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ABSTRACT 

 

A detailed investigation of the thermal derivative of the electrical resistivity 

dƿ/dT, as a function of temperature is presented for a series of selected high purity 

metals: Cu, Ag and Al. The experimental results are compared with the theoretical 

predictions for dƿ/dT  based on the Bloch-Gruneisen theory. In contrast to the case of 

ƿ(T), considerable differences were found between theory and experiment for the case 

of dƿ/dT. The role played by the transverse branches of the photon spectrum is 

examined, and a simple model is presented leading to a better quantitative description 

of the results. The Anharmonicity in the vibrational lattice spectrum was found to be 

an important effect in the temperature range, investigated in the case of the low 

melting point metals: in, Sn and Pb. In particular, it can explain the anomalous 

increase of  dƿ/dT at high temperature (T > Ө), Debye temperature) where, according 

to the B-G formula dƿ/dT,  should become constant. 
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1.  INTRODUCTION 

 

To study the  contribution of electron-electron scattering to the resistivity of a metal 

is highly desirable that an unambiguous separation from the electro-phonon component be 

made by performing measurements at very low temperatures where phonon scattering 

becomes negligible. The anticipated form of the resistivity is then  
 

ρ =ρo+ AT2                   (1) 
 

We have performed such low temperature measurements on high purity samples of 

Cu, Ag, Au and Al. Each of these materials present its own problems. For Al it was essential 

to apply a small magnetic field to make it normal below 1.18K. For the noble metals it is 

essential that all kondo effect due to iron impurities be absent. Thus we have accomplished by 

http://www.physics-journal.org/
mailto:muphysicsppoddar@gmail.com


 P. Poddar, et al., J. Pure Appl. & Ind. Phys. Vol.7 (8), 335-338 (2017)  

336 

annealing the Cu and Ag samples in oxygen at 5 meter pressure at 50K below their melting 

points. For Au we did a similar anneal in 0.1 atmosphere of chlorine. 
 

2.  THEORETICAL DISCUSSION 
 

The measurements were performed in a dilution refrigerator using squid null detectors 

and a high precision current comparator. The methods are described in detail else where.1 It 

Should be remarked however that the resistances of the Cu and Ag samples were very small, 

<10-8Ω . This meant that the L/R time constants in the squid circuit would be ~ 200 seconds. 

To obtain a reasonable time constant (~10 second) the effective inductance of the squid was 

reduced by inserting an inductance in parallel with the squid coil inductance. For reasonable 

sensitivity all joints were required to be ≤10-8Ω  . A squid circuit like this becomes much more 

sensitive to external noise than those of comparatively high resistance (~10-6 Ω) which we 

have previously measured. This required additional care in screening the squid circuit with 

superconducting foil. The quantity measured experimentally is  
  

ρ-1(ρ /T)=2AT/ρ=2AT/ρ
0        (2) 

 

For a metal obeying Equation (1). That is the graph of ρ-1(ρ /T)  against T should 
be a straight line. This is clearly not the case for the Ag(R300/R4.2=20,000) data shown in 

Figure 1. Ignoring the low temperature peak for the moment, it is clear that a linear range is 

not reached above 0.5K and that it will be necessary to go below 0.5K to obtain good data on 

electron-electron scattering. This is consistent with the low Debye temperature of Ag 

compared with Cu and Al. Below 0.5K we are faced with a peak which translates over to a 

sudden decrease in resistivity as indicated by the curve marked ρ (arbitrary units). Such 

behaviour has been seen before and indeed occurs in our only sample of kondo free Au. 

Usually we have ascribed it to some idiosyncrasy of the contacts to the sample. The geometry 

of this particular sample was the caplin “Tuning fork” (2) configuration in which the current 

and potential arms protruded at least 5 times the arm thickness from the actual region to be 

measured. The experiment is being repeated in a conventionally shaped specimen. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. ρ-1(ρ /T)   Plotted as a function of T for Ag, Curve marked ρ  is the integration of this data in 

arbitrary units. 
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The results for Cu (R300/R4.2=13000) and Al (R300/R4.2=10,000) are shown in 

Figure-2. For Cu a good straight line fit to equation (2) is obtained below 1K. The 

corresponding value of A is 4.8 x10-14 Ωcmk-2  with ~  10% error due to uncertainties in ρ0  

Compared with results of steenwyk, Rowlands and Schroeder (3) obtained at higher 

temperatures, this value is high and suggests that dislocation scattering is very significant, (4) 

as would be expected in a high purity sample. It points up the defect in our method of 

preparation of kondo free samples. It is likely that dislocations are introduced on cooling after 

annealing due to the presence of iron oxide aggregates within the sample. At the very lowest 

temperatures anomalous measurements are observed in both Cu and Al. However these require 

further work before further comment is made. In both Cu and Al we observe a significant 

negative intercept which would correspond to the addition to equation (1) of a negative term 

proportional to T. Again, this requires further confirmation. 
 

 
Fig. 2.  ρ-1(ρ /T)   Plotted against T for Al and Cu. 

 

3. CONCLUSION 

 

The value of A for Al is 2.36x10-13 Ωcmk-2 compared with the zero field value of A of 

2.9±0.1x10-13 Ωcmk-2 obtained by Ribot ef as (5). Measurements above the superconducting 

critical temperature and below 2K indicated a magnetic field dependence of A of -0.07% per 

gauss. This would give us a zero field value~3x10-13 Ωcmk-2 . 
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