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Multiplying Eq. (26) by U ",0, since the vectors U ",0 
are real, and summing over i, making use of the ortho­
normality of the unperturbed eigenvectors U "l we 
obtain 

)'",115",,,+ (),,,,o_),,,o)g,,m= Li.J U ",ob,/UJmo= B"m'. (27) 

If m= n we obtain 

),ml = L,.J U mlb,/Ujmo= Bmm'. (28) 

Thus, we may write for the perturbed circular 
frequencies, 

(29) 

Equations (28) and (29) are valid for degenerate 
eigenvalues only if Bnm'=O. In this event the perturbed 
eigenvalues are again degenerate. For the NaCI crystal 
the degeneracy is due to the symmetry of the crystal 
itself. The degeneracy would not be removed by going 
to higher order terms in the perturbation series. Hence, 
the above equations may also be used to find the per­
turbed frequencies for the degenerate case. 

For the Kellermann model of NaCI we have 

B",m' = AR{~[ (U ImO)2+ (U amO)2+ (U6mO)2J 
ml 

1 
+-[ (U 2mO)2+ (U 4mO)2+ (U emO)2J 

m2 

2 
+ (U1mOU2mo COS7rq,,+UamoU4mo COS7rqll 

(mlm2)1/2 ' 

+UOmoU6m° COS7rq.)}, (30) 

where AR is the change in R as defined in Eq. (14): 

AR= 12r4/e2X-12r04/e2Xo, (31) 

where r and X are the new lattice constant and com­
pressibility, respectively. 

' For the modified Kellermann model of NaCI we have 

B",,,,'=blll { (U1mO)2+ (UamO)2+ (U6mO)2 

where 

+ m
l
[(U2mO)2+ (U4mO)2+ (UemO)2J} 

m, 
+2[b121UlmoU2mo+bulUamoU4mo 

+b6eIU6m°Ue",0] , (32) 

1 
bll

l=-[R(r)+2S(r)-R(ro)- 2S(ro)] , (33) 
, ml 

R(ro)=4B2Aro'eBrO/e2 , 

S(ro) = -4BAro'eBro/e2, (34) 

and 

1 
b12

l = - [(R(r)-R(ro)) COS7rq" 
(mlm2)1/2 

+ (S(r)-S(ro)) (COS7rql/+COS7rq.)], (35) 

with similar terms for bai and b68
1

• 

IV. THE "(;'8 

For the Kellermann model we obtain 

where ' 

1 
r=-[(UlmO)2+(UamO)2+(U6mO)2J , 

WI 

1 
+-[ (U 2m 0)2+ (U 4m 0)2+ (U 8m 0)2J 

ffl2 

We have then from Eq. (2) 

- V dr dw,2 
"(,=---- . (38) 

2wl'dV dr 
and 

dr 

+~[48r3 _ 12r4(aX) Jr. (39) 
2r3 e2x e2x2 ar T 

Thus, we write for 'Y.l at r=ro 

(40) 

This formula for "{ik can be used in an equation of 
state and a self-consistent technique developed to get 
the compressibility, the thermal expansion, and the 
other quantities of physical interest at different 
temperatures. 

It is of interest to compare this 'Yik to Slater's 'Y,. 

Thus, 'Y, can be written as 

'Y.=~dlnxV-I/a ~{1_~[4rO_r02(aX) ]}. (41) 
2 dlnV 2 3ro Xo X02 ar T 

If we assume that 'Y. equals 'Yo at some particular 
frequencies, the condition for equality is 

. (42) 
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dr 
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