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INTRODUCTION

This Proceedings comprises papers from the International conference on
Information technology and development of education that is held at
TECHNICAL FACULTY "MIHAJLO PUPIN”, ZRENJANIN, on June 26" 2015.

The International conference on Information technology and development
of education has had a goal to contribute to the development of education in
Serbia and in the region, as well as, to gather experts in natural and technical
sciences’ teaching fields.

The expected scientific-skilled analysis of the accomplishment in the field of the
contemporary information and communication technologies, as well as analysis of
state, needs and tendencies in education all around the world and in our country
have been realized.

The authors and the participans of the Conference have dealt with the following
thematic areas:
Theoretical and methodological questions of contemporary pedagogy
Personalization and learning styles
Social networks and their influence on education
Children security and safety on the Internet
Curriculum of contemporary teaching
Methodical questions of natural and technical sciences subject teaching
Lifelong learning and teachers’ professional training
E-learning
Education management
Development and influence of IT on teaching

Information communication infrastructure in teaching proces

All submitted papers have been reviewed by at least two independent members of
the Science Committee.

The papers presented on the Conference and published in this Proceedings can be
useful for teacher while learning and teaching in the fields of informatics, technics

and other teaching subjects and activities. Contribution to science and teaching
development in this region and wider has been achieved in this way.

The Organizing Committee of the Conference

VI
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OBTAINING FUNCTIONS FROM FOURIER
SERIES WITH MATLAB

A. Stojanova, B. Zlatanovska, M. Kocaleva, V. Gicev

Faculty of computer science, “Goce Delcev” Univisrsbtip, Republic of Macedonia
vlado.gicev@ugd.edu.mk

Abstract - Fourier series represent a very importai tool In this paper we give a brief introduction to the
for solving problems in any field of science that ses  pqyrier series as a base of different scientific
sinusoidal signals, such as engineering, physicsppdied field t f plotti th . .
mathematics, and  chemistry.  Therefore,  good ielas, we Presen a way of piotting e_ seres in
understanding of Fourier series is crucial for theprocess Matlab which can be helpful for their better
of learning the basics of these scientific fieldS'he theory  understanding and studying. From mathematical
of these series is complicated but their applicatio is point of view this presentation of trigonometric

simple. Matlab as program package is suitable forasily series with Matlab can be helpful for easily
plotting trigonometric series and the most convenig way

for understanding their characteristics. In this paper, we obtglnlng 'functlons from given trigonometric
present a program written in Matlab that plot partial ~ Series, which can be more difficult problem than

sums of three trigonometric series, as a way of fiing  the reversed one i.e. obtaining Fourier series from
periodic functions that series represent. We alsoige a a given function

mathematical proof for obtaining one of periodic functions
that corresponds with our graphical representation. Il. FUNDAMENTALS OF FOURIER SERIES

|. INTRODUCTION In mathematics, a Fourier series decomposes
Mathematics is everywhere in everyany periodic functlon. or perlod!c s_lgnal into the
sum of a set of simple oscillating functions,

phenomenon, technology, observation; IV Si d . In oth ds. Fouri
experiment. All its need to be done is to ' AME SINSS and cosines. n Other words, Fourer

understand the logic hidden behind. Mathematic eries can be used to EXpress a function in tefms o
calculations give way to analyze results of ever e frequencies (harmonics) it is composed of [3].

experiment, and can help to make precise In engineering and technical sciences, many
conclusions [1]. practical problems gave periodic functions which
Fourier analysis is a way of mathematics2"® usually complex. We know that the function

analysis that has many applications in different® pe_riodic if_ it is de_fi_ned for each real number X
scierxlltific fields  like y pr?;/)sics, engineering, and if there is a positive number T, called a pkrio
microwave circuit analysis, control theory, optical®f f () i-e. T(x+T) = (x),[Ix and the smallest

measurements and also in chemistry [2] [8]. period T>0 named fundamental period of the
. L {unction, according to [4] [5].
The study of Fourier series is a branch o

Fourier analysis. Fourier series were introduced by For simplicity and easier operation by periodic
Joseph Fourier (1768-1830) for solving the hedtinctions, we presented them with elementary
equation in a metal plate. The Fourier series an@eriodic functions such as sine and cosine function
methods of numerically approximating it havethat have a fundamental periodr.2 This

been active areas of research since then [2] [3] [4Presentation  of  periodic  functions  like
trigonometric series leads to Fourier series. feouri

ries are very important practical tool because
hey allow the solution of ordinary (ODEs) and
partial differential equations and they are more

many different types of waves: x-ray, heat, lighty, 5 qtica| than development of functions in Taylor
and sound. Fourier series are used in many Casﬁ\ﬁaclaurin) series.

to analyze and interpret a function, which would

otherwise be hard to decode and understand. TheseThe particular conditions that a functigr(x)
series has many applications in electricamust fulfill in orderthat it may be expanded as a
engineering, vibration analysis, acoustics, opticd;ourier series are known as the Dirichlet
signal processing, image processing, quantuonditions, and can be summarized by the
mechanics, and econometrics [3] [8]. following points:

Fourier series are used to approximate compl
functions in many different parts of science an
math. They are helpful in their ability to imitate

134
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¢ The function must be periodic; partial sums:

. . 1 1 1 1
e It must be single-valued and contmuous,fﬂz—4(cosx—fc052x+§cos3x——6cos4x+—...)_(4)
except possibly at a finite number of finite 4 1

discontinuities; ﬂ(sinx+%sin2x+%sin5x+%sin7x+ ........ ) 6)
T
e It must have only a finite number of 1 1 1
maxima and minima within one periodic; 2(Sinx—§sin2x+§sin3x—Zsin4x+— ......... ) 6)

By their graphical presentation, we will try todin
periodic function that these series representst,Fir
we will present all three sums together in the same
Therefore, Fourier series of function= f(X)  graphic for different n, and then we will plot

is defined as follows: Ify = f(X) is periodic and separa_tely in different graphs in order to obtain a
integrable function of the interv[al n,n], could ~Clearview.
be expressed as the sum of a trigonometrical series For plotting all three partial sums given in (4),

e The integral over one periodloff ()] must
converge.

of the above form (5) and (6) we are using this simple code written i
Matlab.
1 T
=— | f(X)dx 0),
%o 27T_'[T ( ) ( ) x=linspace(-pi,pi,1000);

partial_sum1=0;
n

1 partial_sum2=0;
dn = 7_7- J- f (X) cosnxdx (1)’ partial_sum3=1/3*pi."2;
-
1 /4 grid onhold on;
b, = — _[ f (x)sinnxdx (2 axis([-pi pi -4 10])
-

for each positive integer n. for n=1:1:100

A trigonometric series of the form
partial_suml=partial_sum1+(4/((2*n-
D*pi))*sin((2*n-1)*x);

+00

+ + i partial_sum2=partial_sum2-2/n*(-

a8, + Y _(a,cosnx+h sinny)  (3) it
partial_sum3=partial_sum3+(4/n."2*cos(n*x)*(-
1).7n);

n=1

with coefficientsz,, a, and b, given by the

integrals (0), (1) and (2) is referred to the Feuri
series of the functiofi(x) [4] [5].

handlel=plot(x,partial_sum1,x,partial_sumz2,x,p
artial_sum3);

That is the way for obtaining Fourier's series title([ ‘Partial Sum: n =
from periodic functionsf (x) of period2z. The ' num2str(n)])
reverse way is more complicated and that is the  pause
reason why we used Matlab for plotting set(handle1, Visible'  ,off  );
trigonometric series of n terms to obtain periodic
functions they derived from. For good
understanding of Fourier series is essential to
know both ways. According to given code we first plot partial
sums in period from=-to «r, and terms n are from
. GRAPHICAL REPRESENTATION OFFOURIER 1 to 100. We present partial sums for different
SERIES WITHMATLAB terms. Partial sums for terms of 1, 2, 5, 21 arfdl 10
We are using three partial sums, as example tare given in Figure 1, a), b), ), d), e).
show how a periodic function can be obtained
from partial sum when n is big enough to
recognize a function. To demonstrate plotting of
Fourier series with Matlab we will use these three

end
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Partial Sum: n=1 Partial Sum: n =100

a)n=1 e) n=100

Figure 1. Graphical presentation of trigonometedes given in (4)

(5) (6) ((4) red, (5) blue and (6) green curve)rfe= 1, 2, 5, 21 and
P e 100, and period fromzto .

From the Figure 1 is clearly seen that the larger
. the number of terms that are included in this
. sy series, the better the approximation to the periodi
L\ function is.

R~ - Therefore, when n are large enough we can

S guess the periodic functions that these
trigonometric series present. According to Figure 1
partial sum (4) corresponds to periodic

function f (xX) = x*,xO[-7;, 7], partial sum (5)

Partial Sum: n=5

g corresponds to periodic

and partial

< 1 xO[o,
functionf (X) = {_1 XD[[—lTnO]] ,

e - sum (6) corresponds to

AN functionf (x) = x xUO[-n, ] .

= \ The 100-term plot gives a very good
sy approximation to the functions, although it appears

to overshoot the value at the discontinuity (and it

’ ‘ also has some wiggles in it). This overshoot is an
¢) n=5 inevitable effect at a discontinuity, known as the
" Gibbs phenomenon [6]. Gibbs phenomenon can be

seen in graphical presentation of partial sums (4)

and (5) for large terms (in our case, n=21 and

n=100).

In order to obtain more clear view of
| trigonometric nature of partial sums and periodic

nature of functions, we are presenting

¥

!

\
N\
|

|

|

;;/, : trigonometric series in 2T period, or x axis are
B from -2t to 2. For this purpose, we change only

a small piece from the code given above.

x=linspace(-pi,pi,1000);
axis([-pi pi -4 10])

is changed to:
x=linspace(-2*pi,2*pi,1000);
axis([-2*pi 2*pi -4 10])
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Partial sums according to this change are This can be done with a minor change in code

shown in Figure 2. by adding different color in each term.
Fa s 1! colors= 'rgbmy' ;
and instead of
TN ’/'/ N pause set(handlel, Visible' ,'off s,
\ is added:
/’/ \\\ / \ pause set (handlel, ‘Color* ,colors(n));,
Zammi N wherehandlelis used for plotting partial sum and
= N ST = is different for different trigonometric series (4)
A T (5) and (6) .
, e , : All first five partial sums of trigonometric
a) n=1 series (4) (5) (6) are printed in Figure 3 a),d)),
accordingly.
7 \ // \ °ks -
/ \ / \ E,,,,‘ i
j i i IERN / i
/// \ . / / \\\\ \ 4
VaRVaN \ VaVaN \ \ /
iy \\ L //1’”&/ \ \\\‘ )
e \ N \\\ ey
A=/ \\ﬂfwi
\ / \ 1
4 i a —ﬂ‘/
b) n=5 : :
a)
/"\ //\ Partial Sum: n=5
/A /N
// \ // \\ 1

7 A\ 7 : . / S ]
\ / =
// \\ / ‘\ // \X\ \\
/ N / \\

Sl - < ‘\\_/

¢) n=40
Figure 2. Graphical presentation of the partial s (5) (6) ( (4)-

Partial Sum: n=5

red, (5)-blue and (6)-green curve) for 1,2 andetths and x-axes
from -2z to 2r.
\
In Figure 1 and Figure 2 all previous conditions — \\

of curves are deleted.

In order to obtain a precise view of partial surr
and the way of curve’s changing and at the sarr M
time keep previous conditions of partial sum we \ ~
plot each of three partial sums in separate graphi’ \

All previous conditions of curve are shown in.
different color. - . " w

. . c
Following each curve represented by different )
igure 3. Graphical presentation of first 5 termtiphsum a) of (4)

CQlOI’ can t_)e observed the appearance of partléﬁof (5) c) of (6) red color for n=1, green forZ)blue for n=3, violet
trigonometric sum for each n. for n=4, and yellow for n=5.
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Figure 3 is useful in process of understandindunctions we obtained to find Fourier series they
of trigonometric partial sum and Fourier series.  represent.

V. MATHEMATICAL PROOE First example is to find the Fourier series of the

—_ 2
Using graphical representations for the giverfunction f(X) X XD[_””] Because this
Fourier series we managed to obtain periodig,ction is even function, the coefficiets, has
functions, but their correctness will be confirmed | Thus th i ts of the F
with mathematical proof. For (6) we are going to?€'0 Value. Thus the coefficients of the Fourier

obtain periodic function starting from given SEMes are
trigonometric series. b, =0,
Partial sum (6) can be shown as: L1 2
17 2 7 1
1 Sinnx _ sinnx = [f(x)dx==[x?dx==0~ =7,
f(9= 22( P2 22( D’ % = | 1=, [ ax= 5 =55

m

2
Our aim is to show that(X)=Xx on the a, —;If(x)cosnxdx——fx cosnxdx =

interval [—n n] is the function that is obtained 0
4
by the given Fourier series. = cosnr
According to De Moivre’s formula, formula n
that is important becaus_e it connects complex FEor n =2k is
numbers and trigonomet/™ = cosnz+isinnz _ 4 4
and according to equation obtainedd, = 7—;COS2kr=——> and for
(2k) 4k
n=2k-1 is obtained

log (L+ z):—i%z” for zOC 4 4
8 =——cod2k-Yr=-—-.
Q1 (2k _ 1)2 COS( )ﬂ (2k _ 1)2

we obtain:
o Hence the Fourier series for the function
~log(L+€") = Z( D" f(x)=x2,xD[—n,n] is
CoSsnx sinnx.
—1)" +5 (=" - (- 1) cosnx
nzzlu - ;”T f(x)= +42

= Re(tlog(d +e™) +iIm(-log(+e") That is equivalent to partial sum (4).

We start with the Fourier series to obtain the The other example is to find the Fourier series

function
_|=L-m=<x<0
f S|nnx f()— 1 0<x<7
(x) ‘_ZZ( D" of the function = . In this
_ example, we have to find all the coefficients
2Arg(1+€") = zarctgﬂ = i.e.a,,a,andb, where n=1,23...
1+ cosx
X X X The coefficients of the Fourier series are
Zsingco&2 sinE L
2arctg—xzzaf0t9—xz a, =— [ f(x)dx=0,
2co¢ 5 COS— 2=,
Z%XZ X a == J‘f(x)cosnxdx——[J‘ cosnxdx+
v/ -
Obtaining functions from series (4) and (5) is m
more complex; therefore, we will use a reverse +ICOSHXdX] =
process as a proof. We will start from periodic 0
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17 _ 1.7 & , sinnx
b, == [ f(x)sinnxdx==[ [ - sinnxdx+ f(x)=2> ()" =—.
/e T =) n
T 2 This partial sum is equivalent to partial sum
+ Ism nxdx] =— (1—cosnn). (6).
i nit
These three proves confirms graphically
Forn=2kK is obtained functions.
. 2
obtained,, = —— (@—cos2km) =0. V.  CONCLUSION
(2k)rr , . N ,
Fourier series are infinite series that represent
and forn = 2k -1 is obtained periodic functions in terms of cosines and sines.
2 4 Because these series can be used in solving

(I =—[1—C05(2k—1)77] = different problem in many scientific fields, very
(2k_1)77 (Zk_l)” important is process of their understanding. We

Hence the Fourier series for the function gave a brief introduction to Fourier series aneldri
to facilitate their understanding with graphical

f(x) :{ L-m<x<0 is presentation using Matlab. In addition, with these
1 O<x<rm graphical representations we tried to facilitate th
. way of obtaining periodic functions knowing the
f(x):ﬂi” sin@n—-1)x Fourier ~series. This process, using only
75 2n-1 mathematical equations can be complex and
difficult to accomplish. Therefore, we tried to
That is equivalent to partial sum (5). easier this process by obtaining functions using

In addition, the last and already provenMatlab and plotting partial sums. From graphical

example with reverse process is to find the FouridPresentation of trigonometric series, we noticed

. f the funct rﬁ(x): XD[—]TH] that with the large number of terms included in
seres o _ € gnc !0 % . A this series, approximation to the periodic function
Because this function is odd fUnCt|On, the Zerq:ould be very close. We also gave and

coefficients in this case are mathematical proof that obtained functions from
a, =0anda, =0,In. We only need to find &,  our graphical representation of Fourier series is
coefficient correct periodic functions.
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