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COMPENDIUM OF SHOCK WAVE DATA

Introduction

Abstract

The purpose of this volume is to list in a concise manner the thermodynamic
data in condensed media obtained by shock wave techniques. The volume should
be useful both to people working in the shock wave field and to others
interested primarily in thermodynamic properties at high pressure. Therefore,
both dynamic variables and volumetric quantities associated with the shock
wave are given. The format has been selected to make the volume useful in

engineering as well as scientific research activities.

Content

Tabular Data — The information tabulated is generally derived from shock

compression of a sample of known density. Any two of the measurable quantities
tabulated (pressure, volume or density, free-surface and particle velocity
behind the shock front, as well as shock velocity) may be used to derive the
others. Shock and free-surface velocities were measured in most of the
experiments performed to date. A description of the basic assumptions and
techniques has been given by Rice et al.l Some useful texts also exist for
those interested in the experimental techniques2 and for those more theoretically
inclined.2_4

Pressure (P), volume (V), and energy (E) are usually obtained from the
shock (US) and particle velocity (Up) by application of the conservation
conditions of mass momentum and energy across a well-defined shock wave. It
is, therefore, assumed that steady state exists in front and behind this wave.
The conditions are schematically presented in Fig. 1. The distance between .
the two (cross-hatched) steady-state regions is usually small compared to the

dimensions of the system. Conservation of mass and momentum then yields:

P. -P.= [U =-1U u -u \/v
1 0 <Sl p0)<pl p0>0

and
U, = %
1 0
VW =1l-% -u_ -
1 Po
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Fig. 1. Shock wave conditions.

while the energy conservation condition is:

E; - E, = (1/2) (P0 + Pl) (v0 - vl).

In the usual single wave experiment, the initial particle velocity, UPO, is
zero., Frequently multiple waves are considered in this compilation. The more
general form of the above equations for multiple wave systems is obtained by
replacing the subscript O by i and 1 by i + 1.

Whenever they are obtainable from shock wave measurements, other
directly measured derivatives, such as heat capacity and expansion coefficient,
are also listed. However, there is no developed technology for these
measurements at the time of this writing.

A convenient summary of the tabulated data may be given in terms of a
functional relation between shock (US) and particle velocity (Up) since a
valuable feature of dynamic (shock wave) measurements is the slow, and in many
cases, vanishing curvature of plots of US vs Up. Least-square fits have been
given in this plane whenever the data warrant it:

v-c+ Sy sl
i=1
The sum is limited to nox 1 for most solids. This Hugoniot equation may be
transformed to the pressure-volume plane by use of conservation of mass and
momentum equations.

With each set of data from a particular source, the properties that

define the initial condition of the sample before shock compression are listed

if available. These are:
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@ VO: Initial volume.

® VOi: Volume from crystallographic or accurate volumetric techniques
(useful for porous materials).
@ TO: Initial temperature.
@ Composition.
) Cz, CS, and Cb or CO: Respective longitudinal sound velocity,'
transverse (or shear) wave velocity, and "bulk sound velocity"
[E(BP/Bp)é/2 km/sec] derived from static compression or for an isotropic

sample (C% - 4/3 Cz)llz.

The quantity C, is helpful in allowing interpolations of the bulk

0
compressibility between the lower limit of the dynamic range and the

compressibility at one atmosphere.

It may be noted that no subscripts have been printed in the body of the
compendium. This is due to the limited character list of the automatic printer
is written as VO, C) as CL, etc.

0 2
While the above characterization is adequate for most purposes, some

that produced these pages. Therefore, V

structural transformations are comparable to or slower than the measuring time
in shock experiments. Under these conditions, othexr sample specifications are
needed to adequately describe the sample. This problem has come up in detailed
investigations of dynamic yield points and in the study of phase transitions

and chemical reactions. In the former case, for example, impurity concentration
and thermal history become highly important. Mixtures of solids and liquids

exhibit relaxation times that depend in a complex fashion on microscopic

~structure and strength and, for high pressure shocks, on the temperature

distribution behind the front.

Comments — A comments section is provided for further characterizations
of the material and the experiment. The first comment is reserved for a source
statement. This may be the name of a person and an address or journal reference.
The second comment contains a characterization of the experimental method and
the technique of data analysis. To avoid lengthy descriptions on each data
page, short descriptions of each method are given in the section on techniques.
These descriptions, of course, do not dwell on details of experimental setup
or data handling but are primarily an attempt to give a short and unambiguous
classification of a series of data recording and analysis methods. For more
detail, the user is referred to papers and books on the subject. A review has

been given by Duval and Fowles.2
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Any number of comments may be listed by the compiler or suggested by the
investigator. The extent and format of these comments are flexible and depend
on relatively arbitrary decisions of the compiler. It is clear that these

comments can never replace the full publication.

Filing Order

The filing order chosen for this volume is independent of arbitrary
nomenclature and trade names and, when understood, is equally useful to any
language group. However, for those users preferring the English language as
a basis for searching this volume, an index for each section is provided. The
author index for each section is a convenient guide to the contributors.

The filing order is based on the periodic table. The basic system is
described in detail by the Office of Critical Tables,5 aﬁd some modifications
have been made in accordance with the latest modification of a numerical order
of the elements proposed by Rossini.6 (See Table 1 and Fig. 4 at the end of
the techniques listings.) With some small exceptions, the categories, too,
are essentially those given by Rossini. They are:

Al. Elements: Filed by order number. For example: 0 - #l is filed

before H - #2, before He - #3, etc.

A,. Compounds, including intermetallic compounds: These are divided

’ into groups which are determined by the element in the compound with
the largest order number. Subsets within this group are then
determined by the element with the next to highest number, etc. To
this end, each compound is characterized by the set of order numbers
(called index or finding numbers) of its elements written in order
of decreasing order number.

For example:

Name Formula Index
Sodium oxide NaZO* 99-1
Sodium hydroxide NaOH 99-2-1
Sodium fluoride NaF 99-9
Sodium chloride NaCl 99-10
Sodium sulfate Na2804 99-14-1
Sodium carbonate Na2C03 99-23-1

*

Note that the automatic printer used for the data pages is restricted to
capital letters, so that the molecular formulas must be written with their
elements separated by dashes or brackets: Na20 becomes NA2-0, etc.
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These are all members of the group filed under sodium in the above order. All
potassium compounds (#100) containing elements with numbers not larger than
100 follow this group, while ail lithium compounds containing elements with
numbers not larger than 98 precede the sodium group, etc.

The only compounds excluded from this category are those with two or
more carbon atoms (#23) and no elements above #23. These are filed separately

under categories B and C.

B. Hydrocarbons: Organic compounds containing only C (#23) and H (#2).

For example:

Name Formula Index
Methane CH4 23-2 (1-4)
Benzene C6H6 23-2 (6-6)
Hexane C6H8 23-2 (6-8)
Octane 08H10 23-2 (6-10)

are listed in the above order. Therefore, in order to find a hydrocarbon, one
must first find the set containing the correct number of carbon atoms and,
second, the compound with the proper number of hydrogen atoms of that set.
Polymers are filed under the monomer.
C. All other organic compounds: Compounds with more than two carbon
atoms (#23) and no element with order number larger than 23.
D. Alloys, solutions, and mixtures: Materials that are not simple
compounds and that contain no component (element or compound) over
90 mole percent. Those that contain a component over 90 mole percent
will be listed under Al’ A2’ B, or C to avoid scattering almost pure
materials under different headings.
The finding number may be a compound number derived from the constituent
compounds. The leading index will be that of the major constituent — not

necessarily the one containing the largest order number.

For example:
41-24-1--93-24-1

Olivine

(Name) (Formula) (Composition)
Fayalite Fe28104 55.0%
Forsterite MgZSiO4 45,0%

=B




In this case, the compound index consists of the indexes of two minerals
(Fayalite and Forsterite). These indexes are of necessity complex, but they
allow for a minimum amount of éonflict in filing order. No distinction has,
so far, been made between solutions and granular mixtures in generating the
index numbers.

The above example forms the heading for the data page of the particular
rock.

A large number of the materials studied have not been characterized
sufficiently to allow assignment of a finding number. These materials are,
however, useful for many engineering applications. They are synthetic
composites and geological materials and are generally categorized as mixtures
or organic plastics. A separate section has been provided for these materials

at the end of this compendium.

Techniques

Experimental:

A. Pin: The surface accelerated by the shock wave under study may be
used as one pole of a switch. The value and complexity of this
technique for locating shock and free-surface position as a function
of time are well illustrated by the experiments on iron of Bancroft
et al.7 In these experiments, the switch completes a current path
and causes a capacitor to discharge. Alternatively, a voltage or
current pulse may be produced by a ferroelectric or piezoelectric
crystal on impact with a surface. A description of some pin types

has been given by van Thiel and Alder.8

B. Optical flash: The moving surface may be used to compress a thin
layer (0.01-0.1 mm) of argon or xenon gas. This shock compression
results in a flash which is then recorded by a smear camera. This
technique has been adequately described by Rice et al.1 and by

McQueen et al.9

Reflectivity change of a mirror: An optically reflecting surface
will turn opaque when impacted with sufficient strength by a shocked
material. A smear camera is focused on a mirror placed on the
surface to be shocked or some distance from it and records arrival

2
of the shock wave or the free surface, respectively.
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. Turning mirror: Frequently surface structure of shock strength is

such that the surface of the mirror does not change reflectivity
rapidly enough. In this case, the mirror may be placed at an angle
to the shock front or surface. Impact then causes the mirror to
turn through an angle, thus removing a parallel beam of light from
the optical path. This technique is more reliable for smooth
surfaces than technique Cl but requires more care in the optical

setup.

. Total reflection of a prismlo: This is a variation of the mirror

technique. Closing a void (as small as a micron) between a sample
and a glass or other transparent prism will change the angle of
total internal reflection. A beam of light reflected internally
close to the critical angle will, therefore, be rapidly cut off when
the void is closed. The prism may be placed either on the surface
or at some angle to it to determine either the arrival time of the

shock or the velocity of the surface.

"optical lever": The optical-lever technique employs the change of
position of an optical image in a reflecting surface when this
surface is turned by a shock wave. In this case, the shock front
makes a known finite angle with the surface. The measurement of the
displacement of a series of images made by different parts of the
surface and the observation of the time of displacement of these

images yields the required shock and free-surface parameters.2

"Knife edge": The knife-edge or moving-image technique yields higher
spatial resolution than the optical-lever technique. Here a thin
wire or knife edge is suspended over the polished surface of the
specimen. The separation of the knife edge and its image may be
photographed as a function of time to yield the surface velocity.

This technique was first reported by Davis and Craig.

Resistance wire: This technique, first described in a Sandia
Laboratories report,12 has been used to measure free-surface velocity.
Here a change of resistance is measured as the moving surface shorts
out a resistance wire positioned at an angle to the surface. The
velocity of the free surface is then obtained from the resistance-time
record. Shock velocity may be obtained if the wire is parallel to

the surface and the shock direction is other than normal.

i, .




Capacitor: The capacitor technique measures the change of
capacitance of a parallel plate capacitor, one plate of which is the

surface whose velocity is to be measured.13

Polarization: The polarization technique14 uses the shape of an
electrical pulse produced by the shock to measure shock velocity in
cases where the shock wave changes the dielectric polarization of
the sample.

Transducer: While the above techniques measure shock or surface
motion, several transducer techniques that give pressure directly

have been developed or are under development. In these cases, a

measured voltage change is related to pressure by calibration against

one of the primary techniques mentioned above. Some examples are:
® Conductivity gauge: The sulfur gauge was first developed by
Eichelberger and Hauver.15 It is based on the change of

conductivity of a sulfur wafer with pressure. Another useful

material for pressure measurement is manganin wire, used previously

in static work because of its linear pressure versus resistivity
curve. Some work has been done to extend this curve to higher
pressures.,

® Piezoelectric gauge: The quartz gaugel7 and the lithium niobate
gauge,18 which are based on the piezoelectric coefficient, yield
useful pressure measurements up to about 50 kbar and 15 kbar,

respectively. A calibration curve may be obtained from R. A.

Graham, Sandia Laboratories, Albuquerque. Tourmaline has been used

19

and a calibration up to 21 kbar has been reported.

Radiographic methods: These may measure either one of two sets of

parameters.

® The shock velocity and density change across the shock front.
This method has been described by Schall.20

® The shock velocity and the velocity of an embedded foil of higher
specific absorption index. This method is valuable in that it
yields P, V, and E points independently of a model or a standard
material. TIts limitations lie in the relatively poor shock front

resolution.

Magnetic induction: This may be used in interface and free-surface
velocity measurements.

-8-
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® A current loop made of foil or flattened wire may be embedded in

a nonconducting sample or placed at an interface.21’22

The voltage
induced in the wire when the wire is moved through an externally
applied uniform magnetic field is a measure of material velocity.

@ Similarly, a voltage may be induced in a current loop placed
concentric to a magnetic pole and close to a moving surface.23
This method is relatively inexpensive and may be used to measure

the motion of any metallic-nonmetallic interface.

Data Reduction:

The
are shock

be either

parameters obtained from most experimental techniques used to date
velocity (US) and surface velocity (Ufs)' The surface velocity may

the velocity of a projectile generating pressure in the sample

(Fig. 2) or the velocity of the sample surface after the shock has traveled

through the sample. The pressure change P - PO = po US Up is a function of

shock velocity and the change of mass velocity across the front. Techniques

for calculating this latter velocity are discussed below.

Al

Projectile

If the projectile and the sample (Fig. 2(a)) are made of the same
material, the shock velocity in the sample and in the projectile
(relative to the unshocked medium in front of the wave) is the same.
Therefore, the dynamic impedance poUs = P/Up, tanel = tanez, where
from symmetry (Fig. 2(b)) Up is equal to one-half the projectile
velocity before impact and equal to the change of mass velocity
across the wave. If the projectile and the sample are not the same,

the projectile Hugoniot (HZ) is used as a known standard (Fig. 2(c)).

Sample H,
U |
fs PR/ 1 N\Re P Ry |
1= | |
' '
-E_L_J'L’ ~U AR )N 04 :
S
Up Up  Ux=2Up Up  Ug

(a) (b) (c)

Fig. 2. Velocity diagrams.

-9-




The solution is then given by the intersection of Rl and HZ' The O

equations to be solved are therefore:

In Fig. 2(b):

® =P ampie = (o Ug) (12)
and

® - Po)orojectile = (Pg Ug) (Ugg = U (1b)
Or in Fig. 2(c):

® = ) sampte = P U) U, (10)

and the equation of the projectile Hugoniot

® - P, = £(Ug, - V). 2)

P0 projectile

Bl' Where the velocity of a projectile is not measured, the sample is
positioned on a plate (the standard) with a known Hugoniot locus (H)
and unloading isentropes (a). As is shown in Fig. 3, the solution

is given by the dynamic impendance condition of the sample Q

Fig. 3. Projectile velocity.

-10~




(tanel =0 US), and the particular unloading path (a) that crosses

0
the Hugoniot point of the plate at the experimental pressure (Pl)'
The latter is selected on the basis of a measurement of UfS or

po US - tane1 of the plate. The solution of P1 and Upl is,

therefore, obtained from:

P, - Po = AP (sample) = (tanez) Up2 (1d)

2

and the equation of the unloading adiabat

P, = Pa (plate)

2 fa (Us' U

fs ~ Up2)

' —
fa (Ufs' Uts Up2

). (3)

A modification of technique B1 places the material with known
equation of state on the sample. The measured quantities are usually
the shock and (or) free-surface velocity of the known standard and
the shock velocity of the unknown. Consider P2 as the known pressure
and P. as the pressure to be determined (Fig. 3). Since the cross

1
curve (a) is not known in this case, the acoustic approximation angle

P,R,R; = 0, =py U (4)

may be made to yield a first-order solution
P, /Py = (6, + 0,)/26,. (5)

After several points are thus obtained, the solution may be improved
by iteration. When the shock front is not parallel to the

sample-standard interface, appropriate components must be used.2

Where the pressure is measured directly with a transducer, the other
parameter usually measured is the shock velocity through the sample.
The conservation of mass and momentum conditions mentioned before

may be rearranged to give

U P-P

Wi . =1-wb=1-—2 (6)
0 US 0 U2
0 s

Once P and V are known, conservation of energy then yields the energy

change

E-E,=1/2 (P0 + P) (V0 -V . @))

0

-11-




If only US and U_. are available from a set of experiments, a

Hugoniot may be gitained with:

® The assumption that Up =1/2 Ufs' This is a good approximation at
sufficiently low shock compression.

® Otherwise, a model of the thermal expansion or thermal pressure
coefficient is used to calculate adiabats from an assumed Hugoniot.

A first-order estimate may be the first assumption above.

The Rieman integral
V
,3P
= —| dv
Ur / I Vv
Vo

along an isentrope is then assumed to yield the increase in mass

velocity when shocked material, initially at some pressure Pl and

partlcle velocity U (Fig. 3), unloads to PO and UfS = Up + U .
These techniques have been discussed in detail by Walsh?? and by
Al' tshuler.26

This model assumes equilibrium within the state considered. Some
uncertainty exists at the time of this writing on how to treat small
but measurable effects due to slow relaxation processes behind or in
a shock wave. These may be important near-phase transitions or in

the pressure range of elastic yield.

Where a radiographic method has given US and V/VO, Up is obtained
directly from Eq. (6) and P from the pressure equation given on

page 1.

The before-mentioned conservation conditions may be applied without

rearranging where US and UP are given directly.

If a transducer with a known Hugoniot equation (Us = F(P), Up = F(P))
like quartz is impacted onto the sample or is impacted by the
unknown, all required quantities can be calculated from a measure of
P and impact velocity, since P(tr) = P(sa), and Up(sa) =0 - Up(tr),
where tr is the transducer, sa is the sample and U is the impact

velocity.

~12-




Table 1.

Order of the elements.

Actinium
Aluminum
Americium

Antimony (Stibium)

Argon

Arsenic
Astatine
Barium
Berkelium
Beryllium

Bismuth
Boron

Bromine
Cadmium
Calcium

Californium
Carbon
Cerium
Cesium
Chlorine

Chromium
Cobalt
Copper
Curium
Dysprosium

Einsteinium
Erbium
Europium
Fermium
Fluorine

Francium
Gadolinium
Gallium
Germanium
Gold

Hafnium
Helium
Hydrogen
Holmium

Ac
Al
Am
Sb
Ar

As
At
Ba
Bk
Be

Bi
B

Br
cd
Ca

ct
C

Ce
Cs
Ccl

Cr
Co
Cu
Cm

Dy

D
Er
Eu
Fm
F

Fr
Gd
Ga
Ge
Au

HE
He
H

Ho

91
29
85
21

5

20
13
96
83

92

22
28
11
34
94

82
23
75
102
10

51
40
36
84
67

81
65
70
80

9

103
69
30
25
38

Indium
Iodine
Iridium
Iron
Krypton

Lanthanum
Lead
Lithium
Lutetium
Lawrenc ium

Magnesium

Manganese
Mendelevium

Mercury (Hydrargyrum)
Molybdenum

Neodymium

Neon

Neptunium

Nickel

Niobium (Columbium)

Nitrogen
Nobelium
Osmium
Oxygen
Palladium

Phosphorus
Platinum
Plutonium
Polonium
Potassium (Kalium)

Promethium
Protactinium
Praseodymium
Radium
Radon

Rhenium
Rhodium
Rubidium
Ruthenium

In

Ir
Fe
Kr

La
Pb
Li
Lu
Lw

Mg

Mv
Hg
Mo

Nd
Ne
Np
Ni

No
Os

Pd

Pt
Pu
Po

Pa
Pr

Re
Rh
Rb
Ru

31
12
46
41

76
27
98
62
77

93
48
79
35
52

73

87
39
55

18
78
47

42

19
45
86
17
74

72
89
74
97

50
43
101
44
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SECTION A2 INORGANICS
AUTHORS /REFERENCE PAGE NO.

COMPILER
N»M@ FROM PAGES 94-23-1---1,6 AND 7 WERE USED FGR THIS SUM-

003T~rmm
L. EQUATIOGN OF STATE FILE (1965)
F>twmznm RADIATION LABORATORY, LIVERMORE, CALIFOGRNIA

OQZT_FNN
R. L. EQUATION OF STATE FILE
F>tmmzom RADIATION LLABORATORY, LIVERMORE, CALIFGRNIA

COMPILER
L. R. L. EQUATION OF STATE FILE
LAWREHMCE RADIATION LABORATORY, LIVERMORE, CALIFGRNIA

COMPIILER
L. R. L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE, CALIFGRNIA

COMPILER
L. R. L. EQUATIGN OF STATE FILE
LAWRENCE RADIATIOGN LLABGRATORY, LIVERMORE, CALIFGRNIA

COMPILER
L. R. L. EQUATION GF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE, CALIFORNIA

COMPILER
DATA SOURCES WERE USED AS Fo
PAGES 99-10---2,3 >ZU 4

= 98-10---1,3,4 ANDS

= 93-10---5"

= 99-10---1 AND 5

COMPILER
.. R. L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE, CALIFORNIA

COMPILER
L. R. L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE, CALIFOGRNIA

COMPILER
L. R. L. EQUATION OF STATE FILE
LAWRENCE RADIATIGN LABORATORY, LIVERMGRE, CALIFORNIA

COMPILER
L. R. L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE, CALIFGRNIA
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PAGE 62

SECTIGN A2 S INORGANICS
AUTHORS3/REFERENCE PAGE NOd.
DICK, R. D. 343
LOS ALAMOS SCIENTIFIC LAB. (THESIS)
LOS ALLAMGS SCIENTIFIC LAB.,
LOS ALAMGOS, BOX 1663, NEW MEXICE 87544
DICK, R.D 349

LGS ALAMOS SCIENT C LAB. (THESIS)
LOS ALAMGS SCIENT C LAB.

IFI
1F1 ;
LOS ALLAMOS, BOX 1663, NEW MEXICO 37544

DORAN, D. G, 394
REPORT NGO SC-DC-64-348 (1962)
STANFORD RES. INST., MENLG PARK, CALIF.

F
F
6

DORAN, D. G, 433
J. APPL. PHYS., VOL. 39, P. 40, (19€3)
DREMIN, A.N. AND ADADURGY, G.A. 416

SOVIET PHYS. -DOKLADY, VOGL. 4, P. 970 (1959)
SOVIET PHYS. -DOKLADY, VOL. 128, P, 261 (1959) (RUSS . )

GREGSON, V.G., AHRENS, T.J. AND PETERSEN, C.F. 353
REPORT NG, AFCRL 63-652

STANFORD RESEARCH INSTITUTE, MENLO PARK, CALIFGRNIA.

CATALOGUED BY DDC NB, 413319 MARCH 1963

AHRENS, T. J. AND GREBSON JR., V. G.

J. BEOPHYS. RES., VOL, 69, P. 4839 (1964)

AHRENS T.J., ROSENBERS3 J.T., RUDERMAN M.H.

BGREGCSOGN, V.G., PETERSGON, C.F. AND JAMIESOGN, J.C. 417
REPORT NO. AFCRL 63-652
STANFORD RESEARCH INSTITUTE, MENLO PARK, CALIFGRNIA.

GREGSON, V.G., PETERSON, C.F. AND JAMIESGN, J.C. 218
REPGRT NO. AFCRL 63-652
STANFORD RESEARCH INSTITUTE, MENLG PARK, CALIFGRNIA.

BREGSON, V.G., PETERSHEBN, C.F. AND JAMIESGN, J.C. 419
REPORT NO. AFCRL 63-652
STANFORD RESEARCH INSTITUTE, MENLG PARK, CALIFOGRNIA.

BREGSON V. G, , PETERSEN C. F. AND JAMIESGN J. C. 420
REPORT NO: SRI-PGU-3630-STR-3 (1962)
POULTER LABOJRATORIES

AHRENS T.J.AND GREGSON V.G. J. GEOPHYS. RES. NO64 P.4839 1964
AHRENS T.J., ROSENBERG J,T. AND RUDERMAN M.H.(ENTRY A TG G)
DYNAMIC PROPERTIES OF ROCKS
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MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATIGN OF STATE OF SOLIDS FROM SHOCK £><m STUDIES,
I~Q: <mFQOH4< [MPACT PHENGOMENA, KINSLGW (ED.) (ACADEMIC'
PRES NEW YORK, 1870) CHAPTER VII

MCQUEEN R.G, AND MARSH S.P.
PRIVATE COGMMUNICATION
LGS ALLAMOS SCIENTIFIC LABGRATORY, LOS ALAMBS, NEW MEXICO,

MCQUEEN R.G. AND MARSH S.P.
PRIVATE CEMMUNICATIGN
.08 ALAMGS SCIENTIFIC LABORATORY, LOS ALAMGS, NEW MEXICE,

MCOUEEN R.G. AND MARSH S.P.
PrRIVATE COMMUNICATIGN
LES ALAMGOS SCIENTIFIC LABORATORY, LOS ALAMGS, NEW MEXICH,

MCQUEEN R.G. AND MARSH S,P.
PRIVATE COMMUNICATIGN
LOS ALAMOS SCIENTIFIC LABORATORY, LOS ALAMGS, NEW HEXICH,

MCQUEEN R.G. AND MARSH S.P.
PRIVATE COMMUNICATION
LUS ALAMOS SCIENTIFIC LABGRATORY, LGOS ALAMOS, NEW MEXICO,

MCQUEEN R.G. AND MARSH S.P.
PRIVATE COMMUNICATIGN
LGOS ALAMOS SCIENTIFIC LABERATORY, LGOS ALAMUS, NEW MEXICH,

MCGQUEEMN R.G., AND MARSH S.P.
PRIVATE COMMUNICATIGN
LOS ALAMES SCIENTIFIC LABBRATORY, LGOS ALAMOS, NEW MEXICO,

MCQUEEN R.G. AND MARSH S.P.
PRIVATE COMMUNICATIGN
LOS ALAMOS SCIENTIFIC LABORATORY, LGOS ALAMOS, NEW MEXICO,

MITCHELL A.C. AND KEELER R
PRIVATE COMMUNICATIGON H_Dmﬂu
REVIEW OF SCIENTIFIC INSTRUMENTS (TG BE PUBLISHED).

PAVILOVSKII, M, N VASHCHENKG, V. YA., SIMAKOV, G. V.

FTT VoL. 7. 2i2  (1985).
SOVIET PHYSI OLID STATE VOL. 7, P. 972 (1965)  (TRANSL.)

v
o
v><ra<mx___z.>m:o:mzxo<<>..m_z>xo<.o.<.
FTT VvOL. 7. P. 12i2  (1985),

SOVIET PHYSICS-SGLID STATE VOL. 7, P. 972 (1965)
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AHRENS T.,J. AND RUDERMAN M.H.
J. APPL. PHYS. V.37 P.4753 (1966)

ANDER3GN G. D., MURRI W. J., ALVERSON R. C., HANAGUD 5. V.
TECHNI CAL. REPORT _AFWL-TR-67-24
STANFORD RES. INST., MENLG PARK, CALIF., U.S.A.

BERBGER J. AND FAUQUIGNGN C.
PRIVATE COMMUNICATIGN (1964), B.P. NO. 7, SEVRAN, FRANCE

DICK R. D,

REPORT: LA-3915, APRIL 1968 (THESIS)
LOS ALAMOS SCIENTIFIC LAB,

LOS ALAMOS, BOX 1663, NEW MEXICO 87544

HAUVER, G. E.

TECHNI SAIl. NOTE NO. 1628 (1966)

PRIVATE COMMUNICATION JAN., 1969

WMWWFWHWD RESEARCH LABORATORIES, ABERDEEN PRGVING GROUND,

HAUVER, G. E. AND MELANI, A,

PRIVATE COMMUNICATION, JAN 1969

BALLISTICS RES. LAB., ABERDEEN PROYING GROUNDS
MARYLAND, USA.

HAUVER G, E. AND MELANI A,
B.R.L. REPORT NO, 1253 (1964)
BALLISTIC RES. LABS., ABERDEEN PRGVING GROUNDS, MD.

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE GF SOLIDS FRGM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLBW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATIBN OF STATE OF SOLIDS FRGM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YBRK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLBR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATIGN OF STATE OF SOLIDS FROM SHECK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YBRK, 1970) CHAPTER VII
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AHRENS T.J. AND mccmw3>z M.H.
J. APPL. PHYS., V.40, P.3044 (1969)

AHRENS T.J. AND RUDERMAN M.H,
J. APPL. PHYS. ¥.37 P. Aﬂmm (19686)

ANDERSON G DORAN D. G. AND FAHRENBRUCH A.

>~m ﬂamrm zm>1&zm LAB. REPORT AFWL -TR-65~ _Lﬂ (19865)
= = AFWL-TR-67-43

m4>2ﬂ020 RES. INST., MENLG PARK, CALIFORNIA, USA.

BAKANGVA, A, DUDGLADOY, [.P. AND Hmcz_z F.
FIZIKA 4<NEDQQ& TELA, VOL. 7, N&. 6, dw_m - 1822 (19865)

BERGER J. AND FAUQUIGNGN C.
PRIVATE COMMUNICATIGN (1964), B.P. NO. 7, SEVRAN, FRANCE

BERGER J. AND FAUQUIGNGN C.
PRIVATE COMMUNICATIGON (1964), B.P. NO. 7, SEVRAN, FRANCE

BOYLE, V. M. AND ERVIN, L. H,.

BRL MEMG. REPORT NG. 1814, JANUARY 1967
BALLISTIC RESEARCH LABORATORIES. AMXBR-TD
ABERDEEN PROVING GRGUND, MARYLAND 21005,

BUCHANAN, J. 8., JAME3, H. J. AND TEAGUE, G. W.

PHILL. MAG., vBL. 3, P. 1432, (1958)

CARTER, W. MARSH, . P. AND MCQUEEN, R. G.
PRIVATE OQSZCZ_O>4_QZ 1967)
LOS ALLAMGS SCIENTIFIC LABGRATORY, LOS ALAMOS, NEW MEXICO, USA

COLEBURN
NAVWEPS »mvomq 6026, 1960
U. 5. NAVAL ORDNANCE I_AB., WHITE GAK, MARYLAND.

COLEBURN N. L. AND P-UU.)WD JR. T,
J. CHEM, PHYS., VOL. 44 1929 n.wma-
AlLS3: PRIVATE OQZZCZ-(>+_QZ

COLEBURN N. L. AND LIDDIARD
J. CHEM. PHYS., VAL. 44, P,
ALSG: PRIVATE COGMMUNICATION

COLEBURN N. .. AND LIDDIARD JR. T.
J. CHEM. PHYS., VOL. 44, P. 1829 n_woav
ALSG: PRIVATE COGMMUNICATION
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COLEBURN N. L. AND F_UO_>ID IR T P 583
J. GHEM: PHYS , '‘VOL: . 1929 (1965)
AlLSO: PRIVATE OQZZCZ.C>*_QZ
COLEBURN N. L. AND LIDDIARD JR. T. 588

J. CHEM. PHYS., VOL. 44, P. 1929 Aawmmu
ALSO: PRIVATE COMMUNICATION.

COMPILER 528
FIT 1A FROM DATA OF 23-2-1(5-8-2)---12

- 2A AND 3A FROM D>4> OF 23-2-1(5-8-2)---5 AND 10

FIT 1B AND 2B - - 23-2-1(5-8-2)---3 AND 6.

COMPILER 532
L. R. L. EQUATION OF STATE FILE
LAWREMCE RADIATION LABORATORY, LIVERMORE, CALIFGRNIA.

COMPILER 555
DATA FROM 23-9(2-4)---1,4,AND 5 WERE USED FOR THIS SUMMARY.
CRAIG (c 572

REPORT ZQ GMX-8-MR-62-4 (1962)
LG3 ALAMOS SCIENTIFIC LABCORATORY, LOS ALAMGS, NEW MEXICO, USA

DAPGIGNY, J., KIEFFER, J. AND <QD>E B. 545
COMPTES RENDUS, VOBL. 245, P. 1502 (1957)

DEAL, W. E. 534
PRIVATE OQZZCZ-O)%-QZ

WALSH, J. YARGER, F. L., AND MCQUEEN, R. G,

GMX -6 mmwomqw 1954, 1955,
GMX-6, LOS ALAMGS SCIENTIFIC LABGRATORY, LOS ALAMOS,
NEW ' MEX1CH

DEAL, W. E. 535
PRIVATE COMMUNICATIGN
GMX.6, LGS ALAMOS SCIENTIFIC LABSRATORY, LOS ALAMOS,

NEW MEXICH.

DEAL E. 556
1W_<>ﬂm COMMUNICATION (18863)
LOS ALAMOS SCIENTIFIC LABORATORY, GMX-6, LGS ALAMOS, N. MEX.

ERKMAN J.O.. AND EDWARDS D.J. 597
NAVAL ORDINANCE LABORATORY TECH, REP. NO. NOLTR 74-213 (1974)
NAVAL ORDINANCE LABGRATORY, WHITE GAK, Nmr<mmwmmw_ﬂw>

GARN 590
J. OIMZ 11<w VOL. 30, P. 818 (1859)
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BUESS, T. R.
SANDIA LABORATORY REPORT, SC-DR-68-343 (1968)
SANDIA LABORATORY, ALBUQUERQUE, NEW MEXICO, U.S.A,

HALPIN, W. J. AND GRAHAM, R. A,

SHOCK WAVE COMPRESSIGN OF PLEXIGLAS FROM 3 TO 20 KBAR
PRESENTED AT THE FOURTH SYMPOSIUM GN DETONATION

P. 38B, OCT. 1965. HELD AT THE U, S. NAVAL GRDNANCE
LABORATORY , 'WHITE OAK, SILVER SPRING MARYLAND.

HAUVER, G.E. AND MELANI, A,

B.R.L REPGRT N&. 1259 (1964)

BALLISTIC RES. LABS,, ABERDEEN PRGVING GRGUNDS
MARYLAND

HAUVER, B. E. AND MELANMNI, A.

PRIVATE COMMUNICATIGON, JAN. 1969,

BALLISTICS RES. LAB., ABERDEEN PROVIiNG GROUNDS
MARYLAND, USA.

HAUVER, G. E. AND MELANI, A,

PRIVATE COMMUNICATIGN, JAN. 1969.

BALLISTICS RES. LAB,, ABERDEEN PROVING GROUNDS
MARYLLAND, USA,

ILYUKIN V. S., POKHIL P, F., ROZANGY &, K, AND SHVEDOVA N. S.
DOKLADY AKAD NAUK SSSR <0F.*Q_. P.793 (1960), OR
SOVIET PHYS. DOKLADY VGL.5, P.337 (1060) (ENGLISH)

ILYUKIN V. 8., POKHIL P. F., ROZANOY ©. K. AND SHVEDGOVA N. S.
DOKLADY AKAD NAUK SSSR VoL. 131, P.793 (1960), OR
SOVIET PHYS. DOGKLADY VYOL.S5, P.337 (1060) (ENGLISH)

ILYUKIN V. S., POKHIL P. F., ROZANGY ©. K., AND SHVEDGVA N. S.
DOKLADY AKAD NAUK SSSR veL.131, P.793 (1960), OR
SOVIET PHYS. DOKLADY VOL.5, P.337 (1060) (ENGLISH)

ISBELL W.M., SHIPMAN F.H. AND JGNES A.H.
HUBONIOT EQUATION OF STATE OF ELEVEN MATERIALS TGO FIVE MBARS.
MATERIALS SCIENCE |.ABORATORY REPORT: MSL-63-1

LIDDIARD T. P.
THE FOURTH SYMPOSIUM SN DETOGNATIOGN, VOL. 1, B-47 (19865)

LUNDBERG, LENNART.
PRIVATE COMMUNICATIGON
RESEARCH INSTITUTE OF NATIONAL DEFENCE, STOCKHGLM, SWEDEN.
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MAJOWICZ, M. J. AND JACOBS, S. J. 594
NAVORD REPORT NO. 5700, 1958
U.S. NAVAL ORDNANCE LAB., WHITE GAK, MARYLAND, U.S.A.

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 547
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIGC

PRE3S, NEW YBRK, 1970) CHAPTER VI1

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 548
AND CARTER, W.J.

THE EQUATION OF STATE OF 30LIDS FROM SHOCK WAVE STUDIES,

HIGH VELBCITY IMPACT PHENGSMENA, KINSL&W (ED.) (ACADEMIGC

PRE3S, NEW YBRK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 552
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HiGH VELGCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC

PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 554
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FRGM SHOCK WAVE STUDIES,

HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC

PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 563
AND CARTER, W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELOCITY IMPACT PHENCMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII
MCQUEEN, R.G., MARSH, S.P., TAYLOGR, J.W., FRITZ, J.M., 565

AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRE3S, NEW YORK, 1870) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 801
AND CARTER, W.J.

THE EQUATION OF STATE OF SOGLIDS FROM SHOCK WAVE STUDIES,

HIGH VELBCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIGC

PRESS, NEW YORK, 1970) CHAPTER VII
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MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 605
AND Obmﬂmm W.J.

THE EQUATION OF STATE OF SOLIDS FRGM SHOCK WAVE STUDIES,

HIGH VELOCITY IMPACT PHENOMENA, KINSLOW (ED.) (ACADEMIC

PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 603
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELOCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC

PRESS, NEW YOBRK, 1970) CHAPTER VII

MORGAN D. T, ROCKOWITZ M., ATKINSGN A. L. 559
AVCO CORP. REPGRT NG, AFWL-TR-65-117

RESEARCH AND DEVELGPMENT DIVISIGON

AVCO CORP., WILMINGTON, MASS., USA

NETHERWOGOD, P. H. 558
BRL MEMORANDUM REPORT NO. 1626 (DECEMBER, 1964)

U. S. ARMY BALLISTIC RESEARCH LABGRATORIES

ABERDEEN PRGYVING BROUND, MARYLAND 21005

PETERSEN C.F. AND ROSENBERG J. 521
J. APPL, PHYS. V.40, P.3044 A_mmwv

PETERSEN C.F. AND ROSENBERG J.T. 525
J. APPL. PHYS. V.40 P.3044 (1969)

RAMS3AY 567

PRIVATE OQ33C2_0>4_GZ (1967)
LOS ALAMOS SCIENTIFIC LABGRATORY, LGOS ALAMGS, NEW MEXICS, USA

RAM3AY, J. B. 568
REPORTS NO. GMX-8-MR-52-86 AND GMX-8-MR-62-7 (1962)
LOS ALAMOS SCIENTIFIC LABORATORY, LGS ALAMOS, NEW MEXICO, USA

SCHMIDT, D. N. AND EVANS, M. W, 536
PREPRINT

STANFORD RES. INST., PALG ALTS, CALIFGRNIA.

SKIDMGRE, 1.C. AND MOGRRIS, E. 526

THERMODYNAMICS OF NUCLEAR MATERIALS, P. 173 FF. (1962)
INTERN. AT. ENERGY AGENCY, YVIENNA
ATOMIC WEAPONS RESEARCH qu>wr_wzzm24. ALDERMASTON, ENGLAND

SKIDMORE, 1.C. AND MORRIS, E. 530
THERMODYNAMICS OF NUCLEAR MATERIALS, P. 173 FF. (1962)

INTERN. AT. ENERGY AGENCY, VIENNA

ATOMIC WEAPONS RESEARCH ESTABLISHMENT, ALDERMASTON, ENGLAND

S T ——= ———— e - -
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SKIDMORE, 1.C. AND MORRIS, E.

THERMODYNAMICS OF NUCLEAR' MATERIALS, P. 173 FF. (1962)
INTERN. AT. ENERGY AGENCY, VIENNA

ATOMIC WEAPONS RESEARCH mm4>wr_m13m24. ALDERMASTON, ENGLAND

WAGNER, M.H £>Fuomﬁr W.F. AND LGUIE, N.A.
REPORT NO. AFSWC-TDR-52-66, VOL. 1 (1962)
WORK DONE AT DOWNEY, CALIFGRNIA.,

WAGNER, M.H., WALDORF, W.F. AND LGUIE, N.A.
REPORT NO. AFSWC-TDR-52-66, VOL. 1
WORK DONE AT DOWNEY, CALIFGRNIA.

WAGNER, M.H., WALDORF, W.F. AND LGUIE, N.A.
REPORT NO. AFSWC-TDR-52-66, VOL. 1 (1962)
WORK DONE AT DOWNEY, CALIFORNIA,

WAGBNER, M.H., WALDORF, W.F. AND LOGUIE, N.A.
REPORT NG . AFSWC-TDR-52-86, VOL. 1 (1982)

WORK DONE AT DOWNEY, CALIFORNIA.

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

WALSH J. M. AND RICE M.
JOURNAL GF CHEMICAL 11<w_0m VoL. 26, P. 815 (1957)

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

WALSH J. . AND RICE M. H.
JOURNAL Qﬂ CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VoL. 26, P, 815 (1957)

WALSH J. M. AND RICE M. H.
JOURNAL OF CHEMICAL PHYSICS, VOL. 26, P. 815 (1957)

PAGE NO,

531

557

566

574

518

519

522

523

527

551

553

570

585
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WASLEY R. J. AND OBRIEN J. F,
PRIVATE COMMUNICATION (19686)
LAWRENCE RAD. LAB., LIVERMORE, CALIFGORNIA, U. S. A.
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AUTHORS/REFERENCE

AHRIENS T.J., RGSENBERG J.T., RUDERMAN M.H.

DYNAMIC PRUPERTIES OF ROCKS

PROJECT FGU-4816, REPERT NO. DASA-1868 (SEPT. 30 1966)
STANFORD RESEARCH INSTITUTE

MENLG PARK, CALIF., USA

AHRENS, T. J. AND GREBSSGN JR, V. G.

J. GEOPHYS. RES. VOL. 69, P. 4839 (1964)

AHRENS, T. J. AND ROSENBERG, T. J.

POULTER LABORATEGRIES., MENLG PARK, CALIF. USA.
CONFERENCE ON SHOCK METAMGRPHISM' APRIL 14-18 (1966)
AHRENS T.J., ROSENBERG J.T. AND RUDERMAN M. H,
STANFORD RESEARCH INSTITUTE REPGRT #DASA 1868 (1968)

AHRENS T.J., PETERSEN C.F. AND ROSENBERG J,T.
J. BGEOPHYS. RES., N&.74, P.2727 (1969)

AHRENS, T. J. AND GRESBSGN JR, V. G.
J. BEGPHYS . "RES., VOL. 69, P. 4839 (1964)

ANDERSGN, 6. D.
INTERIM DATA REPORT Fi3U-8392 (1967)
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MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIG
PRESS, NEW YORK, 1970) CHAPTER VI

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (AGADEMIG
PRESS, NEW YBRK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, wW.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENOMENA, KINSLGW (ED.) (AGADEMIG
PRESS, NEW YBRK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARYTER, w.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (AGCADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

PAGE NO.

628

631

647

538

708

513

B35

636

639

PAGE 81




SECTION D = MIXTURES
AUTHORS/REFERENCE

MCQUEEN, R. B., AND MARSH, 8. P.
J., APPL. PHYS., VOL. 31, P. 1253 (1960)
LGS ALAMOS SCIENTIFIC LABORATORY, BGMX-6, LOS ALAMGOS, N. MEX,

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M.,
AND CARYER, W.J,

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOGCITY IMPACT PHENGMENA, KINSLOGW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VI1I

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHBCK WAVE STUDIES,
HIBH VELGCITY IMPACT PHENOMENA, KINSLG&W (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATIGN OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOECK WAVE STUDIES,
HIGH VELOGCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YBRK, 1970) CHAPTER VII

MCQUEEN, R.BG., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCAQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROGM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

PAGE NO.

655

556

657

660

661

662

666

PAGE

32




O O

SECTION D = MIXTURES
AUTHORS/REFERENCE

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EGQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENOMENA, KINSLGW (ED.) (AGADEMIG
PRESS, NEW YBRK, 1970) CHAPTER' VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (AGADEMIG
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN R. 6. AND MAR3H S. P,
FPRIVATE COMMUNICATIGN (1966)
OS5 ALAMOS SCIENTIFIC LABORATORY, LGS ALAMOS, NEW MEXICO, USA

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOGR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHECK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENSMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FRGM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (AGADEMIC
PRE3S, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER. W'J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLOW (ED.) (AGADEMIG
PRESS, NEW YORK, 1970) GCHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENOMENA, KINSLOW (ED.) (AGADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN R.G. AND MARSH S.P.
PRIVATE CGMMUNICATION
LOS ALAMOS SCIENTIFIC LABORATOGRY, LOS ALAMOS, NEW MEXICO, USA

PAGE NO.

668

670

672

674

676

677

5681

686

83




PAGE 84

SECTION D ot MIXTURES
AUTHORS/REFERENCE PAGE NO.

MCQUEEN R.G. AND MARSH 3.P. 588
PRIVATE COMMUNICATIGN
LOS ALAMOS SCIENTIFIC LABORATGORY, LOS ALAMOS, NEW MEXICO, USA

MCQUEEN R. G, AND MAR3H S. P. 5692
PRIVATE COMMUNICATION

LOS ALAMOS SCIENTIFIC LABORATORY

LOS ALAMOS, NEW MEXICO

MCQUEEN R.G. AND MARSH S.P. 703
PRIVATE COMMUNICATIGON
LOS ALAMOS SCIENTIFIC LABORATORY, LGS ALAMOS, NEW MEXICO, USA

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M., 707
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELOCITY IMPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC

PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M., 709
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELBCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC

PRE3S, NEW YBRK, 1970) CHAPTER VII

MCQUEEN R.G. AND MARSH S.P. 710
PRIVATE COMMUNICATION
LGOS ALAMOS SCIENTIFIC LABORATORY, LGOS ALAMOS, NEW MEXICO, USA

MCQUEEN R,G. AND MARSH S.P. 711
PRIVATE COMMUNICATIGN
LOS ALAMOS SCIENTIFIC LABORATORY, LOS ALAMOS, NEW MEXICO, USA

MCQUEEN R. G, AND MAR3SH S. P, 728
PRIVATE COMMUNICATION (1966)
LOS ALAMOS SCIENTIFIC LABGRATORY, LGS ALAMOS, NEW MEXICO, USA

MCQUEEN R,G. AND MARSH S5.P. 730
PRIVATE COMMUNICATION
LOS ALAMOS SCIENTIFIC LABORATORY, LOS ALAMOS, NEW MEXICG, USA

MCQUEEN R.G. AND MARSH S5.P. 732
PRIVATE COMMUNICATION
LGOS ALAMIS SCIENTIFIC LABORATORY, LGS ALAMOS, NEW MEXICO, USA

MCQUEEN R.B. AND MARSH S5.P. 734
PRIVATE COMMUNICATIGN
LOS ALAMOS SCIENTIFIC LABORATORY, LOS ALAMOS, NEW MEXICO, USA




SECTIGN D O MIXTURES
AUTHORS/REFERENCE

PERSSON, P. A,, PERSSGN, 1.

FOA 2 REPORT A 2299-222, SEPT. 1964,

FORSVARTES FORSKNINGSANSTALT AVDELNING, SWEDEN.
UCRI. TRANSLATIGN 1173(L).

PETERSEN, C, F,, MURRI, W. J. ANDERSON,B. D. AND ALLEN C. F,
S.R.1. INTERIM TECH. REPORT. PROJECT PGU-6618 (1968)
STANFORD RES. INST., MENL® PARK, CALIF., U.S.A.

RAMSAY, J. B.
PRIVATE COMMUNICATION (19686)
LOS ALAMGOS SCIENTIFIC LABORATORY, LOS ALAMGS, NEW MEXICO, USA

mmmu"n. m. F.. BON'SHAKGVA, V. ., SIMAKOV, . V. AND
1ZV. AKADEMII NAUK SSSR. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKOVA, V. 1., SIMAKGV, G. V., AND

GALDIN, N. E,.

IZV. AKADEMII NAUK SSSR. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKGVA, V. 1., SIMAKGYV, G. V. AND

GALDIN. N. E.

1ZV. AKADEMII NAUK SSSR. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKGVA, V. 1., SIMAKGV, G. V. AND

GALDIN, N. E.

IZV. AKADEMII NAUK SS3R. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKGVA, V. 1., SIMAKGV, G. V. AND

GALDIN, N. E.

IZV. AKADEMII NAUK SS3R. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKGVA, V. 1., SIMAKGV, G. V. AND

GALDIN, N. E.

1ZV. AKADEMII NAUK SSSR. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKOVA, V. 1., SIMAKOV, G. V. AND

GALDIN. N. E.

IZV. AKADEMII NAUK SS3R. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
TRUNIN, R. F., GON‘SHAKGVA, V. [., SIMAKGY, 6. V. AND

GALDIN. N. E.

1ZV. AKADEMII NAUK SSSR. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.
mmmm"n. m. m.. GON‘SHAKGVA, V. 2., SIMAKOV, G. V. AND

IZV. AKADEMII NAUK SSSR. FIZIKA ZEMLI, VeL. 9, 1965, P. 1-12.

PAGE NO.

726

642

689

630

691

695

696

697

698

599

700

PAGE

85




SECTIGN D MIXTURES
AUTHORS/REFERENCE PAGE NO.

-

, BGON‘SHAK@VA, V. I., SIMAKGV, G. VY. AND
NAUK SS3R. FIZIKA ZEMLI, VOL. 9, 1965, P. 1-12.

GALDIN' OGN’ SHAKOVA, V. 1., SIMAKOV, G. V. AND
12V. AKA NAUK SS3R. FIZIKA ZEMLI, VvOL. 9, 1965, P. 1-12.

WALSH, J. M., RICE, M. H., MCQUEEN, R. G. AND YARGER, F. L.
PHYS. REV,, voL. 108, P. i69 FF. (1957)
LOS ALAMOS SCIENTIFIS LABGRATORY, GMX-6, LOS ALAMGS, N. MEX.

WASLEY R. J. AND GBRIEN J. F.
PRIVATE COMMUNICATIGON
LAWRENCE RAD. LLAB., LIVERMGRE, CALIFGRNIA, U, S. A.




SECTIGN E b UNDEFINED MIXTURES

AUTHORS/REFEREMNCE

AHRENS T.J., ROSENBERI ., RUDERMAN M.H.

3 J.T
STANFORD RESEARCH INSTITUTE REPGRT NG DASA 1868 (1966)
TITUTE, MENLG PARK, CALIFGRNIA 94550

STANFGRD RESEARCH INS
U.s.A.

HAUVER, G. E. AND MELANI, A.

PRIVATE COMMUNICATIGON, JAN. 1969,

BALLISTICS RES. LAB., ABERDEEN PROVING GRGUNDS
MARILAND, USA.

HAUVER, G. E., AND MELANI, A.
PRIVATE COMMUNICATI®GN (1969)

BALLISTICS RESEARCH LABS., ABERDEEN PRGVI NG GROUND, MARYLAND.

ISBELLL W.M , SHIPMAN F.H. AND JONES A.H.

HUBGNIGOT EQUATIOGN OF STATE OF ELEVEN MATERIALS TGO FIVE MBARS.

MATERIALS SCIENCE LABIRATORY REPORT: MSL-68-13

JONES, A. H., ISBELL, W.
GREEN, S. J. AND MAIDEN, C.'J.

REPORT MSL-58-9; CONTRACT NASA 2-3927

MATERIALS AND STRUCTURE LABGRATERY

GENERAL MOTORS TECHNICAL CENTER, MICHIGAN, USA 48090

MAY, R. P. AND KINSEY, C, H.
SANDIA CORPORATION mm%@xﬂ. SC-DR-67-2958, MARCH 196
SANDIA CORPORATION, ALBUQUERQUE, NEW-MEXice, U.S.A.

MAY, R. P. AND KINSEY, C. H.
SANDIA CORPORATIGN REPORT SC-TM-67-737, OGCT. 1867
SANDIA LABORATORY, DFWCDCWNOCN. NEW MEXICE, U.S.A.

MAY, R. P. AND KINSEY, C. H.
SANDIA CORPORATION REPORT, SC-DR-67-2958, MARCH 1968
SANDIA LABORATORY, ALBUQUERQUE, NEW MEXIGE, U.S.A.

MAY, R. P. AND KINSEY
SANDIA CORPGRATION REPORT SC-TM-67-642, SEPT. 1967
SANDIA LABGRATORY, >chocmwocm. NEW MEXico, u.s.A.

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, JM.;

AND CARTER, W.J

M., SHIPMAN, F. N., PERKINS, R. D.,

THE EQUATION OF STATE GF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELOCITY [MPACT PHENGMENA, KINSLOW (ED.) (ACADEMIC

PRESS, NEW YORK, 1970) CHAPTER VII

PAGE NO,

743

744

753

750

741

742

746

752

745

PAGE

87




SECTION E UMDEFINED MIXTURES
AUTHOR3S/REFERENCE

MCQUEEN, R
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VEL®CITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATIGN OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YOBRK, 1970) CHAPTER VII

MCQUEEN, R.G., MARSH, S.P., TAYLGR, J.W., FRITZ, J.M.,
AND CARTER, W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENSMENA, KINSLOW (ED.) (ACADEMIC
PRESS, NEW YBRK, 1970) CHAPTER VII

MCQUEEN .8, , MARSH, S.P.; TAYLOR; J.W., FRITZ, J.M.,

.., MARSH, S.P., TAYLOR, J.W., FRITZ, J.M.,

R
AND CARTER, W.J.
THE EQUATIGN OF STATE OF SOLIDS FROM SHECK WAVE STUDIES,
HIGH VELGCITY IMPACT PHENGMENA, KINSLGW (ED.) (ACADEMIC
PRESS, NEW YBRK, 1970) CHAPTER VII




+dn saded 109 woIy 1wowdIAUL AFRd (O] [PUOLIPPE YR 10§ 0S°TS ppv/—l—

SL1l STE-10¢
- dn—109 00°11 00€-9LT
0591 009-9LS $L01 SLT-1sT
sT91 SLSISS 056 05T 9cT
0s's1 0SS 9¢s A stc—l1oc
STSI SCS- 108 006 00C-9L1
00°s1 00S—-9Lt 00'8 SLL 1ST
0s'p1 SLy-1st sTL 0S1-9z1
00F1 0Sv—9Tt 089 szi-1ol
STEl sty 10v 00'9 001-9L0
00¢1 007 -9LE sTS $L0-150
0s°Tl SLE-1SE 0’y 050920
00TIS 0S€—9T¢ 00¥ S $T0- 100

ELIIR abuey abey adl4d abuey abed
ansawoQ ansawoq

00°€$ 2yoyomniy @ § Ado) pajuryg :adug
1912 VA ‘piaysundg
peoy [eA0y 104 $8TS
2210wwo) jo juawedaq ‘SN
201AI9§ UONEBULIOJU] [EOTUYDS] [BUONIEN
woiy Jqe[reAy
BOLIAWY JO SAIBIS PaAIUN) Yy ul pajunyg

3[qens aq Aews 1Y) SIdYI0
Jo uorsnpoxa a1y 03 A3reug jo jusunredaq 'S'n
ay} Io BruIojie) jo Ajsiaarup) iy Aq jonpoid
2y} jJo uonepudwwodaI 1o [eaoidde Aidur jou
saop aureu jonpoid 10 Auedwiod € 0} 2JUIIY

dOILON

L S1y8u paumo-£jareansd aBursjur Jou pynom asn s3i
1By sjuasardor 1o ‘pasojosip ssad0id 10 jonpoad
‘snjesedde ‘uopeunojul Aue JO SSaunyasn Jo
ssouajajdurod ‘£orinooe oy} Joj AIiqisuodsas o
Aymqer; e3a) Aue sawnsse 10 ‘parjdun Jo ssaidxa
‘Ajueirem Aue sayew ‘seakojdwa J1ay) JO ‘s1030e1)
-uodqns ‘sI0}0BIIUOD JIAY JO Aue Jou ‘saakord
-wo NPyl Jo Aue Jou ‘A310umg jo juswnredaq
$3JBIS pajiuf) Ay} JOu SAEIS pajiuf) Iyl JIYMeN |
‘JUSWILIBA0Y $3JBIS Ppajiun 3yl Aq poaiosuods
jIoMm Jo junoooe ue se paredoid sem jiodas siyj,,

JOILON




