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Ferromagnetic nanoparticles and their ensembles suspended in a viscous liquid, also called 

ferrofluid, have remarkable properties based on combination of ferromagnetic solids, i.e ability to 

respond to external magnetic field, and liquids, i.e. the presence of surface tension, a viscosity. 

These particular qualities make ferrofluids highly involving in different applications such as 

electronic devices, mechanical engineering and medicine. In particular, ferrofluids are 

successfully used for new therapy methods such as targeted drug delivery, and magnetic fluid 

hyperthermia [1]. During this therapy the nanoparticle absorbs the field energy and generates heat 

that is necessary for therapeutic effect. Treatment is accomplished by locally injection of 

ferrofluid into affected tissue that is a main advantage of this method over the classical chemical 

therapy. To manage the heating process the tuning of the parameters of external oscillating field 

and fine particle characteristic can be used.  

Nature of dissipation energy is represented by three principles: mechanical rotation of the 

nanoparticle in viscous carrier, damping precession of the nanoparticles magnetic moment within 

crystal lattice, and the Eddy currents [2]. The first of these is prevail for the high-anisotropy 

particle of radius ~ 20 nm and frequencies range ~ 10
3
-10

6
 MHz while others are not as 

significant and can be neglected. That is why the model of the rigid dipole [3] was utilized for 

analytical and numerical study of the interaction of the ferromagnetic nanoparticle with external 

RF-field. 

Thus, we study the Brownian rotational dynamic of nanoparticle with frozen magnetic 

moment and efficiency of heating generation under the action of time-periodic magnetic field. 

Here one can need to underline that consideration of the thermal fluctuations have a critical 

importance because they can significantly contribute to the heating process, especially when the 

magnetic energy becomes compatible with thermal one. To correctly describe mechanical rotation 

was applied corresponding Langevin-based approach, together with Fokker-Planck (FP) 

formalism, likewise it was reported in [4, 5]. The probability density function, obtained by 

solving FP equation, allows determining the averaged power loss which depends of several 

factors including temperature, magnetic material properties, liquid and magnetic field parameters.  

These analytical estimations were confirmed by numerical simulation. 

Our analysis for circularly and linearly polarized fields shows that the role of thermal 

fluctuation in the efficiency of RF-field energy absorption strongly depends on the field 

frequency. For small frequencies this effect is extremely pronounced, while with the frequency 

growth the difference between the values of the power loss for different temperatures and the 

noise free approximation becomes valid. Then, while the frequency grows, the power loss tends to 

constant that is two times larger for the circularly polarized field in comparison with the linearly 

polarized one. These and other features of nanoparticle heating will be discussed in our report. 
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