
Riga, Latvia, December 5-6, 2025 
 

1 

PHYSICAL AND MATHEMATICAL SCIENCES 
 
 

DYNAMICS OF MOTION  
IN CENTR-AL GRAVITATIONAL FIELDS 

 
Roman Lysak1 
Scientific supervisor: Oxana Demeshko2 

 
DOI: https://doi.org/10.30525/978-9934-26-630-0-1 

 
Understanding motion in central gravitational fields remains a fundamental 

problem in classical mechanics, nonlinear dynamics, and the broader analysis 
of constrained systems. Although the conceptual basis for central force motion 
was formulated in the context of celestial mechanics, it is becoming 
increasingly important in various disciplines, including economics, finance, and 
public administration, where complex systems often exhibit structurally similar 
patterns of stability, cyclicality, and regime change. Studying how bodies 
evolve under the influence of a central potential allows scientists to explore 
general principles of equilibrium, stability, and threshold behavior – principles 
that parallel those governing macroeconomic fluctuations, financial market 
stability, and the reliability of political systems. 

Recent advances in analytical modelling and numerical simulation have 
made it possible to explore the dynamics of such systems with unprecedented 
precision. Central gravitational fields, governed by an inverse-square law, 
provide a mathematically tractable yet sufficiently rich environment for 
understanding the full spectrum of dynamical behavior – from stable periodic 
trajectories to escape dynamics and irreversible collapse. These behaviours 
mirror those observed in complex socio-economic systems, where small 
perturbations may be absorbed efficiently, but larger shocks precipitate 
structural transitions or systemic failure. Consequently, analysing gravitational 
dynamics within this broader interdisciplinary context offers a valuable 
methodological lens for studying stability thresholds, long-term predictability, 
and the nonlinear consequences of external disturbances. 

A substantial body of research has examined motion in central gravitational 
fields, establishing conic-section trajectories – elliptical, parabolic, or 
hyperbolic – as classical solutions to the equations of motion. Arnol’d (1978) 
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provides a comprehensive analytical description of these solutions, showing 
that orbital forms depend on total mechanical energy and angular momentum 
[1]. Similarly, Murray and Dermott (1999) analyse orbital structures in celestial 
mechanics, supporting the dependence on energy and angular momentum [2]. 
This relationship has inspired analogies with economic equilibrium, where 
energy-like variables determine system stability or divergence, as discussed in 
studies of regional economic path dependence (Martin & Sunley, 2006) [3]. 
Moreover, trajectories shift irreversibly when total energy approaches zero, 
paralleling collapse dynamics in fragile economic or administrative systems 
(Davis, 2011) [4]. Conserved quantities, such as angular momentum, act as 
stabilising factors, analogous to risk-control mechanisms in financial and 
institutional systems (Klimek, Poledna, & Thurner, 2019) [5]. 

Numerical studies further illustrate system sensitivity and path dependence. 
High-precision simulations and lecture-based numerical analyses show that 
small initial changes continuously alter orbital eccentricity, confirming the 
system’s structural predictability under controlled perturbations (“Central 
Force Motion Orbits – Lecture Handout”) [6]. Path dependence is emphasised 
as long-term trajectories are highly sensitive to early-stage parameters [3]. 
Perturbations beyond critical thresholds trigger nonlinear transitions, including 
orbital decay or escape, reflecting systemic breakdown under strong shocks [4]. 
Economic analogues confirm these insights: mild shocks cause minor 
adjustments, whereas intense disturbances produce irreversible transformations 
[5]. Comparative studies also demonstrate strong alignment between analytical 
and hybrid numerical models, validating integrated approaches for analysing 
complex dynamical systems [1; 2]. 

First, the analytical description of orbital dynamics demonstrates that 
solving the main equations of motion yields conic-section trajectories – 
elliptical, parabolic, or hyperbolic – determined by the relationship between 
total mechanical energy and angular momentum [1]. When the energy of the 
system remains negative, motion stabilises in a closed periodic orbit, analogous 
to stable macroeconomic equilibrium [3]. Conversely, when total energy 
approaches or exceeds zero, the trajectory becomes a path of no return, 
manifesting as escape or collapse, reflecting the behaviour of unstable financial 
or administrative systems [4]. Preservation of angular momentum imposes 
structural constraints on system evolution, effectively reducing dynamic 
volatility – similar to risk control mechanisms in regulated financial 
environments [5]. 

In addition, numerical simulations confirm the reliability of these analytical 
conclusions. Slight changes in initial velocity lead to smooth, continuous 
variations in orbital eccentricity [6]. Long-term outcomes are highly sensitive 
to initial conditions, while stable orbital configurations remain robust under 
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minor perturbations; sufficiently large disturbances, however, provoke 
nonlinear changes, including orbital decay or unbounded escape [4]. These 
patterns parallel long-term economic and administrative forecasting, where 
weak exogenous shocks cause moderate adjustment processes, while stronger 
perturbations lead to irreversible structural transformations [5]. 

Perturbation analysis reveals clear stability thresholds in the central-force 
system. Arnol’d [1] and Murray & Dermott [2] saythat when external 
perturbations remain below the threshold, the system maintains quasi-periodic 
behaviour; once exceeded, it deviates irreversibly. Such threshold effects are 
consistent with observations in public policy and financial systems, where 
institutional buffers absorb minor shocks but may collapse under accumulated 
or intense perturbations [3; 5].  

Finally, scientific works by Arnol’d [1] and Murray & Dermott [2] reveal 
that comparative evaluations demonstrate near-complete correspondence 
between analytical and numerical approaches, validating hybrid modelling as a 
robust tool for studying constrained dynamical systems across physics, 
economics, and public administration. 

In conclusion, the study of motion in central gravitational fields provides a 
comprehensive framework for understanding stability, threshold behavior, and 
nonlinear transitions in both physical and socio-economic systems. Analytical 
solutions, supported by high-precision numerical simulations, reveal that 
orbital dynamics are highly sensitive to initial conditions, yet governed by 
conserved quantities such as energy and angular momentum, which act as 
stabilizing factors analogous to regulatory mechanisms in finance and public 
administration. Perturbation analysis further demonstrates the existence of 
critical thresholds, beyond which systems exhibit irreversible transitions, 
paralleling structural breakdowns in economic and institutional contexts. 
Overall, the integration of analytical and computational approaches validates a 
hybrid methodology that not only enhances predictive accuracy for celestial and 
mechanical systems but also offers valuable interdisciplinary insights for 
modelling resilience, stability, and systemic responses to shocks in complex 
real-world environments. 
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