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V. 8UMERICAL RESULTS 

In order to establish q> as a function of x, using Eq. 
(26), C, s, 'Y and Uvib(Vo,To) must be determined, for 
each metal. In columns 1 and 2 of Table I are listed 
the values of C and s determined direcLly from the 
intercept and slope of a line drawn through the experi­
\11cntal values" of U. vs Up. The metals chosen, Be, 
2-+5T AI, Co. Xi, Cu, and Ag, are those for which the 
experimental measurements are most extensive. The 
val lies of ( and s listed here are slightly different from 
those listed in Table X, reference 4-. In column 3, 
Table I are listed values of 'Y determined by using 
GrUneisen's relation [Eq. (7)J, along with literature 
ref crences. 

The vibrational energy at 20°C and 1 atmosphere, 
U\,ib(l'o,To), consists of the zero-point vibrational 
encrgy of thc normal modes at T=OoK plus the energy 
required to heat the lallice at the constant volume 
1'0 from OaK to 293°K. Thus we can write 

7'0 

U "ih(Vn,To) = Uvib (l'O,O) + f CrndT. (2R) 

° 
The zero-point energy is given by 

i '·· Uvil.(Vo,O) = ~"lIg(lI)dll, 
o 

(29) 

where g(lI) is the density of normal modes at frequency 
11, and 11", is the maximum vibration frequency. Since 
there arc 3N modes of vibration of a lattice with .Y 
atoms, there is a normalization condition on g(II), viz.: 

(30) 

From Eqs. (29) and (30) it follows that the vibrational 
energy at OOK is 3NIt(II)/2, where (II) is the average 
vibration frequency weighted over the density of 
modes. In order to determine (II) accurately, the 
dctailed form of the den::;i ty of modes is needed. Since 
there b; no direct experimental information on the 
detailed form on the density of modes, we shall use the 

TAnLE II. Values of 0, Uvib(Vo,To) and <I> (vo) used in 
the determination of <I>(v). 

c· Uvll ,(v" T o) '1'(.0) 
Metal (" v/3tom) (ev/atom) (ey/alom) 

Be o.20±2.4% 0.1303 3.33 
Al 8.00· 0.0849 3.23 
Co 13.7 ±1.2% 0.08S3 4.56 
Ni 13.8 ±1.2% 0.0846 4.40 
Cu 10.0 ±5% 0.0829 3.52 
Ag 11.8 ±2% 0.0787 3.00 

• 1'\0 error is listed for lhe 24.')1' AI data bccall'c lhe flllblished result" 
represent smoothed \'alll£"5 of U. and U ,1 oi>t:lilll"'d frol11 n v(Or}, I;'\r~c numbrr 
of meaSti rCIOf"llts. 

r--r--,-- ,----,--,---.--,----.--, <1>(,) -0(0) 

0(,)-<1>(0) VERSUS' FOR BERYLLIUM 

0(0) • 3.33. v/ATOM 

ov/ATOM 

.45 

.40 

.35 

.30 

.25 

j .20 

J5 
ro 

.05 

~~_~~~~~~_~~~~~~O 
.32 .28 .24 .20 .16 .12 .08 .0, 

v,., -v 
,.~ 

Vo 

Flc. 1. The change in the cohesive energy [<I>(X)-i!>(O)] oi 
beryllium as a function of the volume decrement x= ("o-v)/vo. 
;'0 is the volume/unit mass at 20°C and P= 1 at mos. <1>(0) is the 
cohe~i ve energy at v = 1'0. 

Debye approximation, i.e" that 

(31) 

The average frequency for this distribution IS ~lIm' 
Thus the zero point energy can be wrillen as 

Uvil,(Vo,O) = (9/8)NItIl",= (9/8)Nk('::J o; (32) 

where (:Yo is defined by kGo= hlJ m • The value of 8 0 used 
in calculating Uvib(V,O)' from Eq. (32) will be obta ined 
from measurements of the specific heat at low tempera­
ture. With this choice of 8 0 the density of modes g(lI) 
will have the same curvature in the low-frequency 
region as the actual density of )nodes in the solid. If 
the Debye model is also used to estimate the integral 
of the specific heat from OOK to 293°K, then Eq. (28) 
can be wri tten as 

[
3 80 J Uvih (Vo,To)=3NkT 8 T+ J3 (y",) , (33) 

where 
_ (T. )3J 6/1' z-'dz B(y",)-3 - --, 

G 0 (c<-l) 
(a) 

y",=G/T. (0) 

The function B(Ym) has been calcula.ted by Beattie.19 

The value of 8 used in calculating U"ib from Eq. (33) 
is the value appropriate to the high-temperature region 
1''''8. In this way we get the best fit of the Debye 
function to the specific heat data in the region of 
temperature which makes the largest contribution to 
Uvih . The values of 8 0 and 8 required for the determi­
nation of U vib (vo, To) are listed in columns 5 and 6 
of Table I, along with literature references. It ~holllcJ be 

19 J. A. i3eattie, J. Math and Phys. 6. 1 (1926). 


