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Abstract- Using the quantized electromagnetic field and the matter field of a rotating nano particle in presence of vacuum 
fluctuations and a dielectric plane surface, we drive the radiation power of nano particle and focus on the frictional part of 
that. Frictional radiation power of rotating particle obtained and discussed in some limiting cases. 
 
Index Terms- Quantum friction, Rotating nano-particle, field quantization, Radiation power. 
 
I. INTRODUCTION 
 
Moving bodies experience the energy damping [1, 2] 
and a decoherence mechanism [3] due to the 
scattering of vacuum field fluctuations.  The damping 
is accompanied by radiation of energy to conserve the 
total energy of combined system [4].  
Radiation of neutral moving bodies can be 
categorized as quantum friction effect or dynamical 
casimir effect [5, 6] and both have been studied 
widely. There are some reported results, are showing 
the same radiation by simulating a motion in a static 
body such as using a time-varying boundary 
condition [7, 8, 9-11]. These are mostly used to 
obtain the dynamical casimir effect because the so-
called casimir radiation is produced by dynamical 
changes in the boundary conditions of the 
electromagnetic field associated with photon states 
[12].    
In this paper, we consider a rotating nano particle 
above a plane surface of a dielectric. Using the 
quantization of electromagnetic and matter fields by 
modeling the medium with a continuum of harmonic 
oscillators [13] and follow a systematic approach 
based on canonical quantization of the whole system 
[7], we drive the frictional radiation power of rotating 
particle and study the effect of rotation in some 
limiting cases. 
 
II. LAGRANGIAN 
 
Let us consider the following Lagrangian for a 
spherical nanoparticle rotating along its symmetric 
axis (z axis) with angular velocity ω0, in the vicinity 
of a semi-infinite dielectric space  

 
 

Where Xi and Yi are the dielectric fields describing the 
nanoparticle and the bulk dielectric, respectively. The 
bulk considered to be in local thermodynamical 
equilibrium at temperature T.      To derive this 
Lagrangian, the coordinate-derivative and field  

 
transformations between rotating and fixed or 
laboratory frames are used. Note that in the 
laboratory or fixed frame, the electromagnetic fields 
are non-rotating fields, therefore, there is no need to 
modify them in (1). The nanoparticle is moving so the 
coupling tensor fij between the vacuum field and the 
field Xi should be time dependent while the coupling 
tensor gij between the vacuum field and the field Yi, 
describing the non-moving bulk dielectric, is time 
independent. 
 

 
 
The equations of motion for the electromagnetic and 
matter fields can be obtained from Euler-Lagrange 
equations or equivalently from Hamiltonian, using 
Heisenberg equations. By making use of the 
azimuthal symmetry and non-relativistic 
approximation, we find 

 
 
Where PN

P and PN
B are the fluctuating or noise 

electric polarization components defined by 

 
 
The radiated power of the rotating nanoparticle can 
be written as [14] 

 
Using the dyadic Green’s tensor Gij and (3), we find 
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III. RADIATION POWER SPECTRUM 
 
Let us consider a nanoparticle and a bulk dielectric 
made of silicon carbide (SiC) where the dielectric 
function is given by the oscillator model [15],  

 
 
With	휀∞ = 6.7, 휔 = 1.823 × 10 , 휔 = 1.492 ×
10 , and Γ = 8.954 × 10 . Inserting the dyadic 
Green’s functions given in [16] into (6) and using (5), 
the spectrum of the frictional radiation power is 
plotted in figure (1). 
 

 
Figure (1). The spectrum of the frictional radiation power as a 

function of frequency. The nanoparticle and plane surface have 
same temperature (T1=T2=0.1 k) and the nanoparticle is at 0.1 

m far from the plane surface. 
 
Figure (1) shows the spectrum of the frictional 
radiation power is increasing by angular velocity of 
nanoparticle and so we would expect higher frictional 
torque. Another interesting future in Figure (1) 
pointed out that, ‘no photon could be created with 
frequencies greater than the angular velocity of 
nanoparticle’. 
 
Figure (1) shows Logarithmic plot of spectrum of the 
frictional radiation power of rotating nanoparticle for 
different temperature of nanoparticle an plane 
surface. In both cases the temperatures are equal. This 
figure explicitly shows an increase in the spectrum 
raising the angular velocity of nanoparticle. 

 
Figure(2). Logarithmic plot of spectrum of the frictional 
radiation power of rotating nanoparticle as a function of 

angular velocity of nanoparticle for the peak point of spectrum 
(흎 = ퟎ. ퟖ흎ퟎ). The nanoparticle and plane surface have same 
temperature (T1=T2=0.1 k and 10k) and the nanoparticle is at 

0.1 m far from the plane surface. 
 
REFERENCE 
 

[1] P. A. Maia Neto and S. Reynaud, Phys. Rev. A 47, 
1639 (1993). 

[2] L. H. Ford and A. Vilenkin, Phys. Rev. D 25, 2569 
(1982). 

[3] D. A. R. Dalvit and P. A. Maia Neto, Phys. Rev. Lett. 
84, 798 (2000). 

[4] A. Lambrecht ,M. T. Jaekel and S. Reynaud, Phys. Rev. 
Lett. 77, 615 (1996). 

[5] E. Yablonovitch, Phys. Rev. Lett. 62, 1742 (1989). 
[6] J. Schwinger, Proc. Nat. Acad. Sci. USA 89, 4091 

(1992). 
[7] F. Kheirandish and V. Ameri, Phys. Rev. A 89, 032124 

(2014). 
[8] S. A. Fulling and P. C. W. Davies, Proc. R. Soc. 

London Ser. A 348, 393 (1976). 
[9] Y. B. Zel’dovich, JETP Lett. 14, 180 (1971). 
[10] S. M. Rytov, Y. A. Kravtsov, and V. I. Tatarskii, 

Priniciples of Statistical Radiophysics (Springer, Berlin, 
1989), Vol. 3. 

[11] A. Manjavacas and F. J. Garc´ıa de Abajo, Phys. Rev. 
Lett. 105, 113601 (2010); ,Phys. Rev. A 82, 063827 
(2010). 

[12] O. Kenneth and S. Nussinov, Phys. Rev. D 65, 085014 
(2002). 

[13] B. Huttner and S. M. Barnett, Phys. Rev. A 46, 4306 
(1992). 

[14] Vahid Ameri,  Mehdi Shafiei Aporvari, and Fardin 
Kheirandish. Phys. Rev. A 92.2 (2015): 022110. 

[15] E. D. Palik, Handbook of Optical Constants of Solids, 
Vol. 3(Academic Press, New York, 1998). 

[16] A. A. Maradudin and D. L. Mills, Phys. Rev. B 11, 
1392 (975). 

 
 
 
 
 
 
 
 
 
 
 
 


 


