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Abstract. We consider the task about few-circle optical pulses dynamics 
(light bullets) in the inhomogeneous environment of carbon nanotubes in a 
resonant optical cavity. Our calculations show that the optical resonator can 
create conditions, which can provide monitoring and controlling the shape 
and the velocity of the optical pulse. We show that the propagation of the 
light bullets is stable.  

1 Introduction  
Carbon nanotubes (CNTs) because of their nonlinear optical properties have been used 

as generator of a media with unique features. CNTs have height interest in the research 
community owing to the simplicity of their structure and their unique properties, which in 
turn contributed significantly to both the development in optical pulses propagation studies, 
as well as the development of optical devices based on them [1-2]. Ability to use CNTs as a 
medium for the formation of light bullets is the one of the most important feature.  

Usually the propagation of optical pulses is considered in a uniform CNT environment 
that does not allow one to control the pulse velocity. However, if the propagation velocity of 
light bullets is determined by the refractive index of the medium and can vary within a wide 
range, one can perform a further modulation in the refractive index. In turn, this favours the 
formation of media with a modulated refractive index, thereby enabling the control of the 
propagation velocity of light bullets as well as the delay time.  

2 Basic equations  

The electromagnetic pulse propagation in carbon nanotube with optical resonator array 
has been considered, wherein both the pulse electric field and the current are directed along 
the nanotube axis. 

For carbon nanotubes of the zigzag type, namely (m, 0), the dispersion relation for the 
energy of conduction electrons reads [3]: 
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 )/(2cos4)/cos()cos(41)( msmsas   pp , (1) 

where ms ...2,1 , nanotube has a type )0,(m , 7.2  eV, 2/3ba  , 142.0b  nm - is a 
distance between neighboring carbon atoms. 

Maxwell equations for non-magnetic dielectric environment bring to view: 
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where E - is the electric field of the light wave, j - is the electron current density, t - is the 
time, and c- is the light velocity in the medium., EP  .  

Solving the problem, we neglect the diffraction spreading of the laser beam in the 
direction along the CNT axis. We ignore the substrate electric field as well. Note that since 
both the typical size of CNTs and the distance between them are much smaller than the spatial 
domain typical size in which a few-cycle pulse is localized, we can use the approximation of 
continuous medium and consider the current distributed over the volume. 

The performed investigation allows us to make the following conclusions: 
The three-dimensional few-cycle optical pulse (light bullet) propagation in 

inhomogeneous medium of carbon nanotubes in optical resonator is stable. 
At large times the pulse remains localized along the axis of the cylindrical resonator. 
The formation of a stable structure, which occurs due to the reflection of waves from the 

walls of the resonator and subsequent interference. Such an interaction makes it possible to 
reduce the width of the pulse in the direction of the transverse axis of the resonator. 
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