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Abstract: The present paper describes the fact that revised and pedagogically justifiable implementation of CAS systems (e.g. Matlab system) 

is a great contribution to teaching higher mathematics. It brings practical applications to mathematics teaching and thus enhances 

motivation and students’ interest in the discussed topic. The Computer Algebra System, popularly known as CAS, is a modern computing 

technology that provides great learning and teaching opportunities to both students as well as instructors. MATLAB is one of the most 

popular CAS programs that is widely used in mathematics classrooms especially at the university level. As more and more universities are 

adopting its use in education, it is necessary to study and analyze how the software could be used in teaching and learning of mathematics. 

It has been shown to be a technology that could be used for developing mathematical thinking, concepts and skills, and a source of 

motivating students for learning mathematics. It is also a very useful tool in demonstrating connections in various underlying mathematical 

concepts in the teaching and learning processes. 
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1. Introduction

In this paper we show the examples of Matlab application to the 

solution of linear n-th order constant coefficient differential 

equations. The assigned differential equation is solved with the help 

of simple commands of the system Matlab. The examples can serve 

as a simple manual for students – only the basic knowledge of 

Matlab and the knowledge of mathematics on the level of the first 

form of bachelor study is sufficient. 

During seminars we teach our students how to understand 

differential equations and be able to solve them. From our 

experience we know that if the students are shown a concrete 

application of differential equations in the field, they study their 

interest in the defined problem is higher. However, these 

application examples are sometimes computationally demanding 

and hence time consuming. But if these examples are solved with 

the help of the system Matlab they can be used in the teaching 

process to enhance the motivation of students. 

We do not want to replace a traditional mathematical teaching 

by using a Matlab system. However, we would like to motivate 

students to be able to solve also more complicated exercises from 

practice.  Matlab system is a tool not only for elimination of routine 

and mechanical calculations but predominantly for enhancement of 

students’ motivation during the process of this thematic unit 

learning. 

2. Computer algebra systems (CAS) and their place

in teaching mathematics 

Computer algebra systems (including Matlab) are strong 

computational and visual tools with wide practical application. 

Using of CAS systems in mathematics teaching at the university has 

both supporters and opponents. 

 Bernhard Kutzler from ACDCA (Austrian Centre for Didactics 

of Computer Algebra) speaks about it in a very pertinent way: 

“There exist thousands of ways – good and bad – how to use CAS 

in teaching. Inappropriate approaches usually come from technical 

enthusiasts – teachers who use CAS just because they exist. But 

CAS should never manage mathematics teaching – mathematics 

teaching (didactic intention) should manage their application “ [4]. 

Helmut Heugl, the director of an Austrian project Derive and 

TI-89/92 adds: ”If CAS application is not pedagogically justified 

then it is pedagogically justifiable not to use it“ [5]. 

Systems CAS were created to make routine, long-winded and 

complicated calculations instead of people, to make their work 

easier and provide desired results. But their usage only for this 

purpose is from a didactic viewpoint (when we emphasize the 

development of students’ mathematical education) insufficient and 

inappropriate. 

We cannot be satisfied with the fact that our students are able to 

obtain the result by application of suitable mathematical software. 

Our ambition is to lead students to mathematical terms 

understanding and subsequent application of the received 

knowledge in practice. 

Therefore, we consider using CAS with comprehension to be 

the most appropriate one. In the first phase of the educational 

process we want our students to manage the discussed topic in 

a theoretical way and to learn the principle of the solution of 

specific exercises. This will help them to obtain a critical detached 

view necessary for the correct choice of a solution method and 

interpretation and evaluation of the obtained results. Only 

theoretically educated students are offered to use mathematical 

software suitable for the solution of more complicated application 

exercises. 

We do not want to replace a traditional mathematical teaching 

by using a Matlab system. However, we would like to motivate 

students to be able to solve also more complicated exercises from 

practice. 

Matlab possesses a powerful library of functions serving for the 

solution of ordinary differential equations. What is more, Matlab 

has also extensive graphical possibilities which can be used in 

a teaching process. Ordinary differential equations, which often 

occur in engineering practice, are linear nth order constant 

coefficient differential equations.  

3. Basic terms

Differential equations have a remarkable ability to predict the 

world around us.  They are used in a wide variety of disciplines, 

from biology, economics, physics, chemistry and engineering. They 

can describe exponential growth and decay, the population growth 

of species or the change in investment return over time.  A 

differential equation is one which is written in the form 𝑑𝑦/
𝑑𝑥 =…  Some of these can be solved (to get 𝑦 = ….) simply by 

integrating, others require much more complex mathematics. 

Linear nth order constant coefficient differential equations 

have the form  

𝑦(𝑛) + 𝑎1𝑦
(𝑛−1) + 𝑎2𝑦

(𝑛−2)+. . . +𝑎𝑛−1𝑦
´ + 𝑎𝑛𝑦 = 𝑓(𝑥)    (1)

where 𝑎1, 𝑎2 , . . . , 𝑎𝑛  are real numbers, 𝑓(𝑥) is a continuous function

on the interval  𝑎,𝑏  and 𝑦 is an unknown function. This equation 

can be put in the form 

𝐿(𝑦) = 𝑓 𝑥  (2) 

where  𝐿(𝑦) = 𝑦(𝑛) + 𝑎1𝑦
(𝑛−1) + 𝑎2𝑦

(𝑛−2)+. . . +𝑎𝑛−1𝑦
´ + 𝑎𝑛𝑦.
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Theorem. Let 𝑌(𝑥) is a solution of a linear differential equation 

with the right side 𝐿(𝑦) = 𝑓(𝑥). Them each solution of this linear 

differential equation is in the form 

𝑦 = 𝑧 + 𝑌 (3) 

where 𝑧 = 𝑐1𝑦1 + 𝑐2𝑦2+. . . +𝑐𝑛𝑦𝑛  is a general solution of the 

corresponding linear differential equation without a right side 

𝐿 𝑦 = 0   and  𝑐1 , 𝑐2, . . , 𝑐𝑛  are arbitrary real numbers. 

Generally, the solution  𝑌 can be found by the method of variation 

of constants. 

Theorem. If 𝑦1, 𝑦2, … , 𝑦𝑛  is a fundamental system of solutions of the 

differential equation  𝐿 𝑦 = 0 than the solutions of  a  differential  

equation with the  right side 𝐿(𝑦) = 𝑓(𝑥) is the form  

𝑌 =  𝑦𝑖(𝑥)  
𝑊𝑖(𝑥)

𝑊(𝑥)
𝑑𝑥,

𝑛

𝑖=1

 

where 𝑊(𝑥) is the Wronsky determinant and 𝑊𝑖(𝑥) is a 

determinant  which results from Wronsky  determinant by replacing 

𝑖 − 𝑡 column by the column  of elements 0,0,… , 𝑓 𝑥 .  

4. Examples of solved exercises 

With the help of Matlab we can solve a differential equation 

symbolically by using the command dsolve. Its application is 

presented in the following exercises: 

Exercise 1. Let’s find a general solution of the differential equation 

𝑦´´ − 7𝑦´ + 10𝑦 = −(6𝑥 + 7). 𝑒2𝑥    (1) 

Let’s find a solution of this differential equation that satisfies initial 

conditions 

𝑦 0 = 0, 𝑦´ 0 = 1 .    (2)                             

Solution. We solve a linear second-order constant coefficient and 

special right side differential equation. For its solution we use                

a command dsolve where we put the differential equation in 

apostrophes. A letter D indicates a derivative of the function. 

Generally notation Dny means 𝑛 − 𝑡 derivative of the function   

𝑦 = 𝑦(𝑥) of the variable 𝑥. 

So Dy means the first derivative of the function and D2y 

means the second derivative of the function  𝑦 = 𝑦(𝑥)  of the 

variable 𝑥. 

>>y=dsolve('D2y-7*Dy+10*y=-

(6*x+7)*exp(2*x)','x') 

y = 

exp(2*x)*C2+exp(5*x)*C1+x*(3+x)*exp(2*x) 

The second way how to set a differential equation is its 

defining with the variable called dr. This way is useful if we solve 

more differential equations. 

>> dr='D2y-7*Dy+10*y=-(6*x+7)*exp(2*x)'; 

>> y=dsolve(dr,'x') 

y = 

exp(2*x)*C2+exp(5*x)*C1+x*(3+x)*exp(2*x) 

>> 

Thus a general solution of the differential equation (1) is   

𝑦 = 𝑥 𝑥 + 3 𝑒2𝑥 + 𝑐1𝑒
5𝑥 + 𝑐2𝑒

2𝑥  

where are  𝑐1, 𝑐2 arbitrary real numbers. 

Let’s find the solution of the differential equation (1) which 

satisfies initial conditions (2). The differential equation (1) is 

defined by the variable called dr, initial conditions (2) will be 

defined by the variable zp.We also use a command pretty with 

the help of which a symbolic expression of a solution in the form 

similar to a mathematical notation is noted. 

>> dr='D2y-7*Dy+10*y=-(6*x+7)*exp(2*x)'; 

>> zp='y(0)=0,Dy(0)=1'; 

>> y=dsolve(dr,zp,'x') 

y = 

2/3*exp(2*x)-2/3*exp(5*x)+x*(3+x)*exp(2*x) 

>> pretty(simple(y)) 

 

 2/3 exp(2 x) - 2/3 exp(5 x) + x (3 + x)exp(2 

x) 

>> 

Thus, the solution of the differential equation (1) satisfying initial 

conditions (2) is  

𝑦 = 𝑥 𝑥 + 3 𝑒2𝑥 −
2

3
𝑒5𝑥 +

2

3
𝑒2𝑥 . 

With the help of the following commands we draw a graph of 

the solution on the interval  0,1 . 

>> x=linspace(0,1,20); 

>> z=eval(vectorize(y)); 

>> plot(x,z) 

>> 

 

Fig. 1 Graph of the solution of (1) on the interval  𝟎, 𝟏 . 

 

Exercise 2. Let’s find a general solution of the differential 

equation  

𝑦´´ + 𝑦 =
1

𝑠𝑖𝑛 3𝑥
  (3) 

Solution. We solve a linear second-order constant coefficient 

differential equation. we will use a newer method of calculation 

with the command diff(y,x,n)for the 𝑛 − 𝑡 derivative of the 

function   𝑦 = 𝑦(𝑥) of the variable 𝑥. 

>> syms y(x) 

>> eqn = diff(y,x,2)== -y+1/(sin(x)^3); 

>> de2c = dsolve(eqn) 

de2c = cos(x)*cotg(x)+c1*cos(x)-

(cotg(x)^2*sin(x))/2-c2*sin(x) 

>> pretty(de2c) 

Thus, the general solution of the differential equation (3) is 
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𝑦 = 𝑐1𝑐𝑜𝑠𝑥 − 𝑐2𝑠𝑖𝑛𝑥 −
𝑐𝑜𝑡𝑔2𝑥. 𝑠𝑖𝑛𝑥

2
+ 𝑐𝑜𝑠𝑥. 𝑐𝑜𝑡𝑔𝑥 

where are 𝑐1 , 𝑐2 the arbitrary real numbers. 

 

Exercise 3. For an electric circuit in Figure 2 it is true that 

𝑅𝐶𝐿
𝑑2𝑖2

𝑑𝑡2
+ 𝐿

𝑑𝑖2

𝑑𝑡
+ 𝑅𝑖2 = 𝐸(𝑡)  (4) 

Let’s find a general solution of this differential equation if  

𝐿 = 1𝑚𝐻, 𝑅 = 10 Ω, 𝐶 = 1𝜇𝐹 and 𝐸 𝑡 = 2sin(100𝜋𝑡). 

 

Fig. 2 Graph of an electric circuit. 

Solution. We solve a second-order linear constant coefficient 

differential equation. From the example it is obvious that solving 

this type of differential equation is time-consuming. Let’s define 

a differential equation for a variable called dr. 

>> dr='10*D2i2+Di2+10*i2=2*sin(100*pi*t)'; 

>> i2=dsolve(dr,'t') 

i2 = 

exp(-1/20*t)*sin(1/20*399^(1/2)*t)*C2 

+exp(1/20*t)*cos(1/20*399^(1/2)*t)*C1 

+(sin(100*pi*t)-10000*pi^2*sin(100*pi*t) 

-10*cos(100*pi*t)*pi)/(5- 

99500*pi^2+500000000*pi^4) 

>> pretty(i2) 

Thus a general solution of the differential equation (4) is 

𝑖2 =
 1 − 10000𝜋2 sin 100𝜋𝑡 − 10𝜋cos(100𝜋𝑡)

5 − 99500𝜋2 + 500000000𝜋4 + 

+ 𝑐1𝑒
−

1
20

𝑡𝑐𝑜𝑠
 399

20
𝑡 + 𝑐2𝑒

−
1

20
𝑡𝑠𝑖𝑛

 399

20
𝑡, 

where are 𝑐1 , 𝑐2 the arbitrary real numbers. 

Finally, we present the example from real life for better motivation 

of our students. 

Exercise 4. Time of a death. At midnight, a body with a 

temperature of 35.6°C was discovered in the hotel room. At 1:00, its 

temperature dropped to 34.8°C. Determine the time of death if the 

room temperature has been set to 22°C by the air conditioner and 

the living person's temperature is 36.8°C. 

Solution. Let's choose the time 𝑡 =  0  the time of finding the 

body. The time of death is an unknown quantity. We compile a 

differential equation 

𝑦´ = 𝑘. (22 − 𝑦)              (5) 

Let’s find a general solution of this differential equation with the 

initial condition 

𝑦 0 = 35,6. 

We use the condition to calculate the constant 𝑘 

𝑦 1 = 34,8. 

The Matlab program will give us these results 
>> syms k y(t) 

>> eqn=diff(y,t)==k*(22-y); 

>> cond=y(0)==35,6; 

>> cond = y(0) == 35 

>> ode=dsolve(eqn,cond) 

ode = 

13*exp(-k*t) + 22 

>> pretty(ode) 

13 exp(-k t) + 22  
Thus a general solution of the differential equation (5) is 

𝑦 = 22 + 13𝑒−𝑘𝑡 . 

For constant 𝑘 we receive 𝑘 = 0,0618  and the form of the function 

that expresses the dependence of the temperature 𝑦 of the found 

body on the time 𝑡 is 

𝑦 = 22 + 13𝑒−0,0618𝑡 . 

We calculate the time of death after implantation 𝑦 = 36,8 °C. 

From the equation 

36,8 = 22 + 13𝑒−0,0618𝑡  

we have 𝑡 =  −1,26 𝑜𝑑. We estimate the time of death to be 

approximately 1 hour and 16 minutes. 

 5. Conclusion 

MATLAB symbolic math solves engineering problems that can 

be represented as equations or sets of equations, including 

differential and integral equations. It is one of the most versatile 

tools in MATLAB. It can be used to replace many specialized 

MATLAB Toolboxes with a single Toolbox applicable across 

multiple engineering disciplines. The advantage is that skill 

developed in using a single MATLAB Toolbox can be applies 

across multiple engineering disciplines. The disadvantage if using 

the MATLAB Symbolic Math Toolbox stems from the requirement 

for a deeper and more fundamental understanding of the 

engineering principles underlying the problem solution than is 

required for using other MATLAB toolboxes.    

 In summary, the MATLAB Symbolic Math Toolbox creates a 

successful learning environment for assimilating the underlying 

thought processes supporting engineering design and analysis. 

In several exercises of this paper the possibility of Matlab 

implementation in the linear differential equations teaching was 

presented. Matlab system is a tool not only for elimination of 

routine and mechanical calculations but predominantly for 

enhancement of students’ motivation during the process of this 

thematic unit learning. 
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