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NUMERICAL METHODS FOR SOLVING DIFFERENTIAL 
EQUATIONS USING APPLICATION PROGRAMS

Abstract. The modern stage of society’s development is 
characterized by the strong influence of computer technologies on it, 
which penetrate into all spheres of human activity. The use of 
computers activates the process of studying the discipline by 
students, facilitates and accelerates the assimilation of new material and 
control, which ultimately improves the quality of education and deepens 
students’ knowledge. At the same time, both standard programs 
and those developed at departments are used when studying the 
most important topics of the theoretical course and the material of 
practical and laboratory classes. Also, in conditions of versatility, the 
availability of textbooks saturated with theory, and a shortage of classroom 
time, new approaches to conducting classes are needed to achieve high 
quality knowledge and skills. The article discusses the possibilities 
of using modern computer technologies, in particular, the 
Mathcad application program for visual representation of physical 
processes. This article shows methods for solving ordinary differential 
equations in the Mathcad package based on numerical methods. As an 
example of a nonlinear process, the Cauchy problem for a second order 
ordinary differential equation is solved using the Mathcad odesolve 
function, which is a complication of the linear oscillator equation, 
and a graph is obtained. It also talks about the advantages of 
using the Mathcad application program for solving problems in 
physics, which allows you to not only make the necessary calculations, but 
also to arrange your 
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work using graphs, drawings, tables and mathematical formulas. Based on 
the results of these modeling works, the user gets the system model ready and 
can only set the initial conditions and control all the parameters of the model 
during the numerical experiment. In this regard, this program provides an 
opportunity to expand the teaching activities of the teacher and increase the 
independence and activity of students.

Key words: physical processes; MathCad; modeling; physical models; 
Runge-Kutta method; complex systems; solutions of ordinary differential 
equations; learning process; examples of problem solving.
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ҚОЛДАНБАЛЫ БАҒДАРЛАМАЛАРДЫ ҚОЛДАНА ОТЫРЫП 
ДИФФЕРЕНЦИАЛДЫҚ ТЕҢДЕУЛЕРДІ ШЕШУДІҢ САНДЫҚ 

ӘДІСТЕРІ

Аннотация. Қоғам дамуының қазіргі кезеңі оған адам қызметінің 
барлық салаларына енетін компьютерлік технологиялардың қатты 
әсерімен сипатталады. Компьютерлерді қолдану студенттердің пәнді 
оқу процесін белсендіреді, жаңа материалды игеруді және бақылауды 
жеңілдетеді және жылдамдатады, нәтижесінде оқу сапасын арттырады 
және студенттердің білімін тереңдетеді. Бұл жағдайда стандартты 
бағдарламалар да, теориялық курстың маңызды тақырыптарын, 
практикалық және зертханалық сабақтардың материалдарын оқу кезінде 
кафедраларда жасалған бағдарламалар да қолданылады. Сондай-ақ, көп 
салалы, теорияға толы оқулықтардың болуы, аудиториялық уақыттың 
жетіспеушілігі жағдайында білім мен дағдылардың жоғары сапасына 
қол жеткізуге мүмкіндік беретін сабақтарды өткізудің жаңа тәсілдері 
қажет

Мақалада заманауи компьютерлік технологияларды, атап айтқанда 
физикалық процестерді көрнекі түрде көрсету үшін Mathcad 
қолданбалы бағдарламасын қолдану мүмкіндіктері қарастырылады. 
Бұл жұмыста сандық әдістерге негізделген Mathcad пакетіндегі 
қарапайым дифференциалдық теңдеулерді шешу әдістері көрсетілген. 
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Сызықтық емес процестің мысалы ретінде екінші ретті қарапайым 
дифференциалдық теңдеу үшін Коши есебі сызықтық осциллятор 
теңдеуінің күрделенуі болып табылатын Mathcad пакетінің odesolve 
функциясын қолдана отырып шешілді және график алынды. Сондай-
ақ, физика есептерін шешуде Mathcad қолданбалы бағдарламасын 
қолданудың артықшылықтары туралы айтылады. Бұл өз кезегінде 
қажетті есептеулерді жүргізуге ғана емес, сонымен қатар графиктер, 
суреттер, кестелер және математикалық формулалар көмегімен жұмысты 
ұйымдастыруға мүмкіндік береді. Осы модельдік жұмыстардың 
нәтижелері бойынша пайдаланушы дайын жүйенің моделін алады және 
сандық эксперимент кезінде бастапқы шарттарды еркін орнатуға және 
модельдің барлық параметрлерін басқаруға мүмкіндік алады. Осыған 
байланысты бұл бағдарлама оқытушының оқу қызметін кеңейтуге және 
студенттердің дербестігі мен белсенділігін арттыруға мүмкіндік береді.

Түйін сөздер: физикалық процестер, Mathcad, модельдеу, 
физикалық модельдер, Рунге-Кутта әдісі, күрделі жүйелер, қарапайым 
дифференциалдық теңдеулерді шешу, зерттеу процесі, проблемаларды 
шешу мысалдары.
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ЧИСЛЕННЫЕ МЕТОДЫ РЕШЕНИЯ ДИФФЕРЕНЦИАЛЬНЫХ 
УРАВНЕНИЙ С ИСПОЛЬЗОВАНИЕМ ПРИКЛАДНЫХ 

ПРОГРАММ

Аннотация. Современный  этап становления общества характери
зуется мощным влиянием на него компьютерных технологий, которые 
проникают во все сферы человеческой деятельности. Использование 
компьютеров активизирует процесс изучения дисциплины студентами, 
облегчает и ускоряет усвоение нового материала и контроль, что в ре-
зультате повышает качество обучения и углубляет познания студентов. 
При этом применяются как стандартные программы, так и разрабаты
ваемые на кафедрах при изучении особенно важных тем теоретического 
курса и материала практических и лабораторных занятий. Также в ус-
ловиях многопрофильности, наличия учебников насыщенных теори-
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ей, нехватки аудиторного времени нужны новые подходы к проведению 
занятий, позволяющие добиваться высокого качества знаний и умений.

В статье рассматриваются возможности применения современных  
компьютерных технологий, в частности, прикладной программы 
Mathcad для наглядного представления физических процессов. В 
данной работе показаны методы решения обыкновенных диффе
ренциальных уравнений в пакете Mathcad на основе численных 
методов. Как пример нелинейного процесса была решена задача 
Коши для обыкновенного дифференциального уравнения второго 
порядка с помощью функции odesolve пакета Mathcad, являющегося 
усложнением уравнения линейного осциллятора и получен график. 
Также говорится о преимуществах применения прикладной прог
раммы Mathcad при решении задач по физике, что позволяет не только 
провести необходимые расчеты, но и оформить свою работу с помощью 
графиков, рисунков, таблиц и математических формул. По результатам 
данных модельных работ, пользователь получает модель системы 
готовой и имеет возможность лишь произвольно задавать начальные 
условия и управлять всеми параметрами модели в ходе численного 
эксперимента. В связи с этим данная программа дает возможность 
расширить обучающую деятельность преподавателя и повысить 
самостоятельность и активность студентов. 

Ключевые слова: физические процессы, Mathcad, моделирование, 
физические модели, Метод Рунге-Кутта, сложные системы, решения 
обыкновенных дифференциальных уравнений, процесс изучения, 
примеры решения проблем.

Introduction. In modern conditions of intensive development of 
information technology, there is a need to create a new system (methods, 
forms, etc.) of the educational environment. Currently, the urgent issue is 
the use of program-pedagogical and telecommunication facilities in the 
educational process of a higher educational institution, and, in particular, in 
teaching physics

Since the introduction of information technology in the educational process, 
the role of their use has increased. Physics as an educational discipline lends 
itself perfectly to the process of computerization. Information technology 
in the process of teaching physics can be used to study theoretical material, 
training, as a means of modeling and visualization, as well as in solving 
physical problems.

One of the main disciplines in technical universities is “Physics”. Solving 
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problems in physics classes contributes to the formation and consolidation of 
acquired knowledge and skills in practice in order to use them in professional 
activities. It is applied physical problems that reflect the technical content 
and essence of the future professional activities of a university graduate. The 
solution to this type of problem allows students to get acquainted with the 
various principles of the operation of technical devices, physical research 
methods (Bursian et al, 2015).

However, in the educational process, students encounter many difficulties 
and the use of computer technology in solving problems greatly facilitates 
and solves these difficulties. And also computer technologies in the process 
of solving problems develop students\’ interest in the subject of physics and 
computer technology.

Computer programs help students solve applied physical problems. 
Many tasks contain huge calculations, in the solution of which, by making 
a small mistake, you can get the wrong answer. Computer programs make it 
possible to prevent such errors and make it possible to come to the correct 
answer quickly enough. The use of such programs can reduce the time for 
calculations, and increase the time spent on analysis and conclusion.

To date, computer programs that help solve applied physical problems 
are many. Many of them allow the calculation of tasks; some of them make 
charts, graphs and diagrams for which students would spend a lot of time; 
others allow virtual experiments and experiments, that is, many physical 
phenomena are clearly demonstrated to students.

Modern computer programs and telecommunication technologies provide 
students with access to non-traditional sources of information - electronic 
hypertext textbooks, application software packages, distance learning 
systems, etc., this is designed to increase the efficiency of development of 
cognitive independence and provide new opportunities for creative personal 
growth

The development of information and telecommunication technologies is 
so fast that the existing pedagogical research does not have time to analyze 
new methods, means and forms of teaching physics [Dyakonov et al, 2019]. 

The use of computers in the study of physics provides great opportunities. 
For example, computers are increasingly being used in laboratory work. More 
and more, the so-called virtual laboratory work is being introduced into the 
educational process in universities. Many programs such as Matcad, Matlab 
and others are used to process the results, which leads to a reduction in the 
time for this calculation of results and more time is left for better laboratory 
work. The use of computers in teaching physics allows you to change the 
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teaching methodology, and this leads to the facilitation of the work of the 
teacher. A personal computer is not replaced by traditional teaching aids, 
but supplementing them and together with them form a system of teaching 
aids focused on the use of new information technologies, the use of which 
creates the conditions for teaching physics in the educational information 
environment.

Materials and basic methods. Computer labs satisfy almost all the 
requirements of a physical experiment, except that they are not familiar with 
specific devices. Further, they can be used in distance learning. Computer 
labs can be used when a real physical experiment is not possible at all. For 
example, in the implementation of thought experiments that play an important 
role in the development of physics. They can also be used when the material 
is very complex and to study it requires increased visibility. It is computer 
labs that have such increased visibility. During computer experiments, 
the studied physical processes are visualized, and due to the application 
of computer modeling methods, graphic symbols on the screen depicting 
physical objects move in accordance with the laws of physics. However, 
these computer experiments were created precisely as interactive laboratory 
work, i.e. students in the course of their implementation can independently 
change the values of physical parameters and take measurements of “virtual” 
physical quantities, and then by calculating or plotting to determine other 
physical quantities. These “virtual” laboratory work can be performed along 
with the usual ones, they are not alternative, but mutually complement each 
other. In most of these laboratory works, phenomena are studied, the study of 
which is difficult using ordinary field works (Guld, Tobochnik et al, 2017).

First of all, it is extremely convenient to use computer models in a demo 
version when explaining new material or in solving problems. Problem 
solving is a necessary element of teaching physics and the formation of a 
creative personality. Using a computer in the process of solving physical 
problems allows not only to better absorb physics, but also demonstrates the 
importance of a computer as an instrument of creativity and as an effective 
assistant in the study of the laws of nature.

Numerical methods for solving ordinary differential equations 
(odes). As you know, any physical phenomena are described by differential 
equations, so the solution of ordinary differential equations for modeling 
physical processes is of great practical importance. The solution of ordinary 
differential equations based on numerical methods is widely used in the 
practice of scientific and technical calculations, as well as in solving various 
problems of physics, mechanics and other natural Sciences.
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The main form of setting the initial conditions, which is used for 
modeling real processes using ordinary differential equations, is associated 
with determining the values of all lower derivatives at the starting point of 
the variable change interval. So, in physics, ordinary differential equations 
usually describe the change in the studied characteristic over time, and the 
initial conditions are determined at the moment t = 0 (Gorbatenko, 2019).

Thus, given ordinary differential equations and systems of differential 
equations are called Cauchy tasks, that is, if additional conditions are given 
for a single value of an independent variable, then such a task is called a 
Cauchy task.

Methods for numerical solution of ordinary differential equations in the 
form of the Cauchy task are developed in great detail. The most popular of 
them are deservedly the Runge-Kutta algorithm, which is successfully used 
for solving the vast majority of differential equations.

To solve an ordinary differential equation, you need to know the values 
of the dependent variable and the derivatives for some values of the 
independent variable. If the conditions are set for two or more values of 
an independent variable, the problem is called a boundary value problem. 
Such tasks require finding a function (or several functions) of a single 
variable, if, first, a differential equation (or system of equations) containing 
the derivative of the function is defined, and, second, the necessary number 
of additional conditions specifying the value of the function at some starting 
point (Kondratiev et al, 2015).

Solving Cauchy tasks for ordinary differential equations is a technology 
that has been developed in detail for a long time. With “good” ordinary 
differential equations, no computational problems usually arise at all (most 
often they are solved using the Euler and Runge – Kutta algorithm), and for 
a special type of ordinary differential equations, called hard ones, special 
methods must be used. All these features are embedded in Mathcad, and the 
user is allowed to choose a specific solution algorithm.

The Cauchy task can be formulated as follows: let be an ordinary 
differential equation:
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 Based on the above, now let's try to solve physical problems using Matcad based on numerical 

methods. 
Results. The results of numerical modeling. The solution of linear differential equations and their 

systems in Mathcad is presented in two forms: as a computational block and as inlinefunctions. The first 
form is preferable from the point of view of visual representation of the solution and technical simplicity, 
while the second opens up much wider possibilities (Levitskij et al, 2016). 

The differential equation of the first order can by definition contain, in addition to the 
function )(ty itself, only its first derivative )(ty  . In the vast majority of cases, the differential equation can 
be written in standard form (Cauchy form): 

)),(()( ttyfty =                                                (3) 

 						      (1)

y(x) initial condition y(x0) = y0. You need to find a function y(x) that 
satisfies both the specified equation and the initial condition.

The numerical solution of the Cauchy task consists in constructing a table 
of approximate values of  y1, y2,...,yn for solving the equation y(x)  at points 
x1, x2,..., xn. Most often xi=x0+ih,i=0,1,...n,where h is the increment step of 
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the variable x, n is the number of intervals of the solution with a step h.
Here we consider two groups of numerical methods for solving the 

Cauchy task: one-step and multi-step.
One-step methods are methods where finding the next point on the  

y(x)=f(x) curve requires information about only one previous step. The 
simplest one step method is the Euler method:

yi+1=yi+f(xi,yi)h 						      (2)
i=0,1,...,n–1.

The Euler method has low accuracy (on the order of h).
To achieve higher accuracy (order  h4), the fourth-order Runge-Kutta 

method is used:
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Results. The results of numerical modeling. The solution of linear differential equations and their 

systems in Mathcad is presented in two forms: as a computational block and as inlinefunctions. The first 
form is preferable from the point of view of visual representation of the solution and technical simplicity, 
while the second opens up much wider possibilities (Levitskij et al, 2016). 

The differential equation of the first order can by definition contain, in addition to the 
function )(ty itself, only its first derivative )(ty  . In the vast majority of cases, the differential equation can 
be written in standard form (Cauchy form): 

)),(()( ttyfty =                                                (3) 

,

of the variable change interval. So, in physics, ordinary differential equations usually describe the change in 
the studied characteristic over time, and the initial conditions are determined at the moment 0=t  
(Gorbatenko, 2019). 

Thus, given ordinary differential equations and systems of differential equations are called Cauchy 
tasks, that is, if additional conditions are given for a single value of an independent variable, then such a task 
is called a Cauchy task. 

Methods for numerical solution of ordinary differential equations in the form of the Cauchy task are 
developed in great detail. The most popular of them are deservedly the Runge-Kutta algorithm, which is 
successfully used for solving the vast majority of differential equations. 

To solve an ordinary differential equation, you need to know the values of the dependent variable and 
the derivatives for some values of the independent variable. If the conditions are set for two or more values 
of an independent variable, the problem is called a boundary value problem. Such tasks require finding a 
function (or several functions) of a single variable, if, first, a differential equation (or system of equations) 
containing the derivative of the function is defined, and, second, the necessary number of additional 
conditions specifying the value of the function at some starting point (Kondratiev et al, 2015). 

Solving Cauchy tasks for ordinary differential equations is a technology that has been developed in 
detail for a long time. With "good" ordinary differential equations, no computational problems usually arise 
at all (most often they are solved using the Euler and Runge—Kutta algorithm), and for a special type of 
ordinary differential equations, called hard ones, special methods must be used. All these features are 
embedded in Mathcad, and the user is allowed to choose a specific solution algorithm. 

 The Cauchy task can be formulated as follows: let be an ordinary differential equation: 

),( yxf
dx
dy

=                                                                (1) 

)(xy  initial condition 00 )( yxy = . You need to find a function )(xy  that satisfies both the specified 
equation and the initial condition. 

The numerical solution of the Cauchy task consists in constructing a table of approximate values of   
nyyy ...,, ,21  for solving the equation  )(xy  at points nxxx ...,, ,21 . Most often  

,,...,1,0,0 niihxxi =+= where h  is the increment step of the variable x , n  is the number of intervals of 
the solution with a step h  . 

Here we consider two groups of numerical methods for solving the Cauchy task: one-step and multi-
step. 

One-step methods are methods where finding the next point on the )()( xfxy =  curve requires 
information about only one previous step. The simplest one step method is the Euler method: 

hyxfyy iiii )( ,1 +=+                                                               (2) 
1,...,1,0 −= ni . 

 The Euler method has low accuracy (on the order of h ). 
To achieve higher accuracy (order  4h ), the fourth-order Runge-Kutta method is used: 
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Results. The results of numerical modeling. The solution of linear differential equations and their 

systems in Mathcad is presented in two forms: as a computational block and as inlinefunctions. The first 
form is preferable from the point of view of visual representation of the solution and technical simplicity, 
while the second opens up much wider possibilities (Levitskij et al, 2016). 

The differential equation of the first order can by definition contain, in addition to the 
function )(ty itself, only its first derivative )(ty  . In the vast majority of cases, the differential equation can 
be written in standard form (Cauchy form): 
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,

Based on the above, now let’s try to solve physical problems using Matcad 
based on numerical methods.

Results. The results of numerical modeling. The solution of linear 
differential equations and their systems in Mathcad is presented in two 
forms: as a computational block and as inlinefunctions. The first form is 
preferable from the point of view of visual representation of the solution 
and technical simplicity, while the second opens up much wider possibilities 
(Levitskij et al, 2016).

The differential equation of the first order can by definition contain, in 
addition to the function y(t) itself, only its first derivative y’(t). In the vast 
majority of cases, the differential equation can be written in standard form 
(Cauchy form):

y’(t)=f(y(t,)t)						      (3)
and only with this form can the Mathcad computing processor work. 

Correct from a mathematical point of view, the formulation of the 
corresponding Cauchy task for first-order ordinary differential equations 
must contain one initial condition in addition to the equation itself -function 
value y(t0) the value of the function x at some point t0 .You need to explicitly 
define the function y(t) on the interval from t0 to tx. By the nature of the 
performance the Cauchy tasks are also called tasks with initial conditions 
(Matros, Polev, Melnikova et al, 2017).
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To numerically integrate a single ordinary differential equation, the 
Mathcad user has the choice of either using the given/odesoive computing 
block, or using built-in functions, such as the rkfixed function, as in previous 
versions of Mathcad. The first way is preferable for reasons of visual 
representation of the problem and results, and the second gives the user 
more leverage over the parameters of the numerical method.

Computing block Given/Odesolve
A computational block for solving a single ordinary differential equation 

that implements the Runge-Kutta numerical method consists of three parts:
- Given-keyword;
- the ordinary differential equation and the initial condition written using 

logical operators must be typed on the Boolean toolbar (Boolean operators) 
and the initial condition must be in the form of y(t0)=b; 

- odesolve x (t,t1) -  inline function for solving an ordinary differential 
equation with respect to a variable   t on an interval   (t0, t1),  with t0<t1.

It is acceptable, and even often preferable, to set the Odesolve function 
(t, t1, step) with three parameters, where step is an internal parameter of the 
numerical method that determines the number of steps in which the Runge 
- Kutta method will calculate the solution of the differential equation. The 
larger the step, the more accurate the result will be, but the more time will 
be spent searching for it. Keep in mind that selecting this parameter can 
significantly (several times) speed up calculations without significantly 
impairing their accuracy.

An example of solving the Cauchy task for a first order ordinary differential 
equation y’=y–y2 using a computational block is given in listing 1.

Listing 1. Solution of the Cauchy problem for an ordinary differential 
equation of the first order

Given
y(0)=0.1	 y’(t)=y(t)–y(t)2	 y:=Odesolve (t,10)

 

and only with this form can the Mathcad computing processor work. Correct from a mathematical point 
of view, the formulation of the corresponding Cauchy task for first-order ordinary differential equations must 
contain one initial condition in addition to the equation itself -function value )( 0ty the value of the function x 

at some point 0t  .You need to explicitly define the function )(ty  on the interval from 0t  to xt . By the 
nature of the performance the Cauchy tasks are also called tasks with initial conditions (Matros, Polev, 
Melnikova et al, 2017). 

To numerically integrate a single ordinary differential equation, the Mathcad user has the choice of 
either using the given/odesoive computing block, or using built-in functions, such as the rkfixed function, as 
in previous versions of Mathcad. The first way is preferable for reasons of visual representation of the 
problem and results, and the second gives the user more leverage over the parameters of the numerical 
method. 

Computing block Given/Odesolve 
A computational block for solving a single ordinary differential equation that implements the Runge-

Kutta numerical method consists of three parts: 
- Given-keyword; 
- the ordinary differential equation and the initial condition written using logical operators must be 

typed on the Boolean toolbar (Boolean operators) and the initial condition must be in the form of bty =)( 0 ;  
- odesolve x ),( 1tt -  inline function for solving an ordinary differential equation with respect to a 

variable   t  on an interval   ),( 10 tt ,  with 10 tt   
It is acceptable, and even often preferable, to set the Odesolve function ( steptt ,, 1 ) with three 

parameters, where step is an internal parameter of the numerical method that determines the number of steps 
in which the Runge - Kutta method will calculate the solution of the differential equation. The larger the 
step, the more accurate the result will be, but the more time will be spent searching for it. Keep in mind that 
selecting this parameter can significantly (several times) speed up calculations without significantly 
impairing their accuracy. 

An example of solving the Cauchy task for a first order ordinary differential equation 2yyy −=  using 
a computational block is given in listing 1. 

Listing 1. Solution of the Cauchy problem for an ordinary differential equation of the first order 
 

Given 
y 0( ) 0.1 

y' t( ) y t( ) y t( )2
−  

y Odesolve t 10( )=  

 
Fig. 1. Solution of the Cauchy task 

 
Keep in mind that you should insert Boolean operators using the Boolean operators toolbar. When 

entering from the keyboard, remember that the logical equal sign corresponds to the keyboard shortcut 
<Ctrl>+<=>.The derivative symbol can be entered using the Calculus panel. Mathcad requires that the end 

Fig. 1. Solution of the Cauchy task
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Keep in mind that you should insert Boolean operators using the Boolean 
operators toolbar. When entering from the keyboard, remember that the 
logical equal sign corresponds to the keyboard shortcut <Ctrl>+<=>.The 
derivative symbol can be entered using the Calculus panel. Mathcad requires 
that the end point of integration of an ordinary differential equation lies to 
the right of the initial one: (t0<t1) (in listing 1. t0=0, t1=10), otherwise an 
error message will be returned.

As you can see, the result of using the Given/odesoive block is a function 
y(t)  defined on the interval (t0,t1). You should use the usual Mathcad tools 
to plot it or get the function value at some point in the specified interval, 
for example: y(3)=0.691. The user has the option to choose between two 
modifications and the Runge-Kutta numerical method. To change the 
method, right-click on the odesolve function area to open the context menu 
and select one of two options: Fixed (Fixed step) or Adaptive (Adaptive). By 
default, the first one is used, i.e. the Runge-Kutta method with a fixed step 
(Verzhbitsky  at al, 2001). 

Now let’s try using the method of solving equations using the odesolve 
function to simulate various processes, in particular the model of a nonlinear 
harmonic oscillator. It is based on the solution of the Cauchy problem for an 
ordinary differential equation of the second order, which is a complication 
of the equation 

point of integration of an ordinary differential equation lies to the right of the initial one: 10 tt   (in listing 1. 
)10,0 10 == tt , otherwise an error message will be returned. 

As you can see, the result of using the Given/odesoive block is a function )(ty   defined on the interval 
),( 10 tt . You should use the usual Mathcad tools to plot it or get the function value at some point in the 

specified interval, for example: 691.0)3( =y . The user has the option to choose between two modifications 
and the Runge-Kutta numerical method. To change the method, right-click on the odesolve function area to 
open the context menu and select one of two options: Fixed (Fixed step) or Adaptive (Adaptive). By default, 
the first one is used, i.e. the Runge-Kutta method with a fixed step (Verzhbitsky  at al, 2001).  

Now let's try using the method of solving equations using the odesolve function to simulate various 
processes, in particular the model of a nonlinear harmonic oscillator. It is based on the solution of the 
Cauchy problem for an ordinary differential equation of the second order, which is a complication of the 
equation )02( 2 =+++ yyyy  of a linear oscillator, where   is the cyclic frequency of oscillations, 
  is the attenuation coefficient. The harmonic oscillator model describes, in particular, the pendulum 
oscillations: )(ty  describes changes in the angle of its deviation from the vertical, )(ty  -the angular speed 
of the pendulum, )(ty   -acceleration, and the initial conditions, respectively, the initial deviation of the 
pendulum 0.1)0( =y  and the initial speed 0)0( =y . It is important to note that the model is linear, that is, 
the unknown function (and its derivatives) are included in the equation in the first degree (Samarsky , 
Mikhailov et al, 2001). 

The method for solving the equation for the nonlinear case is given in Listing 2, and the result is shown 
in Fig.2. Here the symbol of the derivative is allowed to enter the tools panel, Calculus (Computing). Once 
again, we emphasize that the result of applying the Given/odesolve block is the function )(ty  defined on the 
interval ),( 10 tt . You should use the usual Mathcad tools to plot it or get the function value at some point in 
the specified interval, for example: 048.0)10( =y  
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pendulum 0.1)0( =y  and the initial speed 0)0( =y . It is important to note that the model is linear, that is, 
the unknown function (and its derivatives) are included in the equation in the first degree (Samarsky , 
Mikhailov et al, 2001). 

The method for solving the equation for the nonlinear case is given in Listing 2, and the result is shown 
in Fig.2. Here the symbol of the derivative is allowed to enter the tools panel, Calculus (Computing). Once 
again, we emphasize that the result of applying the Given/odesolve block is the function )(ty  defined on the 
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the cyclic frequency of oscillations, 

point of integration of an ordinary differential equation lies to the right of the initial one: 10 tt   (in listing 1. 
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The method for solving the equation for the nonlinear case is given in Listing 2, and the result is shown 
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 is the attenuation coefficient. The 
harmonic oscillator model describes, in particular, the pendulum oscillations: 
y(t) describes changes in the angle of its deviation from the vertical, y’(t)-the 
angular speed of the pendulum, y”(t) -acceleration, and the initial conditions, 
respectively, the initial deviation of the pendulum y(0)=1.0 and the initial 
speed y’(0)=0. It is important to note that the model is linear, that is, the 
unknown function (and its derivatives) are included in the equation in the 
first degree (Samarsky , Mikhailov et al, 2001).

The method for solving the equation for the nonlinear case is given in 
Listing 2, and the result is shown in Fig.2. Here the symbol of the derivative 
is allowed to enter the tools panel, Calculus (Computing). Once again, we 
emphasize that the result of applying the Given/odesolve block is the function 
y(t) defined on the interval (t0,t1). You should use the usual Mathcad tools 
to plot it or get the function value at some point in the specified interval, for 
example: y(10)=0.048.

Listing 2. Modeling of a nonlinear oscillator 
w: = 0.5 β:=0.2 
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pendulum 0.1)0( =y  and the initial speed 0)0( =y . It is important to note that the model is linear, that is, 
the unknown function (and its derivatives) are included in the equation in the first degree (Samarsky , 
Mikhailov et al, 2001). 

The method for solving the equation for the nonlinear case is given in Listing 2, and the result is shown 
in Fig.2. Here the symbol of the derivative is allowed to enter the tools panel, Calculus (Computing). Once 
again, we emphasize that the result of applying the Given/odesolve block is the function )(ty  defined on the 
interval ),( 10 tt . You should use the usual Mathcad tools to plot it or get the function value at some point in 
the specified interval, for example: 048.0)10( =y  
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Given

point of integration of an ordinary differential equation lies to the right of the initial one: 10 tt   (in listing 1. 
)10,0 10 == tt , otherwise an error message will be returned. 

As you can see, the result of using the Given/odesoive block is a function )(ty   defined on the interval 
),( 10 tt . You should use the usual Mathcad tools to plot it or get the function value at some point in the 

specified interval, for example: 691.0)3( =y . The user has the option to choose between two modifications 
and the Runge-Kutta numerical method. To change the method, right-click on the odesolve function area to 
open the context menu and select one of two options: Fixed (Fixed step) or Adaptive (Adaptive). By default, 
the first one is used, i.e. the Runge-Kutta method with a fixed step (Verzhbitsky  at al, 2001).  

Now let's try using the method of solving equations using the odesolve function to simulate various 
processes, in particular the model of a nonlinear harmonic oscillator. It is based on the solution of the 
Cauchy problem for an ordinary differential equation of the second order, which is a complication of the 
equation )02( 2 =+++ yyyy  of a linear oscillator, where   is the cyclic frequency of oscillations, 
  is the attenuation coefficient. The harmonic oscillator model describes, in particular, the pendulum 
oscillations: )(ty  describes changes in the angle of its deviation from the vertical, )(ty  -the angular speed 
of the pendulum, )(ty   -acceleration, and the initial conditions, respectively, the initial deviation of the 
pendulum 0.1)0( =y  and the initial speed 0)0( =y . It is important to note that the model is linear, that is, 
the unknown function (and its derivatives) are included in the equation in the first degree (Samarsky , 
Mikhailov et al, 2001). 

The method for solving the equation for the nonlinear case is given in Listing 2, and the result is shown 
in Fig.2. Here the symbol of the derivative is allowed to enter the tools panel, Calculus (Computing). Once 
again, we emphasize that the result of applying the Given/odesolve block is the function )(ty  defined on the 
interval ),( 10 tt . You should use the usual Mathcad tools to plot it or get the function value at some point in 
the specified interval, for example: 048.0)10( =y  
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y(0)=0	 y’(0)=3
y:=Odesolve (t,20)
y(10)=0.048
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Fig 2. The model of nonlinear harmonic oscillator 

 
Discussion. As Listing 2 shows, in addition to the equation itself, it was necessary to define two initial 

conditions (the third and fourth lines of the listing) – initial values of y(t) and y'(t) for t=0. Generally 
speaking, ordinary differential equations have a unique solution if, in addition to the equation, the initial or 
boundary conditions are specified in a certain way (Turin, Markov, Poyarkov, 2018). 

The resulting nonlinear model is widely used in the study of sections of physics: mechanics, molecular, 
electricity and magnetism, vibrations and waves. Nonlinear systems with dynamic chaos are used in systems 
of hidden information transmission, as well as in communication systems that use dynamic chaos as a source 
of vibrations that carry information. 

From the above, it follows that the use of modern application packages in the educational process 
allows you to significantly change the methodology of studying some issues of the physics course related to 
conducting cumbersome, repetitive computational procedures, solving systems of differential equations, 
plotting graphs and surfaces, with a visual representation of the results of solving the problem using 
application packages. If before the behavior of a physical system was analyzed exclusively analytically, now 
it is possible to use numerical methods of computer simulation, which have certain advantages (Tarasova, 
2014). 

Computer modeling, conducting a computational experiment is one of the modern methods of studying 
physical phenomena. It has its own characteristics, advantages and disadvantages compared to other methods 
of studying physical systems. It is quite obvious that students of higher educational institutions should have 
ideas about computer models, numerical methods for studying various objects of cognition, and be fairly free 
to navigate in modern software products. It is modern application packages that make it possible to solve a 
complex system of equations in a few seconds, construct a graph of the studied dependence, and simulate a 
difficult reproducible experiment. 

The advantages of modern packages are expressed in providing the ability to enter mathematical 
formulas or functions for numerical calculation by them, setting various values of the quantities used, 
plotting graphs for a visual representation of the simulation results, generating random variables (modeling 
random processes), performing logical operations, which allows you to implement various numerical 
methods. Using Mathcad, the student does not waste time coding the computational algorithm and 
programming auxiliary blocks i.e. saves the student from the mass of routine computing work. Also, its 
advantages are that Mathcad makes studying physics easier, the Mathcad program itself is easy to learn, and 
does not require reading thick books, conducting abstracts and memorizing complex rules for studying and 
applying. Mathcad is simple in that a solution to a problem of interest can be obtained in a short period of 
time. In this regard, the Mathcad package is very effective in the educational process, makes it possible to 
teach a number of educational disciplines (computer modeling of physical processes, physics, mathematical 
modeling, numerical methods, etc.) at a higher level (Robert  et al, 1994).  

The results of the work can be used when reading courses of computer modeling of physical processes, 
when conducting practical, lecture, laboratory classes. The complex complements traditional forms of 
teaching (lectures, seminars, physical laboratory) and can be used in computer classes of all universities, 
technical, pedagogical institutes and other higher educational institutions as a modern addition to physics 
courses. 
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Fig 2. The model of nonlinear harmonic oscillator

Discussion. As Listing 2 shows, in addition to the equation itself, it was 
necessary to define two initial conditions (the third and fourth lines of the 
listing) – initial values of y(t) and y’(t) for t=0. Generally speaking, ordinary 
differential equations have a unique solution if, in addition to the equation, 
the initial or boundary conditions are specified in a certain way (Turin, 
Markov, Poyarkov, 2018).

The resulting nonlinear model is widely used in the study of sections 
of physics: mechanics, molecular, electricity and magnetism, vibrations 
and waves. Nonlinear systems with dynamic chaos are used in systems of 
hidden information transmission, as well as in communication systems that 
use dynamic chaos as a source of vibrations that carry information.

From the above, it follows that the use of modern application packages in 
the educational process allows you to significantly change the methodology of 
studying some issues of the physics course related to conducting cumbersome, 
repetitive computational procedures, solving systems of differential 
equations, plotting graphs and surfaces, with a visual representation of the 
results of solving the problem using application packages. If before the 
behavior of a physical system was analyzed exclusively analytically, now 
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it is possible to use numerical methods of computer simulation, which have 
certain advantages (Tarasova, 2014).

Computer modeling, conducting a computational experiment is one 
of the modern methods of studying physical phenomena. It has its own 
characteristics, advantages and disadvantages compared to other methods 
of studying physical systems. It is quite obvious that students of higher 
educational institutions should have ideas about computer models, 
numerical methods for studying various objects of cognition, and be fairly 
free to navigate in modern software products. It is modern application 
packages that make it possible to solve a complex system of equations in 
a few seconds, construct a graph of the studied dependence, and simulate a 
difficult reproducible experiment.

The advantages of modern packages are expressed in providing the 
ability to enter mathematical formulas or functions for numerical calculation 
by them, setting various values of the quantities used, plotting graphs for a 
visual representation of the simulation results, generating random variables 
(modeling random processes), performing logical operations, which allows 
you to implement various numerical methods. Using Mathcad, the student 
does not waste time coding the computational algorithm and programming 
auxiliary blocks i.e. saves the student from the mass of routine computing 
work. Also, its advantages are that Mathcad makes studying physics easier, 
the Mathcad program itself is easy to learn, and does not require reading 
thick books, conducting abstracts and memorizing complex rules for 
studying and applying. Mathcad is simple in that a solution to a problem of 
interest can be obtained in a short period of time. In this regard, the Mathcad 
package is very effective in the educational process, makes it possible to 
teach a number of educational disciplines (computer modeling of physical 
processes, physics, mathematical modeling, numerical methods, etc.) at a 
higher level (Robert  et al, 1994). 

The results of the work can be used when reading courses of computer 
modeling of physical processes, when conducting practical, lecture, 
laboratory classes. The complex complements traditional forms of teaching 
(lectures, seminars, physical laboratory) and can be used in computer 
classes of all universities, technical, pedagogical institutes and other higher 
educational institutions as a modern addition to physics courses.

Conclusion. Thus, solving the problem of the General course of physics 
using Mathcad allows you to form an idea of the possibilities of using this 
mathematical package for further research. Using the Mathcad program not 
only reduces the time for laboratory work, but also activates the process of 
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studying the discipline by students, facilitates and accelerates the assimilation 
of new material and control, which ultimately improves the quality and 
deepens student’ knowledge

The integration of physics, mathematics and computer technology, and the 
creation of a whole set of exercises and tasks, and tasks that are specific, and 
not abstract from practice, will allow you to achieve a deeper understanding 
of the physical foundations and a more focused and meaningful development 
of the mathematical apparatus.

This application of mathematical modeling can result in huge cost 
savings and a significant reduction in research time. Mathematical modeling 
for the control and evaluation of design solutions and experimental methods 
created not only significantly improves the quality of design solutions, but 
also dramatically reduces the cost of creating experimental installations and 
conducting scientific research using them.
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