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Sound Speed Comparisons in 
EOSPAC6

Daniel Sheppard



Are all thermodynamic relations created equal?

eospac6 calls sound-speed derivation eq. label
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"$ %

+ %
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(2) FLAG
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(3) Peterson

• eos_Pt_DSt 𝑐! = "#
"$ '

(4) entropy

• eos_St_DPt 𝑐! =
( "&

"% '
"&
"' %

(5) entropy2

Black: direct interpolation
Green: inverted with respect to second variable 
Blue: constructed from two other tables 



Test case 1: Analytic copper:  MATID = -8201
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Density (Mg/m3)

Total Pressure (GPa)
Material Number:98201 (copper (z= 29.000000 a= 63.546000))  Table Number:301

Creation date:3/7/2019
Temperature

(K)
0.00e+00
1.00e+00
1.26e+00
1.58e+00
2.00e+00
2.51e+00
3.16e+00
3.98e+00
5.01e+00
6.31e+00
7.94e+00
1.00e+01
1.26e+01
1.58e+01
2.00e+01
2.51e+01
3.16e+01
3.98e+01
5.01e+01
6.31e+01
7.94e+01
1.00e+02
1.26e+02
1.58e+02
2.00e+02
2.51e+02
3.16e+02
3.98e+02
5.01e+02
6.31e+02
7.94e+02

1.00e+03
1.26e+03
1.58e+03
2.00e+03
2.51e+03
3.16e+03
3.98e+03
5.01e+03
6.31e+03
7.94e+03
1.00e+04
1.26e+04
1.58e+04
2.00e+04
2.51e+04
3.16e+04
3.98e+04
5.01e+04
6.31e+04
7.94e+04
1.00e+05
1.26e+05
1.58e+05
2.00e+05
2.51e+05
3.16e+05
3.98e+05
5.01e+05
6.31e+05
7.94e+05
1.00e+06

1.26e+06
1.58e+06
2.00e+06
2.51e+06
3.16e+06
3.98e+06
5.01e+06
6.31e+06
7.94e+06
1.00e+07
1.26e+07
1.58e+07
2.00e+07
2.51e+07
3.16e+07
3.98e+07
5.01e+07
6.31e+07
7.94e+07
1.00e+08
1.26e+08
1.58e+08
2.00e+08
2.51e+08
3.16e+08
3.98e+08
5.01e+08
6.31e+08
7.94e+08
1.00e+09
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Density (Mg/m3)

Total Specific-Internal-Energy (MJ/kg)
Material Number:98201 (copper (z= 29.000000 a= 63.546000))  Table Number:301

Creation date:3/7/2019
Temperature

(K)
0.00e+00
1.00e+00
1.26e+00
1.58e+00
2.00e+00
2.51e+00
3.16e+00
3.98e+00
5.01e+00
6.31e+00
7.94e+00
1.00e+01
1.26e+01
1.58e+01
2.00e+01
2.51e+01
3.16e+01
3.98e+01
5.01e+01
6.31e+01
7.94e+01
1.00e+02
1.26e+02
1.58e+02
2.00e+02
2.51e+02
3.16e+02
3.98e+02
5.01e+02
6.31e+02
7.94e+02

1.00e+03
1.26e+03
1.58e+03
2.00e+03
2.51e+03
3.16e+03
3.98e+03
5.01e+03
6.31e+03
7.94e+03
1.00e+04
1.26e+04
1.58e+04
2.00e+04
2.51e+04
3.16e+04
3.98e+04
5.01e+04
6.31e+04
7.94e+04
1.00e+05
1.26e+05
1.58e+05
2.00e+05
2.51e+05
3.16e+05
3.98e+05
5.01e+05
6.31e+05
7.94e+05
1.00e+06

1.26e+06
1.58e+06
2.00e+06
2.51e+06
3.16e+06
3.98e+06
5.01e+06
6.31e+06
7.94e+06
1.00e+07
1.26e+07
1.58e+07
2.00e+07
2.51e+07
3.16e+07
3.98e+07
5.01e+07
6.31e+07
7.94e+07
1.00e+08
1.26e+08
1.58e+08
2.00e+08
2.51e+08
3.16e+08
3.98e+08
5.01e+08
6.31e+08
7.94e+08
1.00e+09



Helmholtz/Density and Entropy/Density
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Density (Mg/m3)

Total Specific-Free-Energy (MJ/kg)
Material Number:98201 (copper (z= 29.000000 a= 63.546000))  Table Number:301

Creation date:3/7/2019
Temperature

(K)
0.00e+00
1.00e+00
1.26e+00
1.58e+00
2.00e+00
2.51e+00
3.16e+00
3.98e+00
5.01e+00
6.31e+00
7.94e+00
1.00e+01
1.26e+01
1.58e+01
2.00e+01
2.51e+01
3.16e+01
3.98e+01
5.01e+01
6.31e+01
7.94e+01
1.00e+02
1.26e+02
1.58e+02
2.00e+02
2.51e+02
3.16e+02
3.98e+02
5.01e+02
6.31e+02
7.94e+02

1.00e+03
1.26e+03
1.58e+03
2.00e+03
2.51e+03
3.16e+03
3.98e+03
5.01e+03
6.31e+03
7.94e+03
1.00e+04
1.26e+04
1.58e+04
2.00e+04
2.51e+04
3.16e+04
3.98e+04
5.01e+04
6.31e+04
7.94e+04
1.00e+05
1.26e+05
1.58e+05
2.00e+05
2.51e+05
3.16e+05
3.98e+05
5.01e+05
6.31e+05
7.94e+05
1.00e+06

1.26e+06
1.58e+06
2.00e+06
2.51e+06
3.16e+06
3.98e+06
5.01e+06
6.31e+06
7.94e+06
1.00e+07
1.26e+07
1.58e+07
2.00e+07
2.51e+07
3.16e+07
3.98e+07
5.01e+07
6.31e+07
7.94e+07
1.00e+08
1.26e+08
1.58e+08
2.00e+08
2.51e+08
3.16e+08
3.98e+08
5.01e+08
6.31e+08
7.94e+08
1.00e+09
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Density (Mg/m3)

Total Specific-Entropy (MJ/kg/K)
Material Number:98201 (copper (z= 29.000000 a= 63.546000))  Table Number:301

Creation date:3/7/2019
Temperature

(K)
0.00e+00
1.00e+00
1.26e+00
1.58e+00
2.00e+00
2.51e+00
3.16e+00
3.98e+00
5.01e+00
6.31e+00
7.94e+00
1.00e+01
1.26e+01
1.58e+01
2.00e+01
2.51e+01
3.16e+01
3.98e+01
5.01e+01
6.31e+01
7.94e+01
1.00e+02
1.26e+02
1.58e+02
2.00e+02
2.51e+02
3.16e+02
3.98e+02
5.01e+02
6.31e+02
7.94e+02

1.00e+03
1.26e+03
1.58e+03
2.00e+03
2.51e+03
3.16e+03
3.98e+03
5.01e+03
6.31e+03
7.94e+03
1.00e+04
1.26e+04
1.58e+04
2.00e+04
2.51e+04
3.16e+04
3.98e+04
5.01e+04
6.31e+04
7.94e+04
1.00e+05
1.26e+05
1.58e+05
2.00e+05
2.51e+05
3.16e+05
3.98e+05
5.01e+05
6.31e+05
7.94e+05
1.00e+06

1.26e+06
1.58e+06
2.00e+06
2.51e+06
3.16e+06
3.98e+06
5.01e+06
6.31e+06
7.94e+06
1.00e+07
1.26e+07
1.58e+07
2.00e+07
2.51e+07
3.16e+07
3.98e+07
5.01e+07
6.31e+07
7.94e+07
1.00e+08
1.26e+08
1.58e+08
2.00e+08
2.51e+08
3.16e+08
3.98e+08
5.01e+08
6.31e+08
7.94e+08
1.00e+09
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C2 vs Density 

 0.01

 1

 100

 10000

 1e+06

 1e+08

 1e+10

 1e+12

 1e-06  0.0001  0.01  1  100  10000  1e+06

So
un

ds
pe

ed
 sq

ua
re

d 
(k

m
/s

)(
km

/s
)

 
Density (Mg/m3)

C2 vaules MATID: 98201 Temperature
(K)

0.00e+00
1.00e+00
1.26e+00
1.58e+00
2.00e+00
2.51e+00
3.16e+00
3.98e+00
5.01e+00
6.31e+00
7.94e+00
1.00e+01
1.26e+01
1.58e+01
2.00e+01
2.51e+01
3.16e+01
3.98e+01
5.01e+01
6.31e+01
7.94e+01
1.00e+02
1.26e+02
1.58e+02
2.00e+02
2.51e+02
3.16e+02
3.98e+02
5.01e+02
6.31e+02
7.94e+02

1.00e+03
1.26e+03
1.58e+03
2.00e+03
2.51e+03
3.16e+03
3.98e+03
5.01e+03
6.31e+03
7.94e+03
1.00e+04
1.26e+04
1.58e+04
2.00e+04
2.51e+04
3.16e+04
3.98e+04
5.01e+04
6.31e+04
7.94e+04
1.00e+05
1.26e+05
1.58e+05
2.00e+05
2.51e+05
3.16e+05
3.98e+05
5.01e+05
6.31e+05
7.94e+05
1.00e+06
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2.00e+06
2.51e+06
3.16e+06
3.98e+06
5.01e+06
6.31e+06
7.94e+06
1.00e+07
1.26e+07
1.58e+07
2.00e+07
2.51e+07
3.16e+07
3.98e+07
5.01e+07
6.31e+07
7.94e+07
1.00e+08
1.26e+08
1.58e+08
2.00e+08
2.51e+08
3.16e+08
3.98e+08
5.01e+08
6.31e+08
7.94e+08
1.00e+09
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Density (Mg/m3)

C2 vaules MATID: 98201 Temperature
(K)

0.00e+00
1.00e+00
1.26e+00
1.58e+00
2.00e+00
2.51e+00
3.16e+00
3.98e+00
5.01e+00
6.31e+00
7.94e+00
1.00e+01
1.26e+01
1.58e+01
2.00e+01
2.51e+01
3.16e+01
3.98e+01
5.01e+01
6.31e+01
7.94e+01
1.00e+02
1.26e+02
1.58e+02
2.00e+02
2.51e+02
3.16e+02
3.98e+02
5.01e+02
6.31e+02
7.94e+02

1.00e+03
1.26e+03
1.58e+03
2.00e+03
2.51e+03
3.16e+03
3.98e+03
5.01e+03
6.31e+03
7.94e+03
1.00e+04
1.26e+04
1.58e+04
2.00e+04
2.51e+04
3.16e+04
3.98e+04
5.01e+04
6.31e+04
7.94e+04
1.00e+05
1.26e+05
1.58e+05
2.00e+05
2.51e+05
3.16e+05
3.98e+05
5.01e+05
6.31e+05
7.94e+05
1.00e+06

1.26e+06
1.58e+06
2.00e+06
2.51e+06
3.16e+06
3.98e+06
5.01e+06
6.31e+06
7.94e+06
1.00e+07
1.26e+07
1.58e+07
2.00e+07
2.51e+07
3.16e+07
3.98e+07
5.01e+07
6.31e+07
7.94e+07
1.00e+08
1.26e+08
1.58e+08
2.00e+08
2.51e+08
3.16e+08
3.98e+08
5.01e+08
6.31e+08
7.94e+08
1.00e+09

C2 < 0



Menikoff does the best in expansion 

𝑐! =
𝜕𝑃
𝜕𝜌 "

+
𝑇

𝜌! 𝜕𝑈
𝜕𝑇 #
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𝜕𝑇 #

!



Flag and Peterson: bad in expansion?

𝑐! =
𝜕𝑃
𝜕𝜌 $

+
𝑃
𝜌!

𝜕𝑃
𝜕𝑈 #
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#
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𝑃
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Peterson vs Flag are numerically consistent 
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𝑃
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#
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FLAG

Peterson



Default interpolation vs. Invert_At_Setup
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#
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Auto generated entropy tables for C2

𝑐! =
𝜕𝑃
𝜕𝜌 %

𝑐! =
− 𝜕𝑆

𝜕𝜌 &
𝜕𝑆
𝜕𝑃 #

Extrapolation



Invert_At_Setup entropy tables for C2

𝑐! =
𝜕𝑃
𝜕𝜌 %

𝑐! =
− 𝜕𝑆

𝜕𝜌 &
𝜕𝑆
𝜕𝑃 #

Extrapolation



Direct Tabulation of C2 in 300 style table



Menikoff 𝑐! =
𝜕𝑃
𝜕𝜌 "

+
𝑇

𝜌! 𝜕𝑈
𝜕𝑇 #

𝜕𝑃
𝜕𝑇 #

!

Typical Sesame Grid Even log spacing 



FLAG 𝑐! =
𝜕𝑃
𝜕𝜌 $

+
𝑃
𝜌!

𝜕𝑃
𝜕𝑈 #

Typical Sesame Grid Even log spacing 



Entropy1 Invert_At_Setup

Extrapolation
Extrapolation

𝑐! =
𝜕𝑃
𝜕𝜌 %

Typical Sesame Grid Even log spacing 



Entropy2 Invert_At_Setup 𝑐! =
− 𝜕𝑆

𝜕𝜌 &
𝜕𝑆
𝜕𝑃 #

Typical Sesame Grid Even log spacing 



Direct Tabulation of C2 in 300 style table

Typical Sesame Grid Even log spacing 



Menikoff vs direct interpolation of C2



Menikoff vs direct interpolation of C2


