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The choice of " is diflicult. and has been rcln.kd to :L 

normal lIlOde analysis of laLtice vibrat.ioll!:l I)y sevcml 
nllt.hol'~. 4,12 In pmet.ic:C', the I)chyc frcqumwy i:; used 
as thc best available est.illmt.c~. In this cXp<'I'illll'nl the 
jump rates diffcring by n. facLor of 4 call only h(' t,he 
1'0sIIlt of diffcrC'lIcC's in fl8 and ", and the uncertainly in 
" is cOlllpounded furt.her. Considcr L1l1'! 'e rascs; 
"a = ". and I.he Do difTercnccs are reflc'ekd ill t.8; 
"0 = .1110 (he jump mte di[fcrC'nce IwillJ.,C almost ('Ill in'iy 
clue to "difTcrellcC's; "a = 2"<1 an illt,erllw<iialc C·[lS(: . 

These cast's arc presented in Tahlc VII, with calcula­
tions 1mBI'd on "0 = "0, wherc OJ) = 1·12° 1\. 27 II itl 
int.c r('st.il1J.,C that fl8. = fl8. if "0 = 211.. The fl8 v:dlll'tl 
do not ltJ.,Crce well with :\fcakin amI Klokholll1, \\'ho 
apparently used a milch difTerent Dchye tcnlJwratme. 

Tablc VII: Act.ivllt.ioll Ent.ropicB 

CROll 68. o.U. 6S,.o. u. RelationAI,i l18 

1 Hi .O 17 .8 ". = 'Iv, 
2 W .O 15.1 Vo = P, 

3 10.0 lOA v. = ::lv, 

Keyes I6 has used continuum theory to write 

flS = 2(1' - 1/ 3)aflG (l6) 

where a and l' are the thermal expansion coefTicient 
and thc Griineisen consl;ant. To a first approximation, 
this study gives flG ~ MI = 25.3 kcal. and flS = :).2 
c.u. From this estimate flO = flll - 'J'fl.') = 2:3.0 
kcal., a.nd flS = 4.7:') e.u . This is 11111ch lo\\'(~r t.han t.he 
observed flS values amI seems to cast douht on the ap­
plicability of the theory. 

Volume. It is interesting to note that DeVries , 
Bakel', and Gibbs,2ij in a preliminary report, have found 
an activation volume for creep in tin of ahout. 30% 
of the molar volume, in close agreement with the :~:3% 
observed in this study. Theil' results have not been 
fully published to date so further comment is difficult. 

Keyes '6 has also developed the relation 

~ V = 2 ( l' ~' D KflG (17) 

where K is the compressibility. Using i:!.G = 2:·tO 
kcal., we have fl V = 5.1 cm. a, in excellent aJ!;rcement 
with the observed 5.3 cm. B• Hence, the strain £'nergy 
approach gives quite good agreement for fl V, though the 
predicted ~S is not good. 

We can get some indication as to why no alli!'ot ropy 
in fl V was observed in this study from con idcr;ug eq. 
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l~a in the AppC'ndix. Th£' S, arc Slllns of clastic con­
sLallttl, the tlallle for all k ciircctiolls, so allil;otropy 
ConWH only from the Jlf ,k (t.he 'YU'l'S'JO,t terlll is small, 
so :LnisoLropy from this somce is negligihlc). 13ut 
the M / are ddinct\ by eq. 8a ill terllls of a formation 
alld a nlot.ion contribution, w, and m/; ollly the lattcr 
ca.n be anisot.ropic. But we havc seen t.hat. in gold 
this Lei'll) is only 22% of the tot,al activation volume 
unt! ill general w, ~ m/ is probably valid. Therefore: 
any aniHotropy in mt" for different k is largely masked 
hy t.he isot.ropic w, contrihution. 

Probahly the largest. contribut.ion to anisot.ropy in 
flV",nl, arises heca.lIse the blocking atoms Illust :lstlume 
a hrmt.hing moJe beforc thc diffusing atom lIlay ex­
change wit,h 1.he vacancy. But the prcviolltl comments 
ahoul, vibrat.ion umplitudes in tin show t.hat this efTect 
will be small at. hest, since littlc or no "excess" volume 
is required. Hcnce, ~ Va should be almost equal to 
fl Vc. 

From eq. lOa we can get some idea of the magnitude 
of I.he AIt The tin elastic moduli were taken from 
l\ hltlOn and BOlllmel. 29 For the a-axis isotherm at 
22!i.6° we have 

4.82 CIl1. 3 = (111 1
1 + M21)(10.3 X 10- 13) + 

Ma ' (7.8 X 10- 13) (18) 

so t.hat an upper limit for iIf / is ,....",!i X 10 12 ergs = 
103 kcal. The work of Liu and Dl'ickamel'30 on the 
effect of uniaxial compression on diffusion in zinc can 
he used in a consistent way31 to evaluate some individual 
ltI ,k values. From t.he clast.ic data fol' zinc of IIcar­
l11on,32 we find that. M I 3 = 35 X 103 kcal. and Jlf~3 = 
HlO X 103 kcal. These values arc up to two orders of 
ma.gnit.ude greatcr t.han the upper bounds found for 
tin and also exceed similar upper limits determined 
from thc hydrostatic pressure results for zinc by the 
same margins. '1'\\'0 possible explanations of this dif­
ficulty are: (1) the effect of pressure is not adequately 
accounted fol' by a sum over the individual stress com­
ponents of the form of eC[. lOa; (2) some gross difficulty 
exists in the experiments. Neither alternative is 
favored; indeed both may be partially correct. 
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