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At high temperatures the temperature dependence oj the 
electrical resistivity . p of some transition metals and А-15 
compounds remarkaЬly deviates from the usual р- Т dependence as 
given, e.g., Ьу the well-known Bloch-GrUneisen law. This unusual 
behaviour is labelled as а resistivity saturation/ l / and can Ье 
described Ьу the following empirical formula (parallel resistor 
model) 
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where PSBT is the resistivity given Ьу the semi-classical 
Boltzmann transport theory (Рsвт- Т), and the saturation 
resistivity Pmax corresponds to the maximum metallic resisti
vity12/ . There are some attempts to explain the saturation 
phenomenon in the framework of the Boltzmann transport theory 
using special assumptions on the band structure,etc. On the 
other hand, the saturation phenomenon is observed in а lot of 
quite different substances, and it seems to Ье mor€ reliaЫe to 
explain the effect Ьу deviations from the Boltzmann transport 
theory being valid only in the weak scattering limit. For а 
review of this topic see the paper of Allen/ 3/ . 

Recently / 4/ an attempt has been undertaken to explain the 
resistivity saturation Ьу calculating the resistivity starting 
from the force-force correlation functions and taking into 
account multiple scattering corrections. This has been done Ьу 
introducing а temperature-dependent self-energy calculated in 
the lowest non-vanishing order of the electron-phonon interac
tion. The aim of this letter is to show that а saturation in 
the form given Ьу (1) can Ье obtained Ьу calculating the self
energy self-consistently within the framework of the transport 
theory of Christoph and Kuzemsky / S/ . We start with the well
known Frohlich Hamiltonian for the electron-phonon proЬlem 

+ + i С е р + + ( 2) Н= l е а а + !. hw Ь Ь + -- !. F а а (Ь - Ь ) , 
~.".....,-+ ..... ..... ..... - -+,+ -+1'""'*-+ ..... k к к к q q q ..; 0 "k ... q н q к q -q 

• q 

where all s~nbols have their usual meaning (cf. / 4/ ). The resis
tivity of а s ys t em des c ribed Ьу the Hamiltonian (2) can Ье cal
culat ed ve r y conveniently Ьу the foll owing expres sion 1 4~ 1 
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The total momentum of the 
-> ~ 
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electrons is given Ьу the expression 

and from F = i/h [Н, Р] the total force 
k k lc k 

acting on the electrons becomes 
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The Green functions in (3) can Ье calculated Ьу their equations 
of motion, where in the commutators the approximations 
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are used, i.e., the higher order terms in the electron-phonon 
coupling are described Ьу an effective shifting and damping of 
the one-electron states. In this approximation the Green func
tion « Р; Р » . vanishes and the numerator of (3) becomes 

-17) 

2 
. 1 ... ... ... ... 4m2 с д д 2 

f 1m -- ( « F ; F » - « F ; F » ) = --:3 _д> ~ F ( _f_ - _f ) 

cv ... о i cv cv- i 7J - i 7J ь n r. <i ;; д(k + q) д i{ 

(7) 
(f,.. _,- с,_. + д~ _, - д-.- hw-. )(Г ... ..,+ Г,..) 
к+q к l<+q k q k+q k [ + + 

2 
< а,.. а -. _;> (< а а _,> _ 

[ ( f - f + д - д - h cv ) + (Г + Г ) 2]2 k + q k + q К' k 
.......... -+ .......... -+ -+ !!-+ ~ 
k+q k k+q k q ~<+q к 

+ + ] -1) + ( < а а > - < а,.. _,а,. .... > )v_,, 
!(' lt к+q ~<+q q 

where vi! = (ехр( f3hwq) - 1 )-
1 i s the Bose distribution f unc

tion of the phonons and the mean values are given Ьу 
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Calculatiпg the Greeп fuпctioпs iп (8) agaiп withiп the appro
ximatioп used above we fiпd 
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where Pim < а+_, а_, > = f ". is the Fermi distributioп fuпctioп. · r ....... о k k k 
Assurnin~ spherical syrnmetrical systerns the quaпtity W~ should 
depeпd on the eпergy fk опlу. Furthermore, it сап Ье shown 
that the r. h. s ., terms 1п (7) coпtribute to the sum опlу if 
с k + !'!. k "' с ~- апd с 1( + ij + !'!. 1( + ij'"' с F where f F i s the Ferrni . 
energy. Therefore, Г(flt) сап ое replaced Ьу Г(f F) "' Г апd 1п 
effect the resistivit y р depends only оп the опе free para
meter Г . То d e termiпe this parameter, we use the ideпtity 
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whcre R = -i I а+ а _r1_n(k k) is th e position ope rator of the .. .. ~ , 1 
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e l ec trons. Us ing th e s arne approxirnations fo r the ca l culation 
of the Gre en functions in both s id es of (10), the id entity 
becomes а very conveni ent equation for the determinat ion o f 
free par amete rs used iп th e approximated calculation o f the 
Greeп functions. With tl1 e a pproxi rna ti on used a bov e tl1 e r.l1.s. 
Green function in (10) r eads 

_, _, 
« р R >> 

- i 1) 

!!!...~(J:) 2 
21' k д k 

( 1 1 ) 
J + 
- < <i <i '> 
де _, k k 

k 

and (10) be come s ап equation for the determination of the 
d arnpiп g parameter 1' . For ternpera tures hi gh compa r ed to the 
Debye temperature the phonon distribution function is given Ьу 
v = kвT /IJw_,, and the resistivit y give n Ьу (3), (7) and (9) 
cJh Ье writteЪ as 

р(Т,Г)= аТ + ftГ). Т ( 1 2) 

where f(O) = О . The first terrn is the well-known Bloch-GrUn
eiseп result, апd Ьу (10) it follows that Г iпcreases with 
iпcreasing ternperatures. Restrictiпg ourselves to the lowest 
order iп Г frorn equatioпs (10) to (12) we obtaiп the followiпg 
equatioп for deterrniпatioп of Г 
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where а апd Ь easily сап Ье obtaiпed frorn (7) апd (10), res
pectively. As shown below, the quaпtity f'(O) is пegative, апd 
theп conductivity (10) becornes 

а=р- 1 = 1/аТ + (Ьia)Jf'(O)I. ( 14) 

The expressioп (14) has the forrn of the ernpirical forrnula (1), 
where, however, iп th e higher orders of Г correction terrns 
will Ье obtaiпed. 

То estirnate the order of rnagпitude of the saturation resis
tivity, the coefficients а, Ь , and f'(O) are calcu1ated for 
а systern of quasi-free. electroпs with fk = h2k 2/2ш* and acous
tical phoпons with w _, = hv 0 q. For this rnodel the integrations 
iп (7) and (11) can Ь~ carried out analytically, and we obtain 
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where Р(х) = 2х + ln 10- х)/(1 + х) 1 . Compa rin g (1) a nd (14) we 
fin d for tl1e sa tur a ti on r es istivit y Р rnax the formula 
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wh e r e hk~- is the Fermi momenturn o f the elect r ons and hq 11 the 
Debye momenturn o f the phonons. For one electroп per lattice 

- ; - ! 
si te we have k F = J 2 q П ' , and using the reasonaЬl e value 
qТJ ~ 2 . 10 10 m- 1 we find for the sa turation resistivity 
Ртах ~ ·840/1 О crn. This value is too large in cornparison with 
experirnental ones (100 ... 300110 crn), but it is srnaller than 
Mott's estirnate 181 and has the order of rnagnitude of the esti
rnate given Ьу Gurvitch / 9 / . He nce , in the present paper the 
parellel resisto r forrnula (1) was explained Ьу taking iпto 
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consideration higher-order terms in the electron-phonon 
interaction and Ьу determing the self-energy describing these 
higher order terms self-consistently. For an improved theory 
using more realistic dispersion relations for electrons and 
phonons the momentum dependence of the self-energy has to Ье 
taken into account, but the qualitative saturation behaviour 
described Ьу the theory given above should remain unchanged. 
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Христов Ф . , Шиллер В. Е17-83-27 1 

Самосоглаtованная т еория насыщения эле к тросопротивления 

Выводится формула для модели параллельных сопротивлений, с помощью 

которой можно описывать насыщение злектросоnротивления в веществах с силь

ным электрон-фононным взаимодействием . В клады высших порядков по электрон

фонанному взаимодейс твию учитываются в затуха нии одночастичных состояний 

электронов, которое вычисляетс я самосогласованно . 

Работа выполнена в Лаборатории теоретической физики ОИЯИ . 
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Self-Consist ent Theory of Resistivi t y Sa turati on 

The parall e l resistor formula des cribing the saturation phenomenon of 
the electrical resistivity in systems with strong e lectron-phonon interac
t ion is derived. Hi ghe r-order t erms in the electron-phonon in teracti on are 
desc r iЬed Ьу а se lf- energy which is dete rm ined se l f -consistentl y . 
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