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Abstract - In the present paper, have two parameter EOS, three parameter EOS and generalized new three parameter 

isothermal EOSs. Two parameters EOSs such as Bridgman EOS, Tait EOS, Hayward EOS and three parameter EOSs, 

such as Shanker-Kushwah EOS, Bose Roy and Bose Roy EOS, Freund Ingalls EOS, Kumari-Dass EOS. A detailed 

comparison study represented with the Kumari-Dass EOS and Freund-Ingalls EOS. These inverted type equation of state  

give a large information about the P-V- data and behavior of the solids such as NaCl and MgO and others. Which 

equation of state express volume ratio as a function of pressure for solid materials at a certain temperature, and pressure 

range 0-30 (GPa) for NaCl and 0-300 (GPa) for MgO solids and compression range 1-0.647, isothermal bulk modulus 

range 24-120, first pressure derivative range 5.5-1.63 for NaCl and compression range 1-0.493, isothermal bulk modulus 

range 157-604,first pressure derivative range 4.37-0.281 for Mgo with Kumari and Dass EOS and with freund-Ingalls 

EOS V/V0 range 1-0.665, BT range 24-152, B’T range 5.5-3.66 for NaCl and V/V0 range 1-0.539, BT=157-895, B’T range 

4.37-1.59 for MgO Solids.  

Keywords-Two, Three parameter EOSs, isothermal bulk modulus, First pressure derivatives , high pressure. 

I. INTRODUCTION 

We find new equations of state for solid, when applied different values data and constant values, if these values are 

valuable with experimental pressure – volume (P-V) [19-26] data. However, the applying of pressure volume data 

related to a limited range of pressure does not provide any support for the validity of the new related EOS beyond 

the range of applying. Stacey Davis and Shanker [18,11] have discussed that new or old, almost every type of EOS, 

Can be applying to given range of P-V data by arranging the parameters  these parameters 

representing the isothermal bulk modulus and its pressure derivatives at zero pressure. The satisfied values of these 

parameter may not be physically meaningful. 

Shanker and Stacey [15, 14] have given statement in favour of curve fitting procedure for the explanation of results 

on isothermal bulk modulus and isothermal compression describing the P-V relationship. Bose roy also discussed 

about the isothermal compression, but these arguments are not valid in the view of the observations made by Davis 

and Stacey [18]. The arguments given by Bose Roy S and Boss Roy P [19], that the bulk modulus and its pressure 

derivative are not known clearly even for the simple solid like Nacl, but Mgo and such other solids have quite nearly 

values for and  Shanker and Kushwah [16] given very close value of  for solids Nacl, Kcl, Mgo and 

Cao.  

P-V data related equations of state are given by short coming on the inverted type equations of state these equations 

discussed very carefully on the P-V data relation. In the present study that some of these EOS does not follow basic 

rules for the validity of an EOS [18]. Roy – Roy [19-25] given some recently drive some inverted type equations of 

state, which express the volume ratio as a function of pressure. They have tells new nomenclature “realistic 
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equations of state”. But in non inverted type equation of state, which expressing pressure as a function of .

Such as Rydbery – Vinet [15, 16] EOS and Birch – Murnaghun [17] EOS, these equations of state also introduced 

by new nomenclature unrealistic equation of state. Such a nomenclature for equations of state is not reasonable.   

II. INVERTED TYPE EOS:

In the non-inverted type EOS pressure express as a function of volume  where  is the volume at P = 0 and 

 ratio of volume related to the compression. Non-inverted type equations of state shows as mathematical 

notation-  

               ………………………(1) 

Such types equations of state given by Shanker EOS, Birch-Murnaghan EOS etc. And inverted types EOS shows 

that the volume express as the function of pressure. The inverted type equation shows as mathematical notation- 

         …………(2) 

Where  is the volume and  volume at pressure at P = 0, and  is the bulk modulus,  at P = 0,  are 

the pressure derivative of bulk modulus  is the first pressure derivative and  is the second 

pressure derivative at P = 0. These have been various EOS to propose inverted type EOS as reviewed earlier given 

two parameter equation of state   by  Bridgman EOS [37] , Tait EOS [39] , Hayward EOS[38] and three parameter 

equation of state   by Shanker- Kushwah [11], Kumari- Dass [24], Freund- Ingalls EOS [25], Boss – Roy and Boss – 

Roy [19].These several types equations of state and applied to many material. In the present study we take following 

seven equations of state and generalized equations of state ,but detail study on two equations of state such as freund-

Ingalls and Kumari-Dass equations of state- 

2.1 Bridgman EOS  [37]- 

                                                                 …………………….(3) 

2.2 Tait EOS [39] -                                       

                                                                    ……………….(4) 

2.3 Hayward [38] – 

                                                                                  ………………….(5) 

2.4 Shanker – Kushwah EOS [27]- 

                                                  …………(6) 

2.5 Bose Roy and Bose Roy EOS [19-29]- 

                                           …………………..(7) 

2.6 Freund – Ingalls EOS [25]- 

                                 ……………………………(8) 

2.7  Kumari – Dass EOS [24]-  
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……..(9)

Above equations (3-5) contains two parameter a and b  ,  equations  (6-9) contains three parameters a, b and c. These   

parameter’s   have   different   value for  different  equations . The   expressions for a, b and c in terms of Bo  , 

 can be found in references[19-29,37-45 ]. The expression for isothermal bulk modulus BT = - vdp/dv 

  ,  , BT  be obtained  from equation ( 3-9) by method of  

successive differentiation with respect to pressure p. 

III. GENERAL INFORMATION ABOUT EOSS:

            In present valuable comparatively analysis of thermodynamics of solids in the limit of extreme compression, 

Stacey  [13, 14]  has  given some general  information which must be discussed by an EOS for its applicability and 

valuable validity. The range to which these information are satisfied by some EOSs . We note these   information , 

and discuss them  with  reference  to  the  inverted type   equations (3 - 9). 

I.  The pressure derivative of isothermal bulk modulus  must decrease progressively  

        with the increase in pressure such that  remains greater than 5/3 in the limit of infinitely  

         large pressure, i.e.  and 

II.  In  the limit , the pressure should not remain finite but  it must approach infinity. 

III. The isothermal bulk modulus must increase continuously with the increase in pressure     

    such that  in the limit of infinitely large pressure. 

IV. In the limit , the ratio  remains finite such that  for all the  

     equations of the state balancing the condition 

V. The volume decreases continuously with the increase in pressure. 

VI. These equations in an inverted EOS and therefore pressure can also computed as a function of   

.

IV. RESULTS AND DISCUSSION

In the present study equation (3-9) the estimating values of v/v0 , BT and BT� in case of MgO and NaCl 

.Calculating the value of v/v0 the input data for MgO  B0=157 Gpa, B0�=4.37 Gpa and B0���’=0.040(Gpa)�1 

and expected value of pressure starts on 100 Gpa up to 300 Gpa, based on the first principals reported by Hama and 

Suito [8] ,for NaCl input data have taken B0=24 Gpa ,B0�=5.5 and B0�’=0.223(Gpa)-1 from Anderson [7] B0�’ 

based on experimental data [6]. 

      Kumara and Dass EOS [24] bassed on the high pressure has been widely used in the recent literature [24]. 

According to this EOS from equatio(5). 

�=B0Z+B0� =BT(0,T)Z+BT�(0,T)                                       

            BT=                                                                        ………………......(10) 
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        Where      

 BT=B0 exp(-zp)                                                                                  ………………(11)  

Compare with the freund  and Ingalls EOS [25] from equation (9) 

Where              

                ,  

                                                             ………………..(12) 

                                                           …………………(13) 

The results from equation (8,9), with equation ( 10-13) for  NaCl   and MgO determined in table -1and 2 with 

comparing study for solids, and graphs (1.a-2.d) also contains with results and comparable study  Kumari-Dass EOS 

with Freund-Ingalls EOS for volume compressions(v/v0), isothermal bulk modulus and first pressure derivative , 

both solids NaCl and MgO. Kumari-Dass EOS and Freund-Ingalls EOS gives approximate similar results for 

volume compression, when pressure increases, isothermal bulk modulus have few difference for NaCl and for MgO 

have more difference ,first pressure derivative have very large difference for NaCl and for MgO some points have 

less difference  but after pressure 50(GPa)  decreases instantaneous with Kumari-Dass EOS and increases with 

Freund-Ingalls EOS at increasing pressure.    

V. CONCLUSIONS

We have thus presented a critical and important  test of some  inverted type  equations of state on the basis of criteria 

based on the thermodynamics of the solids  in the limit of infinite  pressure at  the constant  temperature such as in 

isothermal conditions . The results for pressure –volume  relationship from equation (8,9) and bulk modulus from 

equation (10,12) and first pressure derivative from equation (11,13) . If pressure is increases for NaCl  and Mgo  

solids then V/V0 and first pressure derivative decreases continuously but isothermal bulk modulus is increases 

continuously with kumari - dass and freund-Ingalls EOSs shows by table(1,2) and also represented with the help of 

graphs (1.a-2.c).    
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Table-1 –Values of  P ,BT  and  calculated from (a) kumari –Dass EOS (b) Freund Ingalls EOS for 

NaCl  solid. 

(a) (b)

P(Gpa) V/V0    BT Gpa 

         

        BT V/V0      BT Gpa 

                 

        BT

0 1 24 5.5 1 24 5.5

1 0.963 29.4 5.28 0.963 29.4 5.31

2 0.934 34.6 5.07 0.934 34.7 5.15

3 0.909 39.5 4.87 0.909 39.3 5.01

4 0.887 44.3 4.68 0.887 44.7 4.89

5 0.868 48.9 4.49 0.869 49.5 4.79

10 0.798 69.2 3.67 0.799 72.5 4.41

15 0.748 85.8 3 0.753 93.9 4.15

20 0.709 94.4 2.45 0.717 114 3.95

25 0.676 111 2 0.698 133 3.79

30 0.647 120 1.63 0.665 152 3.66

Table-2 –Values of P ,BT  and  calculated from (a) kumari –Dass EOS (b) Freund Ingalls EOS for 

MgO  solid. 

(a) (B)

P(Gpa) V/V0

               

    BT Gpa

                

        BT V/V0

            

    BTGpa

     

       BT

0 1 157 4.37 1 157 4.37

5 0.971 178 4.17 0.971 179 4.19

10 0.945 199 3.99 0.945 199 4.03

20 0.903 237 3.64 0.903 238 3.76

30 0.868 272 3.32 0.865 274 3.55

40 0.838 303 3.03 0.839 309 3.37

50 0.812 332 2.77 0.814 342 3.22

100 0.714 443 1.75 0.721 488 3.65

150 0.643 514 1.11 0.658 610 2.28

200 0.586 558 0.701 0.611 717 1.99

300 0.493 604 0.281 0.539 895 1.59
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Fig. 1a : Plot between pressure P(GPa) and volume compression (V/V0) for NaCl solid
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Fig. 1b : Plot between pressure P(GPa) and isothermal bulk modulus BT (GPa) for NaCl solid.
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Fig. 1c : Plot between pressure P(GPa) and first pressure derivative BT' for NaCl solid.
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Fig. 2a : Plot between pressure P(GPa) and volume compression (V/V0) for MgO solid .
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Fig. 2b : Plot between pressure P(GPa) and isothermal bulk modulus BT (GPa) for MgO solid.
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Fig. 2c : Plot between pressure P(GPa) and first pressure derivative BT' for MgO solid.
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