PROCEEDINGS

of the Union of Scientists - Ruse

Book 5
Mathematics, Informatics and
Physics

Volume 12, 2015

3
7

N &
P\

e

(

|7

;

RUSE



PROCEEDINGS

OF THE UNION OF SCIENTISTS - RUSE

EDITORIAL BOARD

Editor in Chief
Prof. Zlatojivka Zdravkova, PhD

Managing Editor
Assoc. Prof. Tsetska Rashkova, PhD

Members

Assoc. Prof. Petar Rashkov, PhD
Prof. Margarita Teodosieva, PhD
Assoc. Prof. Nadezhda Nancheva, PhD

Print Design
Assist. Prof. Victoria Rashkova, PhD

Union of Scientists - Ruse

16, Konstantin Irechek Street
7000 Ruse
BULGARIA
Phone: (++359 82) 828 135,
(++359 82) 841 634
E-mail: suruse@uni-ruse.bg
web: suruse.uni-ruse.bg

Contacts with Editor

Phone: (++359 82) 888 738
E-mail: zzdravkova@uni-ruse.bg

PROCEEDINGS

of the Union of Scientists — Ruse
ISSN 1314-3077


mailto:zzdravkova@uni-ruse.bg

ISSN 1314-3077

Proceedings

of the Union of Scientists — Ruse

Contains five books:

. Technical Sciences

Medicine and Ecology

1
2
3. Agrarian and Veterinary Medical Sciences
4. Social Sciences

5

Mathematics, Informatics and Physics

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE vOL. 12 / 2015|
3




MATHEMATICS, INFORMATICS AND PHYSICS

BOARD OF DIRECTORS OF THE US - RUSE
1. Prof. Hristo Beloev, DSc — Chairman
2. Assoc. Prof. Vladimir Hvarchilkov — Vice-Chairman
3. Assoc. Prof. Teodor lliev — Secretary in Chief

SCIENTIFIC SECTIONS WITH US - RUSE

1. Assoc. Prof. Aleksandar Ivanov — Chairman of “Machine-building Sciences and
Technologies" scientific section

2. Prof. Ognjan Alipiev — Chairman of "Agricultural Machinery and Technologies" scientific
section

3. Assoc. Prof. Ilvan Evtimov— Chairman of "Transport" scientific section

4. Assoc. Prof. Teodor lliev — Chairman of "Electrical Engineering, Electronics and
Automation” scientific section

5. Assist. Prof. Diana Marinova — Chairman of "Agrarian Sciences" scientific section
6. Svilen Dosev, MD — Chairman of "Medicine and Dentistry" scientific section

7. Assoc. Prof. Vladimir Hvarchilkov — Chairman of "Veterinary Medical Sciences"
scientific section

8. Assist. Prof. Anton Nedjalkov — Chairman of "Economics and Law" scientific section

9. Assoc. Prof. Tsetska Rashkova — Chairman of "Mathematics, Informatics and Physics"
scientific section

10.Assoc. Prof. Ljubomir Zlatev — Chairman of "History" scientific section
11.Assoc. Prof. Rusi Rusev — Chairman of "Philology" scientific section
12.Prof. Penka Angelova, DSc— Chairman of "European Studies" scientific section

13.Prof. Antoaneta Momchilova - Chairman of "Physical Education, Sport and
Kinesiterapy" section

CONTROL PANEL OF US - RUSE
1. Assoc. Prof. Jordanka Velcheva
2. Assoc. Prof. Nikolai Kotsev
3. Assist. Prof. Ilvanka Dimitrova

EDITOR IN CHIEF OF PROCEEDINGS OF US - RUSE

Prof. Zlatojivka Zdravkova

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 12/ 2015|




MATHEMATICS, INFORMATICS AND PHYSICS

The Ruse Branch of the
Union of  Scientists in
Bulgaria was founded in 1956.
Its first Chairman was Prof.
Stoyan Petrov. He was followed
by Prof. Trifon Georgiev, Prof.
Kolyo Vasilev, Prof. Georgi
Popov, Prof. Mityo Kanev,
Assoc. Prof. Boris Borisov, Prof.
Emil Marinov, Prof. Hristo
Beloev. The individual members
number nearly 300 recognized
scientists from Ruse, organized
in 13 scientific sections. There
are several collective members
too - organizations and
companies from Ruse, known
for their success in the field of
science and higher education,
or their applied research
activities. The activities of the
Union of Scientists — Ruse are

numerous;: scientific,
educational and other
humanitarian events directly

related to hot issues in the
development of Ruse region,
including its infrastructure,
environment, history and future
development; commitment to
the development of the scientific
organizations in Ruse, the
professional development and
growth of the scientists and the
protection of their individual
rights.

The Union of Scientists —
Ruse (US — Ruse) organizes

publishing of scientific and
popular informative literature,
and since 1998 - the

“Proceedings of the Union of
Scientists- Ruse".
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RESULTS FROM COMPUTER MATHEMATICS EDUCATION FOR
MOTIVATED STUDENTS AT RUSE UNIVERSITY?

Stefka Karakoleva, lvan Georgiev, Slavi Georgiev, Pavel Zlatarov

Angel Kanchev University of Ruse

Abstract: The article presents the education in Computer Mathematics for motivated students at the
University of Ruse and the participation of MATLAB-team from University of Ruse in the Third National
Olympiad in Computer Mathematics. The educational program for motivated students is discussed. Some
mathematical problems and their solutions in MATLAB and MuPAD are also presented.

Keywords: Computer Mathematics, CAS, MATLAB, MuPAD, education, learning.

INTRODUCTION

The Computer Algebra Systems (CAS), such as MATLAB, Mathematica, Maple,
MuPAD, provide computational and visual power to solve many problems faster and more
effectively than classical educational paper-and-pencil methods do. A professional support
of such software and its ability to solve effectively most of the tasks of mathematics, allows
us to teach motivated students in mathematics by using Matlab and MuPAD in Ruse
University.

COMPUTER MATHEMATICS FOR MOTIVATED STUDENTS

The goals and requirements of mathematics education for motivated students are
based on their knowledge of the foundations of mathematics and computer software
systems [2]. The optional course [4] ,Academic Research in Computer Mathematics” aims
at familiarizing students with the application of a contemporary system for mathematical
computations and visualization and developing skills to solve independently various
mathematical problems with applications in engineering. Emphasis is placed on the
practical use of mathematics in all fields of science, natural law and finance.

The usage of the system for mathematical computations MATLAB [8] and its
symbolic package MuPAD [7] provides the speed, visibility and practical orientation of the
course.

The course includes study and practical use of commands and functions of the
MATLAB system for solving problems in Linear algebra, Geometry, Complex numbers,
Functions, Differential and integral calculus, Differential equations, Fourier series and
others.

The theoretical part of the material is being studied independently by recommended
textbooks [3,7,8]. The knowledge is applied during practical exercises in a computer lab
with Internet and installed MATLAB. Each student has an individual assignment for
research and working on a non-trivial mathematical problem with practical application,
which should be solved by MATLAB. The assignment then is presented on paper and on
electronic format and submitted to the colloquium on the subject.

Depending on the completeness, quality and scientific level of the results obtained,
the report is presented as a report at a student scientific session or as a scientific
publication. Students with excellent results participate in the University of Ruse team in the

*This paper contains results of the work on project No 2015-FPHHC-03, financed by “Scientific Research”
Fund of Ruse University.
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National Student Olympiad in "Computer Mathematics".

After completing the course the students are expected to have competence in the
field of applying MATLAB computer system in different branches of mathematics and to
have acquired skills for successful applications both in engineering theory and practice.

NATIONAL STUDENT OLYMPIAD OF COMPUTER MATHEMATICS

The National Student Olympiad in Computer Mathematics [1,5,6] (CompMath) is a
mathematical contest for university students enrolled on Bachelor or Master degree cours-
es, which is organized once per year. CompMath aims at raising the students’ interest in
Mathematics and Computer Mathematics systems, as well as creating conditions for shar-
ing experience among students and their tutors. The participation in the Olympiad is indi-
vidual. The contestants are divided into two groups according to their subject area:

e Group A — Mathematics, Informatics and Computer Science,

e Group B — Engineering and Natural Sciences.

The objective of the contest is to solve 30 mathematical problems with the help of
computer mathematical systems. The duration time is four full hours. Ranking is done
separately for each group in a descending order of the points obtained.

The National Committee awards golden, silver and bronze medals in an approximate
ratio of 1:2:3 to up to 50% of the contestants who have achieved the highest score within
their respective group. The National Committee issues certificates of participation in
CompMath to all contestants and their team leaders.

INVOLVEMENT OF MOTIVATED STUDENTS FROM UNIVERSITY OF RUSE IN THE
THIRD NATIONAL STUDENT OLYMPIAD OF COMPUTER MATHEMATICS
Nine students from the University of Ruse - two in Group A and seven in Group B,
participated in the Third National Olympiad in Computer Mathematics at Hisar, Bulgaria.
Seventy nine students from 9 Bulgarian Universities participated in the Olympiad. The
students from the University of Ruse made worthy performances, demonstrated creative
thinking and showed new ideas. The second year student in Financial Mathematics Slavi
Georgiev received a Golden medal in Group A and the third year student in Computer Sys-
tems and Technology Pavel Zlatarov won a Bronze medal in Group B.
The preparation of all students from the University of Ruse was serious and thorough,

and was held by the team leaders Stefka Karakoleva and Ivan Georgiev from the
Department of "Applied Mathematics and Statistics". The team received moral and
financial support from the Rector and Vice Rectors of the University of Ruse and partial
financial assistance from the Union of Bulgarian Mathematicians — branch Ruse.

SELECTED PROBLEMS AND THEIR SOLUTIONS

The following examples are given to illustrate the advantages in applying Computer Al-
gebra Systems (CAS) for solving mathematical problems. These problems are part of the
problems solved by Slavi Georgiev (Problems 1-6) and Pavel Zlatarov (Problems 4,7 and
8) during the Third National Olympiad in Hisar, Bulgaria.

Problem 1. (CompMath14/A-5) [6] Simplify the expression
1

-1 1 1 |E ||_b
2({a+ b)) Hab)z| 14+-| |—— |-
4\Nb _Ja,
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if @ and b are real numbers.

Solution. The ordinary simplification does not give a result. Let's examine the do-
main of the expression. The parameters a and & are non-zero real numbers and they have
the same sign. If we use the IgnoreAnalyticConstraints option, we notice that in
deradicalization the case with negative sign is omitted. So let us get the partially simplified
expression before that step. Ifor simplicity now we will simplify the subexpression

k3|

212 [ b
bl Y e
4\Nb 4&

in MuPAD notebook (Fig.1) using command
simplify (2* (1+ ((sgrt(a/b)-sqgrt(b/a))"2) /4)"(1/2))

[l ArUNI¥31* - MuPAD - o] x|
File Edit “iew Mawigation Insert Formakt Motebook  Window  Help

u_ 1 L] E H ,El‘j | C% ;I_i | el IGeneric Sans Serif LI »»

l

3agada 5. =

simplify{simplify(Z2* (1+{{sgqrti{a/b)-sqrt{b/a) )20 43~ {1/ 200

(- —

| MemieME TOs [ Text [Z2| W5
Fig.1. Solution of the Problem 1, CompMath14, Group A

ird

(. Y . b
It is obvious that the result equals |(‘~4||5 + |'—) = i( |'; + 1}'
N

\e ) When we multiply it

with the omitted subexpression (a + bj‘l(abji, we get 1 as aresult.
Let us investigate the last identity. Due to the fact that the radical is always positive,
we use the negative sign when a and b are negative, and respectively — we get the posi-

tive sign (or no sign) when a and & are positive. So the final answer of the task is:
{1, ifa>=>0andb =0,

—1, ifa=<0andb=<0.

Problem 2. (CompMath14/A-18) [6] Calculate
lim (" (n + 1)1 - Vn)

Solution. We can just solve the limit in MuPAD (Fig.2):
limit(((n + 1) )1 / (n + 1)) - (n!)"(1L / n), n = infinity)
When we simplify the result, we obtain: e+
The solution is very similar, when we use MATLAB functionality. We just declare n as
symbolic variable and write in the MuPAD Notebook:
>> simplify(limit(factorial(n + 1)~(1/(n + 1))-factorial(n)~(1/n),n,inf))
ans = exp(-1)
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B AruNI¥31* - MuPAD =0 x|
File Edit “iew Mavigation Insert Format Motebook Window  Help

Ul L] =N H _El‘j | C:% ;Li ‘ » IGeneric Sars Serif | =
3afgaqa 18.

[delete n;

| limit{{in + 13131 / (n+ 1)) - (nl)™(1 / n), n= infinity)

! (]nl:ém:]l N 1) _Inrz 1;]! g1

simplify (%)

E!_l

3apaqa 19|

MHrErpaﬂbT HE MOXE A4 Ce PEWM aHaNnMTIKMHHO, 33TOBA 0 PEWABAME HMCINEHD:
delete x;
numeric: :int(ln{=x) / sgrt(2014 * =x - =*2), = = 0..2Z014)
18 54568169

|;I
al | .

Fig.2. Solutions of the Problems 2 and 3, CompMath14, Group A

Problem 3. (CompMath14/A-19) [6] Calculate the integral

014

J Inxdx
] v 2014y — x2

Solution. As we could see, the given integral is unsolvable in quadratures. So we
will find its approximate value numerically:

>> quad(@(x) log(x) ./ sqgrt(2014 .* x - x.72), 0, 2014)

ans = 19.5456837503445

NB. In the future versions of MATLAB, the function «quad» and its family will be re-
placed by «integral» function.

If we use MUPAD, the solution (Fig. 2) would look like:

numeric::int (ln(x) / sqgrt (2014 * x - x*2), x = 0..2014)

1954568165

Problem 4. (CompMath14/A-28,B-26) [6] Find the 2014™ digit of the number
20 142|}14l

Solution 1in MATLAB (S.Georgiev)

The easiest way (in MATLAB) to solve the problem is to stringify the number, be-
cause it is very convenient to check the digit at the given position:

>> symNumber = sym('201472014');

>> strNumber = char(symNumber);

>> strNumber(2014)

ans = 2

Solution 2 in MuPAD (P.Zlatarov)
An easy way of solving this problem would be converting the number to a string and
simply getting the character at the 2015-th position.
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M i 26+ - MuPAD - 0] x|

; File Edit Yiew Mavigation Insert Formab Motebook Window  Help

I E E\ E H -Elj | C’% £ |Generic Sans Serif - |

| 3anava 26 =
num:=2014"2014:
str:=stringlib::formatf (num, 0, 20207 :
str[2015] :

IIEII

[delete num, str; I

| -
| Mot Connected | Text |?| s
Fig.3. Solution of the Problem B-26, Group B in MUPAD

First, the value of 2014%°'* must be calculated:

num:=2014"2014:

We don't need to see the output of this calculation.

Next, the result is converted to a string using the formatf function from MuPAD's
stringlib library:

str:=stringlib::formatf (num,0,2020) :

This output does not need to be seen either.

The number is converted to a 2020-character string because we need the digit at the
2015-th position (the first character is usually a space).

Next, the 2015-th character is displayed:

str[20157;

Thus we get the solution of the problem (Fig.3).

All that's left is to free up the memory that our number and string are taking up:

delete num, str;

Problem 5. (CompMath14/A-21) [6] Solve the equation
1 2x T

arctgx — —ar — = —
ctg 2 cEl—x‘ 2
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’_[l LI =H H .El‘j | Cﬁ l[:ll | |1[ 1L » IGeneric Sans Serf ﬂ»
3anaqa 13. 4|
f := arctan(x) - arctan(2 * = / (1 - =x™21) / 2 - PI / Z:

zolvel(f, x)

T

(MEBWIHO ONWTHT 33 AMPEKTHO DEWAEAHE HE HW BOAKW A0 pesynTat LLe HavepTaem rpadivkaTa Ha ©
[plotif, x = -10..10)

kA
A0 8 5 -4 ; o = 4 g g 10
—————+———+— R S S ——"T

T bk

a3+

PyHEUMATA T HE B ARdIMHMPEHa B ¥ = -1 Mx = 1. Cblo Taka sabenAzeame, He;
-3ax<-11f(x)=-F

-3a-lex<1f{x)=-PIf2

-Jax=11fx)=0

ICnegosaTenHo pewenueTo Ha sagavatae X > 1.

MpaBKM NPOBERKS C NPOMIECONHA CTOAHOCT B MHTERBANS;

[ simplify(f | x = 2)

0 .
1| | LIJ

Fig.4. Solution of the Problem 5, CompMath14, Group A

Solution. We see that the ordinary solutions cannot figure out the problem (Fig. 4).
So let us investigate the expression. We can tangent the both sides of the equation. With
some equivalent transformations the expression is simplified, using the identities about
tg(a — ) and tg 2a. Next, the tg and arctg functions annihilate each other with caution to
the domain. Due to the fact that an identity for all x in the domain is obtained in the end,
the whole domain (x = 1} is the solution of the task.

Problem 6. (CompMath14/A-21) [6] Let the triangle AEC be a right isosceles triangle
with hypotenuse AE equal to 4. The point D lies on a circle with centre C and radius 1.
Find the smallest possible perimeter of the triangle AED.

Solution. 4BC is an isosceles triangle so its sides AB and BC are equal to 2v/2. If the
height from C to AE is CH, so its length equals 2. The condition for smallest perimeter of
ABD is satisfied only when D lies where the circle and CH cross. So DH is equal to 1. AD
and BD are considered as hypotenuses of AHD and BHD respectively, and they equal +/5.
Finally, the perimeter is P ABD = AB + AD + BD = 2+/5 + 4, (Fig. 5).
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[fi ARUNIV31* - MUPAD =1o] x|
File Edit View Mavigation Insert Format Motebook Window Help

’_[ l L] v H -Elj | Gﬁ ;Li | ‘ | 5 1L » IGEneric Sans Serif x|=»
Japaqa 21. [

TpHEreNHKESLT ABC £ NpaB0LrbNed paBHOCTPAHEH W XMNOTEHYIaTa My 2 4 == kateTuTe AB = BC =k

= 27.

AB = 4
k = sqrt(aE*z 7 Z)
3.7

Heka NeTaTa Ha BUCOMMHATAa 0T T S KEMAB e TH=>CH=h=AB/2= 2.

'h := a8 / Z
2

To4ka O nesi Ha oKpB#HOCT © pagkyc 1 WM ueHTsp .

Haid-mankuat nepuMeTsp Ha TR ABD ce nocTura npW Hal-mansk chop Ha AD + BD.

Toga yCcnoBMe e M3NENHEHD 33 T. U, Nexalla Ha NpeCceYHaTa TOMKA Ha OKPBHHOCTTA C BMCOYMHATS
CH.

ODH=CH-CDh=2-1=1.

AD 1 BD ce ABABAT *MNOTEHY3IM B TPMEMEAHKUMTE AHD 1 BHD chOTEETHO, M CE HAMKMPAT No
CNEAHWA HAYWH:

AD = sqrt{(aB / Z)™E + DHZ); J
ED := =grti{{aE / Z)7Z + DH"Z);

WE

e

CnefoeaTenHo MAHMMANHKWAT NEPUMETER Ha TOMBIENHKKE ABD e
AE + AD + EBD

2.5 +4 -
4| | _I'

Fig.5. Solution of the Problem 6, CompMath14, Group A

Problem 7. (CompMath14/B-21) [6] Find all four-digit numbers, that are equal to the
sum of the forth degrees of their digits.

Solution. One of the easiest ways to find the solution is to write a MATLAB function.

The code, followed by an explanation, is listed on Figure 6.

Four-digit numbers are in the 1000-9999 range, so this exact range will be processed
using a for-cycle with a step equal to 1. The first digit is separated, using a modulo division
by 10:

dl = mod(i,10); %4

The second digit is separated in a similar way:

d2 = mod((i-d1)/10,10); %3

Here, the number currently processed is divided by 10, and d1 is subtracted from it,
as the first digit has already been removed.
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. Editor - F:ynun.m

S T« s =k

I:Il:ll:I Tj @ E? e Fles . L> lﬁj) L@ [é| Run Section

|d=) Compare =

Mesy  Open  Sawve EDIT | MAVIGATE Ereakpoints Run  Runand Runand I%Advance
- - > (= Print * - - - - Time  Advance
FILE BREAKROINTS RUM
U, m ><|| MU I ><|
1 function numi) E
2 |= for 1=1000:1:9999
3 FOpMMepHo uMono: 1234
a - dl = mod (i, 107; 3
3= d2 = mod{{i-d1)/10,10); %3
65— d3 = mod ({1- (d14+d2*+10) /100,100 ; %2
7= d4 = mod((i- (d14+d2*104+43*1007)/1000,10);: %1
g — it 1==(d1*4+d2"4+d3"4+d4" 4}
9 — display (i);
i0 — end
11 — end
1z — end

| [Ln 4 Col 27

Fig.6. The code of the function for the Problem 6, CompMath14, Group B

Next is the third digit:

d3 = mod((i-(d1+d2*10))/100,10); %2

The number is divided by 100, and d2*10+d1 are subtracted, since the first and
second digit have been removed previously.

Finally, the fourth digit:

d4 = mod((i-(d1+d2*10+d3*100))/1000,10); %1

The expression follows the same logic as the previous ones.

Now that all four digits of the currently processed number are separated, all that’s left
is to compare it to the sum of its digits’ fourth power and display it if so:

if i==(d1"4+d274+d374+d4"4)

display (i)

Running the function in MATLAB with

>> num()
we see that 1634, 8208 and 9474 form the solution of this problem.

Problem 8. (CompMath14/B-12) [6] Compare the value of the expression
1 1

1
a’rctgi—l- arctg E+ arctg P

with the number =/4.

Solution. To do so, a new variable should be allocated in a MuPAD Notebook first.
Deleting its contents is optional, but recommended, to ensure no other values interfere
with the calculation of this problem.

delete f£f;

Then, the value of the given expression is calculated, using MuPAD's built-in

trigonometric functions:
f:=arctan(l/2)+arctan(l/5)+arctan(1l/8)
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As the result is not particularly clear in this format, it's a good idea to convert it to a
floating-point number:
float (f)

It's also a good idea to convert /4 to a floating-point number:

float(P1/4)

At first glance, we see that the numbers are equal. To prove this, we can use
MuPAD's testeq function:

testeqg(f,PI/4)

Hence, the expression is equal to /4.

B 12* - MuPaD o [=] 9
File Edit Wiew Mawvigation Insert Format Motebook ‘Window Help

Ul L] E H -Elj ‘ Cﬁ | e IGeneric Sans Serif hl 53
Zgna4a 12,

[ delete

f.=arctan{ 1/2+arctani 1/5+arctani 1/8);

arctan{ 1Y + arctan{ 1Y +arctan{ L
() +ercan(z) +ercten(5)

[ float(f)

| 0.78535881634

float(Pli)
0.7853081634

testeq(f Pl)
TRUE

[
| Mot Connected | Cukp Izl NS 4
Fig.7. Solution of the Problem 7, CompMath14, Group B

CONCLUSION

The practical experience in training motivated students in Computer Mathematics
with MATLAB and MUPAD and the results achieved in the Third National Computer Olym-
piad in Mathematics are a clear indication that the use of computer algebra systems in ed-
ucation is necessary as the only way out of the crisis in education and presents a real al-
ternative to the traditional system of education.

The approach proposed by the authors provokes creative thinking and experimental
spirit in the process of solving mathematical problems and supports the development of
algorithmic and analytical way of thinking by the students that is needed for modeling and
solving of practical problems.
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PE3YNTATU OT OBYYEHUETO NO KOMMNIOTBbPHA MATEMATUKA 3A
MOTUBUPAHU CTYOEHTU B PYCEHCKUA YHUBEPCUTET

Credoka KapakoneBa, NBaH Neoprues, Cnasu Neoprues, Nasen 3natapos

PyceHcku yHusepcumem “AHzen KbH4yeg”

Pesrome: Cmamusima npedcmass obydeHUemMoO 0 KOMMIOMbPHa Mamemamuka 3a MomusupaHu
cmydeHmu 8 PyceHckusi yHugsepcumem u yyacmuemo Ha ombopa rno MATLAB om PyceHckusi yHusepcu-
mem 8 Tpemama HayuoHasHa cmydeHmcka onumrnuada o KoMmrnombpHa mMamemamuka. PasenedaHa e
y4yebHama npoepama 3a momusupaHu cmydeHmu. [lpedcmaseHu ca HSKOU MamemMamuyecku 3adaqu u
mexHume peweHusi c MATLAB u MuPAD.

Knro4oeu dymu: KomrnrombpHa mamemamuka, CKA, MATLAB, MuPAD, npenodasgaHe, obydyeHue.
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