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LETTER TO THE EDITOR 

Effects of applied transverse field on compensation 
temperature in a disordered ferrimagnetic binary alloy 

T Kaneyoshit 
Depmmcnt of Physics. Nagoya Univenity, 464-01 Nagoya, Japan 

Received 19 July 1993. in final fom 23 Avgust 1993 

Abstract. The e k h  of applied LTansverse field on magnetic properties (uansition temperature. 
wmpensation lemperature and magnetization) of a disordered ferrimagnetic binary alloy which 
can exhibit two compensation points are examined. It is proposed lhat the application of a weak 
transverse field to the sample may be a useful experimental method for finding more than one 
mmpensation point as well as the characteristic features in the thermal variation of magnetization 
not predicted in the Nee1 theory. 

1. Introduction 

Ferrimagnetism has been intensively investigated in the past both theoretically and 
experimentally. Ferrimagnets have several sublattices with a finite resultant moment, 
comparable with the spontaneous moments of sublattices. In particular, for ferrimagnetic 
materials there is an interesting possibility of the existence, under certain conditions, of 
a compensation temperature Tcomp. at which the resultant magnetization vanishes. The 
appearance of a compensation point is due to the fact that the magnetic moments of the 
sublattices compensate each other completely at T = Tmmp, due to the different temperature 
dependences of the sublattice magnetizations. In the standard text books of magnetism [I] ,  
it is usually written that above this temperature the compensation is no longer obtained, and 
the resultant moment does not disappear until the Curie point Tc is reached. 

On the other hand, we have recently found that more than one compensation point can 
exist in a disordered ferrimagnetic binary alloy of the type A,BI-, consisting of SA = 4 and 
SB = $ by the use of the two frameworks, namely the standard mean-field theory (MFT) and 
the effective-field theory with correlations [Z]. The purpose of this work is via the MFT to 
clarify the effects of magnetic field applied perpendicularly to the spontaneous magnetization 
axis on compensation temperature in the disordered ferrimagnetic binary alloy. As far as 
we h o w ,  such a study has not been carried out. In particular, the results obtained here 
may clarify the fact that the applied transverse field can control the compensation points. 

t Permanent address from 1 October 1993: Depamnent of Natural Science Informatics, School of Informatics and 
Sciences, Nagoya University, 464.01 Nagoya, Japan. 
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2. Formulation 

We consider a binary two-sublattice ferrimagnetic King spin system (or A,BI-,) where p 
is the concentration of A atoms. Let the A and B atoms have different spins (SA = 4 and 
SB = 4) respectively. The Hamiltonian of the system is given by 

where the J,,p (Ju, = &) are the exchange interaction between type-or and type-p atoms and 
the first sum is over all nearest-neighbour pairs. The S;, S; on A atoms are the components 
of the spin-$ operator and the S;, Sf on B atoms are the components of the spin-2 o rator. 
H is the magnetic field applied perpendicularly to the spontaneous magnetization axis (or 
the z axis) and Si ,  (01 = A or B) expresses that a site i is occupied by a type-a atom. e; is 
a random variable which takes the value of unity or zero. Performing the random average 
(or (, . .)J, the averaged value of ti has a restriction 

2 p”. 

(Si&A)r + (Gi%Bh = I (2)  

where ( $ i & ~ ) ,  = p is the concentration of A atoms. 
In contrast to the previous work [Z], the existence of a transverse field H in (1) requires 

a new formulation for the calculation of ( ( S f ) $ j S i ~ ) ,  even in the MFC, especially for the 
magnetization of B atoms, where (. . .) denotes the canonical ensemble average. The 
formulation is obtained in our recent work [3]. In the MFT, the averaged magnetizations of 
A and B atoms parallel to the z axis are then given by 

and 

with 

z in (6) is the coordination number. Here, the total magnetization M per site parallel to the 
z axis is given by 

(7) M = pmA + (1  - p)me. 
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We are interested in studying the Tc and Tcomp of the disordered ferrimagnetic alloy in 
the applied transverse field. By linearizing the coupled equations (3) and (4), the critical 
surface characterizing the ferrimagnetic (JAB c 0) phase stability limit is determined from 

[pa  - 11[(1 - p)yb - 11 = p(1 - p)S2ab ( 8 )  

with 

111 = ZJA/kBT 

6 = J A B / J B  

Y = J E J J A  
h = H / z J A  

where the parameters a and h are defined by 

a = -tan(;) 1 
2h 
1 3 sinh(3h/2t) + sinh(h/2t) 

2b cosh(3h/2t) + cosh(h/21) . 
b = -  

The compensation temperature can be determined by introducing the condition M = 0 into 
the coupled equations (3). (4) and (7). At this point, one should notice the following fact: in 
a finite transverse field, the SfEA and Sf<, components of the system are disordered at high 
temperatures but below a transition temperature TC determined from (R) they order and take 
mA # 0 and # 0, although there is an order with ( (S~)&&A) ,  # 0 and ( ( S ~ ) & % B ) ~  # 0 
at all temperatures. 

3. Numerical results 

In this section, let us examine the phase diagram and total magnetization of the ferrimagnetic 
binary alloy in an applied transverse field by solving them numerically. However, there 
exist three coupling constants for the numerical evaluations. In order to relate the present 
results to those in real ferrimagnetic alloys, let us take JA  > JB z 0 in the following. In 
real amorphous rare earth (RE)-tranSitiOfl metal (TM) ferrimagnetic alloys, for example [4], 

In figure 3 of [2], we have found that even in the MFT the present system may exhibit 
two compensation points, when the parameters 6 ,  y and h are selected as 6 = -0.3 (or 
-0.2, -O.l), y = 0.5 and h = 0.0. The result indicates that we have to change our concept 
of only one compensation point in ferrimagnetic materials, as normally written in standard 
textbooks of magnetism [ I ] .  In this part, therefore, let us clarify how the applied transverse 
field ( h  # 0.0) may change the Tc, Tcomp and M curves in the ferrimagnetic binary alloy 
with the fixed parameters 6 and y (6 = -0.3 and y = 0.5). 

A typical phase diagram for the system with 6 = -0.3 and y = 0.5 is shown in figure 1, 
changing the value of p and selecting four values of h. In the figure, the T, and Tmmp 
curves are respectively represented by the broken and full curves. Here, the results of Tc 
and Camp for h = 0.01 are almost equivalent to those in figure 3 of [2] for h = 0.0, which 
clearly shows that two compensation points may exist in the system of h = 0.01 (or h = 

J A .  JAB and JB correspond to TM-TM, RE-TM and RE-RE interactions, respectively. 
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Figure 1. The phase diagram of the disordered 
ferrimagnetic binary alloy obrained From the 
MFT. when the parameters JABIJA and J B / J A  
are selected as J m / J A  = -0.3 and J B / J A  
= O S  and the value of HIzJA is HIzJA = 
0.01, 0.1, 0.3 and 0.4. The full and broken 
C U N ~ S  represent respectively lhe compensation 

-temperature TeOmp and Curie temperature Tc of 
the system. 

0.0) with a certain concentration very near to p = 0.75. In particular, one should notice 
that, for h = 0.0, the spin on B atoms is in the Sf = &$ state and hence the compensation 
point at T = 0 K is obtained at p = 0.75 due to f p  - $(I  - p )  = 0. 

As is seen from figure 1, with the increase of h,  the S-shaped curve of Tamp for h 
= 0.01 (or h = 0.0) changes to a monotonic curve, such as the full curve for h = 0.4. It 
indicates that the two compensation points cannot be observed in the system with h > 0.4. 
Furthermore, the Tc value decreases with the increase of h. An important fact is that the 
region in which the Tcomp can be obtained is moved to a lower concentration when h is 
increased. As far as we know, such a result has not been reported. It would mean that 
the compensation point (or points) can be controlled by applying a transverse field to a 
ferrimagnetic alloy. 

P = 0.4i5 

Figure 2. The \MI versus T curves For 
the system with p = 0.475. JAB~JA = 
-0.3 and JB f J A  = 0.5 in figure I ,  when 
thevalueoFHIzJA isselectedas H/zJA 
= 0.01, 0.05, 0.08. 0.09 and 0.1. 

In figure 2, the temperature dependences of M in the system are examined by selecting 
p = 0.475 in figure I and applying weak transverse fields. For h = 0.01, as predicted in 
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figure 1, the system shows two compensation points (TAmp < T&,) in the M-T curve. 
By increasing h from h = 0.01 to h = 0.08, the two compensation temperatures T:omp and 
T&,,p for h = 0.01 move in opposite directions; the Tcbmp decreases and the T&,,p increases. 
For h = 0.09, however, the Tcbmp may disappear and only the T&,,p can be observed in the 
system. When h = 0.1, the same behaviour is also obtained. Thus, by changing h one may 
observe the variation of Tcomp. as shown in figure 2. 

Figure 3. The IMI versus T curves for the system with JABIJA 
= -0.3, J ~ / J A  = 0.3 in figure 1, when the value of p is changed 
horn p = 0.68 to p = 0.697. 

On the other hand, we can also get some characteristic behaviours of M by fixing the 
value of h and changing the value of p.  In figure 3, typical results are depicted for the 
system with h = 0.3, S = -0.3 and y = 0.5, when the value of p is changed from p = 
0.68 to p = 0.697. That is to say, they are obtained by changing p from the left-hand side 
to the right-hand side in figure 1 and crossing the S-shaped curve of Tmmp for h = 0.3. 
As depicted in the figure, the M-T cuwes may exhibit some outstanding features; for p = 
0.69, the magnetization curve shows a minimum and a maximum in the temperature region 
below Tc. For h = 0.695, as predicted in figure 1, two compensation points are found. 
When h = 0.697, only one compensation point is obtained. 

4. Conclusions 

In this work, we have examined the effects of applied transverse field on magnetic properties 
of a disordered ferrimagnetic binary alloy consisting of SA = f and Ss = by the use 
of the standard mean-field theory. As discussed in section 3, the disordered ferrimagnetic 
alloy may show two compensation points as well as characteristic behaviours in the thermal 
variation of the resultant magnetization, such as the M-T C U N ~ S  in figures 2 and 3. Some 
of these phenomena were also obtained in the previous work [2] for h = 0.0, which have 
not been predicted in the N U  theory of ferrimagnetism [ 5 ] .  Here, an important point is that 
the applied transverse field can control the positions of TC and Tcomp as well as the thermal 
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variation of M in an appropriate way, as shown in figures 1-3. Thus, the application o f  
a weak transverse field to a ferrimagnetic alloy may be a useful experimental method for 
finding more than one compensation point as well as the characteristic behaviours in the 
thermal variation of M. 
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