
Pis'ma v ZhETF, vol. 92, iss. 4, pp. 242 { 250 c 2010 August 25Compensation temperatures, magnetic susceptibilities and phasediagrams of a mixed ferrimagnetic ternary system on the Bethe latticeB.Deviren+�, M.Keskinr1), Y.Ayd�n�+Institute of Science, Erciyes University, 38039 Kayseri, Turkey�Department of Physics, Nev�sehir University, 50300 Nev�sehir, TurkeyrDepartment of Physics, Erciyes University, 38039 Kayseri, Turkey�Institute of Science, Nev�sehir University, 50300 Nev�sehir, TurkeySubmitted 11 May 2010Compensation behaviors, magnetic susceptibilities and the phase diagrams of the ternary system of thetype ABC consisting of Ising spins � = 1/2, S = 3/2 and m = 5/2 in the presence of a single-ion anisotropyare studied on the Bethe lattice within the framework of the exact recursion relations. Both ferromagnetic andantiferromagnetic exchange interactions are considered. The exact expressions for sublattice magnetizationsand magnetic susceptibilities are obtained, and then thermal behaviors of the sublattice magnetizations, totalmagnetization, magnetic sublattice susceptibilities and total susceptibility are investigated. We �nd that thesystem only undergoes a second order phase transition for the di�erent and same bilinear nearest-neighborexchange interaction parameters, but displays compensation behaviors for only di�erent bilinear interactionparameters. We also present the phase diagrams for the di�erent and same bilinear nearest-neighbor exchangeinteraction parameters. A comparison is made with the other ternary system of the type ABC consisting ofdi�erent spin values.During the last two decades, the ternary system ABCcorresponding to the Prussian blue analogs, which arethe prime examples of molecular-based magnets, hasbeen intensively studied experimentally and theoreti-cally (see [1 { 3] and references therein). These materialshave interesting magnetic properties such as the photoin-duced magnetization e�ect [4], the tuning of the color ofmagnetic thin �lm [5, 6], inverting magnetic hysteresisloop [7], a charge-transfer-induced spin transitions [8 {10], and hydrogen storage capacity [11]. These materialsmay also exhibit compensation temperatures where thetotal magnetization vanishes below the critical tempera-ture. The existence of compensation temperatures is ofgreat technological importance since at this point onlya small driving �eld is required to change the sign of thetotal magnetization. This property is very useful in ther-momagnetic recording, electronic and computer tech-nologies [12, 13]. Many more experimental works havebeen done about Prussian blue analogs (see [14 { 18] andreferences therein). On the other hand, the ternary al-loy ABpC1�p composed of Prussian blue analogs hasbeen also studied theoretically. For example, the mag-netic properties of a mixed ferro-ferrimagnetic ternarysystem of the type ABC consisting of Ising spins 1/2,1, 3/2 were studied by the use of a mean-�eld theory1)e-mail: keskin@erciyes.edu.tr

(MFT) based on Bogoliubov inequality for the Gibbsfree energy [19] and the e�ective-�eld theory (EFT) [20,21]. Recently, the critical behavior of this mixed ternarysystem were also investigated on the Bethe lattice byusing the exact recursion relations for the same [22]and di�erent [23] bilinear nearest-neighbor exchange in-teraction parameters. The magnetic properties of theternary system consisting of spins 1, 3/2, 5/2 were stud-ied within the MFT [24], the MFT based on Bogoliubovinequality for the Gibbs free energy [25 { 27], the EFT[28] and the Monte Carlo (MC) simulation [29]. Theground-state phase diagrams of the ABpC1�p ternaryalloy cons isting of Ising spins 3/2, 1, and 5/2 in thepresence of single-ion anisotropy have also constructed[30]. The mixed ferro-ferrimagnetic ternary system withIsing spins 1/2, 1, 5/2 was used to study the spin uc-tuation e�ect on the appearance of plural compensationtemperatures by the combination of molecular-�eld ap-proximation, decorated-iteration transformation and theMC simulation [31]. The magnetic properties (phase di-agram, magnetization, compensation temperature, andmagnetic susceptibility) of the ABpC1�p ternary alloyconsisting of spins 3/2, 2, 5/2 were investigated by theuse of the MFT based on Bogoliubov inequality for theGibbs free energy [32-34] and the MC simulations [35].Thus, although considerable progress has been madein understanding the magnetic properties of the ABC242 �¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 3 { 4 2010



Compensation temperatures, magnetic susceptibilities and : : : 243ternary system consisting of half-integer and integer spinvariables, only one work about the magnetic propertiesof the ternary system with only the half-integer spin vari-ables, best of our knowledge, only one work has beenstudied on an anisotropically decorated square latticeby �Canov�a et. al [36]. In this paper, we are going tostudy compensation temperatures, magnetic susceptibil-ities and the phase diagrams of the ternary system of thetype ABC consisting of consisting of only half-integerIsing spins, namely �=1/2, S = 3/2 and m = 5/2, in thepresence of a single-ion anisotropy on the Bethe latticewithin the framework of the exact recursion relations.Both ferromagnetic and antiferromagnetic exchange in-teractions are considered. The exact expressions for thesublattice magnetizations and magnetic susceptibilitiesare obtained, and thermal behaviors of the sublatticemagnetizations, total magnetization, magnetic sublatticesusceptibilities and total susceptibility are investigated.We also present the phase diagrams including the com-pensation behaviors for di�erent and same bilinear in-teraction parameters. We �nd that this system exhibitsvery di�erent magnetic properties as would be seen inthe upcoming sections. Finally, it is worthwhile men-tioning that it is now widely recognize that in manycases solutions of spin systems on Bethe or generalizedBethe lattices are qualitatively better approximations forthe regular lattices than the solutions obtained by con-ventional mean-�eld theories, because of the presence ofcorrelations in the former and the lack of correlations inthe latter [37]. One should also mention that the Bethelattice consideration has some limitations, such as it pre-dicts a higher transition temperature than a regular lat-tice and it is not reliable for predicting critical exponents[37].The Hamiltonian for the mixed Ising model of thetype ABC ternary system consisting of half-integer spins� = 1=2, S = 3=2 and m = 5=2 on the Bethe lattice isgiven byH = �J1Xhiji �iSj � J2XhjkiSjmk �� J3Xhiki �imk +� Xj S2j +Xk m2k!�� h Xi �i +Xj Sj +Xk mk! ; (1)where each �i,Sj and mk located at the sites i, j andk are a spin-1/2 with the two discrete values �1/2, aspin-3/2 with the four discrete values �3/2 and �1/2,and a spin-5/2 with the six discrete values �5/2, �3/2and �1/2, respectively. J1, J2 and J3 are the bilin-

ear nearest-neighbor exchange interactions and we con-sider both ferromagnetic (J3>0 ) and antiferromagnetic(J2<0 ) and (J1<0 ) exchange interactions. � and hare the single-ion anisotropy and external magnetic �eld,respectively. The �rst three summations are performedfor nearest-neighbor (NN) spin pairs, the last sums runover all the spin-3/2 and spin-5/2 sites. In this ternarysystem case, we arrange the Bethe lattice such that thecentral spin is spin-1/2, �0; the second generation isspin-3/2, S0; the third generation is a spin-5/2, m0; thefourth generation is again spin-1/2, �1; the �fth genera-tion is again spin-3/2, S1; the sixth generation is againspin-5/2, m1; so on to in�nity, as seen in Fig.1 for q =
S1

S0
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Fig.1. Bethe lattice, or regular tree, of coordination num-bers (q = 3) for the ternary system consisting of spins � =1/2, S = 3/2, and m = 5/2. The Bethe lattice is arrangedsuch that the central spin is spin-1/2, �0; the second gen-eration is spin-3/2, S0; the third generation is a spin-5/2,m0; the fourth generation is again spin-1/2, �1; the �fthgeneration is again spin-3/2, S1; the sixth generation isagain spin-5/2, m1; so on to in�nity3, respectively. It is seen from the Fig.1 that the cen-tral spin has q NN, i.e., the coordination number, whichforms the second generation spins. Each spin in the sec-ond generation is joined to (q-1 ) NN's; hence, in total,the second generation has q(q-1 ) NN spins that formsthe third generation spins and so on to in�nity.The partition function is the main ingredient to ob-tain a formulation in terms of the recursion relations.Using the de�nition, the partition function of the systemis given by�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 3 { 4 2010 7�



244 B.Deviren, M.Keskin, Y.Ayd�nZ = Xf�; S;mg exp [��H ] == Xf�; S;mg exp ���J1Xhiji �iSj ++ J2XhjkiSjmk + J3Xhiki �imk��++ Xf�; S;mg exp "��� Xj S2j + Xk m2k!#++ Xf�; S;mg exp "� h Xi �i +Xj Sj +Xk mk!# ; (2)where the summation is over all spin sets. If we cutthe Bethe lattice in some central point deep inside witha spin �0, that is a spin-1/2, it splits up to q identicalbranches in which each of these branches is a rooted treeat the central spin �0. Therefore, the partition functionfor the central site on the Bethe lattice can be written asZ = Xf�0g exp [�h�0]� [gn (�0jS0;m0)]q ; (3)where �0 is the central spin value on the lattice, andis the partition function of an individual branch and thesu�x n represents the fact that the sub-tree has n-shells,i.e., n steps from the root to the boundary sites. Eachbranch can be cut on the site which is the nearest tothe central point. Therefore, is written in terms of thesummation over spin set asgn (�0jS0;m0) == XfS0g exp �� �J1 �0S0 ��S20 + hS0���� [gn (S0jm0; �1)]q�1 : (4)Advancing along the any branch, we get a site that next-nearest to the central spin, hence gn(S0jm0; �1) is ex-pressed as followsgn (S0jm0; �1) == Xfm0g exp �� �J2 S0m0 ��m20 + hm0���� [gn (m0j�1; S1)]q�1 ; (5)We will continue until we reach a recursive point andterminate the calculation of gnfunction.Therefore, gn (m0j�1; S1) can be written asgn (m0j�1; S1) == Xf�1g exp �� �J3m0�1 ���21 + h�1���� [gn�1(�1jS1;m1)]q�1 ; (6)

where is the partition function of the next shell, i.e., the(n-1 )th shell, seen in Fig.1. Therefore, in this way, theexpression for in the nth-shell is obtained in terms of inthe (n-1 )th shell. As seen from Fig.1, these shells areidentical.In order to �nd the exact recursion relations, we in-troduce the following variables as a ratio of the gn func-tion for the spin-1/2:Nn = gn(1=2)gn(�1=2) ; (7)for the spin-3/2:Xn = gn(3=2)gn(�1=2) ; Yn = gn(�3=2)gn(�1=2) ; Zn = gn(1=2)gn(�1=2) ;(8)and for the spin-5/2:An = gn(5=2)gn(�1=2) ; Bn = gn(�5=2)gn(�1=2) ; Cn = gn(3=2)gn(�1=2) ;Dn = gn(�3=2)gn(�1=2) ; En = gn(1=2)gn(�1=2) ; (9)The variables Nn, Xn, Yn, Zn, An, Bn, Cn, Dn and Encan obtain by using Eqs. (4)-(6) and these explicit ex-pressions are given in Appendix. We should mentionthat these recursion relations have no direct physicalsense, but all thermodynamic functions can be obtainedfrom these relations and they reect the critical behaviorof the system. Thus, we can say that in the thermody-namic limit (n �! 1), the above-mentioned variablesdetermine the status of the system.Now we can calculate the sublattice magnetizationsfor spins 1/2, 3/2 and 5/2. If the central spin is chosento be a spin-1/2 (�0), the �rst sublattice magnetizationof the system is de�ned byM1=2 = Z�1 Xf�0g�0 [gn(�0jS0;m0)]q ; (10)which is easily expressed in terms of the recursion rela-tions, namely Eqs. (7)-(9), and calculated asM1=2 = e�(��=4+h=2) Nqn � e� (��=4�h=2)2 e� (��=4+h=2) Nqn + 2 e� (��=4�h=2) : (11)The next step is to calculate the sublattice magnetizationM3=2 for a spin-3/2. We can again start from the �rstshell on the Bethe lattice, and carry out the whole calcu-lation by choosing the spin-3/2 (S0) as the central-spininstead of spin-1/2 (�0), since all sites with the same�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 3 { 4 2010



Compensation temperatures, magnetic susceptibilities and : : : 245kinds of spins are equivalent deep inside the Bethe lat-tice. We perform similar calculation, and rearranging itfor the spin-3/2's as we have done for � = 1/2, we �ndM3=2 =( 3 e� (�9�=4+3h=2)Xqn � 3 e� (�9�=4� 3h=2) Yqn+e� (��=4+h=2) Zqn � e� (��=4�h=2) )( 2 e� (�9�=4+3 h=2)Xqn + 2 e� (�9�=4� 3h=2) Yqn+2 e� (��=4+h=2) Zqn + 2 e� (��=4� h=2) ) :(12)Finally, if the central-spin is chosen a spin-5/2 (m0), weobtain the third sublattice magnetization with the simi-lar calculation as aboveM5=2 =8><>: 5 e� (�25�=4+5 h=2)Aqn � 5 e� (�25�=4� 5h=2) Bqn+3 e� (�9�=4+ 3h=2) Cqn � 3 e� (�9�=4� 3 h=2) Dqn+e� (��=4+h=2) Eqn � e� (��=4�h=2) 9>=>;8><>: 2 e� (�25�=4+ 5h=2) Aqn + 2 e� (�25�=4� 5h=2) Bqn+2 e� (�9�=4+3h=2) Cqn + 2 e� (�9�=4� 3h=2) Dqn+2 e� (��=4+h=2) Eqn+2e� (��=4� h=2) 9>=>; :(13)In order to determine the compensation temperatureTComp at which the total magnetization vanishes belowthe critical temperature, one has to calculate the totalmagnetization. The total magnetization per site is de-�ned as MT =M1=2 +M3=2 +M5=2: (14)It is worthwhilementioning that the occurrence of a com-pensation point is due to the fact that the magnetic mo-ments of sublattices compensate each other completelyat T = TComp owing to di�erent temperature depen-dences of the sublattice magnetizations. The existenceof a compensation temperature near the room tempera-ture in some ferrrimagnetic materials has a crucial im-portance in the area of the thermomagnetic recordingdevices, electronic and computer technologies [12, 13].Moreover, it has been found that some physical proper-ties show a peculiar behavior at this point. For example,the coercivity �eld is strongly temperature dependentonly in the proximity of the compensation temperaturein which it is a maximum at TComp, falling to minimumbelow TComp, before rising again at low temperatures[39 { 41].

Thus, we found the sublattice and total magnetiza-tions in terms of the recursion relations. All informa-tion about the behavior of the system can be obtainedfrom these equations, namely Eqs. (11){(14). For ex-ample, we can easily calculate the magnetic susceptibil-ities in which give some important physical propertiesof the system for spins-1/2, 3/2 and 5/2 by using theEqs. (11)-(13). The susceptibility for the system can bedetermined easily from the following equation:�� = limh!0 @ M�@ h ; (15)where � = 1/2, 3/2 and 5/2 is taken the values of thesublattice magnetizations. Hence, total susceptibility isgiven by �Total = �1=2+�3=2+�5=2 == limh!0 @M1=2@h + limh!0 @ M3=2@h + limh!0 @M5=2@h : (16)We �rst investigate the behaviors of sublattice magneti-zations and total magnetization as well as susceptibilitiesas a function of the temperature for various values ofthe bilinear interactions and the single-ion anisotropy,and the coordination number, q = 6. Thermal behav-iors of sublatice magnetizations are obtained solving Eqs.(11)-(13) by using iterations in the recursion relations.Thermal variation of the total magnetization is found byusing Eq. (14). Moreover, temperature dependence ofthe sublattice and total susceptibilities is examined bysolving Eqs. (15) and (16) using iterations in the recur-sion relations, respectively. A few interesting results areplotted in Figs.2 and 5 in order to illustrate the calcula-tion of the phase transition points as well as obtain thecompensation temperatures and their type of behaviors.From Fig.2, we have seen that the system alwaysundergoes a second-order phase transition, because sub-lattice magnetizations become zero continuously as thetemperature increases, i.e., discontinuity does not occurfor the sublattice magnetizations. One can see that thebehaviors of the sublattice magnetizations in Figs. 2a-dare the similar behavior, except at the absolute zero tem-perature � = 1/2, S = -3/2,m = 5/2 in Fig.2a; � = 1/2,S = -3/2, m = 3/2 in Fig.2a, � = 1/2, S = -3/2, m =1/2 in Fig.2c and � = 1/2, S = -1/2,m = 1/2 in Figs.2d.On the other hand, we have found that the system alwaysexhibits the compensation behaviors and their type ei-ther the N-type, seen in Figs. 2a, b and d or the P-type,shown in Fig.2c, in the Neel classi�cation nomenclature[42, 43]. We have studied the thermal behavior of thesublattice magnetizations and the total magnetization fordi�erent coordination numbers, q, and found that whenq is large the critical and compensation temperatures�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 3 { 4 2010
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248 B.Deviren, M.Keskin, Y.Ayd�nmarked with �St3 are the separation points of these or-dered phases, seen in Fig.4b.We can now present the phase diagrams includingthe compensation temperatures. The calculated phasediagrams are presented in the (kT=J3, �/J3) planefor the di�erent values of bilinear nearest-neighbor ex-change interaction parameters, seen in Fig.5 for q =6. In these phase diagrams, the solid line representsthe second-order phase transition line and the dashed-dot-dot lines illustrate the compensation temperatures.For very low values of the reduced single-ion anisotropy�/J3 we have the (1/2, -3/2, 5/2) ferrimagnetic phase.When the value of the �/J3 increases, the system se-quentially passes to the (1/2, -3/2, 3/2), (1/2, -3/2,1/2), and (1/2, -1/2, 1/2) ferromagnetic phases with-out any phase transition.We also calculate the phase diagram of the systemin the (kT=J3), �/J3 plane for the same values of thebilinear nearest-neighbor exchange interaction parame-ters, namely J1 = J2 = J3 = 1.0, seen in Fig.6 for q =3 and 6. From Fig.6, one can see that the system al-ways undergoes a second-order phase transition; hencethe tricritical behavior does not exist. For very low val-ues of the reduced single-ion anisotropy the (1/2, 3/2,5/2) ferrimagnetic phase exists, but for high values ofthe reduced single-ion anisotropy and the low reducedtemperature, the (1/2, 1/2, 1/2) ferromagnetic phaseexists.In conclusion, the ternary system of the type ABCconsisting of Ising spins � = 1/2, S = 3/2 and m = 5/2in the presence of a single-ion anisotropy for the di�erentvalues of bilinear nearest-neighbor exchange interactionparameters on the Bethe lattice exhibits the compensa-tion behavior to the one seen in the ABC ternary sys-tem composed of half-integer and integer spin variables,namely spins 1/2, 1, 3/2 [20, 23], with Ising spins 3/2,5/2, 3/2 [24], with Ising spins 1, 3/2, 5/2 [26, 28, 29]and with Ising spins 3/2, 2, 5/2 [33 { 35]. The presentsystem only undergoes a second order phase transition;hence it does not exhibit the tricritical behavior. How-ever, the ABC ternary system composed of half-integerand integer spin variables, namely spins 1/2, 1, 3/2 [19,22, 23], with Ising spins 1, 3/2, 5/2 [25, 27] and withIsing spins 3/2, 2, 5/2 [33] display the tricritical behav-ior; hence these systems undergo both second- and �rst-order phase transitions. The present system for the samevalues of bilinear nearest-neighbor exchange interactionparameters on the Bethe lattice also always undergoesa second-order phase transition, but the ternary systemof Ising spins 1/2, 1, 3/2 for the same values of bilinearnearest-neighbor exchange interaction parameters on theBethe lattice undergoes a second-order phase transition

Fig.5. Phase diagrams in the (�/J3, kT=J3) plane for theABC ternary system consisting of spins � = 1/2, S =3/2, and m = 5/2 on the Bethe lattice for the coordinationnumber, q = 6. Solid line indicates a second-order phasetransitions line. The �lled triangles are the ordered linesmoothly mediating, with no phase transition, between the(1/2, -3/2, 5/2) and (1/2, -3/2, 3/2) phases, between the(1/2, -3/2, 3/2) and (1/2, -3/2, 1/2) phases, and betweenthe (1/2, -3/2, 1/2) and (1/2, -1/2, 1/2) phases. (a) J1=�0.1, J2 = �2.0, J3 = 1.0, (b) J1 = �1.0, J2 = �2.0, J3= 1.0, (c) J1 = �5.0, J2 = �2.0, J3 = 1.0for q�3, a second- and �rst-order phase transition forq>3 [23].The part of this work was supported by the Sci-enti�c and Technological Research Council of Turkey�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 3 { 4 2010
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Fig.6. Same as Fig.7, but the same values of the bilinearnearest-neighbor exchange interaction parameters (J1 =J3 = J3 = 1), q = 6 and q = 3. The �lled triangles arethe ordered lines smoothly mediating, with no phase tran-sition, between the (1/2, 3/2, 5/2) and (1/2, 3/2, 5/2)phases, between the (1/2, 3/2, 5/2) and (1/2, 3/2, 1/2)phases, and between the (1/2, 3/2, 1/2) and (1/2, 1/2,1/2) phases(T�UB_ITAK) Grant #107T533 and Erciyes UniversityResearch Funds, Grant #FBD-08-593. One of us (B.D.)would like to express his gratitude to the (T�UB_ITAK)for the Ph.D scholarship. AppendixThe explicit expression of recursion relations are cal-culated as follows:Nn = gn (1=2)gn (�1=2) == " e��9�=4 �e�a1X q�1n +e��a1Y q�1n �+e���=4 �e�a1=3Z q�1n +e��a1=3� #" e��9�=4 �e�a2=3X q�1n +e��a2 Y q�1n �+e���=4 �e�a2=3Z q�1n +e��a2=3� # ;wherea1= 3J1=4 + 3h=2; and a2= � 3J 1=4 + 3h=2;Xn = gn (3=2)gn (�1=2) == 266664 e�25��=4 �e�b1 Aq�1n + e��b1 Bq�1n �+ e�9��=4 �e3�b1=5 C q�1n + e�3�b1=5Dq�1n �+ e���=4 �e��b1=5 E q�1n + e�b1=5� 377775266664 e�25��=4 �e��b2 Aq�1n + e�b2 Bq�1n �+ e�9��=4 �e�3�b2=5 C q�1n + e3�b2=5Dq�1n �+ e���=4 �e��b2=5 E q�1n + e�b2=5� 377775 ;

Yn = gn (�3=2)gn (�1=2) == 266664 �25��=4 �e��b3 Aq�1n + e�b3 Bq�1n �+ e�9��=4 �e�3�b1=5 C q�1n + e3�b1=5Dq�1n �+ e���=4 �e��b1=5 E q�1n + e�b1=5� 377775266664 e�25��=4 �e��b2 Aq�1n + e�b2 Bq�1n �+ e�9��=4 �e�3�b2=5 C q�1n + e3�b2=5 Dq�1n �+ e���=4 �e��b2=5 E q�1n + e�b2=5� 377775 ;Yn = gn (1=2)gn (�1=2) == 266664 e�25��=4 �e�b4 Aq�1n + e��b4 Bq�1n �+ e�9��=4 �e3�b4=5 C q�1n + e�3�b4=5Dq�1n �+ e���=4 �e��b4=5 E q�1n + e�b4=5� 377775266664 e�25��=4 �e��b2Aq�1n +e�b2Bq�1n �+ e�9��=4 �e�3�b2=5 C q�1n + e3�b2=5 Dq�1n �+ e���=4 �e��b2=5 E q�1n + e�b2=5� 377775 ;where b1= 15J2=4+5h=2; b2= 5J 2=4 � 5h=2;b3= 15J 2=4 � 5h=2; and b4= 5J 2=4+5h=2;An = gn (5=2)gn (�1=2) = e���=4 he�c1 Nq�1n�1 + e��c1ie���=4 he�c2 Nq�1n�1 + e��c2i ;Bn = gn (�5=2)gn (1=2) = e���=4 he�c3Nq�1n�1+e��c3ie���=4 he�c2Nq�1n�1+e��c2i ;Cn = gn (3=2)gn (�1=2) = e���=4 he�c4Nq�1n�1+e��c4ie���=4 he�c2Nq�1n�1+e��c2i ;Dn = gn (�3=2)gn (�1=2) = e���=4 he�c5Nq�1n�1+e��c5ie���=4 he�c2Nq�1n�1+e��c2i ;En = gn (1=2)gn (�1=2) = e���=4 he�c6Nq�1n�1+e��c6ie���=4 he�c2Nq�1n�1+e��c2i ;where c1= 5J3=4 + h=2; c2= � J3=4 + h=2;c3= � 5J 3=4 + h=2; c4= 3J 3=4 + h=2;c5= � 3J 3=4 + h=2; and c6= J 3=4 + h=2:�¨±¼¬  ¢ ���� ²®¬ 92 ¢»¯. 3 { 4 2010
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