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ABSTRACT 

The purpose of this work is to relate laboratory data, obtained 

at standard and above-standard atmospheric conditions of temperature 

and pressure, to the elastic stiffness constants [C .. ] which are used 
l.J 

to obtain the bulk modulus and other elastic parameters. Each crys-

talline or non-crystalline system is characterized by a particular 

group of stiffness constants which are determined by the system's 

crystallographic symmetry together with Hooke's law. Stiffness con-

stant assemblages have been derived for all crystalline systems and 

for the isotropic system • 

The "pulse superposition" method was used in the laboratory to 

iii 

obtain the longitudinal (V ) and shear (V ) velocities for a specimen. 
p s 

These velocities together with the density of the specimen are used to 

obtain values for the stiffness constants. Formulas, relating the 

stiffness constants to the other elastic parameters, have been consol-

idated from the current literature and are given here • . 

Four computer programs with input-output explanations were included 

for performing the elastic parameter calculations. Two programs are for 

pressure or temperature computations concerning an isotropic material . 

The remaining programs are for pressure or temperature computations for 

a tetragonal crystalline specimen • 
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INTRODUCTION 

In the past few decades much interest has been generated 

concerning rock specimens that are subjected to modest pressures 

or temperatures. It would be desirable to be able to duplicate, 

experimentally, the higher pressure-temperature conditions 

(< shock wave experimental conditions) of the earth, but this is 

not as yet possible. However, it is possible to study specimens 

at lower pressures than those that exist in the earth to gain an 

ini tia.l understanding of the elastic behavior of materials under 

moderate pressures or temperatures; the upper limit of the pressure 

in this case is approximately 10 kilobars and that of the temperature 

is about 500 degrees centigrade. 

One approach to the study of the elastic behavior of isotropic 

or crystalline materials is through their stiffness constants (also 

called rigidity constants). Therefore, the first part of this paper 

presents some of the basic theory pertaining to the derivation of 

the stiffness constants for all systems of crystalline and non

crystalline material. Partial derivations of the elastic constants 

1 

can be found in Voigt (1928), Wooster (1938), Love (1944), Sokolnikoff 

(1946), Kittel (1960), Federov (1968), and others. The stiffness 

constants were derived for a homogeneous, isotropic material and for 

all crystal classes. For all crystal classes, point group stereograms 

and corresponding class symbols are given with their appropriate stiff

ness cori.stants derivations. Hooke's law and the sy.mmetry of the 

material structure form the basis of the derivations. Sy.mmetry is a 

v 
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b~sic property of all crystals and can be considered here as of two 

basic types: symmetry with respect to a plane (mirror reflection) 

and symmetry with respect to an axis of revolution. Grouping of 

crystals into 32 classes is predicted on symmetry and those classes 

which have similar axial sets can be grouped into a crystal system. 

With this type of grouping, the 32 crystal classes comprise seven 

crystal systems: monoclinic, orthorhombic, tetragonal, cubic, 

hexagonal, trigonal, and triclinic. 

2 

The elastic parameters of a material are computed from the stiff

ness constants of the material. These computations are tedious and 

lengthy but can easily be done by a computer. Therefore, the second 

part of this paper presents the basic fo~mulas extracted from the 

current literature, and computer programs for elastic parameter 

calculations. The computer programs show how these basic computations 

are performed for a few specific cases. These programs can be modified 

for computations based on other systems • 

DERIVATION OF EIASTIC STIFFNESS CONSTANTS 

FOR THE ISOTROPIC SYSTEM 

The basis of the mathematical theory of elasticity concerning 

small deformations of elastic bodies is Hooke's law. This law states 

that there is a proportionality between forces and displacements on 

a body. The generalized Hooke's law relating stress as a linear 

f'unction of strain is given by Frederick and Chang (1965) and has 

the form 

(1.1) 

< 
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where the C . . ,,n are the elastic constants, t.. is the stress 
1J.o...1i 1J 

and Ck.£, is the strain. The stress-strain subscripts indicate 

orientation of the stress-strain vectors. Frederick and Chang 

have shown that the maximUlll. number of independent constants of 

(1.1) is 36 and by making the substitution 

tll = tl, t22 = t2, t33 = t3, t23 = t4, t31 = t5, tl2 = t6 

ell = el, e22 = e2' e33 = e3' ~e23 = e4, 2e31 = e5' 2el2 = e6 

then (1.1) can be expressed in more compact indexing as 

t. = C •• e. 
1 1J J 

(i,j = 1, ••. ,6) 

Equation (1.3) expanded becomes 

tl = Cllel + Cl2e2 + Cl3e3 + Cl4e4 + Cl5e5 + Cl6e6 

t2 = C2lel + C22e2 + C23e3 + C24e4 + C25e5 + C26e6 

t3 = C31el + C32e2 + C33e3 + C34e4 + C35e5 + C36e6 

t4 = C4lel + C42e2 + C43e3 + C44e4 + C45e5 + C4~6 

t5 = C5lel + C52e2 + C53e3 + C54e4 + C55e5 + C56e6 

t6 = C6lel + C62e2 + C63e3 + C64e4 + C65e5 + C66e6 

(1.2) 

(1.3) 

. (1.4) 

The 6 x 6 matrix of elastic constants [C .. ] of (1.3) has been shown 
1J 

by Love (1944) to be symmetric. The symmetry of [C .. ] is not assUlll.ed 
1J 

for the isotropic case • 

3 
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.An isotropic body is defined as one that has the same elastic 

properties in any direction about a point of the body. Therefore, 

an isotropic body can have symmetry planes in any direction. Then 

(1.3) must not alter under any transformation of the coordinates 

with respect to these symmetry planes. The e~uations for the stress 

and strain transformations are given as 

t~j = ..eir..ejstr~ (1.5) 

I 

eij = ..e . ..e. e ir JS rs (1.6) 

where ..e. and ..e. are direction cosines. After transformation 
1r JS 

of the coordinates, (1.3) has the form 

t~ = C •• e~ 
1 1J J 

(i,j = 1, •.• ,6) (1.7) 

The coordinate axes of a body will in general be chosen such that 

these axes will coincide with the symmetry of structure. A right-

handed cartesian coordinate system (x1 ,x2 ,x
3

) is chosen at the center 

of the body. Arbitrarily, the (x1x2 ) plane is chosen to be a mirror 

plane. Since this is a symmetry plane the elastic constants [C .. ] 
1J 

must then be invariant with respect to this plane. The coordinate 

transformations with respect to this mirror plane are given by 

= -x' 3 
and the corresponding direction cosine 
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scheme is 

x1 x2 x3 

x' 
1 1 0 0 

x' 2 0 l 0 

x' 
3 

0 0 -1 

where t 11 = 1, t 22 = 1, t
33 

= -1, and the remaining tij = O • 

Equation (1.5) can then be expanded as 

t_h = tll (tlltll + tl2tl2 + t13t13) 

+ tl2(tllt21 + t12t22 + t13t23) 

. + t13<t11t31 + t12t32 + t13t33) 

t22 = t21<t21t11 + t22tl2 + t23tl3) 

+ t22<t21t21 + t22t22 + t23t23) 

+ t23<t21t31 + t22t32 + t23t33) 

t33 = t3l(t31t11 + t32tl2 + t33tl3) 

+ t32(t3lt21 + t32t22 + t33t23) 

+ t33(t31t31 + t32t32 + t33t33) 

t23 = t2l(t31t11 + t32tl2 + t33tl3) 

+ t22(t3lt21 + t32t22 + t33t23) 

+ t23(t31t31 + t32t32 + t33t33) 

5 

(1.8) 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t31 = L31Ct11t11 + t12t12 + L13t13) 

+ t32Ct11t21 + t12t22 + t13t23) 

+ t33Ct11t31 + t12t32 + t13t33) 

t~ = t11Ct21t11 + t22t:i2 + t23t13) 

+ t12Ct21t21 + t22t22 + L23t23) 

+ L13Ct21t31 + L22t32 + L23t33) 

Equations (1.8), (1.5), and (1.2) yield 

and (1.8), (1.6), and (1.2) give 

The invariance of the [C .. ] must be considered with respect to 
J.J 

the symmetry plane. This is done by comparing the coefficients 

in Hooke's law (1.3) before transformation of coordinates to the 

coeeficients in Hooke's law (1.7) after transformation of the 

coordinates. 

Substituting (1.9) and (1.10) into the first equation of 

(1.7) yields equation 

6 

(1.9) 

(1.10) 

(1.11) 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

'l 

Equating (1.11) with the first equation in (1.4) gives 

(1.12) 

Substituting (1.9) and (1.10) into the remaining five equations of 

(1.7) gives five equations that can then be equated to the corre

sponding five equations of (1.4). These equalities yield 

c24 = c25 = C34 = c35 = C41 = C42 = C43 = 0 

c51 = c52 = c53 = c56 = c64 = c65 = c46 = 0 
(1.13) 

From (1.12) and (1.13), the stiffness constant matrix of (1.3) can 

be written as 

c11 c12 c13 0 0 c16 

c21 c22 c23 0 0 c26 

c31 c32 c33 0 0 C36 
(1.14) 

0 0 0 C44 c55 0 

0 0 0 C54 c55 0 

c61 c62 c63 0 0 c66 

The matrix (1.14) substituted into (1.3) represents the stress-strain 

relationships for a body that has one plane of symmetry and the stiff

ness constants have been reduced from 36 to 20. The first equation of 
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(1.3) can now be written as 

(1.15) 

Similarly, the first equation of (1.7) is 

(1.16) 

Since our body is isotropic, another mirror plane (x~3 ) can be 

introduced normal to the (x1x2) plane. The coordinate transformation 

for this symmetry operation is given by x1 = -X~, x2 = X~, x
3 

= X~ 

and the direction cosine scheme is given by 

xl x2 x3 

x' 1 -1 0 0 

x' 2 0 1 0 

x' 
3 

0 0 1 

where i 11 = -1, i 22 = 1, i
33 

= 1, and the remaining iij = 0 • (1.17) 

A& before, equations (1.5), (1.6), (1.2), and (1.17) give 

I t' = t2, t' = t3' t' = t4, t' -t5' t' = -t6 tl = tl, 2 3 4 5 6 (1.18) 
I e' e' e' I I 

el = el' = e2' = e3' = e4, e5 = -e5' e6 = -e6 2 3 4 
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9 

From (1.18), (1.14), and (1.7), six equations are obtained that can 

then be compared to those equations obtained from (1.14) and (1.3). 

The results of these equalities are 

= 0 

Incorporating (1.19) into (1.14) yields 

c11 c~ c13 0 0 0 

c21 c22 c23 0 0 0 

c31 c32 c33 0 0 0 

0 0 0 C44 0 0 

0 0 0 0 c55 0 

0 0 0 0 0 c66 

Equation (1.3) with the matrix [Cij] defined as that of (1.20) 

represents the stress-strain relationship for a body with two 

planes of symmetry normal to each other. These two planes of 

symmetry have reduced the stiffness constants to ~ • 

Tne (x1x
3

) plane can now be considered as a mirror plane but 

no new information will be obtained concerning the [C .. ]. This 
. 1J 

lack of information is because two orthogonal mirror planes imply 

the existence of a third mutually orthogonal mirror plane. Since 

the body is isotropic, the elastic properties must be the same 

irrespective of orientation of the coordinate axes. Therefore, 

(1.19) 

(1.20) 
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90-degree rotations can be considered about the x1 and x
3 

axes 

and a 45-degree rotation about the x
3 

axis. Tne coordinate 

transformation for a 90-degree rotation about the x1 axis gives 

xl = x~, x2 = -x3, x3 = x~ and the direction cosine table is 

given as 

x1 x2 x3 

x' 
1 1 0 0 

X' 2 0 0 -1 

x' 
3 

0 1 0 

10 

Using £.11 = 1, £.23= -1, and ..e. 32= 1 with eq_uations (1.5), (1.6), and 

(1.2) gives 

t~ = tl, t' = t3, t' = t2, t' = -t4, t' = t6, t' = -t5 2 3 4 5 6 (1.21) 
e' I I I e' 

., 
= el, e2 = e3' e3 = e2' e4 = -e4, = e6, e6 = -e5 1 5 

Tne resulting eq_uations obtained from the substitutions of (1.21) into 

(1.7), where the [C .. ] is defined as (1.20), are eq_uated to those 
1J 

eq_uations obtained from (1.3) and (1.20). These eq_ualities yield 

(1.22) 
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11 

Ma. trix ( 1. 20) now has form 

• 
c11 c12 c12 0 0 0 

c21 c22 c23 0 0 0 

c21 c23 c22 0 0 0 
(1.23) 

0 0 0 C44 0 0 

0 0 0 0 c55 0 

• 0 0 0 0 0 c66 

Tne 90-degree rotation about the x
3 

axis has direction cosines 

x1 x2 x3 

x' 0 1 0 

• 1 

x' -1 0 0 
2 

x' 
3 

0 0 1 

• Computations for this rotation are performed in similar manner to the 

previous one but give 

• (1.24) 

• Tne array of coefficients of (1.23) can now be written as 

• 

• 
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12 

ell e12 e12 0 0 0 

e12 c11 c12 0 0 0 

e12 e12 ell 0 0 0 
(1.25) 

0 0 0 e44 0 0 

0 0 0 0 C44 0 

0 0 0 0 0 C44 

A 45-degree rotation about the x
3 

axis yields a relationship among 

the remaining three stiffness constants. This rotation of coordinates 

has direction cosines given by 

x1 x2 X3 

x' ./2 ./2 0 1 2 2 
x' - ./2 ./2 0 2 2 2 
x' 
3 

0 0 1 

Using the direction cosines, (1.5), (1.6), and (1.2) yield 

t' 1 1 (1.26) 6 = - 2t1 + 2t2 

e' 6 = -el + e2 (1.27) 

Relationships (1.25) and (1. 7) give 

(1.28) 
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13 

Combining equations (1.26), (1.27), and (1.28) gives 

(1.29) 

Equation (1.29) represents the stress-strain relationship of the 

transformed coordinates. Since the same stress-strain relationship 

must exist prior to transformation, an expression equivalent to 

(1.29) can be obtained prior to transformation. Using the first 

two equations of the set of (1.3) and (1.2) and (1.25) give 

and 

Equations (1.30) and (1.31) are combined to give 

The equality of (1.29) and (1.32) gives 

Two of these constants are independent. Letting c44 = µ and 

c12 =A , and using (1.3) and (1.25), the generalized Hooke's law 

for an isotropic body can be written as 

t .. =AO .. e .. + ~e .. (i,j, = 1,2,3) 
1J 1J 11 1J 

(1.30) 

(1.31) 

(1.32) 

(1.33) 
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where A and µ are the constants of Lame • 

The elastic constants, A and µ, are used to obtain the various 

elastic parameters for an isotropic material. Relationships between 

the various elastic parameters and these stiffness constants are 

given by Birch (1961). 

DERIVATION OF THE EIASTIC STIFFNESS CONSTANTS 

FOR THE CRYSTALLINE SYSTEMS 

The generalized Hermann-Mauguin symbols for crystal classes are 

given by Mason and Berry (1968) as n, n, n/m, run, run, n2, and 

n/mm • The letter n represents a rotation axis of symmetry and 

m represents a plane of symmetry. A two-, three-, four-, or sixfold 

rotation axis of symmetry ~s denoted by n being 2, 3, 4, or 6. A 

bar over the n indicates an inversion axis and a plane of symmetry 

parallel to the principal symmetry axis is denoted as n/m. The 

crystal class symbols and corresponding stereograms are given for 

all classes for which elastic stiffness constants have been derived • 

Some of the symmetry operations imply the existence of others, 

and only those symmetry operations that produce all other symmetries 

in a given system have been considered. Furthermore, some coordinate 

transformations yield the same elastic constants. This implies that, 

mathematically, the symmetry operations producing the transformations 

are equivalent. Two such equivalent operations are, the symmetry 

plane and a diad axis perpendicular to it. A mathematical verifica

tion of this equivalence of symmetry operations is by showing that 

the elastic constants are the same for the two symmetry operations • 

14 
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Tne transformation of the elastic constants is given by Frederick 

and Chang (1965) as 

(1.34) 

Consider a symmetry plane perpendicular to the x
3 

axis in a right-

hand coordinate system. I This symmetry operation results in x1 = x1 , 

x2 = x~, and x3 = -x3 • The direction cosines are ill = 1, i22 = 1, 

and i
33 

= -1 • Tne direction cosines and (1.34) give 

= c11' c~2 

= -Cl3' C~3 

= c22' c33 = c33 

C C l c 
= - 23' 12 = - 12 

(1.35) 

For x
3 

as a diad axis, the coordinate transformations are x1 = -X~, 

x2 = -X~, and x
3 

= x3 • The direction cosines, i 11 = -1, t 22 = -1, 

and i
33 

= 1 , substituted into (1.34) gives 

c~1 = c11' c~2 

c~3 = -c13' c
1

23 

= c22' c~3 = c33 

C Cl . c = - 23' 12 = - 12 

The elastic constants of (1.35) are the same as those of (1.36). 

Therefore, with regard to the stiffness constants, a twofold axis 

(1.36) 

is equivalent to a mirror plane that is perpendicular to the twofold 

axis. Similarly it can be shown that an inversion axis symmetry 

operation does not alter the stiffness constants • 
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A. MONOCLINIC SYSTEM. The symmetry operations of the monoclinic 

system are a twofold (diad) axis, a mirror plane or both. The 

symmetry symbols and stereograrns are given as 

2 m 2/m 

fl\ 
\17 

Since a diad is mathematically equivalent to a mirror plane perpen-

dicular to it, then all classes in this system are equivalent to a 

diad axis. Therefore, the derivation of ~tiffness constants for the 

'-monoclinic case will be with regard to a ·diad axis arbitrarily 

oriented parallel to the x
3 

axis. The direction cosines table 

for the coordinate transformation is given as 

x1 x2 x3 

x' 
1 -1 0 0 

x' 
2 0 -1 0 

x' 
3 

0 0 1 

The direction cosines, (1.5), (1.6), and (1.2) give 

t t / t t' 

16 

t' = t t' 1 l' 2 
= t t I 

2' 3 = 3' 4 = - 4' 5 t t / t = - 5' 6 = 6 
(1.37) 

e{ = e1 , e~ 
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Equations (1.37), (1.7), and (1.3) give 

e14 = e15 = e24 = e25 ~ e34 = e35 = e41 = e42 = 0 

e51 = e52 = e53 = e56 = e64 = e65 = e46 = e43 = 0 

17 
, . 

(1.38) 

Using (1.38) and the symmetrical properties of the stiffness constants, 

the [e .. ] of (1.3) has the form 
1J 

e11 e12 

e12 e22 

e13 e23 

0 0 

0 0 

e16 e26 

e13 

e23 

e33 

0 

0 

e36 

0 0 e16 

0 0 e26 

0 0 e36 

e44 e45 0 

e45 e55 0 

0 0 e66 

The monoclinic system (2, m, 2/m) is characterized by 13 different 

stiffness constants: 

e11' e12, e13' e16' c22' c23' c26 

e33' c36' c44' c45' c55' c66 

(1.39) 

(1.40) 
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B. ORTHORHOMBIC SYSTEM. All classes in this system have three 

nrutually orthogonal symmetry operations. The classes and stereo-

grams are given as 

222 mm2 mmm -- ...... / I ' I I \ ( \ I I ·--· ·-- __ , ____ _. 

~ _/ ' I I 

' I 
I I 

' ....... _,., 

The 222 and the mmm classes have as mininrum symmetry operations, 

three mutually orthogonal diad axes. The nnn2 class, has two mirror 

planes normal to each other which can be eonsidered as diads perpen-

dicular to each mirror plane. Thus all three classes can be made to 

have conunon mathematical symmetry operations. Tne stiffness constants 

may be obtained by considering three nru.tually orthogonal diad axes • 

Let the first diad axis be parallel to the x
3 

axis. 

constant matrix would be the same as (1.39). 

The stiffness 

Now consider the diad axis oriented parallel to the x2 axis • 

The direction cosine scheme is given as 

x1 x2 x3 

x' 
1 

-1 0 0 

x' 2 0 1 0 

x' 3 0 0 -1 



• 
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The direction cosines, (1.5), (1~6), and (1.2) give 

tf = tl, t' = t2, t3 = t3, t4 = -t4, t' = -t5, t6 = -t6 2 5 (l.41) 
I e' I I I I 

el = el' 2 = e2' e3 = e3' e4 = -e4, e5 = -e5' e6 = -e6 

• 
and equations (1.41), (1.39), (1.7), and (l.3) give 

• (1.42) 

• Matrix (1.39) can now be written as 

c11 c12 c13 0 0 0 

• c12 c22 c23 0 0 0 

c13 c23 c33 0 0 o · 
(l.43) 

0 0 0 C44 C45 0 

• 0 0 0 C45 c55 0 

0 0 0 0 0 c66 

• The third diad axis, mutually orthogonal to the previous two, 

will be parallel to x
1 

axis with direction cosine scheme as 

• x1 x2 X3 

x' 1 1 0 0 

x' 2 0 -1 0 

x' 0 0 -1 
3 • 

• 



• 
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The transformed stresses and strains become 

•• 
I t' = t2, t' = t3, 

I t' -t5' t6 = -t6 tl = tl, t4 = t4, = 2 3 5 (1.44) 
e' e' I I e' I = el, = e2, e3 = e3' e4 = e4, = -e5' e6 = -e6 1 2 5 • 

And applying previous procedures gives 

• 

• Matrix (1.43) can be written as 

' c11 c12 c13 0 0 0 

• c12 c22 c23 0 0 0 

cl3 c23 c33 0 0 0 
(1.45) 

0 0 0 C44 0 0 

• 0 0 0 0 c55 0 

0 0 0 0 0 c66 

• Therefore, the orthorhombic system (222, mm2, mmm) is characterized 

by nine stiffness constants: 

• (1.46) 

• 

• 
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C. TETRAGONAL SYSTEM. This system contains the classes whose symbols 

and stereograms are given as 

-4 4 

-
422 4mm 42m 4/mmm 

(Zi~ /(j')\ 
,..-- .... 

I 1.." I ~ 
' I " " I ' : \ 

--~~~--- '--~~~~--~ ·-~-· \(l"' " I ' \(lY \ / I ' I 
,," I ', 

\"/ I ' I I I ~ I ' .... _ ..... , 

Two sets of stiffness constants are obtained. One set, for classes 

4, 4, 4/m, and the second set for the remaining cla~ses. The former 

has a twofold and a fourfold axis of rotation parallel to the x
3 

coordinate. Since the twofold axis of rotation is included in the 

fourfold axis of rotation, only the fourfold axis of rotation is 

considered. The fourfold operation yields a coordinate transfonnation 

whose tabular form of the direction cosine is 

x1 x2 x3 

x' 
1 

0 -1 0 

x' 2 
1 0 0 

x' 
3 

0 0 1 



l 
I 
I 
I 
i 

I• 

• 

• 

• 

• 

• 

• 

• 

• 

The direction cosines, (1.5), (1.6), and (1.2) give 

t / t t' t t' t t' t t' 
1 = 2' 2 = l' 3 = 3' 4 = 5' 5 

e ' e e' e e' e e' e e' = 1 = 2' 2 = l' 3 = 3' 4 = 5' 5 

Relationships (1.48), (1.7), and (1.3) result in seven non-zero 

stiffness constants. The diad symmetry element does not affect 

the stiffness constants and the matrix [C .. ] for classes 4, 4, 
l.J 

and 4/m can be written as 

c11 c12 c13 0 0 c16 

c12 c11 c13 0 0 -Cl6 
\ 

c13 c13 c33 0 0 0 

0 0 0 C44 0 0 

0 0 0 0 C44 0 

c16 -Cl6 0 0 0 c66 

The seven stiffness constants for tetragonal classes 4, 4, and 

4/m are 

c11' c12, cl3' c33' c44' c66' c16 

22 

(1.47) 

(1.48) 

(1.49) 

Classes 422, 4nnn, 42m, and 4/mrnm have a symmetry operation 

in addition to the symmetry operations of the previous set of classes. 

Since a mirror plane can be considered e~uivalent to a diad axis 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

perpendicular to it, then these remaining four classes have, as an 

additional symmetry operation, a diad axis normal to the X · 
3 

coordinate. Using the results from the previous classes, the 

diad axis is placed arbitrarily parallel to the x1 axis. The 

direction cosine scheme for this transformation is the same as 

that used to obtain equations (1.44). 

Equations (1.44), (1.7), and (1.3) give 

c16 = o 

and the stiffness constant matrix (1.49) can be written as 

e11 e12 e13 0 0 0 

c12 c11 c13 0 0 0 

e13 c13 c33 0 0 0 

0 0 0 C44 0 0 

0 0 0 0 C44 0 

0 0 0 0 0 e66 

Tne tetragonal classes 422, 4mm, 42m, and 4/mrmn are charac-

terized by six stiffness constants: 

e11' e12, el3' c33' c44' e66 

23 

(1.50) 
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n; CUBIC SYSTEM. The symbols and stereograms for this system are 

• given by 

• 
The minimum synnnetry operations, to obtain the stiffness constants 

• for this system, are three nrutually orthogonal diad axes and a triad 

axis. Considering the diad axes, the results are the same as those 

of the orthorhombic system and the stiffness constants are those of 

• (1.45). The triad axis is perpendicular to the diagonal axes of the 

cube. Successive synnnetry operations of a triad axis y.Lelds coordi-

nate transformations given by 

I 
I 

x2 = x3, x3 - x' x1 = x1, - 2 
and (1.51) 

x1 
I 

x2 
I 

x3 - x' 

'• 
= x3, = x2, - 1 

Their respective direction cosine schemes are 

xl x2 x3 

x' 1 1 0 0 

x' 2 0 0 1 (1.52) 

x' 
3 

0 1 0 

• 
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and 

• x1 x2 x3 
x' 

1 
0 0 1 

x' 2 0 1 0 (1.53) 

• x' . 
3 1 0 0 

Using (1.52), (1.53), (1.5), (1.6), (1.2), (1.45), (1.7), and (1.3) 

• gives 

c12 = c13 = c23' c11 = c22 = c33' C44 = c55 = c66 (1.54) 

• 
The matrix of stiffness constants (1.45) can now be written as 

• ell e12 e12 0 0 0 

e12 e11 e12 0 0 0 

e12 e12 e11 0 0 0 

• (l.55) 
0 0 0 e44 0 0 

0 0 0 0 e44 0 

0 0 0 0 0 e44 • 
Tne cubic classes 23, m3, 432, 43m, and m3m, have three 

• stiffness constants: 

(1.56) 

• 

• 
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E. HEXAGONAL AND TRIGONAL SYSTEMS. The hexagonal and trigonal 

systems will be considered together. These systems are characterized 

by three stiffness constant matr~ces. The first and second sets of 

matrix constants are obtained for the trigonal classes (3, 3) and 

(32, 3m, 3m). The third set represents all classes of the hexag-

onal system. 

The symbols and stereograms for the trigonal system are 

3 

3m 3m 32 

26 

Classes 3 and 3 have a triad axis parallel to the x3 axis. This 

synnnetry operation corresponds to a 120-degree rotation. The direction 

cosine table for this transformation of coordinates is given by 

x1 x2 x3 

x' 
1 

Cos 9 Sin 9 0 

x' 
2 

-Sin 9 Cos e 0 (1.57) 

x' 3 
0 0 1 
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where e = 120 degrees • 

Relationships (1.57), (1.5), (1.6), and (1.2) give 

I 2 t 1 = t 1Cos 9 + t 2Sin2e + t 6Sin ~ 

t~ = t 1Sin
2e 2 + t 2Cos 9 - t 6Sin ~ 

t' 
3 = t3 

(1.58) 
t4 = t 4cos 9 - t 5sin e 

t5 = t 4sin e + t 5cos 9 

t(, ·= ~(t2-t1)Sin ~ + t 6cos ~ 

I 2 e1 = e1Cos 9 + e2Sin2e · + ~e6sin ~ 
e' = e1Sin2e 2 - ~6Sin 2B 2 + e2Cos 8 

e' 
3 

- e - 3 
(1.59) 

e' 4 = e4cos 9 - e
5
Sin 9 

e' 
5 = e4Sin 9 + efos e 

ef, = ( e2- e1)Sin 2B + e6cos ~ 

The substitution of (1.58) and (1.59) into the first equation of (1.7) 

results in an equation relating t 1 , t 2 , and t 6 as a function of the 

various strains. This represents the stress-strain relationship 

after transformation of coordinates and has the form 
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. 2 
+ t 2Sin

2e 2 + c12Sin
2e - c1S'in 83] t 1Cos 9 + td'in 83 [c11cos 9 el 

+ [C11sin
2e 2 + c16sin 83] + c12cos 9 e2 

+ cl3e3 

+ [c14cos 9 + c
15

sin e] e4 

+ [c15cos 9 - c14sin 9] e5 

+ [~C 11sin 83 - iC12Sin 83 + 

c16cos 33] e6 

(1.60) 

From the first equation of (1.3) and using (1.58) and (1.59) yields 

2 + t 2Sin
2e 2 + c21sin

2e + c 61sin 83] t 1Cos 9 + t 6Sin 83 = [c11cos 9 el 

2 + c22sin
2e + c62sin ~] + [C12Cos 9 e2 

2 + c23sin
2e + c

63
sin 83] + [C1fos 9 e3 

2 
+ C24Sin

2e + c64sin 23] + [c14cos 9 e4 

2 + c25sin2e + c65sin 83] · + [c
15

cos 9 e5 

2 + c26sin
2e + c 66sin 83] + [c16cos 9 e6 

(1.61) 

Since the [C .. ] must be invariant with regard to the transformation, 
l.J 

then an ·equality must exist between (1.60) and (1.61). This equality 
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yields six equations of the type 

which implies that 

A repetition of the previous procedure is applied to the remaining 

equations of (1.7). An equality is obtained for each of these 

equations with corresponding equations obtained from (1.3). The 

final results, of these six equalities of the type (l.60) and 

(1.61), give 36 soluble equations. Solving various combinations 

from these 36 equations gives 

and 

c15 = -C25' c21 = cl2, c22 = ell' c23 = cl3' 

c24 = -Cl4' c31 = cl3' c32 = cl3' c41 = c14' 

C42 = -Cl4' c46 = c25' c51 = -c25' c52 = c25' 

c55 = C44, c56 = c14' c64 = c25' c65 = cl4' 

C66 = ~(Cll-Cl2) 

29 

(1.62) 

(1.63) 

(1.64) 

(1.65) 



• 

• 

• 

• 

• 

• 

• 

• 

• 

30 

Using (1.64) and (1.65), the [Cij] can be written as 

c11 c12 c13 c14 -C25 0 

c12 ell c13 -Cl4 c25 0 

0 0 0 c13 c13 c33 
(1.66) 

c14 -Cl4 0 C44 0 c25 

-C25 c25 0 0 C44 c14 

0 0 0 c25 c14 Cll-Cl2 
2 

The trigonal classes 3 and 3 are characterized by seven stiffness 

constants: 

(1.67) 

The trigonal classes 3m, 3m, and 32 have the same s~etry 

operation as the previous classes and in addition, a diad axis normal 

to the triad axis. If we let the diad be parallel to the x1 axis, 

the transformation scheme is the same as that used to obtain (1.44). 

Equations (1.44), (1.7), and (1.3) give 

(1.68) 

The matrix of (1.66) can be written as 



The symbols and stereograms for the hexagonal system are 

• 
-

6 6 6/m 

l' ,<r>, ... ' • ,, ' 
:~A,/'\ !,<t>! \/1~/ ' / ' / ' .. ... __ 

• 
6mm 6m2 622 6/mmm 

,,,'*-..- .... , :(\II), .. -4r-~ 
" I ' i \ I I \ ,,, : ,.,, ' \I I ,.,, 

• ' ', d I ., I ':®"' I ---, ~- -~ I I 

<11\:i I .... I ........ I ' "' ' •' ...... \'' I .... ., \'"/I\ ' 
' I / ,, : _I" 
' .............. -"' 

, ____ --
• 

• 
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The stiffness constants for the six hexagonal crystal classes are 

• obtained by simultaneously applying a twofold and threefold rotation 

axes. Elastically, these two simultaneous operations are equivalent 

to either a reflection-rotation sixfold axis or a single axis 

• [Federov, (1968)]. Considering the threefold axis first we obtain 

(1.66). Introducing a diad axis parallel to the x
3 

axis yields 

the direction cosine table \ 

x1 x2 x3 

x' -1 0 0 • 1 

x' 2 
0 -1 0 

x' 
3 

0 0 -1 

• 
The direction cosines, (1.5), (1.6), and (1.2) give 

• t{ = tl, t' = t2, t' = t3, t' = -t4, t' -t5' t6 = t6 2 3 4 5 (1. 71) 
e' I e' e' e' I 

= el, e2 = e2, = e3' = -e4, -e5' e6 = e6 1 3 4 5 

• Equations (1.71), (1. 7), and (1.3) give 

= 0 (1. 72) 

• 

• 

• 
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and the matrix of (1.66) can be written as 

• 
e11 e12 e13 0 0 0 

e12 e11 e13 0 0 0 

• e13 e13 e33 0 0 0 
(1. 73) 

0 0 0 e44 0 0 

0 0 0 0 e44 0 

• 0 0 0 0 0 ell-el2 
2 

• All hexagonal classes are characterized by five stiffness constants: 

(1. 74) 

• 
F. TRICLINIC SYSTEM. The triclinic system has two classes~ One 

class has a f'ull rotation axis and the other has a center of 

• inversion. Neither of these SYlIJilletry operations reduce the number 

of independent stiffness constants from the original 21. 

• G. RELATIONSHIPS BETWEEN ELASTIC STIFFNESS AND COMPLIANCE CONSTANTS • 

In some instances, it may be desired to have the strain as a 

linear function of the stress and this relationship [Frederick and 

• Chang, 1965] may be expressed as 

(i,j = 1, ••• ,6) (1. 75) 

• 

• 
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• 

• 

• 

• 

• 

• 

• 

• 

where ei is the strain, tj is the stress, and [8ij] are the 

elastic compliance constants. From equations (1.3) and (1.75), a 

relationship between the stiffness and compliance constants is 

(C] [8] = I 

where [C] and [8] are the matrices of stiffness and compliance 

constants, respectively, and I is the identity matrix. Matrix 

equation (1.76) can be solved for each system, resulting in a 

relationship between the [C .. ] and [S .. ]. These equations for 
J.J J.J 

the most common classes are given by Nye (1967) as 

Cubic System 

c11 = (s11+ s 12) / (811- 812)(s11+ 2 s12 ) 

c12 -s12 / (s11- s 12)(s11+ 2 s12) 

Hexagonal System 

let S = s33Cs11+ s12) - 2 s~3 

c11+ c12 = s33/s 

c11- c12 = l/(s11- 812) 

c13 = -813/s 

c33 = (811+ Sl2)/S 

C44 = l/S44 

34 

(1. 76) 

(1. 77) 

(1. 78) 
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Tetragonal System (classes 4mm, 42m, 422, 4/mm) 

• let s = s33(s11+ s12) - 2 S' 13 

e11+ e12 = s33/s 

• e11- e12 = l/(su- s12 ) 

e13 = -s13/s 

• e33 = (s11+ s12)/s 

e44 = l/S44 

e66 = l/S66 
(1. 79) • 

Trigonal System (classes 3m, 32, 3m) 

• let s = s33(s11+ s12) - 2 s~3 
s' = S44(Sll- Sl2) - 2 Sl_4 

• c11+ c12 = s33/s 

e11- e12 = S44/s' 

• c13 = -s13/s 

c14 = -s14/s' 

e33 = (811+ 812)/s 

• e44 = <811- 812)/s' 
(1.80) 

• 

• 
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BA.SIC EXPERIMENTAL DATA 

The "pulse superposition" ultrasonic interferometry method is 

used to obtain the basic experimental data for isotropic and non

isotropic materials subjected to a pressure-temperature environment • 

This method has been described in detail by McSkimin (1950, 1961) 

and Schrieber and Anderson (1966). A block diagram of the electronic 

equipment is shown in Figure 1. The carrier wave oscillator is desig

nated as CW and the pulse repetition frequency as prf 

A quartz transducer to generate elastic wave pulses is attached 

to one of the two parallel faces of the specimen. The frequency of 

the CW pulse is equalized to the natural frequency of the transducer. 

A radio frequency pulse (rf) from the tone burst generator is applied 

to the transducer. The waves travel through the specimen and are 

reflected and received by the transducer. When the interval (i.e., 

the period) between the applied rf pulses is equal to an integral 

multiple (p) of the round-trip transit time of the wave pulses in 

the specimen, the echoes are superimposed. By properly gating the 

incident pulses, the echo pulses travel through transformers and 

amplifiers and are then displayed on an oscilloscope. The prf of 

the applied pulse is measured with a frequency counter, and the 

elastic wave velocity in the specimen is calculated from the basic 

experimental prf data and the specimen length. The basic data is 

obtained at equal intervals of increasing or decreasing pressure 

and temperature. Fi~een to thirty minutes are allowed at each 
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interval for the specimen to reach equilibrium with the environment • 

Twenty to forty MHz x-cut and y-cut quartz transducers are coilllll.only 

used for measuring the longitudinal- and shear-wave velocities in 

the specimens. The transducers are bonded to the specimen by a thin 

film of Dow Corning resin 276-v9. The effect of the phase shift due 

to reflection at the specimen-seal interface is less than 1° for a 

properly prepared seal [McSkimin and Andreatch (1962), Schrieber and 

Anderson (1966)] and is therefore negligible. 

A block diagram of the pressure system is shown in Figure 2. 

The main components are a two-stage nitrogen gas pumping system, 

a pressure vessel, a Harwood manganin pressure cell [Johnson and 

Newhall (1953), Johnson et al. (1957), Ne~hall (1962)] and a Carey

Foster resistance bridge. The latter is used for measuring and 

monitoring the pressure in the vessel containing the specimen. The 

temperature of the specimen can be maintained at 25±0.1°C by a 

constant-temperature water jacket around the vessel and monitored 

with a chromel-alumel thermo-couple and a potentiometer. 

Figure 3 shows a block diagram of the temperature system. This 

equipment is designed for elevated temperatures and 1 bar pressure • 

The main components are the furnace, the heating unit, and a poten

tiometer. The latter is used to measure and monitor the temperature 

within an accuracy of ±0.1°C. The upper limit of the temperature is 

approximately 500°c • 

38 
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Each specimen is prepared for wave velocity measurements, at 1 bar 

at 25°C, by grinding and polishing the two parallel faces to within 1 

part in 4. The specimen is measured with a micrometer. The longitu-

dinal-wave velocity (V ) and the shear-wave velocity (V ) is obtained 
p s 

from the relationship 

v = 21,f (2.1) 

where V is the velocity in the specimen, J, is' the specimen length, 

and f is the pulse repetition frequency (prf) of the applied pulse. 

ISOTROPIC EIASTIC PARAMETER MEASUREMENTS AT 

MODERATE PRESSURES OR TEMPERATURES 

The hydrostatic pressure changes the dimension and density of 

the specimen. The length change is given by Cook (1957) as 

(J, /i) 
0 I

p d.P 

0 
3A-4B 

where (1+6) is the ratio of the adiabatic bulk modulus to the iso

thermal bulk modulus, p is the initial density, A = (V f/f )2 
o p

0 
o 

for longitudinal waves, and B = (V f/f )
2 

for shear waves. Tne s 0 
0 

zero subscripts denote initial 1 bar conditions. The quantity 6 is 

equal to ayT , where a is the coefficient of volumetric expansion, 

y is the Gruneisen parameter, and T is the temperature (°K). For 

. -6 
those materials where a ~ 10 / 0 c , ~ will be negligible. With an 

increase in hydrostatic pressure, the density and velocity are assumed 
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to vary linearly over small intervals. The density can then be written 

as a ratio 

where p is the density at an increase in pressure, 

(2.3) 

P is the initiai 
0 

density at 1 bar, m is the mass, v is the volume at an increased 

pressure, and v is the initial volume. 
0 

For an isotropic material, the length change is the same in all 

directions, and (2.3) can be writ.ten as 

p = p (1- /1-)3 
0 0 

where (t /t) is given in equation (2.2) . 
0 

(2.4) 

Similarly, for an increase in pressure the velocity ratio over 

small intervals can be written as 

(v/v ) = (~/~ )(f/f ) 
0 . 0 0 

(2.5) 
or rewritten 

v = v (t/~ )(f/f ) 
0 0 0 

(2.6) 

The density and velocity after an increase in hydrostatic pressure are 

given by equations (2.4) and (2.6), respectively • 
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The dimensions and density of a specimen also change when the 

specimen is subjected to an increase in temperature. The length 

after an increase in temperature . is given by 

J, = J, ( 1. O + ati t) 
0 

(2.7) . 

where a is the coefficient of linear thermal expansion per centigrade 

degree, and tit is the temperature difference in °C. By substituting 

(2.7) into (2.4) and (2.6), the density and velocity of the specimen 

are obtained for the increased temperature • 

From the velocity, density, and the isotropic stiffness constants, 

the bulk-, shear-, and Young's moduli, Poisson's ratio and compress-

ibility are obtained. Formulas relating all of these parameters [Birch 

(1961)] are given in Table I. 

CRYSTALLINE (TETRAGONAL) EIASTIC PARA.METER MEASUREMENTS 

AT MODERATE PRESSURES OR TEMPERA.TURES 

In contrast to the isotropic case, a crystal is characterized by 

more stiffness constants and consequently, prf data must be obtained 

to compute the different stiffness constants. The six constants for 

the tetragonal case are given by (1.46). Pressure or temperature 

f .. (experimental prf data) values are needed for each different [C .. ]. 
1J 1J 

The stiffness constants are related to the velocity of a wave propa-

gated through the crystal in a particular direction. These velocity 

relationships [Verma (1960), Birch (1960)] for waves propagated with 

a given particle motion direction, in various directions through the 
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crystal, are giveri. ' in Table IL This table also includes the experi-

mental prf data which corresponds to the appropriate stiffness constant 

in the velocity relation column. 

The experimental data (f .. ), e~uation (2.1), and the velocity 
J.J 

relationships of Table II, are used to -0btain the 1 bar values for 

C11, c33 , C44, C66' CFQ' CTU' and CRS. c12 is obtained indirectly 

from velocity relation involving CFQ or CTU given in Table II • 

Similarly, c13 is obtained from velocity relation involving CRS • 

. . 
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TA.BIB I. IDENTITIES FOR STIFFNESS CONSTANTS 
OF ISOTROPIC BODIES 

K = bulk modulus 

E =Young's modulus 

µ. = shear modulus 

~ = compressibility 

A =La.roe's constant 

K 

A + 2µ/3 

Eµ. 
3(3µ - E) 

E 

3A + 2µ 
µ.A+µ. 

9Kµ 
9K 3K + µ. 

• 9Kµ 
3K + µ. 

A 1 + cr A (1-to )(l-2cr) 
~ cr 

E 
3(1 - 2cr) 

p(V2 - V') 
p s 

2µ.(l + cr) 

3K(l - 2cr) 

K - 2µ./3 

E - SJ. 
µ.3µ-E 

3
K 3K - E 

9K - E 

cr 
3K 1 + cr 

( 1-to )( l-2cr) 

p(V2 - 2V2 ) p s 

cr =Poisson's ratio 

p = density 

R1 =V/V p s 
R2 = K/(pV2

) 2 s 
R2 = K/(pV') 3 p 

cr 

2(A + µ.) 

A 

A + 2µ. 

3K - 2/... 3K - /... 

3K - 2µ 1, .. 1 2(3K + µ.) K + ~ 3 

E/(2µ. )- 1 4µ - E µ.3µ.-E 

pV2 = µ. 
s 

3(K-A)/2 

3K - E 
6K 3K 3K + E 3KE 

9K - E · 9K - E 

See 
Below 

/... _1_-_cr 
cr 

1 - 2cr 
3K 2 + 2cr 

E(l-cr) E 
( 1-to )( l-2cr) -2 _+_2cr_ 

2cr = (Rf - 2)/(Rl - 1) = (3R2 - 2)/(3R~ + 1) = 2(3R3 - l)/(3R3 + 1) 
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TABLE II~. EXPERIMENTAL DATA AND VELOCITY REIATIONSHIPS 
USED IN THE TETRAGONAL COMPUTER PROGRAMS 

Wave Particle 
Propagation Motion Mode prf Velocity 
Direction Direction Relation 

[001) [001) c f 33 Pv2 = c33 

[100] [100] c f ll Pv2 = ell 

[001) Any direction in s + pv2 = C44 [001) f44 

[100) [001] s + 
f44A pv2 = C44 

[110) [001) s + 
f44A pv2 = C44 

[100) [010] s f 66 Pv2 = c66 

[110) [110) s *f 
IQ Pv2- = (c11- ~12)/2 = *Cw. 

[llO] 

Inclined at 45° 
to [100] and 
[001] 

C Compressional 

S Shear 

[110) 

[110] 

* Defined by author 

c 

c 

*f 
TU 

pv2 = .(c
11

+ c
12

+ 2c
66

)/2 

= *C TU 

*f RS *C - ** RS -

** . Pv2 = {ell+ c33+ 2C44+ [(c11- c33)2 + 4(c13+ C44)21~/4 
+ Indicates experimental data used to obtain the same elastic 

constant c44 • 
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A. COMPRESSIBILITY. The adiabatic linear and volumetric compress-

ibilities [Fisher (1964)] were computed using the formulas 

Sl = Sil + Sl2 + Sl3 

S2 = s33 + 2s13 (2.8) 

sv = 2Sll + s33 + 2Sl2 + 4Sl3 

where s1 and s2 are the compressibilities perpendicular and parallel 

to the c axis and S is the volumetric compressibility. v 

The pressure measurements in the laboratory are made under adia-

batic conditions. Therefore, the compressibilities of (2.8) are 

converted to isothermal compressibilities by the relation [Birch (1952)] 

ST = Ss (1 + ayT) 

where a is the volumetric thermal expansion, T is the temperature 

in °K, y is the thermal Gruneisen parameter, and ST and Ss are 

the isothermal and adiabatic compressibilities, respectively. The 

Gruneisen parameter y [Birch (1952)] is given as 

where ~ is the volumetric thermal expansion, ~ is the adiabatic 

bulk modulus, p 

constant pressure • 

is the density, and C is the specific heat at 
p 
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ff. EIASTIC STIFFNESS CONSTANTS AT MODERATE PRESSURES. The stiffness 

constants at higher pressures are calculated over a small pressure 

increment from a lower pressure [C .. ], the ratio of the prf at a higher 
1J 

pressure to the prf at a lower pressure, and the isothermal compress-

ibility. If we assume linearity of the [C .. ] values over this small 
1J 

pressure interval, then the ratio of the stiffness constant at a higher 

pressure to the elastic constant at 1 bar pressure can be written as 

c .. /(c .. ) = (pv2-)/(p v2-) 
1J 1J 0 0 0 

(2.10) 

where zero subscripts denote 1 bar values; V is the velocity, and 

p is the density. Using (2.1), (2.10) becomes 

c .. /(c .. ) = (f/f )2 (t/t )2 (p/p) 
1J 1J 0 0 0 0 

(2.11) 

However, the compressibility parallel to the c axis for a given 

pressure interval ~P is 

~2 = 
1 c - c 

- c ( ~p 0) 

or (2.12) 

Similarly, the compressibility perpendicular to the c axis is 

(2.13) 
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For a wave propagated along the a, b crystallographic axes, the 

length and density changes of equation (2.11) are 

(t/t ) = (a/a ) 
0 0 

and (2.14) 

Equation (2.11) can then be written as 

C .. = (C .. ) (f /f )2 (1 + 13 2t.P) 
1J 1J 0 0 

(2.15) 

This equation gives the stiffness constants at a higher pressure and 

is used for those stiffness constants related to a wave propagated 

along the a, b axes. Table II gives these stiffness constants as 

c11, C44A' C66' CFQ' and CTU" c12 is obtained by solving the velocity 

relation involving C:FQ or CTU' for c12 • 

Similarly, for a wave propagated parallel to the c a.xis, the length 

and density changes are 

(c/c ) 
0 

and 

Equation (2.11) then has the form 

C .. = (C .. ) (f/f )
2 

1J 1J 0 0 

1 + 2(131 + 13 2 )t.P 

1 + (13 1 + 13 2 )t.P 

(2.16) 

(2.18) 
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C. EIASTIC STIFFNESS CONSTANTS AT MODERATE TEMPERATURES. The stiff-

ness constants at higher temperatures are obtained in a similar manner 

to those [C .. ] obtained at higher pressures. The general fornrula for 
1J 

thermal expansion is given as 

50 

J, = I., ( 1 + al:!. t ) 
0 

(2.19) 

where a is the linear thermal expansion, 6t is the temperature 

difference, i is the initial length of the specimen, and i 
0 

the length of the expanded specimen. 

is 

Thermal expansion parallel and perpendicular to the c axis 

can be written as, respectively, 

and 

(c/c
0

) = 1 + a26t 

(a/a
0

) = 1 + a16t 

Equation (2.11) can then be written as 

c .. = (c .. ) (f/f )2 [1/(1 + a 26t)] 
1J 1J 0 0 

(2.20) 

(2.21) 

(2.22) 

This equation is used to obtain stiffness constants c11, c44A' c66 , 

CIQ' and CTU at higher temperatures. c12 is obtained from the 

relationships involving CIQ or CTU" 

Similarly, for c
33 

and c44 we have 

2 2 
C . . = ( C .. ) ( f / f ) ( 1 + a

2
6 t) / ( 1 + a

1
6 t) 

1J 1J 0 0 
(2.23) 
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and for cl3 

= (c .. ) (f/f )2 [(l + a26t) + (1 + a16t)] 2/ 
1J 0 0 . 

2 [4(1 + a26t)(l + a16t) ] 

D. COMPLIANCE CONSTANTS AND VELOCITIES FROM STIFFNESS CONSTANTS • 

Having obtained the [C .. ] at 1 bar and higher pressures, the 
1J 

velocities at the various pressures are then computed using the 

relation 

and the compliance constants at the various pressures are obtained 

from the relationships given in (1.79). 
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(2.24) 

(2.25) 

The velocities for an isotropic specimen are obtained from the 

general isotropic formuli 

v 2 = K + ~~ 
p p (2.26) 

and 

vz = µ./p s (2.27) 
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E~ DE BYE TEMPERATURE. The Debye temperature calculation is also 

included in the computer programs for the tetragonal system. 

The Debye temperature was computed from the formula [Anderson 

(1963), Anderson et al. (1968)] 

-1 

e = 251.45 (p /M)3 vm (2.28) 

where p is the density, M is the mean atomic weight, and Vm is 

the mean velocity given by 

2 1 
= -+- · 

v 3 v 3 
s p 

(2.29) 

where V and V are the longitudinal and shear velocities • 
p s 

F. ISOTROPIC POLYCRYSTALLINE SPECIMENS AND ANISOTROPY. For a single 

crystal, the stiffness constants and other related parameters are 

functions of crystal orientation. However, the isotropic stiffness 

constants of a polycrystalline specimen can be obtained from the 

single crystal stiffness constants of the specimen. For a random 

orientation of grains in the polycrystalline specimen, the parameters 

are macroscopically isotropic. Therefore, the stiffness constants 

(or compliance constants) of a single crystal specimen are used to 

determine isotropic bulk-(K) and shear-(U) moduli and these relation-

ships [Meister and Peselnick (1966)] are given as 
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K = [2(cll+ c12) + c33 + 4cl3J/9 (2.30) v 

u = v [2(cii- cl3+ 3c44) + c33 - c12 + 3c66J/l5 (2.3l) 

Kr = l/(2sll+ s 33+ 2s12+ 4sl3) (2.32) 

ur = l5/(8sll+ 4s33- 4s12- 8sl3+ 6s44+ 3s66) (2.33) 

11i = (K + K )/2 v r (2.34) 

uh = (u + u )/2 v r (2.35) 

where Kv and Uv are the bulk and shear moduli calculated by Voigt 

(l928), K and U are the moduli calculated by Reuss (1929), and r r . 

11i and Uh are the moduli calculated by Hill (1952). The Hill 

modulus is the arithmetic average of the Voigt and Reuss moduli. 

The anisotropy (A) is computed using the formula [Anderson (1963)] 

A = 
2(Uv- uh) 

(UV+ Uh) 
(2.36) 

where Uv and Uh are the averaging schemes given in equations (2.31) 

and (2.35) • 
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COMPUTER PROGRAMS 

The purpose of including these programs is to eliminate a major 

portion of the programming necessary in computing elastic parameters 

of a material from the basic experimental data. From the crystalline 

systems, only the tetragonal system (422, 4nnn, 42m, 4/mmm.) has been 

considered in detail. However, the bulk of this program can be used 

to obtain computer programs for the other crystalline systems • 

The IBM 360/65 computer was used in performing the elastic moduli 

and related parameter computations. All programs are written in 

Fortran DT and are listed in the appendices along with sample input 

54 

and output data. Appropriate comment and control cards are included 

with each main program. Appendix I and Appendix II each contain two 

programs and explanations for using them. The former includes those 

programs that are applicable to the isotropic system and the latter 

includes programs for computations within the tetragonal system. The 

first program in each appendix is for those elastic parameter computa

tions concerning a specimen that is subjected to an increase in pressure. 

The second program performs those computations for a specimen that is in 

an increased temperature environment • 

The programs were tested using current experimental data 

[Sokolowski and Manghnani (1969), Manghnani (1969), Fisher et al. 

(in press)] • 
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CONCLUSIONS 

This work has related the laboratory data, obtained at and above 

standard atmospheric conditions, to the elastic parameters of crystal

line and non-crystalline materials. This was accomplished by deriving 

the set of elastic stiffness constants which characterizes each of the 

seven crystalline systems and the non-crystalline system and by con

solidating from current literature various formulas which relate the 

stiffness constants to other elastic parameters. Using these formulas 

on a digital computer, computations which include most of those elastic 

parameters that are in the current literature are easily performed • 

This work can be considered in its entirety for those who wish to 

begin general studies into pressure-temperature dependence of materials, 

or various sections of this work can be extracted for particular prob

lems. The computer programs, for example, can be used as given or 

slightly modified to perform the computations required • 
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APPENDIX I 

ISOTROPIC SYSTEM 

A. INPUT-OUTPUT DATA. Two computer programs are included for the 

isotropic system. These programs are for computations of elastic 

and other associated parameters of a material subjected to increased 

temperature or pressure. The complete programs, with input data, and 

output results are listed. The deck sequence for the pressure or 

temperature computations is as follows: 

1. Control cards 

2. Main program 

3. Control cards to input data 

4. Parameter description cards 

5. Specimen description card 

6. Initial measurement card 

7. Experimental pressure-prf data 

8. Least squares indicator card 

9. Data termination card 

10. Control card 

All control cards are those compatible with the IBM 360/65 

co~puter. All input data must agree with the input format state

ments in the main program. 

The parameter description cards are the first fifteen data cards 

and must be placed in the same order as those that are listed following 

the main program. Each parameter and its abbreviated form is punched 

on one card • 
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Example: 

• Longitudinal Frequency P Freq. 

The specimen description card follows the last parameter descrip-

• tion card and contains the necessary information to identify the 

specimen. 

Example: 

•• Pressure calculations for glass #111 

The next card in the sequence of data cards is the initial 

measurements card. These measurements are made on the specimen at 

• 1 bar pressure and room temperature. For the isotropic-pressure 

program, this card contains five variables. 

Example: 

• 
Density P Velocity S Velocity p frequency s frequency 

(f!J.D./cc) (km/sec) (km/sec) (kc/s) (kc/s) 

2.9595 6.934 3.784 326.957 178.422 

• 
The initial p and s velocities are obtained from equation (2.1). 

The initial measurements card for the isotropic-temperature program 

• must contain the linear coefficient of thermal expansion per degree 

centigrade in addition to the five aforementioned variables. 

These programs will acconnnodate fifty pieces of experimental data. 

• For the isotropic-pressure program, each card in this set of data 

contains pressure and the corresponding longitudinal and shear prf • 

• 

• 



• 
Example: 

• Pressure p frequency s frequency 

(k psi) (kc/s) (kc/s) 

8.ooo 327.248 178.473 

• Similarly, each data card for the temperature program contains temper-

ature and the corresponding longitudinal and shear prf. The number of 

pieces of prf data need not be counted, as this is done automatically 

• within the program. gowever, to accomplish this automatic data-

counting routine, a blank card nru.st be placed at the end of the prf 

data • 

• The least squares indicator card follows the blank card. The 

least squares computations are between pressure (or temperature) and 

any of the fifteen parameters of the parameter description cards. A 

• ' 
number 1 in any of the first fi~een columns of the least squares card 

indicates which parameter values will be used in the computation. The 

number sequence on the least squares card corresponds to the card 

• sequence in the parameter description card set. A blank instead of 

a number will result in no least squares computation performed for 

• a particular parameter • 

The last card in the data set is the program termination card 

which contains only the number 1 punched in column 80. 

• Data sets for various specimens may be included for computation 

by repeating, for each specimen, deck sequence steps 5, 6, 7, and 8. 

Each set of these four sequence steps nru.st follow the least squares 

• indicator card of the previous specimen set • 

• 
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The outptit is the elastic parameters as a f'unction of pressure 

or temperature with the following units: 

Density 

Longitudinal velocity 

Shear velocity 

Longitudinal prf 

Shear prf 

Volumetric thermal expansivity 

Pressure 

Temperature 

Bulk modulus 

Shear modulus 

Young's modulus 

Compressibility 

Lam.e's constant 

g/cc 

km/sec 

km/sec 

kc/sec 

kc/sec 

.(oc)-1 

k psi 

oc 

k bars 

k bars 

k bars 

(M bars)-1 

k bars 

59 
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B.· LISTING OF PRESSURE PROGRAM, INPUT AND OUTPUT DATA. 
//ISOP JUD (l242tlMolOFol90KMl,'MILLER' 
II EXEC FOKTCLG,RG=l90K 
//SYSIN 'JO * 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

IMPLICIT R[llL«!l(A-H,D-ll 
DI MEN'.> IUN P(!:>OI ,PF 1501,SF!SOJ ,PFIUSOJ ,SFR( 501,XU{(501,UR(501tDI501 

ltPVl50J,SVISOl,BHOOl501tSMOOl501,EMOOl501 ,SIGl501,COMP(50J,Mll51,X 
11 50 I , Y I 50 t, 0[ SC 12 O, 20 I , YAX I 20, 2 0 t , AL I 50 t 
JJ = l 

INPUT PARAMF.TER AND SPECIMEN UESCRIPTION CARDS 

1 R f:I\ I') -~ , (0 E ~ C ( J J , J 11 , J 1=1 t 13 I , I YAX I J J , J 21 , J 2 = 1 , 3 I , I M 
2 FORMATll3A4,3A4tl5X,llll 

IF(IMI 3,3,45 
3 JJ = JJ+l 

IFIJJ-161 ltlt4 

INPUT INITIAL MEASUREMENT CARD 

4 REAO St RHO,PVltSVl1PFl1SFI 
5 FORMATl5Fl0.41 

PRINT 6, (OESCIVnJ3),J3=lt13),RHO,PVl,SVl,PFl,SFI 
6 FORMATl1Hl,13A4//lX,'PhG = OENSITY'/lX,'PV = LONGITUDINAL VELOCITY 

11/lx,•sv =SHEAR VELOCllY'/lXt'P FREQ= LONGITUDINAL FREQUENCY'/lX 
11'S FREQ= SHEAR FREQUENCY'/lX,'PRESS = PRESSURE'/lX 11 PF RATIO= L 
lONGITUDINAL FREQUENCY RATIO'/lX,'SF RATIO = SHEAR FREQUENCY RATIO' 
l/lX1'L RATIO= LENGTH RATIO'/lX,'BMOO =BULK MOOULUS'/lX, 1SMOD = S 
lHEAR MOOlJLUS'/lX,'EMOD =YOUNGS MODULUS 1 /lX1'SIG = POISSONS RATIO' 
111x,•co~P = COMPRESSl~ILITY'/lX,'L = LAME CONSTANT 1///7X, 1 RHO•,ax, 
l'PV',ax,•sv•,sx,•r FREC'14X,'S FREQ'/2X,5Fl0.4//4X,•PREss•,2x,•p F 
lREQ•,3x, 1s FRECJ'14Xt 1 PF RATI0 1,2x,•sF RATI0'13X1'L RATI0•,4x, 10ENS 
11 Ty. I 5 x I I PV. '6X I I s v. t 4 x t t OMOU. ' 3 x t • s MOD. ' 3X t 'EMOD. '4X, • s I G. '4 x, • c 
lOMP/Mfl 1, 3X, 'L' I 
N = 1 

INPUT EXPERIMENTAL PRESSURE-FREQUENCY DATA AND UETERMINE THE 
~UM~ER OF PIECES Of DATA 

7 READ Bt P(NJ,PF(N),SF(~I 

8 FURMATIJFl0.31 
lF(PFl~ll 1219rl0 

9 IF(SF(NJI 12,l~,7 
10 IFISFINll 12,7,11 
11 N = N+ l 

GU TO 7 
12 PR HH 13 
13 FORMATl'NEGATIVE FREQ IN DATA') 

GO TO 45 
14 N = N-1 

COMPUTE SPECIMEN LENGT~ AND CORRES~ONDING VELOCITIES AT 
VARIOUS PRESSURES 

DO 15 I = 11 N 
PFRlll = PFlll/PFI 
SFRIII = SF!Il/SFI 

60 
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c 
c 
c 

c 
c 
c 
c 

A= (PVl"'PFRlll•l0.0••51**2 
li = ( S V 1 >:c SF RI 1 l ""l 0. 0 u 5 l u 2 
PX= IPCll/l.4504*10.CUl:!)/13.0*A-4.0*0t 
TT=l.O + PX/RHO 
XLRlll=l.O/TT 
OR ( 1 l=TT**3 
Dill= RHO*DKlll 
PV(I) = PVl*PFR(ll*XLRlll 
SV(ll = SVf*SrRlll*XLRlll 

COMPUTE ELASTIC MODULI 

BMCDlll = lO.O*Clll*IPVlll**2-4.0*SVlll**2/3.0) 
SMUOlll = lO.O*L.:(fl*SVlll**2 
EMUlHll = 9.0*lH10Dlll*SM00(11/(3.0*tiMODlll+SMODllll 
SIGlll = EMOLHll/(2.0*5MUO(lll-l.O 
CUMPIII ~ 11.0/UMCDllll~lOOO.O 
AUii = BMDDllJ-2.0*SMODll)/tMODlll 

15 PRINT lt., Plfl,PFIIl1SFlll1Pt'Rlll1SFRlll1XLIUll1Dlll1PVCll1SVll) 
11llMUDIfI1 SMOD( 1l,H100IIl1 S IGI I l ,COMP I I l 1 AL I I l 

16 FORMATl3F9.3,fll.61fl0.612Fll.712F8.413F7.l 1f8.4 1FB.31F7.ll 

COMPUTE LEAST SQUARES frT BETWEtN PRESSURE AND THE VARIOUS 
PAR Mil: TER S 

READ 171 (M(K),K = l,15) 
17 FURMATC151ll 

LL = 6 
L = 59/(N+lll-l 
DO 1tA K = l , 15 
IFIL-LLI 18,20 120 

11! PRINT 19 
19 FfllrnAT(lHll 

LL = 0 
20 IFIM!Kll 211441 2 1 
21 LL = LL+l 

DO 3 7 I I = 1 IN 
GO TO 122123124125126127128,29,30,31,32133,34,35 136,37),K 

22 Yllil PFllll 
GU HJ 37 

23 Yllll = 
GO Tu 37 

Sf I 11 l 

24 Ylll) = PfHllll 
GO TO 37 

25 VJlll = SFRlfll 
GU TU 3 7 

26 VI 11 l 
GO TO 3 7 

27 Villi = 
GU TU 3 7 

28 Y(ffl = 
GO TO , 37 

29 YI I l l 
GO TO 31 

30 Villi 
GU TU 3 ·1 

XL R I I I I 

0 I I I l 

DR I I I l 

rv 1111 

5 v I l I l 
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c 
c 
c 
c 

• 

11 V((ll BMOllllll 
GU T!l 37 

J2 Villi= S~'llfl(lll 

en rn ~ r 
33 Vil II= t:"'Cillllll 

c.;u rn :~ 7 
34 Villi = SlGllll 

GO HI 3 7 
-~ 5 VI 1 I I = C CJM PI I 1 I 

GU HI ) 7 
36 YI Ill = Alllll 
37 CONT 1 Nuf: 

PK 1 NT 3 B , I 0 E SC I 16 , J l I , J l = l ,.1 3 I , I 0 E SC I K , J 2 I , J 2 = l , 13 I 
38 FOR"IATl30X,l3A4/30X,'LEAST SQUARES PKESS VS •,13A4//I 

PKH1T 19, IVAXIK,Jll,Jl=l,31 
39 FllKMATI nx, 'PRESS' ,16)(,3A4,llX, 1V/V0 11 

SUMX = O.O 
SUMY C.O 
SUMX2 = O.O 
SUMXY = a.a 
SUMV2 O.O 
C = N 
DO 40 J = l,N 
XIJI = PIJI 
SUMX = SUMXtXIJI 
SUMY = SUMYHIJI 
SUMX2 = S~MX2 tX(Jl**2 
SUMY?. = SUMY2 tYIJl**2 

40 SUMXY = SUMXYtXIJl*YIJI 

CCMl'UTf. SLOPF,lNTtHCE:FT,COf<KELATION COEFFICIENT,VARIANCE ANO 
STAtmARD DlVIATION 

S = 15LMX*SUMY-C*SUMXYl/ISUMX**2-C*SUMX2l 
B = ISUMX2*SUMY-SUMX*SUMXYl/IC*SUMX2-SUMX**21 
K = IC*SUMXV-SUMX•SUMYl/OSQRTllC*SUHX2-SUMX**Zl*IC*SUMY2-SUMY**2ll 
SXY SUMXY-SIJMX*SU ,"1Y /C 
SXX = SUMX2-SUHX*SUMX/C 
SYY = SUMY2-SUMY*SUMY/C 
VAkS = ISYY-SXY**Z/SXXl/ISXX*IC-2.011 
UCVS =CSQkTIVARSI 
SPKLl=S*l4.504 
OU 41 J = l , N 
Yk = Y I J l/Y 111 

41 PklNT 42, XIJl,YIJl 1 YR 
42 FORMAf(l9X 1 3(8X,Fl4.71l 

PklNT 43, S1VAHS,OEVS,U,R,SPKU 
43 HiKMAf(UttOSLllPE =,Fll.4/ 1 VARIANCt: ='1t:l3.2/' STD DEV ='1 

1Fl2.5/' INTEkU:PT =1,fll.4/ 1 CURR. COEFF. = 1 ,£12.5/ 1 SLOPE Pt:R KB 
1 = I I F tJ • '• I 11 

44 CCl'iTINUl 
JJ = 16 
GU TU l 

45 STOP 
ENO 
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//GC.SYSIN DC * 
LGNGITUUINAL FREQUENCY 
SHEA!{ FRE(JUENCY 
LCNGITUOINAL FREQUENCY RATIO 
SHEAR FRE<JUEtJCY RATIO 
LENGTH RATIO 
CENSITY 
CENSITY RATIO 
LONGITUDINAL VELOCITY 
SHEAR VELOCITY 
BULK MODULUS 
SHEAR MCDULUS 
YCUNGS MOOULUS 
POISSONS RATIO 
CCMPRESSIOILITY PEk MEGABAR 
LAME'S CONSTANT 

PRESSURE CALCULATIONS FOR GLASS #111 
2.9595 6.9340 3.7840 326.9570 178.4220 

11 

ISOP 

00.015 326.957 178.422 
4.000 327.102 178.4~1 
8.000 327.248 178.473 

12.000 327.366 178.494 
16.000 327.529 178.~18 
20.000 327.657 178.533 
24.000 327.812 178.554 
28.000 327.947 178.575 
32.000 328.086 178.5G4 
36.0CO 328.227 178.tlS 
40.000 328.363 178.t32 
44.000 328.508 170.651 
48.000 328.630 178.670 
52.000 328.793 178.6G3 

l 11111111 

P FREQ 
S FREQ 
PF RATIO 
SF RAT IO 
L RATIO 
OEN S ITV 
0 RATIO 
P VEL 
S VEL 
BMOO 
SMDD 
EMOD 
SIG 
COMP/MB 
L 



• • • 

PRFSSURF CALCULATIONS FOR GLASS 1111 

RHO • DENSITY 
PY z LONGITUDINAL VELOCITY 
SV z SHEAR VELOCITY 
P FREQ z LONGITUDINAL FREQUENCY 
S FRE~ : SHEAR FREQUENCY 
PRFSS = PRFSSURE 

• 

PF RATIO = LONGITUDINAL FREQUENCY RATIO 
SF RATIO = SHEAR FREQUENCY RATIO 
L RATIO= LENGTH RATIO 
BMOD = BULK MODULUS 
s~o n = SHEAR MODULUS 
EMOO = YDU~GS MODULUS 
SIG = POISSONS RATIO 
COMP = COMPRESS!BlLITY 
L = LAME CONSTANT 

• 

RH() PY sv P FREQ S FREQ 
2.9595 6.9340 3.7840 "26.9570 178.4220 

PRESS P FREO S FREQ PF R.UIO SF RATIO L RATIO 
0. o 15 32<>.957 178.422 1.000000 1.000000 0.9999996 
4.000 3?7. 102 17tl.451 1.000443 1.000163 0.9998930 
8 . 000 327.7.49 178.473 1.000890 1.000286 0.9997d6J 

17. ooo .~27. 36 6 178.494 l.001251 1.000404 0.99'l6798 
!6. 000 1?7.5 29 178.5!8 1.001749 l .0005~8 0.9995737 
20.000 327.657 l 7d.533 1.002141 l .000622 0.9994679 
?4.00;) 327.812 l 79. 554 l.002615 l.000740 0.9993624 
78 . 0CO 37 7.947 1 78.575 1.001078 1.000858 0.9992571 
3.?.00U 328.086 178.594 l.003453 1.000964 0.99'll522 
16.000 323 .227 178.615 l.003884 1.001082 0.9<J'l0475 
40. 000 .i78.361 178.637 1.004300 1.0011 77 0.9999431 
44.'lOO 123.508 178.bSl 1.004744 1.001263 0.9'l!l8390 
4E!.'JOO 373.630 178.670 1.005117 1.001390 o. 998 73 50 
52.000 328.7'll 178.693 l.005615 l.001519 o.99a63l7 

• • • 

DENS ITV PV SY BMOD SMl)D EMOO 
2.9595036 6.9340 ).7840 857.9 4?3.d 1091.6 
2.9604503 6.9363 3.7842 859.l 423. 9 1092.2 
2.9613982 6.9387 J.7843 860.J 424.l 1092.7 
2.9623447 6.9405 3.7841 A6l.l 424.2 1091.? 
2.9632877 b.9432 3. 7a44 8b2.7 424.4 1093 .B 
2.91>42296 6.9451 3.7843 d63.8 424.5 1094.3 
2.9651681 6.9477 3.7844 865.l 424. 7 1094.il 
2.9661054 6.9498 3.7844 866.2 424.3 109'>.4 
2. 9670403 6.9520 3.7844 867.4 424.9 l O'l 5. 9 
2.9679730 6.9543 3.7845 868.6 425.l 1096.4 
2.9689038 6.9565 3. 7 844 869.8 425.2 1096.9 
2.9698316 6.9588 3.7845 871.0 425.3 1097.4 
2.9707597 6.9607 3.7845 8 72. l 425.5 109 7. 9 
2.9716814 6.9634 3.7846 8 73.4 425.6 109!!.5 

• 

SIG 
0.2H9 
o. 2s al 
0.2883 
O.?BiJ5 
0.2887 
0.298 9 
o.2g91 
0.2992 
0.2894 
0.2996 
0.28'l8 
0.2900 
0.2902 
0.2904 

•• 

COMP/'4ii L 
l. l 6£> 85 7. l 
l.164 s5a.J 
1. l '>2 359.5 
l. l 61 8C>0.5 
l.159 :16 l .9 
1. l ') i q.,3. 0 
l. ! 56 81'>4. 3 
l. 154 305.'> 
l.151 31>6. C> 

I • 151 Rb 7. 3 
1.150 fa'l.O 
l.143 H'J.2 
1.147 1Hl. 3 
l. 145 an. 1 

0\ 
+ 

• 
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PkESSURF CALCULATIONS FOR GLASS # 111 

• LEAST SQUAf<t:S PltESS vs LONG I ruo I NAL FREOUfNCY 

PPFSS P fRcO Y/YO 
0.0150000 Hl>.9570000 1.0000000 
4.0000000 327.1020000 l.0004435 
8.0000000 327.2480000 l.0008900 

12.0000000 327. 3bb0000 l.001250'1 

• 16.0000000 327.5290000 l.0017495 
20.0000000 3?7.6570000 1.0021410 
:>4.0000000 321. tl 170000 1.0026150 
28.0000000 327.9470000 1.0030279 
32.0000000 378.011(,0000 I. 00345 31 
16.0000000 328.7270000 l.00"38641 
40.0000000 328.3b30000 1.0043003 
44.0000000 321l.50ROOOO 1.0047437 
48.0000000 121l.b;l00000 l.0051169 

• 52.0000000 lltl.7930000 1.0056154 

SLUPE O.OJ51 
VARIANCE 0.100-01 
S TO OEV 0.00013 
INTEKCEPT = 326. %0 l 
CORK. COEFF. a 0.999'll0 00 
SLOPE PEK Kil • o.c;o•n 

• PRf SSUH CALCULATIONS FUR GLASS # 111 
LFAST SQUAHl'S PRESS VS SHl:AR FREQUENCY 

PRfSS S FREO Y/YO 
0.0150000 178.4220000 l.0000000 
4.0000000 l7tl.4510000 t. 000 l b2 5 

• a.0000000 17tl.4710000 l;,0002858 
12.0000000 l71l.4940000 1.0004035 
l&.0000000 176.5180000 1.0005381 
20.0000000 11t1.51 rnooo l.OOOb271 
2't.OOOOOOO 176.5540000 1.0007391l 
za.0000000 l 78. 5 750000 1.0006575 
)2.0000000 l 7tl.59 1t0000 l.0009640 
36.0000000 178.6150000 1.0010817 

• 40.0000000 178.6320000 1.0011110 
44.0000000 178.6Sl0000 1.0012835 
48.0000000 178.6 700000 1.0013900 
52.0000000 178.6930000 1.0015189 

SLOPE 0.0050 
VARIANCE 0.380-08 
S TO DEV 0.00006 
INTl:ll.CEPT 17tl.4112 

• CORR. COF,FF • 0.9<J'll20 00 
SLOPE PfR Kl\ 0.0737. 

• 

• 

• 
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PRESSURE CALCULATIONS FOR GLASS #lll 

• LEAST SQUARES PRESS. VS DENS ITV 

PRf SS Dt:NSITV Y/VO 
0.0150000 2.9595016 1.0000000 
4.0000000 2.9b04503 1.0003199 
8.0000000 2.9bl'H82 1.0006402 

12.0000000 2.962344 7 l .0009600 

•• 
16.0000000 2.9632877 1.0012786 
20.0000000 2.9b42796 l.0015969 
24.0000000 2.96516tH 1.0019140 
2R.OOOOOOO 2.9661054 1.0022307 
32.0000000 2.9670403 1.0075466 
~6.0000000 2.9679730 1.0028618 
40.0000000 2.968')038 1.0031763 
44.0000000 2.96')tl316 1.0034898 
48.0000000 2.9707597 1.0038034 

• 52.0000000 2.9716814 1.0041148 

SLOPc 0.0002 
VARIANCE O.llOD-13 
S TO DEV 0.00000 
INTERCEPT . 2.9595 
CORR. Cf1EFF. 0.99')99D 00 
SLOPE PER KB • 0.0034 

• PRtSSURE CALCULATIONS FOR GLASS #lll 
LEAST SQUARES PRESS VS LONGITUDINAL VELOC ITV 

PRE SS P VEL Y/VO 
0.0150000 6.9339972 1.0000000 

• 4.0000000 6.9361328 1.0003368 
a.0000000 6.9386883 l.0006765 

12.0000000 6. 9404509 l.0009307 
16.0000000 6.CH3l 700 1.0013229 
20.0000000 6.9451477 1.0016081 
24.0000000 6. 94 77000 1.0019762 
28.0000000 6.9498289 l.0022832 
32.0000000 6.9520442 1.00260?7 
36.0000000 6.9543034 1.0029285 

• 40.0000000 6.9564578 l.0032392 
44.0000000 6.'~588040 l.0035777 
48.0000000 6.9606641 1.0038458 
52.0000000 6.9633905 1.0042399 

SLOPE 0.0006 
VARIANCE 0.810-11 
STD DEV 0.00000 

• INTERCEPT 6. 9 340 
CORR. COEF F. = 0.9')985D 00 
SLOPE PER KB O.OOBl 

• 

• 

• 



• 
67 

PRESSURF CALCULATIONS FOR GLASS 1111 • LEAST SQUARES PRESS VS SHEAR VELOC ITV 

PRESS s VEL YIYO 
o.01soooo 3.78)9985 l.0000000 
4.000001)0 3.7842101 l.0000559 
11.0000000 '· 7842727 1.0000725 

12.0000000 1.1111,3 l 49 l.0000836 

• 16.0000000 l. 7114427.7 1.0001120 
20.0000000 '· 7114319l 1.0000901 
.?.4.0000000 J. 7843A'H 1.0001022 
20.0000000 3. 78443l4 t.0001144 
32.0000000 3.7844365 1.0001157 
lb.0000000 3.7844850 l.000128b 
40.0000000 J.7844496 l.0001192 
44.0000000 3.7844580 1.0001214 
48.0000000 J.78446b2 . l.0001236 

• 52.0000000 3.1845621 l.0001489 

SLOPE o.oono 
VARIANCE o.1so-1 l 
STD OcV 0.00000 
INHRf.f PT . 3.7842 
CORR. cnErF. . 0.1169090 00 
SLOPE PER Kl\ • 0.0001 

• l'RESSURE CALCULATIONS FOR GLASS 1111 
LEAST SQUARES PRESS VS BULK MOOULUS 

PRESS II.MOD VIVO 
0.0150000 857.92't3148 1.0000000 
't.0000000 85'l.094592) 1.0013641 

• 8.0000000 U60. H880't0 l.0027910 
12.0000000 II& l. 3058 710 l.0039416 
lb.0000000 862.6666268 l.0055277 
20.0000000 t!63. 7791944 l.0068252 
2't.OOOOOOO 865.0909783 l .0083535 
78.0000000 ll6b.228171 l l.0096790 
32.0000000 867.4134't97. 1.0110606 
36.0000000 868.60 1t0240 1.0124483 
40.0000000 8b9.7767b83 1.0138153 • 't4.0000000 871.01601<)4 1.0152597 
48.0000000 872.0545909 l.0164703 
52.0000000 873.4270247 1.0160700 

SLUPF o.2975 
VARIANCE 0.120-05 
STU l)lV 0.00111 
I NTfRCEf>T " t!S7.All1>2 

• CllRR. COEFF. • 0.9999?0 00 
SLOPE PER t<tl ~ "· '149 

• 

• 

• 
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SLOPE 
VARIANCE 
STD DEV 
INTERCEPT • 
CORR. COEFF. • 
SLOPE PER K 0 • 

0.0352 
D.900-07 
0.00010 

423.8055 
0.99957D 00 
0.5106 

SLOPE o.1309 
VARIANCE 0.50D-06 
STD DEV 0.00071 
INTERCEPT 2 1091.6572 
CORR. COEFF. : 0.99982D 00 
SLOPE PER KB a 1.8987 

PRESSURE CALCULATIONS FOR GLASS #lll 
LEAST SQUARES PRESS VS SHEAR MODULUS 

PRtSS 
0.0150000 
1o.ooooooo 
8.0000000 

12.0000000 
16.0000000 
zo.0000000 
?4.0000000 
28.0000000 
32.0000000 
H.0000000 
40.0000000 
44.0000000 
'tB.0000000 
52.0000000 

SMOD . 
lt23.7607946 
423.9437530 
424.0915401 
lt24.23tl53'H 
lt24.397b57l 
424.'H 39455 
lt24.o5Bo2o2 
424.8032708 
424.9383148 
425.0827860 
425.2081433 
425.3429004 
425.4776933 
425.6312505 

PRESSURE CALCULATIONS FOR GLASS #lll 
LEAST SQUARES PRESS VS YOUNGS MODULUS 

PRESS 
0.0150000 
4.0000000 
8.0000000 

12.0000000 
16.0000000 
20.0000000 
24.0000000 
28.0000000 
32.0000000 
30.0000000 
'o0.0000000 
44.0000000 
4ij.OOOOOOO 
52.0000000 

EMOO 
1091.5614265 
1092.1764638 
1092.1275477 
1093.2252632 
1093.8208574 
1094.2770611 
1094.8311412 
1095. 3538827 
1095.8635926 
1096. 19486 74 
1096.8803129 
1097.3980523 
1097.8802135 
1098.4625210 

68 

Y/YO 
1.0000000 
1. 000431 7 
1.0007852 
1.0011274 
1.0015029 
l.OOl 77H 
1.0021187 
1.0024601 
1.007.7787 
l.003ll'H 
1.0034155 
1. 003 73 35 
l. 0040516 
l.0044139 

Y/YO 
1.0000000 

·1.0005634 
1.0010683 
l.0015243 
1.0020699 
l.0024878 
l.0029954 
1.0034743 
1.0039413 
1.0044280 
1.0048727 
1.0053470 
l.0057888 
1.0063222 
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SLOPt 
VARIANCE 
s rn otv 
INTtRCFPT " 
CORR. COEFF. • 
SLOH PfK Kl\ • 

SLOPt 
VARIANU: 

0.0000 
O.bl0-13 
0.00000 
0.2879 
O.'l9'Hl10 00 
0.0001 

-0.0004 
o.no-11 
0.00000 
l. I 656 

STO ClEV 
INTERCEPT = 
CORK. COHF. 
SLUPE PtR Kil 

a -o.<J<J<J'l 10 00 
= -0.0058 

PRESSUKE CALCULATIONS FOR GLASS #Ill 
LEAST SQUARES PRESS VS POISSONS RATIO 

PRESS 
O.Ol 50000 
4.0000000 
e.0000000 

12.0000000 
16.0000000 
20.0000000 
?4.0000000 
28.0000000 
32.0000000 
36.0000000 
40.0000000 
44.0000000 
48.0000000 
52.0000000 

SIG 
0.2879453 
0.2801148 
0.2883096 
0.2884559 
0.2A86745 
0.28A6588 
0.269077.l 
0.2A92484 
0.2894384 
0.28%251 
0.2898157 
0.2900157 
0.2901716 
o. 2'103922 

PRESSURt CALCULATIONS FUR GLASS #lll 

Y/YO 
1.0000000 
1.0005888 
l.OOl2b52 
1.0017732 
1.0025324 
1.003177-5 
l.0039132 
l.004525b 
1.0051856 

· l .00583,9 
l.00b4959 
1.0071904 
1.0077369 
l.0084980 

LEAST SQUAKES PRESS VS CUMPRESSIBILITV PER MEGA8AR 

PRE SS 
0.01':>0000 
4.0000000 
0.0000000 

12.0000000 
16.0000001) 
20.0000000 
24.0000000 
28.0000000 
32.0000000 
36.0000000 
40.0000000 
44.0000000 
46.0000000 
52.0000000 

COMP/MO 
1.1656040 
l.1640162 
1.1623598 
1.1610277 
1.1591963 
1.1577025 
1.1559478 
l.1544302 
1.1528528 
1.1512726 
l.l4'l7203 
1.1480645 
1.1467172 
1.1449153 

Y/YO 
1.0000000 
0.99863711 
0.9972167 
0.9960739 
0.9945027 
0.9932211 
0.9917157 
0.9904138 
0.9890604 
0.9877047 
0.9863730 
o. 9849696 
o. 983 7966 
0.9822507 
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SLOPt 
VARIANCE 
STD ·OE\/ 
INTFRCEPT • 
CORR. COEFF. • 
SLOPE PEH KB • 

0.2975 
0.120-05 
0. 00111 

857.1097 
o.999920 oo 
4.3154 

PRESSURE CALCULATIONS FOR GLASS #lll 
LEAST SQUARES PR~SS VS LAME 1 S CONSTANT 

PRESS 
0.0150000 
4.0000000 
8.0000000 

12.0000000 
16.0000000 
70.0000000 
24.0000000 
211.0000000 
32.0000000 
36.0000000 
40.0000000 
44.0000000 
4d.OOOOOOO 
52.0000000 

l 
857.1478843 
858. 3182040 
859.5425930 
860.5297482 
861.8906356 
861.0019142 
864.3152265 
d65.4525254 
866.6H9l78 
867.8286049 
869.0014638 
870.2408350 
871.2795014 
872.6520666 

70 

Y/YO 
1.0000000 
1.0013654 
l.0027938 
1.0039455 
l.0055332 
l.0068320 
1.0083619 
1.0096887 
l.Ol 10716 
1.0124608 
l.0138291 
1.0152750 
l .Ol 64868 
1.0180881 
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C. LISTING OF TEMPERATURE PROGRAM INPUT AND OUTPUT DATA. 
//ISUT J(Jl1 11242,tM,lOF,l'JOK·O,'MlLlER• 
II EXEC HHUCLCoRC,=l'lOK 
//SYSlN UD * 

c 
c 
c 

c 
c 
c 

c 

IMPLICIT REAL*Blfl-H,O-ll 
Dr ME NS !UN T ( 50, 'r H 50, , sf-( ~o I , p FR ( 50, , SF R ( 50, , XLR ( 50, , DR ( 50, , u 15 0) 

1 r PV ( 50 l , S VI 5 0 1. , llMUD I 5 0 I , StHJU I 50 I, EMU DI 50 I , SIG I 5 0 I, COMP I 50 I , MI 1 5) , X 
11 5 0 I , Y I 5 0) , DE: SC I 2 0 , 20) , YAX I 2 0, 2 0) , AL I 5 0 I 
JJ = l 

INPUT PAMAM[lE:R AND SPECIM~N DESCRIPTION CAROS 

1 REAU 2 1 IDESCIJJ,Jll,Jl=ltl3J,IYAX(JJ,J2J,J2=1,3),IM 
2 FORMATl13A4,3A4rl5X,llll 

If-I IMJ J,3,45 
3 JJ = JJ+l 

IFIJJ-161 l,J,4 

INPUT W l TI Al MEASUREMENT CARU 

4 READ 5, Htm,vv1.svt,PFl,Sf'l,i\LPHA 
5 FORHAT(5Fl0.4,0l0.31 

PRINT 6, IOf:.SC<l6rJJ),J3=l.13),RHO,PVl,SVl,PFl,SFl,ALPHA 
6 FURMATllttl,13A4//lX,'RFO = OE:NSITY'/lX,'PV = LONGITUDINAL VELOCITY 
l'/lX, 1 SV = SH~AR VELOCITY'/lXr'P FRE~ = LUNGITUUINAL FRE:QUENCY'/lX 
lr'S FR[(J = SHlAR fRE(JU[l\CY'/lX,'ALPHA = VlllUMETRIC THERMAL EXPANSI 
lON 1 /lX 1 'PkESS = PRES5URf'llXr'PF RA(IO =LONGITUDINAL FREQUENCY RA 
1TI0'/1X 1

1 SF RATIU = ShrAR FR[QUENCY RATIO'/lXr'L RATIO= LENGTH RA 
lTIO'/lXr'llMllD = flULK "CUULUS'/lX,'SMUU =SHEAR MUDULUS'/lX,'EMOD = 
l YOUNGS MUUULUS'/lXr'SIL = POISSCNS RATIO'/lXr'COMP = COMPMESSlfllL 
lllY'/lXr'L =LAME C.Gr-.STANT'///7Xr'RH0 1 ·,ax,'PV'18Xr'SV'15X, 1P FREO' 
lt4X, 1 S FRf:Q 1 ,9X, 1 ALPHA'/LX,51-l0.4,0l4.3//4X,'T((.J •,2x,•p FREQ 1 ,3X 
i,•s FMEl.J 1 ,4X,'l'F RATIC•,2x, 1 SF RATI0 1 e3Xr'l MATIU 1 ,4X, 1 DENSITY',5X 
i, • Pv • , 6 x, • s v • , 4x, • nMo o • , 3 x, • s Mn c • , 3x , • E Mou• , 4 x, • s 1G•,1ix, •c m·1P / MB• , 
l3X. IL' l 

N = l 

C INPUT E:XPEklMENTAL TUHE:RAlURE-FREQUENCY DATA ANU UETERMINE HIE 
C NUMBER UF PIECES OF OATA 
c 

c 
c 
c 
c 
c 

7 R CAD 8 I TIN I 'PF ( N, 's FIN l 
8 FORMAT(3Fl0.3) 

IFIPFINll 12,9,10 
9 IFISFINll 12,14,7 

10 IFISFINJJ 12,7,11 
11 N = N+ 1 

GO TO 7 
12 PRINT 13 
13 FURMATl'NlGATIVt FREQ I,_ OATA'l 

GU TO 45 
14 N " N-1 

COMPUTE SPECIMEN LENGTh AND CORRESPONDING VE:LOCITIES AT 
VARIOUS TEMPlKATURES 

DU 16 I = l,N 

71 
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c 
c 
c 

c 
c 
c 
c 

PFRlll = PFlll/PFI 
Sl-RllJ = Sf'll)/SFI 
XLRll l=l.O+ALPH/\(l(TI l l-2!>.0I 
IJR I I I = 1 • 0 IX l R I l l * * 3 
Dill= RHU*DRlll 
PVlll = PVl*PFR(l)(lXLR(l) 
SVIII = SVl*SFRIIJ*XLR(I) 

COMPUT~ ELASTIC MODULI 

BMUIJll I= l0.0(llJlll*IPVlll**2-4.0•SVIIl**2/3.0) 
SMOOI 11 = 10.0*CI l l*SV( I 1**2 
HICDlll = 9.0•RMUDlll*SMOD(ll/(3.0*BMODIIJ+SMODIII) 
SIGllJ = EMODIIl/12.0•SMOU(lll-l.O 
COMPIII = ll.0/13MODllll*lOOO.O 
Allll = (]MClDlll-2.0*SMOCllJ/F.MUDllJ 
PRINT 15, TII),PFlll,SFll),PFRlllrSFR(lJ,XLIUl),O(IJ,pv(IJ,SV(J), 

1 BMOD ( l, 'SMOll 111 I moo ( 11 's l G ( l I ,COMP ( 11 I AL ( l, 
15 FORMflT(3F9.3,Fll.61FlC.6121-ll.7,2F8.413F7.11F8.41F8.3,F7.1) 
16 CONT I NUE 

COMPUTE LEAST SOU/\RES FIT BETWEEN TEMPERATURE AND THE VARIOUS 
PAR/\METERS 

READ 171 CMIKl1K = 11151 
17 FORMATllSlll 

LL = 6 
L = 59/IN+lll-l 
OU 44 K = 1115 
IFIL-LL) lA,20120 

18 PHINT 19 
19 FORMATllHll 

LL = O 
20 lFIMCKll 21,44121 
21 LL = LL+l 

DO 3 7 11 = 1 1 N 
GU TU 122,23,24,25126,27,28,29130,31,32,33,34135136,371,K 

22 YI Ill = Pflltl 
GO TO 3.7 

23 Yllll = SFllll 
GO TO 3 7 

24Yllll PFRllll 
GO TO 37 

25 Yltll = SFRllll 
GU TO 37 

26 VIII) XLRlllJ 
GU TO 37 

27 Y(lll Dllll 
GO TO 37 

28 Yllll = DRiii! 
GO TO 37 

29 YIIII = PVIIII 
GO TO 3'7 

30 YCIII SVClll 
GO TO 37 

31 Villi = BMUOClll 
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GO TO 37 
3 2 Y ( I I I = S MUD ( I I I 

GO TO 3 7 
33 YI Ill = ~MODI! II 

GU TU 37 
j4 YI Ill = SJG(ll I 

GU TO 37 
35 YI II I = CfiMPll I I 

GO TO 37 
lb YI Ill = ALIJll 
37 CONTINUI: 

PRINT 3811UFSC!lb,Jll1Jl=l1l3l1IUESCIK1JZl1J2=11l3I 
38 FORMAT(30X 113A4/30X, 1LEAST SQUARES TEMP VS 'tl3A4//I 

PRltlT J9, IYAXIK,Jll,Jl-=1,31 
39 FORMATIJ3X, 1T!(.) 1 ,17lt,3A4,llX1'Y/YU'I 

SUllX = O.O 
SUMY O.O 
SlJMX2 O.O 
SUMXY O.O 
SUMY2 = O.O 
C = N 
DO 't0 J = l t N 
XCJI = TIJI 
SUMX = SUMX+XIJI 
SUMY = SUMY+YIJI 
SUMX2 SUMX2 +XIJl••2 
SUMY2 = SUMY2 +YIJl••2 

40 SUMXY = SUMXY+XIJl•Y(J) 

CU~PUTE SlflPE1INTERCEPT,CU~RELATION COEFFICIENT,VARIANCE1 AND 
STANOARU DEVIATION 

S = ( SUMX•SUMY-C*SUMXY I /I SUMX••2-C•SUMX21 
~ = (SUMX2*SUMY-SUMX*SUMXYl/(C•SUMX2-SUMX••21 
R = !C•SUMXY-SUMX•SUMYl/DSURTllC*SUMX2-SUMX**21*1C•SUMY2-SUMY**211 
SXY = SUMXY-SUMX*SUMY/C 
SXX = SUMX2-SUMX•SUMX/C 
SYY = SUMY2-SUMY*SUMY/C 
VARS = ISYY-SXY**Z/SXXl/ISXX•IC-2.0tJ 
OEVS =DSQRTIVARSI 
0041J=l1N 
YR = Y ( J I /Y I 11 

41 PIUNT 421 XCJl1YIJl1YP 
42 FORMAT( l9X,318X1Fl4.71 I 

PRINT 43, s,vA~S,DEVS1B1R 
43 FO~MAT(l.2110SLU ,1 E =,F11.4,•/CCl 1/ 1 VARIANCE ='1El3.2/ 1 STD DEV 

1 =11Fl2.5/' INTEKCEPT =',fll.4/' CORR. CUEFF. = 1 ,El2.5//I 
44 CONTINUI: 

JJ :: 16 
GO TO l 

45 STOP 
ENO 

//GO .SYS IN OD * 
LCNGITUCINAL FRE~UENCY 

SHcAR f REQUcNCY 
I' HEQ 
S l'REQ 
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LGNGITUD[NAL FREQUENCY RATIO 
SHEAR FRE~UENCY RATIO 
LENGTH RA Tl 0 
DENSITY 
CENSITY RATIO 
LONGITUDINAL VELOCITY 
SHEAR VELOCITY 
BULK MODULUS 
SHEAR MODULUS 
YOUNGS MOOULUS 
POISSONS RATIO 
COMPRESSIBILITY PER MEGABAR 
LAME'S CONSTANT 

TEMPERATURE CALCULATIONS FOR GLASS #111 
2.6360 5.9956 4.0554 526.116 363.326 

25.000 525.280 363.t35 
50.000 524.300 363.~15 
75.000 523.300 363.150 

100.000 522.210 362.S25 
125.000 521.100 362.6~0 
150.000 519.920 362.460 
175.000 518.800 362.235 
200.000 517.560 362.000 
225.000 516.210 361.720 
250.000 514.800 361.540 
275.000 513.100 361.310 
300.000 511.380 361•075 

11 l 11111111 

I SOT 

PF RAT 10 
SF RAT IO 
l RATIO 
DENSITY 
U RATIO 
P VEL 
S VEL 
BMOD 
SMOD 
EMOD 
SIG 
COMP/MB 
L 

.1430-04 
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TEMPERATURE CALCULATIONS FOR GLASS tlll 

RHO z DENSITY 
PV = LONGITUDINAL VELOCITY 
SV = SHEAR VELOCITY 
P FREQ = LONGITUDINAL FREQUENCY 
S FREQ = SHEAR FREQUENCY 
ALPHA = VOLUMETRIC THERMAL EXPANSION 
PRESS = PRESSURE 
PF RATIO = LONGITUDINAL FREQUENCY RATIO 
SF RATIO = SHEAR FREQUENCY RATIO 
L RATIO = LENGTH RATIO 
BMOO = BULK MODULUS 
SMOO = SHEAR MODULUS 
EMOO = YOUNGS MODULUS 
SIG = POISSONS RATIO 
CO~P = COMPRESSIBILITY 
L = LAME CONSTANT 

• • 

RHO 
2.b3b0 

PV 
5.9956 

SV P FREQ S FREQ ALPHA 
o.1430-04 4.0554 52b.1160 363.32b0 

TIC I P FREQ S FREQ PF RATIO SF RATIO L RATIO DENSITY 
25.000 525.280 363.635 0.998411 1.000850 1.0000000 2.63b0000 
50.000 524.300 363. 375 0.996548 1.000135 1.0003575 2.6331749 
75.000 523.300 363.150 0.994648 0.9995lb 1.0007150 2.b303539 

100.000 522.210 362.925 0.992576 o. 998896 1.0010725 2.6275368 
125.000 521.100 362.690 o.990466 0.998250 l.0014300 2.6247238 
150.000 519.920 362.460 0.988223 0.997616 1.0017875 2.6219148 
175.000 518.800 362.735 0.986094 0.996997 1.0021450 2.6191099 
200.000 517.560 362.000 0.983737 0.996350 1.0025025 2.6163089 
225.000 516.210 361.720 0.981171 0.995580 1.0028600 2.6135119 
250.000 514.800 361.540 0.978491 0.995084 1.0032175 2.6107189 
275.000 511.100 361. 310 0.975260 0.994451 l.0035750 2.6079298 
300.000 511.380 361.075 0.971991 0.993804 1.0039325 2.6051448 

• • 

PV sv BMOD SMOD 
5.9861 4.0588 Jb5.5 434.3 
5.9770 4.0574 362.7 433.5 
5.9678 4.0563 359.7 432.8 
5.9575 4.0553 356.4 432.1 
5.9469 4.0541 35 3.1 431.4 
5.9356 4.0530 349.5 430. 1 
5.9249 4.0519 346.l 430.0 
5.9129 4.0507 342.3 429.3 
5.8995 4.0490 338.3 428.5 
5.8855 4. 0484 333.8 427.9 
5.8682 4.0473 328.5 427.2 
5.8506 4.0461 323. l 426.5 

• 

EMOD SIG COMP/1'18 
933.2 0.0745 2.736 
930.0 0.0121 2.757 
<n6. 7 0.0706 2.780 
923.2 O.Ob83 2.806 
919.6 0.0659 2.832 
915.8 0.0632 2.861 
912.2 0.0607 2.889 
908.2 0.0578 2 .921 
903.9 0.0547 2.956 
899.4 0.0509 2 .996 
894.0 0.0464 3.045 
888.5 0.0416 3.095 

• 

L 
364.6 
361.8 
358.8 
355.5 
352.1 
348.5 
345 .1 
341.4 
337 .4 
332. 9 
327. 5 
322. l 

-.;i 
V1 

• 
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SLOPE 
VARIANCE 
STO DEV 
INTERCEPT " 
CORR. CrJEFF. 

SLOPE 
VARIANCE 
S TlJ OEV 
INTFRCEPT a 

CORR. CIJEFF • 

-0.0496/IC I 
o.t9D-o5 
0.00140 

577.0615 
• -0.99"070 00 

-0.0091/IC I 
O. 290-0B 
0.00005 

lhl.8505 
• -0.99'1830 00 
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TEMPERATURE CALCULATIONS FUR GLASS #lit 
LEAST SQUARES TEM~ VS LONr.ITUOINAL FREQUENCY 

TICI 
25.0000000 
50.0000000 
15.0000000 

100.0000000 
125.0000000 
150.0000000 
115. 0000001) 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

P FREQ 
525.2fl00000 
524.3000000 
523.3000000 
522.2100000 
521.1000000 
519. 9200000 
518.8000000 
517.5600000 
516.2100000 
514.8000000 
513. I 000000 
511.3800000 

T~MPERATURt CALCULATIONS FOR GLASS #111 
LEAST SOUA~tS TtMP VS SHEAR FRtQUENCY 

TIC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
215.0000000 
300.0000000 

S FIH: Q 

163.6350000 
363. 3750000 
163.1500000 
362.9250000 
362.h900000 
362.4600000 
362.2350000 
362.0000000 
361.7200000 
361.5400000 
361.3100000 
361.0750000 

Y/YO 
1.0000000 
O.<J<J81343 
0.9962306 
0.9941555 
0.9920423 
0.9891959 
0.9876637 
0.9853031 
0.9821330 
0.9800487 
0.9768124 
0.9735379 

Y/YO 
1.0000000 
0.9992850 
0.9986662 
0.9980475 
0.9974012 
0.9967687 
0.9961500 
0.9955037 
0.9947337 
0.9942387 
0.9936062 
o. 9929600 
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SLOPE • 
VARIANCE 
S Tll DEV 
INTERCEPT • 
CORR. COEFF. 

SLOPE 
VARIANCE 
S TO OEV 
INTERCEPT • 
CORR. COEff • 

-0.0001/ICI 
0.600-14 
0.00000 
2.6388 

• -0.100000 Ol 

-0.0005/ICI 
0.260-09 
0.00002 
6.0044 

z -0.99445D 00 

TEMPERATURE CALCULATIONS FOR GLASS #111 
LEAST SQUARES TEMP VS DENSITY 

TIC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

DENSITY 
2.6360000 
2.6331749 
2.6301519 
2.6275368 
2.6247238 
2.6219148 
2.6191099 
2.6163089 
2.61)5119 
2.6107189 
2.6079298 
2.6051448 

TEMPERATUKE CALCULATIONS FOR GLASS #111 
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Y/YO 
1.0000000 
0.9989283 
0.9978581 
0.9967894 
0.9957222 
0.9946566 
0.9935925 
0.9925299 
0.9914688 
0.9904093 
0.9893512 
0.9882947 

LF.AST SQUAR~S TEMP VS LONGITUDINAL VELOCITY 

TICI 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
;ns.0000000 
250.0000000 
275.0000000 
300.0000000 

P VH 
5.9860730 
5.9770410 
').9677729 
5.9574699 
5.9469298 
5.9155815 
5.9249088 
5.'H2856l 
5.8995361 
5.8855192 
5.8681741 
5.8505864 

Y/YO 
1.0000000 
0.9984912 
0.9969429 
0.9952217 

· o.9934610 
0.9915652 
0.9897823 
0.9877688 
0.9855436 
0.9832020 
0.9803045 
0.9773664 
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SLOPE 
VARIANCE 
S TO DEV 
INTERCEPT " 
CORR. COEFF • 

SLOPE 
VARIANCE 
STD OEV 
INTERCEPT " 
CORR. COEFF. 

-0.0000/ICI 
0.360-12 
0.00000 
4.0598 

.. -o.qq91so oo 

-0.1515/ICI 
0.230-04 
0.00475 

371.?.013 
= -o.q9s120 oo 

JFMPERATURE CALCULATIONS FOR GLASS #lll 
LEAST SQUARES TEMP VS SHEAR VELOCITY 

TIC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
l~0.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

S VEL 
4.05884qo 
4.057396q 
4.0563317 
4.0552687 
4.054oqo1 
4.052q656 
4.05 ltlqSl 
4.0507110 
4.04qo212 
4.0484490 
4.0473153 
4.0461237 

TEMPERATURf CALCULATIONS FOR GLASS #lll 
LEAST SUUARES TEMP VS RULK MODULUS 

TIC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

BMOD 
365.5445536 
362.7213907 
359. 72'1'1!:197 
356.4124587 
353.0720350 
349.41733116 
346.0910837 
342. 3227792 
338.3216247 
333. 8086966 
328.4544920 
323.0693457 
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Y/YO 
l.0000000 
0.9996422 
0.9993803 
0.9991179 
o.qq88275 
0.9985505 
0.9982867 
o.9q79950 
0.9975787 
0.9974377 
0.9971584 
0.99611646 

Y/YO 
1.0000000 
0.9922768 
0.9840754 
0.9750178 
0.9658796 
0.9560458 
0.9467822 
0.9364735 
0.9255277 
0.9131820 
0.8985348 
0.8838029 
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SLOPE 
VAR 14NCE 
STU DF.V 
INTERCEPT • 
CORR. COEFF. 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT 
CORR. COEFF • 

-0.0282/ICI 
0.180-07 
o.ooo 13 

't34.9\89 
a -0 0 999890 00 

-0.1597/ICI 
0.180-0't 
D.00428 

938.85"\l 
• -0.996430 00 

TEMPERATURE CALCULATIONS FOR GLASS #111 
LEAST SQUARES TEMP VS SHEAR MODULUS 

TIC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

SMOO 
434.2613715 
't33.4856263 
't32.7942995 
432.1037986 
431.3903341 
430.6896213 
't30.0016297 
't29.2907406 
428.4741041 
't27 .8952372 
427.1987506 
't26.49l2943 

TEMPFRATURE CALCULATIONS FOR GLASS #111 
LEAST SQUARES TEMP VS YOUNGS MODULUS 

TIC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

EMOD 
933.7298312 
929.9844053 
926.7255423 
923.2175997 
919.6302474 
9l5.845l't34 
912.2117307 
908.2202572 
903.8542779 
899. 3893385 
894.0053143 
888.4982192 
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Y/YO 
1.0000000 
0.9982136 
0.9966217 
0.9950316 
0.99]]887 
0.9917751 
0.9901908 
0.9885538 
0.9866733 
0.9853403 
0.9837365 
0.9821074 

Y/YO 
1.0000000 
0.9965224 
0.9930303 
0.9892714 
0.9854274 
o. 9813 715 
0.9774781 
0.973201 l 
0.9685227 
0.9637383 
0.9579691 
0.9520680 
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SLOPE 
VARIANCE 

-0.0001/ICI 
0.280-10 
0.00001 
0.07')5 

STU DEV 
INTERCEPT • 
CORR. COt:FF. • -o.q8<n4D oo 

SLOPE 
VARIANCE 
SJD DEV 
INTERCEPT • 
CORR. COHF. • 

0.0013/IC I 
o.2qo-08 
0.00005 
2.68?7 
o.qno6D oo 

TEMPERATURE CALCULATIONS FOR GLASS #111 
LEAST SQUARES TEMP VS POISSONS RATIO 

TICI 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
7.50.0000000 
275.0000000 
300.0000000 

SIG 
0.0745025 
o.012681q 
0.0706305 
0.06!12822 
0.0658q11 
O.Ob 12310 
O.Of>07073 
0.057814q 
0.0547362 
o.oi;oq4i;7 
0.0463576 
0.0416370 

TEMPERATURE CALCULATIONS FUR GLASS #lll 
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Y/YO 
1.0000000 
0.9755642 
o. 9'• 802 88 
0.9165oq3 
0.8844152 
0.8487105 
o.8148360 
o. 7760128 
o. 7346895 
0.6818125 
0.6222290 
o. 5588673 

LEAST SQUARES TEMP VS COMPRESSIBILITY PER MEGABAR 

TCC I 
25.0000000 
50.0000000 
75.0000000 

l00.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
225.0000000 
250.0000000 
275.0000000 
300.0000000 

COMP/MB 
2. 7156446 
2.7569369 
2.7799138 
2.80573!11 
2.8322832 
2.!1614159 
2.!18'l4128 
2.9212(96 
2.9557673 
2.9957278 
3.0445618 
3.0953107 

Y/YO 
1.0000000 
1.0077833 
1.0161823 
l.0256223 
1.0353257 
1.0459750 
100562091 
1.0678359 
l.0804646 
1.095077.0 
1.1129230 
1.1314740 
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SLOPt:: 
VARIANCE 
STD Ot:V 
INTERCF PT • 

-O.l'H6/1Cl 
o. 230-04 
0.00475 

370.2752 
CORR. COEFF. • -O.q95l2D 00 

TEMPERATUPE CALCULATIONS FOR GLASS #111 
LEAST SQUARES TEMP VS LAME 1 S CONSTANT 

TCC I 
25.0000000 
50.0000000 
75.0000000 

100.0000000 
125.0000000 
150.0000000 
175.0000000 
200.0000000 
2?5.0000000 
250.0000000 
275.0000000 
300.00000GO 

L 
364.6138903 
361.7891479 
358.7893606 
355.4763765 
352. lH852tl 
348.5368092 
345.1481165 
34l.l774342 
337. 3735203 
332.8571727 
32°7.4987957 
322.1093183 
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Y/YO 
l.0000000 
0.9922528 
0.9840255 
Q.9749392 
0.9657719 
0.9559066 
·o. 9466132 
0.9362711 
0.9252898 
0.9129032 
0.8982071 
0.8834258 
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APPENDIX II 

CRYSTALLINE (TETRAGONAL) SYSTEM 

A. INPUT-OUTPUT DATA. An attempt Was made to obtain as much similar

ity as possible between the crystalline and isotropic program. Two 

computer programs are included for the tetragonal case. These programs · 

provide ease of computation of elastic and other related parameters of 

a tetragonal crystal subjected to increased temperature or pressure • 

The complete programs with input data and output results are listed. 

The deck sequence is as follows: 

1. Control cards 

2. Main program 

3. Control cards to input data 

4. Parameter description cards 

5. Specimen description card 

6. Initial measurement card (1) 

7. Initial measurement card (2) 

8. Experimental pressure-prf data 

9. Least squares indicator card 

10 • . Data termination card 

11. Control card 

All input data must agree with the input format statements in the 

main program. The first 24 parameter description cards must be placed 

in the same order as those listed after the main program. As in the 

isotropic case, each parameter and its abbreviated form must be punched 

on one card • 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

83 

Example: 

c33 Velocity 

The next data card following the last parameter description card 

is the specimen description card • 

Example: 

Pressure calculations for crystal #1111 

Two initial measurement cards follow the specimen description 

card. These measurements are performed with the specimen at 1 bar 

pressure and room temperature. For the pressure program, measurement 

card (l) contains mean atomic weight, coefficient of volumetric thermal 

expansion, Gruneisen parameter, and room temperature in °K. 

Example: 

Mean Volumetric 
Atomic Weight Expansion 

(gm) (oc)-l 

26.63 23.52 x 10 -6 

Gruneisen 
Parameter 

1.28 

Temperature 

(oK) 

298.15 

Measurement card (2) contains the density (gm./cm3) and initial elastic 

constants. The initial constants are calculated using equation (2.1), 

the relationships given in Table II, the length of the specimen and 

the initial prf data and have k bar units. 

Example: 

Density c33 C44 c11 

4.264 4844.043 1245.463 2716.885 

c66 CFQ CTU CRS 

1949.548 467.794 4177.920 3984.370 
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In the temperature program, measurement card (1) contains thermal 

expansion coefficients parallel and perpendicular to the c axis, 

specific heat coefficients, and the mean atomic weight. 

Example: 

Thermal expansion parallel to c axis 
(oc)-1 

Thermal expansion perpendicular to c axis 
(oc)-1 

Specific heat at constant pressure 

(cal/mole deg.) 

Mean atomic weight 

(gm) 

-6 9.2 x 10 

2.875 x 10-9 

8 -6 7.1 x 10 

1.25 x 10-9 

-1 
1.512 x 10 

4 -4 2. 5 x 10 
-8 2.22 x 10 

26.63 

The second measurements card for the temperature program is the same 

as that card for the pressure program . 

The next set of data following the initial measurement cards is 

the experimental pressure (or temperature) prf data. The input prf 

data for each particular pressure (temperature) must contain f
33

, 

f 11, f 44 , f 66 , fRS' and either fFQ or fTU or both. Table II 

indicates the crystal orientation to obtain the f .. data. Either 
lJ 

f 44 or r44A or both may be input data. The input units for the 

f .. values are kc and must be in the same order as shown in data lJ . 

at the end of the main program . 
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· Example: 

Pressure f 33 f 44 f 
11 f44A 

0.015 476~719 241.682 460.900 o.o 

f 66 f IQ fTU fRS 

453.534 163.067 487.327 595.771 

The least squares indicator card and the program termination card 

function in the same way as the corresponding cards in the isotropic 

program. 

The output of the elastic parameters, as a function of pressure 

or temperature, have the following units: 

Temperature 

Pressure 

Density 

Compressibility 

Experimental prf data 

Stiffness constant data 

Compliance constants 

Velocities 

Bulk moduli (K) 

Shear moduli (u) 

Debye temperature 

oc 

k psi 

g/cc 

(M bar)-l 

kc/s 

k bar 

(M bar)-l 

km/sec 

k bar 

k bar 

OK 
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B. LISTING OF PRESSURE PROGRAM, INPUT AND OUTPUT DATA. 
//CRYP JOLi 1124<',lM,LOF,1 110KMl, 1 MILLl:R 1 
II EXFC 1-IJMTCLG,RG= l90K 
//SYSIN nil • 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

IMPLICIT REAL•8IA-H,U-ZI 
DP1EN~ ION Pl 50 I ,CI l01'>1JI, F 110,501, S 110,501,Vl I lOr 501rPKH150) ,B[} 115 
l0),RR7150J,VCUMP(~Ul1Xl50l,Yl'JOl 1 Rl50l,PPl501,Ml25),V(50,'.>0),0ESC( 
175 1 20),YAX(~5,201 
JJ=l 
I .. l 

TNPUT PARAMl:TFM A~U SPrCtMEN DESCRIPTION CARDS 

2 RtAn ,,(IJE<;C(JJ,JIJ,Jl=l.tll,(YAXIJJ,J7.1,JZ=lr31tlM 
3 FIJRMATI llA4,3A4,15X,t Ill 

lfllMI 4 14,78 
4 JJ=JJ+l 

IFIJJ-251217,r, 

INPUT INITIAL MEASURFMENT CARO Ill 

5 REAn. 6 1 \:iGT,ALPHA,GAMA 1 Tl:~P 
b ~ORMATIFl0.4 1 Ul0.5,?rl0.51 

AGT=l.O+ALPHA•GAMA•TlMP 

INPUT INITIAL MEASURf~l:NT CARO (7) 

REAU 71Mll),(CIJrll 1J=l 1 81 
1 FlJRMATl9F8.3) 

INPUT EXPERIMENTAL PRESSURE-FREQUENCY DATA ANO DETERMINE THE 
NUMRER OF PIECES OF UATA 

8 REAn 7 1P(ll 11F(J,[l,J=l,81 
PI 11 =PI l I/ 14. '.> 03 8 
IF I fl I 1 llJ~,10,9 

9 l=l•l 
Gll TO 8 

10 N=l-l 
I= l 
PRINT 11,IUl:SCIZi,Jll,Jl=l,131 

11 FORMATllHl1.! 1tX,l3A4/2';x,'ISOTHERMAL CIJMPRESSlBILITIFS AS A FUNCTIO 
lN OF PRESSURE'//25X,•P = PRESSURl:'/2'JX 1 1 RHO = DFNSITY'/Z'JX, 1 1 COMP 
l PDTC = ISOTHERMAL COMPRESSIBILITY PERPl:NDICULAR TUC AXIS 1 /25X 11 1 
l CUMP PLTC = ISOTHERMAL COMPRESSIBILITY PARALLEL TO C AXIS 1 /25X, 1 1 
1 VOL COMP= ISOTHCHMAL VOLUMETRIC COMPRl:SSIBILITY 1 ///25X, 1 P(KPSI 
11 PIKBI RHO l COMP PDTC I COMP PLTC I VOL COMP'/) 

COMPUTE Cl2 1Cl3 ANU ALL CUMPLIANCF CONSTANTS 

12 lFIF(6,JJ.LT.O.ll GO TO 14 
1FIFl7,t).LT.0.11GU TO 13 
((q,J l=C(7,fl-Ct5,JJ-Clf>1 II 
GO TO 15 

13 C(q,JJ=Cll,IJ-2.0•Cl6,II 
C 17, I I= IC I l, I l +CI q, I I• 2. O* CI 5, t I II 2. 0 
GO TO 15 
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c 
c 
c 

c 
c 
c 

c 
t 
c 

14 C I q, I I = 2 • O •C C 7 , I I - 7. • O •CI 5 , f 1-C I l, I I 
CC6,fl=lf.13,fl-CC9,lll/7.0 

15 IFICl7.,llll7,16,17 
lb J=4 

SI z, 11=0.0 
Sl4,ll=l.O/Cl4,ll 
GO TIJ 20 

17 J=? 
SI 2 o f I= I. O IC I 7., f I 
IF IC: I'•, f I 119, 18, l '1 

IR S l't ,I I =O.O 
GO Tn 20 

19 Sl 1t,f l=l.O/Cl4,ll 
20 r. I I 0' I I= D SQ~ Tl ( 4. O•C I!!' I 1-C I 3' I 1-C I 1, I I -7. o•c I J' , , , .. 2- I c I l, I I-

t C I l r I I I+* 7. l I 2. 0-C I J , I l 
SI c;, I l=l .O/CI 5, I l 
XI = l. 0 +c I IO, I l + • 2 -C I 1 ti I +I CI q, I I +CI 3, f I I 
XXl=XI•cc1q,11-c11,111 
SI 3, f I =IC I 1 , I I •C I l , I 1-C I 10, l I + + 21 /Xx I 
SI q, l I = I ti 1 O, I I** 2-C I 9 , I I +c I l , I I I IX XI 
SllOtll=CllO, I I/XI 
Sll,Il=-ICl3,ll+C(9,lll/XI 

COMPUTE THE VfLOCITIES FOH THE VARIOUS Cll,JI 

DO 21 J=l,10 
21 VllJ,fl=OSORTICIJ,11/llO.O•Rlllll 

7-2 

23 
·24 

COMPUTE AOIA~ATIC ANO ISOTHERMAL COMPRESSIRILITIES 

VI I, 1l=SI3, I l+Sl9, I l+SI 10, l I 
v11,21=s11 ,11+2.o•s110,11 
VI I , 3 I = 2. 0 •SI 3 , l I+ SI l , I I + 2. 0 + S I 9, I I+ 4. O* S I l O, I I 
BBllll=Vll,ll*AGT 
RB7lll=Vllr21•AGT 
VC UM I' I I I =VI l t3 I +AG T 
PPlll=Plll•l4.5038 
PRINT 22,l'PCil,Plll,RI ll,BOlll),AB7.lll,VCOMPI II 
FURMATl25X,2F9.3,lX,F9.5,3(lX,El2.6)) 
IFll.GT.N-11 GO TO 27 

COMPUTE ELASTIC CONSTANTS AT HIGHER PRESSURE 

DO 24 J=l,7. 
I F I F I J , I I • LT • 0 • l I GO T n 2 3 
CI J, I + l I = C: C J , I I +I F I J, I + 1 I IF I J , I I I + * 2 * I 1 • 0+flB11 I I+ C PI I + 1 I-PI I I I I + •2 

l/ll.O+A82lll*CPCI+ll-PIIlll 
GO TO 7.4 
CIJ,l+ll =O.O 
CONTINUE 
DO 76 J='l,7 
IFIFIJ,11.LT.O.ll GO TO 25 
CI J, I+ 11 =CI J, I I• I FI J, I+ l l I f-1 J, I I I++ 2• I 1. O+ Bill I I I+ IP I I+ 11-P I I I 11 
GO TO 26 

2~ CIJ,t+ll=O.O 
'lb CONTINUE 
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J=8 
CI J, I +11-= CI J, I I* I FI J, l + l l / F ( J, I I l u 2 *I 1 • O+ ( 2. 0*£HI 11 I l +BB 2 I I I l • ( P ( 

ll+lJ-P(llll/ll.O+IABl(ll+AB211Jl•IPll+ll-Plllll 
R( J+ll=R( 1l•VCOMP(1 l•IPI l+ll-PI I l l+HI I l 
l=l+l 
GO TO 12 

27 PRINT 28,(UESCl25,Jll,Jl=l,13l 
28 FURMATl1Hl,24X,l3A4/25X,'ADIABATIC COMPRESSIRILITIES AS A FUNCTION 

l OF PRESSURE'//25X,'A COMP PUTC = ADIABATIC COMPRFSSIRIL(TY PERPEN 
lDICULAR TO C AXIS'/ 25X,'A COMP PLTC =ADIABATIC COMPRESSIBILITY P 
lARALLEl TO C AXIS'/25X, 1 A' VUL COMP= ADIABATIC VOLUMETRIC COMPRESS 
llBILITY 1///26X, 1 PIKPSll PIKAI KHO A COMP POTC A COMP P 
llTC A VOL COMP 1/l 

DO 29 I= 1, N 
29 PRINT 22,PP(ll,Plll,K((l,(V(l,JJ,J=l,31 

PRINT 30,CDESC(25,JlJ,Jl=l,131 
30 FORMAT(1Hl,l4X,13A4/l5X, 1EXPERIMENTAL PRESSURE-FREQUENCY INPUT DAT 

1A'///l6X, 1 P(KPSll PtK£H F33 flt4 Fll F44A 
l F66 FPQ FTU FRS 1/J 

DO 31 I= l, N 
31 PRINT 32,PPll11Plll1IFIJ,ll1J=l,8) 
32 FURMATl15X,lOF9.31 

PRINT 33,(DESCl2~,Jll,Jl=lrl31 

33 FOR~ATllHl, 9X,13A4/l0Xr'ELASTIC CONSTANTS AS A tUNCTIUN OF PRESSU 
lRE'/lOX, 1C44 = PROPAGATION PARALLEL TO C AXIS 1 /lOX, 1 C44A = PROPAGA 
lTION PERPENDICULAR TO c AXIS'/lOX, 1CPQ = ICll-Cl21/2 1/lOX, 1 CRS = ( 
11Cll+C33+2*C44+11Cll-C331**2+4•1Cl3+C441••21**l/2J/4 1 /lOX1 1 CTU = ( 
lCll+Cl2+2*C66l/2 1///llX, 'PIKPSll PIKBI C33 C44 Cl 
11 C44A C66 CPQ CTU CRS Cl2 Cl3 1/ 
lJ 
on 34 1=1, N 

34 PRINT 35,PPllJ,Plll,(CIJ,ll,J=l,10) 
35 FORMAT(9X,l2F9.3I 

PRINT 36,IDESCl25,Jll,Jl=l1l3) 
36 FORMATllHl, 9X,13A4/lOX1'COMPLIANCE CONSTANTS AS A FUNCTION OF PRE 

lSSURE'///lOX,• PIKPSll P(KAI S33 1 ,tox,•s44•,iox,•s11 1,iox, 
l • s 44A • '9 x I • 56 6' ' l 0 x' I s 12 I • lox' • s 13., I 

DU 37 l=lrN 
37 PRINT 1B,PPIIl,P( ll,(S(J,ll,J=l15l,IS(J,111J=9,lOI 
38 FORMhT (9X,2F9.3,711X,El2.61l 

PRINT 39,IDESCl25,Jll,Jl=l,l11 
39FORMAT(1Hlr4X 111A4/5X, 1VELOCITIES OF THE ELASTIC CONSTANTS AS A FU 

lNCTION OF PKESSUKE 1///7X, 1 P(KPSll PIKBI VIC331 VIC44) VIC 
1111 VIC44AI VIC66l VICPQI VICTUI VICRSI VIC121 VIC131 
1 '/J 

DO 40 l=l,N 
40 PRINT 41 1 PPlll,Plll.CV\IJ,l),J=l,101 
41 .FORMATl5X12F9.3,lOF-9.51 

PRINT 42,COESCl25,Jl11Jl=l1131 
42 FOR~ATl1Hl 1 8X113A4/9X, 1 VOIGT,REUSS,HILL MODULI AND CORRESPUNDING V 

1ELOC(TIES 1//9X 1 1 KIVI =VOIGT BULK MODULUS'/9X,'UIVI = VOlGT SHEAR 
1MODULUS 1/9Xr'KIRJ =REUSS BULK MODULUS'/9X,'UIRJ =REUSS SHEAR MOD 
1ULUS 1/9X, 1KIHI =HILL BULK MODULUS'/9X, 1 UIHI =HILL SHEAR MODULUS' 
l/9X, 1VSIVI =VOIGT SHr'AR VELOCITY 1 /9X,'VSIRI =REUSS SHEAR VELOCIT 
1Y 1 /9X,JVSIVRHI = VUIGT,REUSS 1HILL SHEAR VELOCITY'/9X, 1 VPIVI = VOIG 
lT LONGCTUDINAL VELUCITY 1/9X, 1VPIRI .:: REUSS LONGITUDINAL VELOClTY 1 / 

. . 
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l9X, 1 VPIVIUO = 
llVI UIVI 
11 VSIVRHI 

c 

VOIGT,MEUSS,HILL LONGITUDINAL VFLOCITY'//12X,•P 
KIRI UlRI KIHI UlHI VSIVI 

VPIVl VPIRI VPIVRHl 1 /l 

I( 

VSIR 

C COMPUft [LASllC MOUULI AND CUMPRtSSIUNAL- ANO SHEAR-WAVE 
C VELOCITIES llY VOIGT,REUSS ANO Hill AVtRAGING SCHEMES 
c 

c 
c 
c 
c 

c 
c 
c 

DO 46 I= l r N 
IFIFl2,ll.EQ. 0.01 GU TO 4~ 

L• 7 
GO TO 44 

43 Lz4 
44 v I , , 4 I= I I 2. o•c 13. I) +CI 11 I) I+ 2. 0. ( c (')'I ) + 2. O•C 110 I 111 I /9. 0 

Vll,5l=l2.0•Cl3,ll•Cll,ll-Cl9,ll-2.0•CllO,ll•6.0*CIL,11+3.0•Cl5,ll 
U/15.0 
v' I 'b I= l • 0 /( 2. O• s' 3' I ) • s' I • I ) .. 2. 0.' s' 9 I I ) .. 2. 0. s' l 0 I I I 11 
VI I , 71=15. 0/1 4. O* I 2. 0 •SI 3, I I+ S 11, I 11-4. O* IS I 9, I I+ 2. O *SI l 0, I 11 Hi. O* 

lSILtll+3.0•Sl5,lll 
vc1,a1=0.s•1v11,41+v11,011 
Vl1 19l=0.5•1Vll,51+Vll,711 
DO 45 K=3,5 
v I I 'K • 7 I =DSQR T 'v' I I 2 •K- l I/ ' 10. O•R' I ) 11 

45 VI I , Kt l O I =DS(JR T I IV I I , 2 *K-2 I +4. O •VI I , 2• K- 11/ 3. 0 I/ ( l 0. O•R I I I I l 
'tb PRINT 47,PPlll,IVlltJl 1J=4,l5l 
47 fORMATl9X,F5.l,6F9.3,6F9.4) 

COMPUTE MEAN SOUNU VfLOCITIES ,oEnYE TtMPERATURE ANO ANISOTROPY AS 
A FUNCTION OF PRESSURE 

PRINT 48 1IDESCl25,Jll,Jl=lrl31 
48FURMATl1Hl,13X,1JA4/l4X 1 1 VOIGT,HFUSS AND Hill MfAN VFLOCITIES AND 

lCOHRESPONDING DEUYE TEMPERATURE 1//14X, 1 VMIVl =MEAN VElUCl1Y 1/l4X, 
l'VMIHI =REUSS MEAN VELUCITY 1 /l4X, 1 VMIVRHl = VOIGT,REUSS,HILL MEAN 
1 VELOCITY 1/l4X, 1 SIGIVl = POISSONS RATIO USING VOIGT VElOCITIES 1/l4 
lX,•SIGIRl = POJSSONS HATIO USING REUSS VELOCITIFS'/14X 1 1 SIGIVRHl = 
1 POISSONS RATIO USING VRH VtlOCITIES•/14X,•DTIVl = OEHYE TEMPERATU 
lRE USING VMIVl'/14X, 1 DTIHI = DEBYE TEMPERATURE USING VMIRl 1 /14X,•O 
lTIVRHl = OEllYE Tt:MPERATURE USING VMIVRHl 1/14X1 1A =SHEAR M·i°ISOTROP 
lY'/14X, 1 RHO = DENSITY 1///17X 1

1P VHIVl VMIRl VMIVRHI SIG 
llVl SIGlRI SIGIVRHl DTIVl OTIRI DTIVRHI A RHO'/ 
l ) 

DO 51 I= 11 N 
DO 49 K=l6,l8 
VI I 1Kl=I I 3.0•VI I ,K-3)H3*VI I 1K-61**3l/12.0•V( J ,K-3)U3 +VI J ,K-6)** 

13) )H.33333333 
VI I , Kt 3 l = 0 • 5 • I I IV I I , K- 31 IV I I , K-6 l l .. 2- 2 • O l / I I VI I , K- 3 I / V I I , K-6 I I ** 2 

1-1.0ll 
49 V ( I 1 Kt-6 l =2 51. 2 •I 1. 0/1'rl(JT**.3333 33 BI l *I IU I l U. 33H33 33 l •VI I, KI 

V(l,251 = 2.0•IVll,5l-Vll,9ll/IVll,5l+V(J,911 
V(l,76l=Rlll 
PRINT 50,PPlll,IVll,Jl,J=l6 126l 

50 FORMAT ( 14X,1"5. l 1 lX, l lf-9.4) 
51 CONTINUE 

COMPUTE LEAST S~UARfS FIT BETWEEN PRESSURt ANO THE VARIOUS 
PA~AMETERS 
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READ 52,IMCKJ,K:l,241 
5' fORMATl241l I 

LL =6 
L=59/IN+ll-l 
00 77 K=l,24 
IF(L-LLl5l,55,55 

53 PRtNT 54 
54 fOl{MATllHll 

LL = O 
55 IF(MIKll 56,77,56 
!>6 LL = LL+l 

DU 6 7 f I= l, N 
GO TO (~1,58,~9,~0,6lrblr61,6lr6lr62,62,63,63,63,63t6lt64,64,65,65 

J,65r65rt>5,6611K 
57 Yllll=Rllll 

GO TO 67 
58 Yllll=BBll Ill 

GO TIJ 67 
5q Yllll=B02(lfl 

GO TO 67 
60 Yllll=VCOMP(fll 

GD TU 67 
61 Yllll=CIK-4,111 

GO TO 61 
62 Yllll=CIK-1,111 

GO TO 67 
63 Yllll=VllK-11,111 

GD TO 67 
64 Yllll=VllK-Btlll 

GO TO 67 
65 Yllfl=FIK-lB,111 

GO TO 67 
66 YI fll=F(B,111 

GO TO 67 
67 CONTINUE . 

PRINT 68, IOESCl25,Jll,Jl=l,l31rlOESCIK,J21rJ2=1,l31 
68 FORMATl30Xrl3A4/30Xr'L[AST SQUARES PRESS VS •,t3A4/I 

PRINT 69, IYAX(K,Jl1,Jl=l131 
69 FORMATl31X,'PRESS',l2X,3A4,l5X,'Y/Y0'1 

SUMX O.O 
SUMY = O.O 
SUMX2 = 0.0 
SUMXY O.O 
SUMY2 O.O 
Cl=N 
DO 70 J=l,N 
XIJI PPIJI 
SUMX = SUMX+X(JI 
SUMY = SUMY+YIJl 
SUMX2 = SUMX2 +X(Jl**2 
SUMY2 = SUMY2 +YIJl**2 

70 SUMXY = SUMXY+XIJl*YIJI 
IFISUMXYI 73,71,73 

71 PRINT 17 
GO TO 77 
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12 FORMATl/////45X, 1NO INPUT VALUES'/t 
c 
c 
c 
c 

COMPUTF SLOPF,INTtRCEPT,CORRELATION COEFFICIENT,VARIANCE AND 
STANDARD DtVIATIUN 

73 Sl=ISUMX•SU~V-Cl•SUMXYl/(SUMX••2-Cl•SUMX2t 
Bl• (SUMX?•SUMV-SUMX•SUMXYl/ICI•su~x~-SUMX••21 
Rl•ICl•SUMXY-SUMX•SUMYl/USURTllCl•SUMX2-SUMX••2)*1Cl•SUMY2-SUMV••2 

1)) 

SXY & SUMXY-SU~X•SUMY/CI 

SXX = SUM~2-SUMX•SUMX/CI 
SYY = SU~Y2-SUMY•SUMY/CI 
VARS • ISYV-SXY**2/SXXl/ISXX•ICl-7.0ll 
DEVS =OSORTIVARSI 
SPKf\•51•14.504 
Oil 74 J=l,N 
YI~• Y(J)/Ylll 

14 PRINT 75, X(Jl,V(J),YR 
75 FURMAT!27X,f 14.7,8X,El4.7,~X,Fl4.71 

PRINT Tb, Sl,VARS,OEVS,Bl1Rl,SPKB 
76 fURMATll2HOSLOPt =rFll.4/ 1 VARIANCE • 1,El3.2/ 1 STO UEV • 1 t 

1Fl2.5/ 1 INTERCEPT • 1,Fll.4/ 1 CORR. COEFF •• •,ElZ.5/ 1 SLUPE PER KB 
l s•,FH.4/11 

17 CONTINUE 
JJ•?.5 
GU TO 

78 STOP 
ENO 

• 
//GO.SVSIN 00 • 
0£NSITY 
CU~P PtRPFNUICULAR TO C 
COMP PARALLEL TO C 
VOLUM~ TRIC COMP 
c 13 
(4'• 
c 11 
C4'tA 
Cn6 
Cll 
c 13 
C"\~ VflOCITY 
C44 VfLOCITY 
Cll VELOCPV 
C44A VELOCITY 
C66 VELOCITY 
C 17 V lL OC I TY 
Cl3 VE-LUCITY 
H"" 
f 44 
Fl 1 
F44A 
F66 
FRS 
PR(:SSURE CALCULATIONS FOR CRYSTAL Ill 11 I 
26.6329333 2.3520-05 L.28 298.15 

DENS I TY 
Cfl:-IP PDTC 
COMP PLTC 
VUL COMP 
Cl3 
C44 
Cll 
C44A 
Cb6 
Cl2 
Cl3 
C33 VF.L 
C44 VL:L 
C 11 Vfl 
C44A Vf:l 
C66 VFL 
C 12 VEL 
C 13 VEL 
FB 
F44 
F 11 
F44A 
F6b 
FRS 
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4.264 4844.0431245.46~2716.885 1949.548 467.7944177.920~9R4.~70 

• 0.015476. 719 241.682 460.900 453.534 163.067 407.327 595.771 
4.000476.812 241. 701 461.044 453.733 163.002 481.565 595.904 
8.000476.905 24 l. 721 461.190 45~.932 162.936 487.005 596.038 

t2.000't76.998 241.740 461.335 45'1.132 162. 871 4118.045 596.172 
16.000477.091 241.760 461.480 454.332 162.805 488.284 596.305 
20.000477.184 241.779 46 l .625 454.531 162.740 1+88. 524 596 .4 39 
24.000477.277 241.799 461.770 454. 731 l67.b74 488.764 596.573 
28.000477.371 241.818 4bl.9lb 454.931 162.608 489.003 596.707 

• 32.000477.464 241.838 462.061 45'>. l 30 162.543 489.243 59(1. 840 
36. 000 417. 55 7 241.857 462.206 45'). 3 30 162.477 489.402 596.974 
40.000477.650 241.877 462.351 455.530 162.412 489. 722 597.108 
44.000477. 743 l4l. 897 46<!.496 455.729 162.346 489.962 597.241 
48.00.0477.836 241.916 462.641 455. 929 162.281 490.201 597.375 
52.000477.929 241.936 462.787 456.129 162. 215 490.441 597.509 
56.000478.023 241.955 462.932 456.328 162.150 490.681 597.643 
60.000478.116 241.975 463.077 456.528 162.004 490.920 597. 776 
64.000478.209 241. 994 463.222 456. 728 162.019 491.160 597.910 • 68.000478.302 242.014 463.367 456.97.7 161.953 491.399 598.044 
72.000478.395 · 242.033 463.512 457.127 161.888 491.639 598.177 
76.000478.489 242.053 463.657 457.327 161.827. 491.879 598.Jll 
80.000478.582 242.072 463.803 457.526 161.757 492.118 598.445 
84.000478.675 242.092 463.948 457.726 161.691 492.358 598.579 
92.000478.061 242.131 464.238 458.125 161.560 492.837 598.846 
96.000478.954 242.150 464.384 458.325 161. 4 94 493 .077 598.980 

100.000479.047 242.170 464.')29 450.524 161.429 493.316 599.114 • 104.000'+79.141 242.189 464.674 458.724 161.363 493.556 599.247 
108.000479.234 242.209 464. 819 458.924 161.298 493.796 599,J8l 
112.000479.327 242.228 464. 964 459.124 161.232 494.035 599.515 
116.000479.420 242.248 465.109 459. 323 161.167 494.275 599.648 
120.000479.513 242.267 465.254 459.523 161.101 494.515 599.782 

lllllllllllllllllllllll 
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PRESSUkE CALCIJLAfJllNS tuk CRYSTflL 111111 
lSUTHtRMAL CCMPRESSIRILITIES AS fl FUNCTION nF PRESSURt 

P = PR[SSURE 
RHO = C(l\SITY 
I COMr> PDTC = ISUTHERMflL CCMPP.ESS!l~ ILITY P(KP£:NUJCULAR TO C AXIS 
I COMP PLTC = ISOTHERMAL COMPKESSll?.ILITY PARALLEL TO C AXIS 
I VOL tOMP = ISOT~ER~Al VOLUMETRIC COMPRESSIUILITY 

PCKPSll 

0. c 1 !> 
4.000 
a.coo 

12.000 
16.000 
20.000 
24.000 
21:1.coo 
32.COO 
36.C.00 
40.CCO 
44.lOO 
48.000 
52.COO 
56.COO 
60.000 
64. coo 
68.0C:O 
12. 000 
76.COO 
so.coo 
84.000 
92.000 
9t>.OOO 

100.000 
104.COO 
108.000 
112. coo 
116.000 
120.coo 

PIKIJI 

0.001 
0.216 
0.552 
0.827 
1.103 
1.379 
1.6~· 5 
1. 9 31 
2.206 
2.482 
2. 75 0 
3.03't 
3. 309 
J. 5 8 5 
J.861 
4.137 
4. 411 
4.6!.!8 
4.964 
5. 240 
5.516 
5.792 
6. J4 3 
6.u19 
6.095 
7.171 
7.446 
7. 72 2 
7. CJ ') f3 
8.27'1 

I CCMP PUTC I COMP PL TC I VGL COMP 

4.26400 O.l<;l:27blJ-03 C.8'186210-04 0.4794140-03 
4.2t>456 0.1<;60560-03 0.8~84610-04 0.478Q5R0-03 
4.2&512 0.1958320-03 0.8683230-04 0.4784970-03 
4.26569 ().lS5£,llU-03 O.H'>8154D-04 0.4780370-03 
4.26625 0.1953900-03 0.8680LSU-04 0.4775820-03 
4.26681 0.1<;51680-03 0.8678580-04 0.4771220-03 
4.26737 0.1<;41470-03 C.8677090-04 0.4766660-03 
4.26l93 0.1<;47270-03 0.~67552U-04 0.4762100-03 
4.26850 0.1<;45070 - 03 0.8'174280-04 0.4757560-03 
4.76906 0.1947880-03 0.8672540-04 0.4753010-03 
4.2&961 0.1940690-03 0.8671030-04 0.4748480-03 
4.27017 0.1~3 !49U-03 0.8669800-04 o.4743960-03 
4.27073 0.1936320-03 0.8668C4D-04 0.4739440-03 
4.27129 0.1934130-03 O.H6l662U-04 0.4734920-03 
4.27185 0.1931950-03 O.A66502U-04 0.4730400-03 
4.27241 O.lS2978D-03 0.8663700-04 0.4725930-03 
4.27296 0.1<;27610-03 0.8661990-04 0.4721420-03 
4.27352 0.1925450-03 O.R660460-04 0.4716940-03 
4.27408 O.lS232HO-OJ 0.8658990-04 0.4712470-03 
4.27463 o.1s21120-03 o.n65756D-04 o.4708000-03 
4.27519 0.1SlH97D-03 O.R65589D-04 0.4703530-03 
4.27'j74 0.1916810-03 0.8654370-04 0.4699070-03 
4.27685 0.1912520-03 0.8651350-04 0.4690180-03 
4.27740 0.1<;10380-0J 0.8&'•9730-04 0.4685720-03 
4. 27 795 0.1 <;Ql>.241J-03 o. 8648 l(,f)-04 0 .4681300-03 
4.27851 O.l<;C6llU-03 0.8646780-04 0.4676890-03 
4.27906 o.1so398o-o3 o.H64524D-04 o.4672480-03 
4.?7961 O.l<;Cl86D-03 0.8643470-04 0.4668060-03 
4.28016 O.lB9S730-03 O.R64220U-04 0.4663680-03 
4.28071 0.1E~761D-03 0.8640490-04 0.4659270-03 
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PRESSURE CALCULATIONS FOK CRYSTAL #1111 
ADIAllATIC COMPRESSJnlllTIES AS A FIJNCTION UF PRESSURE 

A COMP PUTC = AOIAUATIC CUMPRESSle!LITY P~RPENUICULAR TU C AXIS 
A COMP PLTC = AOIAUATIC COMPK~SSIBlLITY PARALLEL TO C AXIS 
A VOL COMP = AUIABATIC VULUMETMIC COMPRESSIUILITY 

PlKPSII 

0.015 
4.000 
a.coo 

12.000 
16.000 
20.coo 
24.000 
28.000 
32.000 
36.000 
'tO.COO 
44.000 
'48.COO 
52.000 
56.000 
60.COO 
64.COO 
68.000 
12. coo 
76.COO 
ao.ooo 
84.COO 
92.000 
96. 000 

100.COO 
104. coo 
108.000 
112. coo 
116.000 
120.COO 

P(KBI · 

o. 001 
o. 276 
0.552 
o. 82 7 
1.103 
1.379 
l.655 
1. 931 
2.206 
2.432 
2.758 
3.034 
3. 309 
3.585 
3.861 
4. lJ 7 
4.413 
4.688 
4.964 
5.240 
5.516 
5.792 
6.343 
6.619 
6.895 
7 .111 
7 .446 
1.122 
7.998 
8.274 

KHO A CCMP POTC A COMP PLTC A VOL COMP 

4.26400 0.1945300-03 0.8608940-04 0.4751490-03 
4.26456 O.lS43l20-03 0.8607350-04 0.4746970-03 
4.26512 O.lq4090D-03 C.8605990-04 0.4742400-03 
4.26569 O.lS3870D-03 0.8604310-04 0.4737840-03 
4.26625 0.1936510-03 0.8603030-04 0.4733330-03 
4.26681 0.1934320-03 0.8601380-04 0.4728780-03 
4.26737 o.1932l3D-03 o.05n900-04 o.4724250-03 
4.26793 o.192g950-03 o.859834U-04 o.4719730-03 
4.26850 0.1S2776U-03 0.859711U-04 0.4715240-03 
4.26906 0.1925600-03 0.8595390-04 0.4710730-03 
4.26961 0.192,420-03 0.8593890-04 0.4706240-03 
4.27017 0.1921240-03 C.8592680-04 0.4701760-03 
4.21073 0.1919090-03 0.859093()-04 0.4697280-03 
4.27129 0.1916920-03 0.8589520-04 0.4692790-03 
4.27185 0.1914760-03 0.8587930-04 0.4688320-03 
4.27241 0.1912610-03 0.8586630-04 0.4683880-03 
4.27296 0.1910460-0J 0.8584940-04 0.4679420-03 
4.27352 O.l9CU32D-03 0.8583410-04 0.4674980-03 
4.21400 o.1gc6110-03 o.B581960-o4 o.4670540-03 
4.27463 o.1go4030-03 c.e580540-04 o.4666120-03 
4.27519 0.1S01900-03 0.8578d8U-04 0.4661680-03 
4.27574 0.1899760-03 0.857738()-04 0.4657260-03 
4.276e5 o.1ag5510-03 0.0574390-04 o.4648460-03 
4.27740 0.18S3380-03 0.8572780-04 0.4644040-03 
4.27795 0.1891270-03 0.8571230-04 0.4639660-03 
4.27851 O.lH89150-03 0.8569860-04 0.4635280-03 
4.27906 0.1887040-03 0.8568330-04 0.4630910-03 
4.27961 0.1884940-03 0.8566580-04 0.4626540-03 
4.28016 0.1882830-03 0.8565310-04 0.4622190-03 
4.28071 0.1B80730-03 0.8563620-04 0.4617820-03 
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PRESSU~E CAL CUL AT !CNS FCR CRYSTAL # 1111 
EXP ER 1'1ENTAL PPESSURE-FREQUENCY INPUT OATA 

• PIKPSll Pl Kill F33 F44 Fll F44A F66 FPQ FTU FR S 

0. 1)15 0.001 476. 719 24l.6fl2 46c.c;co o.o 453.534 163.067 4A7.327 595. 771 
4.000 o. 27b 476.812 24 l. 70 l 461.0'•4 o.o 453.733 163.002 487.565 595.904 
e.ouo 0,552 416. '105 241. 721 461.l'lO o.o 453.932 162.936 487.A05 596.038 

12.000 0.1127 476.'>'18 241. 740 461.?35 o.o 454.132 162.!171 488.045 596.172 
16.0CO l. 103 477.CJ<H 241.760 461.460 o.o 454. 332 162.805 408.2114 596.305 • 20 .uoo 1. H9 477.184 241.779 46l.t25 o.o 454. 531 162.740 488.524 596.439 
24.000 l. 655 477.277 241.799 461. 770 o.o 454.731 162.674 4R8. 764 596.573 
28.000 l. 9] l 477.371 241.818 46l.'ll6 o.o 454.931 162. 60 8 409.003 596. 707 
32.LOO 2.206 477.464 24l.83fl 462,C6l o.o 455.130 162.543 489.243 596. A40 
3C..OOO 2. 1t!J2 477.557 241.857 41,2.206 o.o 455.330 162.477 489.482 596.'174 
4C.OOO 2.758 477.650 24l.8f7 462.351 o.o 455.530 162.412 489. 722 . 597.108 
44.000 3.034 477.743 241.1197 462.4% o.o 455. 729 162.346 489. 962 597.241 
4tl.OCO 3.309 477 .tnc. 241.916 462.641 o.o 455,929 162.281 490.201 597. 3H 
52.000 3.585 477,929 241.936 462. 7f7 o.o 456.129 162.215 490.441 597.509 • 56.001) 1. tJl,l 47tl.023 241. 95 5 462.<;32 o.o 456.3:.!tl 162.150 490.681 597. 643 
60,()00 4. 137 478.116 241.975 463.CH o.o 456.528 162,084 490.'nO 597. 776 
64.000 4. 413 47fl.l09 241.994 463.222 o.o 456.728 162.019 49 l .160 597.910 
68.ooa 4. 6 8tl 470.3a2 242.a14 463.367 a.o 456.927 161.953 491.399 5<J8.044 
n.ooa 4.964 478.395 242.033 463.512 a.o 457.127 f6l .OA6 491.639 598.177 
76.oao 5.240 471l.48'l 242.053 463.t57 a.o 457.327 161.622 49l.tl79 596.311 
!la.ooo 5.516 470.562 2<.2.a12 463.6a3 o.o 457.526 161.757 492.llll 596.445 
84.oao 5.792 47tl.675 242. 0\12 463,<;48 o.a 457.726 161.691 492.358 590.579 
92.000 ti· 343 478.861 242.131 464.23!! u.a 456.125 l61.56a 492 .AH 598.646 • Sb.COO 6.619 47fl,'l~4 242.150 464.384 a.o 458.325 161.494 493.077 598.98a 

lCC.aoa 6.d95 4 7'l. 01, 7 -242.170 464.529 a.a 458.524 161.429 493.316 599,114 
104,00ll 1. l 71 479.141 242.11:!9 46 1tot14 o.o 456.724 l 61. 36) 493.556 599.247 
lCa.aou 7.446 "1'!. 2 }4 242. 2a9 464.819 a.o 458.924 161.296 493. 796 599.361 
112.000 1. 122 47'l.327 242.228 464.<;64 o.o 459.124 161.232 494.a35 599.515 
116,UOO 1. 9<;tl 479. 1t20 242.2411 465.109 o.o 459.323 161.167 494.275 599.648 
120.000 B. 2 74 47'1.513 242.267 '•65.254 a.o 459.523 161.101 494,515 599.762 

• 

• 

• 

• 

• 
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PRESSURE CALCULATICNS FCR CRYSTAL #1 l l l 
ELASTIC CONSTANIS AS A ~UNCTIUN Of PRESSURE 

• C't'• • PROPA~ATI ON PAMALL~l TO C AXIS 
C44A • PPOPAGATICN PEPPENOICULAR TO C AXIS 
CPQ • ltll-Cl2112 
CllS • l1Cll+C33•l•C44+11Cll-Clll••2+4•1Cl3+C441••21••l/21/4 
cru • 1c11+ctl•2•c6bl/2 

PIKPSll PIKBI (33 C44 Cll C44A Cbb CPU CTU CRS ClZ Cll 

0.015 0.001 4844.043 1245. 46) 2116.d85 o.o l949.54A 4b 7. 794 H 11.no )'l~4. 310 17b0. 518 149A.430 
4.000 o.Ub 484b.J 1t0 l245.7b) 2710.648 o.o IY5l.30b 41, 7. 43 2 4182.102 Hd6. 3h4 l 76) .lt>4 I 499. 8114 • a.ooo o.552 4848. 6 3'1 1246. en 2120.4)5 o.o 195l.Ob5 461.01.5 4 l 8b. llO l?HH.313 l761t. l 1H l5Ul.l11 

u.ooo o.8Z7 4d50 .<JJA 1241>. J 75 212l.21 I o.o l9S4.HJ3 4b6. 704 4l<J0. 54 l )q90. 301 l 7h'l.Oll4 1502. 511 
16.000 1.101 4U53.lJ7 1246.6.86 2723.G88 o.o l95o.602 4LI>. 337 4194. 7"7 39qz. H•l l 171. HO'I l503.9lb 
20.000 1.379 4U55.531 ll4b.'101 272 5 .765 o.o 195A.lbJ 465.'115 4l~H.972 39H.3ff7 1714.6l3 l505.ll1 
2't .ooo l.655 48~7.RH 1247.297 2121. 54) o.o 1960.134 465. bO'l 4203.199 3'l9b.l9H 1711.4~6 150!>.707 
za.ooo l.'IJI 4 ·160.156 l247.5YO 27 29. ]J) o.o 1961.905 465.l42 4207.411 H?8.40R I 7AO. 21'>4 1508.090 
lZ.000 2.206 '11162.456 1247. 908 nH ·.113 o.o l9b3.bh? 464.Udl 42 11 • t>4 l 4000.405 17 83.093 I 50'1.442 
Jb.000 2.482 4U64.l56 l24H.208 27Jl.89Z o.o 1965.442 4b4.5l5 421~.H60 4002.411 17A~.Q02 1510.645 
40.000 2.75d 4867.05/J 124B.H9 2734.671 o.o 1901.216 4b4.l55 4220.0% 4004.426 l 7ij6. 725 1512.227 
44.000 3.0 l4 4H69.356 l24U.H2'l 2736.454 o.o 191>8.?83 463. 786 4224.JH 40 llb .4t;!7 lHl.56l 1513. 581 
lt8.000 3.30? 4Hl.b5b .1249.121 27311.235 o.o 1970.758 4bJ.42H 4228.55H 4008.439 l7'1•. l71 1514.9&6 • 52.000 J.585 4873.957 124 '>. 439 2740. 029 o.o 1972.535 463. 01.2 42)2.ROO 4010.452 I 7•H. 20 l I ~lb. Jbl> 
56.000 J.86 I 4816 .2 7tt 1249. 7J •l 2741.812 o.o 1'174.303 4b2.702 42J7.0•5 4012 ... t.5 1800.03<1 1517.757 
b0.000 4.IH 4~h.579 1 250 .049 2743.5?6 o.o lq]b.061 462. Jl7 4241. l7~ 4014.4b5 1802.8 57 I~ I 'I. 114 
1>4.000 4.H3 "u8c. e uo 12 50 .348 2745.380 o.o l977.8bl 461.'117 4245.~25 40 lb. 478 IU05.6A7 1520.521 
68.000 4.6Hd 411H J. IUI 1250.658 2747.164 o.o 1979.612 4bl obl2 "H9. 759 401tt.4'1Z 1808.515 l5Zl.'107 
72.000 4.964 41185.462 IZ50.'l57 2746.949 o.o 1981.413 .. bl. 253 4254.0ll 40 20 .4 '13 1811. 347 1521.287 
76.000 s. 240 4U·l7.U04 12 5 l.2b7 2750.7J5 u.o 1983.1'14 41>0.8 ~8 4258. 26'1 40 21 .508 1814. 18 7 1524.65? 
80.(JOO 5.516 48'10. IOS 12 5 1.566 2752.534 o.o 1984.%8 460. 528 4262.51C 40 l 4.52 3 1817.0ll 152b.Ob5 
84.000 5. 7'12 48'12.407 1251.UH 2754.121 o.o l 'IR b.751 4b0.lh4 t,2bb.770 402b.5]'1 IHl'l.U5 5 1527.453 
92.000 6. 343 t,8G7.0l2 12 52. ~8.C, zn1. H'l7 o.o 1'190.lll 459 ... 40 4275.280 4010. 55fl l825.5l'I 15JO.U5 

• 96.000 6.61'1 4U99.314 12 52 . 7dl 2759.~9H o.o I 9 '12. 0'17 45'1.07b 427Y.547 4012.575 IU2U.l74 nll.bH 
100.000 6. ti«i!J 4~0) .(1 lb 12~1.0·12 27bl.4H o.o 19'13.AI~ 458.717 4 28) . 19? 40'14.592 IHll.207 l5ll,024 
104.000 1. 111 490 J. 'I 3'1 125J. 3'10 2 lt.3. 277 o.o 199> .hbl 458.J53 42H~.070 4Uh.5'16 1814 .055 1~34.191 

108.000 "/• '•'•O 4 ·J06.l4l 1253.699 2765.068 o.o 19 '1 7.450 •57. '1'15 42'12.144 40J0.1>13 IHJ1,. U'l'l 1535. 7H5 
lll.000 1.122 .<,•) Ct! . 5115 1253.'19R 276b,85'1 o.o li'19 .2 '1'1 457.6ll 4l% .b03 4040. bll I fl 19. I J.1 1517.199 
lib .oou 7.~~8 4'l IC. tl4~ 1 25 11.307 2760.6~1 u.o 2001.021 457.HJ 4300.Adl 4042.b]b 1842.SUI IHR.5b4 
120.000 Ho 214 4'113.151 lZ 5 4 . b05 2770.444 o.o 2002.811 4S6.?IO 4 30 5. lb l 4044.b55 1845.440 l5H.97 9 

• 

• 

• 

• 

• 

• 
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PRESSURE CALCULM ICl<S FC~ CRYSTAL • 1111 • COllPllA..,CE CCNSIANTS AS A FllNCllO" CF PRESSUR E 

PIKPSI I Pl ~01 SH S't4 Sil S4H Sbb Sl2 Sil 

0.015 0.001 O.l~Ol410-C3 o.~029l4lJ-Ol O.bb361llJ-03 o.o O.H29J90-0J -.38201711-03 -.87125Q0-04 
... ooo 0.211. O. 260~H0-03 O. H0212 l ll-03 o.6M IOZ!l-03 o.o 0.5124110-01 - • 3 82 70 7ll-O 3 -.87011JftU-04 
e.ooo 0.5~2 0.2601400 - 0J O. A02S 20U - 03 o.~t. 4540~-03 o.o 0.5120lbU-Ol -.JA34100-03 -.A70401U-04 

12.001.1 0.8l7 0.2600420-0 J o.110 2 3 2 7U-03 O.tH~RUfl-OJ o.o 0.511~5Jll-03 -.1841100-0J -.HbQq9)()-04 
11>.000 1.103 o. 25'1'13<10-0 J 0.0021270 -03 O.H54l4l>-03 o.o 0.5110900-03 - • 3 84 BORD-OJ - • 8 ~q54 4 0-04 
20.000 1. 3 7q o.25 '1 ~410-o ·i O.H019l30-03 0.66~Hld0-0l o.o o.~ 10o3 lfl-0 3 -.3855170-0) -. Abql HU- 04 • 2'>.000 1.6~5 0.25?7410-03 0.11017330-03 O.tttl\Oll-03 o.o 0.510lt·~0-03 -.l8622bU-03 - .H~H 10811-04 
211.000 l .9ll o. ?59 tl .. 00-0J o.aot540o-oJ 0.661>74JO-U3 o.o o.5oq7oqo-01 -. J obqzon-01 -.8bH2HllJ-04 
32 .ooo 2.201> o. 2 5'15110 -c ·1 u. a o11410-01 o.tb1l'150-01 o.o O.~Ol12'llU-Ol -.~d7ol50-03 -.0678300- 04 
30.000 2 .4112 0. 2 5'1440IJ-OJ O. 80ll4~U-O) 0.1>61640 0-0 3 o.o 0.50879111-01 -.J tt H)) d U-Ul -. 81>7'2HlJ-04 
40.000 z.15a 0. 259l40U-O I 0. HOQQ4 q11-UJ o.btHoqw-01 o.o O.~OR))ltl-03 - • 3 R'l049tl-OJ -.llo7005D-04 
44.000 3. 0 14 0.25 '123:10-Cl 0.800750fl-0) U • btb'·5 W-0 I u.o o.so1e i10-03 - • Hn72D-03 - • HM>540-04 
ltB.000 lolU'I O.B'll '•OO-CJ 0.8005 ~ h ll-03 o.Mqooou-01 o.o 0. 5 074lqU-03 -.HOH>IJ-OJ -.bl>bl5~0-04 
52.0UO J.H5 o.25qo400-oi O.dOOH91l-03 o.1.oq45:;,u-0J o.o 0.50b'lb21>-03 -.3QI l8Hll-Ol -. tib572bll-04 
5u.<iOO J. A 6 l u.25 o q4on-0J o.aoo11.w-03 O.btq917U-03 o.o 0.50b 50AO-OJ -.J9l'llOIJ-OJ -.Bo5l04U-04 
60.000 4.1 JI O.l~UlJJl.f0-0) o. 1•19n9u-01 O.b1 0 J7lll-0) c.o o. 50b0520-03 -.l 9 262311-0) -.8646b20-04 

• b'o.000 4.41J 0.2~dHlll-OJ o. 7997710-03 O. b 7CA15U-O l o.o 0 .5055970-0 l -.JqlJ420-03 -.8644blD-04 
66.000 4 .611u O. 25 61.4 JO-OJ O. 7'l9~791l-Ol O. 6 l ll9bU-03 o.o 0.5051~40-0) -.394U621l-Ol · -.Al>40420-04 
12.uoo 4.964 O.l ~ IJ54 tlJ-0) 0.7993MftU-03 0.67l765U- U) o.o 0.504~ 90U-OJ -. H4 7660-0J -.86361 /0-(14 
1b. 000 5. 2 40 0.2>H44lll-Ol O. 799190U-03 0.6 l 22 J6f1-0l o.o 0.5042Jlll-03 -.1955l5U-03 -.HbllBOU-04 
ao.ooo 5.5lb 0.25Ul44U-03 o.1qaqq<Jo-01 o.i.1n%u-01 o.o O.SOH8b0-03 -.l%2lb0-0l -.Hh2177U-04 
Blt.000 s.1qz O.l 5 ~24nU-OJ o. 7q ouu10-01 0.6731110-01 o.o 0.50l334ll-UJ -.) 4)/,Q';9U-Ol -.862)~90-0" 
qz .uoo o. HJ O. Z5d04HO-CJ 0. 7'l84l 3U-03 0. 614 l20U- CJJ u.o o.5024HiJ-Ol -.J'IA4l 7tl-UJ -.H6l~l00-ll4 
'lboOOO 6.61 '1 0. 257 •15liJ-OJ 0. 7 '1b 27 Jll-03 0.6745 '15U -O I o.o 0.50l9b41l-03 -. 3qq 1460-o ·J -.Bbl l lbU- 04 

lC.0.000 6 • A'l5 U. l57651U-C·1 O. 79R 0 7.bll -OJ O.b 1507 IU-03 o.o o.5015Jnn-o3 •, Hqll14U-Ol -. 8 6010Jtl-U4 
IO'o.000 7ol11 u. l577511>-C l O. 797HJ6U-03 0.675 5 5 5 U-OJ u.o 0.5010d10-03 -.400614U-03 - • 81>02f> Jll-04 
IOB.000 7. 441. U, 2~ 165 l tl-OJ O. 7q7t.) 'I U-u3 0.6ll03'1U-OJ u.o 0.50063Ull-03 -. 1. 0 13~10-0J -. H59H>00-04 

• lll.OUO 1.1u ->. l515 57 11- 0 1 u. 79745 0(1 - 11 ) 0.6lb 5l 0 0 -0J u.o 0.500l 'IU0-0} -.4UZOHOU-OJ -. tt s q45111-o• 
llb.000 1 .~ rn U.2574571l-OJ o. 7'l72531l- 0 3 o.b1rn1w-0J n.o O.'tC)lJ f't-itJ-OJ -.402 827()-0l -.s5qu1ftn-04 
120.000 H.Z 74 0.257ibl0-03 0. 7n0 6 4U-03 O.o17 51lt.U-OJ o.o o.4q•izq11u-03 -. 4035110-03 -.85dbZJll-ll4 

• 

• 

• 

• 

• 

• 
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PllESSURE CALCULATILNS H~ tkVSTAl ~LI IL 
VELUCITl"S UF Tll" ELA'..f IL tr.NHMITS AS A FUNCTllJN CF PPE S Sllkf. • PIKPSll PIKUi VI C3 JI V(C4 1t) V It 111 VfC44AI Vftbld VICl'YI VIC TUI VI CRSI VIC121 Vftlll 

0.01~ 0.001 IQ, f. 5fl't F ~.40452 7.98Zl8 o.o b. 761T4 3.31272 q. 8?R55 9.hfJ654 b.425M 5.q2ao2 
4.000 o.27o 10.61,0Jl 5.'t0ttftl 7 • 'H11t34 o.o b.76434 ),)1072 '). '102 1)«. 9.HRH b .430)/t 5.q1035 
a.ooo o.552 Io .tJf,,l l 3 5.40513 7. l1Uf,44 o.o 6. 7h(1fl4 3, )0920 Q,9071" 9.67012 b,4)506 5.'>llb7 

12.000 O.RZ7 10. f. t.J<; b 5. 405'·, 7,'lflfl57 o.o 6. 76'1~0 3.)0770 Q, qi 153 Q,h7ln 6.~JQ7h 5.93504 
lb.000 1.1 f)j 10.1,,1.~ 18 5,40574 7. fJQOhO o.u b,77211 3,)0610 q. 'll !>A4 Q,67170 b-'•4't44 5.qH J2 
20.000 1. 3 7? lC.t.bTbO s. 1t060 1t 7,4'12b8 o.o b.11411 J. )04ftff 9.'12018 4,t.7'50 b,44?15 5,Q)Qb4 
24.000 1.£55 LO.td.1 11't) 5- '·061 '• 7. <N4 76 o.o ~.171'9 I. JOJ lb q.qz 1,sz <>.671 JO b,453H5 5.94202 • 28.QOO l.?31 l0.61127 s.,.0,,1,c; 7. 'J'Jt>Oh o.u 6.7U00l ·1, JQ l 65 9,Q28R4 9.61909 6.45R52 5,?4435 
32.000 2.706 lU.~1310 5, 1t0f>O 1 7, r; 1JA9t, o.o b.1U2t. I J.30015 4.43ll8 ?,680117 b .46323 5,'l4M•3 
3b.OOO Z.402 10.614'12 5, 1t0777 H, 00100: o.o 6,71!~2) ), 29863 q, 93750 'l,bijl~1 6.46790 5,04'900 
't0.000 2;1~n IC .b lo 71, 5.'t~HH H,00310 o.o 6.78184 l. 29714 </, 44184 q.bl1 1t'•, 6,47Z'>8 5,05113 
44.000 J •OJ'• 10 .u 7".5 7 5.4~ 700 8, 1)05 18 0,0 6.79044 J.zq51,z "l.94.-,lH 9 .6 <1~2~ 6.41729 5.95361 
•8.ooo 3. ~0·1 lOelJRIJf') ~.40117.0 H,00726 o.o b.7'1JUb 3.ZHl2 9.'>5050 '1.hHfl05 "'·'•Rl94 5.95598 
~z.ooo 3.505 lC.hBUI 5.400'Jl 0.0003., o.o 6,79568 3, 2921·1 9.'1~411'1 '-1.htt'ltS'i b.40h61 5. 05A '!O 
56,000 ),8(J 1 l0.6Ul,C6 5, 1,0 HH l H,01145 o. (j 6. 7982H J. 2'1111 Q,95'118 9,6</16'> 6 ·'•'1132 5.9~064 

60.000 4.137 lO,l1H>'IO 5. 4~9 l:l 8.01353 o.o 6,HU090 J,2d91>U 9.%150 'l.6934) 6. 495'H 5.'162?Z 
64. 000 4.41'1 lO.uH11 5.40'142 6.01~61 o.o b.80151 J. 288 ll 9 .'11> 784 q. IJ 'I 5l l 6.50065 5.'1652? 
68.000 't.60ij 10 ,/,H·/5) 5 • '•Ot'J 74 H,0176'1 o.o 6.60•>12 3.2 •)659 . 9,n21& 9,691UJ b.50531 5,'lblb2 • 12.000 't.9b't 10,1,91 JS 5. 41 QfJlt o.01 1nn o.o b. HOB 13 1. 2•1510 ?. 1Hh'iO Q. 618Hl b.5U'l90 !>.Qh'1fl4 
76.COO 5.240 l0.l><JJ20 5. 41015 a. onM o.o 6.81135 1.28358 9,qfiQH4 9.700bl 6.51466 '5.97274 
80.000 5.516 l0.b'150i 5,41065 A, 023'11< o.o b.81JQ5 l. z ;JilO'-' 'l.9A5l6 9,70241 b.51931 5.97460 
84.000 5. 79 l \0.(,<i6 1J4 5. 41 0'17 11.02605 o.o 6 .811157 1. 28058 9.9H9~0 9,70421 b,52198 5. ?76'13 
92.000 6.)4) lC. 7CC'tq 5. 4 l l 5n 8.03021 o.o b.82179 1:211>1 q ·'•9817 '1. 71l1fl0 6.53))0 5.'18150 
96.000 6.61? 10. 70dl 5.41lflll R.03232 o.o 6.8l44l 3,z 1601. 10.00251 9,70460 6.537'16 5.98)'14 

100.000 b.e~5 1C.70'd4 5. 1.i 21 q "· 03440 o.o b.R2702 3.27457 I0,00683 9.71140 6. 5 1•l60 5,'IH6}7 
lO't.000 7.171 10,705~8 5. 1tl24? 6.01648 o.o 6. 82'16 l 3.Z130b 10 .01111 '1.11110 6.s1,1z1 5.9ll65b 
100.000 7. 't'1h lU. 70f 1\C 5."12Hl H,0lR57 o.o 6,0Jl25 3.27157 10,01551 q. 7l't98 t..551?2 s.Q 1JOnq 
112. ocu 1. 1< l l0,7C'lh3 5. 4 lJlll n.01.01,0 o.o b .63 1tA 1 3.27006 10.01?83 9. Hbrn 6.550~5 5,QQ)Jb 
116.000 1. '19(1 10.71145 5. 4 l 3't2 H.C477'1 o.o b.n3141 3, Zb~H 10, 01HR </, 71R57 ~ ,56121 5.99'>~) • 120.000 6. 274 10.llJll 5.41'72 8,044A3 o.o b. 8400? J, 2~106 10.028~2 q,720)7 6.~1,5H 5. 9'1790 

• 

• 

• 

• 

• 

• 
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PRES~Uk( CAlCULAl l(N '.i f Ck C"YSUL #l ll I 

• YUIGf,REUSS,lllLL ti'() ilUL I ANO co-RrsroNDINC V(LUC 11 llS 

KIVI . VlllGT AULK HOOULUS 
UIVI • VOIGT Sll[AH • OlJULUS 
KIKI • REUSS tllJLK HCllULUS 
UIRI • kfU~S SlflAN •UOULUS 
Kitti • Ill LL UULK H01JUL~ S 
UIHI • 111 l l S~F.AN HnfJIJl US 
YSIVI . VOIGT :;11c.:•I' VEIUllTY 
VSIRI • RtUSS SHlM V[LnCllY 
VS C VNlll . VOICJ,k[USS,Hlll S .. EA~ V(LUC I TY 
VPCVI • VUICI LO~!.tTUCINAL VCLrl~ITY • VPIRI • kEUSS unu .. lfUfJl,..:\L VELOCITY 
VPIV~tH • Vt1J(.JJ,HEUSSt .. lll LONG I llJlll kAl Vflllll IY 

p KIVI UIVI KIRI UIR) KIHI UIHI VSIVI vsc RI VSCVRtll VPIVI vrlRI vrCVRHI 

o.o 21·1~. 100 1256, llC ll04,hM I004,54b 7.ISl.~q4 llJO.JH 5.421h 4.A5l1 5.l4H 9.5)17 8. 'IR 12 '1.26 IS 
4.0 2201.064 u51,.1.11 2l'lh. '10<J I 004, 350 ll5).8]b l l 30. 1tAO 5.426J 4' .Hl32<) 5.l4H7 q, 5 142 8.9dR9 9. 7.655 
s.o 2202.955 1l~1. IC 1 210f,6J• IOC4.l~O 21 >5,7q 1130.bl'I 5. 42'10 .. asn 5.1487 q, 5 36 7 e.q,,06 q, lh 11 

12·0 2204.8~) ll57.~l1 l.tlrJ.h1,r lllO).q4c, 2157.760 1130. 171 5. 'tl"i 1 4. 0513 5. l 4Hb q, 53•12 s. CJQl l 9. 2••~ 

"'· 0 
2206. lZ& lZ5U.C98 71l2 • t, 7R 1001,7~0 7.1~9.702 ll30,q74 5.4304 4 .8'>05 S. l ltA 1 9. 54 l 7 8. l)fl)q <>,l7M 

20.0 ZZ00.6l7 l Z~fl, SE 6 2114.711 IU03.SH 2 lt 1. 6t"i 1131.062 5.4311 •• 8497 5.14A6 9.5442 A,ll'l'">b 9. 2140 • Z4.0 2210.516 l '5'1 .o ctZ 2116. TlH 100), BO 21~3.628 IDl.206 5.431R .. eff't~tJ 5. 1411& 9. 'i'•b1 A.QH3 9.27hl 
ZA.O 1212.412 l 2 ~y. ~ "f'l l 11 ll. 764 ! •JO 3. I JI 21t5.H8 1131.355 5.4Jlb 4,84HI 5 .14 86 'l. ~4<)7. 8.Qq-)0 '). 2702 
12.0 2ll4.293 l2b0.0l1 21Z0,7R'• 1•102. 9ll 2lh7.5H 1131.499 5. 43 13 • .A473 5.l4R& 9,5517 9.0007 9, 2HO I 
)h.O 2ll6.19l 1260.5bf Zl]l.HIJ 1002.112 llb9.503 II 11 .o40 S.4)40 4.fllt04 5.1460 9.5547 9,0024 9,2674 
.o.o 2218.0f4 ll61.0tt 2124.R4l 1002.500 2171.40 llll.IR3 5. 4 34 7 .. • 81t'lb 5,l4Rh 9.5568 9,0041 9.2845 
44.0 2219.~6q 1lb1. ~;b" 212h,A64 1002.283 2173.416 llJl.'124 5. 43r,4 4. 0446 5.1486 9,5593 9.0057 9. 2H/,6 
48.0 22ll.H8 1202.055 212 ·1.n n 1002.012 2175,3RI I l l2 .06 4 5.4361 4 .H4 l'1 '. l 485 q. 5t118 9. 0074 'l. 2HHI 
52.0 2223.76~ 1262.5 5 5 2IJ0.9l7 I •11) l .1160 21 77.J46 llJ2.201 s. 'tJIJtt 4 .A4 ll 5.14H5 9.5643 9,00•1 9.2908 
5h.O 22l5.6oa 12o3.04t ll37..%l 1001.636 2179,JI~ 1132.341 5.4375 4.fl422 5. l '•A':I 9,56bH 9.0100 9.29l9 
i.o. o 1221. 54 'l l Z i.>3.~4~ ZIH.•un 1001.424 llHl,764 I IJ2.4R6 5.4HI 4 .8414 5.l4H5 q. 51_,q) ,,. 0124 9,l'l~O 

64.0 222?.455 l 2 f>'• .oJr; 2111.011 1001. 199 ll8J.736 ll32.ol9 5.4)90 4.fl'•Ob 5.1465 q.571n 9.0141 9.l?Tl 

• 68.0 <ZJl.352 l 264. •; J'> 21J'l. 0 4H IOIJ0,97A 21R5.ZLC llJZ.756 5.41'7 4.ffJlJ7 5.1484 "· 5 743 9.015R 9. 2<102 
12.0 223).247 ll6 S.u 2q ll4l.07~ 1000.757 21H7.162 ll12.H9l '5.4404 ".a'"'' 5.14~4 Q, 5106 9,0174 9.301) 
76.0 U35.l43 I ll·~.5 10 2143.109 lllC0.526 2IA".l26 1133.028 5.4411 4.8)8 0 5. I 4 H4 'l. 5 79 I Q,0191 9. 30 l4 
so.o Z2J7.051 I ZM.U22 l 145. 11.tl IOOU. 305 2191.lr>o llH. lt3 5. 4418 4. 6171 5.14 R'• 9.5n1n q,ozua . 9.305) 
84,0 2238.')) J lltd1."..i20 2141.IH4 I JC0,074 2193.068 1133. l91 5.442~ 4 ,H lb) '5. l'•H) 9. 5R 1• l •1.0224 9, JO 76 
92.0 2242. 7~1 1<&7.~11 .! 151. 251 '199,l·ll 21Q1,1.c 1 lll3.56l 5. 44 19 4. ti l45 5. I 4rl I 9,58•3 9,02>7 9. ll 16 
%.O l244.H5 l 7.6ti.(J0 .. 2 15 J. 20 H 1?9. 3 7rl 2198.H2 1131.691 5. 444 7 4. A JJb 5. l 4 82 9,SQIR '1.0l 11t 'l, H H 

100.0 224L567 17.oR.~Ol ll55,3J2 q'19, l47 22co.q1,c; ll3.J,R24 5. 41t"l't 4 .8 12A 5.l4Ul 9,5043 9.0290 q. 3l1,0 
104.0 22 11R. 4t 't l lbtt .'l?'i ;? 15 7. J6') J'JA.'lO'J 2202.914 1131.954 5.4461 4,8}19 5. l 1t AZ q.S'>bA 9.0307 q • ll HO 
IOH.O 2250.308 12 0·1. 4q) ll50,403 'l'}t\ .1. 11 nu•," Eb llJ4.0R4 ~. '•4btl 4 . tt JlU 5. l4H I 9.59'1) 9,0lll 'I. 3201 
112.0 as2.281 l l.ti'l . •1 aq 21b1. " '•4 9 'IH,433 2ZO~.et2 11J4.211 5. 44 7~ 4 .&JOI 5 .1.C.Hl 9,60lH '1.0340 9.3222 
ui..o 2254. l 7fJ I l.70.4H4 ll~J.477 49U,l90 22l•LUl6 1114 .J40 5. 44 H2 4.8l92 5. l 480 ?.h0'·.3 'ii. OJ56 9.3241 • 12n.o 22~6.C~J 1270. 98 0 2tt~.525 tJ 1H.94l 2210.uc9 11 J4 ,46 I 5.44rl9 4 .a ?.u l 5.1480 'l,60hH 9, 0372 9 .3264 

• 

• 

• 

• 

• 



• 
100 

PRESSURE LALCULATIC~S FOM C~Y:ilAL '1111 

• VUIGT,HIJ SS MIO lllll HEAN V[LOCITl£S MIO CORRtSrONOING OERYE TEMPERATURE 

Vl'I VI . HEAN VELLC I TY 
VMIRI • REUSS M[H VEL CC I TY 
VHIVRlll = VUI GT ,REUSS, HILL M[AN VElllC ITY 
SIGC VI . Pr11 ssrns RAT 10 lJS I Nt; VUIG T VELOCITIES 
SIGIRI . POISSOtlS RAllU llSING RfUSS VELOCITIES 
SIGI VRl<I . PCl~~C"S RATIO US I NG V~H VFLOCITIES 
OTIVI . OtAH f[MFERAT\JR[ IJSING VMIVI 
OTIR I . IJcllvt nMrE-.ATURf IJSIJH; VMl~I 
OTC VRH I = UI UH TlM~ ERA TIJRE USING VH I VRHI 

• A • SHEAR A~I SllTPtPY 
RllO • DENSITY 

p v:~ IV I VMIRI VMCVRHI SIGI VI SIGIRI SIGIVRHI OTIV I OTIRI OTIVRHI A RHO 

o.o 6 .CJ2A 5.4175 5. 7341 0.2601 0.2941 n.2765 822.8873 73 8 . 95 30 182 .1455 0.1054 4. 2640 
4.0 6. OH 7 5.416 7 5. 7 342 0.2602 0.2943 o.2766 82 3.03'11 738.R837 782.1934 0.1057 4.2646 
e.o 6.03 1tlJ 5.4lh0 5. 7343 0.2603 0.2945 o. 2 7t8 823.19l7 738.8130 782.2416 0.1059 4.2651 

12.0 b. 03 ~'· 5.4152 5. 7 J41t 0.2t.04 0.2947 0. 2 7b? 823. ]4'•2 Htl.7405 782.2878 o. l-067. 4.2657 
16.0 6. o 11> l 5.4145 5. 7345 0.21>0) 0.2949 o. 2 771 823.4991 738.6713 702.3375 O. !Oh5 4.2663 

• 20.0 t,,QJll 5. 4131 5 . 7J'•" 0.2606 0.2951 0. 7. 772 823.6500 738.5%3 782.3823 0 .106 7 4.2668 
24.0 b.CJl!O 5.412? 5."1347 0.2607 0.2953 0. 2 774 A23.8035 738.5228 102.42n 0.1010 4.2674 
20.0 6. CJH~ 5. 4122 ~. 7 JltB 0.2607 0.2955 0.2775 023.?51,9 n~ . 4525 782.4776 0.1073 4.2679 
n.o h.039 7 5. 'tl l't 5. 7349 0.26 08 0.2957 0.2111 82 4.ll O? no.3701 782.5244 0.1075 4.2685 
36.0 6.040) 5.4106 5 . 7150 O.l60? 0. 2960 0.2778 824.2626 7JB.3040 782.570 1 0.1019 4.2691 
40.0 6.041'• 5,409H s. 7351 0.2610 0.2962 o. 2780 824.4162 730.22'11 7H2.6166 0.1001 4.2696 
4 ... a 6.0 1tl 3 5.4090 'j .1 J52 o.21>ll O. l964 o. 2181 82 4.5701 73tt.!522 7R2. 662 2 0.1083 4.2702 
40.0 b. OltJl 5 .40H 2 5. 7352 0.2612 0.296b 0. 2 783 R24.7219 736.0773 702.7077 0.1086 4.2707 
52 .o 6.0 1t 1t0 5 .40 14 5.7J53 0.2613 0.2%8 o.2784 824.0761 738 .0021 7R2.7542 0.1089 4.2713 
56.0 b. 01,40 5. '•066 5. 7354 0.2614 0. 2970 o. 2186 025.0279 737.'1228 7R2.7977 0.1091 4.2718 
!.O .o b.01.~1 ).40 5H 5 . 7 Vi) O.l bl5 O. l972 0. 27R 7 825.1821 737,R471 702.8447 0.1094 4.2724 

• 64.0 6.04(,!:i 5. 4050 5. 1) 5h 0.2616 0. 2 974 0.2789 825.3H2 7H.7 660 7H2.R079 0.1097 4.2730 
68.0 6. 04 74 5. 't04Z 5. 7356 0.2617 o . 2976 0.27'10 82). '•" 7J 73 7.68% 7H2.9325 0.1009 4.2735 
12.0 6. c 'ttl) 5. '•034 5. 7 .151 0.2618 0. 297H 0.2 791 825.63'19 7H.60% 782.971>1 0.1102 4. 2741 
1b.O 6.C49I 5. 1t0ll'> 5 . 7 j 50 0.2blH o. 29HO 0.279J 025.7943 737.52% 7RJ.0207 0.1105 4.2746 
80.0 "· 0500 5.40IH ~. 735'1 0.2619 0.29H2 0.2794 H25.'146l 73 7 .'o5 IO rn3. 0645 0.1100 4.2n2 
84.0 b. C5C II 5 .4 00 '1 5 . 7 _\!>q 0.21.20 O.l'I H4 0.27% 826.0 '195 737.3692 783.1078 0.1110 4.2757 
n.o 6.0526 s. J 'l9} s. 7361 0. 2622 0.290R 0.27'1'1 H26.4051 737.2052 7R3.l93b 0.1116 ... 2768 
'16.0 u. 0'..13'• 5.J'lH4 5 .7J61 0.262J 0.2990 0.7HOO 826.5571 737ol224 1~3.2357 O. lllH 4.2774 

100.0 IJ.0'i4 .j 5. 3 •171, 5. 13bl 0.2 624 a. 29Q2 0.2002 026.7102 73 7 .0404 783.2788 o. 1121 4.2780 
104.0 Ct.C5':>l ':>. 391> 1 5.7J63 0.2675 o. 2994 O. 2UO J 820.0631> 736.9551 783.3 208 0.1124 4 .2785 
lOR.O b.(560 5. J959 5 .7 Jb3 0.21>~6 0.24% 0. 2 805 027.0172 736.U713 7 tt3 .31>JI 0.1127 4,2791 • 112 .o 6.C~t..oH 5. 3'1~0 5. 1 J6'• O.l627 0.2999 0.2006 U27.l6H8 736.a6r Ht3 . 40'•2 0.1130 4.27'16 
116.0 6.0577 5.3942 5. 7164 O.l628 0.300 1 0.2808 H27.322"1 736.1006 7 83 .4459 a. 1132 4.2802 
120.0 b. C5t16 5.3 ·1?1 " . 7)6!; Q.2679 o.3vo3 0. 2 80 9 827.4740 736.6122 783.4851 0.1135 4.2807 

• 

• 

• 

• 

• 
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SLOPE 
VARIANCE 
STO OEV 
INTERCEPT 
CURR. COEFF. 
SLOPE PER K!I = 

O.OCCl 
0.75C-14 
0.00000 
4.2t4C 
O.'l'l9990 00 
0.0020 

PRESSURE CALCULATIONS FCR CRYSTAL #1111 
LEAST SQUARES PR~SS VS CFNSITY 

PRESS 
0.0150000 
4,(;000000 
IJ,CCOOOOO 

12 ,OLCOO<JO 
lt.,OLOOOOO 
20.ccuoooo 
24.CCOOOOO 
;zs.ocooooo 
32.COCOC\JO 
:t..Cl.:00000 
40.CCOOOOO 
44,CCL(JOOO 
41:1.0000000 
~2.COOOOOO 

5t..CCO(J000 
60,CCCOOOO 
t4.CCOOOOO 
61:1.COOOOOO 
12.coooooo 
16.CCOOOOO 
eo.CJoroono 
&4.CCOOOOO 
'l2,CCCOOOO 
Sb.ccooooo 

lCO ,0000000 
104.COOOOOO 
lCIJ.CCOCC rJ O 
112. l 0 C 0 OlJ 0 
116.CCJOCOOO 
120,0LOOOUO 

OEl\SIT'\' 
0.42640CCO Ol 
0.42645620 01 
0.42651250 01 
0.42656€ED 01 
0,426625CO 01 
0.42661:1120 01 
0,42673140 Ol 
0.42679350 01 
0.42684S50 01 
0.112690550 01 
0.42696150 01 
0.42701140 01 
0.42707330 01 
0.42712910 01 
0.427ltl4SC 01 
0.42724060 01 
0.427l .. t:30 01 
0.42735 lSO 01 
0.42740i50 01 
0.42746~ 10 01 
0.4275le60 Ol 
0,427574CD 01 
0,4276848C 01 
0.42774020 Ol 
0.42779540 01 
0.427115(70 01 
0.427905~0 01 
0.42796100 01 
0.42801610 01 
0.421:107110 Ol 

101 

Y/YO 
1.0000000 
1.0001317 
1.0002638 
1.0003951:! 
l.0005277 
1.0006595 
1.0007912 
l .OOO'l227 
1.0010542 
1.0011855 
1.0013168 
1.0014479 
1.00.15789 
1.0017098 
l.0018407 
1.001 '1714 
1.0021019 
1.0022324 
l.002362tl 
1.0024931 
l.0026232 
1. 0027533 
1.0030132 
1.0031430 
1.0032726 
1. 00 34021 
1.0035315 
1.003<>609 
1.0037901 
1.0039192 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
~ARIANCE 

STD DEV 
INTERCEPT ,. 
CORR. CUEFF. 
SLOPl PER Kl:l 

-c.cooo 
0.480-20 
o.coooo 
0.0002 

-o.c;<;9c;50 oo 
= -o.ocoo 

102 

PRESSURE CALCULATIONS FOR CRYSTAL #llll 
LEAST SQUARES PRESS VS CCMP PERPENDICULAR TO C 

PRESS 
0.0150000 
4.CCOOOOO 
11.ccooooo 

12.C000-000 
l6.0C00000 
20.coooooo 
24.CCCOO llO 
28.0000000 
~2.COOOOOO 

36.0000000 
40.COOOOOO 
44.0000000 
48.COOOOOO 
52.COOOOOO 
56.0000000 
60.000 0000 
t:4.CCOOOOO 
68.COCOOOO 
12. ocooooo 
16.CCOOOOO 
80.COOOOOO 
84.00000,10 
92.COOOOOO 
96.COOOOOO 

lCO.COOOOOO 
1C4.0000000 
108.0000000 
112.ccooooo 
116.0000000 
120.COC.OOOO 

COl!P PDTC 
0. l 962 7610-0 3 
0.19605570-03 
0.19583210-03 
0.19561050-03 
0.19538950-03 
0.19516830-03 
0 .19494130-03 
0.19472720-03 
0.19450C60-03 
0.194287<;0-03 
0.19406880-03 
O.l9384<;CD-03 
0.19363170-03 
0.19341270-03 
O. l93l94W-03 
O. l92'H78U-03 
0.19276110-03 
0.19254470-03 
0.19232840-03 
0.19211230-03 
0.1':1189680-03 
0 .191681 110-03 
0.191252~0-03 
0. 19 l 0 31 5 0- 0 3 
0.19082430-03 
O. l9061CCD-03 
0.19039 770-03 
0.19018590-03 
0 .18997 290-03 
0.18976(90-03 

Y/YO 
l.ObOOOOO 
0.9988768 
0.9977376 
0.9')66089 
0.9954828 
0.9943555 
0.9932298 
0.9921085 
0.9909845 
0.9898703 
0.9887539 
0.9876339 
0.9865270 
0.9854112 
0.9843009 
0.9831956 
0.9820914 
0.9809888 
0.97'ili870 
0.97117858 
o. 9776879 
0.9765904 
0.9744044 
o. 973 3100 
0.9722236 
0.9711350 
0.9700500 
0.9689708 
0.9678858 
o. 9668056 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
llARIANCE 
STO DEV 
INTEKCtPT 
CORR. CCJEFF. 
SLOPE PER Kf\ 

-o.ccoo 
0.350-22 
c.ccouo 
a.0001 

-o .99 ')9 70 00 
-o.ccco 

PRESSURE CALCULATIONS FCR C~YSTAL #1111 
LEh~T SQUARES PRESS VS COMP PARALLEL TO C 

PRESS 
0.0150000 
4.CCOOOOO 
a.crooooo 

12.CCC.0000 
16. Cl..00000 
20.Cf.COOllO 
24.COOOOOO 
2u.coooooo 
;2.coooooo 
36.CCOOOOO 
40.0(,0(1000 
44.COCJOOOO 
46.CCOOOOO 
52.CCOOOUO 
5b.CCOOOOO 
60.ceooouo 
64.CCCOO •.JO 
bB.C0(,0000 
12.ccooooo 
7ti.CCOOOOO 
eo.ccuoooo 
b't. OOOOO •JO 
c;z. o< 00000 
<;t..CllOOOOO 

lCO.CC:OOOOO 
104.000001)0 
106.CCCUOOO 
112. cc ((J 00 0 
116.CUOOOOO 
120.0COOUilO 

COMP PL TC 
O.fl6fl62 l30-04 
0.868461;0-04 
0.86032341l-04 
0.66ijl545U-04 
0.86802480-04 
O. ':!6 71:15 E ~0-04 
O.tl677C<;5D-04 
0. 86 75 5170-04 
0. 8 6 7't 2 81D-04 
0.86725441l-04 
0,86710271:-04 
O,t166'i8041l-04 
O.t16t.tl0~3C-04 

O.U6(,66l51J-04 
0.86650200-04 
0.86ti37010-04 
0,!16619930-04 
O.t!660456C-U4 
0.065fl98Q0-04 
0.86575570-04 
0,t16550E'lf.-04 
O.U65't3140-04 
0.8(;513~50-04 

0,86497290-04 
O.U64"ll6C0-04 
0.86467780-04 
0 .864 52 350-04 
0.864J4140-04 
O.tll:'t.!1S7ll-04 
O.i16404S00-04 
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Y/YO 
1.0000000 
0.999Bl57 
0.9996570 
0.9994625 
0.9993132 
0.9991218 
0.9909502 
0.9967686 
0.9986262 
0.9984263 
0.9982517 
0.9981108 
0.9979081 
0.9977438 
0.9975601 
0.9974083 
0.9972117 
0.9970347 
0.9968658 
0.9967009 
0.9965089 
0.9963345 
0.9959869 
0.9957997 
0.9956191 
0.9954600 
0.9952824 
0.9950796 
0.9949326 
0.9947361 



• 

• 
~ 

•• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT 
COl<R. CUE FF, 
SLOPE f>ER KU 

-0.0000 
0.180-19 
o.ccooo 
0.0005 

-O.<;S 1J'i80 00 
.. -o.ccco 

Pl<ESSURE ChLCULhTIONS FCR C~YSTAL #llll 
LEAST SQUARES PRESS VS VOLUMETRIC COMP 

Pl<ESS 
0.0150000 
4.cccoooo 
a.cocoooo 

12. 0(100000 
lt>.CCOOOOO 
20.CCJOOOOO 
2't. COOCiOOO 
20.cccoouo 
32. coooooo 
36.0000000 
40,COCOOUO 
44.CCOOOOO 
lt8.COOOOOO 
52.COOOOOO 
!>6.COuOOOO 
60.CCOOOOO 
64,000001)0 
68,COOOOOO 
12.coouooo 
7b.CC0001>0 
60.00000uO 
ll4. C ((JUOOO 
92.000001)0 
Sb. CCOOOnO 

llO. ccooono 
104.COOUOOO 
108.000001)0 
112.CCCOOuO 
llb.C:OOOOUO 
120.COOOOOO 

VCL CCl'P 
0.47941440-03 
0.47895150-03 
0.47A49t50-03 
0.47803t50-03 
0.47758150-03 
0. 41712 240-03 
0.47666560-03 
0,47620Sb0-03 
0."7575600-03 
0.4 7530130-03 
0.474B4790-03 
0 ,4 74 396Cll-03 
0 ,4 7394 39{1-03 
0.47349160-03 
0.47303~80-03 

0,4725927D-03 
0.47214220-03 
0.47169400-0) 
0.47124680-03 
O. 4 7080C2U-03 
0.47035250-03 
0.469'l0l50-03 
0.46901820-03 
0.46857230-03 
0,46Al3020-03 
0 .46 768910-03 
0.46724770-03 
0.46680t~D-03 
0.46636770-03 
0.465926 7ll-03 

104 

Y/YO 
i.0000000 
0.9990469 
0.9980854 
0,9'Hl259 
0.9961768 
0,9952191 
0.9942663 
0,9933152 
0.9'l23690 
0.9914205 
0,9904747 
0,9B95322 
0,9885891 
0.91176456 
O.'l867033 
0.9t157707 
0.9848310 
0,9838961 
0.9829633 
0,9820318 
0.9810900 
0,9801677 
0.9783148 
0.9773tl48 
0,9764625 
O.'H55423 
0,9746217 
0,9737013 
0,9727062 
0.9718662 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
'4ARIANCE 
STD DEV 
INTERCEPT 
CURR. COEFF. 
SLOl't Pt:R KO 

o.5760 
0.20D-OO 
c.occo5 

4644.0204 
o.1cooou 01 
0.3547 

PRESSURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES PRESS VS C33 

PRESS 
0.0150000 
4.COOOOOO 
a.coooooo 

12.CCOOOOO 
16.(000000 
20.cccoooo 
24.COCOOOO 
20.cocoooo 
32,COCC·OOO 
36.C0000'.)0 
40,CCCOOOO 
44.0000000 
4!l,CCOOOOO 
52.cc;ooooo 
56.CCOOOOO 
60,CCCOOQO 
64.COOOOOO 
60,C000000 
7l,CC0001)0 
76.CCOOO!)O 
80.0COOOOO 
8'1•CCO0000 
c;2.coooooo 
so.couoooo 

lCO,C.OOOOJO 
l 04, COOOO ·lO 
lOll.COOl)OOO 
112, COCOO ,lO 
l l6,C00 1)QOO 
120,C000000 

C33 
0,4044043D 04 
0.4 ·l46340D 04 
Q,404Ut:390 04 
0.48~0<J3PO 04 
0.48532370 04 
0.48~·55310 04 
0.4857B36D 04 
0.48601560 04 
0.48624560 04 
0.48647560 04 
0,4tl6705CD 04 
0.48693560 04 
0.48716560 04 
o.4en<1s10 04 
0,4976218U 04 
0.487!35790 04 
0.4eRO!lecD 04 
0.'t01lH8 lO 04 
o.4eti54B20 04 
0,48H7tlC40 04 
0.40901C5U 04 
0.4!l924070 04 
0.48970120 04 
0.41:1<J9314D 04 
0,49016160 04 
0,49039390 04 
0.4'1062420 04 
0,49085450 04 
0.49108400 04 
0,49131510 04 
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Y/YO 
1.0000000 
l.0004742 
1.0009488 
1.0014234 
l.OOltl980 
l.0023727 
1.0028474 
1.0033263 
1.0038011 
l.00'12 759 
1.0047507 
1.0052256 
1,0057005 
l.0061754 
l.0066545 
l.0071295 
1.0076045 
1.0000796 
l.0085546 
l. 00903 110 
l.0095091 
l.0099tl43 
1.0109348 
1.0114101 
l.Olllltl54 
l.Ol2J649 
1.0128403 
1.0133157 
1.0137911 
l.0142666 



• 
106 

PRESSURE C~LCULATIONS FOK CRYSTAL # 1111 
LEAST SQUARES PRESS l/S Ct,4 

PRESS C44 Y/YO 
0.0150000 0.12454630 04 1.0000000 
4.COOOOOO 0.12457630 04 1.0002412 
8.CCCOOIJO O.l24£:0l50 04 1.0004910 

12.0000000 0.12463l50 04 1.0007324 
-< 16. CCOOO ')Q 0.124668(:0 04 1.0009820 

20.coooo•JO 0.12469E70 04 l.0012233 
24. ((' 000 '}0 0.12472S70 04 1.0014728 
28. CtCOO•JO O.l2475'l80 04 1.0017139 • :?2.CCOOOOO 0.12479C80 04 l. 00 l 'l6 33 
36.0000000 0.124':12080 04 l.0022043 
40.CCCOOOO 0.12465l<Jll 04 l .OO 24 5 3 5 
44,CCOllOOO O.l24882CJC 04 l.0027026 
48.COOOOO<l 0.12491290 04 1. 002 9t, 34 
52. C<.000 ·10 O.l?.4143CJU 04 1.0031924 
56,CCOOOOO O.l24973SO 04 l.0034330 • 60.(000000 0.12500490 04 l.0036819 
64.CCCUOOO 0.12503480 04 l .0039223 
68.COOOOOO O,l250l:580 04 l.0041711 
12.0000000 0.1250'l570 04 1.0044114 
16.CCOOOllO 0.12512l:10 04 l.0046600 
80,0000000 O.l2515t.6D 04 1.0049002 
84,CCOOOOO 0.12518750 04 l .oo 51481 
92,<.:0000IJO 0.12524840 04 1.0056372 
S6.COOOOOO 0.12527!!30 04 1,0058771 

lCO,CCOOOOO 0.12530920 04 l.0061253 • lC4.CVOOOUO 0.12533900 04 l.0063651 
108.COOvOOO 0.12536990 04 l .00661Jl 
112. cccoo:lo 0.1253<JS8D 04 l,0068528 
116.CCCOOOO 0.12543C70 04 1.0071007 
120.COOUOIJO 0.1254"6050 04 1.0073402 

• SLUPE 0.0762 
VARIANCE 0.67C-09 
STU DEi/ C.CCCC3 
INTtRCEPT 124~.4t65 
CORK. COEFF. ~ 0.100000 01 
SLOPE PER KB l.1C5~ 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

·• 

• 

• 

• 

• 

• 

SLOPE 
VAR UNCE 
STD DEV 
INTERCEPT 
CORI{. COffF. 
SLOl'E PER KB 

0.4464 
0 .13C-07 
0.00012 

2716.8328 
o.1c0000 01 
6.4751 

PRESSURE CALCULATIONS FCR CRYSTAL #1111 
LCAST SQUARES PRESS VS Cll 

PRESS 
0.0150000 
4.COOOOOO 
8.CCCOO•>O 

12.ccooooo 
16.0000000 
20.couoooo 
24.0000000 
28.COCOOOO 
:?2.CCOOOfJO 
36.COOOOOO 
40.CCOOOIJO 
44.CUOOOUO 
411.COCUOOO 
!>2.CC00000 
56.COOOO:lO 
60.COOOOOO 
64.CCOOOOO 
68.COOOOOO 
12.coooooo 
76.CCCOOOO 
!lO.COOOOOO 
84.COOOOOO 
92.COOOOOO 
c;o.coooooo 

lCO. COOOOOO 
104.COOOO'lO 
lC8.COOOOllO 
112.cccoo•>O 
116.COOOOOO 
120.CUOOOOO 

Cll 
0.2716Se50 04 
0.27186480 04 
0.27204350 0'• 
0.27~221 lU 04 
0.27239680 04 
0.2725H~O 04 
0.27275430 04 
0.27293330 04 
0.27311130 04 
0.27328920 04 
0.27346730 04 
0.27364~40 04 
0.27382350 04 
0.27400290 04 
0.27418120 04 
0.27435S60 04 
0.2'7453600 04 
0.2747lt40 04 
0.27489490 04 
0.27507350 04 
0.2752D4D 04 
0.27543210 04 
o. 2 7 5 1es10 04 
0.275<J6~8D 04 
0.27614670 04 
0.27632770 04 
0.276506SD 04 
0.2 7668590 04 
0.27686~10 04 
0.27704440 04 

Y/YO 
1.0000000 
1.000648!! 
1.0013067 
1. 0019604 
1.0026144 
1.0032685 
1.0039229 
1.0045819 
1.0052:;67 
lo 00 5 8918 
1.0065471 
1.0072026 
1.0078584 
1.0085187 
1.0091749 
l.0098313 
1.0104880 
1.0111446 
1.0118019 
1.0124592 
1.0131211 
1.0137769 
1.0150951 
1.0157580 
l.0164166 
l.0170755 
1.0177346 
1.0183940 
t.0190535 
1.019713) 



• 

• 

•· 

• 

• 

• 

• 

• 

• 

SLOPE 
VARlANCt 
STD DEV 
INTEHEPT 

-CORK, COEFF. 
SLOPE PER KB 

0.4439 
0.250-07 
C,00016 

1949.4795 
0.100000 01 
b.43E1 

PKESSUKE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES PRESS VS Cob 

PRESS 
0.0150000 
4,coooooo 
a.ccooooo 

12.COOOOOO 
16.0000000 
20.COCJOOOO 
24. CCGOOOO 
28.COOOOOO 
32. (0000•)0 
36,COOOOOO 
40.COOOOOO 
44.0000000 
48.COOOOOO 
52.COOOOOO 
56,CCOOOOO 
60,000uOUO 
64,CCOOOOO 
68.COOOOOO 
12.coooooo 
16,CCCOOOO 
ao.coooooo 
84,COOOOOO 
92,CCCJOOOO 
96. coooooo 

lC.0.0000000 
104.CCOOOOO 
108.0000000 
112.coooooo 
116.00UOOOO 
120,COOOOOO 

C66 
0.19495480 04 
0.19513060 04 
O.l9530e50 04 
0.19548330 04 
0, 19566020 04 
0.1958300 04 
0,19601340 04 
0,19619050 04 
O.l9636e90 04 
0,19654420 04 
0.19672160 04 
O,l9689fl30 04 
0,19707580 04 
0.19725350 04 
0.197't303D 04 
0,19760820 04 
O.l9776el0 04 
0.197'16320 04 
0.19814130 04 
0,19831940 04 
0.19649680 04 
0.19067510 04 
0.19903110 04 
0.19920<;70 04 
o.19930750 04 
o.19956e2D 04 
0,19974500 O't 
O. l99CJ2390 04 
0.20010210 04 
0.20028110 04 

108 

Y/YO 
l.0000000 
1.0009016 
1.0018038 
1.0027108 
1. 00 36162 
1.0045216 
1.0054299 
1.0063386 
1.0072432 
1.0081528 
l .0090626 
1.009%87 
1.0108796 
1.0117908 
1.0126981 
1.0136102 
1.0145227 
1.0154312 
1.0163446 
1.0172584 
1.0181682 
1.0190829 
1. 0209091 
l.0218250 
1.0227370 
l.0236538 
1.0245710 
1.0254887 
1.0264023 
1.0273208 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE C.7C73 
VARIANCE 0.570-07 
STD OEV O.OC024 
INTERCEPT • 1760.4734 
CORR. COEFF. • o.1coooo 01 
SLU~E PtR KB • 10.2561 

PRESSURE CALCULATIONS FCR CRYSTAL #1111 
LlAST SQUARES PRESS vs · Cl2 

PRESS 
0.0150000 
4.COOOOOO 
11.cccoooo 

12.0000000 
lb.COOOOOO 
20.coooouo 
24.0000000 _ 
26.COOOOOO 
32.CCCOOOO 
3b. C0000 1JO 
40.COOOOIJO 
44.COOOOOO 
loll.CCOOOUO 
52.0COOOUO 
56.CCOOOUO 
60.COOOOOO 
64.CCOOOOO 
66.COCOO•lO 
12.ccooooo 
76.CCOOOOO 
110.ccooooo 
84.CCOOOOO 
92.COuOO OO 
'i6.CCOOOOO 

100.COOOOOO 
104,COOOOilO 
1C6.00COOOO 
l12.C0000u0 
llb.0000000 
120.COOOOOO 

Cl2 
0.17605780 04 
Oo l 7633t40 04 
O.l7661Sl0 04 
O.l7690C40 04 
O. l 7718Ctl0 04 
0.17746330 04 
0 , l 7714 5 6 D 04 
O.l7802t40 04 
0.17630S3U 04 
0.171!59020 04 
0.17667250 04 
0.17915630 04 
O. l 7943710 04 
0.179720)0 04 
0.16000390 04 
o.1002057D 04 
0.1eo56f10 04 
0.18085150 04 
0.11:1113470 04 
0.1!!141870 04 
0.16170130 04 
0.18198550 04 
0.16255290 04 
0.11:1283740 04 
O.l8312C70 04 
o. lllHO~so 04 
0.11:1368990 04 
0.16397320 04 
O.ltl425B70 04 
0.164544CO 04 
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• Y/YO 
1.0000000 
1.0015622 
l.0031879 
1.0047862 
1.0063766 
1.0079832 
1.0095869 
1.0111815 
l.012i01:12 
1.01431:141 
l.015--1674 
1.0175994 
l.0191943 
l. 020 6029 
l.0224131l 
1.0240140 
1.0256215 
l.0272280 
1.0268361! 
1.0304496 
1•0320550 
1.0336692 
1.0368917 
1.0385060 
1.0401169 
1.0417346 
l .0433499 
1.0449591 
1•0465807 
1.0482013 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 0.3462 
VARIANCE 0.170-~7 
STO CEV 0.00013 
INTERCEPT = 1498.3876 
CORR. CUEfF. ~ o.1cocoo Ol 
SLOPE PER KB 5.0209 

PRESSURE CALCULATIONS FCR C~YSTAL #1111 
LEAST SQUARES PRESS VS Cl3 

PRESS 
0.0150000 
4.CCC00 1JO 
8.CCOIJOUO 

12.COOOOOO 
lb.(;000000 
20.ccooooo 
24.CCOOO,JO 
21!.CCOOf'JOO 
32. Ctc.0000 
36.(000000 
1,0.ccuoooo 
'i4.CtOlJOOO 
411.Ct 0 00t)Q 
52.(000000 
56.COLOOvO 
bO.COOOOOO 
64.COOOO•JO 
6!1.((;00000 
12.coooouo 
7t •• CCOUO •JO 
00.CO(JOOOO 
t14.CCOOOOO 
c;2.co o oooo 
'i6. CCUOO tJO 

lC.O.COOLUOO 
l04.C(;000 ')0 
lC8. ClCUOtJO 
112.CUOOOOO 
l 16. C00 l)0.l0 
120.CCOOO OO 

Cl3 
O.l49843CO 
O.l4'l98C40 
0.15011770 
0.15025170 
0.150392t0 
0.15053270 
0.15067070 
O.l5000<;CD 
0.15094420 
0.15108'150 
0.15122270 
0.15135810 
0.15149€60 
O. l ~ l63HO 
0.15177570 
0.15191140 
0. 15205210 
0.15219070 
0.15232870 
O. l ~24ts<;o 
0.15260(:50 
0.15274530 
O.l530l25D 
0.15~16330 

0.15330240 
o.15343CJrn 
0.1~357€50 

O. l5J7l<;<JD 
0.15385(:40 
0.153997<;0 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
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Y/YO 
i.0000000 
1.000916') 
1.0018334 
1.0027673 
1.0036682 
lo 00 460 30 
1.0055230 
1.0064467 
1.0073492 
1.0082855 
1. 00')2079 
1.0101116 
l.0110491 
1.0119700 
1.0120903 
l .Ol 38035 
1.014 7426 
l.0156670 
l .Olb581l5 
1.0175045 
1.0184425 
l.0193692 
1.0212188 
1.0221584 
1.0230867 
1.0240005 
l .024'1296 
1.0258735 
l.0267041 
1.0277287 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOl't 
VARlhNCE 
STD UtV 
INTEKCtl'T 2 

CORR. CUEFF. 
SLOPE l'ER KU 

C.CC05 
0.110-14 
o.cct:oo 

lU.65tl5 
C.lCUCUL> 01 
U.0C(J6 

PPESSURt: Cf\LCULAT IUtlS FuR CRYSTAL 111111 
LEh~f S~UARES PRESS VS C33 V£LOCITY 

PHSS 
o.01s0 oon 
4.CCCOOOO 
A.ccooouo 

12. t:CJOOO·lO 
16.CCOOO'lO 
20.00000 '.)0 
24.CCGOO'lO 
2t:1.CCJlJC1000 
~2.CCOoQ 1 lO 

31>.COOOOOO 
40.COOOOOO 
44.CCJOOUOO 
l,!l. ((.00000 
s2.ccnuooo 
5ti.COUOOOO 
t.o.coouooo 
64. CC10uOUO 
68.CUUOOOO 
12. c cc.0000 
'16.tCt:OOJO 
00.coouuuo 
Ill,. CC:OCO IJO 
92. C.0( 0 0\JO 
Sf.. CCO!'O OO 

lCO.CCCUOOO 
104.CCOCO>O 
lC!!.CC OOO 'J O 
112 .COC 11)0JO 
ll6.C0000fl0 
120.COC OO llU 

C33 VE L 
0.106564€0 02 
0.10660310 02 
0.1066213[) 02 
0.10663~60 02 
0.1066!>7eD 02 
O.l066H:OIJ 02 
0.10669430 02 
0.10671270 02 
O.lOh7:JlUD 07 
o.1ot. ·r4c:20 02 
0.10676140 02 
0.10676570 02 
0.106110390 02 
0.106U2;t 10 02 
O.lU6tl4C60 02 
O.l0685E!lll 02 
0.101,87710 02 
o.1ot. tl'>53u 02 
0.106 9 1350 02 
O.lG1>'>3lOD 02 
0.10h95020 02 
0.10h%E40 02 
0.101001,90 02 
0.10102~10 02 
O.l0704l4l> 02 
O.l0'/05SllC 02 
0.10707ECI> 02 
0.10709630 02 
0.101111, s n 02 
0.10713270 02 

111 

Y/YO 
l.0000000 
l.0001712 
1.0003423 
1.0005135 
l.0006646 
1.000 8557 
i. 0010261:1 
1.0012000 
1.0013711 
l.0015422 
1.0017132 
l.001'1843 
l.0020554 
1.0022265 
1.002 3996 
1.0025707 
1.0027418 
1.0029128 
l .0030839 
1.0032570 
l.00342tl0 
1.0035991 
1.0039411 
l.0041122 
l .0042t1J2 
1.0044563 
1.0041>273 
l.0047983 
1.0049693 
l.0051403 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
~ARIANCE 
STD DEV 
INHRCEPT • 
CORI\, CUEFF, • 
SLOPE PER KO : 

0,0001 
0.110-14 
c.coooo 
5 .4045 
0.100000 01 
0 .0011 

PRESSURE CALCULATIONS FCR CPYSTAL #1111 
LEAST SQUARES PKESS VS C44 VELOCITY 

PRESS 
0.0150000 
4,CCOOOOO 
a.coooooo 

12.COOOOOO 
lb,<;CCOOl10 
20.0000000 
24,CCOOOOO 
211,COCJO'OOO 
32. or;ooooo 
36,CCCCOUO 
40.0000000 
44,CCOOOOO 
4fl,COOOOOO 
52.COOOOOO 
56,COl.iOOOO 
60,0000000 
64,0CO<JOOO 
61!.(000000 
12.ccooooo 
76,CCOOOOO 
ll0,(000000 
84,COOOOOO 
92,CCOOOOO 
96,(000000 

100,COOOOOO 
104,CCCOOOO 
1011,COOOOOO 
112,COCCJOOO 
llb,COOOOOO 
120,(000000 

C44 VEL 
0.54045160 01 
0,54048120 01 
0.54051300 01 
0,54054250 01 
0.54057430 01 
0.5406C3ll0 01 
0,54063560 01 
o.540H ~20 01 
0,54069700 01 
Q.,54072t5U 01 
o.54075830 01 
o.54079010 01 
0.540'31<;60 01 
0.54085140 01 
0.540tl8C'l0 01 
0.5409127() 01 
0,54C9423C 01 
o.54097410 01 
0,54100360 01 
0.54103540 01 
0,5410t5CO 01 
0.5410967[. 01 
0.541151ll0 01 
0.54118160 01 
0.54121940 01 
0.5'1124900 01 
o,5412aceo 01 
0,54131030 01 
0,54134210 01 
0.5'tl37170 01 

112 

Y/YO 
1.0000000 
1.0000548 
1.0001136 
1.0001682 
1.0002270 
1.0002817 
1.0003405 
l .0003952 
l.0004540 
l. 000 5086 
l.0005674 
l .0006262 
1.0006809 
1.0007397 
l.0007944 
1.0008532 
l.0009079 
l.0009667 
1.0010214 
l.00101l02 
1.0011349 
l.0011937 
l.0013072 
1.001361'1 
l.OOl't207 
l.0014754 
1.0015342 
l.0015889 
l. 00164 77 
l. 00 l 7024 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE • 
VARIANCE 
STD OEV 
INTERCEPT • 
CORR. CUEFF. • 
SLOPt PER KB " 

0.0005 
0.2~0-14 
o.coooo 
1. 9 02 3 
o.1oocuo 01 
o.001b 

PRESSURE CALCULATIONS FCR CPYSTAL #1111 
LEAST SUUARES PRESS VS Cll VELOCITY 

PRE~S 

o.015oorJo 
4.cocoo:)o 
8. CCCOO•JO 

12. 0000000 
lb.COOUOOO 
20.cccoouo 
24.COCUOOO 
20.coooooo 
32.COCOOOO 
3o.COOOOOO 
1,0.ccooooo 
1,4.COOOOOO 
48.COOUOOO 
52.CUOUOOO 
56.COOOOOO 
b0.0000000 
b4,CUOOO OO 
68,CCCOOOO 
12.cuooooo 
76.0000000 
00.cuooooo 
84,COOOOOO 
'l2,COOOOOO 
96.0000000 

lCO.CCOOOllO 
104.000001JO 
108.COUUOOO 
112.cooooo o 
llo. couoooo 
120.0000000 

Cl 1 VEL 
0.798<:2810 01 
0.79843450 01 
0. 7'>66't410 01 
0.7S6t15210 Ol 
o. 79906010 01 
0.79926(110 01 
0.74947610 01 
0,79966590 01 
0,799693SO 01 
O.llOOl020U 01 
0.80031020 01 
0.60051830 01 
o.000'72t rn 01 
0,60093640 01 
0.8Ul 144to Ol 
0.801352'l0 01 
0.80156110 01 
0.00176<;40 01 
0.80197170 01 
0.80218610 01 
0.8023'9610 01 
0.80260450 01 
0.80302130 01 
0.8032315C 01 
0,80344000 Ol 
0.80364€50 01 
0.803tl57CO Ol 
0,80406~50 01 
0,80427410 01 
0,80446270 01 

113 

Y/YO 
1.0000000 
1.0002585 
1.0005212 
1.0007817 
1.0010422 
l.0013028 
1.0015634 
1.0018262 
1.0020869 
1.0023476 
1.0026083 
1.0028691 
1.0031299 
1.0033929 
1.0036537 
1.0039146 
l.OO'tl 755 
1.0044364 
l.0046'l74 
1.0049564 
l.0052216 
1.0054826 
1. 0060048 
1.0062681 
1.0065293 
l.00b7905 
1.0070517 
1.0073130 
1.0075742 
1.0078356 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARUNCE 
S rD DEV 
lNTEKCEPT ,. 
CORK. COEFf. a 

SLOPE PEK KO • 

o.oco1 
0.940-15 
a.coooo 
6.7617 
o.1oooou 01 
O.C095 

PkE~SURE CALCULATIONS FOP. CRYSTAL #llll 
LEAST SQUARES PRtSS VS C66 VELOCITY 

PRt:SS 
o.Ol5l·0 1)0 
4.CC000f)0 
0.ccooouo 

12.COOOOOO 
16.COOOOOO 
20.ccooono 
24.COc:oorio 
20.oouoooo 
32. c 00001)0 
36.COOOOOll 
4C.CUOOOOO 
44.CCUOO'lO 
41l.CUOOOOU 
52.CCCOOOO 
56.COOOOll O 
60. OlH10UOO 
64.CCUOOllO 
<:8.CCUOOOO 
12. CCCOOtl O 
76.CC UOOOO 
l!O.CCOOOUO 
84.CCOUOOO 
92.CCOOOOO 
c;o. ccouooo 

lCO.CCCUOllO 
lU4.C:OOOOUO 
lC!l.CCOOOOO 
112.COOOOOO 
116.COCOOJO 
120.00000UO 

C66 VEL 
0.67617380 01 
0.67643410 01 
0.61669410 01 
O.o7h95570 01 
0.67721730 01 
0.67747150 01 
0.67773''10 Ol 
O.td8CCC7U 01 
0.67826090 01 
0.67852250 01 
0.07878'•7.D 01 
0.67'l0444D 01 
0.67'1 30610 01 
0.67956780 01 
0.67<;fl2eOD 01 
0.6H008'.i7D 01 
0.600 "i5 l40 01 
O.oll06ll7n 01 
o.01101:1734ll 01 
O.olJl 13520 01 
0.6Ul)9 5 ~0 01 
0.68165730 01 
0.60217<J4U 01 
0.00244120 01 
O.oli2701~0 Ol 
0.61129634[1 01 
0.6032252U 01 
0.6U3481ID 01 
o.otJ37415U 01 
0.6040C<;4D 01 

114 

Y/YO 
1.0000000 
l.0003848 
l.0007695 
l.0011563 
1.0015432 
1.0019279 
l .0023146 
l.0027011~ 

l.0030865 
1.0034735 
l.003U605 
1.0042452 
1. 0046323 
1.0050193 
1.0054041 
1.0057912 
l.0061783 
1.0065632 
l.0069503 
l. 00733 74 
1.0077223 
l .ooa·1095 
l. OOtHl816 
l .0092686 
l.0096538 
1. 0 l 00411 
1.0104283 
1.0108156 
1. 0112007 
1.0115080 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
~AR LANCE 
STD DEV 
INTERCtPT " 
CORR. COEFF. • 
SLOPE PER KB s 

0.0012 
0.140-12 
a.coaoo 
6.4258 
0.100000 01 
O.Olb9 

PRESSURE CALCULATIONS FGR CPYSTAL #1111 
LEAST SQUARES PRESS VS Cl2 VELOCITY 

PRESS 
0.0150000 
4.CCOOCOO 
e.ccooooo 

12.0000000 
16.CCOOOOO 
20.occoooo 
24.CCOOOOO 
ze.coooooo 
32.CCOOOOO 
36.CCOOOOO 
40.COOOOIJO 
44.0000000 
48.COOOOOO 
52.coooooo 
5b.CCOOOOO 
60.COOOOOO 
64.CCOOOOO 
68.COOOOOO 
12.ccooouo 
76.CCOOOIJO 
ec.ccooo.rn 
64.COOOOIJO 
92.COOOOOO 
%. ccooooo 

lCo.ccooooo 
104.0000000 
1C6.CC100000 
112.CCOOOOO 
116.COOOOOO 
120.0000000 

Cl2 VEL 
0.642567<;0 01 
0.64303370 01 
0.64350f 4D 01 
0.6439H40 01 
0.64444400 01 
0.64491510 01 
0.645JR~40 01 
0.64565240 01 
0.64632290 01 
0.64676<;50 01 
0.6't7258CD 01 
0.64772690 01 
0.64619390 01 
0.64666280 01 
0.64913210 01 
0.64959150 01 
0.65006480 01 
0.65053130 01 
o.65oc;c;820 01 
0.65146600 01 
o.651 nc•rn 01 
0.6523<; 820 01 
0.65332970 01 
0.65379f40 01 
0.65426040 01 
0.65472670 01 
0.65519190 01 
0.65565470 01 
0.65612100 01 
0.65650660 01 

115 

Y/YO 
1.0000000 
1.0007249 
1.0014606 
1.0021919 
1.0029197 
1.0036528 
1.0043848 
1.0051116 
1.0058437 
1.0065699 
1.0072990 
1.0060316 
l.0067555 
1.0094652 
1.0102155 
1.0109398 
1.0116670 
l.0123931 
1.0131197 
1.01313476 
1.0145712 
1.0152985 
1.0167461 
1.0174744 
1.0181965 
1.0189222 
1.0196461 
1.0203664 
l .0210921 
1.0218166 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD Dev 
INTERCEPT z 

CORK. COEFF. "' 
SLOPE PEH KB .. 

0.0006 
0.120-13 
0.00000 
5.'l2BC 
O.lCOOOD 01 
0.0064 

PRESSURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SUUARES PRESS VS Cl3 VELOCITY 

PRESS 
0.0150000 
4.0000000 
8.CCC.0000 

12.COOUO'JO 
16.COOOOOO 
~o.coooooo 

24.COOOOOO 
28.COOOO OO 
32.0000000 
36.CCOOOOO 
40.COvOO<lO 
44.CO UOOOO 
48.CCOOO OO 
52.CCOOOOO 
56.COOOOOO 
60.COvOOOO 
64.COOOOOO 
68.COOOOOO 
12.00 00000 
76.COOOOOO 
ec.ccouooo 
84.COC•OOr)Q 
'12 • OOvOOOO 
<;6.COOOOOO 

100.0CiOOOOO 
104.0COOOOO 
108.CCCOO.JO 
112.COOOOOO 
116.COC.UOOO 
120.(00()000 

Cl3 VEL 
0.592 0 0190 Ol 
0.5CJ303'4t:O Ol 
0.5'1326690 01 
o.593501,2u 01 
0.59373160 01 
o.59396890 01 
0.59420190 01 
o.59443~50 01 
o.594662CJO 01 
0.59490020 01 
o.59513320 01 
0.59536060 01 
0.59559790 Ol 
0.595830lll 01 
o.59606'4.t,D 01 
0.5962CJ18D 01 
0.59652910 01 
o.59676210 01 
o.596<J937o 01 
o.5972231lo 01 
0.5CJ7460 2 0 01 
o.5"769320 01 
0.5CJ815770 01 
0.59839410 01 
0.5CJB62110 01 
o.5CJB0 5 57o 01 
0.59908870 01 
0.5<)932590 01 
o.59955320 01 
0.59979(40 01 

116 

VIVO 
. 1.0000000 

1.0003924 
1,0007843 
1.0011846 
1.0015682 
1.0019685 
1.0023617 
l.0027556 
l.0031392 
1.0035395 
1.0039327 
1.0043162 
1.0047165 
1.0051083 
1.0055035 
1.0058871 
1.0062873 
l .0066804 
1. 0070711 
l.0074592 
l.0078580 
1,0082511 
1. 00903"7 
1.0094334 
1.0096265 
l.0102121 
1.0106052 
1.0110052 
1.0113888 
1.0117868 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE • o.0233 
VARIANCE 0.22D-ll 
STD DEV O.COOOO 
INTERCEPT • 476.7165 
COKK. CUEFF. • 0.100000 01 
SLOPE PER KB • 0.3378 

PRESSURE CALCULATIONS FCR CRYSTAL #1111 
LEAST SQUARES PRESS VS F33 

PRESS 
0.0150000 
4.coooooo 
a.coooooo 

12.COCOOOO 
16.CUOOOOO 
20.coooooo 
24.CCCOOOO 
28.COOOOOO 
:?2.COOOOOO 
36.COOOOOO 
40.COOOOOO 
4t4.CCOOOIJO 
48.COOOOOO 
52.COOOOOO 
56.CCCiOOllO 
60.COOOOOO 
64.COOUOOO 
68. Cl ocooo 
12.cc.coooo 
16.COOOO'lO 
11c.ccooooo 
114t.CC,OOOOO 
92.COOOOOO 
<;6.CCOOOOO 

100.COOOOOO 
104.COOOO•JO 
lCB.CCOOOOO 
112 .CUOOOIJO 
116.COOOOOO 
120.COOOOOO 

f33 
0.47671900 03 
0.476Al20D 03 
0.416 ')0500 03 
0.476S'l8CO 03 
0.417091CD 03 
0.41711!400 03 
0.477277(0 03 
0.4173710D 03 
0.4774640D 03 
0.477557(0 03 
0.47765COD 03 
0.47774300 03 
0.417A3600 03 
0.47792900 03 
0.47802300 03 
0.478ll6CO 03 
0.47820900 03 
0.47830200 03 
0.47039500 03 
0.47ll4890U 03 
0.47858200 03 
0.478675(0 03 
0.4780610D 03 
0.478954CO 03 
0.479047CO 03 
0.47914100 03 
0.47923400 03 
0.47932700 03 
0.47942COO 03 
0.47951300 03 

117 

Y/YO 
. 1.0000000 
1.0001951 
l.0003902 
1.0005853 
1.0007803 
1.0009754 
l.0011705 
1.0013677 
1.0015628 
l.0017578 
1.0019529 
1.0021480 
l.0023431 
1.0025382 
l .0027354 
1.0029304 
1.0031255 
1.0033206 
1.0035157 
l.0037129 
1.0039000 
1.0041030 
l.0044932 
1. 00't61l83 
l.0048834 
1.0050806 
1.0052756 
l.0054707 
1.0056658 
1.0058609 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 0.0049 
VARIANCE 0.23D-ll 
STD DEV 0.00000 
INT~RCEPT a 241.6616 
CORR. COEFF. a O.lOOOOD 01 
SLOPE PER KB = 0.0706 

PRESSURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES PRESS VS F44 

PRESS 
0.0150000 
4.coeoooo 
8.0000000 

12.CCOOOOO 
l(...CCOOOOO 
20.cocoooo 
24.COOOOOO 
28.COOOOOO 
32.COOOOOO 
36.CCOOOl)Q 
40.COOOOOO 
44.C OOOOOO 
46.COOOOOO 
52.CCOOOOO 
56.(000000 
60.COC.0000 
64.COOOOOO 
68.C00001)Q 
72.00(,00·)0 
76.0000000 
80.COOOOOO 
84.CCOOOOO 
9Z. ccoooou 
<;6.(000000 

lC0.0000000 
104.0l·OUOOO 
lCS.CCCOOOO 
112.00000IJO 
116,CCOOOQO 
120. 0000 O•JO 

F44 
0.24l6620D 03 
0.2417010D 03 
0.2417210D 03 
0.2417400D 03 
0.24176COD 03 
0.24177SOD 03 
0,241 H'iOD 03 
0.24181600 03 
0.2416360D 03 
0.24ltl510D 03 
0.2416770D 03 
0.24189700 03 
0.2419lt00 03 
0.24193tOD 03 
0.2419550D 03 
0.24197500 03 
0.24199'!00 03 
o.2420l40D 03 
0.24203300 03 
0.2420530D 03 
0.24207200 03 
0.24209200 03 
0.24213100 03 
0.24215(00 03 
0.24217(00 03 
o.2421ac;oo 03 
0.24220SCD 03 
0.24222800 03 
0.24224800 03 
0.24226700 03 

118 

Y/YO 
· 1.0000000 
l.0000786 
1.0001614 
1.0002400 
1.0003227 
1.0004014 
1.0004641 
l.0005627 
1.0006455 
1.0007241 
1.0000060 
1.0001:!696 
1.0009662 
1.0010510 
l.0011296 
1.0012123 
1.0012910 
1.0013737 
l.0014523 
1.0015351 
1.00161 J7 
1.0016964 
1.0016576 
l.0019364 
1.0020192 
1.0020978 
1.0021806 
1.0022592 
1. 00 2 34 l 9 
1.0024205 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT "' 
CORR. CUEFF. "' 
SLOPE PER KB • 

0.0363 
0.27D-ll 
o.coooo 

460.8994 
O.lOOOOD 01 
0.5264 

PRESSURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES PRESS VS Fll 

PRESS 
O.Cl5COOO 
4.CCOOOIJO 
0.coooooo 

12.CCOOOOO 
16.00l-0000 
20.coooouo 
24.COOOOflO 
28.CCJOOOOO 
:n.coooouo 
36.CCOOOOO 
40.COOOOOO 
44.COOOOOO 
48.CCCOOOO 
52.COOOOOO 
56.(000000 
60.COOOOOO 
64.COOOOOO 
68.COOOOOO 
12.coooooo 
76.CCOOOOO 
eo.ccooooo 
84.0000000 
92.GOOOOOO 
Cj6.0000000 

lCO.COOOOOO 
104.COOOOOO 
lC8.CuOOOOO 
112. coooooo 
116.COOOOOO 
120. CCCOO llO 

Fll 
0.46090COO 03 
0.46104400 03 
0.46ll9COO 03 
0.461335CO 03 
0.46148CCO 03 
0.46162500 03 
0.46177000 03 
0.46191600 03 
0.46206100 03 
0.462206CO 03 
0.46235100 03 
0.46249600 03 
0.462641CD 03 
0.462787CO 03 
0.46293200 03 
0.463077CO 03 
0.46322200 03 
0.46336700 03 
0.46351200 03 
0.4636570C 03 
0.46380300 03 
0.46394800 03 
0.46423800 03 
0.46438'100 03 
0.46452SOO 03 
0.46467400 03 
0.46481900 03 
0.46'1964CO 03 
0.46510SCO 03 
0.46525400 03 

119 

Y/YO 
. l .COOOOOO 

l.0003124 
1.0006292 
1.0009438 
1.0012584 
1.0015730 
1.0018876 
1. 0022044 
1.0025190 
1.0028336 
1.0031482 
1.0034628 
1.0037774 
1.0040942 
l.0044088 
1.0047234 
1.0050380 
1.0053526 
1.0056672 
1.0059818 
1.0062985 
1.0066131 
1.0072424 
1.0075591 
1. 007 87 37 
l.0081863 
1.0085029 
1.0088175 
1.0091321 
1.0094467 



• 

• 

·• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
'4ARIANCE 
STD DEV 
INTERCEPT "' 
CORR. CDEFF. = 
SLOPE PtR KR 

0.0499 
0.210-11 
o.coooo 

453.5331 
0.100000 01 
0.7240 

PRE~SURE CALCULATIONS FCR CRYSTAL #1111 
LEAST S~UARES PR~SS VS F66 

PRESS 
O. Cl50000 
4.COOOOOO 
a.coooooo 

12. CC000')0 
16.(000000 
20.coc.0000 
24.CGOCJOOO 
28.COOOOOO 
32. 0000000 
36.CCCOOOO 
40.CCCOOOO 
44.0000000 
48.CCOOOOO 
52.CCOOOOO 
56.COOOOOO 
tO.CGCOOOO 
64.COOOOOO 
68.CCOOOOO 
12.ccooooo 
111.ccooooo 
110.ccooooo 
84.CCOOOOO 
92.COOOOOO 
96.CUOOOOO 

lCO,COOOOOO 
1C4.COOOOOO 
108.CCOOOOO 
112,(.(00000 
116.CCOOOOO 
12U.CCOOOOO 

f66 
0.45353400 03 
0.45373300 03 
0.45393200 03 
0.45413200 03 
0.45433200 03 
0.45453100 03 
0.4'>473100 03 
0.454931(0 03 
0.45513000 03 
0.45533000 03 
0.45553000 03 
0.45572900 03 
0.45592'lCO 03 
0.45612'l00 03 
0.45632800 03 
0.45652ECO 03 
0.45672800 03 
0.45692700 03 
0.457127CD 03 
0.45732700 03 
0.457526CO 03 
0.45772£;00 03 
0.45812500 03 
0.45832500 03 
0,45852400 03 
0.45872400 03 
0.45892400 03 
0.45'H2400 03 
0.45932300 03 
0.459523·00 03 

120 

Y/YO 
1.0000000 
1.0004388 
1.0008776 
1.0013185 
1.0017595 
1.0021983 
1.0026393 
1.0030803 
1.0035190 
1.0039600 
1.0044010 
1.0048398 
1.0052808 
1.0057217 
1.0061605 
1.0066015 
1.0070425 
l.0074812 
1.0079222 
1.0083632 
1.0088020 
1.0092430 
l.0101227 
l .0105637 
1.0110025 
1.0114435 
1.0118844 
1.0123254 
1.0127642 
1.0132052 
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cr1CmT~t1~ Pf2Y!ft.f,%~of~PP~l.cTlf.PUT AND OUTPUT DATA. 
II EXEC FORTCLG,RG=l90K 
//SYSI N DD • 

c 

IMPLICIT REAL*BIA-H,O-ZJ 
DIMENSION T(501,Cll0,50),Fll0,501,Sll0,50l,Vlll0,50J,BB1150),BB215 

lO),VCOMPl501,Xl501,Yl50),Rl50J,Ml251,Vl50,501tDESCl25 120J,YAXl25 1 2 
1Q),CPl50J,GAMMAl501 1 ALPHAVl50) 
JJ=l 

1 I= l 

C INPUT PARAMETFR AND SPECIMEN DESCRIPTION CARDS 
c 

c 

2 READ 3,IDESCIJJ,Jll,Jl=l,13J,CYAXIJJ,J2J,J2=lr31r1M 
3 FORMATl13A4,3A4,15X,lll) 

IFllMJ 4,4,63 
4 JJ=JJ+l 

IF(JJ-25J2,2,5 

C INPUT INITIAL MEASUREMENT CARD Ill 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

5 READ 6, APL,BPL,APD,BPD,ACP,BCP,CCP,WGT 
6 FORMATl7DI0.5,fl0.3) 

INPUT INITIAL MEASUREMENT CARD 12J 

READ 7,RllJ,ICIJ,11,J=l,BJ 
7 FORMATl9F8.lJ 

INPUT EXPERIMENTAL TEMPERATURE-FREQUENCY DATA AND DETERMINE THE 
NUMBER OF PIECES OF DATA 

8 READ 7,TllJ,IFIJ,11,J=l,AI 
IFIFI 1, 1J19, 10,9 

9 I= I+ 1 
GO TO 8 

10 N=l-1 
lz l 
PRINT ll,IOESCl25,Jll,Jl=l,131 

11 FORMATl1Hl,24Xtl3A4/25X, 1COMPRESSIBILITY AS A FUNCTION OF TEMPERAT 
1URE'//25X, 1 TICI =CENTIGRADE TEMPERATURE'/25X,'RHO = DENSITY 1/25X, 
l'COMP PDTC =COMPRESSIBILITY PERPENDICULAR TO C AXIS 1/25X, 1 COMP PL 
lTC =COMPRESSIBILITY PARALLEL TO C AXIS'/25X, 1VOL COMP= VOLUMETRI 
lC COMPRF.SSIBILITY'///29X, 1 TICI RHO COMP POTC COMP PLTC 
1 VOL COMP'/) 

COMPUTE Cl2 1 Cl3 AND ALL COMPLIANCE CONSTANTS 

12 IFIFl6,Jl.LT.O.ll GO TO 14 
IFIFl7,IJ.LT.0.11GO TO 13 
CC 9, I l=CI 7, 11-CIS, I l-Cl6, 11 
GO TO 15 

13 Cl9,l l=Cl3,()-2.0*Cl6tll 
CC7,IJ=ICC3,Il+Cl9,ll+2.0*CC5,lll/2.0 
GO TO 15 

14 Cl9,ll=2.0*Cl7,IJ-2.0*Cl5,ll-CC3,ll 
CC6111=1Cl3,ll-Cl91111/2.0 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

15 IFICl2,llll7,l6,l7 
16 J:4 

SCZ,ll=O.O 
SC4,Jl=l.O/CC4,ll 
GO TO 20 

17 J=Z 
SIZ,ll=l.O/CIZ,11 
1FCCC4,llll9,l8,l9 

18 Sf4,Il=O.O 
GO TO 20 

19 Sl4,l)=l.O/Cl4,I) 
20 CllO,ll=DSQRTIC4.0*Cl8,l)-Cl3,Il-Cll,Jl-2.0*CIJ,JJl**2-ICl3,JJ-

lCl l,lll**Zl/2.0-CIJ,ll 
SC5,ll=l.O/CC5,II 
x1=2.o•c110,11••2-c11,11•1c19,11+c13,111 
XXl=Xt•ICl9,ll-Cl3,Ill 
SC3,tl=ICl3,Il•Cll,Il-Cll0,11**2)/XXI 
Sl9,tl=ICl10,11**2-Cl9tll*Cll,Jll/XXI 
SllO,tl=Cll0,11/XI 
Sll,tl=-ICl3,ll+C(9,lll/XI 

COMPUTE THE VELOCITIES FOR THE VARIOUS C(l,J) 

00 21 J=l,10 
21 VllJ,ll=OSQRTICIJ,11/110.0•Rlllll 

COMPUTE COMPRESSIBILITIES 

BBlltl=Sl3,Il+Sl9,ll+SllO,II 
88211l=Slltll+2.0*SllO,tl 
VCOMPll1=12.0•Cll,ll+C(3,ll+C(9,ll-4.0•CllO,lll/ICll,ll*Cl3,tl+C(l 

ltll*C(9,ll-2.0*CllO,tl••21 
PRINT 22,Tlll,Rll),BBllll,BBZ(llrVCOMPlll 

22 FORMATl25Xr F9.3,lX,F9.5,31lX,El2.6)1 
Pl=APL+BPL*IT(ll-25.0) 
PD=APO+BPD•ITlll-25.0I 
ALPHAVlll=PL+2*PO 
IFll.GT.N-11 GO TO 27 

COMPUTE ELASTIC CONSTANTS AT HIGHER TEMPERATURES 

DO 24 J=l,Z 
IFIFIJ,11.LT.O.l) GO TO 23 
CIJ,l+l)=CIJ,ll•IFIJ,l+l)/F(J,lll••2•c11.o+PL*ITll+ll-TlllJ)/((l.O 

l+PO•ITll+ll-Tlllll**211 
GO TO 24 

23 CIJ,1+11 =O.O 
24 CONTINUE 

DO 26 J=3,7 
IFIFIJ,11.LT.O.ll GO TO 25 
CIJ,l+l)=CIJ,tl•IFIJ,l+ll/F(J,111••2 /11.0+PL*ITll+ll-TCIJJJ 
GO TO 26 

25 CIJ,l+ll=O.O 
26 CONTINUE 

J=B 
CtJ,l+ll=C(J,Il•IFIJ,l+ll/FIJ,111**2*111.0+PL*ITll+lJ-TllJJl+ll.O+ 
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c 
c 
c 
c 

l PD• I T I I+ I 1-T I I ) ) ) I .. 21 I I 4. O• I 1. 0 +PL• I Tl I+ 1 ) -TI I ) ) ) ) • 11. 0 +PD• I Tl I+ l 
11-Tll)IJ .. 21 

RI I+ 11,. RI I l /I C 1. O+P D• I TI I+ l )-TI I ) I I .. 2 •I l. 0 +pt• I Tl I+ 11-T.I 11 ) ) I 
f :s I+ l 
GO TO 12 

27 PRINT 26rlDESCl25rJll,Jl=lrl31 
28 FORMATl1Hlrl4X,13A4/15X,'fXPERIMENTAL TEMPERATURE-FREOUENCY INPUT 

1DATA 1///l9X,'TICI F33 F44 Fll F44A F66 
lFPQ FTU FRS'/I 

00 29 l=l,N 
29 PRINT 30r TlllrlF(J,ll,J=l,61 
30 FORMATl15X, 9F9.31 

PRINT 31,IDESCl25,Jll,Jl=lrl31 
31 FORMATl1Hl,9X,l3A4/lOX, 1ELASTIC CONSTANTS AS A FUNCTION OF TEMPERA 

1TURE'//l0Xr'C44 =PROPAGATION PARALLEL TO C AXIS'/l0Xr'C44A =PROP 
lAGATION PERPENDICULAR TO C AXIS 1 /l0Xr'CPO = ICll-Cl2)/2 1/lOX, 1CRS 
ls llCll+C33+2•C44l+ICCll-C331•*2+41Cl3+C44l•*2>••1/2)/4 1/lOX, 1 CTU 
1: 1Cll+Cl2+2•C66)/2 1//13X, 1TICI C33 C44 Cll C44 
lA C66 CPO CTU CRS Cl2 Cll'/) 

DO 32 I" l, N 
32 PRINT 33, TllJ,ICIJ,IJ,J=l,101 
33 FORMATl9X,11Fq.3) 

PRINT 341IOESCl25,Jll,Jl=lrl31 
34 FORMATllHlr 9X,l3A4/lOX, 1 CUMPLIANCE CONSTANTS AS A FUNCTION OF TEM 

lPERATURE 1 ///13X,'TICI s33•,1ox,•s44•,1ox,•s11•,1ox,•s44A•,9x, 'S6 
t6 1 ,1ox,•s12•,1ox,•s11 111 
00 3 5 I= l , N 

35 PRINT 36, Tlll,ISIJ,ll,J=l,5l.ISIJ,ll,J=9tl01 
36 FORMAT 19X, F9.3,71lX,El2.6JI 

PRINT 37,IDESCl25,Jll,Jl=l,l31 
37 FORMATl1Hl,9X,l3A4/10X,'VELOCITIES OF THE ELASTIC CONSTANTS AS AF 

lUNCTION OF TEMPERATURE'///13X, 1 TICI VIC331 VIC441 VIClll 
1VIC44AI VIC66) VICPQ) VICTUJ VCCRSJ VIC12) VCC13l 1 /) 

DO 36 I= l t N 
36 PRINT 39, Tlll,CVllJ,11,J=ltlOl 
39 FORMATl9X,F9.3,lOF9.51 

PRINT 40,IOESCl25,Jll,Jl=l,l3) 
~O FORMATl1Hl,6X,13A4/9X, 1VOIGT,REUSS,HILL MODULI AND CORRESPONDING V 

1ELOCITIES 1//9X,'KIVI =VOIGT BULK MOOULUS'/9X, 1UIVI =VOIGT SHEAR 
1MODULUS'/9X, 1KIRI =REUSS BULK MODULUS 1/9X, 1UIRI =REUSS SHEAR MOD 
1ULUS 1/9X,'KIHI =HILL BULK MODULUS 1/9X,'UIHI =HILL SHEAR MODULUS' 
l/9X, 1 VSIVl "'VOIGT SHEAR VELOCITY 1/9X,'VSIRl =REUSS SHEAR VELOCIT 
1Y 1 /9X, 1VSIVRHI = VOIGT,REUSS,HILL SHEAR VELOCITY 1 /9X, 1VPIVI = VOIG 
lT LONGITUDINAL VELOCITY 1 /9Xr'VPIRI = REUSS LONGITUDINAL VELOCITY'/ 
l9X, 1 VPIVRHI = VUIGT,REUSS,HILL LONGITUDINAL VELOCITY 1//lOX,'TICI 
l KCVJ UIVI KIRI UCRI KIHI UCHI VSIVI V 
lSIR) VSIVRHI VPIVI VPCRl VPCVRHl'/I 

COMPUTE ELASTIC MODULI AND COMPRESSIONAL- ANO SHEAR-WAVE 
VELOCITIES BY VOIGT,REUSS A~O HILL AVfRAGING SCHEMES 

DO 44 1=1,N 
IFIF(2,ll.EQ. o.ot GO TO 41 
L:s 2 
GO TO 42 

41 l=4 
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c 
c 
c 
c 

c 
c 
c 
c 

42 VI I , l ) =SI 3, I I + S 19, I J +SI l O, t I 
VfJ,2J=Sll,l)+Z.O•SClO,ll 
v I 1. 3) = 2. o•s I 3, 11 + s { l, I I+ 2. O* s ( 9, t I +4. o• s ( l 0, 11 
v ( I • 4 I" ' ' 2. 0 •c 11, I I +CI 1, I I I + 2. 0.' c I 9' I I +2. o•c I l 0' r ) J II 9. 0 
v I I • 5 I 2 { 2. o• c I 3, t ) +CI 1 , j 1-C ( 9' t 1-2 • 0 •C ( 10' I ) + 6. o•c 1 Lr I I• 3. o•c ( 5, I ) 

lt/15.0 
V(J,6)=1.0/{2.0•SC3,Jl+Sll,Jl+2.0•IS(9,ll+2.0•S(l0,l)J) 
Vf J,71 2 15.0/14.0•lz.o•Sl3,tl¥Sll,tlJ-4.0•IS(9,Jl+2.0•Sl10.JJl+6.0• 

lSIL,IJ+3.0•S(5,lll 
VfI,Bl:0.5•1Vll,41+V(l,6!1 
Vf 1 r9l=0.5•( VI I ,5J+VI1,711 
DO 43 K=3,5 
VI I , K + 71 =O SOR Tl V 11 , 2 •K-11/ 110. O•R I t J I I 

43 V(J,K+lOl=DSQRT(IV!t,2•K-21+4.0•VIIt2•K-ll/3.0l/(lO.O•RIIJll 
44 PRINT 45, T(JJ,(V(l,Jl,J=4,l51 
45 FORMATl9X,F5.l,6F9.3,6r9.41 

COMPUTE MEAN SOUND VELOCITIES ,DEBYE TEMPERATURE AND ANISOTROPY AS 
A FUNCTION OF TEMPERATURE 

PRINT 46,(DESCl25,JlJ,Jl=l,l31 
46 FORMATl1Hl,l3X,l3A4/l4X, 1VOIGT,REUSS AND Hill MEAN VELOCITIES AND 

lCORRESPONDING DEBYE TEMPERATURE'//l4X,•VMCVI =MEAN VELOCITY'/14X, 
l'VMCRI =REUSS MEAN VELOCITY'/14X,•VMIVRHI = VOIGT,REUSS,Hlll MEAN 
1 VELOCITY'/14X,'SIGIVI = POISSONS RATIO USING VOIGT VELOCITIES'/14 
1X, 1SIGIRI = POISSONS RATIO USING HUSS VELOCITIES 1/l4X,'SIGIVRHI = 
1 POISSONS RATIO USING VRH VELOCITIES 1/l4X, 1DTIV) = DEBYE TEMPERATU 
lRE USING VMIVI 1/l4X, 1DTIRI = DEBYE TEMPERATURE USING VMIRl'/l4X, 1D 
lTIVRHI = DEBYE TEMPERATURE USING VMIVRH)'/l4X, 1A =SHEAR ANISOTROP 
lY 1/14X, 1RHO = DENSITY 1///15X, 1TICI VMIV) VMIRI VMIVRHI S 
llGIVI SIGIRI SIGIVRHI DTIVI DTIRI DTIVRHI A RHO 
1 '/) 

DO 49 I= l, N 
DO 47 K=l61l8 
v I 1, K) =I I 3. O•V (I , K-31 .. 3•V ( 1, K-61**3)II2. o•v ( I' K-31**3 +V {I' K-6) .. 

13) I••. 33333333 
V ( I, K+ 3 I= 0. 5 •I I IV I I 1 K- 31 /VI I, K-6) IO 2-2. 0 I/( (VI I, K- 3 l IV I I , K-6) l O 2 

1-1.0)) 
47 VCl,K+6)=25l.2•1l.O/IWGT••.33333333ll•IRIIl••.333333331•VII,KJ 

Vll,251 = 2.0•IVII,51-VIJ,911/IVCl,'>l+Vtl,91> . 
V(l,26l=Rlll 
PRINT 48, Tlll,IVI l1Jl,J=l6,261 

48 FORMATll4X,F5.lrlX,llF9.41 
49 CONTINUE 

COMPUTE THERMAL EXPANSIONrSPECIFIC HEAT AND GRUNEISEN PARAMETER AS 
A FUNCTION OF TEMPERATURE 

IFIACPl50,56,50 
50 PRINT 51,IDESCl25,Jll,Jl=l,13) 
51 FORMATl1Hl,24X,13A4/?5X, 1THERMAL EXPANSION,SPECIFIC HEAT AND GRUNE 

llSEN PARAMETER AS A FUNCTION OF TEMPERATURE'//25X,'ALPHA(VI = VOLU 
lMETRIC EXPANSION'/2'>X, 1CP =SPECIFIC HEAT ICAL/G/DEGl'/25X, 1 GAMMA 
l = GRUNEISEN PARAMETER'/25X1 1RHO = DENSITY 1 ///26Xr 1 TlCJ 1 ,6X, 1 ALPHA 
1 Iv) I ' 1 x' IR HO' '1 x, I c p I ' 10 x, 'GAMMA I/) 

DO 55 I= 1, N 
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c 
c 
c 
c 

5 l C P I I I =I\ C P +AC P • I T I I I + 2 73. 0 I -CC P • I T I I I + 2 73 • 0 I .. 2 
53 GAMMl\lllzV(l,08l•ALPHAVI ll•l00.0/(4.18o•Rlll•CPllll 

PRINT 54, Tlll,ALPHAVIIl,Rlll,CPllJ,GAMMAlll 
54 FORMAT (21X,21Fl0.3,Dl4.61,Fl0.51 
55 CONTINUF 

COMPUTE LEAST SQUARES FIT BETWEEN TEMPFRATURE AND THE VARIOUS 
PARAMETERS 

56 RF.AD 57,(MIKl,K=l,241 
57 FORMATl241ll 

LL:r6 
lz59/IN+ll-l 
no a z K = l , 7. 4 
IFIL-LLl58,60,60 

58 PRINT 59 
59 FORMATllHll 

LL ,. 0 
60 IFCMIKll 61,82,61 
61 LL = LL+l 

on 7 2 11=1,N 
GO TO (62,63,64,65,66,66,66,66,66,67,67,68,68,68,68,68,69,69,70,70 

1,70,70,70,711,K 
62 Y(lll=Rllll 

GO TO 72 
63 Yllll=BBlllll 

GO TO 72 
64 Yllll=BB21Ill 

GO TO 72 
65 Y(lll=VCOMPllII 

GO TO 7 2 
66 Y(fll=C(K-4,lll 

GO TO 72 
67 YI lll=C(K-1,II I 

GO TO 72 
68 Y(lll=VllK-11,111 

GO TO 72 
69 Yllll=VllK-8,111 

GO TO 72 
10 YIIll=FIK-18,lll 

GO TO 72 
71 Yllll=FIS,111 

GO TO 77 
12 CONTINUE: 

PRINT 73, IDESCl25,Jll,Jl=l,13l,IDESCIK,J21,J2=1,13l 
73 F.ORMATIJOX,l3A4/lOX,•LEAST SOUARF.S ff.MP VS •,1JA4/) 

PRINT 74, IYAXIK,Jll,Jl=l,31 
74 FORMATl3lX,'TEMP 1 ,1ZX,3A4,15X, 1 Y/Y0 1 1 

SUMX : O.O 
SUMY : O.O 
SU"1XZ O.O 
SUMXY = O.O 
SUMYZ O.O 
Cl=~ 
00 75 J=l,N 
XIJI TIJI 
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SUMX = SUMx+XIJI 
SUMY = SUMY+YIJ) 
SUMX2 s SUMX2 +XIJl••2 
SUMY2 = SUMY2 +YIJl••2 

75 SUMXY = SUMXY+XIJJ•YIJI 
IFISUMXYl78,76,78 

76 PR INT 77 
GO TO 82 

77 FORMATl/////45X 1 1 NO INPUT VALUES 1 /I 
c 
c 
c 
c 

COMPUTE SLOPE,JNTE~CEPT,CORRELATION COEFFICIENT,VARIANCE AND 
STANDARD DEVIATION 

78 Sl=ISUMX•SUMY-Cl•SUMXYl/ISUMX••2-CI•SUMX21 
Bl= ISUMX2•SUMY-SU~X*SUMXYl/CCl•SUMX2-SUMX**21 

Rl=ICl•SUMXY-SUMX•SUMYl/DSQRTllCl•SUMX2-SUMX••21•1c1•suMY2-SUMY••2 
1) I 

SXY 2 SUMXY-SUMX*SUMY/CI 
SXX = SUMX2-SUMX*SUMX/CI 
SYY = SUMY2-SUMY•SUMY/CI 
VARS = ISYY-SXY**2/SXXl/CSXX•ICl-2.0ll 
DEVS =DSQRTIVARSI 
DO 79 J=l,N 
YR= YIJl/Vlll 

79 PRINT 80, XIJJ,YIJl,YR 
80 FORMATl27X,Fl4.7,8X,El4.7,8X,Fl4.71 

PRINT 81, Sl,VARS,DEVS,81,RI 
81 FORMATl12HOSLOPE =tFll.4/ 1 VARIANCE =',El3.2/ 1 STD DEV ='• 

1Fl2.5/ 1 INTERCEPT =',Fll.4/' CORR. COEFF. = 1 tE12.5//I 
82 CONTINUE 

JJ=25 
GO TO 

83 STOP 
ENO 

• 
l/GO.SYSIN OD* 
DENSITY 
COMP PERPENDICULAR TO C 
COMP PARALLEL TO C 
VOLUMETRIC COMP 
C33 
C44 
c 11 
C44A 
C66 
Cl2 
Cl3 
CH VELOCITY 
C44 VELOCITY 
Cll VELOCITY 
C44A VEL OC I TV 
C66 VELOCITY 
C 12 VE LDC I TY 
Cl3 VELOCITY 
F33 
F44 

DENS ITV 
COMP PDTC 
COMP PLTC 
VOL COMP 
C33 
C44 
Cll 
C44A 
C66 
Cl2 
Cl3 
CH VEL 
C44 VEL 
C 11 VEL 
C44A VEL 
C66 VEL 
Cl2 VEL 
Cl3 VEL 
F33 
F44 
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Fll 
FHA 
F66 
FRS 
TEMPERATURE CALCULATIONS FOR CRYSTAL *1(11 

Fll 
F44A 
F66 
FAS 

127 

9.20-06 2.0150-09 1.180-06 1.7.50-09 1.5120-01 2.450-04 2.220-00 26.63293 
~.26 4839.499 2714.336l244.295lq47.719 467.3554194.7003980.000 

25.000 498.910 460.600 317.460 388.600 163.120 495.150 595.880 
30.000 498.800 460.390 317.350 388.150 163.153 494.700 595.610 
~o.ooo 498.310 459.950 311.120 381.220 161.220 491.000 595.100 
50.000 497.810 459.510 316.900 386.410 163.294 493.000 594.550 
60.000 497.300 459.100 316.670 385.500 i63.325 492.180 594.040 
70.000 496.820 458.690 316.450 384.660 163.425 491.300 593.420 
80.000 496.310 458.250 316.220 383.800 163.490 490.500 592.890 
90.000 495.810 457.810 116.000 382.900 163.560 489.600 592.310 

l00.000 495.400 457.300 315.770 382.100 163.620 488.700 591.800 
110.000 494.920 456.980 315.550 381.210 163.690 487.800 591.270 
120.000 494.450 456.520 315.37.0 380.340 163.758 486.910 590.720 
130.000 493.950 456.120 315.100 379.600 163.825 486.100 590.210 
140.000 493.580 455.700 314.890 378.800 163.890 485.240 589.700 
150.000 493.200 455.270 114.670 378.010 163.958 484.40~ 589.200 
160.000 492.730 454.880 314.450 377.260 164.019 483.600 588.690 
170.000 492.340 454.450 314.240 376.500 164.084 482.AOO 588.150 
180.000 491.900 454.000 314.0IO 375.700 164.150 481.920 587.600 
190.000 490.470 451.610 313.800 374.910 164.215 481.150 587.100 
200.000 491.000 453.170 313.670 374.110 164.284 480.190 586.600 
210.000 490.550 452.720 313.350 373.350 164.315 479.620 586.090 
220.000 490.080 452.310 313.120 372.610 164.400 478.900 585.590 
230.000 489.610 451.890 312.900 371.850 164.460 478.150 585.080 
240.000 489.120 451.450 312.670 371.100 164.517 477.400 584.530 
250.000 488.680 451.010 312.450 370.450 164.572 476.650 584.000 
260.000 488.200 450.600 312.230 369.700 164.630 475.930 583.500 
270.000 487.730 450.150 312.000 369.000 164.685 475.170 583.000 
280.000 487.280 449.750 311.770 368.250 164.734 474.450 582.500 
290.000 486.800 449.320 311.550 367.510 164.790 473.700 582.000 
300.000 486.350 448.900 311.320 366.800 164.833 472.950 581.550 
310.000 485.850 448.500 111.100 366.100 164.880 472.210 581.100 
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TEMPERATURE CALCULATIONS FOR CRYSTAL Nllll 
COMPR~SSIOILITY AS A FUNCTION OF TEMPERATURE 

T(C) = CENTIGRADE TEMPERATURE 
RHO = DENSITY 
COMP POTC = COMPRESSIBILITY PERPENDICULAR TO C AXIS 
COMP PLTC = COMPRFSSIBILITY PARALLEL TO C AXIS 
VOL COMP = VULUMFTRIC COMPRESSIBILITY 

T( c) 

25.000 
30.000 
40.000 
50.000 
60.000 
10.000 
80.000 
90.000 

100.000 
ll0.000 
120.000 
130.000 
140.000 
150.000 
160.000 
170.000 
180.000 
i90.000 
200.000 
7.10.000 
220.000 
230.000 
240.000 
250.000 
260.000 
270.000 
280.000 
290.000 
300.000 
310.000 

RHO COMP PLJT C COMP PLTC VrJL COMP 

4.26000 0.1935110-03 o.8698540-04 o.474L27D-03 
4.25950 0.1938460-03 0.8714430-04 0.4748350-03 
4.25849 o.1943260-03 0.0120510-04 o.4758510-03 
4.25749 0.1949190-03 0.87l957D-04 0.4771340-03 
4.25648 0.1953830-03 0.8716330-04 0.4781290-03 
4.25547 0.1959340-03 0.8767100-04 0.4795390-03 
4.25446 0.1964370-03 0.8775390-04 0.4806280-03 
4.75344 0.1910000-01 o.8793930-04 o.4819400-03 
4.25742 0.1976900-03 0.8792060-04 0.4833000-03 
4.25140 0.1981940-03 0.8808400-04 0.4844720-03 
4.?5038 0.1987970-03 0.8818410-04 0.4857780-03 
4.?4936 o.1993650-03 o.en2205o-o4 o.4869510-03 
4.24834 0.1999640-63 0.8835350-04 0.4882810-0~ 
4.?4731 0.2005&40-01 o.8843B3D-o4 o.4895660-03 
4.24628 0.2011160-03 0.8851670-04 0.4907500-03 
4.24525 0.2016060-03 0.8872560-04 0.4920980-03 
4.24422 o.202~280-03 o.B884040-04 o.4934960-03 
4.24318 0.2028350-03 0.8813010-04 0.4938000-03 
4.24214 0.2033600-03 0.8915910-04 0.4958800-03 
4.24110 0.2039470-03 0.8908060-04 0.4969750-03 
4.24006 0.2044620-0J o.8914460-04 o.4980100-03 
4.23902 0.2b49990-03 0.8923190-04 0.4992290-03 
4.23797 0.2055470-03 0.8937430-04 0.5004680-03 
4.23693 o.20&1590-03 o.8948650-04 o.5010050-03 
4.23588 o.206&730-03 o.B956llD-04 o.so?.9080-03 
4.23483 0.2012900-03 o.8955420-04 o.5041350-03 
4.23377 0.2078010-03 0.8964880-04 0.5052500-03 
4.23272 o.20B373n-03 o.8968390-04 o.5064290-03 
4.23166 0.2009110-03 o.8959210-04 o.5015340-03 
4.23060 0.2095520-03 o.B94889D-04 o.508593D-03 
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H~ .. Fl\ATU~t CALCULATIO_NS FCJR Cl<YSTAL #1111 

• flASTIC ( ' INSTANTS AS A fUNC I IUli Of TEMPtRAIUl\E 

C44 . Pl\O .. AGA I ION PARAllfl TO C AXIS 
(444 . P~llPAGA I I Oli PfRPfNOICUl AR ru c AXIS 
CPQ . 1Cll-Cl21/2 
CRS . I I Cl I •C lh7•C44I+IIC11-C lll .. 2•41C IJ+C441 .. 21 .. l/21/4 
cru • 1Cll•Cl2•2•Cb61/2 

rec 1 CH C44 c 11 C"4A Cbb CPQ CTu CRS Cl2 Cl3 

• 1'>.000 41t \CJ. 4Y9 o.o 2114.Bb 12H.2'15 1947.119 467.355 "1 '14. 700 3980.000 111'1.b2b 1495.bb7 
rn.oou 4HJ7.l40 o.u 2111.IH 124l.l7b 1'14 l. 121 4b7.52J 41Rb.886 397b.251 l 77b.24l 149?.070 
40.000 .. ~71.4 '17 o.o 710b.l01 1241.460 I 'llJ. 1>43 4b7.8o4 4172.bB 3909.lbO 1771.1?7 1489.805 
~o.ooo 4H I 7. Sb I o.o 2700.n82 123'1.bll 1'125.384 4b8.245 4157.393 J9bl.541 l7b3.7b4 1486.378 
b0.000 4807.447 o.o 21>'15. 814 1237.110 19lb.l48 4b8. 379 4143.190 3954.4b2 l 758.663 1484.279 
70.UOll 4797.'125 o.o 2b 'l0. 151 1235.87b l 90 7. b29 468.909 4128.004 3945 .927 1751.465 1478.458 
eo.ouo 41K7.83J o.o 2bH5. HI l2lJ.9b5 l8'l8.9J2 469.2 38 4114.187 3938.597 1746.017 l475.9lb 
·10.000 4777.945 o.o 2b7'1.'H6 1232. lH l8R'l.859 4b9. 59b 4098. 720 3910.blO l7l9.264 1471. b49 

100.000 4 lb'I. U02 o.o 2671.117 1210.224 1881. H4 4b9.897 4083.281 3923.559 1731. 591 l4b8.555 
110.000 4160.H9 o.o 2bb'l.125 1228.395 1872.81>2 470 . 255 4067.873 3916.250 I 724. 756 1464.958 
uo.ooo 41~1.038 o.o 2664.101 1226.48 ') l8b4.147 470.601 4052.659 1908.682 1717.912 1461.377 • I l0.000 4 741. 191 o.o 2b5'1.l8l 1274.662 1856.724 470.942 4018.804 3901.651 1711.139 1458.955 
l .. 0.000 4731.84'1 o.o 2b54.03b 12 22 .'114 IH4B.731 471.271 4024.144 3894.b2 7 1704.143 1454.bH 
150.UOO 4176dll o.u lb48. 711 1271.0<JO IH40.852 471.bl7 4009.841 3887.740 lb97. 373 1450.939 
160.0UO 4117.071> o.o 7b43.988 121'1.266 1833.)19 471.<J23 39 9 6.22b 3880.728 lb90.924 1448.067 
1 rn.ooo 4 70'1. 371 o.o lbH. 739 1217.522 1825.825 472 .252 3982.633 3873.327 lb84.551 1443.229 
180.000 4700. 71 7 o.o 261,.7b2 1215.bl' l RI 7. 8'19 472.SSb 3967. 747 1865.802 lb77.261 1439.214 
l'lll.000 4673.188 o.o 2b2tt.i.87 1213.881 1810.087 472.915 395J,.69b )858.941 1671.694 144q.929 
zoo.uoll 46HJ.054 o.o l6l3.13b 1212.758 1802.1% 471.267 3941.831 3852.087 1666.368 1432.095 
710.000 41>74.231> o.o l611.b75 121 o. lb 7 I 7!14. 707 473.514 3928.824 3845.107 1660.602 1430.801 
nu.ooo 41>b5.046 o.o 2612.682 1208.274 1787.426 471.843 3916.656 3838.265 1655.387 1428.469 • 710.00U 4b5~. 8~5 o.o l601.~71 1206.459 l 77<J. 968 474.143 3904.017 38ll. 2'18 164<J.90b 1425.71b 
241.l.OOIJ 4b4b.1l~ o.o 1602.247 1204.568 171l.b22 474.42~ 3d <J I. 398 3873.811 11,44.351 1'•22.400 
250.000 41>J7. 721 o.o 25'16. 922 1201.755 I 766. 244 474.696 3376.800 38lb.5<JO 1637.860 1418.77" 
7btl.OOO 41>2A.3Hl o.o 2 ~<JI. 'l4 7 llOO.'l44 1758.qzb 474.983 3Hb6.710 3809.781 lb32.800 1416.431 
110.000 4bl<;.24l o.o 25Kl>.518 l19<J.057 1752.09\1 475.254 3 853. 990 3802.971 1626.637 l414.2bb 
ZRU.000 4610.4 8 7 o.o 1581.667 1197. 171 1744.811 475.4qo 3841.939 37 9 6.166 lb2l.b38 14ll.b3l 
290.000 41>01. I 75 o.o 2516.471 11'1 5 .163 1737.bH 475.766 39zq.411 3789.3b8 1616.022 1409.371 
100.000 45 '17.440 o.o 2571.40/, ll<J3.480 1730.75 1 475.%7 36 16.925 3703.226 1610.205 1408.214 
310 .ooo 4582 . 771 o.o : 2 51>6. 569 1191. b '~ 1723.981 47b. 191 3804.610 3777.0 8 9 1604.438 1407.508 
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TtMPERATUR~ CALCULATIONS FCR CRYSTAL 11111 

• COMPL I Al'IC~ CONSfANTS AS A FUNCJION OF TEMPE RAT URE 

TIC I SH s~~ SI I SHA Sbb SIZ Sil 

2s.ooo O. 2b0 I 500-03 o.o Oeb7~0020-0l 0.80361>80-0l 0.51H210-0} -.1'148490-0J -.81>~8240-04 
10.000 0.} l>OOl>'I0-01 o.o O.bHl>ll0-01 0.80421>20-0l 0.5141>1b0-0l -.19432)0-03 -.8646220-04 
~o.ooo 0,21>0bH40-03 o.o O.b7~1890-01 0.8055030-0l o.5171590-01 -.1941240-03 -. 86 73900-04 
'.i0,000 0,1f,IH20-03 o.o 0,6141t970-01 o. so1>1>no-01 o.51<11110-01 -. 3926050-03 - , A6'H 320-04 
60.000 0, 11>1A'l10-0l o.o 0,67H~10-01 0,807'1"40-0l 0,5218ROO-Ol - • 3972010-01 -.d72b700-04 

• 70.000 o.2622oso-01 o.o o.i. nnoo-01 o. 80'Jl4lD-Ol o.s21t2110-01 -.1907190-03 -.8721>720-0't 
80,000 o.262a110-01 o.o 0.67"2RbO-Ol 0.8103%0-03 0.5261>120-0l -.l90ll00-03 -.8753980-0~ 
90.000 0,2bHI llJ-Ol o.o O.b1\8180-0l 0,8llb010-0l o. 52<J 1"00-0l -.lH'llQl0-03 -.07b05<J0-04 

100.000 0. 21> 3 80511-03 o.o 0,67Hl00-0l 0.8128b00-0l o. 511"080-03 -.l87R'l90-03 -.87Q4200-04 
110.000 O.lbltl'l'ln-OJ o.<;> 0.6722690-03 0.8l't0100-0l o. 5 H'l't20-0l -. 3859610-03 -.8810750-04 
120.000 0.264AOUn-01 o.o 0.6 719'100-0) 0.815H50-0J 0.5)1,'t)80-03 -.1848810-0) -.8831210-04 
110.000 0.}1>~451>0-03 o.o 0.6 71 l'll0-03 0,811>5520-0) 0,5J85AJ0-03 -.J8HIOO-Ol -.881>1790-04 
1"0,000 O, 2bHSRO-Ol o.o O.b 701080-03 0.8177l'JIJ- 03 0.5409121J-03 -. 3820420-01 -.8870210-04 
150.000 O,lbbl 110-0l o.o 0.1.102440-01 0,8l89'tl0-03 0. 5" 32 2 70-0) -, 18083"0-01 -.88041>50-0~ 
160.000 0.2bbt.<J10-03 o.o 0.6b'172b0-0l 0.82011>50-03 0.545't410-0l -.3795210-0) -,UQ088ll>-O't 

• 170.000 O.lbt.'lbb0-01 o.o Q,bb9'tl20-0l 0.8113"10-03 o.5471>980-01 -. 378b0b0-0l -.8912020-04 
180,000 o.zi.14040-01 o.o O.b6A817D-Ol O.A22bllD-03 o. 550081>0-0J -.1112010-01 - • 8928190-04 
I '10 ,000 0.2705~t.0-03 o.o O. bb'lbl 30-0l o. 8238040-03 o.5524oon-oJ -.1755450-0J -.'1123270-04 
200.000 0,2MJ1b[)-03 o.o O.l>bQOb50-01 o. 8245b 10-03 0.5548780-0} -.371>1210-0l -.8958330-04 
110.000 o.26901 nn-oJ o.o O.l>b'11d40-0) o. 82b 3120-01 o.5571<J40-01 -. l754MO-Ol -. 89%890-04 
210.000 O. 2t.9b24U-Ol 0,0 0 .bbQb';bO-OJ o. 82 70270-0 3 0.5594640-0) - • 3749540-0J -.902398()-04 
H0,000 0.2101'190-0l o.o O.bl>98410-0J o. 82~67}0-0l 0.561SOR0-03 -.3741580-0J -,'1048l8U-04 
21>0.000 o. no 1500-01 o.o o.1>100950-01 o. 8101730-03 0.51>41360-0l -.37]81>00-03 -.901>8770-04 
250.000 0.2 7121 <J0-01 o.o O,bb98550-03 O. H JI 4 240-01 0,5bbl 730-03 -. 37l8300-0l -.'1081.610-04 
1b0,000 o.171A4l0-01 o.o 0.1>701010-0J o. 8126180-01 0,5685290-0) -. H238'l0-01 -o'H 14040-04 
210.000 0.2724<J11l-Ol o.o 0.1> 102 no-01 o. 8)]'1890-03 o.5107440-01 -.3715170-03 -.'1147150- 04 • 180,0llO 0.27l0501J-03 o.o 0.1>705bAO-Ol 0.8151010-0} 0.57]1 2 80-0] -. 3710670-03 -.9170080-04 
l'l0.000 0.71\7010-0J o.o O.b 701780-03 o. 81b5bb0-01 o.5754950-01 -. 3703960-03 -.92008'10-04 
100.000 0.27"42b0-0J o.o O.b7067b0-01 0.8J7ffijb0-0l 0.5777830-0} -.11>94880-03 - • 9241600-04 
ll0.000 0,2752h7U-OJ o.o O,b709UOO-OJ o.8191550-01 0.5800530-03 -. }1>84590-03 -,92888H0-04 
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TEMPERAfURt CALCULATIONS FOR CRYSfAL Ulll 
YELOCI r I es OF THE ELASf IC CONSfANfS AS A FUNC fl ON Of TEMPERAfURE 

•• TICI VICHI VICHI VIC 111 VIC,,'tAI VICl>l>I VICPQI VICTUI VICRSI VIC121 VIC131 

25.000 I0.1>58H o.o 7.98228 5.,,0't52 b.1blH 3. llZZ2 9.'lZJOI> 9.1>1>578 b.'tl>lld 5. 92533 
10.000 10.1>51>1>2 o.o 1.'118'11 S.'t028't b. 75"15 3. 31300 9.9l't't0 '1.bbl19 l>.4571>\ 5.91855 
40.000 I0.1>4714 o.o 7.97168 5. 39931 b. 138't5 3.ll'tbO 9.8981>8 9.1>5431 b."4907 5.91,,71> 
50.000 I0.1>314" o.o 7.91>482 5. 39595 b. 72484 l.311>35 9. 11811'> '1.b4bl8 b. "31>4 I 5.9081>5 
1>0.000 I0.1>2752 o.o 7.95829 5.1'1743 b.70949 1.H72l 9.8bb02 9.1>3870 b."278b 5.90517 
70.000 I0.1>1825 o.o 7.95171> 5.38907 b.1>9535 3.31948 9.R4'110 9.b294't b.'tl5"5 5.89428 

• 80.000 I0.1>08H o.o 7.94470 5. 38554 l>.1>8087 l.32105 9.3JJ77 9.1>211>3 b.lt0b2l 5.88991 
90.000 10. 59db5 o.o 7.9371>5 5. 38Jl 8 b.1>1>51>8 3. 32271 9.8lhH 9.b 1302 b.39it59 5.88209 

100.000 I0.'>'1081! o.o 7.92938 5.318bb b.b5221t 3.32417 9. 7'1910 9.l>0551t b.38123 5. 8 7bb I 
110.000 10.5811>1 o.o . 7.92"41 5.37530 b.b31Z3 l.32583 9.78177 9.59774 l>.31>939 5.87011 
120.000 l O. 'H25b o.o 7.91101 5.37177 b.1>2251> 3.32741> 9. 71>41>3 9.51191>1 b.35750 5.81>lb4 
no.ooo 10.51>287 o.o 7.9101>5 5o3bR42 b.blOlb l. 32901> 9.74910 9.58214 l>.34572 5.85948 
HO.ODO I0.5559b o.o 7.90195 5.3b52J l>.59671 ) • 3306) 9. 73257 9.5741>6 b. 33350 5.85150 
1o;o.ooo I0.54881t o.o 7.89707 5.31>1RR 6.58343 3.31225 9. 7lb43 9. 51>735 1>.3211>7 5. 844 77 
l l>O. 000 10.53'179 o.o 7.69088 5.35652 b.57085 3.33374 . 9. 70109 9.55988 b.310"1 5.839b9 
110.000 10. 5JZ4b o.o 7. 88400 5. 35534 b.55810 . 3.33530 9.1>8576 9.55192 6.29928 5.83064 
180.000 I0.52'>01> o.o 7.871>77 5. 15181 6. 54 41>5 3. 131>69 9.bb881 9.54379 6.281>39 5. 82123 • 190.000 I0.4'1448 o.o 7.87059 5.1'.81>3 b. 53137 3.H84b 9.1>5408 9.53b49 b.27b12 5.84538 
200.000 I0.50b83 o.o 7. 81>353 5.34b8l b.51791 3.34011 9.6l951t 9.52918 6.2b7't8 5.81023 
1.10.000 I0.4'1822 o.o 7.85b31 5.34175 6.50515 3.1"139 9.1>2480 9.52171 6. 25 739 5.80832 
220.000 10.46 '1 19 o.o 7. 84971 5.13822 6.4'127" 3.3429b 9.61107 9. 51440 6. 24832 5.80429 
230.000 10.48015 o.o 7.84307 5.JH87 b.47998 3.34443 9. 5'lb7l 9.50b9l 6.23874 5.79945 
2"0.000 Io. 4 70b9 o.o 7.8 3b0 I 5. 331 H b. 4b 739 3.34504 9. 58239 9.'t988\ 6.22900 5. 79318 
250.000 I0.4bl29 o.o 7.82d9b 5.32799 b.451>54 3.34720 9.56804 9.49102 6.21746 5.78670 
260.000 10.45305 o.o 7 .82242 5.3241>3 b.44395 3. 3"81>3 9.55430 9.48371 b.Z086i 5.7821>4 
270.000 10.44401 o.o 7.815?0 5.32111 b.432Zl 3.35000 9.53971> 9.47641 6.19766 5.77893 
Zd0.000 10.43541 o.o 7.80684 5.31758 b.4l9b4 3.35125 9.521>02 9.46910 6.18890 5. 77427 • 2'10.000 10.42617 o.o 7.80l9b 5. 31423 6.40722 3.35264 9. 51167 9.46180 6.17894 5. 77016 
100.000 10.41757 o.o 7.79525 S.31070 6. 39532 3. 35377 9.49733 9.45531 11.16658 s. 76871 
110.000 10.40790 a.a 7.78889 5.30735 b.38359 l.354'18 9. 4 8318 9."488Z 6.15829 5. 76 7'19 
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TE"PERATURE CALCULATIONS FOR CRYSTAL 11111 

• VOIGT,REUSS,HILL MODULI ANO CORRESPONOING VELOCITIES 

KIVI • VOIGT BULK MODULUS 
UIVI • YOICT SHEAR MODULUS 
KIRI • REUSS BULK MODULUS 
UIRI • REUSS SHEAR MODULUS 
Kiili • Hill BULK MODULUS 
UIHI • Hill SHEAR MODULUS 
VSIYI . YOICT SHEAR VELOCITY 
VSIRI . REUSS SHEAR YEtotl TY 
YSIVRHI • VOICT,REUSS,Hlll SHEAR VELOCITY 
VPIVI . VOIGT LONGITUDINAL VELOCITY • VPIRI . REUSS LONGITUDINAL VELOCITY 
Vl'IVRHI • VOIGT,REUSS,Hlll LONGITUDINAL VELOCITY 

TICI KIVI UIVI KIRI UIRI KIHI UIHI YSIYI YSIRI VSIVRHI VPIYI YPIRI YPIYRHI 

25.o 2201.121 1253. 743 2109.142 995.029 21H.131 1124.386 5.4250 4. 8330 5.1375 9.5JH 8.'1807 9.2619 
10.0 2197.942 IH2.663 2105.993 994.973 2151.%8 112l.81B 5.UJO 4.8131 5.130 9.5296 8.9771 '1.1574 
40.0 2193.509 1249.210 2101.471 993.HJ 21H.490 1121.352 5.4163 4.8299 5.1315 9.5196 8.'1695 9.2487 
50.0 2188.041 1246.446 2095. 846 993.018 2141. 943 1119.732 5.4108 4.8295 5.1284 9.5094 8.'1625 9.2400 
6D.O 2181.124 1741.104 2091.486 991.623 2131.605 1117 .163 5.4042 4.8267 5.1216 9.4997 8.9554 9.131~ 

ro.o 2177.354 1240.612 20A5. 334 991.494 2131.344 1116.053 5. 3994 4.8269 5.1212 9.4A88 8.'IHI 9.2224 

• 80.0 2172.690 1237.417 2080.612 990.139 2126.651 1113.778 5.1931 4. 8242 5.1166 9.47A9 8.9406 9.2137 
90.0 2166.993 1234. 509 2074 .946 989.475 1120.970 1111.992 5. 38 74 4.8212 5.11 ll 9.4681 8.9ll I 9.2045 

100.0 2161 :026 1211.684 2069.108 988.796 2115.367 1110.240 5.3818 4.8221 5.1096 9.H79 8.9zq 9.1954 
110.0 2156.568 IHR.937 2064.101 988. 773 2110.135 1108. HS 5. 3765 4.8726 5.1071 9.4482 8.9197 9.1817 
120.0 2151.175 1225.9n 205A.556 987.980 2104.865 1106.988 5. 3707 4. 8211 5.lOH 9.4377 8.9121 9.1787 
uo.o 2146.406 1223.244 2053.595 987.452 2100.001 1105.348 5.3653 4.8205 5.1002 9.4281 8.9057 9.1707 
140.0 2140.971 1220. 813 2048.000 98 7. l 32 2094.486 1101.973 5.1606 4.8203 5.0976 9.4186 1.8988 9.1674 
150.0 2115.819 1218.748 2047.624 986.588 2089.222 1102.418 5.1556 4.8196 5. 0947 9.4090 8.eq19 9.1541 
160.0 2131.018 1215.582 2037.699 986.019 2084.H9 1100.801 5.3504 4.8188 5.0916 9. 39?7 8.8851 9.1461 
110.0 2125. 431 1213.229 2032.116 985.436 2078. 7H 1099.Jll 5.3459 4.8180 5.0888 9. 3899 8.8780 9.1375 
180.0 2119.847 1210.599 2026.357 984.948 2073.ID2 1097.774 5.3407 4.8173 5.0858 9. 3797 8.8705 9.1286 
190.0 2119.207 1204. 824 2025.112 982.220 2D72 .160 1093.522 5.3286 4.8113 5.0765 9.3703 8.8651 9.1212 • zoo.a 2110.049 1205.460 2016.617 983.026 2061. 331 1094.241 5.H07 4.8138 5.0788 9.3610 8.8561 9.1122 
210.0 2105.999 1202.167 2012. 172 981.525 2059.086 1091.846 5. 3241 4.8107 5.0719 9.3515 8.8488 9.1017 
220.c 2101.673 1199.H4 2007.752 980.287 2054. 712 1089.811 5. 3184 4.80AJ 5.0698 9.HH 8. 8'18 9.0956 
230.0 2097.086 ll 96. 553 2001.087 979.145 2050.087 1087.849 5. JI 19 4.8061 5.0658 9.JJJI 8.8147 9. 0811 
240.0 2092.113 1193.795 1998. IH 977.9H 2045.127 1085.875 5.IOH 4. 8017 5.0619 9.1233 8.8270 9.078~ 

250.0 2086. 912 1191.428 1992. 807 977.260 2039.869 1084. 344 5.3028 4.8076 5.0589 9.11 '9 8. 8198 9.0702 
260.0 2082.622 1188. 604 1988.416 975.970 2035. 519 1082.287 5.2972 4.8001 5.0547 9. 3048 a. 8111 9.0621 
270.0 2078.068 1185.850 19AJ.596 974.898 2030.832 1080.JH 5.2917 4.7980 5.0509 9.2956 8. 8054 9. 05lA 
280.0 2071. 736 1183.092 1979.219 973.658 2026.417 IOH.175 5.2862 4. 7956 5.0469 9.2865 8. 7984 9.0458 
290.0 2069.295 1180. 296 1974.610 972.475 2021.953 1076.386 5.2806 4.79H 5.0428 9.2773 8.7912 9. 0 3 75 
100.0 2065.391 1177.451 1970.Jll 971.JJ5 2017.851 1074.]9) 5. 2 749 4.7910 5.0188 9.2686 8.7844 9. 0298 

• 310.0 2061.646 II 74.563 1966.208 970.277 201 J.927 1072.395 5.2691 4. 7889 5.0347 9.2601 8. 7780 9.0273 

• 

• 

• 

• 
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TEHPERAIURE CALCULAllONS FOR CRYSTAL Ulll 

• VOIGT,REUSS ANO Hl~L HEAN VELOCITIES ANO CURRESPONUING OE8YE IEMPf RATURE 

V.iCVI • HEAN VELOCITY 
VMIRl •REUSS MEAN VtLUCllY 
VHIVRHl • VOIGJ,PEUSS,HILL MEAIV VELOCITY 
SIGIVl • PUISSONS RATIO USING VOIGf VtLOClllES 
SIGIRl • POISSUNS RATIO USING RtUSS, VELOCITIES 
SIGIVRHI • PalSSONS RATIO USING VRH VELOCITIES 
OTIVI • OEtiYE TEMPERAfURE USING VMIVI 
OT IR I • OEl\Y[ TEMPERATURE USl~G VMIRl 
OTIVRHl • OE8YE TEMPfRATURE USING VMIVRHl 

• A • SttfAR ANISUTROPY 
RHO • UENS I TY 

. TICI VMIVI VMIKI VMIVRHI SIGIVI SIGIRI SIGIVRHI OTIVI OT I RI Of( VRHI A RHO 

25.0 6.0304 5.1'151 5.1226 0.2606 o.zq62 0.2118 822.2915 135. 7504 780. HOO 0.1088 .... 2600 
)0.0 6.0280 5.3<l51 5. Jl 14 0.2605 o.2q5q 0.2116 921.q422 H5. 720b 780. l 30q 0.1084 4.25q5 
40.0 6.0207 5. 3921 5.7158 0.2607 o.2q5e 0.2116 820.8741 135.1704 7H. 1071 O.lOH 4.2585 
50.0 6.0145 5. 3q13 5.7122 0.2606 0.2954 0.2774 91q.n35 7)5.0081 178. 7542 0.1011 4.2575 
60.0 b.0013 5.3881 5.7068 0.2b08 o.zq53 0.2774 818.qlqb 7H . 5103 111.%14 O.IOb5 4.2565 • 10.0 6.0018 5.1880 5 .1039 0,2606 o.2q49 0.7.11 ·1 818.1131 734.4455 777.5051 0.1057 4.2555 
ao.o 5.994q 5.3849 5 .6 988 0. 2601 o.2q4b o. 2111 817.09qb 133.q57a 71b. 7400 0.1052 4.2545 
'iO.O 5.'1885 5. 38 35 5.b941 0.26llb 0.2'141 0.21bq 816.lbbO 733. 7074 776.1286 0.1044 4.25H 

100.0 5.q9n 5.1820 5.bqoa 0.2b06 0.2'139 0.271>7 815.2607 733. 4491 715.5286 O.IOH 4;2524 
110.0 5.9764 5. 3871 5.b87B 0.2b0b o.2q35 O.l71>4 814.3813 733.4111 175 .0552 0.1021 4.2514 
120.0 5.%99 5.3806 5.6835 0.2605 o.n11 0.2161 81J.4lb9 133.1154 774 .4112 0.1020 4.7504 
130.0 5. 'lb3'1 5.1796 5.61q9 0.2b05 0.292d o.27bl 812.55b3 7J2.9382 773.8593 0.1013 4.24q4 
140.0 5.9586 5.3190 5.6 769 0.2604 o.2n4 o. 2758 Bll. 7705 732.809b 713.JSJq 0.1005 4.2483 
150.0 5. 95 ll 5. 3180 5.6134 O.lb04 0. 2920 0.2756 810.9441 732.bOll 172.8505 o.o9n .... 2473 
lbO.O 5.9472 5.HM 5.1>6qa 0.2b04 0.2911 0,2155 810.0818 732.)9 11 772.2990 0.0991 4.24b3 
110.0 5.9421 5. 3156 5.b6b5 o.2i.oz 0.2'113 0.2752 80•1. 3229 132.1688 771. H09 o.oq95 4.2't52 • 180.0 5.q]bl 5. 314 7 5.b6JO 0.2b0l o.zqoq 0. 2150 80B,4b9l 731.9785 711.2510 o.ons 4.244Z 
1qo.o 5.9215 5.lt.81 5 .65 32 0.2610 0.2912 0.2150 80b.b51b 131.02q2 769.8487 o.o'lbq 4.2432 
200.0 5.q251 5. 3104 5.b551 0.2600 o.2 ·101 0.2147 UOb.80'1b 731.2763 710.0455 o.oqb1 4.2421 
210.0 5 .9\ 18 5.li.bq 5.b49b o.?002 0.2902 o.7747 805.7554 no. 73b4 769.2354 o.n9t.2 4.2411 
uo.o 5.q 110 5.1640 5.6450 o. 2b03 0.2900 0. 2146 804.8441 no. 2902 7b8.5448 0,0'157 4.240\ 
230.0 5.9055 5.1bl4 5.b40b 0.2601 0.28'18 0.2146 80l.94b2 72q.9754 161.81bl o.oq52 4.21qo 
2't0. 0 5.8'1'14 5.1587 5.b lb I O.?.b03 0.28% o. 2144 80).05 10 729,4405 767.tq98 o.oq47 ~. 2380 
250.0 5.aq42 5.3572 5. b 126 0.2002 0.28q) 0.2142 802.2718 729. I Nb Tbb.bb91 o.oq41 4.236q 
260.0 5.8880 5.1542 5.b280 0. 2<>02 0.28'11 0. 2142 801.3b54 728.1131> 765.%95 o.oq3b 1t.215q 
270.0 5.881'1 5. 151 R 5,b7lb o. 2b03 0.28K9 o.2141 800.47tq 128.3Zl5 765.3142 0.0931 4.2348 

• 280.0 5 .8 7 59 5. 3489 5.blql 0.2603 0.2887 0. 2140 7q<J.5785 727.8730 764.t.324 0.092b lo.2333 
2'10.0 5.86q1 5. J4b2 5.bl45 0.2b04 o.?.885 o.znq 798,6706 127.4424 763. q)l6 o.on1 ~.2327 

300.0 5. 8b )4 5. 34}6 5.blOO 0.2605 0.288] 0.211'1 797.7506 121.on0 763.2721 0.0915 4. 211 7 
110.0 5.8570 5.Hll 5.6055 0.2606 0.2881 o. 2nq T'lb.8113 726.<>297 7bz.5q31 o.oqoq ~.230b 

• 

• 

• 

• 

• 
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Tl:MPEIUTURE CALCULATIO~S FOR CRYSTAL u lll 

• fHERMAL EXPANSION,SPECIFIC HEAT ANO GRUNEISEN PARAMETER AS A FUNCTION OF TEMPERATURE 

ALPHAI V) • VOLUM~TRIC FXPANSIUN 
tP • SPECIFIC H~AT ICAL/G/OEGI 
GAMMA • GRUNEISEN PARAMETER 
RHO • DENSITY 

TCCJ ALPHAIVI RHO CP GAMMA • 15.000 o. 2 356000-04 lt.260 O.l222390 00 l.2Al2l 
10.000 0.235!!690-04 4.259 0.2233970 00 1.27410 
lt0.000 0.2 364060-04 4.258 o. 275 7100 00 1.26173 
50.000 0.2369440-04 4. 2'.> 7 o. 2?.80190 00 1.24891 
60.000 0.2H4810-04 4.2'.>b 0.2303230 00 1.23700 
10.000 0.23801'10-04 4.255 0.2326230 00 1.22414 
80.000 0.2J85?60-04 4.254 0.2349190 00 1.21262 

• 90.000 o. 2 39 0940-04 4.253 0.2372100 00 1.20069 
100.000 0.2396310-04 4.252 0.2394960 00 1.18904 
110.000 0.2401690-04 4.251 0.2417790 00 1. l 7793 
120.000 o.?407060-04 4.250 0.?440560 00 l.16679 
uo.ooo 0.2412440-04 4.249 0.24b3300 00 l.156?1 
H0.000 o.2411t110-04 4.240 o.2455qoo 00 l.14547 
150.000 0.2423190-04 4.247 0.2'>0!1630 00 l. 13507 
160.000 0.242!1'>60-04 4. 746 0.2531230 00 1.12508 
170.000 0.7413940-04 4.245 0.2553780 00 l.11489 

• 180.000 0.2439110-04 4.244 0.2576290 00 1.10481 
190.000 0.2444690-04 4.243 0.;1598760 00 1.09746 
200.000 0.74'.>0060-04 ".242 0.26?.l 180 00 1. 081109 
210.000 0.7455440-04 4.241 0.264)'>60 00 l .07730 
220.000 0.2't608 ID-04 'o.240 0.26651l<JO 00 1.06860 
730.000 0.24661<JU-04 4.239 0.2688180 00 l .05'192 
2"0. 000 o.7471560-04 4.238 0.2 710430 00 1.05121 
250.000 0.2476940-04 4.237 0.2732630 00 l.04253 

• 260.000 0.2482"H0-04 4.236 0.2754 780 00 1.01444 
270.000 0.2487690-04 4.235 0.2 716890 00 l.02630 
280.000 o.7491060-04 4.234 0.279B%U 00 1.01848 
290.000 0.749!1440-04 4.233 0.2!120980 00 l.01070 
':\00.000 0.2501810- 04 4 .2 32 0.2!142960 00 l.00325 
110.000 0.7?09190-04 4.231 0.2864890 00 0.99602 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SlllPt 
VARIANCE 
S Tfl OFV 
INTEl{Ct:PT = 
CORR. COHF. 

-0.0001 
0.220-11 
0.00000 
't.2677 

" -o,q99970 oo 

TE~PERATURE CALCULATIONS FOR CRYSTAL #llll 
L£AST SOUARtS TEMP VS OtNSITY 

TEMP 
25.0000000 
30.0000000 
40.0000000 
50.0000000 
60,0000000 
70.0000000 
80.0000000 
90. 00.00000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
1"0. 0000000 
150.0000000 
160.0000000 
170.0000000 
100,0000000 
190.0000000 
200.0000000 
210.0000000 
no.0000000 
230.0000000 
240.0000000 
250.0000000 
26 o. 0000000 
210.0000000 
2110.0000000 
290.0000000 
300.0000000 
Jl0.0000000 

DENS I TY 
0.42600000 01 
0.42594980 01 
0.42584940 01 
0.42574870 01 
0.42564780 01 
0.42554h8l) 01 
0.42544550 01 
0.42534400 01 
0.42524240 01 
0.42514050 01 
0.4250H40 Ol 
0.42493610 Ol 
0.424BHh0 01 
0.42473090 01 
0.424621301) 01 
0.42452490 01 
0.42't42160 01 
0.42431810 01 
0.42421430 01 
0.42'tl I 040 0 l 
0.42400630 Ol 
0.42390200 01 
0.4237'H50 01 
o.4236n70 01 
0.42358780 Ol 
0.42348270 01 
0.42'B7730 01 
0.42327180 Ol 
0.423lbblD 01 
0.4230h010 01 

l36 

YIYO 
1.0000000 
0.9998822 
0.9996464 
0.9994101 
0.9991734 
0.9989361 
0.9986984 
0.9984602 
0.9982215 
0.9979823 
o. 99 7742 7 
0.9975025 
0.997Z6l9 
0.9970209 
0.996 7793 
0.9965373 
0.9962948 
0.9960518 
0.995!10!11 
0.9955644 
o. 99532 00 
0.9950751 
0.9948297 
0.9945839 
0.9943376 
0.9940908 
0.9938435 
0.9935956 
0.9933476 
0.9930989 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT • 
CORR. COE FF. • 

0.0000 
0.170-19 
0.00000 
0.0002 
0.999930 00 
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TEMPERATURE CALCULATIONS FOR CRYSTAL fllll 
LEAST SQUARES TEMP VS COMP PERPENDICULAR TO C 

TEMP 
25.0000000 
30.0000000 

• 40. 0000000 
50.0000000 
60.0000000 
70.0000000 
ao.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130. 0000000 
l't0.0000000 
150.0000000 
lb0.0000000 
170.0000000 
1ao.ooooooo 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
2b0.0000000 
270.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

COMP POTC 
0.19357060-03 
0.19384550-03 
0.19432570-03 
0.19491930-03 
0.19538290-03 
0.19593420-03 
o. l 9643100-03 
O. l 9700050-03 
0.19768970-03 
0.19819420-03 
o. l 98 796 70-03 
0.19936530-03 
0.19996380-03 
o. 20056410-03 
0.20111640-03 
0.20168610-03 
o. 20232800-03 
o. 202 83490-03 
o. 20336050-03 
o. 20394 740-03 
0.20446250-03 
0.20499880-03 
0.20554670-03 
0.20615910-03 
o. 2066 7340-03 
0.20129040-03 
0.20780050-03 
0.20837260-03 
0.20897070-03 
0.20955220-03 

Y/YO 
1.0000000 
1.0014203 
1.0039011 
1.0069675 
1. 009362-'t 
1.0122106 
1.0148081 
1.0177190 
1.0212796 
1. 023 8860 
1.0269986 
1.0299357 
1.0330280 
l.0361289 
1.0389823 
1.0419255 
1.0452416 
1.0478600 
1.0505754 
1.0536073 
1.0562683 
l.0590391 
1.0618693 
1.0650333 
l.0676902 
1.0708777 
1. 0735129 
1.0764685 
1.0795584 
l.0825621 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT • 
CORR. COEFf. • 

0.0000 
0.160-18 
0.00000 
0.0001 
0.976320 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL 11111 
LEAST SQUARES TEMP VS COMP PARALLEL TO C 

TEMP 
25.0000000 
30.0000000 
lt0.0000000 
50.0000000 
60.0000000 
70.0000000 
eo.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

COMP PL TC 
o.869S5390-o4 
0.87144320-04 
o. 8 7205140-04 
0.87295740-04 
o. 8 7363300-04 
o. 8 76 71020-04 
o. 8 7753920-04 
0.87939260-04 
0.87-920590-04 
0.88083960-04 
0.88184110-04 
0.88220460-04 
0.88353510-04 
0.88438260-04 
0.88516740-04 
0.88725560-04 
0.88840380-04 
0.88130050-04 
0.89159080-04 
0.89080600-04 
0.89144590-04 
0.89231860-04 
0.89374270-04 
o. 894664 70-04 
0.89561060-04 
o. 8955'tl60-04 
0.69646830-04 
o. 69663920-04 
0.69592700-04 
0.694689l0-04 

138 

Y/YO 
1.0000000 
1.0018271 
1.0025332 
1.0035678 
1.0043446 
1.0078622 
1.0086352 
1.0109659 
1.0107513 
1.0126293 
1.0137607 
1.0141966 
l.0157262 
1.0167025 
1.0176047 
1.0200053 
l.02U253 
1.0131593 
1.0249691 
1.0240669 
1.0248225 
1.0256256 
1.0274631 
1.0267528 
1.0296106 
1.0295311 
1.0306194 
l.0310228 
l.0299741 
lo 02 87812 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT • 
CORR. COEFF. • 

0.0000 
0.100-10 
0.00000 
0.0005 
0.999830 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES TEMP VS VOLUMETRIC COMP 

TEMP 
25.0000000 
10.0000000 

·lt0.0000000 
50.0000000 
60.0000000 
70.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
100.0000000 
110.0000000 

VOL COMP 
0.47412650-03 
0.47483530-03 
0.47585720-03 
0.47713430-03 
0.47812900-03 
0.47'153940-03 
0.48062790-03 
0.48194020-03 
0.40329990-01 
o. 4844 7240-03 
o. 485 7 7750-03 
O.'t8695100-03 
0.48828120-03 
0.48956640-03 
o. 't9074950-03 
O.'t9209780-03 
0.49H9640-03 
0.49379980-03 
O.'t9588000-03 
0.49697540-03 
0.49806950-03 
0.49'122950-03 
o.50046760-03 
0.50180470-03 
0.50290790-03 
0.50413500-0l 
0.50524990-03 
0.50642920-03 
o.50151420-01 
o.50859330-01 

139 

Y/YO 
1.0000000 
1.0014949 
1.0036501 
1.0063438 
1.0084418 
l.Ol l'tl65 
1.0137123 
1.0164800 
1.0193480 
l.0218208 
1.0245736 
1.0270485 
1.0298541 
1.0325~49 

l.0350603 
1.0379039 
1.0408538 
t.O'tl4936 
1. 045 8812 
1.0481914 
1.0504991 
1.0529456 
1.0555570 
1.0583771 
1.0607040 
l.0632921 
1.0656435 
1.0681308 
l.0704614 
1.0726952 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
S TO OtV 
INTERCtPT • 
CORR. COEFf • 

-0.0970 
0.580-04 
0.00759 

48b0.5b93 
• -0.999000 00 

fEMPERATURE CALCULATIONS FOR CRYSTAL #llll 
LEAST SQUARES TEMP VS C33 

TEMP 
25.0000000 
~0.0000000 

't0.0000000 
50.0000000 
60.0000000 
10.0000000 
80.0000000 
90.0000000 

l00.0000000 
110.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
260.0000000 
270.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

C33 
0.48394990 04 
0.48372400 04 
0.48274920 04 
0.46175610 04 
0.48074470 04 
0.47919250 04 
0.47878130 04 
0.47779450 04 
0.4 7698020 04 
0.47b03l90 04 
0.475103fl0 04 
0.47411910 04 
0.47338490 04 
0.47263210 04 
0.47170760 04 
0.47093710 04 
0.47007170 04 
0.46731880 04 
0.46830540 04 
0.46747360 04 
0.46650460 04 
0.46558650 04 
0.46463150 04 
0.46377230 04 
0.46283820 04 
0.46192410 04 
0.4bl04870 04 
0.46011750 04 
0.45924400 04 
o. 45 827710 04 

140 

Y/YO 
. l. 0000000 

0.9995333 
0.9975190 
0.9954669 
o. 993371 l 
0.9914094 
0.9893241 
0.9872810 
0.98559fl2 
0.983b386 
0.9817211 
0.9796664 
0.9781692 
0.9766136 
0.9747033 
0.9731112 
0.9713231 
0.9656346 
0.9676733 
0.9658512 
o. 9639522 
0.9620552 
0.9600816 
0.9583065 
0.9563763 
0.9544874 
0.9526786 
0.9507545 
0.9489495 
0.9469515 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
S TL> DEV 
INTERCEPT '" 
CORR. COEFF • 

-O.'H87 
o.500-06 
0.00011 

2726.7992 
• -0.999970 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #1111 
l~AST SQUARES TEMP VS Cll 

TEMP 
25.0000000 
30.0000000 

•40.0000000 
50.0000000 
60.0000000 
10.0000000 
ao.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
1"0.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
260.0000000 
270.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

Cll 
0.27143360 04 
0.27117370 04 
0.27063070 04 
0.21000820 04 
0.26958140 04 
0.26907510 04 
0.26853410 04 
0.26799360 04 
0.26737170 04 
0.26697250 04 
0.26641010 04 
0.26591830 04 
0.26540360 04 
0.26487770 04 
0.26439880 04 
0.26387390 04 
0.26332620 04 
0.26284870 04 
0.26231360 04 
0.26176750 04 
0.26126820 04 
0.26075770 04 
0.26022470 04 
0.25969220 04 
0.25919470 04 
0.25865180 04 
0.25816670 04 
0.25764770 04 
0.25714060 04 
0.25665690 04 

141 

Y/YO 
· 1.0000000 
o. 9990424 
0.9970418 
0.9950432 
0.9931762 
0.9913109 
0.9893177 
0.9873264 
0.9850354 
0.9835647 
0.9014928 
0.9796808 
0.9777846 
o.9758471 
0.9740829 
0.9721489 
0.9701313 
0.9683719 
0.9664006 
0.9643887 
0.9625491 
0.9606686 
0.9587048 
0.9567430 
0.9549103 
0.9529099 
0.9511229 
0.9492108 
0.9473427 
0.9455607 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• , 

SLOPE 
VARIANCE 
STD DEV 
INTERCEPT • 
CORR. COEFF • 

-O.l81t0 
0.130-06 
0.00037 

1248.7669 
.. -0.999940 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #llll 
LEAST SQUARES TEMP VS C44A 

TEMP 
25.0000000 
'30. 0000000 

·1to.ooooooo 
50.0000000 
60.0000000 
10.0000000 
eo.0000000 
90.0000000 

100.0000000 
11o.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230. 0000000 
240.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

C44A 
0.12442950 04 
o.12433760 o4 
0.12414600 04 
0.12396230 04 
0.12377100 04 
0.12358760 04 
O. l2H9650 04 
0.12321330 04 
0.12302240 04 
0.12283950 04 
0.12264890 04 
0.12246620 o4 
0.12229140 04 
0.12210900 04 
0.12192660 04 
0.12175220 04 
0.12156230 04 
o.12l388l0 04 
0.121275!10 04 
0.12101670 04 
0.12082740 04 
0.12064590 04 
0.12045680 04 
0.12027550 04 
0.12009440 04 
0.11990570 04 
0.11971710 04 
0.11953630 04 
0.11934800 04 
0.11916750 04 

142 

Y/YO 
1.0000000 
o.9992612 
0.9977213 
0.9962454 
0.9947076 
0.9932336 
0.9916978 
0.9902257 
0.9886920 
0.9872218 
o. 9856901 
0.9842219 
0.9828171 
0.9813507 
0.9798853 
0.9784831 
0.9769574 
0.9755570 
0.9746546 
0.9725726 
0.9710508 
0.9695921 
0.9680725 
0.9666158 
0.9651600 
0.9636434 
0.9621279 
0.9606751 
0.9591616 
o. 9577108 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STO DEV 
INTERCEPT • 
CORR. COE FF • 

-0. 78H 
0.400-04 
0.00631 

1961.5737 
• -0.999090 00 

T~HPERATURE CALCULATIONS FOR CRYSTAL •llll 
LEAST SQUARES TEMP VS C66 

TEMP 
25.0000000 
30.0000000 
1oo.noonooo 
50.0000000 
60.0000000 
70.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130. 0000000 
140.0000000 
150.000QOOO 
160.0000000 
170.0000000 
lt!0.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
Z3 0. 0000000 
240.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

Ct.6 
0.19477190 04 
0.19431210 04 
0.19336430 04 
O.l9253t!40 04 
0.19161480 04 
0.19076290 04 
O.ltl989320 04 
0.1 tl898590 04 
o.10s11940 04 
0.18728670 04 
0.18641470 04 
0.18507240 04 
0.18487310 04 
O.lil408520 04 
O.ltl313790 04 
0.1.8258250 04 
0.18178990 04 
O.lt!l00870 04 
0.1!1021960 04 
0.17947070 04 
0.17674260 04 
o. l 77996!10 04 
0. 1772 b 22 D 04 
0.17662440 04 

. 0.1751!9260 04 
0.175209 '}0 04 
0.17448110 04 
0.17376330 04 
0.17307530 04 
O. l 7239810 04 

143 

Y/YO 
. 1.0000000 
0.9976H4 
0.9927730 
0.9885326 
o. 9837908 
0.97941 7l 
0.9749516 
0.'H02937 
0.9661527 
0.9615666 
0.9570922 
0.95328l3 
0.9491773 
o. 9451322 
0.9412956 
0.9374170 
0.9333477 
0.92933 70 
0.9252856 
0.97.14406 
0.9177022 
0.9138733 
0.9101014 
0.9068270 
0.9030699 
0.8995645 
0.895822!1 
0.8921374 
O.tl886052 
0.8851284 



• 

• 

•• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VAR I ANCE 
STO DEV 
INTERCEPT • 
CORR. COEF f • 

-0.6223 
0.740-04 
0.00494 

1793.5702 
• -0.999120 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #1111 
LfAST SQUARES TEMP VS Cl2 

Tf'1P 
25.0000000 
30.0000000 
lt0.0000000 
50.0000000 
60.0000000 
10.0000000 
110.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130. 0000000 
140.0000000 
150.0000000 
160.00 00000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
26 o. 0.000000 
270.0000000 
280.0000000 
290.0000000 
300.0000000 
110.0000000 

Cl2 
O. l 779b260 04 
0.17762430 O't 
0.17711270 04 
0.17617640 04 
o.17586630 04 
0.175141>50 04 
0.17460170 04 
O. l 7392640 04 
0.17315910 04 
0.17247560 04 
0.17179120 04 
0.17111390 04 
0.17041430 04 
0.16973730 04 
O. l6'"rn9240 04 
o. 161:1455 7f) 04 
0 . 16772610 04 
0.16711>940 04 
0.16663680 04 
0.16606020 04 
0.16553870 04 
0.16499060 04 
0.16443510 04 
0.16378600 04 
0.11>328000 04 
O. l626b.HD 04 
0.16216380 04 
0.16160220 04 
0.16102050 04 
0.16044380 04 

144 

'I' /YO 
1.0000000 
0.9980988 
0.9952242 
0.9910871 
0.9882206 
0.9841761 
0.9811147 
o. 9773199 
0.9730081 
0.9b 'H678 
o.9653217 
0.9615160 
0.9575848 
0.9537805 
0.9501568 
0.9465791 
0.9424797 
0.9393512 
0.9363587 
0.9331185 
0.9301879 
0.9271080 
0.9239869 
0.9203395 
0.9174961 
o. 9140330 
0.9112240 
0.9080686 
0.9047995 
0.9015589 



• 

• 

•• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STO OE:V 
INTERCEPT " 
CORR. COEFF • 

-0.3212 
o. 390-04 
0.006?8 

1501.0441 
• -0.994690 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES TEMP VS Cl3 

TEMP 
25.0000000 
30.0000000 
40.0000000 
50.0000000 
b0.0000000 
70.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
170.0000000 
130.0000000 
140.0000000 
150.0000000 
lb0.0000000 
170.0000000 
180.0000000 
lQ0.0000000 
200.0000000 
210.0000000 
220.0000000 
230. 0000000 
140.0000000 
250.0000000 
260.0000000 
210.0000000 
180.0000000 
290.0000000 
300.0000000 
310.0000000 

Cl3 
0.14956670 04 
0.14920700 04 
0.14898050 04 
0.14863780 04 
0.14842790 04 
0.14784580 04 
0.14759160 04 
0.14716490 04 
0.14685550 04 
0.14649580 04 
0.14613771) 04 
0.14589550 04 
0.14546310 04 
o.14509390 04 
0·.14480670 04 
0.1443?290 04 
0.14392140 04 
0.1449tl29D 04 
0.14320950 04 
0.14308011) 04 
o.14204690 04 
0.14257300 04 
0.14224000 04 
0.14187740 04 
0.14104310 04 
0.14142060 04 
0.14116310 04 
0.14093710 04 
0.14082140 04 
0.14075080 04 

145 

Y/YO 
· l.0000000 
0.9975947 
0.9960808 
o. 9937893 
0.9923802 
0.9884942 
o. 986 7942 
0.9839415 
0,9818727 
0.9794678 
0.9770730 
o. 9751,545 
0.9725044 
0.9700947 
0.9681743 
0.96493911 
0.9622553 
0.9693527 
0.'~574961 

0.9560307 
0.9550712 
0.9532444 
0.9510135 
o. 9485897 
0.9470220 
0.9455757 
0.9438135 
0.9423024 
0.9415288 
0.9410570 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD DEV 
INTl:RCEPT • 
CORR. COE FF• 

-0.0009 
0.690-10 
0.00001 

10.679't 
• -0.'>987't0 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL •1111 
LEAST SQUARES TEMP VS C33 VELOCITY 

TEMP 
25.0000000 
30.0000000 
40,0000000 
50.0000000 
60.0000000 
10.0000000 
eo.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
140,0000000 
150.0000000 
lh0.0000000 
170.0000000 
100.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230. 0000000 
240.0000000 
250.0000000 
760.0000000 
270.0000000 
2110.0000000 
290.0000000 
300.0000000 
310.0000000 

CH VEL 
0.10658480 02 
0.10656620 02 
0.10647140 02 
0.10637440 02 
0 .10627520 02 
0.10616250 02 
0.10608340 02 
0.10590650 02 
0.10590080 02 
0.10581610 02 
0.10572%0 02 
0.10562870 02 
0.10555%0 02 
0.10548840 02 
0.10539790 02 
0.10532460 02 
0.10524060 02 
0.10494480 02 
0.10506830 02 
0.10498220 02 
0.10489190 02 
0.10460150 02 
0.10470690 02 
0.10462290 02 
0.10453050 02 
0.10444010 02 
0.10435410 02 
0.10426170 02 
0.10417570 02 
0.10407900 02 

146 

Y/YO 
· l.0000000 
0,9998255 
0.9989354 
0,9980253 
0.9970953 
0.9962255 
0.9952957 
0.9943860 
0.9936570 
0.9927877 
0.9919366 
0.9910294 
0.9903811 
0.9897130 
0.9888643 
0,9881764 
0.9873882 
0.9846127 
0.9857721 
0.98't9642 
0.9841162 
0.9832684 
0.9823805 
0.9t!l59H 
0.9007256 
0.9798781 
0.9790710 
0.9782037 
0.9773968 
0.9764896 



• 

• 

•• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE • 
VARIANCE 
STIJ DEV 
INTERCEPT • 
CORR. CflEff. 

-0.0007 
O.BI0-12 
0.00000 
7.9989 

- -0.999980 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL ~1111 
lEAST SQUARES TEMP VS Cll VELOCITY 

TEMP 
25.0000000 
30.0000000 
1oo.ooooooo 
50.0000000 
60.0000000 
70.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
l't0.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
110.0000000 
27.0. 0000000 
210.0000000 
21oo.ooooooo 
750.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
H0.0000000 

C 11 VEL 
o. 7'1822810 01 
o. 7971:19280 01 
o. 7?710750 01 
0.79648220 01 
o. 79502900 01 
0.79517570 01 
o.79447040 01 
o.79376510 01 
o. 79293040 01 
o.79244120 01 
0.79170120 01 
o.7910b520 01 
o. 79039460 01 
O. 78<J70660 01 
0.78900800 01 
0.7Bt140000 01 
O. 7B767730 01 
o. 78705870 01 
0.78635330 01 
o. 78563060 01 
o. 78497730 01 
0.78430660 01 
0.7B36012D 01 
0.782895BD DI 
0.78224240 01 
0.78151960 01 
0.78088360 01 
0.78019560 01 
o.77952480 01 
0.77B81i880 01 

147 

Y/YO 
. 1.0000000 
0.9995800 
0.9986964 
0.9978129 
0.9969944 
0.9961760 
0.9952925 
0.994408~ 

0.99H732 
0.9927501 
0.9918233 
0.9910266 
0.9901864 
0.9893245 
0.98854<J5 
0.9B76876 
0.9867B23 
o. 9860073 
0.985i236 
0.9842182 
0.9833997 
0.9825595 
0.9616758 
0.9807921 
0.9799736 
0.9790681 
0.9782713 
0.9774093 
0.9765690 
o. 9757722 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STO UEV 
INTl:RCE:PT • 
CORR. COEFF • 

-0.0003 
0.680-12 
0.00000 
5.4129 

• -0.999920 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL •1111 
LEAST SQUARES TEMP VS C44A VELOCITY 

TEMP 
25.0000000 
30.0000000 

.40.0000000 
'50.0000000 
60.01).00000 
70.0000000 
80.000000() 
90.0000000 

100.0000000 
ll0.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
740.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

C44A VEL 
o.54045170 01 
0.54028300 01 
0.53993100 01 
o.51959530 01 
o.53924260 01 
0.53090690 01 
o.53855410 01 
0.53821850 01 
o.537865130 01 
0.53751010 01 
0.53717750 01 
0.53684190 01 
0.53652110 01 
0.53618770 Ol 
0.53585220 01 
0.53553370 01 
0.53518110 01 
0.534116260 Ol 
0.53468050 01 
o.53417460 01 
o.53302200 01 
o.53348660 01 
0.5311 HID 01 
0.537.79860 01 
o.53246320 01 
0.53211080 01 
0.53175830 01 
0.53142290 01 
0.53107050 01 
0.53073510 01 

148 

YIYO 
. 1.0000000 
0.9996894 
0.9990366 
0.9984154 
0.9977628 
0.9971416 
0.9964890 
0.9958679 
0.9952153 
0.9945943 
0.9939417 
0.9933208 
o. 9927313 
0.9921104 
0.9914895 
0.9909002 
0.9902478 
0.9896585 
0.9893216 
0.9883854 
0.9877331 
0.9871124 
0.9864602 
0.9858395 
0.9852189 
0.9845667 
0.9839146 
0.9832940 
0.9826419 
0.9820214 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPt: 
VARIANCE 
STD DEV 
INTERCEPT • 
CORR. COEFF • 

-0.0013 
0.020-10 
0.00001 
6.7867 

• -0.999350 00 

TEMPERATURt: CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARtS TEMP VS C66 VELOCITY 

TEMP 
25.0000000 
30.0000000 
lt0.0000000 
50.0000000 
60.0000000 
10.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
no.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
18,0.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
2bO.OOOOOOO 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

C66 Vfl 
0.67611380 01 
0.67541510 01 
O.h7J!J4520 01 
0.67248400 01 
0.67094870 01 
0.66953510 01 
0.66808650 01 
0.66656820 01 
0.66522380 01 
0.6637??60 01 
0.66225610 01 
0.66101590 01 
0.6596.7100 01 
0.65834340 01 
0.65708540 01 
0.65580990 01 
0.65446460 01 
0.65313660 01 
0.65179100 01 
0.65051510 Ol 
0.6492138[) 01 
0.64799760 01 
0.646H870 01 
0.64565400 01 
0.64439490 01 
0.64322290 01 
0.64196360 01 
o. 64072160 01 
0.63953180 01 
0.63835940 01 

Y/YO 
1.0000000 
0.9988179 
0.9965562 
0.9945431 
0.9922725 
0.9901819 
0.9880396 
0.9857941 
0.9838059 
0.9815858 
0.9794170 
o. 9775827 
0.9755938 
0.9736305 
0.9717700 
0.9698836 
0.9678940 
0.9659300 
0.9639401 
0.9620530 
0.9602173 
0.9583300 
0.9564682 
0.9548640 
o.9530019 
0.9512686 
0.9494062 
0.94 75694 
0.9458098 
o. 9440758 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD OEV 
INTERCEPT • 
CORR. COEFF. 

-0.0011 
0.620-10 
0.00001 
6.41lll8 

,. -0.999260 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #llll 
LEAST SQUARES TEMP VS Cl2 VELOCITY 

TEMP 
25.0000000 
30.0000000 
40.0000000 
50.0000000 
60.0000000 
10.0000000 
80.0000000 
90.0000000 

l00.0000000 
110.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
16 o. 0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
no.0000000 
230.0000000 
240.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
2qo.ooooooo 
300.0000000 
310.0000000 

Cl2 VEL 
0.64633780 01 
0.6457bl20 01 
0.64490660 01 
0.64364090 Ol 
0.64278550 01 
0.64154500 01 
0.64062260 01 
0.63945680 01 
0.63812290 01 
0.63693670 01 
0.63575000 01 
O. 6345 7190 Ol 
0.63334970 01 
0.63216660 01 
0.63104120 01 
0.62992850 01 
0.62663950 01 
0.62767180 01 
0.62674780 01 
0.62573910 01 
0.62483240 01 
0.62367390 01 
0.6?289970 01 
0.62174590 01 
0.6201!6150 01 
0.61976560 01 
0.61888950 01 
0.617t39410 01 
0.61685790 01 
0.61562930 01 

150 

Y/YO 
1.0000000 
0.9991078 
0.9977857 
o. 9958273 
0.9945040 
0.9925646 
0.9911576 
0.9893569 
0.9872901 
0.9854579 
0.9836187 
0.9817960 
0.9799050 
0.9760749 
0.9763334 
0.9746118 
0.9726175 
0.9711203 
0.9696908 
0.9681301 
o. 966 7273 
0.9652443 
0.9637370 
o. 9619516 
0.9605636 
0.9588881 
0.9575326 
0.9559924 
0.9543893 
0.9527979 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STO OFV 
INTFRCtPT " 
CORR. COHF • 

-O.OOOb 
O.lbD-09 
0.00001 
5.''349 

• -0.993540 00 

TtMPEHATUHE CALCULATIUNS FOR CRYSTAL till! 
LEAST SQUARES TEMP VS Cl3 VELOClTY 

TEMP 
2!1.0000000 
30.0000000 
40.0000000 
50.0000000 
60.0000000 
70.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
7.10. 0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
1b0.0000000 
270. 0000000 
280.0000000 
290,0000000 
300,0000000 
110.0000000 

C 13 VEL 
o.59253320 01 
0.5'H85500 01 
o.59147550 01 
o.59086460 01 
0.59051730 01 
o.58942820 01 
0.5889q}7.0 01 
0.58820940 01 
0.58766090 01 
0.58701110 01 
0.58636370 01 
0.58594810 01 
0.58515000 01 
0.58447HO 01 
0.58}96920 01 
0.58306370 01 
0.58237.300 01 
0.58453700 01 
0.58102300 01 
0.58083150 01 
0.56042'110 01 
0.57994510 01 
0.579B75r> 01 
0,57867030 Ol 
0.57826"370 Ol 
0,57789350 Ol 
o.57742b60 01 
0,57703610 Ol 
o.57687120 01 
o.57679890 01 
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Y/YO 
' 1.0000000 
0.9988555 
0.9982150 
o. 9971840 
o. 9965978 
0.9947597 
0.9940223 
0.9927028 
0.9917772 
0.9906806 
0.9895880 
0.9888866 
0.9875397 
0.9864043 
0.98554b8 
0.9840187 
o. 9877665 
0.9865065 
0.9805746 
0.9802514 
0.9795723 
0.9787555 
0.9777301 
0.9766040 
0.9759178 
0.9752930 
0~9745050 

0.9738460 
0.9735678 
0.9734457 
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• 
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• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD OtV 
INTERCtPT ,. 
CORR. COE ff • 

-0.0456 
0.150-0b 
0.00039 

500.0091 
• -0.9969<)0 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES TEMP VS F33 

TEMP 
25.0000000 

· 30.0000000 
40.0000000 
50.0000000 
60.0000000 
70.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130. 0000000 
140.0000000 
150.0000000 
lh0.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
740.0000001) 
250.0000000 
260.0000000 
270.0000000 
2110.0000000 
2<JO.OOOOOOO 
300.0000000 
31o.00_00000 

FB 
0.49891000 03 
0.491180000 03 
0.49831000 03 
0.497111000 03 
0.4'1730000 03 
0.49602000 03 
0.49631000 03 
0.49~111000 03 
0.49540000 03 
0.49497.000 03 
0.49445000 03 
0.49395000 03 
0.49358000 03 
o. 49 320000 03 
0.49273000 03 
0.49234000 OJ 
0.49190000 03 
0.49047000 03 
0.49100000 03 
0.49055000 03 
0.49008000 03 
0.48961000 03 
0.48912000 03 
0.48868000 03 
0.48820000 03 
0 .48173000 03 
0.48726000 03 
0.48680000 03 
0.48635000 03 
0.4858500() 03 

·152 

· Y/YO 
1.0000000 
0.9997795 
0.9987974 
o. 9977952 
0.9967730 
0.9958109 
0.9947886 
0.9937065 
0.992964 7 
0.9920026 
0.9910605 
0.9900583 
0.9893167 
0.9885551 
0.9876130 
0.986831 l 
0.9859494 
0.9830831 
0.9841454 
0.9632435 
0.9823014 
0.9813594 
0.9803772 
0.9794953 
0.9785332 
0.9775911 
0.97661192 
0.9757271 
0.9748251 
0.9736229 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPc 
VARIANCE 
STD OFV 
INTERCEPT a 

CORR. COHF • 

-0.0425 
o. 270-08 
0.00005 

4bl.b441 
• -0.99'1980 00 

TEMPERATUKE CALCULATIONS FOR CRYSTAL #1111 
LEAST SQUARES TEMP VS f 11 

TEMP 
25.0000000 
10.0000000 
40.0000000 
'50.0000000 
b0.0000000 
10.0000000 
80.0000000 
90.0000000 

100.0000000 
110.0000000 
120.0000000 
130. 0000000 
140.0000000 
150.0000000 
lb0.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220.0000000 
230.0000000 
240.0000000 
250.0000000 
2b0.0000000 
210.0000000 
200.0000000 
290.0000000 
300.0000000 
310.0000000 

Fll 
0.4o0o0000 0) 
0.4b039000 03 
0.45995000 03 
0.45951000 03 
0.45910000 03 
0.45869000 03 
0.4582'5000 03 
0.45781000 03 
0.45730000 03 
0.45698000 03 
0.45652000 03 
0.45bl2000 03 
0.45570000 03 
0.45527000 03 
0.45488000 03 
0.45445000 03 
0.45400000 03 
0.45361000 03 
0.45317000 03 
0.45272000 03 
0.45231000 03 
0.45169000 03 
0.45145000 03 
0.45101000 03 
0.45000000 03 
0.4501'5000 03 
0.44975000 03 
0.44932000 03 
0.44890000 03 
0.44850000 03 
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V/YO 
1.0000000 
0.9995441 
0.9985888 
0.997b335 
0.9967434 
0.9956532 
0.9948980 
0.9939427 
0.9928354 
0.9921407 
0.9911420 
0.9902730 
0.9893bl7 
0.9884281 
0.9675814 
0.96bo479 
0.9650709 
0.9848241 
0.9836089 
0.9826919 
0.9620017 
0.9610899 
0.9801340 
0.9791793 
0.9782892 
0.9773122 
0.9764436 
0.9755102 
0.9745983 
0.9737299 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOPE 
VARIANCE 
STD OEV 
INTERCEPT • 
CORR. COEFF • 

-0.0222 
o. 230-08 
0.00005 

318.0090 
• -0.999930 00 

TEMPERATURE CALCULATIONS FOR CRYSTAL 11111 
LEAST SQUARES TEMP VS F44A 

TEMP 
25.0000000 
30.0000000 
40.0000000 
50.0000000 
60.0000000 
10.0000000 
80.0000000 
90.0000000 

100.0000000 
ll0.0000000 
120.0000000 
130.0000000 
140.0000000 
150.0000000 
160.0000000 
170.0000000 
180.0000000 
190.0000000 
200.0000000 
210.0000000 
220. 0000000 
230.0000000 
240.0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
300.0000000 
310.0000000 

F44A 
o.31746000 o3 
o.31735000 03 
0.31712000 OJ 
o.31690000 o3 
o.31667000 01 
o. 31645000 03 
o.31622000 o3 
o.31600000 o3 
o. 31577000 03 
o.31555000 01 
o. 315 32000 03 
0.31510000 03 
0.31489000 03 
0.31467000 03 
o.31445000 03 
0.31424000 03 
O.ll40l000 03 
0.31380000 03 
0.31367000 03 
0.31335000 03 
0.31312000 03 
0.31290000 03 
0.31267000 03 
o.31245000 03 
0.31223000 03 
0.31200000 03 
o.31111000 o3 
0.31155000 03 
o. 31132000 03 
0.31110000 03 
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YIYO 
1.0000000 
0.9996535 
0.9989290 
0.9982360 
0.9975115 
0.9968185 
0.9960940 
0.9954010 
0.9946765 
0.9939035 
0.9932590 
0.9925660 
0.9919045 
0.9912115 
0.9905185 
0.9898570 
0.9891325 
0.9884710 
0.9880615 
0.9070535 
0.9863290 
0.9856360 
0.9849115 
0.9842185 
0.9835255 
0.9828010 
0.9820765 
0.9813835 
0.9806590 
0.9799660 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

SLOl'E 
VARlflNC( 
S TO Ot:V 
INTFRC~PT a 

CORK. COHF • 

-0.0788 
0.210-06 
0.00052 

390.0959 
• -0.999380 00 

TE~PERATUKt: CALCULATIONS FOR CRYSTAL #llll 
LEAST SQUARES TEMP vs Foo 

TEMI' 
25.0000000 
30.0000000 
40.0000000 
50.0000000 
o0.0000000 
10.0000000 
A0.0000000 
90.0000000 

100,0000000 
110.0000000 
120,0000000 
130.0000000 
140,0000000 
l')0,0000000 
lo0.0000000 
170.0000000 
lA0,0000000 
190,0000000 
200.0000000 
210.0000000 
7.2 0. 0000000 
230.ooonooo 
240,0000000 
250.0000000 
260.0000000 
210.0000000 
280.0000000 
290.0000000 
100.0000000 
310.0000000 

Foo 
0.38860000 03 
o. 38815000 03 
0.3B722000 03 
0.3tl64100D 03 
0.38550000 03 
0.38466000 03 
0.38380000 03 
0.3B290000 03 
0.38210000 03 
0.38121000 03 
O. 3B034000 03 
0.37960000 03 
O, 3 1!lt!OOOO 03 
0.37801000 03 
o. 37726000 03 
0.37650000 03 
0.37570000 03 
O. 3 74'11000 03 
0.37411000 03 
o. 3 7315000 03 
0.17201001) 03 
0.37185000 03 
0,17110000 O"\ 
0.37045000 03 
0.30970000 03 
0.36900000 03 
0.36825000 03 
0.36751000 03 
0,36680000 Oj 
O. 36610000 O"\ 
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Y/YO 
l.0000000 
0.9988420 
0.9904488 
0.9943644 
0.9920226 
0.9898610 
0.9876480 
0.9853320 
0.9832733 
0,9809830 
0.'1787442 
0.976tl399 
0,9747813 
0.9727483 
0.9708183 
0,9688020 
0.9668039 
0.9647710 
0,9627121 
0.9007566 
0.'1580523 
0.9568966 
o. 9549665 
0.9532939 
0.9513639 
0.9495625 
0.947637.5 
o. 94 5 7283 
0.9439012 
o. 942 0998 
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