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It is shown that the introduction of a cut-off wavenumber corresponding to electron-hole excitations leads to a 
10% reduction of the Lifshitz van der Waals attraction of low density metallichalf-spaces at small separations. 

In order to explain experiments on the adhesion of 
solid particles in terms of van der Waals forces, the 
Lifshitz formula [I ] has been assumed to be valid for 
extremely small separations [2] (about 4 A). In this 
range; however, the lattice structure and the overlap 
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of the electrons are expected to become important. 
The influence of these effects, in a most qualitative 
way, can be incorporated into the theory of the non- 
retarded van der Waals forces, as derived, e.g., by van 
Kampen et al. [3] by introducting a cut-off wave- 
number K, into the surface excitation spectrum. For 
wavenumbers greater than Kc the surface excitations 
decay into electron-hole pairs. As is shown below 
the cut-off leads to a modification of the 1 /d2 law at 
small separations. This indicates that in this range 
phenomena different from surface excitations, 
presumably direct overlap [4], are of non-negligible 
irifluence. (Effects of the lattice structure and size ef- 
fects [S] are not considered in the present.paper.) 

with 

* 0 = 2-‘Qp(l * e-Kd)r/s , (2) 

where wp is the plasma frequency. 
Insertion of (2) into (1) leads to 

tiwP U(d)=-- 
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which has the following limits 
The.quantity Kc, unfortunatdy, is not as well defined 

. . 
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as for bulkplasmons, except for the case Ka Q 1, R”P 
where’K is the surface plasmon wavenumber and o is 

U(d+K,-I)=- 1:.1-(1.+2~ 
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the thickness of the surface profde [6]. (4) . . 

Now, following .the simple treatment of van 
Kampeu [3,7] we obtairr for the van der Waals energy 

fJ(d 4 f@ = 7-a ~~lk~(z--&) -~~~'~d+._~,'. 
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: ; Eq:.(4) is c$@ined by ex@$ing tlje integr+d qf(3). 
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torx in front of the bracket. 
For K, we suggest an expression which has been 

used in the calculation of surface energies [8] 

(6) 

where uF is the Fermi velocity, ag is Bohr’s radius 
and rs is defined by n- 1 = 4n(aBrs)3/3_ Using this 

value for K, in eq. (4) Ieads to a reduction of Lifshitz’s 
results [ I] which was derived for Kc 4 -_ In the 
range of separations d studied in ref. [2] this reduc- 

tion is about 10% for low density metals (rs - 6) and 
about 1% for high density metals (rs = 2). 

The limit (5) has little physical relevance for OUT 

problem. Nevertheless, iC shows that the inrroduction 
of a finite K, leads to a value of V(d) that remains 
finite for d + 0 [S] _ 
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