
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 05, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1204 

Conceptual Physics of Complex Systems 
Dr. Pelluri Rahi 

Ex- Assistant Professor 

CMU – Kinshasa, Democratic Republic Congo

Abstract— Although one can argue that humans have been 

studying complex systems for thousands of years, the 

modern scientific study of complex systems is relatively 

young when compared to conventional science areas with 

simple system assumption such as physics and chemistry. 

The history of scientific study of these systems follows 

several different research trends in both bio physics and 

medical physics. Study of Complex Systems Physical and 

Chemical behaviours are every time challenging to the 

scholars because they are not the predicted by the 

cooperative interaction of individual components or 

expressed as a sum of the behaviours of its parts (or of their 

multiples). The authors aim is to develop this review as The 

Concepts of Complex Theory in Physics as a Scholarly 

research topic whichever useful & may be extendable for 

Academic studies as a Special Branch of Physics. 
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I. INTRODUCTION 

A. Systems 

In general Systems are the compositions of well‐defined 

components. When the integrands act together as to form a 

functioning as a whole system, they limit the dynamical 

behaviours and responses to the environment. We can divide 

the systems to understand as simple and complex systems. 

B. Simple systems 

Simple Systems have few components and their behaviour is 

in all respects fully understandable and predictable.  

An example would be a solid ball falling under the action of 

gravity through air. This Simple System consists of the ball, 

the air, and the gravitational force.  

 Here we usually assume a single ball, constant 

acceleration of gravity, a viscous drag on the ball, and 

Newton’s laws.  

 When making these assumptions, we arrive at very 

useful answers. We did, however, neglect many aspects.  

C. Complex systems 

A complex system is a network of heterogeneous 

components that interact nonlinearly, to give rise to 

emergent behaviour. In other wards the complex system is 

any system featuring a large number of interacting 

components (agents, processes, etc.) whose aggregate 

activity is nonlinear (not derivable from the summations of 

the activity of individual components) and typically exhibits 

hierarchical self-organization under selective pressures. 

Thereby the function creates itself, i.e., it “comes about” by 

the dynamical interaction of the components without an 

intervening regulatory body. One can say as “Self‐
Organization” or also of “Emergence”.  

For example, an 

 Architectural building complex” that serves a multitude 

of functionalities. As we all know it is not complicated, 

but shows its true functional complexity when we use it. 

 A well‐known, simple example for a complex system 

where elements interact is a double pendulum that 

moves in the gravitational field [see the Science 

Express experiment]. While a single pendulum shows 

only two simple types of behaviour ‐‐ swinging motion 

at low speeds and rotation in a fixed direction at high 

speeds, two coupled pendula show chaotic dynamics ‐‐ 
they switch in an apparently erratic manner between 

phases of rotation and of oscillations. 

 Another example for a complex system where spatio‐
temporal fields like temperature, fluid velocity, and 

humidity collaborate, namely cloud patterns. They 

emerge all by themselves. All that is required is the 

thermal energy deposited by the Sun on Earth’s surface, 

the heat radiated from the cloud top into space, the 

Earth’s gravitational field, and the moist atmosphere. 

The dynamics and structure of the cloud patterns are 

sustained by the perpetual flux of energy from the Sun 

to the Earth and from the Earth’s surface into space. 

Even little change in one of the individual 

component in a complex system can have far reaching 

consequences for the system as a whole.  Complex system 

needs energy to sustain their dynamic structural behaviour. 

However sometimes environment of a system may be 

complex i.e., the environment is a classic complex system, 

composed of multiple interacting agents, or variables, that 

cause emergent behaviour.  

 
Adaptive = changing to adapt to an environment or 

condition. Complex systems are collections of simple units 

or agents interacting in a system. A complex system is a 

large-scale system whose behaviours may change, evolve, or 

adapt. 

Consequently the theory so developed is Complex 

System Theory; the Complex systems present problems both 

in mathematical modelling and philosophical foundations. 

Complex systems theory is a relatively new, 

interdisciplinary branch of science focused on the study of 

systems comprised of a great many interacting components. 

Such systems are very common in nature and can be 
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identified on many different scales - from small neurons in 

human brain to entire societies. The subject is also 

sometimes called complex systems theory, complexity 

science, and study of complex systems, complex networks, 

network science, and sciences of complexity. 

 
Due to the nature of complex systems various 

mathematical and physical tools - like statistical physics or 

chaos theory - can be used to describe their behaviour and 

dynamical properties. So the complex systems demands 

several different research trends over statistical physics, 

nonlinear dynamics of complex systems, complex networks, 

medical physics, stochastic resonance, cellular automata, 

neural networks etc., 

D. Understanding the Complex Systems 

The study of complex systems is about understanding 

indirect effects. Problems that are difficult to solve are often 

hard to understand because the causes and effects are not 

obviously related. The field of complex systems provides a 

number of sophisticated tools, some of them concepts that 

help us think about these systems, some of them analytical 

for studying these systems in greater depth, and some of 

them computer based for describing, modelling or 

simulating these systems. 

Complex Systems is a new field of science 

studying how parts of a system give rise to the collective 

behaviours of the system, and how the system interacts with 

its environment. Social systems formed (in part) out of 

people, the brain formed out of neurons, molecules formed 

out of atoms, the weather formed out of air flows are all 

examples of complex systems. The field of complex systems 

cuts across all traditional disciplines of science, as well as 

engineering, management, and medicine. It focuses on 

certain questions about parts, wholes and relationships. 

These questions are relevant to all traditional fields. 

E. The emergent Properties 

An emergent behaviour or emergent property can appear 

when a number of simple entities (agents) operate in an 

environment, forming more complex behaviours as a 

collective. If emergence happens over disparate size scales, 

then the reason is usually a causal relation across different 

scales. 

An emergent property is a property which a 

collection or complex system has, but which the individual 

members do not have. A failure to realize that a property is 

emergent, or supervenient, leads to the fallacy of division. 

F. Approaches to study the Complex Systems 

There are three interrelated approaches to the modern study 

of complex systems, viz., 

 How interactions give rise to patterns of behaviour,  

 Understanding the ways of describing complex systems, 

and  

 The process of formation of complex systems through 

pattern formation and evolution. 

1) Types of complex systems  

Chaotic systems 

A dynamical system is to be classified as Chaotic, if it has 

the following properties, viz., 

1) It should be Sensitive to initial conditions 

2) It must be Topologically Mixing and 

3) Its periodic orbits must be dense 

4) Complex adaptive systems (CAS) 

CAS – are the special cases of complex systems. 

They are complex in that they are diverse and made up of 

multiple interconnected elements and adaptive in that they 

are have the capacity to change and learn from experience. 

Examples of complex adaptive systems include the 

biosphere. This includes some large scale online systems, 

such as collaborative tagging systems. In other wards the 

adaptive system (or a complex adaptive system, CAS) is a 

system that changes its behaviour in response to its 

environment. The adaptive change that occurs is often 

relevant to achieving a goal or objective. We tend to 

associate adaptive behaviour with individual plants, animals 

human beings, or social groups. 

G. Nonlinear systems 

The behaviour of nonlinear system is not subject to the 

principle of super position while that of linear system is 

subject to superposition. Thus, a nonlinear system is one 

whose behaviour can’t be expressed as a sum of the 

behaviours of its parts (or of their multiples). 

H. Features of complex systems 

Complex systems may have the following features: 

1) Difficult to determine boundaries 

It can be difficult to determine the boundaries of a complex 

system 

2) Complex system may be open 

Complex systems are usually open systems – that is, they 

exist in thermodynamic gradient and dissipate energy. In 

other words, complex systems are frequently far from 

energetic equilibrium but despite this flux, they may be 

pattern stability 

3) Complex systems may have memory 

The history of a complex system may be important. Because 

complex systems are dynamical systems they change over 

time and prior states may have an influence on present state. 

More formally, complex systems often exhibit hysteresis. 

4) Complex systems maybe nested 

The components of a complex system may themselves be 

complex systems 
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5) Dynamic network of multiplicity 

As well as coupling rules, the dynamic network of a 

complex system is important. Small networks which have 

many local interactions and a smaller number of inter – area 

connections are often employed. 

6) Relationships are non – linear 

In practical terms, this means a small perturbation may 

cause a large effect, a proportional effect or even no effect at 

all. In linear systems, effect is always directly proportional 

to cause. 

7) Relationships contain feedback loops 

Both negative (damping) and positive (amplifying) feedback 

are always found in complex systems. The effects of an 

element’s behaviour are fed back to in such a way that the 

element itself is altered. 

II. CONCLUSION 

Finally it is evident that Complex Systems span the whole 

spectrum from life sciences and medicine, physics, 

chemistry and engineering, to social, economic, and 

cognitive sciences. Research in Complex Systems requires a 

truly interdisciplinary approach that crosses traditional 

disciplines. In the following we will discuss in detail further 

examples that include “Self‐Organization and Pattern‐
Formation”, “Complex Technical Systems”, “Turbulence” 

and “Collective Phenomena” in the forgoing reviews. These 

examples only give a small glimpse of the field. 

Nevertheless they capture well the challenges and 

opportunities that lie ahead of us.  

So that, as we discuss early at present Concepts of 

Complex Theory is in more Demand in the field of Bio 

Physics and Medical Physics (as well to develop sensors 

related to biomedical Instrument technology – carried out in 

thin film and Nano technology in the industrial fields too). 

So more research works need to work out in these fields. 
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