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An equation of state for compre660d matter is derived after

assuming that its energy consists of vibratiowl energy which is 8 function

c?ftemperature only &nd of co~prcssionnl energy which Is a ~lausiblc f’unction

of volume only.
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fiechoose as independank parameters the volume v (or one Role)

tanperhzure To Let u denote the it.ixrnal energy, S the entro~yo

the prcssure9 the former two quantities again referred to oco mole.

From the eqcality of the txo conae<juent second purti[~lsOf :;,,

we gets

(1)

(2)

i’iermikenow the first ~stiumption: The energy of :he &olid i6

representable ac a sum Of two fl~rctionsof one vuri}~,i~ cat:: <Lnfic~.ergy Of

uompre~sisn depending

of temperature only)

(The constant d. may

addit.ianal degrees of

u = -wI’v)+ c,R’1’ (3)
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From (2) the a8&cm&ilml (~)~giv$~ us Unclassified
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-w’ = T $-p

The integral of this differential equation for p gives .US:

P= w! + Ta(v) (4)

where ● (v) i8 an ●rbitrary functian to be determined by a further a.s8wnption,..

In faot~ general thermodynamics can give us only a relf’.tion v:ith one unlcn.owu

function. even if’one uses an assumption like (3)0

On. can get.the form of e.(v) by the following additional hypothesis:

We assume thut if the volume of the solid i6 ch:~n~ed~-all vibrsttcmnl fre=

quonciea in the lattice change by the same Tactor. fle turthcr os.~l~methat,

thg vibrational frequenoios do rJOt depend on the tenpf)r”:~tureas l.~n~ae the

volume is cmstant. The letter assumpti~n is stitisfied only if I-hevibi-a==

tion6 are harmonic(ao these a~l:umption6 will not be just; fied nt ,Li@ tempera=.

tures].

We shall eetinmte tho common factor by which all frgqucncies

change by calculating the time scund tak~~~ to lra~el f’romafintcm to its

neighbor.,

This gives the proport!.onality

The sound velooity 6,,is ~ivtn by:

,=*=+%-

● m .*O ..* ● be,
● . . . . .

:: :
● O : ●●:::.. :0

●

● o 000 ●eo ● eb ●:0 ● . ●

b ● ● 99●O. ● ●
● 00

● ●a.
9 ● ** ● .

● ●°:

●
● **

●● ::..:.: ::
● *... ● 00 ● .

UNCLASSIFIED

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



b ● * ● ** ● ●

:::, !N’:
● e,

t
● ●

● O* ● DO
9* ● O9 ● ● O8

using (4) , we have
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Xn the approximation in which 9 is independent of T we can

neglect in this expression the term Tat(v). In an adiabatio compression

the number of quanta ia unohanged, This means that the temperature-

dopendent part of UC namely cLRTO varies as * , For our xdiatatic ohange

.
we kvo therefore

T-$-”+ /= (5)

The phyeical reason for tho chmn~e of 9 ie of oourse the cmnge 01’volumc+

during adiabatio ccmpreasion. From (5) and from (1) ws sen ~et two

expressions for
()%-s

at constant entropy. Assuming thercf’cre i~ (1)

that dSsO we get

:dTj&+hJ’.%d..
., (6)

Hero p = w’+ T a(v) ; ~u/ilv .: =w’, snd du/dT= u R., Thus

On the other hand from (5)

Thi8 last prcportiono.lity has thv Enme factor GG in (5). Ke cun write t?le

equal?.ty
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Comparing this with the expression above ws get:

;+= +& -%
This relation gives the function & (v) in terms of v

Our equation of state can be obtained it”we

;7)

a~d the function w(v) (

take a ~lousible

expression for the energy term w(v). We shall use as an example the ac:uatio~

~1 = [d’p. (v V)g ~=?.1

It a;ould be noted kt?atthis approaches

(8)

and that w’..pr when v/voL~ 1 From this eque.tionwe obtain

Ill
w .:(j(+- ~)= P*;’: -+7_

Therefore

P= PC) [(++..q i- -q&=Q ,,
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u= -w(v) + dRT

(-)?

u=” + +i.

/.

From (1) w. get by integrating

Ssd-R
(

-2/3 10g v

(Yor/vr”) !

[
-+--

4

- pov+ CLRT

. )1/2 log w“+ log T

log v“+-

W

( Y“ v:”
log -‘o

\
~(+1 )1+-log T
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