signal and its ampl i tude. 

In all cases the initial r i s e does not exceed 40 nsec , which is the r i s e t i m e of 

the e lec t ronic c i rcui t of the detector follower. Since it was shown previously 

that the contribution from the shocked a lkal i -hal ide is t ime-dependent and does 

not r each its full amplitude before 0.5 or even 1.0 /isec, the signal observed 

he re , at the very f i rs t instant, mus t be that coming from the surface of the 

sample . The fact that the amplitude r ema ins constant as long as the shock 

t rave l s through the anvil indicates that e i ther the anvil r ema ins t r anspa ren t or 

its t e m p e r a t u r e is the same as that of the investigated m a t e r i a l . 

Since the re la t ionship between the t r a c e amplitude and the t e m p e r a t u r e 

is very nonlinear, the t r a c e s of F ig . 3 were replotted on the t e m p e r a t u r e - t i m e 

plot shown in F ig , 4, Here it is c lear ly seen that the t ime variat ion of 

t empe ra tu r e is sma l l . 

To compare the numer ica l values of t e m p e r a t u r e one mus t take into account 

the match of shock impedance between the anvil and sample m a t e r i a l s and the 

s t rength of the reflected wave which is generated at this interface due to the 

mi sma tch . While NaCl is a c lose match to Mg and will hardly produce any 
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reflection, L iF and especial ly Al„Oo (sapphire) will genera te a s t rong shock 

wave thus changing the p r e s s u r e and t e m p e r a t u r e of the ma te r i a l at the 

observed sur face . Although these additional t e m p e r a t u r e s will not amount to 

m o r e than 500°K they have to be taken into account when comparison is made 

with the theore t ica l calculations behind the initial shock. 

Such compar ison is i l lus t ra ted in Table I which l ists exper imenta l 

t empe ra tu r e s corresponding to the initial peaks in the Fig . 3 r eco rds and 

those theoret ical ly expected on the bas i s of equil ibrium the rmodynamics . 

Numerica l subscr ip t s 1, 2, and 3 denote the s ta te for which the t empera tu re 

o r p r e s s u r e is determined; they correspond to the s ta tes behind the initial 

shock in the sample , behind the reflected shock in the sample , and behind 

the initial shock in the anvil, respec t ive ly . 

While the LiF shot was taken at a different t ime, both NaCl and sapphi re 

r e c o r d s were obtained s imultaneously during the s a m e exper iment , i l lus t ra t ing 

the consistency of the r e su l t s in that the reflected shock from the sapphire 

anvil ra i sed the t empe ra tu r e by 20% as expected. On the other hand, s ince the 

sapphire c rys ta l should remain below 1000°K at these p r e s s u r e s , ' the 

t e m p e r a t u r e we observe during the full duration of the t r a c e must be that coming 

from the interface. 

With the visible (0.5 /i) f i l ter the r eco rds a r e somewhat different as shown 

in F ig . 5. Both r e c o r d s were taken simultaneously on the s ame shot with 

r eco rds (a) and (b) of F ig . 3 . The initial t e m p e r a t u r e s he re a r e 20% higher 

than those obtained with the infrared fil ter, but they also show t ime dependence, 

in pa r t i cu la r the one with NaCl re laxing towards the value observed with an 

infrared f i l ter . In the following section we will p resen t some arguments which 
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could explain the reason for such a spec t r a l var iance in tempei-ature; at this 

t ime we point out that it is c lear the effect is r e a l s ince the difference in 

t e m p e r a t u r e between the two r e c o r d s is near ly the s ame as that between (a) 

and (b) of F ig . 3, which is due to the impedance misma tch of the anvil and 

the sample . 

In view of these observat ions and for the purpose of comparison with the 

theoret ica l expectations, we have taken only the r e su l t s from the infrared 

r eco rds and plotted them on the t e m p e r a t u r e - p r e s s u r e plot of F ig . 6. In this 

figure there a r e also the theore t ica l Hugoniot curves , with and without 

provis ions for melt ing, as well as the r e su l t s taken from Ref. 1, represen t ing 

exper imenta l t empe ra tu r e s of NaCl. The exper imenta l points shown he re a r e 

cor rec ted for the impedance misma tch and r e p r e s e n t the s ta te behind the 

initial shock. It is quite evident from this figure that the d i sagreement with 

theory is r a the r significant. However, the r e su l t s a r e all se l f -cons is tent and 

follow a cer ta in pa t tern which may be accepted as a r ea l phenomenon. 

INTERPRETATION OF RESULTS 

The consistent but l a rge d iscrepancy between the spec t ra l t e m p e r a t u r e s 

m e a s u r e d and those es t imated on the bas i s of thermodynamic calculat ions 

below the melt ing region prompted a c loser look into the conditions governing 

the radiat ing interface during observat ion. 

Since the optical depth of the meta l sur face from which the observed 
o 

radiat ion is emitted is ext remely smal l , about 100 A, it s e e m s n e c e s s a r y to 

consider all poss ib le effects on a very smal l s ca l e . Such effects may be 
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mechanical , chemical , o r thermal in cha rac t e r . Considering the t imes 

involved, mechanical effects should not be significant because relaxation 

between the sample and anvil m a t e r i a l s is reached in less than 10 s e c . 

Absence of chemically reac t ive surface effects is evidenced by the consistency 

of m e a s u r e m e n t s through sapphi re and var ious a lkal i -hal ide c r y s t a l s . Thus 

only the rma l effects may play a significant ro le in this p r o c e s s . 

Following a vir tually s imultaneous shock heating of the sample and anvil 

m a t e r i a l s nea r the interface, one can account for s eve ra l t he rma l relaxat ion 

p r o c e s s e s which take place at the interface. The nonuniform heating of the 

meta l surface caused by a surface roughness of 1 /i should re lax in l e s s than 

-9 10 sec and would not be observed on the t ime sca le of the exper iment . 

However, the difference in heat capaci t ies and the rma l conductivities between 

sample and anvil m a t e r i a l s should have an effect on the value of radiat ing 

t e m p e r a t u r e . Since both m a t e r i a l s a r e heated to different t e m p e r a t u r e s the 

heat flow is introduced in the direct ion of cooler m a t e r i a l which re su l t s in a 

shift of the meta l t e m p e r a t u r e towards that of the anvil t e m p e r a t u r e . It can be 

easily shown that if the the rmal diffusion coefficient is independent of t e m p e r a t u r e 

the actual interface t empe ra tu r e r ema ins steady while the t e m p e r a t u r e gradient 

-1/2 dec r ea se s with t ime as t ' , In this manner one finds that the difference 

between the initial interface t empera tu re and the shock t empera tu re of the anvil 

m a t e r i a l is l e s s than the difference between the two shock t e m p e r a t u r e s by a 

factor of 1 + a, where 

a^ (k2/k^)^/^ 

with k. and k„ being the t he rma l conductivities of the meta l and insulator 

respec t ive ly . 
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Within the radiat ing meta l layer the t e m p e r a t u r e gradient due to both 

the rma l diffusion and radiation l o s se s at the surface will d e c r e a s e to negligible 

values in l e s s than 10 s ec . Thus during the t ime of observat ion the sam[)le 

will appear to be in the rmal equil ibrium at a constant co r rec ted t e m p e r a t u r e . 

Russian exper iments indicate that the a lkal i -hal ide anvils a r e a lso in the rmal 

equil ibrium but r ema in t r anspa ren t in the p r e s s u r e range of these exper iments 

for at l eas t 0.5 ^ s e c , 

A r a t h e r significant uncertainty in these m e a s u r e m e n t s is in the emiss iv i ty 

factor of the meta l interface which should reduce the amount of radiat ion from 

the interface. Based on its theore t ica l definition the emiss iv i ty cannot exceed 

unity for a m a t e r i a l in t h e r m a l equil ibrium at a uniform t e m p e r a t u r e . Thus the 

spec t r a l distr ibution of radia t ive energy will always fall below the ideal Planck 

dis t r ibut ion. An extrapolat ion of theore t ica l and exper imenta l resu l t s under 

normal p r e s s u r e s to t e m p e r a t u r e s above 3000°K suggests that emiss iv i t i e s may 

vary from 0,5 to 1.0 depending on the wavelength and the sur face condit ions. 

A re l iab le es t imate of the surface conditions cannot be made because of the 

insufficient knowledge of the s t r u c t u r e of the interface after the shock has passed 

through it. Thus although the variat ion of spec t r a l t e m p e r a t u r e with wavelength 

can be at tr ibuted to different spec t r a l emiss iv i t i e s , the value of emiss iv i ty being 

l e s s than unity would imply that the t e m p e r a t u r e of the observed interface is 

even higher than those determined above. In addition the t ime variat ion of 

spec t r a l t e m p e r a t u r e at X = 0.5 /i (see F ig . 5) also implies that emiss iv i ty may 

be t ime-dependent . 

The effects descr ibed above a r e based on the assumpt ion that the shock 

heating is uniform over the whole surface of the sample . Although some of them 

contribute to the d iscrepancy between the observed t e m p e r a t u r e and that expected 
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from thermodynamic calculation they do not completely explain that deviation. 

A qualitative explanation however may be offered by an assumption that the 

shock heating is not uniform a c r o s s the interface, ff the theritui! energy is 

deposited nonuniformly throughout the volume of the investigated ma te r i a l then 

the portion of the a r ea heated to a higher t e m p e r a t u r e will dominate the 

m e a s u r e m e n t especial ly at s h o r t e r wavelength. Such t e m p e r a t u r e inhomogeneity 

may also be expected to re lax at a r a t e depending on the spat ia l s ca le of such 

nonuniform it i es . Since the a r e a s at higher t e m p e r a t u r e s tend to d isappear f irst , 

the relaxat ion t ime of the spec t r a l tennperatures is s h o r t e r at s h o r t e r 

wavelength. It is found that if regions of high t e m p e r a t u r e occupy as much as 

20% of the volume with a sca le of 100 /i, the observed spec t r a l effects can be 

roughly reproduced and a r e consistent with thermodynamic t e m p e r a t u r e s . 

Such nonuniform heating may s tem from the polycrys ta l l ine s t ruc tu re of the 

investigated m a t e r i a l . When the shock s t rength is such that the ma te r i a l is 

brought to a s ta te near melt ing the mechan i sms of compress ion which at lower 

p r e s s u r e cause a l a r g e amount of twinning and work-hardening may behave in a 

completely different manner as a r e su l t of a grea t ly reduced yield s t rength and 

flow viscosi ty . As the shock p r e s s u r e cl imbs above the melt ing l ine into the 

liquid phase, such nonuniformities should disappear as s e e m s to be the case in 

the p resen t data plotted in F ig . 6. 

CONCLUSION 

Although believable t e m p e r a t u r e s of the shocked solid m a t e r i a l have not 

yet been determined, a sensi t ive and ve rsa t i l e method of making such m e a s u r e m e n t s 
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at the me ta l - insu la to r interface has been demons t ra ted . i' 'iirther ifivestigation 

is needed to pin down the effect of emiss iv i ty and nonuniform floating of the 

sample . This will be done by varying the sur face conditions at the interface 

and performing the exper iments with s ing le -c rys t a l samples of the investigated 

m a t e r i a l . As an example of other applications of this method it is a lso planned 

to investigate the possibi l i ty of making t h e r m a l conductivity m e a s u r e m e n t s at 

high shock p r e s s u r e s through the dependence of interface t empe ra tu r e s on a. 
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Table 1. Comparison of exper iment with theory, taking into account the 

change of s ta te caused by the reflected wave when tiiere is an 

impedance misma tch between sample and anvil m a t e r i a l s . Sample 

is Mg in each case . 

Anvil 

NaCl 

AI2O3 

L i F 

KCl 

Us 
(mm//isec) 

8,5 

8.5 

8,8 

8.65 

^1 
(kbar) 

470 

470 

522 

496 

T^ 

CK) 

2440 

2440 

2850 

2650 

^2,3 
(kbar) 

494 

850 

660 

486 

T ^3 
(°K) 

2800 

900 

1100 

4100 

T ^2 
(°K) 

2520 

3040 

3060 

2600 

T expt 
(°K) 

3960 

4780 

3730 

4380 

Subscr ip ts : s = shock velocity; 1 = s ta te behind the initial shock in the 

sample ; 2 = s ta te behind the reflected wave in the sample ; 3 = s ta te behind 

the initial shock in the anvil. 



FIGURE CAPTIONS 

Fig . 1. Exper imenta l a ssembly . (1) High explosive sys t em. (2) Monel flying 

plate . (3) Aluminum base pla te . (4) Sample. (5) T r a n s p a r e n t anvil . 

(5a) Aper tu re . (6) Interference fi l ter . (7 ) Aluminum vacuum housing. 

(8) Photo de tec tor , (9) Detector follower housing, (10) Vacuum pumping path. 

F ig . 2. Wave diagram in the t ime - space plane i l lus t ra t ing the events which 

take place during the exper iment . 

F ig . 3 . Exper imenta l r e co rds taken with an infrared fi l ter (0.9 jj.) and Mg 

sample backed by different t r anspa ren t anvils : (a) NaCl, (b) sapphi re , 

(c) L i F . 

F ig . 4. Exper imenta l r eco rds of F ig . 3 t ransformed into the t e m p e r a t u r e -

t ime plane. 

Fig , 5. Exper imenta l r e co rds taken with a blue fi l ter (0.5 n) and Mg sample 

backed by t r anspa ren t anvils as follows: (a) NaCl, (b) sapphi re . 

F ig . 6. T e m p e r a t u r e - p r e s s u r e plot of exper imenta l points together with 

theore t ica l Hugoniots with and without accounting for melt ing. Shown 

also is the exper imenta l t empe ra tu r e of NaCl as repor ted in Ref. 1. 
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