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Introduction

HOW TO USE THIS
RESOURCE

The Route to Science Class described in this document is designed so
that it can be delivered by university staff and volunteering university
students as extracurricular activity for secondary VET school students.
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Activity concept and lesson plan

THEME OF THE
CL AS S

Introduction to Matlab - actions with numbers, arrays, polynomials,
systems of equations, two-dimensional and three-dimensional graphs.

LEVEL OF
DIFFICULTY / AGE
OF STUDENTS

This science class targets students of upper secondary education who,
on the basis of their mathematical knowledge, can easily understand
and solve tasks using the Matlab software.

REQUIRED PRIOR
KNOWLEDGE

TIME REQUIRED
FOR
IM PLEM ENTATI ON
INSTRUCTORS

KNOWLEDGE
G AI NE D AND
COMPETENCIES
DEVELOPED STUDENTS

KNOWLEDGE
G AI NE D AND
COMPETENCIES
DEVELOPED SCHOOL
TE ACHE RS

Students should have basic knowledge of mathematics. They should
be able to perform actions with numbers, arrays, polynomials, systems
of equations. Students should also have skills for drawing charts.
2-2.5 hours
Students or faculty with experience with introductory programming
courses, mathematical calculations and the drawing of 2D and 3D
graphics.
The students will develop general understanding of basic programming
concepts in Matlab:
•

numbers, variables, expressions

•

actions with numbers, polynomials and arrays

•

solving system equations

•

drawing two-dimensional and three-dimensional graphics

Participating Computer Science teachers who are already teaching
programming will improve their skills to teach Matlab's syntax rules as
well as the possibilities offered by the program to perform different
mathematical actions and draw two-dimensional and threedimensional graphics. These teachers will be ready to introduce this
program into curricular or extracurricular classes.
Participating Mathematics teachers will learn Matlab's syntax rules to
be able to use the program in the classroom (curricular or
extracurricular classes) to visualize different mathematical actions
and/or draw two-dimensional and three-dimensional graphics.

KNOWLEDGE
G AI NE D AND
COMPETENCIES
DEVELOPED UNIVERS I TY S TAFF
OR UNIVERSITY
STUDENTS

Participating university students or academic faculty will be able to
develop their science communication skills, in particular in the area of
demonstrating how the use of advanced software can be linked to
tasks routinely included in the compulsory curriculum and how such
software could be used to facilitate individual student work.
The European Commission's support for the production of this publication does not
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M ATE RI ALS
NEEDED FOR
IM PLEM ENTATI ON
OF THE ACTI VI TY

BRE AKDOW N OF
ACTIVITIES

The lecturer will need a computer with Matlab and a multimedia
projector.
Participating students will also need computers with Matlab, where
they can work by writing code and seeing the results of their
performance.
This Science Class is divided into 3 parts:
1. Informative talk/Lecture: This part should take place in a
classroom within the organizing high school. It starts with a welcome
and a short activity aimed at discussing the previous experience of
students with computer mathematics programs. This is followed by an
introduction to the Matlab software and an overview of the
possibilities to perform various mathematical actions and draw
different graphs in Matlab.
2. Hands-on activity /Lab visit: This part should take place in a
computer lab. It includes the following steps:
Step 1 - Students are divided into groups (depending on the number of
available computers and the number of participating students).
Step 2 – Students are given math tasks that they need to solve using
Matlab.
Step 3 - Facilitators help student groups record Matlab tasks and
observe the decisions they make.
3. Self-reflection on the part of students: This part of the class
should take place in the classroom. It is focused on allowing students
to share the difficulties they have encountered during the practical
work.
Following the presentation of the students, the organizers can close
the meeting by providing additional links and information for those
who want to learn more on the topics of the Class.

USEFUL LINKS TO
RESOURCES

https://www.mathworks.com/videos/image-processing-made-easy81718.html
https://www.mathworks.com/videos/creating-a-gui-with-guide68979.html

SUGGESTED
FURTHE R RE ADI NG

More information and introductory material about Matlab can be
obtained from:
https://www.mathworks.com/content/dam/mathworks/mathworksdot-com/moler/intro.pdf
https://www.mathworks.com/videos/introduction-to-matlab81592.html
The European Commission's support for the production of this publication does not
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SOURCES USED TO
DEVELOP THE
RESOURCE

This resource is based on information about Matlab available at:
https://www.youtube.com/watch?v=N_T6rtZI_6s
https://www.youtube.com/watch?v=7bnVx34yQf4

The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information
contained therein.
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Background knowledge sheet

EDITORS

INTRODUCTION TO
THE TOPIC

IM PORTANCE TO
D AI LY LI FE/
ECONOMY
/SOCIETY

DE TAI LE D
P RESE NTATI ON ON
THE TOPIC

Elena Monova (Technical University of Gabrovo, Bulgaria)
In recent years, software products related to computer mathematics
have become increasingly widespread. They offer ever greater
possibilities - from performing elementary mathematical actions to
solving problems in advanced mathematics. The use of this software
requires a combination of mathematical knowledge and knowledge in
the field of computer programming. For this reason, courses in
computer mathematics are already offered in many educational
institutions.
This is an introductory course in computer mathematics. Such courses
(including short-term learning activities such as this class) have
received much attention in recent years, mainly due to the ubiquitous
use of computers. Such courses allow educators to deepen the
knowledge and interest of students in the field of Mathematics, thus
contributing to the development of more STEM talent.
Matlab is a dialog programming system for scientific and technical
calculations and visualization of their results. It integrates possibilities
for analytical transformations, numerical calculations and graphical
representation of the obtained results. It is designed to work with
arrays of data - vectors, matrices, multidimensional arrays, arrays of
cells and arrays of records. The system can work with both real and
complex matrices, and allows for all mathematical operations with
matrices, vectors, arrays, scalars (collection, subtraction, multiplication,
division, grading, transposition, etc.) to be performed. In Matlab there
are features that allow working with polynomials, as well as solving
linear systems of equations, displaying two-dimensional and threedimensional graphics.
The Matlab software has been widely used in education. It offers
possibilities for performing various mathematical activities, as well as
for drawing different two-dimensional and three-dimensional graphs.
A detailed knowledge resource is provided in Annex 1. It can facilitate
university staff’s efforts to acquaint students with the Matlab program
and to show them how the software can be used to perform
mathematical activities. The students will solve problems such as
finding the roots of polynomials, drawing surfaces and geometric
figures, and plotting different graphs with Matlab.

SCIENCE
COMMUNICATION
GUI D ANCE TO
INSTRUCTORS

- Share with the students your passion for Mathematics and tell them
how you got interested in Computer Mathematics. Establish a more
personal connection with the students and keep the relationship
relaxed and informal during the whole class.
The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
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- Establish your authority as an expert so that students feel confident
about solving complicated tasks with your help. However, avoid
projecting a position of superiority.
- Ask the students about their prior knowledge of Mathematics and
whether they have done any coding and programming. If students do
have any relevant prior knowledge, link the presentation to it as much
as possible.
- During the theoretical explanation, frequently provide examples from
the software itself
- If you will be using visual material through a presentation or a
handout, scale everything up in order to allow students to see clearly.
For printing, print in color if there are schemes.

The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information
contained therein.
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Lecture planning sheet

GO AL

SETTING

The goal of the informative talk is to impart knowledge in
mathematics and computer programming.
The ideal number of students depends on the second part of the
activity which will be implemented in a computer lab. Lecturers are
advised to limit the number of participants in the lecture to a
manageable group that can be accommodated in the computer lab.
The duration of this part of this phase 40-60 minutes depending on
how much in detail the lecturer will need to describe the functions of
the software, as well as the interest that students show in additional
tasks.
The lecturer will need a computer, projector and whiteboard.

LOCATION FOR
THE
TALK/ LECTURE
POSSIBILE
INVOLVEMENT OF
UNIVERSITY
STUDENTS

TIMING & RUNDOWN

School classroom
University students may undertake the responsibility to present the
Computer Mathematics Software, as long as they have sufficient
knowledge about it and have demonstrated sufficient science
communication skills.
Phase
no.

Description of phase

Time
allocated

1

Welcome and clarification of the aim of the 3-5 min
Route to Science Class

2

A brief discussion of the previous experience of 3-5 min
students in computer mathematics programs

3

An introduction to the Matlab software and an 35–40
overview of the possibilities to perform various min
mathematical actions and draw different graphs
in Matlab.

4

Closing and moving to computer lab. The 5 min
instructor briefly presents what will follow in the
computer lab.

The European Commission's support for the production of this publication does not
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Hands-on activity/experiment planning sheet

GO AL

SETTING

LOC ATI ON AND
EQUIPMENT

The goal of the hands-on activity is to help students write short
programs for performing various mathematical activities and for
drawing graphs. This activity is intended to strengthen the knowledge
obtained during the theoretical lecture by applying it in practice.
Students should work alone or in groups depending on the available
space. The size of the groups should be determined by the number of
available computers.
The hands-on part of the class is expected to take place in a computer
lab. The computers in the lab should have the Matlab program
installed.

POSSIBILE
INVOLVEMENT OF
UNIVERSITY
STUDENTS

This activity is designed to involve university students as facilitators
(on a volunteer basis). Тhe involvement of university students is highly
desirable as it will help the students feel more comfortable.

CONTENT OF THE
H ANDS -ON
ACTIVITY

During this activity, students will solve mathematical problems using
the Matlab program.
Some of the basic tasks that students should perform, include:
Task: Define in Matlab the following variables:
1) X1 = -7
2) a_1 = 3*pi
3) y = cos(a_1)
4) 5a = -10
5) b.1 = 3.5
What is the result of the performed actions?
Task: Find the product of polynomials p1 and p 2

p1  x 2  2 x  3 and p2  x 2  5x  6 .
Task: Find the roots of the polynomial p  x 3  6 x 2  11x  6 .
Task: Find the coefficients of the polynomial p 4 , if its roots are

  2
r    5 .
 7
Task: Calculate the value of the polynomial p 4 for x  3 .
The European Commission's support for the production of this publication does not
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Task: Draw a graph depicting the elements of a vector
x  3 5 2 13 7 9 .

For more example tasks and for details about their solution, see Annex
II - Model hands-on activity sheet.
TIMING & RUNDOWN OF THE
H ANDS -ON
ACTIVITY

Phase
no.

Description of phase

Time
allocated

1

Organization of groups (if necessary)

2-3 min

2

Students learn to use the Matlab interface

5-7 min

3

Students are given short math tasks that they 5-7 min
have to solve using Matlab

4

Students work on the tasks

30-35 min

5

Presentation of the results

15min

Each student or group should be given a short time to
present their work and to share the challenges they faced
during the exercise.
6

Feedback and self-reflection on the part of 5 min.
students
Students should be invited to share what they have learned
and how it could be used in school or in other areas of their
lives. They can be invited to also share their ideas about
further training or exercises that they would be interested in.

The European Commission's support for the production of this publication does not
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Commission cannot be held responsible for any use which may be made of the information
contained therein.

11

Annex I: Knowledge Resource

Computer-based Mathematics
Editor: Elena Monova (Technical University of Gabrovo, Bulgaria)

OPERATING MODES IN MATLAB

Matlab has a built-in high level programming language which supports system operation not only
in calculator mode but also in program mode.

Figure 1
Matlab operates in two modes - command and program. The execution of a program written in
Matlab is performed by calling a command representing its name.
MATLAB SOFTWARE PRODUCT INTERFACE

The Matlab interface consists of 4 windows (Fig. 2):


Command Window (1);



Current Folder (2).



Command History (3);



Workspace (4);
The European Commission's support for the production of this publication does not
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Figure 2
The most commonly used windows are the Command Window and the Command History.

The Command Window is the main window of Matlab, in which the commands are executed

after the symbol „>>”. Pressing „Enter” enters the numerical results, while the graphical results
are displayed in a separate window. The following rules apply when entering commands:


If the command ends with the symbol ";", the result of its execution is not displayed.



If the command does not end with the symbol ";", the result will be displayed after its
execution.



The results of the execution of a command are the same, whether or not there is a ";" at
the end of the command line.



If an expression is calculated without assigning the result to a specific variable, Matlab
automatically assigns it to the system variable "ans" (originating from answer).



The commands entered in a work session are saved by the system and can be called at the
command prompt by an upward pointing arrow, after which they can be corrected and
executed again by pressing "Enter".



On a single line more than one command can be entered and they can be separated by
one of the characters "," or ";". In the first case, the results of the execution of the
commands are displayed, and in the second case, the commands are executed without
visualizing the results obtained.



The symbol "%" is used for starting a comment.

The Command History - Matlab saves all entered commands from both the current and the
previous sessions. These commands are displayed in the Command History window. The
following operations can be performed on them:

The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information
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double-clicking on a command makes a copy and executes the command in the
Command Window;



another way to execute a command from the Command History is by dragging it to the
command window and pressing „Enter”.



when you right-click on a command (or a sequence of commands) in the Command
History, a context menu appears, in which there are several selection choices, outlined in
Fig. 3.

Figure 3

The Workspace - All variables that are defined in the current session are stored in the so-called
Workspace. The Workspace window displays exhaustive information about these variables, such
as: name, dimension, size and class.
SYNTAX OF COMMANDS IN THE MATLAB SOFTWARE

In Matlab uses two command formats - functional and command.


Function format

In this format, the command consists of the name of the function, followed by an input argument
in parentheses. If the input arguments are more than one, they are separated by a comma.
Function_name (argument1, argument2, …)
An example of a command saved in this format is:
sin(pi),
The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information
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which finds and displays the value of the function sinus from  .
The result of executing a function can be assigned to one or more variables, called output
arguments. When output arguments are more than one, they are separated by commas and are
enclosed in square brackets.
[out1, out2, …] = Function_name (argument1, argument2, …)
An example of using output arguments is finding the solution of
a variable x.

39 and assigning the result to

x = sqrt(39)


Command format

In this format, the command consists of the name of the function, followed by the input
arguments, separated by intervals.
Function_name argument1 argument2 …
In this format there are no output arguments, i.e. the result of implementing the function cannot
be assigned to a variable.
An example of a command written in this format is the definition of character variables in Matlab,
which is written as:
syms fun1 matricaA
SYSTEM COMMANDS IN MATLAB

The most commonly used system commands in Matlab are:
► clear – deletes the variables from the workspace;


clear var1 var2 … - deletes the specified variables.

► which – displays the full path to the specified file;
► lookfor – searches through all the m-files by a keyword;


lookfor keyword – searches a keyword in the first line of comments in all m-files, which
the system has access to;



lookfor keyword –all – searches a keyword in the whole first comment block (up to the first Matlab
command or the first blank line) in all m-files, which the system has access to.

► clc – clears the command window, deleting all existing commands;
► home – clears the visible part of the command window by scrolling it. If the command window
has not been filled in, no changes occur;
► format – adjusts the output data format;
Matlab calculations are performed with a double precision, i.e. with about 15 significant digits.
However, the results can be displayed in a different format, which is determined by the format
command.


format short –fixed point (decimal point) with 4 digits after the dot;



format long - fixed point (decimal point) with 15 digits;
The European Commission's support for the production of this publication does not
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format short e – floating point with 5 digits - exponential shape;



format long e - fixed point with 15 digits;



format short g – selects and displays the more compact of the two representations
(fixed and floating point) with 5 digits;



format long g – selects and displays the more compact of the two representations (fixed
and floating point) with 15 digits.

RECEIVING HELP INFORMATION

Matlab offers three ways of receiving information:
► from m-files – when entering a command help file_name all comments appear at the beginning
of the specified file up to the first command or to the first blank line;
► corporate documents in a html or pdf format;
► the website of the company Math Works.
Access to the information can be generated in several ways:
► From the main menu Help – Help->Using The Command Window;
► With the button „?”;
► From the Command Window using the commands:


help …– displays information about the corresponding command in the Command
Window;



helpwin …– the information from the m-file is displayed in the Help Browser;



doc …– information from the documentation is displayed in the Help Browser;

Task: Display information from the command tan in two ways – in the Command Window and in
the Help Browser.
DEMOS

Matlab offers a large set of demo tasks which demonstrate the capabilities of both the Matlab
kernel and the various Toolboxes. These tasks can be accessed in the following ways:


From the main menu – Help->Demos;



In the command prompt of the Command Window when the demo command is
entered;

A window is displayed, from which the desired topic is selected from Matlab or the
corresponding Toolbox, task, and then the demo task starts from Run this demo.
Task: Use one of the following methods to open the demo example window. Select from the list
on the left Toolboxes/ Control System/ Interactive Demos/ RLC Circuit Response.

The European Commission's support for the production of this publication does not
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Figure 4
After opening the window, start the example using Run this demo (top right). The selected example
is started, after which the values for the parameters R, L and C can be changed, and in the System
and Topology fields different variants from the drop-down menus can be selected (Fig.5).

Figure 5
EXPRESSIONS, NUMBERS, VARIABLES

In Matlab it is not necessary to pre-declare the type and dimension of a variable.
The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
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Matlab variable names can contain lowercase, uppercase letters, numbers, and the "_" character.
There are several rules that must be met:


always begin with a letter after which all of the above-mentioned characters may be
present;



there is no limit to the length of the name, but the system distinguishes only the first
31 characters;



Matlab can distinguish upper from lowercase letters, i.e. koren1 and Koren1 are the
names of two different variables;



variable names should not duplicate system command names and functions in
Matlab.

The operators recorded in Matlab take the following form:
variable = expression
or just
expression
The expressions consist of signs for operations, commands, variable names.
The initiation of expressions ends with pressing the „ENTER” key.
Example:

Fig.6
The initiation of numbers in Matlab is as follows:


integers – 1, 5, 27, -139, -21;
The European Commission's support for the production of this publication does not
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decimals – 5.21, 3.457, -2.87, 0.36. The last decimal number can be written in
another way, omitting the zero - .36.



numbers in exponential form – 0.273е+5, 30.27е-3, 0.037е5.

Fig.7
In Matlab information about several system constants is stored:


pi – the number π, which is calculated by Matlab in two ways - as 4 * atan (1) and
imag (log (-1));



i or j – imaginary unit;



realmin – the minimum real number;



realmax - the maximum real number;



Inf – infinity (result of actions divided by 0);



NaN (Not-a-Number) – this result is returned by the system in case the calculation of
an expression results in an uncertainty of the type 0/0, ∞-∞.

MATHEMATICAL OPERATORS

The common arithmetic operators can be used in expressions stored in Matlab:


addition „+”;



subtraction „-”;



multiplication „*”;



division on the right and division on the left „/” and „\”;
The European Commission's support for the production of this publication does not
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grading „^”.

The sequence for performing mathematical actions in a certain expression is performed
according to all the mathematics rules, and this sequence can be changed by the parentheses “()”.

Figure 8
In addition to these arithmetic operations, many other mathematical actions can be performed in
Matlab, which can be examined in a library elfun (>> help elfun).

Setting of polynomials
In Matlab the polynomial
Px   a0 x n  a1 x n1    an1 x  an

is set as a vector row, the elements of which are the coefficients of a given polynomial.
The type of vector is

P  a0

a1  an1 an .

OPERATIONS WITH POLYNOMIALS

A list of polynomial commands can be seen with the command
The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
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>> help polyfun
The most commonly used commands related to actions with polynomial are:


multiplication of polynomials - with the command p=conv(p1, p2);



calculating the roots of polynomial p - with command r = roots(p);



finding the coefficients of a polynomial p by given roots r - by the command p
=poly(r);



calculating the value of a polynomial p for a specific value of the argument x through the command polyval(p, x).

GRAPHS IN MATLAB

Matlab has a large variety of tools for graphically presenting and visualizing data and program
outputs, including two-dimensional, three-dimensional graphics and animation.
The most used chart drawing feature in Matlab is the plot. It produces linear graphs in a
rectangular coordinate system. The number of arguments using the function is different.


plot (y) – draws a graph of a function whose values are given by the vector y. In this case,
the indices of the elements of the vector y stand on the abscissa axis;



plot (x,y) – draws a graph of the function y = f (x). In this case, the elements of the vector
x set the values of the graph along the abscissa and those of vector y - along the ordinate
axis;



plot (x, y1, x, y2, …) – draws simultaneously the graphs of several functions (y1, y2,…), in
which case the values for both the abscissa and the ordinate axis are mandatory;



plot (x, f1(x), x, f2(x), …) – draws at the same time the graphs of several functions, which
are calculated directly in the plot command;



plot (x, y1, 'str1', x, y2, ' str2', …) – the third argument in this case is a string, consisting of
1 to 3 characters, with the help of which the color and type of the line and the type of
marker can be specified.

Detailed information about the type of these symbols can be obtained using the help command:
>> help plot
The colors, that can be used for the lines are the following:
r - red;

m – magenta;

g – green;

c – cyan;

b – blue;

k – black;

y – yellow;

w – white.

Tag Type:
. period, dot of full

d rhombus

The European Commission's support for the production of this publication does not
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stop
+ sign “plus”

v top down triangle

* asterisk

^ top up triangle

о circle

> top right triangle

х cross

< top left triangle

s check box
Types of lines for drawing graphs
- continuous line;

: the line is displayed with dots;

- - dashed line;

-. hyphen and dot.

THREE-DIMENSIONAL GRAPHICS IN MATLAB

Matlab has a large variety of tools for graphically presenting and visualizing data and program
outputs, including two-dimensional, three-dimensional graphics and animation. This exercise
introduces some of the most basic and commonly used graphical commands and features for 3D
graphics - spatial curves, surfaces, and more.
Simple 3D graphics


An analogue of the two-dimensional drawing command plot is the function plot3
plot3(x,y,z),

which draws a graph of a spatial curve set in parametric form;
To display surfaces described by the function z = f (x, y), the following commands can be used:


mesh – depicts the surface through a grid;

Figure 9
► surf – depicts the graph through a continuous surface;

The European Commission's support for the production of this publication does not
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Figure 10
► surfl – draws the chart with additional coloring.

Figure 11
Plotting the graph is made in the following order:
Using the meshgrid function, the matrices X and Y are calculated from the x and y coordinates of
the network nodes:
[X, Y] = meshgrid(x, y) – transforms the plane described by the vectors x and y into arrays X and
Y. The rows of the output array X are copies of the vector x, and the columns of the output array
Y are copies of the vector y;
► The matrix Z with function values at all nodes is calculated:
Z = F(X, Y), where F is the specific function, introduced using element operators .*, ./, .^ ;
In order to build the graph, one of the three functions is called mesh, surf or surfl:
mesh(X, Y, Z); surf(X, Y, Z); surfl(X, Y, Z).
Additional graphics layout features
Additional features to layout the graphics are:
► title('text') – writes a title at the top of the graphics;
► xlabel ('text') – writes text on the x axis;
► ylabel ('text') – writes text on the y axis;
► zlabel ('text') – writes text along the z axis;
► colormap ('colmap') – a color map that determines the color of the image.
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The argument 'colmap' can have the values grey, copper, pink, spring, summer, etc. (Fig.12.);

Figure 12
► colorbar – a color bar is displayed;
► shading interp – smooth transition between shadows. This function is without arguments.
Symbolic Math Toolbox
The Symbolic Math Toolbox is designed to perform analytical transformations in the environment of
Matlab. The available opportunities it presents are:




transformation and simplification of expressions;
analytical and numerical solution of algebraic equations;
mathematical analysis - differentiation, integration, limits, sums, Taylor series.

DEFINING OF CHARACTER VARIABLES AND EXPRESSIONS

Defining character variables is done using the syms command - when using this function,
character variables are defined by writing them after the command, without the need of
parentheses
syms y
When defining character variables through the syms function, more than one variable can be
defined in a row, separating them from one another with intervals.
syms a b c d x
By default, in these cases, the defined character variables are of type real (real numbers).
Simplification and conversion of symbolic expressions




expand – expands the expression by opening the brackets
simplify – simplifies symbolic expressions, which includes sums, degrees, roots,
trigonometric, exponential functions, etc.
simple – simplifies a given expression by trying out all possible options and returns the
solution with the least characters as a result
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To see the difference between the commands simplify and simple, perform the specified actions
without assigning the result to a variable.
>> simple(exp(x)*exp(y)-sin(x)^2+cos(x)^2)
When using the various commands in Matlab, the records are made in a single row, which can
sometimes make it difficult to determine the individual elements of an expression. For a more
legible preview of the expressions, the command pretty can be used. Its syntaxes is as follows:
pretty(f)

Figure 13
SOLVING ALGEBRAIC EQUATIONS



solve(f) – solves the equation f = 0 with regard to the implied symbolic variable;

!!! Usually the equation f = 0 is represented only by its left-hand side f. If the equation is of the
type f  x   q  x  , it either has to be converted into the type f  x   q  x   0 , or it has to be
enclosed in apostrophes solve(‘f(x)=q(x)’).
Solving of system equations
With the function solve, a system of two or more equations can be solved.


solve(f1, f2) – solves the system of equations f1 = 0 and f2 = 0 with regard to default
symbolic variables;



solve(f1, f2, x, y) – solves the system of equations f1 = 0 and f2 = 0 with regard to
explicitly specified x or y symbol variables.

The output argument is a record of the fields in which the corresponding roots are stored. The
field names match with the unknown values:
K = solve(f1, f2, x, y)
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The solutions for х are stored in the field K.x, and those for y in the field K.y. In order to output
the results, it is necessary to write the commands
x = K.x and y = K.y
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Annex II: Model hands-on activity sheet
Editor: Elena Monova, Technical University of Gabrovo, Bulgaria
Task: Define in Matlab the following variables:
1) X1 = -7
2) a_1 = 3*pi
3) y = cos(a_1)
4) 5a = -10
5) b.1 = 3.5
What is the result of the performed actions?

Figure 14
Task: Define the variables a = -1, b = 3.61, c = -25 and d = 11 and perform the following
actions:
1) a d  c  ;

2)

c
;
a b

3) a 2 

d b
c
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Figure 15
Task: Find the product of polynomials p1 and p 2

p1  x 2  2 x  3 and p2  x 2  5x  6 .

Figure 16
Task: Find the roots of the polynomial p  x 3  6 x 2  11x  6 .
Task: Find the coefficients of the polynomial p 4 , if its roots are

  2
r    5 .
 7
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Task: Calculate the value of the polynomial p 4 for x  3 .

Figure 17
Task: Draw a graph depicting the elements of a vector
x  3 5 2 13 7 9 .

Figure 18
Task: Draw a graph of the function
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t
y  sin   ,
2

where t changes in the interval from 0 to 10 with a step


10

.

!!! In Matlab, the interval can be defined as follows:
variable = interval start value: change step: final value
x = -5 : 0.2 : 10
Instructions: To define in Matlab the interval of change of t it is necessary to write the following:
>> t = 0:pi/10:10*pi;
variable t are displayed

% Insert a symbol ; at the end of the line, so that not all values of the

The next step is to calculate the function y:
>> y = sin(t/2);
variable y are displayed

% Insert a symbol ; at the end of the line, so that not all values of the

After which it is drawn with the help of the command plot:
>> plot(y)

Figure 19
t
Task: Draw once again a graph of the function y  sin   , giving the command plot two
2
arguments – t and y.
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Figure 20
Task: Draw function graphs on a coordinate system

y1  e 2t cos 3t and y 2  sin

2t
.
3

Figure 21
Task: Draw function graphs on a coordinate system
The European Commission's support for the production of this publication does not
constitute an endorsement of the contents, which reflect the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information
contained therein.

31

y1  e



t
2

sin t and y 2  e



t
2

cos t ,

calculating them directly in the drawing command.

Figure 22
Task: Draw graphs of two functions on one coordinate system

y3  t sin t and y 4  t cos t ,
where y 3 should be drawn with green ‘plus’ signs, while y 4 - with a red dashed line.

Figure 23
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Task: For the values of t from 0 to 10 with step change

50
with x  sin t  , y  cost  and z  t . Add a grid to the graph.

, draw a spatial curve, described

Figure 24
Task: Draw the surface described by the function x3  abx2  ax22 , with values of a  2.33 ,
b  28 , x1  0 to 20 and a step of change 0.1, and x 2  0 to 20 with a step change 0.1.

Figure 25
Task: On the figure from the last task, place the inscriptions on the three coordinate axes,
respectively - x1 , x2 , x3 .
Task: Draw the surface described by the function x3  e  x1  x2 , for the values of x1 and x 2 from
-2 to 2 with a step change 0.05. The surface should be in color range autumn and inscriptions on
the three coordinate axes should be placed.
2

2
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Figure 26
Task: Calculate the volume and the full surface of a cylinder with a given radius and height, then
draw the cylinder itself.

Figure 27
Task: Reveal the parentheses in the expressions:


(x+2)(x-3)(x-6), write the result as a variable p1 ;



sin(2y)cos(y) , write the result as a variable p 2 .
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Figure 28
Task: Perform the following actions in expressions:


e x e y  sin 2 x  cos 2 x , write the result as a variable p3 ;



3

1
6 12
 2   8 , write the result as a variable p 4 .
3
z
z
z

Figure 29
Task: Solve the equation:
x 3  14 x 2  59 x  70  0 .
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Figure 30
Task: Solve the system of equations:
x  2y  7  0
3x  10 y  27  0

.

Figure 31

Self-Check Questions
1. Enter arbitrary values for the variables x, y, z and v in Matlab (you can use integers and
fractions, positive and negative numbers). Perform the following actions:
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f1  xy  sin( 3 ) ;



  y  z
;
f 2  cos  
v
2



f3 

zv 3  yx
z

.

2. Find the roots of the polynomial:
P  x 3  16 x 2  81x  126 .

3. Find the coefficients of the polynomial which has the roots:

r1  4, r2  3, r3  5, r4  11 .
4. Draw functions in one graph x1  sin t cos t and x 2  sin t cos 3t . For t set values from 0 to

2 with a step
. Draw the function x1 with blue-green asterisks, x 2 - with a green line with
300
a dash and a dot. Insert a legend to the depicted graphics.
5. With the help of Matlab, solve the system of equations:
2 x  3 y  11  0
 3x  6 y  36  0
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Annex III: Co-Creation
University Students
Selection
The following university students can be involved in the design and delivery of the activity:
-

Students of Computer Science, Mathematics or Engineering, in any year of studies, as
long as they are knowledgeable in computer-based mathematics and Programming, and
have practical experience with MatLab.
Students should be selected by the faculty member responsible for the activity and
should have worked with this faculty member before (in class or in educational outreach
activities).

The selected students should stand out for their science communication skills rather than their
excellence and academic achievement per se.
Role (in order of relevance)

Guidance

Pedagogical co-designers of learning, teaching
and assessment; facilitators in hands-on and
lab experiments

The selected university students:
- should work together with high school
students during the practical activity in order
to help them manage work with MatLab or in
mathematical tasks that may exceed the
knowledge, attained through the compulsory
school curriculum
- should participate in the assessment of
student performance during the activity and in
the evaluation of the effectiveness of the
training
-should also be actively engaged in the selfreflection phase, staying with the student team
in which they worked.

Mentors of SE VET students

The selected university students can be asked
to share their contacts with bright or
motivated high school students who may want
to learn more about Programming, about the
use of computers in the area of Mathematics,
or to simply visit the university.
The
possibility of involving high school students in
teams working on university projects or
contests should be explored.

Consultants in planning and designing the
learning and teaching process

The selected university students should be fully
engaged in the design of the hands-on activity
in order to ensure that the tasks would be
manageable for younger students without
academic background.
Students can be given the task to prepare the
Power Point presentation for the activity, as
well as any handouts and supporting materials.
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They should, however, do this on the basis of
clear instructions from the faculty member
who will lead the course.
Co-researchers contributing to subject-based
research

The selected university students can be asked
to design interesting tasks for implementation
in MatLab. They should be instructed to keep
the level of difficulty close to the knowledge of
high school students.

High School Teachers (supporting role is suitable for teachers in Computer Science or
Mathematics)
Consultants in planning and designing the
learning and teaching process

The accompanying teachers should have the
leading role in selecting the trainees from
among the students.
They should be approached in advance and
consulted about the relevance of the presented
examples and the suitable level of difficulty for
the theoretical presentation (in view of the
intended group of trainees). Special attention
should be paid to the selection of manageable
practical tasks and the avoidance of
mathematical tasks that go beyond the
compulsory curriculum.
Teachers should be consulted about the best
way to draw parallels and to link the content of
the course to the compulsory study programs
in Mathematics and Computer Science.

Pedagogical co-designers of learning, teaching
and assessment; facilitators in hands-on and
lab experiments

The accompanying teachers should work
together with high school students during the
practical activity in order to help them master
the use of MatLab, help with the Mathematical
expression or provide clarification to those
that have failed to understand the presented
material or apply it in practice.
Most teachers would be in position in which
they themselves will work with MatLab for the
first time. They should be given the chance to
learn themselves.
High School teachers should be the primary
source of feedback about the effectiveness of
the training. They will also be in the best
position to assess the performance of their
students.
Teachers should play a central role in
maintaining discipline during the activity.
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University-high school partnerships
This course in particular would be a suitable addition to the study programs in schools with a
profile in Computer Science, Mathematics, or the Natural Sciences. It can be the beginning of a
series of extra-curricular courses on Programming or more advanced Mathematics. If there is
such an interest, contact between the accompanying teachers and the university should be made
well in advance and the course should be planned as part of a larger set of topics. The course can
be combined with open lectures or lab sessions at the university. One particular high school
teacher or administrator and one particular university faculty member should be tasked with the
organization and should act as contact persons and “boundary spanners”. For further
collaboration to be planned, it is advisable that an educational manager from the school attend
(part of) the course in order to witness the effectiveness of the training. If this is not possible,
then a report of the achieved results and the satisfaction of students should be presented to the
school management, together with a proposal for further collaboration.
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