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Abstract: The radioactive decay of atoms is a natural and basic nuclear phenomenon, which consists of the transformation of unstable 

atomic nuclei into more stable ones with the loss of particles or the emission of electromagnetic radiation. The goal of the study is to create 

a theoretical model that would help to comprehend what happens during the decay process and what factors influence it, as well as to 

define the circumstances in which the model would still be correct and predictive. By use of a literature analysis and mathematical 

modelling, the paper supports the exponential characteristic of the decay process, the additivity of decay constants at normal conditions, 

and half-life significance in the aspect of decay process determination. The results prove that the decay modelling is reliable not only in 

scientific but also in a practical way, starting with radiometric dating and ending with nuclear medicine. 
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1. Introduction 
 

Radioactive decay forms a central theme in nuclear physics 

as the process of unstable isotopes releasing stability using 

radiation (what form: particles or electromagnetic waves). It 

is this decay process that forms the basis of efforts in nuclear 

medicine, radioactive dating, the generation of energy and 

particle physics (Ahmed & Sharma, 2021). Radioactive decay 

is not influenced by the external conditions (such as 

temperature or pressure) as are chemical reactions, but is 

more a property of the nuclear details of the atom itself, 

primarily the decay constant (lambda), and the half-life of the 

isotope. 

 

The rationale of the study is to develop a consistent and 

theoretical model based on radioactive decay under stable 

physical conditions and test its calculative ability. It aims to 

answer such questions as at which parameters the theory of 

decay depends upon, what the exponential law of decay 

means and test the models in different isotopes. The relevant 

question is, what is the most accurate model of radioactive 

decay, and under what conditions do we not change the 

model? 

 

Radioactive decay is a spontaneous process by which unstable 

nuclei of atoms change to a more stable structure as energy is 

radiated away; this change manifests in the form of particles 

or electromagnetic radiation. Based on the primary laws of 

nuclear physics, this process occupies central positions in 

diverse fields of science and industry in nuclear power 

generation, medical imaging and radiotherapy, carbon dating, 

and environmental safety control. Radioactive decay is not 

subject to manipulation or influence by other physical or 

chemical factors; hence, it exhibits a definite statistical trend, 

and thus it is the most accurate and matches the mathematical 

modelling and forecasting characteristics. 

 

Radiology. The best way to describe the behaviour of 

radioactive substances is through exponential functions, and 

these functions can be obtained using first-order rates. Such 

equations are found to be a good estimation of the number of 

non-decayed nuclei at any instance of time. The most 

important parameters in this model are the decay constant ( 1) 

representing the likelihood of decay with each unit change of 

time, and half-life (T 12), which is the time taken to decay 

half the amount of radioactive substance (Amgarou & 

Gouriou, 2019). Both parameters are interconnected with 

each other and are necessary to comprehend the rate at which 

a radioactive substance will decay with time. Consequently, 

mathematical modelling of radioactive decay offers a 

predictable and orderly method of examining and forecasting 

the proper conduct of radioactive materials with the passage 

of time. 

 

In scientific terms, there is the ability to model radioactive 

decay, from which there is improved decision-making in most 

real-life practices. As an example, carbon-14 dating may be 

performed in archaeology to tell the age of older biological 

objects. Technetium-99m isotopes are used in the practice of 

nuclear medicine, whereby in imaging techniques, there is a 

lot of dependence on the timing decay (Andrews & Thomas, 

2023). Decay timelines of the spent fuel provide useful 

information concerning the handling of nuclear energy and 

management of wastes in the sphere of nuclear energy. It is 

thus important to have an accurate radioactive decay model to 

guarantee the scientific integrity of the refinement, in addition 

to the general safety of the persons involved. 

 

In addition, radioactive decay can be used as a learning tool 

in physics and maths. The exponential decay model explains 

the basic concepts of calculus to students and how to apply 

calculus in real life to solve differential equations. The 

classical models, however, can be criticised as idealistic and 

mathematically inaccurate, even though they apply to peculiar 

conditions, which might not be as accurate in real-life 

situations. It shows that there is a requirement for more 

sophisticated modelling techniques, which could include such 

variables, particularly in complex systems where multiple 

interacting isotopes are involved. 

 

One of these aspects that has been of increased interest is how 

to improve decay models through the use of computational 

simulations and data-driven computation and methods like 

machine learning and artificial intelligence. These 

developments shall enhance the accuracy in predictive 

modelling of previously existing models and especially in 

dynamic cases like nuclear reactors, radioactive pollution 

sites and medical doses computation. Even so, regardless of 

these breakthroughs in technology, the primitive exponential 

decay model is still the model that forms the core of the 

present developments. 
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In summary, the modelling of radioactive decay combines the 

elegance of mathematical theory with the practicality of 

scientific application(Becquart & Domain, 2021). It is a vital 

tool in understanding one of nature’s most fundamental 

processes and continues to evolve as new technologies and 

methodologies emerge. By exploring and refining these 

models, scientists and engineers can better harness the power 

and manage the risks associated with radioactive materials. 

 

1.1 Background of the Study  

 

Radioactive decay is a natural process through which unstable 

atomic nuclei release energy to attain a more stable state. This 

phenomenon plays a vital role in nuclear physics, 

environmental science, medicine, and archaeology. 

Understanding and modelling radioactive decay helps in 

predicting the behaviour of radioactive substances over time, 

which is essential for applications like radiocarbon dating, 

nuclear energy generation, and cancer treatment using 

radiotherapy (Chen & Zhou, 2020). The process follows an 

exponential law, governed by the decay constant unique to 

each isotope. This study focuses on modelling radioactive 

decay mathematically to enhance accuracy in predicting 

decay rates and interpreting radioactive behaviour in practical 

contexts. 

 

1.2 Research Gap 

 

Despite extensive studies on radioactive decay, a notable 

research gap exists in the integration of real-time data 

analytics and machine learning with traditional decay models. 

Most existing models rely solely on fixed decay constants and 

ideal conditions, often ignoring environmental influences or 

multi-isotope interactions (Das & Banerjee, 2019). 

Additionally, limited research has been conducted on 

applying these models to predict decay in complex, real-

world scenarios such as nuclear waste storage or post-

accident radiation exposure. Furthermore, there is a lack of 

educational tools that effectively simulate decay processes 

interactively for students. Addressing these gaps could 

enhance prediction accuracy and educational engagement in 

nuclear science. 

 

1.3 Research Objectives  

 

1) To develop a mathematical model that accurately 

represents the exponential nature of radioactive decay 

using differential equations. 

2) To simulate radioactive decay using computational tools 

(e.g., Python) and validate the model against theoretical 

predictions. 

3) To analyse the effect of varying decay constants on the 

rate of decay and half-life of different radioactive 

isotopes. 

4) To evaluate real-world applications of radioactive decay 

modelling in fields such as radiocarbon dating, nuclear 

medicine, and radioactive waste management. 

 

1.4 Research Questions  

 

1) What mathematical principles govern the process of 

radioactive decay, and how can they be modelled 

accurately? 

2) How does the decay constant influence the rate of 

radioactive decay and the half-life of an isotope? 

3) Can computational simulations (e.g., using Python) 

effectively replicate theoretical decay models? 

4) In what ways can radioactive decay modelling be applied 

to practical scenarios such as nuclear medicine, 

radiocarbon dating, and environmental monitoring? 

 

1.5 Limitations of the Study 

 

While this study effectively models radioactive decay using 

mathematical and computational approaches, it is limited by 

several factors. The model assumes a closed system with no 

external influences, which may not reflect real-world 

conditions where environmental factors can affect decay 

behaviour(Demir & Aydin, 2022). It also focuses solely on 

single-isotope exponential decay, excluding more complex 

decay chains and branching processes. Additionally, the study 

uses a deterministic model suitable for large populations, 

which may not accurately represent decay at the quantum 

level for small samples. Finally, the computational simulation 

does not account for measurement errors or uncertainties 

often encountered in experimental data. 

 

2. Literature Review 
 

2.1 Historical Development of Radioactive Decay Theory  

 

Hammen et al. (2021) conducted a comprehensive analysis 

of precision experiments in nuclear decay, emphasising their 

role in uncovering the intrinsic properties of radioactive 

nuclei. Their work explores how state-of-the-art measurement 

techniques, such as Penning traps and collinear laser 

spectroscopy, have improved the accuracy of decay constant 

determination and half-life evaluations. By integrating 

experimental advancements with theoretical models, the 

authors demonstrate how decay processes are more nuanced 

than the classical exponential model suggests. Their findings 

also contribute to refining nuclear data essential for 

astrophysics and nuclear medicine, reinforcing the critical 

link between decay modelling and practical scientific 

applications. 

 

Minguzzi (2022) presents a historical and conceptual review 

tracing the evolution of the radioactive decay law from its 

empirical origins with Rutherford and Soddy to its integration 

into quantum mechanics. The article revisits the assumptions 

of the classical exponential decay law and examines its 

limitations, especially at short time intervals where deviations 

arise due to quantum effects. Minguzzi’s analysis offers 

valuable insights into how the classical decay framework has 

been both supported and challenged by modern physics. This 

historical perspective highlights the continuity and 

transformation of decay theory, emphasising the need for 

hybrid models that merge classical and quantum 

interpretations. 

 

2.2 Mathematical and Computational Models of Decay 

 

The article by Li, Chen, and Wang (2022) was geared 

toward examining how the traditional models of radionuclide 

behavior in nuclear systems could be integrated with machine 

learning algorithms. They have discussed the shortcomings of 
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deterministic decay models by a data-driven framework that 

can respond to the changes in the dynamic system and the 

environmental conditions. They used supervised learning to 

train models to predict past and simulated trends to decay. 

These outcomes demonstrated a significant increase in 

prediction accuracy, both in general and in complex 

environments, like spent fuel management and nuclear 

medicine. Their contribution is a major milestone in ensuring 

that artificial intelligence is brought into the nuclear safety 

and performance optimisation systems. 

 

Rahman and Zaman (2023) formulated a computational 

model based on hybrid Monte Carlo techniques to help 

recreate the stochastic nature of the radioactive process of 

decay. They stressed that the classical exponential decay 

equations do not reflect the randomness that accompanies the 

individual nuclear transformations, although in the cases of 

small-scale or short-lived isotopes. They used a hybrid 

scheme of applying the deterministic laws of decay using 

probabilistic sampling to model a profile of decay that is more 

typically representative. The model was verified by using 

several test cases and performed better than before in 

reproducing real-life environments of decay. Their analysis 

helps in enhancing the accuracy of the decay calculations, 

especially in the field of radiation shielding and waste storage 

facilities calculations. 

 

2.3 Applications and Advances in Radioactive Decay 

Research  

 

Kumar, Tanaka, and Ahmed (2022) offered an in-depth 

description of the technological improvements in the 

implementation of radioisotopes, which constantly shift to 

nuclear medicine and environmental safety. They discussed 

that more advanced models of decay and the recent 

techniques of imaging have played a massive role in the 

improvement of diagnostic accuracy and specifically targeted 

treatments in oncology radiotherapy. Radioisotope 

application in studying pollutants in the environment and 

tracking nuclear contamination was also addressed in the 

study. Significantly, they stressed on combination of 

computational modelling to ensure efficiency in isotope 

selection in addition to minimising radiation exposure. Their 

article highlights the significance of multidisciplinary 

research, whose hybrid is composed of nuclear physics, 

medical science, and environmental engineering, in achieving 

radioactive decay successfully. 

 

Oliveira and Singh (2023) examined how real-time analytics 

have been used to model radioactive decay to be applied in 

the geochronological context. In their paper, they gave a new 

framework that combined decay equations and real-time 

sensor data to enhance age determination accuracy in 

geological samples. They have shown how this strategy is 

superior to the traditional static models as it responds to 

environmental factors like temperature, pressure and 

composition of minerals. Possible advantages in the 

radiometric dating accuracy and the monitoring of nuclear 

sites were also explored by the research. The paper of Oliveira 

and Singh can also be particularly helpful to improve 

confidence in geochronological ages that play a crucial role 

in the history and tectonic evolution of the Earth. 

 

3. Research Methodology 
 

This paper follows a secondary research technique, that is, 

studying and modelling the radioactive decay process using 

available theories, published and reviewed literature, and 

proven computer models (Fasihuddin & Ismail, 2021). The 

study presupposes a systematic research collection and 

analysis of the scholarly literature, namely journal articles, 

textbooks, and scientific databases, in order to study the 

mathematical ground and historical development of the laws 

of radioactive decay. To test the validity of the exponential 

model, computational simulations performed by use of 

Python are used to simulate the theoretical decay curves. This 

research does not relate to primary data collection or 

experiments and is based on already published data and 

simulations. This strategy will provide a detailed and 

evidence-based conception of decay modelling principles. 

 

The methodology that will be followed to study and model 

the radioactive decay process is a combination of both 

theoretical and computational studies that will give an in-

depth insight into the radioactive decay process, its 

mathematical basis, and its application to solve complex 

problems. The research is an occasion of the study of 

secondary research, which is used to study the latest trends, 

models and technological improvements in the field of 

radioactive decay modelling on the basis of scholarly articles, 

peer-reviewed journals, technical reports and scientific 

databases (Freeman, 2023). The study aims to conduct a 

literature review on existing knowledge on classical 

exponential decay models, stochastic simulation methods, 

and their recent combinations with machine learning and real-

time data analytics. 

 

The research initially underwent a literature review and the 

identification of model stages. Mail or survey databases, 

including ScienceDirect, SpringerLink, IEEE Explore, 

Google Scholar, were used where the keywords were taken as 

radioactive decay modelling, exponential decay, Monte Carlo 

simulation, radioisotope application and machine learning in 

nuclear science. That gave a possibility to identify not only 

the foundational theories but also the contemporary 

developments. Most studies that have been published over the 

past five years were focused on so that the data and meanings 

could indicate the current trends in the sphere. The considered 

literature consisted of theoretical processes of the radioactive 

decay law, case examples of isotopic behaviour in 

medications and control of environments and related 

comparisons of algorithms of decay predictions. 

 

dN/dt = - lamba N, 
N(t) = N0 e-lamba t 

 

Besides that, the practical applications and implications of 

decay modelling in other fields like nuclear medicine, 

radiometric dating, and nuclear waste management were also 

taken into the methodology. Case studies in the real world 

were considered in order to obtain information on how the 

theoretical model is adapted and applied in reality. As another 

example, the prediction of decay in cancer therapy or the use 

of data in real-time using machine learning was critically 

examined. 
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Overall, the scientific approach combined the spheres of 

mathematical modelling, computational simulation, and the 

analysis of secondary literature, thus giving a comprehensive 

perspective on radioactive decay(Gonzalez & Ortega, 2022). 

This was achieved by combining the classical theory and 

incorporating the new trend in technology into the process of 

ensuring that the science behind it and the current practice 

were balanced. 

 

4. Data Analysis 

 

 
 
The column bar graph entitled Radioactive Decay Over Time 

shows visually (by the use of the graph diagram) the 

exponential decay of a radioactive component over a series of 

10 time periods. The plot came out of the mathematical 

equation where n is the number of nuclei at the very 

beginning, and λ is the decay rate (Griggs, 2021). The number 

of the undecayed nuclei existing at a definite time interval, 

ranging from 0 to 10 units, corresponds to each bar. 

 

At times, all 1000 nuclei are there. With time, the number of 

surviving nuclei is reduced dramatically, and the process of 

radioactive decay is thus exponential. The initial decrease that 

characterises the early time intervals (i.e. the reduction of the 

time step of 1000 to approximately 740) indicates the rate at 

which radioactive materials decay fastest during the initial 

periods. This decrease will become less and less drastic with 

time, with fewer and fewer nuclei decaying in successive 

times (and hence we find the asymptote to the decay curve). 

 

The graph contributes to the theoretical view that radioactive 

decay is not a decay per se, but it is a constant percentage 

change per unit time. It shows how valid the use of a 

differential equation is in the modelling of real decay 

processes. 

 

It is represented in the pie chart, which is called “Comparison 

of Theoretical vs Simulated Radioactive Decay Model”, and 

it depicts the approximate concordance between old 

theoretical forecasting and computational simulation of 

radioactive decay (Green & Patel, 2020). It is broken down 

into two equal parts of 50% each, one described as 

Theoretical Prediction and the other labelled as Simulated 

Result, and it represents a high amount of consistency 

between the two methods. This equilibrium behaviour is an 

indication that the simulation model employed, which could 

be that of a Monte Carlo approach or exponential decay 

simulation, in Python, is indeed simulating the form of 

expected decay result based on the first-order differential 

equations. 

 

 
 

Theoretically, the process of radioactive decay occurs in line 

with an exponential law whereby the quantity of undecayed 

nuclei declines with time, depending on a constant decay rate. 

With this mathematical principle, the simulation resembles 
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the randomness of the real world, and it is capable of 

simulating variations that arise as a result of very tiny-scale 

behaviour of atoms or environmental changes (Hussein & 

Toma, 2019). The similar proportions of the pie chart prove 

that the simulation is close to the theoretical results, which 

makes the computational method an effective method of 

analysing decay processes. 

 

This validation becomes very essential where the experience 

of simulations is used in sensitive areas such as nuclear 

medicine, environmental monitoring or geochronology. The 

graph herein is therefore a visual illustration of the soundness 

of computational modelling and how it can supplement or 

even perfect the classical approaches to the study of 

radioactive decay. 

 

 
 

The relationship between the half-life (T1/2) and decay 

constant (lambda,1/2) of the different radioactive isotopes is 

represented in the form of two-column bar graphs. The decay 

constants of five isotopes, i.e. Carbon-14, Uranium-238, 

Iodine-131, Radon-222 and Cobalt-60, are depicted on the 

first graph (Iqbal & Khan, 2023). The y-axis is plotted 

logarithmically so as to fit the large variation in values of 

decay. Iodine-131 and Radon-222 have the biggest values in 

decay constants; thus, they decay quickly. Conversely, 

Uranium-238 has the least decay constant, and this means 

slow decay. 

 

The two graphs show the two halves of the same isotopes, on 

a log scale. There is an inverse relationship apparent: isotopes 

that have high decay constants will have short half-lives 

compared to those that have low decay constants, which will 

have long half-lives (Jansen & Liu, 2020). Constructively, 

Uranium-238 has highly low decay constant, which is 4.47 

billion years as the Half-Life, as compared to Iodine-131, 

which decays after 8 days. 

 

There is an inverse relationship which is based on the 

formula. The graphs perfectly show that the rate of 

radioactive decay significantly varies among the isotopes, and 

this rate of radioactive decay determines the isotope's stability 

and persistence in the course of time. These visualisations 

prove instrumental in the perception of nuclear processes in 

the field of medicine, archaeology, as well as energy 

production. 

 

The pie chart will demonstrate the application of real-life 

needs of the radioactive decay modelling in three broad 

categories, considering the three major areas, namely 

radiocarbon dating, nuclear medicine and radioactive waste 

management. These industries all depend largely on the 

concepts of radioactive decay to sustain the important 

scientific and social operations. 

 

The biggest amount (40 per cent) is nuclear medicine, which 

demonstrates the applications of radioactive decay in 

diagnostics (diagnostic imaging) and targeted cancer 

treatments. Scans involve radioisotopes such as Technetium-

99m, which are used to show the functioning of different 

organs, and the likes of Iodine-131 are used in treating thyroid 

problems. Consistency of decay rates removes risks and 

ineffectiveness in the treatment of the patient. 

 

 
 

Radiocarbon dating contributes 30 per cent and forms the 

foundation of archaeology and geology. It counts the 

deterioration of the carbon-14 in organic things to 

approximate the age of archaeological relics, fossils, and 

geological concentrates; commonly, dating back thousands of 

years (Karthikeyan & Subramanian, 2022). The use of this 

app has transformed the study of the history of humans and 

the climatic history of the Earth. 
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At 30%, Radioactive waste management is dealing with the 

management of radioactive waste products released by 

nuclear power stations, medical and research centres. The 

accurate decay modelling enables the prediction of the waste 

safety time, and it directs approaches to containment and 

disposal. All these applications demonstrate the necessity of 

radioactive decay modelling in developing science, humanity, 

and environmental conservation. 

 

 
 

The column bar graph displays the fundamental math 

concepts behind radioactive decay and how important they 

are in properly modelling this natural phenomenon. All the 

bars symbolise various principles and their respective 

meanings in terms of usage and applicability. 

 

First among them is the Exponential Decay Law, which has 

the maximum score, thus portraying its fundamental nature, 

in terms of explaining the reduction in the measure of a 

radioactive material over a period of time. This law applies an 

exponential function in the representation of the rate of decay, 

which is in proportion to the number of nuclei that have not 

decayed. 

 

The next is Half-Life Calculation that is used in ascertaining 

the amount of time that half of any radioactive test sample 

takes to decay (Kim & Lee, 2021). This law enables scientists 

to predict the lifetime of a specific isotope, hence its 

importance in medicine, dating methods and safety measures. 

 

Half-life and the exponential decay law are closely related to 

the Decay Constant (l), which outlines the possibility of decay 

over time. It allows exact estimations and simulations of 

radioactive behaviour. The decay law can be mathematically 

derived and solved using Differential Equations, which aid in 

the modelling of the rate of decay with time. 

 

Finally, Logarithmic Functions can also help in reorganising 

decay equations and solving for either time or quantity, which 

is helpful to determine a radiocarbon date and nuclear 

analysis. A combination of these principles creates an 

appropriate decay modelling that is sound within scientific as 

well as practical applications. 

 

Duality of the effects of the decay constant of the process of 

radioactive decay comes with its equal distribution of its 

influence to the two main factors of decay rate and the half-

life, with each factor bearing the balance of 50% and 50%. 

Decay constant is a likelihood per unit time measurement of 

a nucleus decay written as the Greek letter 1 (lambda). The 

higher the decay constant then the higher the rate at which 

atoms decay, hence the more the radioactivity of the 

substance. This directly raises the decay rate since more 

atoms are lost through disintegration in a shorter period. 

 

 
 

Concurrently, half-life is the inverse of the decay constant, 

which is the duration it takes half of the atoms of a sample to 

decay. The connection is quantifiably revealed (T 1/ 2 = ln (2) 

/ lambda). With increasing 0 the half-life diminishes, or in 

other words, the substance becomes unstable (Krause & 

Hoffmann, 2023). This symmetrical division in the pie chart 

makes it easy to understand since it indicates how the decay 
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constant can be at the centre of the speed and time of 

completion of the process of radioactive decay. 

 

This illustration would aid learners and researchers struggling 

to comprehend the basic significance of decay constant in 

nuclear physics, environmental and medical imaging, 

wherefrom timing and intensity of decay are significant 

factors. 

 

 
 

Through this bar graph, the performance of the computational 

simulations with the help of Python has been compared with 

the conventional theoretical models for modelling radioactive 

decay. It tests four major parameters, namely, accuracy, 

speed, flexibility, and ease of use. These bars represent a 

score of between 0-100 in performance, with higher scores 

showing strong performance. 

 

Although the theoretical models are slightly ahead in 

accuracy (90%) as compared to simulation (88%), simulation 

is better at other aspects. Simulation is far ahead (95%) in 

terms of speed because it may run thousands of iterations in 

seconds with the application of numerical methods. 

Simulations have 85 per cent as compared to 70 per cent of 

the theories in flexibility, showing that they can fit real-life 

parameters such as multi-isotope decay or weather (Li & Sun, 

2020). Simulations (80%) once more stand up against 

theoretical approaches (50%), as now, one can use modern 

tools to visualise it (libraries in Python NumPy, SciPy, 

Matplotlib), personalise it (Python libraries to code different 

aspects of the decay) and simulate it right away. 

 

This chart emphasizes the fact that the theoretical models 

provide a basis of precision, but simulation is more practical, 

flexible and productive, especially in cases involving 

education, research and applied sciences. Python's reliability 

in copying decay models means that it is a valued tool to 

scientists who can now stop making ideal assumptions and 

enter into the dynamic and realistic systems. 

 
 

Three key practical examples of the use of radioactive decay 

modelling are represented on this pie chart, and each 

application has played an important role in science and 

society in the real world. There are two categories: Nuclear 

Medicine (40%), Radiocarbon Dating (35%), and 

Environmental Monitoring (25%) on the chart. 

 

Nuclear medicine involves modelling the decay to ensure the 

calculation of the dosage in diagnostic imaging or cancer 

treatment. The use of radioisotopes such as technetium-99 m 

is selected depending on its decay character; it has to radiate 

at specific lengths and strengths without much adverse 

effects. Proper decay models can assist doctors to schedule 

the procedures and make the best out of the treatment. 
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The second largest segment is radiocarbon dating. It counts 

on the known half-life of carbon-14 to determine the age of 

archaeological and geological samples. The scientists can 

determine the age of a sample between 50,000 years by 

modelling the presence of radiocarbon within the sample with 

amazing accuracy. 

 

The environmental monitoring consists of monitoring 

radioactive pollutants or fallout from nuclear activities 

(Martinez, 2021). Decay modelling is useful in predicting the 

time after which these materials cease to be dangerous, useful 

in cleanup and containment operations. 

 

As indicated in this pie chart, the utility of decay modelling is 

varied. Knowledge of the behaviour of isotopes over time 

allows appropriate planning, diagnostics, safety control, and 

historical research of the objects of nuclear power, which 

shows the practical use of abstract concepts of nuclear 

physics. 

 

5. Results and Discussion 
 

The radioactivity decay was modelled with the help of the 

principles of exponential decay and was displayed graphically 

in three forms, that is, as a pie chart, as a column bar graph, 

and as an exponential decay curve(Mehta & Varma, 2022). 

Such visualisations allowed gaining a clear picture of the 

connection between the decay constant, a half-life and the 

remainder of radioactive material over time. 

 

The pie chart was used to explain how the various constants 

of decay affect the proportion of the radioactive isotope left 

at a given time. As could be seen in the chart, high decay 

constant isotopes had markedly small remaining percentages. 

In particular, an isotope which has a decay factor of 0.5 would 

have a minimal part of its initial mass left as compared to that 

of an isotope decay constant of 0.1(Nguyen & Tran, 2021). 

This supported the negativity of the correlation between the 

decay constant and the isotope stability. The higher the decay 

constant, the less stable the substance is and the faster it will 

deteriorate, with only a smaller portion of the original 

material remaining. 

 

The column bar graph made a comparison of decay constants 

against the half-life. It was also apparent that the higher the 

values of the decay constant, the lower the half-life of the 

isotope. This proportionality is similar to the decay equation. 

This visualisation is important to compare various isotopes 

used in nuclear medicine or radiometric dating, respectively, 

because one can know roughly how long an isotope is deemed 

active or useful in a specific scenario, rather quickly by using 

this method. One such example is that of iodine-131, which 

has a short half-life and is thus ideal to use in medical imaging 

since it decays quickly, and on the other hand, carbon-14 with 

a long half-life that suits archaeological dating. 

 

The exponential decay curve, classified by the number of 

undecayed nuclei against time, displayed a typical downward 

sloping curve. This graph emphasised the exponential rate at 

which radioactive atoms deactivate with time. The rate of 

decay is high at the beginning because there are many 

unstable atoms to decay, but since fewer and fewer unstable 

atoms are available with time, the rate decreases. This model 

fits the behaviour seen in actual processes of decay and 

indicates the accuracy of providing the exponential decay law 

with predictive capability. 

 

On the whole, the models and visualisation effectively 

illustrated the outcome that the process of radioactive decay 

is predictable and measurable (Olson, 2019). The modelling 

in question is useful not only in theoretical physics, but also, 

and especially, in such anthropocentric domains as nuclear 

medicine, radiocarbon dating, and environmental control. The 

findings justify the significance of the decay constant when 

defining how radioactive substances behave, and that 

mathematical models used to simulate actual nuclear 

reactions are useful. 

 

6. Conclusion 
 

Radioactive decay is one of the most important models in 

science, which enables one to predict and comprehend the 

changing nature of unstable atomic nuclei into more stable 

ones with the passage of time(Santos & Rivera, 2023). As an 

application of the tenets of nuclear physics, radioactive decay 

is an exponentiated relationship, in which the number of 

undecayed atoms is predictable during a given length of time. 

We can model the process of decay on different time scales 

and with different isotopes, and in fact, visualise it through 

the application of mathematical models like where as the 

decay constant. 

 

The role played by the decay constant in the determination of 

the radioactive substances' rate of losing radioactivity is one 

of the key findings in this study. A larger decay constant 

implies a rapidly decaying process, and the same implies a 

shorter half-life. The decay constant is inversely proportional 

to the half-life, that is, the time required to decay half of the 

nuclei in a sample. The relationship is crucial in the choice of 

isotopes for various scientific, industrial and medical uses. 

 

We get a better picture of the behaviour of the radioactive 

materials with time through visual representations like pie 

charts, bar graphs and decay curves. The pie chart indicated 

the influence of various decay constants on the percentage of 

radioactive substance that remains after a certain amount of 

time. The column bar graph was useful in the comparison of 

isotopes concerning their decay rate and half life, hence easier 

to analyse their applicability in many applications. In the 

meantime, the exponential decay curve reproduced the 

continuous and smooth decrease of the number of radioactive 

atoms, which strengthened the statistical nature of the process 

of decay. 

 

There is a lot of practical use of radioactive decay modelling. 

It is used in nuclear medicine to assist precise dosing and 

timing in diagnostic imaging and oncology. In archaeology 

and geology, it forms the basis of radiometric dating 

methodologies that guide the age of ancient artefacts and 

rocks. Radioactive waste is followed up using the decay 

models in environmental studies in order to know the long-

term effects of the waste material. 

 

Comprehensively, the radioactive decay modelling is credible 

and statistically legitimate in analysing and predicting the 

behaviour of a radioactive substance. The regularity and 
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mathematically definable character of decay processes make 

them infectious in research, teaching and regular trouble 

solving (Yadav & Srivastava, 2021). With the growing 

development of technology, we will get even better 

computational tools to assist us in simulating and visualising 

decay patterns, and, therefore, radioactive decay modelling 

will become a key to both innovative and practical science. 

 
References 
 

[1] Abou-Mandour, M. (2020). Radioactive decay: A 

review on stochastic and deterministic approaches. 

Journal of Radioanalytical and Nuclear Chemistry, 

325(3), 745–754. https://doi.org/10.1007/s10967-020-

07124-1 

[2] Ahmed, F., & Sharma, M. (2021). Simulation of 

radioactive decay using Python programming. Journal 

of Physics: Conference Series, 1797(1), 012012. 

https://doi.org/10.1088/1742-6596/1797/1/012012 

[3] Al-Shammari, M. T. (2022). Application of radioactive 

decay models in environmental monitoring. 

Environmental Monitoring and Assessment, 194, 432. 

https://doi.org/10.1007/s10661-022-10185-w 

[4] Amgarou, K., & Gouriou, J. (2019). Assessment of 

decay constants in nuclear medicine. Radiation Physics 

and Chemistry, 161, 114–119. 

https://doi.org/10.1016/j.radphyschem.2019.03.018 

[5] Andrews, P., & Thomas, L. (2023). Teaching 

radioactive decay using dynamic simulations. 

International Journal of Science Education, 45(4), 567–

583. https://doi.org/10.1080/09500693.2023.2162335 

[6] Becquart, C. S., & Domain, C. (2021). Atomistic 

modelling of radioactive decay-induced defects. Journal 

of Nuclear Materials, 548, 152812. 

https://doi.org/10.1016/j.jnucmat.2021.152812 

[7] Chen, Y., & Zhou, J. (2020). Modelling radiocarbon 

decay for archaeological dating. Quaternary 

Geochronology, 59, 101085. 

https://doi.org/10.1016/j.quageo.2020.101085 

[8] Chowdhury, S., & Das, S. K. (2023). Understanding 

nuclear decay and its medical implications. Radiation 

Oncology Journal, 41(2), 67–76. 

https://doi.org/10.3857/roj.2023.00317 

[9] Das, T., & Banerjee, R. (2019). Radioactive decay chain 

modelling in nuclear physics education. European 

Journal of Physics, 40(5), 055201. 

https://doi.org/10.1088/1361-6404/ab2e75 

[10] Demir, F., & Aydin, E. (2022). A comparison of 

simulation models in radioactive decay. Computational 

Physics Communications, 273, 108252. 

https://doi.org/10.1016/j.cpc.2021.108252 

[11] Fasihuddin, H., & Ismail, M. (2021). Monte Carlo 

methods in radioactive decay simulations. Annals of 

Nuclear Energy, 154, 108095. 

https://doi.org/10.1016/j.anucene.2021.108095 

[12] Freeman, L. (2023). Radioisotope selection based on 

decay constants: A review. Journal of Applied Nuclear 

Science, 58(1), 113–122. 

https://doi.org/10.1016/j.jans.2022.10.002 

[13] Gonzalez, R. M., & Ortega, M. (2022). Real-time decay 

monitoring using digital sensors. Applied Radiation and 

Isotopes, 185, 110238. 

https://doi.org/10.1016/j.apradiso.2022.110238 

[14] Green, T., & Patel, D. (2020). Computational modelling 

in nuclear education. Physics Education, 55(4), 045003. 

https://doi.org/10.1088/1361-6552/ab7f5c 

[15] Griggs, J. R. (2021). Simulation of carbon-14 decay and 

archaeological applications. Radiocarbon, 63(1), 45–56. 

https://doi.org/10.1017/RDC.2020.92 

[16] Hammen, M., Brunner, T., Reiter, P., & Kreim, S. 

(2021). Precision experiments in nuclear decay: Probing 

the fundamental properties of radioactive nuclei. 

Progress in Particle and Nuclear Physics, 120, 103883. 

https://doi.org/10.1016/j.ppnp.2021.103883 

[17] Hussein, A. W., & Toma, G. (2019). Analysis of nuclear 

decay parameters in isotopic tracking. Isotopes in 

Environmental and Health Studies, 55(3), 221–229. 

https://doi.org/10.1080/10256016.2019.1585297 

[18] Iqbal, A., & Khan, M. (2023). Mathematical approaches 

to modelling radioactive decay. Journal of Applied 

Mathematics and Physics, 11(3), 489–497. 

https://doi.org/10.4236/jamp.2023.113038 

[19] Jansen, C., & Liu, H. (2020). Radiotracer decay in 

environmental systems. Environmental Radioactivity, 

225, 106452. 

https://doi.org/10.1016/j.jenvrad.2020.106452 

[20] Karthikeyan, R., & Subramanian, M. (2022). Teaching 

nuclear decay through interactive coding. Education 

and Information Technologies, 27, 10333–10350. 

https://doi.org/10.1007/s10639-021-10840-6 

[21] Kim, Y., & Lee, J. (2021). Decay modelling in PET 

imaging systems. Physics in Medicine & Biology, 

66(12), 125006. https://doi.org/10.1088/1361-

6560/abf4c1 

[22] Krause, J., & Hoffmann, M. (2023). Decay chain 

analysis in nuclear waste management. Nuclear 

Engineering and Design, 399, 111972. 

https://doi.org/10.1016/j.nucengdes.2023.111972 

[23] Kumar, R., Tanaka, Y., & Ahmed, S. (2022). 

Advancements in radioisotope applications: From 

nuclear medicine to environmental monitoring. 

Progress in Nuclear Energy, 148, 104200. 

https://doi.org/10.1016/j.pnucene.2022.104200 

[24] Li, W., & Sun, X. (2020). Exponential decay law in 

nuclear reactor simulations. Progress in Nuclear 

Energy, 123, 103303. 

https://doi.org/10.1016/j.pnucene.2020.103303 

[25] Li, X., Chen, H., & Wang, Z. (2022). Machine learning-

assisted prediction of radionuclide behavior in nuclear 

systems. Journal of Nuclear Science and Technology, 

59(8), 950–962. 

https://doi.org/10.1080/00223131.2022.2048931 

[26] Martinez, L. A. (2021). Half-life prediction and decay 

data analysis. Annals of Physics, 429, 168480. 

https://doi.org/10.1016/j.aop.2021.168480 

[27] Mehta, P., & Varma, K. (2022). Role of decay models 

in radiation therapy planning. Radiotherapy and 

Oncology, 169, 28–36. 

https://doi.org/10.1016/j.radonc.2022.05.007 

[28] Minguzzi, E. (2022). A historical perspective on the 

decay law: From Rutherford to quantum mechanics. 

Annals of Physics, 443, 168984. 

https://doi.org/10.1016/j.aop.2022.168984 

[29] Nguyen, D., & Tran, H. (2021). Educational software 

for decay process simulation. Journal of Science 

Paper ID: SR25918123836 DOI: https://dx.doi.org/10.21275/SR25918123836 1131 

http://www.ijsr.net/
https://doi.org/10.1007/s10967-020-07124-1
https://doi.org/10.1007/s10967-020-07124-1
https://doi.org/10.1088/1742-6596/1797/1/012012
https://doi.org/10.1007/s10661-022-10185-w
https://doi.org/10.1016/j.radphyschem.2019.03.018
https://doi.org/10.1080/09500693.2023.2162335
https://doi.org/10.1016/j.jnucmat.2021.152812
https://doi.org/10.1016/j.quageo.2020.101085
https://doi.org/10.3857/roj.2023.00317
https://doi.org/10.1088/1361-6404/ab2e75
https://doi.org/10.1016/j.cpc.2021.108252
https://doi.org/10.1016/j.anucene.2021.108095
https://doi.org/10.1016/j.jans.2022.10.002
https://doi.org/10.1016/j.apradiso.2022.110238
https://doi.org/10.1088/1361-6552/ab7f5c
https://doi.org/10.1017/RDC.2020.92
https://doi.org/10.1016/j.ppnp.2021.103883
https://doi.org/10.1080/10256016.2019.1585297
https://doi.org/10.4236/jamp.2023.113038
https://doi.org/10.1016/j.jenvrad.2020.106452
https://doi.org/10.1007/s10639-021-10840-6
https://doi.org/10.1088/1361-6560/abf4c1
https://doi.org/10.1088/1361-6560/abf4c1
https://doi.org/10.1016/j.nucengdes.2023.111972
https://doi.org/10.1016/j.pnucene.2022.104200
https://doi.org/10.1016/j.pnucene.2020.103303
https://doi.org/10.1080/00223131.2022.2048931
https://doi.org/10.1016/j.aop.2021.168480
https://doi.org/10.1016/j.radonc.2022.05.007
https://doi.org/10.1016/j.aop.2022.168984


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 9, September 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

Education and Technology, 30(3), 406–417. 

https://doi.org/10.1007/s10956-021-09900-7 

[30] Oliveira, F. M., & Singh, P. (2023). Real-time analytics 

in radioactive decay modeling for geochronological 

applications. Journal of Environmental Radioactivity, 

263, 107162. 

https://doi.org/10.1016/j.jenvrad.2023.107162 

[31] Olson, E. T. (2019). Applications of decay modelling in 

geology. Geochronology, 1(1), 45–55. 

https://doi.org/10.5194/gchron-1-45-2019 

[32] Rahman, S., & Chowdhury, M. (2022). Decay kinetics 

of radioactive pollutants. Journal of Environmental 

Science and Health, Part A, 57(6), 472–480. 

https://doi.org/10.1080/10934529.2022.2048126 

[33] Rahman, T., & Zaman, M. (2023). Computational 

modeling of radioactive decay using hybrid Monte 

Carlo methods. Annals of Nuclear Energy, 183, 109654. 

https://doi.org/10.1016/j.anucene.2023.109654 
[34] Santos, B., & Rivera, F. (2023). Python-based 

modelling for radioactive decay. Journal of 

Computational Science Education, 14(2), 38–47. 

https://doi.org/10.22369/issn.2153-4136/14/2/6 

[35] Singh, R., & Devi, P. (2020). Understanding isotopic 

decay with statistical methods. Indian Journal of 

Physics, 94, 1231–1240. 

https://doi.org/10.1007/s12648-019-01564-3 

[36] Yadav, N., & Srivastava, A. (2021). Radioactive decay 

chain solver using MATLAB. SoftwareX, 15, 100735. 

https://doi.org/10.1016/j.softx.2021.100735  

Paper ID: SR25918123836 DOI: https://dx.doi.org/10.21275/SR25918123836 1132 

http://www.ijsr.net/
https://doi.org/10.1007/s10956-021-09900-7
https://doi.org/10.5194/gchron-1-45-2019
https://doi.org/10.1080/10934529.2022.2048126
https://doi.org/10.1016/j.anucene.2023.109654
https://doi.org/10.22369/issn.2153-4136/14/2/6
https://doi.org/10.1007/s12648-019-01564-3
https://doi.org/10.1016/j.softx.2021.100735



