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Spin-waves excitations in a cylindrical ferromagnetic nanotubes are investigated by use of the Green function method. The 

nano-tube consists of the core and the surface shell and the core is surrounded by the  surface shell.  The expressions of Green’s 

function for different spins of ferromagnetic nanotubes are obtained. The temperature dependence of magnetization is clarified in the 

surface shell and core.  The results are illustrated numerically for a particular choice of parameters 

 

Keywords:  Magnetic material, nano-tube, Green function. 

PACS: 75.70. Ak 

 

1. INTRODUCTION 

 

In the last decade, there has been growing attention 

to the magnetic properties of materials at the nanoscales, 

such as nanowires, nanoparticles, nanofilms, nanobelts, 

nanotubes, nanorods etc [1-3]. The reason is that these 

materials have potential for applications in magneto-

electronic devices. On the other hand, these systems   

show many new typical, peculiar, and unexpected 

magnetic properties that cannot be exhibit in bulk systems 

[4-6]. In the experimental area, the ferromagnetic nano-

tubes have been successfully synthesized by various 

methods and there magnetic properties have been 

investigated. Magnetic nanotubes have potential 

applications in ultrahigh-density magnetic storage 

devices, biotechnology, nanomedicine, information 

storage devices, and nanoelectronic devices etc [7-9]. 

In the theoretical area, the magnetic nanomaterials 

have been investigated within the various theoretical 

methods, such as effective- field theory (EFT) with 

correlations, Monte Carlo Simulations (MCS), mean-field 

approximation (MFA), Green’s function (GF) formalism 

[10-12].     

 Spin-wave excitations in ferromagnetic nanotube 

have recently been studied by a number of authors [5,6]. 

For example,  A.L.Gonzalez, P.Landeros, Alvaro S.Nunes 

investigate the spin wave spectra associated to a vortex 

domain wall confined within a ferromagnetic nanotube 

[2]. Bin-Zhou Mi, Huai-Yu Wang Yun-Song Zhou 

developed a microscopic theory for magnetic behaviors of 

single-walled nanotubes use of the many-body Green’s 

function method [6]. A nanotube can be modeled as 

having a chosen shape and size cross section (in the x-y 

plane) with a finite number spins arranged. The magnetic 

properties of nanostructures are strongly dependent on the 

system shape and size.  

 

2. MODEL AND FORMULATION 

 

The schematic representation of nanotube with core-

surface shell structure is displayed in fig.1.  The black and 

white circles are magnetic atoms constituting the core and 

surface shell, respectively. The lines connecting them 

represent the nearest-neighbor exchange interaction. On 

the other hand, each spins is connected to the nearest-

neighbor spins on the above and below section. 

 

 
 
Fig.1. Schematic representation of a cylindrical nanotubes  

           (side view). The nanotubes are infinite in the  

           direction perpendicular to the axes z. 

 

The system will be represented by the Hamiltonian

  

 

       
























   

i j

z

j

z

i

j

z

j

i

z

i

ml

ji

j

jj

i

iis SSDSShSSJSSJSSJH
22

,

1

,, 





    (1)   

          

where sJ , J and 1J  are  the exchange coupling between 

two neighboring magnetic atoms at the shell surface, core 

and shell surface and core, respectively. iS  and jS  are 

spin operators, the sum  is over nearest neighbors only 

at surface and core.  The second term of Eq. (1) describes 

the Zeeman interaction of the spins when  an external 

magnetic field  h  applied along the z-direction, the last 

contribution is a single-ion anisotropy term (i.e. crystal 

field).  
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     To study the magnetic properties of the nanotube 

under consideration, we evaluate a retarded  GF of the 

form      tStS ji ; . After time Fourier transformation 

the retarded GF is denoted  as     

jiji SSG ;,
 , 

and then employing the equation of motion in the 

random-phase- approximation (RPA), one obtains the 

following equations  
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 here n  and m  are layer indices, while 1,…,18  and   

label the position of the spins in layers n   and m , 

respectively.  

    Now the GF is further Fourier transformed along the 

nanotube axis which periodic boundary condition. The 

total wave vector has two components ),( qkktot  . The 

system is periodic in the z direction, which lattice 

constant is a . According to Bloch’s theorem has been 

employed for plane waves in order to receive the system 

equations [13,14] 

 

 

 

               
 ),,8,7,1(

,

),8,7,1(

,1 ]exp[ mnmn GikaG                 (3) 

      

As for circumferential direction, the discrete Fourier 

transformed is taken with periodicity condition. One of 

wave vector component denoted as q  takes the following 

values [6]: 
 

5,...,2,1,0
3

 l
a

l
q


      (4) 

Then the Fourier transformation of the GF is written as 
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 Using (3)  and (5)  the GF can be obtained by solving the equations (2)  
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The poles of the Green functions occur at energies, which are the roots of the spin wave dispersion equation for 

the nanotubes under consideration: 
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   Solving the average spin, we derive the correlation function  SS  using the spectrum theorem [14,15] 

 

                                                        











k e

ikG
d

N

S
SS

1

),(Im2






                                                       (8) 

Here TkB1 , Bk  is the Boltzmann constant, T is the temperature. Using (5) and the relation 

     xixix   11  to obtain the imaginary part of the Green functions, one finally obtains  
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According to the theory of Callen [16] the average spin can be calculated using the following equation 
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Fig. 2. Spin wave frequency versus wave number ka for the nanotubes under consideration with parameters 

           ,2.0Jh
   

,1.0JD ,5.01 JJ 5.1JJ s .  

 

 
 

Fig. 3. Temperature dependence of the spin magnetization for the parameters   ,2.0Jh
   

,1.0JD
  

5.0 sc SS
 

 

Now the equation (8) and (9) can be solved self consistently to obtain the average spin at any given temperature. 

If 21S    SSS z

2

1
. 
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3. CONCLUSIONS 

 

 In this paper, we present the theory of spin-wave 

excitations of a cylindrical ferromagnetic nanotubes. 

Dispersion equations of spin waves propagating along the 

nanotubes, and temperature dependence of magnetizations 

for nanotube with core/shell structure have been studied.   

Fig. 2 shows spin-wave spectra for reduced frequency 

J  versus ka for nanotubes under consideration. The 

frequencies for the lowest branches are not zero at 

0ka . Easily, it can be explained by applied external 

magnetic field and single-ion anisotropy. The spin wave 

frequencies increase with increasing wave vectors and 

exchange coupling between spins. On the other hand, with 

increasing value of the spins spin wave frequencies 

increase.  It can be verified from these results that when 

01 J  for the nanotubes depicted in fig.1 they reduces for 

the two magnetic single-walled nanotubes.  

     The temperature dependence of magnetization in the 

nanotubes under consideration is demonstrated in fig. 3.  

The   spontaneous   magnetization   of   the spins at zero  

temperature is 5.0 zS .  The magnetizations decrease 

continuously with increasing values of temperature, and 

they become zero at critical temperature; therefore a 

second-order phase transition occurs.  We illustrate the 

magnetization versus reduced temperature for 

,5.01 JJ  2JJ s
and ,21 JJ  ,5.0JJ s

 

respectively. In the each case, the total spin magnetization 

has the middle value. If exchange interaction between 

magnetic atoms at surface grows weaker, then their 

magnetizations are weaker than that of core spins. 

Magnetization of the surface spins labeled 

71,51,13,11,9,7  is smaller than that of the spins 

labeled 81,61,41,12,10,8 . This will be able to 

understand clearly.  For example, surface spin labeled 

7  exchange interacts with one core spin 

labeled 7 , while spin labeled  8   with two core 

spins 1  and 2 .  But in particular case, when 

01 J  all spins has the same orientation and the curves 

coincide. 

_______________________________ 

 

[1] T.M. Nguyen and M.G. Cottam. Surface Science 

600, 4151-4154   (2006) 

[2] A.L. Gonzalez, P. Landeros, Alvaro S. Nunes.  

Journal of  Magnetism and Magnetic Materials 322, 

p.530-535, (2010). 

[3] T. Kaneyoshi. Phys.Status Solidi B 248  No 1   250-

258   (2011) 

[4] Ersin Kantar, Yusuf Kocakaplan. Solid State 

Communications 177, 1-6   (2014) 

[5] C.D.Salazar-Enriques,E.Restrepo-Parra. J. Restrepo 

Physica E 52 (2013) 86-91. 

[6] Bin-Zhou Mi, Huai-Yu Wang, Yun-Song Zhou.  

Journal of  Magnetism and Magnetic Materials 322, 

p.952-958, (2010). 

[7] O. A. Tretiakov and Ar. Abanov.  Phys. Rev. Lett. 

105, 157201 (2010) 

[8] V.S. Tkachenko, V.V. Kruglyak, A.N. Kuchko.  

Phys.Rev. B 81, 024425 (2010) 

[9] Z. K. Wang, M. H. Kuok, S. C. Ng, D. J. Lockwood, 

M. G. Cottam, K. Nielsch, R. B. Wehrspohn, and U. 

Gösele. Phys. Rev. Lett. v.89, n.2,  027201 (2002) 

[10] V.A. Tanriverdiyev.  Journal of  Magnetism and 

Magnetic Materials 393,  (2015) 188-191 

[11]  V.V. Kruglyak,   R.J. Hicken,   A.N.Kuchko,  

V.Yu. Gorobets.  Journal of Applied Physics 98, 

(2005)  014304. 

[12] T.M. Nguyen and M.G. Cottam. Phys.Rev. B 71,   

(2005) 094406. 

[13] V.A.     Tanriverdiyev,     V.S.    Tagiyev,  

S.M. Seyid-Rzayeva. FNT 12 (2003). 

[14]  H.T. Diep.  Phys.Lett. A 138, 69 (1989)  

[15] R. Schiller  and W. Nolting.  Phys. Rev. B 60, 462–

471 (1999) 

[16] Callen H B.  Phys. Rev. 130 890   (1963) 

 

 

 

Recevied: 06.02.2017 

http://publish.aps.org/search/field/author/Tretiakov_O_A
http://publish.aps.org/search/field/author/Abanov_Ar

