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LOW TEMPERATURE PHONON RES ISTIVITY OF METALS ; A COMPARISON 
AMONG DIFFERENT SYSTEMS 

R . Krsni k ,  E . Bab i f ,  M . Ocko
Insti tute of· Physics of the Uni vers ity ,Zagreb 

From reviewed experimental resu lts 1 •2 > it can be .easi ly seen ,
that temperature dependent part of the low temperature res i stivity 
of metal s and di l ute nonmagnetic al l oys has temperature dependence 

J T- !}0o<.T" , where n vari es between 3 and 4 for the most systems .
That particul arly  hol ds for Al 3 ) and Ga . From the newest resu lts4 ) 

one can bel ieve that the same is true for nobl e metal s ,  provi ding 
they are free of magneti c impurities . Only for Zn and In hol ds n�i 

The aim of th i s  paper i s  to l ook whether it i s  possibl e to extra: 
pal ate , from the exi sting ·experimental data , the Bl och-GrUnei ssen 
term T5 in temperature dependent part of low temperature res i sti­
vity .  Assumi ng rel ation J>T- J0=BT5+Ll ( �i s  the deviati on from
Matthiessen 's rul e) we tabul ated the val ues of B extrapol ated by 
three di fferent ways : 

- B� , cal cul ated from rel ation BN=497 . 6 !� wh ich fol ows5 ) from
Bl och-GrUnei ssen equation assuming that only N processes in el ec­
tron-p�.onon scattering are rel evant ; 

- Bp . l  , wh ich i s  extrapol ated by the use of "pure l imit" val u­
es2 > of {jT- 90 } assuming that i n  pure 1 imi t n=S and /j =O ;

- Bimp • extrapol ated i n  impure region of di l ute al l oys using�)
the pl ot ( JT- J?0 ) imp=AT3+B impT

5
•

Such approach i s  somewhat conditional . Fi rst of al l it fol l ows 
from equation for BN , that there is no true T5 dependence of

JT- .f'0 even for N processes because 9 i s  temperature dependent in
l ow temperature region , and its temperature dependence i s  not 
exactly known . Neverthel ess by the proposed method we can obtain  
some useful l i nformation on �(T}  and 9 (T ) behaviour. 

Unfortunately pure l imi t val ues of JT- Jo were not obtained
for the most of metal s at the l owest T ,  and for some of them 
(al kal i metal s for i nstance ) they were not obta ined at al l in 
rel evant temperature region {T <:�} .  Even worse i s  s ituation with 



Jo BN T {K) <fr t>p . 1 . B
p. 1 . 

8imp 
�R( K) 

oCK) (1>-16� {n-1 6../km1 
10-9.Jlcm 

(10-1 612cn �-16.Q.c� � 
� 71 

hi 440 1 4 ,82 4 . 5  20 20 62 -
370 1 2 . 1 7  8 . 7 40 1 50 1 4  
1 1 0 2 . 1 2  650 4 0 . 20 1 900 -K 89 1 . 59 1 400 1 0  1 2  1 200 

Cu 320 1 . 87 2 . 8  1 5 . 7  0 . 2 5  2 . 6  1 , 2 ± 0 ,4 340 2 . 00 2 . 2  23 . 4  1 . 65 2 . 4  
200 1 . 04 1 6 . 2  1 0  0 ,  1 1  1 1  9 ± 3 Ag 226 1 . 1 4 9 . 6  
200 1 . 44 22 7 . 2  0 . 1 3  77 

Au 1 0 . 7  0 . 75 53 -
1 62 1 . 1 4  51 20 1 2 . 5  39 

I 340 5 . 03 5 . 5  1 4 . 9  2 . 5  34 -Mg 395 5 . 94 3 . 1  23 . 8  I 1 1  1 4  
1 75 3 . 28 1 00 7 I 0 . 26 1 50 

Zn 1 0  1 . 3 1 30 -
l 3 10  6 . 24 1 1  20 ! 3 1  1 00 

395 3 . 866 2 . 0  4 . 2  ! 0 . 008 60 
2 . 2±0 . 3  Al 1 . 5 1 4  I 0 .  1 1 . 9 

I 428 4 . 236 20 I 0 . 7  I 2 . 2  

Ga 2 1 5 1 0 . 37 1 1 0 4 . 2  0 . 05 ! 380 -
325 1 6 . 5  23 I 

- - -
4 . 2  0 . 30 ! 2300 2300 -foIn  1 1 1  2 . 7 1 800 i 5500 
4 . 2  0 . 075 : 570 1 83 6 . 30 1 50 -Sn 1 95 6 . 79 1 20 9 . 3  I 4 .4 630 

240 8 . 3 1  52 1 0 . 5  2 . 8  I 220 i -Pt 240 8 . 31 52 20 . 3  40 I 1 20 II 

B .  due to the l ack of experimental resu l ts . imp ' 
From the Tabl e 1 .  we see reasonab le  agreement among BN�pl and 

Bimn ·  The agreement is very good for the metal s with s impl er Fermi surtaces {Ag ,Cu ,Au and Al ) . From decreas i ng of B with T we can concl ude that even for the pu�est sampl e there Bli sts an addit ional term in res i st iv ity { bes ide T term) which depends on temperature sl ower than r5 . 



226 

References : 
1 )  Bass J . , Adv . Phys . 21 , 1 972� 431 
2) Ci�berl e M . R . , Bobe,--G . ,Rizzuto C . , Adv . Phys . 23 , 1 974 ,639
3) Babi c E . ,Krsni k R . ,Ocko M . , J . Phys . F ,  6 ,1976";73
4) Rumbo E . R . ,J . Phys . F ,  6 , 1 976 , 86 -
5) Ziman J .M . ,El ectrons and Phonons , Oxford Uni v . Press 1 960
6 )  Meaden G .T . , El ectrical Res istance of Metal s ,  Pl enum Press 1 965 .




