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It is indicated in a nwnber of recent experinental papers [f - l] that an appreciable

change is apparently produced in the critical teroperature of a superconductor by structural

changes in the crysta1. A consistent calculatlgn of the superconducting characteristics of

d.isordered crystals, using models with electron-phonon interaction, is made very diff icult

by the fact that the very concept of a phonon in a non-ideal crystal is not vel1 clefined
f  -  / 1
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It has been shovn, hovever L> - t), that the. electronic properties of sinple metals in-
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cludlng the kinetic characterist ics, ca^n be described. in the la.nguage of the i .on-d.ensity

correlat ion functions S(c1, t^r),  f i rst introd.uced by Van Hove 1n the calculat lon of the scatter-

ing of slow neutrons in crystals

I

S (g ,  c r )  -  L - f  d t  exp( lo r ,  <  :  onh)or ,  (q r€)e l iqRn( r ) l  x
N  - -  o r d '  ( f )

x  exp [ - l 9R  n .  ( 0 ) l>  ,

where R ( t )  = n (o)  + urr ( t ) , I ' l  is  the nruober of  lons in  the crysta l  ,  ana an(e)  is  the ampl i tud,em '  n '
of scattering of the electron by the n-th ion; this alnFlitude ie expressed. in the Born approxl-
mation in terrns of the pseud.opotential of the electron-ion interaetion vrr(q)

on(Q l  -L rn r r r ,

nhere m is the electron mass. Tbe effective attraction of the electrons as a result of their

interaction vith the lons can be rrrltten ln second-ord,er interaction theory in the forn [T]

vrnr(e, or! - (zr/oil2'f s ,'(q' ot') dot' 
, e)

- a  G r - o )

S ' ( q ,  n ) -  S ( s .  a )  -  2 n D , l a l ,  
i l  ] o " e x p 1  i q R n  ) 1 2 .

Calculatlon of the critical tenperature for superconductors with veak coupling, rhere
<lanping effects csn be neglected, leacls to the folloving result

T. - ,O c-l/)r, ( 3)

where rrro 
is the nraninrrm frequency of ion oacillations,

N(0)(2n1"2 is  ede S' (q,  a i
f r - t - I - 4 ' ,  ( [ )

i  o 2 k ;  a )

N(o) is the denslty of states of the electrons on the Fernoi surface, end k,, is the Ferri

monentum of the electron. In derivlng (3), ve have neglected the presence of a ilirect Coulornb

repulslonr and also the influence of the anisotropy. Allowance for al-l these effects does not
change qualitatively the subserluently obtained regultg.

Fo::mulas (3) ana (l+) a]low us to connect the change of the critlcal tenperature of a
defect-containlng supereond.uctor with the quantitieg directly observed in high-tenperature ex-
perinents r particularly with the change of the tenperature-depentlent part of the resistance of
a roetal. Indeed, the resist€nce of a tnetal at high tenperatures can be written in the fo::m

[ 5 ,  5 )

P f i ) l - ^  - , , r ; r ' r r 7 t ' " ' ' " , ' .  ( 5 ).  . r , o D  
; .  ;  a )

Conparison of formulas (la) ana (5) showe that the change of the coupllng constant I can be
expressed in the fom
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D I  6 p ( T ) ,

tre P ofi) n0o

and consecluently, the change of the critical temperature is

A f  ,  @ o  6 p
_ r l o :

( 6 )

( r )
T o T o o

G C

Cal,culations shov that in the presence of weak disorder in the roetal we have

6 p  6 R 2

?'  
(B)

where R is the rnean tlistance betveen atornJ a.na 6R2 is the nea^n-square deviation of the center

of gravity of the ators from their posit lon in an ideal latt ice.

The resuLts are in qualitatlvely good. agreement with the experimentally-observed [f - \]

increase of the cri t ical temperature in a^norphous f i l ras, and the lncrease, as fol lors from (7),

is nost noticeable in superconductors vith large values of rrr,/T". Notice shoulcl be tatren of

the correlation observed in these experiments between the cha.nge of the critical tenperature

and the resistance, indicating that the connection between then is l inear.

A quantitative comparison rith the experirnental data is macle difficult by the poor knowl-

edge of the true structure of these filnos, ancl also by the influence of the sample boundarles,

vhich apparently leacts to a^n apprecia,ble dependenee of T" on the thickness.

Forrnula (7) atlovs us also to intllcate the reasons why the impurities have little in-

fluence on the cha,nge of T". Althouglr the presence of impurities can leacl to an appreciable

change of the latt ice {ynanics, and to the occurence of local and quasi local frequencies,

thereby strongly affecting a large nunber of physical phenomena, these effects are due essentl-

a1ly to the cha.nge of the inpurity rnass. As shovn in [:], at high ternperatures Ap/p. does not

<lepend on the inpurity mass, and conseguglltly,the entire cha^nge of T" is connected with the

change of either the arnplitude of the seattering by the inpurity, or rith the change of the

force consta^nts, vhich is a snal l  quanti ty in simple rnetals.
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