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ABSTRACT 

Differential equations have several applications in modelling and understanding the 

behaviour and physical significance of complex systems in a multitude of fields. For 

instance, in the field of biology and pharmaceuticals, they help in modelling glucose 

metabolism, aiding in gaining insight into the complexities of the mechanisms that 

govern blood sugar levels and cellular energy metabolism, thereby assisting in 

understanding and treating several metabolic diseases. They provide a mathematical 

framework for describing and predicting the behaviour and nature of physical systems 

from microscopic levels to macroscopic levels. They also help us understand the 

fundamental laws of nature. In the field of chemistry, they describe the rate of reactions 

and aid in predicting the behaviour of chemical systems, which has several practical 

applications in research. Differential equations in the field of technology have several 

applications, enabling engineers and scientists to design innovative technologies and 

solve practical engineering problems. For instance, they are used in reinforcement 

learning algorithms, which enable agents to learn optimal decision-making policies 

through trial and error. In renewable energy systems, differential equations are used to 

model energy conversion, storage, and distribution processes. They help optimize the 

performance and efficiency of renewable energy systems and integrate them into the 

power grid. Weather sciences and forecasting use differential equations to simulate, 

analyse, and predict atmospheric phenomena with accuracy and precision. 

KEYWORDS: Differential equations, Modelling, Metabolic Diseases, Fundamental 

Laws, Chemical Reactions, Reinforcement Learning, Climate Trends 
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INTRODUCTION 

A differential equation correlates one or more unknown functions with their derivatives, 

often represented as    
𝑑𝑦

𝑑𝑥
 = f(x). Here, the independent variable is typically denoted by 

'x', and the dependent variable by 'y'. Derivatives represent rates of change, specifically 

the rate of change of the dependent variable concerning the independent variable. 

Differential equations establish relationships between changing quantities and other 

varying quantities. The order of a differential equation is determined by the highest 

derivative of the dependent variable 'y', representing the degree of the highest derivative 

in the equation. The significance of the order lies in its reflection of the complexity in 

the relationship between the function and its derivatives. Moreover, it plays a crucial 

role in determining the necessary number of initial conditions required for obtaining a 

unique solution. 

The degree of differentiation refers to the power of the highest derivative in the 

equation, particularly in polynomial differential equations. Differential equations find 

prime physical significance and applications through their ability to describe 

relationships involving the rate of change of a dependent system as the independent 

system changes. They are especially effective in describing how systems evolve over 

time, making them invaluable across various fields such as Biology, Medicine, Physics, 

and Technology [1, 2]. A few topics that are better understood by using differential 

equations are covered in this paper. 

MATERIALS AND METHODOLOGY 

Mathematica is a software application used to graphically illustrate the differential 

equations governing the situations considered. It is a symbolic math software developed 

by Wolfram Research, serves diverse scientific and engineering fields. Originated by 

Stephen Wolfram, it employs the Wolfram Language for seamless technical computing. 

Mathematica is lauded for its blend of technical prowess and user-friendly design. Its 

features encompass dynamic interactivity, adaptive visualization, symbolic interface 

construction, curated data access, image and audio processing, neural networking, and 

3D printing. Moreover, it facilitates connections to various systems including DLL, 

SQL, Java, .NET, C++, FORTRAN, CUDA, OpenCL, and HTTP-based systems. With 

continual updates and expansions, Mathematica remains a comprehensive tool for 

mathematical computations and scientific research [3, 4].  
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RESULTS AND DISCUSSION 

Real time cases are considered and results are presented graphically as  Graphs provide 

a supplementary method that can improve comprehension, analysis, and communication 

of mathematical concepts and data, even though equations are still essential for 

mathematical modeling and problem-solving. 

Insulin is a peptide hormone that is rapidly cleared from the bloodstream, primarily by 

hepatic metabolism and renal excretion. It works by stimulating the uptake of glucose 

into cells, lowering your blood sugar level. Through factors such as concentration of 

insulin, the quantity of insulin administered, and the rate of insulin absorption, insulin 

production and degradation we can determine the change in insulin concentration of 

bloodstream over time. To derive the differential equations that describes insulin 

dynamics, the factors affecting are as follows:  

1. Insulin Production is done by the pancreatic cells. The rate of insulin production 

kprod is the rate at which insulin is synthesized and pumped into the bloodstream by 

the pancreas.  

2. Insulin undergoes degradation over time, primarily by enzymatic processes. The 

degradation rate constant kdeg represents the rate at which insulin molecules are 

removed from the bloodstream due to degradation.  

3. Exogenous insulin administered through injections is absorbed into the bloodstream 

from the injection site. The absorption rate constant 𝑘𝑎𝑏𝑠 represents the rate at which 

insulin is absorbed into the bloodstream per unit concentration of insulin and per 

unit quantity of insulin administered 𝑄. 

The differential equation obtained is 
𝑑𝐼

𝑑𝑡
 = kprod - kdeg . I(t) - 𝑘𝑎𝑏𝑠. I(t).Q 

The term kdeg . I(t) represents the rate of insulin degradation, which is proportional 

to the current concentration of insulin. As the insulin concentration increases, so 

does the rate of degradation. This reflects the natural tendency for the body to clear 

excess insulin [5]. 

 

 

 ISSN: 0369-8963

Page 31

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14038935

Volume 93, No. 6, 2024



Figure 1 – Graph depicting the Insulin Levels in the Body over time. 

 

The differential equation describing insulin dynamics sheds light on this. It accounts for 

insulin production, degradation, and absorption. Initially, insulin levels rise due to 

production and absorption. However, as time passes, insulin is cleared from the 

bloodstream through degradation and excretion, leading to a decrease in insulin 

concentration. Eventually, a steady state is reached where insulin production is balanced 

by clearance, resulting in a constant insulin level. In essence, insulin clearance is a 

finely tuned process ensuring the delicate balance of blood sugar levels in our bodies. 

Understanding its mechanisms helps us appreciate the intricate interplay between 

insulin and glucose regulation, vital for overall metabolic health. 

 

Heatwaves result from complex interactions between atmospheric circulation patterns, 

land surface processes, and radiative forcing. Urban areas often experience more intense 

and prolonged heatwaves compared to rural areas due to the urban heat island effect. 

Through Factors like heat capacity(C), net heat flux into the urban surface due to 

radiative forcing(H), net heat loss from the urban surface due to longwave radiation(L), 

heat flux into the urban surface due to sensible heat transfer from the atmosphere(R), 

heat flux into the urban surface due to latent heat transfer from the atmosphere(E) [6]. 
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          Figure – 2: Decrease in Temperature for various values of Heat Capacity of 

Urban Surface 

 

We obtain the differential equation C. 
𝑑𝑇𝑢

𝑑𝑡
=H−L−R−E. Where heat loss from surface 

during Longwave radiation and heat flux into the urban surface due to sensible heat 

transfer from the atmosphere are the major factors affecting the prediction of heatwaves. 

On taking vales of H = 150 W/m2, L = 150 W/ m2 , R = 60 W/ m2 , E = 30 W/ m2, the 

following graph is obtained [7]. 

Chemical Kinetics is a branch of Chemistry that deals Reactions, their types and rate of 

reactions. Second order reactions are those whose rate depends on concentration change 

of two reactants. Using DE to gain insights into reaction kinetics, not only help us learn 

the reaction mechanisms, but also the concentration and the rates of the reaction. 

Differential equations also enable predictive modeling, allowing scientists to anticipate 

how changes in reaction conditions will affect reaction rates and product formation. For 

instance, the second order reaction between Iodine and Hydrogen Peroxide can be 

understood from the following Equation 
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 H2O2+2I−→2H2O+I2  which has the following graph, based on the differential 

equation  

−
dCa

dt
=  [Ca

2] ∗ [Cb]. 

Where, K is the rate constant of second order reaction, Ca and Cb are concentrations of 

reactant and products respectively.  

While 
dCa

dt
 is the rate of decomposition of reactant per unit time. The decreasing 

graph indicates the reduction in the reactant per unit time [8]. 

 

Figure – 3 – Graphical Determination of Concentration of Reactants in between 

Iodine and Hydrogen Peroxide 

 

 

 

 

 

 ISSN: 0369-8963

Page 34

Periodico di Mineralogia

https://doi.org/10.5281/zenodo.14038935

Volume 93, No. 6, 2024



CONCLUSION 

Differential equations (DE) are indispensable in modeling complex systems, offering 

insights into how variables evolve over time. They are foundational in fields ranging 

from physics and engineering to biology and economics. In medicine, DEs can predict 

drug metabolism and optimize treatment plans. Meteorologists use DEs to simulate 

weather patterns and predict climate trends. In engineering, DEs help in designing 

robust systems and controlling processes. By accounting for multiple external factors, 

DEs reveal the dynamic relationships within intricate systems, enabling precise 

predictions and informed decision-making across diverse scientific domains [9,10]. 
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