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The aim of this study is to find the Bogoliubov-Born-Green-Kirkwood-Yvon 

(BBGKY) hierarchy equations in Curvilinear Coordinates. These equations were 

used to calculate plasma distribution functions at very high temperatures. The 

analytical form of the classical two and three particles distribution functions were 

obtained for two models; relativistic pure electron plasma and dusty plasma. Our 

results were compared with others.  

Keywords: Dusty plasma; (BBGKY) hierarchy, Curvilinear Coordinates. 

1.   INTRODUCTION 

    Calculating the distribution functions of plasma is of paramount 

importance in the field of statistical mechanics. As the identification of 

the final form for distribution functions, will assist in calculating the 

thermodynamic functions of plasma, for example, pressure, energy, and 

many other quantities. In statistical mechanics, the BBGKY hierarchy is 

a number of equations interpreting the dynamics of a system of many 

interacting particles [1]. Many researchers have been interested in 

identifying the optimal form of classical distribution functions. Hansen 

[2] calculated the distribution functions for one component plasma in the 

classical form and quantum corrections.     

    Illner and Pulvirenti [3] derived the BBGKY-hierarchy for hard 

sphere particle systems. Also, Polyakov [4] studied the BBGKY 

hierarchy in classical relativistic electrodynamics. Bose in 2016 used 

BBGKY hierarchy for deriving an equation of pair correlation function 

[5]; he solved the first two equations of BBGKY hierarchy in the absence 
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of velocity-space correlation. Vereshchagin and Aksenov in 2017 [6] 

produced a very well-written and interesting book on relativistic kinetic 

theory, starting from first principles of statistical mechanics. Also, they 

obtained the BBGKY hierarchy for relativistic plasma and they derived 

fundamental equations such as the Vlasov-Maxwell system, and Landau 

equations. The BBGKY hierarchy equations of large classical systems 

were studied by Zessin [7]. Moreover, Prasad and O'Neil [8] obtained the 

classical distribution of pure electron plasma. 

    Relativistic plasma is objects encountered in many astrophysical 

situations. For instance, they occur in the magnetosphere of pulsars 

where they are strongly magnetized, or in the quasar jets [9]. Such 

plasma can be created by heating a gas to very high temperatures. In the 

relativistic plasma, the relativistic corrections to a particle's mass and 

velocity are important. Such corrections typically become important 

when a significant number of electrons reach speeds greater than 0.86c 

where c is the speed of light. 

    Curvilinear coordinates play an important role in many types of 

knowledge such as fluid mechanics, quantum mechanics, and statistical 

mechanics. The formulation of physical equations in a generalized form 

in curvilinear coordinates facilitates the processing of many complex 

physical problems. We try in our paper to find distribution functions 

generally in curvilinear coordinates which can be later used in special 

situations to solve specific problems for systems with an appropriate type 

of spatial symmetry. The main idea is that a curvilinear coordinate frame 

can innately capture more information about the true motion of an orbit 

than a Cartesian coordinate frame. Classical mechanics, Quantum 

mechanics and statistical mechanics can be written in any coordinate 

system, and the usual Hamiltonian methods apply. Stern [10] formulated 

the Elliptical Cylindrical Coordinate System and showed that the 

curvilinear system has definite advantages for studying motion along a 

known, fixed elliptical trajectory. Jones [11] continued Stern's work by 

developing a state transition matrix for the cylindrical coordinate system 

derived by Stern. Berreen and Crisp [12] formulated special relative 

motion equations in curvilinear coordinates for a probe ejecting from a 

space station and found that by employing curvilinear coordinates, their 
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approximate solution could be used over larger relative displacements 

than earlier solutions in a rectangular coordinate frame [13]. In Ref. [14], 

the nonlinear equations of relative orbital motion in a cylindrical frame 

are presented. 

    Curvilinear coordinates would be able to handle fixed 

discontinuity, moving discontinuity in more natural way. Namely, a 

curvilinear coordinates could generate fine mesh in the neighborhood of 

fixed and moving discontinuities and increase the accuracy of the 

solution. Furthermore, if we introduce curvilinear coordinates, we can 

transform a non-square region into square one and can introduce a regular 

mesh in the transformed coordinates. Kjaergaard and Mortensen in 1990 

[15] made a simple derivation of the quantum mechanical Hamiltonian in 

curvilinear coordinates. In 2012 a generalized, curvilinear-coordinate 

formulation of Poisson's equations to solve the electrostatic fields in 

plasma was given by Fichtl et al. [16]. Calculating the distribution 

functions in curvilinear coordinates of the dusty plasma model facilitates 

the selection of the appropriate coordinates of the model studied. Błaszak 

and Domanski [17] give a definition of a quantum canonical coordinate 

system for classical mechanics in curvilinear coordinates. We will pay 

attention to the formulation of BBGKY-hierarchy in curvilinear 

coordinates and try to use it to calculate the distribution functions of 

plasma at very high temperature. 

    Dusty Plasma plays an important role in experimental physics and 

in experimental physics and in many astrophysical situations [18]. In 

dusty plasma, a dust particle can be charged to about 10⁴electrons due to 

greater electron mobility than ion mobility. It differs from ordinary 

plasma in the presence of dust particles along with an even number of 

positive and negative charges moving at a high speed if compared to the 

speed of dust [19]. The previous research studies have shown that the 

distance between every two particles is a straight line. But what can we 

get if we imagine the distances between the particles are curved lines and 

get its distribution function in curvilinear coordinates. We used the 

results to calculate the distribution functions for relativistic electron 

plasma and dusty relativistic plasma. 
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الإلكتروناث النسبيت دوال التوزيع الكلاسيكيت لبلازها 

 النقيو والبلازها الوغبره في الإحذاثياث الونحنيو

أ.د نجاة عبذ الرحون حسين
1
، د/ عبذ الرحين حسن أحوذ 

2
، م.م/ إسراء  

جوال سيذ
3 

1
 أستار انشياضياث انتطبيقيت كهيت انعهٌو جايعو أسيٌط

2 
 يذسس انشياضياث انتطبيقيت كهيت انعهٌو جايعت الأصىش فشع اسيٌط

3 
 يذسس يساعذ انشياضياث انتطبيقيت كهيت انعهٌو جايعت اسيٌط

 

 الولخص العربي 

 

 BBGKYتيذف ىزه انذساسو لإيجاد يعادنو انتسهسم انيشيي 

hierarchy  في الإحذاثياث انًنحنيت. ًتى بإستخذاو ىزه انًعادنو

حساب دًال انتٌصيع نهبلاصيا في دسجاث انحشاسة انعانيو بذلانت 

تى استنتاج انشكم انتحهيهي . كًا µيعايم انتأثيش انحشاسي نهبلاصيا 

نذًال انتٌصيع انكلاسيكيت انثنائيت ًانثلاثيو ننًٌرجين ىًا بلاصيا 

الإنكتشًناث اننسبيت اننقيت ًانبلاصيا انًغبشة. ًقذ قًنا بًقاسنت 

  نتائجنا يع الآخشين.

 

 


