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For a metal a simple relation between the dynamical form 
factors Sei (9, <*>) and Sion(9< <o) is given for c o ^ q v i 
From this the phonon contribution to the electronic 

of a metal is derived. The relations are also valid 
in the presence of a static magnetic field. Here in special 
cases the phonon contributions can give spingularities in 
s(q, co, H). 

Let us write the total electronic density of a metal 

Qei(q,t) (q,t) +AQel(q,t) (1) 

where Q^ [q, t) shall describe the density fluctua-
tions of the electrons in a rigid lattice. 

AQe\(q,t) is the change due to all other effects, 
especially the lattice vibrations. 

Forming the correlation function of (1) and 
taking the Fourier-transform of it, we get 

oc 

Sei iq, <o) = Sd ( q , co) + ~ J d t , - ia>t 

x ( (^e i ( - q, 0)4?ei(q, t)) + (AQei( - q, 0 ) q § ) (q, t)) + (<$>( - q, 0 ) A Q e l ( q , t))) (2) 
where the dynamical structure factor is generally defined by 

S(q,<o): = - ~ f dte-i»t(Q(-q,0)Q(q,t)) . (3) 

W e want to consider (2) for c o ^ q v f , i.e. for frequencies very small against typical electronic fre-
quencies. Then the correlation functions under the integral have to be considered for times large against 
the electronic correlation time. For t t c o r r they can be factorized with respect to the electronic motion 

{AQel( - q, 0)Agel(qf t)) + {Aqq1( - q, 0 ) ^ (q, t)) + 0 ) A g e l ( q , t)) (4) 
- ((^Qei ( - q, 0) )ei {Aoel(q, t))el)ion + ( ^ e i ( - Q, 0 ) ) ($\q, t)) + (£><?>( - q, 0 ) ) ( < % i ( q , t)) . 

The second and third term on the r.h.s. of (4) do no longer depend on t. W e are now going to approxi-
mate the first term. 

Let us consider the vibrating ions of a metal as external charges that perturb the density of the con-
duction electrons. The linear response of the electrons to this perturbation is then given by 

(AQlp(q,<D))el=l 1 -l)F(q)AQlon(q,co) . (5) 
\£0(q,io) / 

Where £0(q,co) is the dielectric function of the electron system if the lattice vibrations are absent. F(q) : 
= ( — q2/4<Jie2)v{q) and v(q) is the spacial Fourier-transform of the pseudopotential which is taken to 
describe the interaction between conduction electrons and ions. 

Ag [ o n ( q , a>) is the Fourier-transform of the ion density change due to the displacement oif the ions 
f rom their equilibrium positions 

^Pion (q, t):= J, (exp {i q Ri ( t ) } - exp {i q R i 0 } ) . (6) 

Approximating the first term on the r.h.s. of (4) with (5) we finally get for (2) 

Sel{q,co) =S°el(q,w) + 
£0{q,oj) 

- 1 F(q)\2Sion(q, co) +C(q)d(oj). (7) 

C{q) results from the constant terms under the integral in ( 2 ) . We need not know the difinite expres-
sion of it for further considerations. 

Reprint requests to Dr. H. Hinkelmann, Institut Max von Laue-Paul Langevin, BP 156, D-38042 Grenoble Cedex, 
France. 



110 Notizen 

In (7) S°e\(q, co) is the dynamical structure factor of the electrons in a rigid lattice. The second term 
gives the lowest order correction to Sei(q,co) caused by the lattice vibrations. 

Using 
I 4 e2 

Im e(q,<o} = q2 t 5 ^ ' ^ -Sedq,-<o)] . (8) 

(2) can be rewritten as a relation for the dielectric function of the electrons 

4 0 9 n- e~ 
lme(q, w) = Im £0{q, co) + l - e 0 (q,<o)2\F(q) |2 ( l - e - ^ ) 5 i o n (q,<o) (9) 

Expressions equivalent to (9) have been derived and discussed elsewhere1. We here want to show what 
may happen if a static magnetic field is present. 
For the derivation of the above relations nothing will change except that all correlation functions and 
£0(q,oo) have to be taken in the presence of the static magnetic field H . So (9) is only replaced by 
the expression 

Im e(q, to, H) = 
e0(q, co, H) |2 

In e0(q, co, H) + 
4tz2 e 2 

q- (9 ' ) 

• 11 - £0 (q, co, H ) |21 F(q) |2 (1 - e " ^ ) 5 i 0 D (q, co, H) 

In the case H = 0 1 we took the Ashcroft pseudopotential2 for F(q) and the Lindhard e(q,co)3 for 
£0(q,co) for a first discussion. W e here take the same pseudopotential and e0(q,co,H) is approximated 
by the free electron function given by Blank and Kaner 4 . For a detailed discussion of it we refer to the 
original paper or to a paper of Cowley 5 . 

W e here only discuss the case Hjj q. Then Si0D (q, co, H) ^ Si0D(q, co, 0)5 and the dielectric function 
is given by 

„ . T_. , 2 e2 m2 coc ~, 
R e e B K ( q , w,H) = 1 + — I log 

71 q 

(K — 2 xn)2 
co 

K er 

(K + 2 xn)2 — )2 

I m £ B K ( g , ( O H ) = 
2 e2 m2 co( 

7i qs 
a . (10) 

Here K: = q/kt and z n 2 : = l — (n + 1 /2)coJe f . N is the maximum value of n for which xn is real, a is 
the number of integers which lie between 

co,. A - K 
4 \ K £p 

and 
£ F 

(On 
i i » 

4 \ K e F 

Be EßKiq, H ) has singularities when co = ± K ef (K + 2 xn) whereas the imaginary part remains finite. 
So it is evident from (9 ' ) that there may appear singularities in Im£(qf, co, H) because of the phonon 
contribution. 
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