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Introduction

Differential equations play a crucial role in engineering and science as they describe a wide range of 
natural phenomena and physical processes. 

These equations are used to model and predict the behavior of complex systems.

They are used in various fields:

• In mechanics - used to describe the motion of particles and systems of particles, to describe the 
behavior of fluids in motion, they are also used to describe mechanical vibrations and in many other 
fields. 

• In electrical engineering - used to model and predict the behavior of electrical systems

• In chemistry - used to describe the rates of chemical reactions, which is important in the design of 
chemical processes and the production of materials. 

• In biology - used to model the behavior of biological systems, such as the growth of populations and 
the spread of diseases. 



Introduction

Differential equations can be classified into several types based on their order, linearity, and dependence 
on the independent variable. 

An ordinary differential equation of the n-th order is of the form 

Its general solution contains n arbitrary constants and is of the form 

𝜑 𝑥, 𝑦, 𝑐1, 𝑐2, … , 𝑐𝑛 = 0

To obtain its particular solution, n conditions must be given so that the constants c1, c2, cn can be 
determined. If these conditions are prescribed at one point only, then the differential equation together 
with the conditions constitute an initial value problem of the n-th order. If the conditions are prescribed at 
two or more points, then the problem is termed as boundary value problem.

For the purpose of this research, we will be focused on ordinary differential equations of first and second 
order.

𝐹 𝑥, 𝑦,
𝑑𝑦

𝑑𝑥
,
𝑑2𝑦

𝑑𝑥2
,
𝑑3𝑦

𝑑𝑥3
, … ,

𝑑𝑛𝑦

𝑑𝑥𝑛
= 0



Problem statement

Although various analytical methods for finding general solutions of ordinary differential equations of first 
and second order exists, it is still challenging mathematical problem that requires significant human effort. 

However, the latest development of Artificial Intelligence (AI) and models capable of mimicking human 
behavior and improving over time, have already shown their strength and capabilities in finding creative 
solutions to multiple problems in various fields.

Therefore, in our research, we have conducted an empirical study to validate the performances and 
capabilities of OpenAI’s large language models, by using the free version of its ChatGPT chat-bot 
application for finding numerical solution of differential equations of first and second order.

Moreover, we have evaluated the capabilities of ChatGPT for generating numerical solution for one specific 
problem (Newton’s law of cooling states) and refining the solution to satisfy our specific requirements.



What is GPT-3 and its architecture

GPT-3 stands for - Generative Pre-trained Transformer version 3. It is an auto-regressive language model 
that uses deep learning to produce human-like text.

- Generative – a statistical model for creating new data based on the relationship between variables in a 
data set.

- Pre-trained - a model that has been previously trained on a large data set. 

- Transformer - neural network architecture presented in 2017. A deep learning model adapted to work 
with sequential data.



What is GPT-3 and its architecture

Language model

➢Machine learning model - represents the language domain

➢ Base - representation of a word in the form of a vector of numbers

➢ contain important words;

➢ suitable for computers;

➢we can calculate similarity (distance).
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What is GPT-3 and its architecture

GPT-3:

➢ ENCODER - from the input data it generates its vector representation 

➢DECODER - from the vector form it generates the output sequence
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What is GPT-3 and its architecture

Dataset Quantity Weight in 

training mix

Description

Common crawl (filtered) 410 billion 60% data obtained from 8 years web 

crawling (PB)

WebText2 19 billion 22% text from web pages linked by 

Reddit posts with 3+ votes

Books1 12 billion 8% Book collection

Books2 55 billion 8% Book collection

Wikipedia 3 billion 3% Text from Wikipedia

Training datasets:



What is GPT-3 and its architecture

Training process:



Goals of this research

In our research we were interested to discover the frequency of correct answers and explanations of 
ChatGPT to the problems defined in our dataset. 

To investigate this, we have created a dataset composed of 215 differential equations extracted from 
various academic books and textbooks [1-10], as well as our own written differential equations that could 
not be found in any of the previous sources. 

The structure of the input dataset is given in the Table 1 bellow.

Type of equation Number of equations in

the dataset

First order differential equations 110

Second order differential equations 105



Methodology

In this research we have created an initial dataset composed of 215 
ordinary differential equations extracted from various academic 
books and textbooks [1-10], as well as our own written differential 
equations that could not be found in any of the previous sources. 

Then domain experts have reviewed the initial dataset and validated 
its content. After the revision the problems dataset was reduced to 
100 equations (50 of them were first order and other 50 second 
order equations. 

The structure of the final problems dataset is given in the Table  
bellow.

Type of equation Number of equations in

the dataset
First order linear homogeneous differential

equations

50

Second order linear homogeneous differential

equations

50

Initial problems dataset (n=215)

Content validation and dataset 

refinement

Final problems dataset (n=100)

Conversation with ChatGPT

Obtained answers from ChatGPT

Answers validation by 3 domain 

experts

Average final score

Answer comparison and conclusions



Methodology

Then the problems were given as input to ChatGPT in a single 
conversation. 

Obtained answers from ChatGPT were graded by 3 independent 
domain experts using grades from 1-5 Likert scale. 

Final score for every problem was obtained as an average of the 
obtained three answers.

Each conversation with ChatGPT contained the following elements:

1) Definition of the equation, definition of the initial conditions

2) Requirement to write the numerical solution using particular 
method, plot the solution and find the value of y at given points.

Initial problems dataset (n=215)

Content validation and dataset 

refinement

Final problems dataset (n=100)

Conversation with ChatGPT

Obtained answers from ChatGPT

Answers validation by 3 domain 

experts

Average final score

Answer comparison and conclusions



Methodology
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Methodology

For numerical solution of the ordinary differential equation of first and second order the following 
methods were applied:

• Euler’s method

• Taylor’s series method

• Picard’s method

• Runge-Kutta method

• Milne’s method

• Adams-Bashforth method

Regardless of the method used, ChatGPT was asked to generate programming code in Python 
programming language. Once the solution was generated, the programming code was simply copied and 
pasted in Google Collaboratory where it was executed (and eventually debugged).



Methodology

ChatGPT is trained with reinforcement learning through human feedback and reward models that rank the 
best responses. This feedback helps augment ChatGPT with machine learning to improve future responses.

One way to get the best results from ChatGPT is to assign it a role. This is a fantastic method of getting 
more appropriate responses to your prompts. Asking ChatGPT a question will always produce a response 
of some sort, but its relevance might not be suited to your requirements.

Therefore, before starting of our experimental interactive session we have assigned it a role and tried to 
test its initial theoretical knowledge about one specific subject.



Methodology

And here’s the result we obtained:



Evaluation

All equations were introduced to ChatGPT in the same session (one after another), and for each equation 
numerical solution using different method was generated. One such conversation is presented bellow:



Evaluation

The result was evaluated in Google Colaboratory



Results

Evaluation results for first order ODE



Results

Evaluation results for second order ODE



Results

We were also interested in evaluating the ChatGPT capabilities for analytical and numerical solution of 
some well-known engineering problems. We took Newton’s Law on cooling states as an example.

The conversation is given in the following: 



Results

The bot was asked for analytical solution of the ODE first:



Results

And then the numerical solution, for specific initial condition, ambient temperature and cooling constant, 
was generated and plotted.

Just a single intervention was 

made on the proposed 

solution in order to normalize 

the potential field vectors



Conclusion

❑ Based on our findings, ChatGPT is capable of providing numerical solution to both first and second 

order differential equations with an average mark of around 4 and accuracy of about 80%

❑ There was no significant difference in the application's capability to solve both types of ODE’s.

❑ ChatGPT showed strong conceptual understanding of the subject and capability to provide 

even analytical solution of first and second order ODE

❑ In the future, with further improvement, ChatGPT-like programs may be used for academic purposes.



Thank you for your attention
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