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wlH'rc thr constants arc appropriatc to rcactions be­
twc('n the \'ariow; pairs of specics. (In gcncl'al, highcr 
tcrms in .r nrc n('('('SS<ll'Y in li"ij, to account for intcr­
.1cLions Wilh :111 Il!'ighbors, or whcrc phase transforllla­
tions nrc ill\·ol\'('cl.) As a critprion of hanlnpss that 
will show the 8:11111' tlcpcodrnce upon alloy cOlilposition 
IlS Brill('ll nlllllbcr, we may takc that valuc oE stress 
ncccssary to produce a certain standard velocity of 

ds 
deforlllation - == '\lIno l; for which velocity we choose 

ell 
thc convenient valuc 4,\U', wherc ,\ represents the 
avcrage deformation occulTing with ·cach clcmentary 
slip process. 1<'01' the high local stresses associated with 

Brinell imprcssions, we replace sin hpbmo by % exp 

pbmo jn cquation (3) and obtain 

PA .• i'i .. +Pnni'ilJn - 2PAni'iAY 
(J = --- b x' + 2 

p .IfJi'i .<IJ -Pnygnn PDIli'inD 
X b X+ -'b'- (4) 

whcre u is taken to be a linear function of Brinell 
number. 

The intimate similarity between this mechanism of 
plastic flow and that of elpctrical conductivity cannot 

.. 
FIG. 1 (3) . 

be ovcrlooked. In a very simplc lllodel for thc latter, 
current is proportional to 'the avcrage· frequcncy with 
,,,hich elcctrons pass thc electrostatic barricrs of(crc<l 
by quasi-crystnllille ficlds in thc regions betwecn ad­
jaccllt atoms. Neglccting slight gcomctrical considera­
tions, p la~tic slip of onc atom past another constitutes 
a "rclative currcnt" of th's s,mHl ' type; :\.ccl'lerating 
voltage bcing provided by the fields of displaced 
atomic kCl'llels in one case, and externally applicd in 
the other. It is to be expccted that;equatioll" (3) may, 
therefore, also give a qualitative a:C'eount of rate of 
current flow if the r clative cnergy of barriel' lowering, 
mbpo in the plastic flow case, be replaced by eb'E 
where e and E rCpl'eS2nt the electronic charge and 
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:lljplicd npld, and 1/ is a (,Oll~tallt rplated to i~. Sin!:c 
the a pplicd ficlds are slllull in comparison to those 
atomic fields cncountf'l'ed in plastic flow, the sinh 
factor in (3) may now be cxpandcd, as well as thc ex­
poncntial factor. Absorbing the ml1's into thc g's, 
we gct for the rcsistivity 1~ of an alloy, 

B = ~ = <-Q' .• " + 0' HI' - 20'AII)X' + 2 (0' All - 0' /lu)x +.'/ ' /lU + 1 , 
J 8Nc'!v'b' 

(5) 

wlH'l'e N is the effective d('nsity of cleeil'olls, I the 
mcan path length betwccn ban'iel' collisions, and the 
primcd constants are rcl~l trd to thosc unpl'i1l1cd, abovc. 
Tcmperature depcndence arisrs in the intcgration of 
parametprs. 

In Fig. 1 is sketehrd the experilllcntal variation of 
Brincll hardness with composition (solid lines) for 
some binary systcms of similal' elemcnts, and of re­
sistivity (dashed lines), (all takcn from R. F. Vim's 
(1) except Ag-Au eurvc, f rom Mott and Jones). 
The pure states of thc fil'st-lllentioned elcments are 
on the lcft in the diagram. Thc parabolic character 
prcdicted by equations (4) and (5) is evident, as 
well as the similarity of hardncss and resistivity curvcs 
for thc systems Pt-Pd and Pd-Au. 

Magnctism, another plU'nomcnon to which the 
"relative cunrnt" principle lllay bc applicd, will bc 
trcatcd clsl!wherc. 
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Quantum-Theoretical Densities of Solids 
at Extreme Compression 

Walter M. Elsasser 

])ci"" (,ncu t of Physics, 
U,,;'ucrsity of Utab, Salt Lake City 

In no way, perhaps, is a new theory more apt to 
show its power and rangc than in extrapolation and 
prcdiction related to phcnomena prcviollsly inaeces­
siblc. Onc cxamplc of this, applied to quantum me­
chanics, is thc COlll]lut:1tion of thc behavior of mattcr 
undcr cxtrl'llle pressul'es and tempeJ'atuI'C's, particu­
larly thc well-kno\\'n applications to the intcrior of the' 
stat·s. A less well-known cxamplc is furnished by simi­
lar applications to the interior of the earth. 

In rcccnt years, Bridgman (1) has succccded in 
dctcrmining thc dcnsitics and compressibilities of a 
largc number of elements and compounds up to a - ) 
pressure of 100,000 atmospheres. All his yalucs for 
elements and a few selected ones for compounds arc 
plotted on the left-hand side of Figs. 1-3 in a double-
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