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The elementary theory about the effects of external magnetic field on the value of the thermal coeffi-

cient of resistance () granular alloy film was proposed. The obtained value allows calculating the differ-

ence between the value  for the sample and solid solution, which based on the granular alloy was formed.  
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1. INTRODUCTION 
 

Discovery of giant magnetoresistance in multi-

layers stimulated the search and observation of this 

phenomenon in other film systems, particularly in 

the so-called granular alloys (g.a.). This led to the 

study of other physical properties of g.a. and in elec-

trophysical properties (see, forexample, [1, 2]). In 

work [1] film system based on non-magnetic and 

magnetic components are modeled as a layered 

structure based on the film of granular solid solution 

(s.s.). In this approach, the sample is a parallel con-

nection of individual layers. In turn, this layer is 

modeled as a parallel connection of n carried tubes, 

each of which is represented as a series connection of 

fragments including (average value – Δlss) and mag-

netic metal granules (average radius – r0). Based on 

the phenomenological model proposed by authors [1] 

obtained for the ratio of the resistivity () and ther-

mal coefficient of resistance () g.a. 

In the most general form of ratio for  granular al-

loy is as follows: 
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(1) 

 

where parameter   Δlss / r0 authors called the degree 

of granularity of the sample; g and ss – resistivity ma-

terial granules (which may be Co, Fe or Ni) and s.s.; g 

and ss – thermal coefficient of resistance of the mate-

rial granules and TR, respectively.  

In work [2], the value for  in the limit when the co-

efficient  satisfies the conditions:   1,   1 and 

  1: 
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Note that in case (3) can only talk about the theoretical 

possibility of research as experimental to form a layer 

system in which the elements of the tube current will 

satisfy the inequality Δlss  r0, is almost impossible. 

Testing of the model was made in work [2] as an ex-

ample of two-component systems (Ag + Co) / S (simulta-

neous condensation) and Ag / Co / S (layered condensa-

tion), where S – substrate. The authors note that the 

experimental and calculated data agree to within 12 %. 

 

2. ELEMENTARY THEORY 
 

The aim of this work is to develop a phenomenological 

theory that describes qualitatively the dependence of the 

sensitivity of  to the magnetic field (i.e., value 

/BS B   ) and allows to calculate numerically the 

dependence          ln / ln /B ss В ssВd dB d dB  

of the value ssl  (or coefficient ). Analyzed the above 

three limiting cases.  

In the case   1 (formula 2) the ratio for value 

ΔSB has the form: 
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(5) 

 

From (5) it is possible to access the value ΔВ as-

suming that   ss (note that this situation is possible 

because  and ss are one order of magnitude, which 

differ only factor at 10 – 3 К – 1): 
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In the case   1 of the ratio (3) we obtain: 
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Note that the value for ΔSB if   1 similar to (5), and the ratio for ΔВ (9): 
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3. RESULTS OF CALCULATIONS 
 

Based on correlations and experimental data , some 

of which are given in [2, Table 5] were calculated de-

pendence of ΔВ that in all three cases is negative, from 

Δlss for different values of  (on Fig. 1 the value ΔВ, for 

convenience, are specified on the module). In the calcu-

lations we asked real granules size (see, for example, 

the data of the work [3] for granular alloy based on Ag 

and Co): r0  2, 5, 10 nm. Size of Δlss selected so that 

  8-16 (at the   1);   0,1-0,4 (at the   1) and 

  1 (in the case   1). 

As follows from these data, the dependence ΔВ versus 

Δlss (and in fact – on the  value) has a different char-

acter for the three limiting cases. In particular, when 

  1 the value |ΔВ| monotonically decreases from 

0,1 to 0.02 T – 1 (Fig. 1a), while   1 – changes in the-

opposite direction (Fig. 1b) in the same range (accentu-

ate again note that the value ΔВ  0). In the case   1 

(Fig. 1c) the value of |ΔВ| is 0,1 T – 1. 

 

4. CONCLUSIONS  
 

The obtained results denote on the principal possibil-

ity to control the magnetic field magnitude of the thermal 

coefficient of resistance. The difference of the dependence 

in Fig. 1 we explained different effect on the resistivity of 

the sample film spin-dependent electron scattering on 

magnetic metal granules. Specifically, in the first case 

(  1), the low concentration of granules, the electrical 

properties of g.a. to a large extent determined by the re-

sistivity Including that, most likely, not shunted low-spin 

channel, while in the second case, the high concentration 

of granules (  1) can realize high-resistance system 

and low-spin channels and ρss role in thermal coefficient of 

resistance is negligible. In the case   1 the value ΔβВ a 

constant value due to the competing character of these 

two mechanisms. 
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Fig. 1 – The calculate dependences |ΔВ| versus Δlss for the 

limited case:   1 (а);   1 (b) and   1 (c) 
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