PROCEEDINGS

of the Union of Scientists - Ruse

Book 5
Mathematics, Informatics and
Physics

Volume 8, 2011

RUSE



PROCEEDINGS

OF THE UNION OF SCIENTISTS - RUSE

EDITORIAL BOARD

Editor in Chief
Assoc. Prof. Zlatojivka Zdravkova, PhD

Managing Editor
Assoc. Prof. Tsetska Rashkova, PhD

Members

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

Print Design
Assoc. Prof. Desislava Atanasova, 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: www.uni-ruse.bg/suruse

Contacts with Editor

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

PROCEEDINGS

of the Union of Scientists — Ruse
ISSN 1311-9974


mailto:zzdravkova@uni-ruse.bg

ISSN 1311-9974

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. Georqgi
Popov, Prof. Mityo Kanev,
Assoc. Prof. Boris Borisov, Prof.
Emil Marinov. 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".

BOOK 5
"MATHEMATICS,
INFORMATICS AND
PHYSICS"

VOLUME 8

CONTENTS
Mathematics
Meline Aprahamian.............c.ceeeiiiiiiiiiiiii e 7
Mean Value Theorems in Discrete Calculus
ANTOANETA MINOVA.....ccuiiiieeeie e 13

Polynomial Identities of the 2x2 Matrices over the Finite
Dimensional Grassmann Algebra

Veselina EVHMOVA .......ccoooveiiiii e 19
Analysis of the Impact of the Incoming Calls Flow Intensity on
Some Basic Characteristics of an Emergency Aid Centre

Veselina EVHMOVA ......cooooiiiiiie 25
A Study on the Influence of Incoming Calls Flow Intensity on
the Waiting Time Characteristics of an Emergency Medical
Aid Centre

Ivanka ANgelova ..., 31
Numerical Solution of the Two-Phase Stefan Problem for Sphere
Ivanka ANgelova ..., 38

Mathematical Models of Interface Problems for Steady-
Unsteady Heat Conduction

Informatics

Valentin VeliKOV ..........uvviiiiiiie e 44
Some Possibilities For Automatic Programs Generation
Margarita TeodoSIeVA.............cooevvviiiiiiii e, 50
Information System for Medicines

MIN@IT THEV ... 55

Extending the Lifetime of Wireless Sensor Networks by Using
a Modified Method for Hierarchical Organization of the
System in Clusters with Unequal Number of Devices

Georgi Krastev, Tsvetozar GEOIQIEV ..........cccooviveirirreeeeeennnnnnns 63
One Approach for Continuous Signals Representation
Viktoria RashKova. ..o, 70

Design and Implementation of Knowledge Control Test System

Physics

GaliNa KIUMOVA ... .ccuiiiiiiiii et ea e e eeas 77
Calculations of Light, Medium and Heavy Neutron-Rich
Nuclei Characteristics

Viadimir VoinoVv, ROZA VOINOVA ........ovvvveiiiiiiei e 86
Calculation of the Characteristic Impedance of a Microstrip,
Reversed Microstrip and Embedded Microstrip Lines

GaliNa KIUMOVA ... .cciiiiiiiiiiiiiiiiiee et 93
Some Problems of Atomic and Nuclear Physics Teaching
Tsanko Karadzhov, Nikolay ANgelov...........ccccvvevviieniiniinnnnnnns 101

Determining the Lateral Oscilations Natural Frequency of a
Beam Fixed at One End

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 8/ 2011|

3



MATHEMATICS, INFORMATICS AND PHYSICS

BOOK 5
"MATHEMATICS,
INFORMATICS AND
PHYSICS"

VOLUME 8

Education

Plamenka Hristova, Neli Maneva .........ccovvevveiiiiiiiiiieiieeines 106
An Innovative Approach to Informatics Training for Children
Margarita TEOUOSIEVA ........cuvviiiieeiiiiiiiiiiiee e 114
Using Web Based Technologies on Training in XHTML
Desislava Atanasova, Plamenka Hristova...........ccoceevivivinnnns 120
Human Computer Iteraction in Computer Science Education
Valentina Voinohovska ............cccooiii 125

Computer — based conceptual mapping for facilitation of
creative and meaningful learning in the course of “Multimedia
Systems and technologies”

Galina Atanasova, Katalina Grigorova ..........cccccecevvevvvveveeennen. 132
An Educational Tool for Novice Programmers

Valentina VoiNOhOVSKa ............ooiiiiiiiiiiiiiic e 139
A Course for Promoting Student’s Visual Literacy

Magdalena Metodieva Petkova ..............ccceevvvviiiiiieeevceeiiinnn, 145

Teaching and Learning Mathematics Based on Geogebra Usage

Participation in International Projects

Nadezhda Nancheva.............ccccco 153
Mosem 2 Project - Learning Electromagnetic Phenomena
and Superconductivity by Integration of Data Acquisition,
Data Video, Modelling, Simulation and Animation

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 8/ 2011|

4



MATHEMATICS, INFORMATICS AND PHYSICS

a bk~ W D =

Proceedings

of the Union of Scientists — Ruse

Contains five books:

Technical Sciences

Medicine and Ecology

Agrarian and Veterinary Medical Sciences
Social Sciences

Mathematics, Informatics and Physics

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 8/ 2011|
5




MATHEMATICS, INFORMATICS AND PHYSICS

BOARD OF DIRECTORS OF THE US - RUSE
1. Prof. Emil Marinov — Chairman
2. Assoc. Prof. Lyubomir Lyubenov — Vice-Chairman
3. Assoc. Prof. Boris Sakakushev — Secretary in Chief

SCIENTIFIC SECTIONS WITH US - RUSE

1. Assoc. Prof. Boris Sakakushev — Chairman of “Machine-building sciences and
Technologies" scientific section

2. Assoc. Prof. Bozhidar Kolev — Chairman of "Agricultural Machinery and Technologies"
scientific section

3. Prof. Rusi Rusev — Chairman of "Transport" scientific section

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

5. Senior research associate Lyuba Nenova — Chairman of "Agrarian sciences" scientific
section

6. Svilen Dosev, MD — Chairman of "Medicine and Dentistry" scientific section

7. Senior research associate Il Vladimir Hvarchilkov, veterinary doctor — Chairman of
"Veterinary Medical Sciences" scientific section

8. Assoc. Prof. Lyubomir Lyubenov — Chairman of "Economics and Law" scientific section

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

10. Assoc. Prof. Zlatozhivka Zdravkova — Chairman of "History" scientific section
11.Assoc. Prof. Dimitrina Ignatova-Tsoneva — Chairman of "Philology"” scientific section
12.Prof. Dr. Penka Angelova — Chairman of "European Studies" scientific section

13. Assist. Prof. Miglena Pencheva - Chairman of “Associate Members” scientific section

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

CONTROL PANEL OF US - RUSE
1. Assoc. Prof. Nikolai Kotsev
2. Assist. Prof. Ivanka Dimitrova

EDITOR IN CHIEF OF "PROCEEDINGS” OF US - RUSE

1. Assoc. Prof. Zlatojivka Zdravkova

|PROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE voL. 8/ 2011|
6




MATHEMATICS

MEAN VALUE THEOREMS IN DISCRETE CALCULUS
Meline Onik Aprahamian

Technical University of Varna, Department of Mathematics and Foreign Languages

Abstract: Discrete analogues of some basic theorems of differential calculus such as Rolle's theorem,
Lagrange's and Cauchy's Theorems, L'Hospital's rule are presented and proved in the paper. The discrete
Lagrange's theorem is applied to an eigenvalue problem for p - difference equations.

Keywords: Discrete functions, Rolle's theorem, Cauchy's theorem, Mean value theorem, finite
differences, difference calculus.

INTRODUCTION

In recent years there has been an increasing interest in calculus of finite differences
and discrete boundary value problems. There are several reasons for this. The advent of
high speed computers and the need of a technique for (approximate) differentiation of
functions employing arithmetic operations only have led to a need for fundamental
knowledge of difference calculus. The modelling of certain nonlinear problems from
biological neural networks, economics, optimal control and other areas of study have led to
the rapid development of the theory of difference equations (see the monographs [1], [2]).

There is a remarkable analogy of the theory of finite differences to that of differential
and integral calculus and differential equations. Note, however, that quantum results hold
in general for functions which are necessarily continuous unlike in discrete calculus. In
view of the importance of the Mean Value Theorem (MVT) in numerical methods and
theory of critical points we are going to discuss the discrete versions of the basic theorems
of differential calculus, such as Rolle's theorem, Cauchy's theorem and L'Hospital's Rule.
We present an application of the discrete version of the MVT to p - difference equations.

NOTATIONS AND DEFINITIONS.

We shall use the following notations: N, ={0,1,2,3..} the set of natural numbers
including zero, [a, b]:{a,a+1,a+2,...,b—l,b}, where a,beN,. Let x(t) be a discrete real
function of the variable t € N,. The forward difference operator A is defined by

AX(t) = x(t +1) — x(t),

and the backward difference operator V is defined by
VX(t) = x(t) — x(t -1) = Ax(t -1).

We also define the operator A x(t)=Ag,x(t), where gop(t):tltlp’z, p>1. It is
obvious that ¢, (t) has the following properties:
1. 9, (1) =0,t) o, (t,).
/1p‘1¢p(t), A>0
-1, (1), A=-u<0.
3. A X(t) = A X(t) = o, X(t+1) — @ X(t) .

Local extrema. Discrete Analogues of the Mean Value Theorems.
Let x(t) be a discrete real function defined on [a, b]JcN, a>b and

{k -1, k, k+L}c[a+1, b—1] be three consecutive natural numbers.
Definition 1. The number k e[a+1, b—1] is said to be a critical point of x(t) if

2. p,(A)=9,(1)p,(1) {

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
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(1) Ax(k) Ax(k-1) <0, i.e. Ax(k)Vx(k)<0.

Definition 2. The number k e[k-1, k+1]c[a+1 b-1] is said to be a local maximum (or
local minimum) of the function x(t), defined on [a, b]< N, if

(2) X(k) > max{x(k -1), x(k+1} (resp. x(k) <min{x(k-1), x(k +1)}).

The local maximum (local minimum) is said to be strict, if inequality (2) is strict. Hence,

when k is a local extremum, which means local maximum or local minimum, inequality (1)
holds, i.e. k is a critical point of x(t).

b Figure 1
" a) ) )
. . * —
: E i : i xk) |
k-1 k kb1 © k-1 k k+1 k-1 k k+1
X(t d) e) f) 9)
AN / * \
k-1 k kb1 T ke k k+1 k-1 k k+1 k-1 k k+1

In the case of:

- strict extremum (figure 1 - a, b), (1) holds with strict inequality;

- local minimum (figure 1 - d, e) and local maximum (figure 1 - f, g) one of the
factors of (1) equals zero and in case 1-c both of them are equal to zero.
Theorem 1. Discrete analogue of Rolle's theorem. If x(a)=x(b) and x(t) is a scalar

function defined on [a, b]:{a,a+1,a+2,...,b—l, b}c N,, then there exists a local

extremum point k e[a+1, b—1], where b—a>2.
Proof: Let us assume the contrary statement is true, i.e. x(a)=x(b) and there exists no
local extremum point k e[a+1, b—1]. Then Ax(t)Ax(t—1) >0 forevery t=a+1,a+2,.., b-1.
Hence, any two consecutive differences have the same sign:
(x(@+2) — x(a+1))(x(a+1) — x(a))>0,
(x(@a+3)—-x(a+2))(x(a+2)-x(a+1))>0,
(x(b) — x(b-1) )( x(b—1) - x(b—2) )>0.
Let x(a+1) — x(a) >0.
Then
x(a+2)—x(a+1)>0,
x(a+3)—x(a+2)>0,
x(b-1)-x(b-2) >0,
x(b) - x(b-1)>0.
IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
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Summing the above inequalities, we find x(b)—x(a) >0, i.e. x(b) > x(a). In a similar way, in
case x(a+1)—x(a)<0 we obtain x(b)<x(a). We get a contradiction with the condition
x(a) = x(b) of the assumption. Thus there exists a local extremum point k e[a+1, b-1] .o

Definition 3. The point ke[a+1 b-1]is said to be a local p-extremum point of the
function x(t), te[a, bl N, if
A x(k) A, x(k-1) <0.

Lemma . Let x(t) be a function defined on [a, b]c N,. A point k e[a+1, b-1] is a local p-
extremum point of the function if and only if k is a local extremum point of x(t).
Proof. Let k be a local p-extremum point of the function x(t) and the inequality
A x(k)A x(k-1) <0. holds, i.e.

(@px(k +1) — @ x(k)) (2, x(k) — @, x(k —1)) < 0.
Case 1: Let ¢ x(k+1)-¢,x(k)20 and ¢ x(k)-p,x(k-1)<0. Since ¢yis a strictly
increasing function it follows that x(k+1)>x(k) and x(k)<x(k-1). Hence
Ax(k) Ax(k -1) <0.
Case 2: ¢ x(k+1))-¢,x(k)<0 and ¢ x(k)-¢,x(k-1)>0. Similarly to the first case we get
AX(k) Ax(k-1)<0.o
Likewise we prove the reversed statement.

Corollary 1. Let x(t):[a, b] > R be a discrete function and x(a) = x(b). Then there exists a
p -local extremum point k e[a+1, b—-1].

Theorem 2. Mean Value Theorem (Discrete analogue of Lagrange's theorem)
Let x(t) be a discrete valued function, defined on [a, bJc N,. Then there exists a

ke[a+1, b—1], such that
(3) (Ax(k) _MJ( Ax(k ~1)— X(bg - X(a)J <0.

Note, that the latter inequality implies that either
Ax(K) > M > Ax(k=1) or Ax(K) < M < Ax(k -1).
-a -a

Proof. Let
v(k) = x(k)—M(k _a).
-a
Then v(a)=v(b)=x(a). By Rolle's theorem there exists ke[a+1 b-1], such that
AV(k) Av(k —1) <0 . Hence result (3) follows.o

Corollary 2. Let x(t) be a discrete function, defined on [a, b]c N, and M = max{| Ax(k) |},
where k e[a, b-1]. Then,

x(b) —x(a)
b—a
Theorem 3. Discrete analogue of Cauchy's theorem. Let x(t), y(t), te[a, b] be two
discrete functions, and y(t) be strictly monotonous for any t €[a, b-1], (Ay(t) >0 for any t

or Ay(t) <0). Then there exists k e[a+1, b—1], such that

<M.

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
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[Ax(k) _ x(b)—x(a) j( Ax(k-1)  x(b)-x(a) j <0 ie.
Ay(k) y(b)-y(@) )\ Ay(k-1) yb)-y(@))
Ax(k -1) < x(b) —x(a) < AX(K)
Ay(k-1) " y(b)-y(@)  Ay(k)’

or
Ax(k -1) S x(b) —x(a) S AX(Kk)
Ay(k-1) y(b)-y@ Ayk)
x(b)—x(a)
y(b)-y(a)
w(t) = x(t) - A(y(t) - y(a)).
Then w(a) =w(b) = x(a) . By Rolle’s theorem there existsk e[a+1, b—1], such that
(Ax(k) — AAy(k))(Ax(k —1) - AAy(k —1)) <0.
Dividing both sides by Ay(k)Ay(k -1) >0 we get

[Ax(k) _Aj(Ax(k—l) _AJ <o
Ay(k) Ay(k-1)

[Ax(k) _ x(b)—x(a) j( Ax(k-1)  x(b)-x(a) j <0

Ay(k) y(b)—-y(@) )\ Ay(k-1) y(b)-y(a)

Theorem 4. Discrete L'Hospital's Rule.

Let x(k), y(t), te[l,) be two discrete functions, such that
imx() = lim y() = 0

Proof. Let us denote A= and define an additional function

Thus,

and assume there exists a number n,, such that for any n>n,
4) Ay(n) <0, y(n)>0.

Then, if the limit lim——= Ax(M) = exists, it follows that ¢ =lim—=% X(t)
t>m Al y( ) t—om y(t)

Proof. Let £>0 and neN. Take n_>n such that |[x(n,)|<e and |y(n)|<e neN. By
Cauchy’s theorem there exists k, e[n+1, n_-1]:
[Ax(kn) B x(n)—x(ng)j[Ax(k ~1)  x(n)-x(n, )j
Ay(k,) y(n)-y(n,) L ay(k,=1) y(n)-y(n,)

By | x(n,)|<e, | y(n,)|< e, inequalities (4) and because k, -« as n— o, we have that
x(n)—¢ _ x(n)—x(n,) _ Ax(k,)
y(m+e  ym)-y(n,) Ay(k,)

Since & >0 is arbitrary small, we get

X(n) _
5 lim
©) " y(n)

—C, as N> o,

Similarly,
x(n)+¢& S x(n)—x(n,) S Ax(k, -1

y(n)—¢ y(n)+y(n,) Ayk,-1)

—>C, as N — w.

Hence,

x() o
6 li
©) o y(n)

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
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Thus, using inequalities (5) and (6) we obtain

csli_mx(n) Sﬁx(n) <t = Iim@:
e Y(n) == y(n) "= v(n)

AN APPLICATION OF MEAN VALUE THEOREM TO p- DIFFERENCE

EQUATION.
We apply the discrete version of the Mean Value Theorem to an eigenvalue
problem of a p - difference equation. The second order quasilinear difference equation for

p+1 is studied in [3].
Consider the eigenvalue problem
(7) A, (Ax(n=1)))+ 29, (Ax(n)) =0,
where a,be N, ne[a-1 b], ¢, () =t|t]"?, p>1.
Our main result is

Theorem 5. Suppose that 4 >0 is an eigenvalue of the difference equation (7), with the
corresponding nontrivial solution {x(n)}, x(n) >0 for any ne[a, b—1], and either

(a) Ax(a-1)>0, Ax(a)<0 and x(b-1)> 0, x(b) =0, or
(b) x(a-1)=0, x(@)>0 and Ax(b-2)>0, Ax(b-1)<0.
Then,

C.

1
(b-a)"
Proof. Suppose case (a) holds (Figure 2— a) and let
r=max{s: Ax(s—-1) >0, Ax(s)<0, se[a, b-1]}.

A>

Figure 2
a) b)
° ()
‘///*\\\‘. L4 Y PY i .'///*\\\\
a-1 a a+1 b-1 b a-1 a b-2 b-1 b

Hence, Ax(n—-1)<0 for ne[r+1 b],and x(n)>0 forany ne[a, b]. Then
(8) A, (Ax(n-1))) = -2 ¢, (AX(n))<0.
Since A(gp, (Ax(n-1))) =g, (AX(n))—@, (AX(n-1))<0, it follows that ~Ax(n)<Ax(n—1) or
—Ax(n) > -Ax(n—1) and the sequence {Ax(n)} is non-increasing. Since Ax(n-1) <0, x(n) is
decreasing for ne[r, b].

By Lagrange's theorem there exists a k €[r +1, b],

—x(r) _ x(0)-x(r) | Ax(k —1) > Ax(b-1),
b-r b—r

which implies
& < —Ax(b-1).
b-r

Therefore

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
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€) EE)((—E)r;_p_l < (-ax(0-)"" = -p,(x(b-1)).

From (8) for any ne([r, b] and x(n)>0, we have
Ap, (AX(r=1))=-1¢,(X(r)) :—;t(x(r))pfl

A, ( Mx(b—2)) =2 ¢, (x(b-1)) =-A(x(b-1))""
Summing the equalities above we obtain
0, (Ax(0-1) ) -, (Ax(r-1))=-2> (x(k))"", i.e.

1

0y (AX(T=1))=p, (Mx(b-D)) = 2 X (x(K)"".

Since AX(r—1)>0 and ¢, (AX(r—1)) = Ax(r —1)| Ax(r —1) |"_2 >0, we have
~¢, ( Ax(b-1) )</1§(x(r))p'l:i(x(r))p'l:z_?l
= A(x(r))"" (b-1-r+1)
=2(x(r))"" (b-r),
(10) —, (Ax(b-1) )< 2(x(r))" " (b-r).
Now, by (9) and (10), we get

(x(r)™"

br) <=y (Ax(b=1)) < 2(x(r))" " (b-r).

Thus, we conclude that
1 1

< < Ao
(b-a)* (b-r)”
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TEOPEMW 3A CPEOHUTE CTOMHOCTU B AUDEPEHYHOTO CMATAHE

MenunHe OHukK AnpaxamsiH
TexHu4yecku yHugepcumem - BapHa

Pe3rome: B ma3u cmamus ca npedcmageHu u Ooka3aHU OUCKPemHU aHaso3u Ha HSKOU OCHOBHU
meopemu Ha OugepeHuuarHomo cmsmaHe - meopemume Ha Pon, JlagpaHx, Kowu, Jlonumarn.
HuckpemHusm eapuaHm Ha meopemama Ha JlazpaHxX e rnpunoxeH KbM 3aldaya 3a cobcmeeHume

cmoUHOCMU Ha p - QUEPEHYHO ypasHEeHUE.

Knroyoeu dymu: [uckpemHu ¢byHKyuuU, OughepeHYHO cMmsimaHe, meopema Ha Pon, meopema Ha

Kowu, meopemu 3a cpedHume cmotiHocmu.
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POLYNOMIAL IDENTITIES OF THE 2x2 MATRICES OVER THE FINITE
DIMENSIONAL GRASSMANN ALGEBRA

Antoaneta Mihova

Angel Kanchev University of Ruse

Abstract: The paper presents a survey of results obtained in the last years by different people in the
field of matrix algebras over the Grassmann algebra. Some author’s results concerning the Grassmann
algebra and the matrix algebra over finite dimensional Grassmann algebra are presented. A conjecture in [8]
appeared to be true and a proof of the corresponding theorem is given here.

Keywords: Matrix algebras, Polynomial identities, Grassmann algebra.

INTRODUCTION
Let K be a field of characteristic 0. A vector space R is called an algebra (or

aK —algebra) if R is equipped with a binary operation “+” (i.e. a map (R,R) > R) ,
called a multiplication such that for any a,b,ce R and Va e K (a + b)* c=a*xC+bx*cC
, c*(a+b)=c*a+c*b, a(a*b)=(aa)xb=ax(ab).

Usually we denote the multiplication of R by “.” and write ab instead a.b. The notion
of algebra generalizes both the notion of vector space and of ring. The algebra R is
associative if  (a*b)*xc=a=*(b*c) for every a,b,ceR, R is commutative if

a*b=b*a, abeR and R is wunitary if R has a wunity e (ie.
JdJeeR:VaeR= a*e=e*a=a). For example M _(K)- the set of all nxn matrices

with entries from K is an associative, noncommutative, unitary algebra.
Let V be a vector space with ordered basis {el’ ez,...}. The Grassmann (or Exterior)

algebra G(V) of V is the associative algebra, generated by the basis of V with defining
relations ejej + € j€ =0, forall i,j=12,...

The elements e €V, I=12,.. are called generators of G(\/) Since
ee +ee=0and charK=0 we have €’ =0.

The set B :{1}U{eilei2...eim|1s I <, <...< im,m=1,2,...} is the basis of G(V). If a is
a basic elementand l#a=e ¢, ... ,then m is called a length of a.

If V, is a finite dimensional vector space with dimension n we denote by
Gn=G(V,). By=1{l e, e, 665,63, €1€3,€9€3,€1€9€3,...,8/€7...8, | is the basis of
Gp =G(V,) and dimG,, =2".

The expression [xl, XZ]: X1X92 — XoX; is called commutator of X; and Xo.

The polynomial S, (X,,X,,...,X, )= Zsign(a) Xo1) Xo(2)+ Xo(my» Where Sy is the

oeSp

symmetric group of degree n is called a standard polynomial.
The smallest degree of the multilinear identities, which an algebra R satisfies is called

Pl-degree of the algebra, denoted as Pl deg(R).
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POLYNOMIAL IDENTITIES
For the matrix algebra M, (K) basic results are the Cayley-Hamilton theorem and

the famous Amitsur-Levitzki theorem. Amitsur and Levitzki [1] proved that in the matrix
algebra M (K) of order n over a field K the standard identity of degree 2n holds, i.e.
S, (X, Xp1ers X5, )= 0.

Krakowski and Regev proved in 1973 the following

Proposition 1 [6, Corollary, p.437] The T-ideal T(G) is generated by the identity
[[Xl ' Xy ]’ Xs]: [Xl’ X2,X3]= 0.

For the algebra G, =G(V,,) holds

Proposition 2 [5, Exercise 5.3] For G, =G(Vn) over N-dimensional vector space
V., n>1 all identities follow from the identity [Xl, xz,xs]: 0 and the standard identity

Szp(xl,xz,...,xzp)z 0, where p is the minimal integer with 2p > n.

n?

Berele and Regev proved

Proposition 3 [3, Lemma 6.1] The algebra G(V) satisfies the identity
(s, (X, X, X)) =0 forall n, k>1.

Proposition 4 [3, Lemma 3.2, p.123] Let R be an algebra with Pl deg(R): r, then
Pldeg(M, (R))>nr. In particular, Pl deg(M,(G))> 3n.

Proposition 5 [2, Lemma, p.1509] The algebra Mn(G) satisfies the identity S';n for

some K >1 but satisfies neither s, nor identities of the form Skm for any kK when m< 2n.

A connection between the identities in M (K) and M _(G) is given by M. Domokos
and A. Popov.
Proposition 6 [4, Proposition 2.1, p.13] Let fl,..., f,e K<Xl,...xm> be elements of

1
the T-ideal of identities of M . If d > Enzm, then f,...f,=0 is an identity onM _(G).

The above Proposition 6 has an analogue for the upper triangular matrices U [12].

A. Popov sets a more precise estimation of Pl deg(M,(G)).

Proposition 7 [11, The main Theorem] Let Mn(G) be the matrix algebra of order
Nover the (infinite dimensional) Grassmann algebra. Then Mn(G) has no identities of
degree 4n-2.

USING MATHEMATICA TO OBTAIN IDENTITES IN THE MATRIX ALGEBRA
OVER THE FINITE DIMENSIONAL GRASSMANN ALGEBRA

The elements of the Grassmann algebra are called grassmann numbers. A
grassmann number containing only monomials with even length is called an even
grassmann number, and a grassmann number containing only monomials with odd length
is called an odd grassmann number.

Ts. Rashkova and A. Mihova find a correspondence [10] between the integers from

0to 2" —1 and the basic elements of the Grassmann algebra over a n-dimensional vector
space.

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
14




MATHEMATICS

Let i be aninteger, 0<i<2"-landi=¢,q,... a, ., for a; e{O,l},i =1,2,...,n
be its binary representation. To each 1 is juxtaposed the basic element
e/ne,"t...e’ el

Then any grassmann number X e G, = G(Vn) can be express in the form:

X=a,+ae +a,e, +aee, +a,e, +a.ee, +ae,e +aeee +--+a, ee,...e,

aeK,i=0,1,..,2" -1

The formulated correspondence gives the possibility to work mainly with the indices
of coefficients.

Using the above described correspondence two programs in Mathematica are done -
one for multiplication of grassmann numbers [10] and another one for multiplication
of 2 x 2matrices with entries from a finite Grassmann algebra [9]. For a guide book in the
system Mathematica we consider [15].

These two programs are used to verify identities related to the standard polynomial
for the matrix algebra over finite dimensional Grassmann algebras. Some identities are
verified for small n. Based on the obtained results the next propositions are formulated.

Let Mk(G) be the matrix algebra of order k with entries from G. We denote by

M Z(G,?) the set of 2 x 2matrices with entries even grassmann numbers and by M 2(Gi)

the set of 2x 2matrices with entries odd grassmann numbers from a finite Grassmann

algebra G, .
Proposition 9 [7, Proposition 5, p.19] 84(X1, x2,x3,x4):0 is an identity on
0
M, (G?).
Proposition 10 [7, Proposition 6, p.19] Sm(xl,...,xml):O is an identity on
M.(G))

The following theorem was formulated as a conjecture in [8]. Here we give the proof.
Theorem 1 The algebra M, (G,) satisfies the identity s,(X,, X,, X;,X, )’ =0,
where p is the minimal integer with 2p > n.

a
Proof. Let X :[
C

a=8, + a8 +3,8, + 8L, + A8 + A, €E6,...E

b
j be a matrix with entries from G,, = G(V,,) and

n?
b=b,+be +be, +bee, +b,e, +---+b2n 08, .8,
C=Cy+C& +C,€ +Cs88, +C,8 +--+C , €8, ...€,
d=d,+de +d,e, +dee, +d,e; + ---+d2n 88,

a;,b,c.,d eK, i=0\1,...,2" -1.
We can express X as follows

a, b b b a, b
X=|7° ° +611 Yl + % 2le,+| ° Clee, +
¢, d, ¢, d, c, d, ¢, d,
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a, b a., b__ a b
+[ 4 d4Je3 +"'+[C2n ! d2n 1Jen +,,.+(02n1 dznljelez-..en.
C, 4 on-1 on-1 N1 N1
. a‘i bi - n
Let denote the matrix g by X;, 1=01,...,2" —1. Then
Ci i

X =Ko+ K&+ X8, + X308 + X8+ + X 1€ +--+ X | €8,..e

n*

We consider the matrices XJ and XJ, for J=1,2,34 and k=1,..., 2" —1,

namely
XJ =Xy + XJ & + X8, + XJ €8, + X 8 +---+ X 18+ + K] | €€,...8

Using the multilinearity of the standard polynomial we transform it as:

n*

s,(X1,X2,X3,X4)=
s,(X1, + XLe + X1,e, + X1,ee, + X1,6, +--- + X1, €e€..e,
X2,+ X2,e,+X2,e,+X2,e6,+X2,6;,+-+ X22n71e1e2...en,
X30+X31e1+x32e2+X3sele2+X34e3+---+X32n_1e1e2...en,
X4y + X4e + X4,8, + X4e, + X4,8,+--+ X4 | €g,...e)=
s,(X1,,X2,,X3,,X4,)+
+5,(XLe, X2,, X3,, X4,)+s,(X1,, X2,e,, X3,, X4,)+
+5,(X1,, X2,, X3,8,, X4,)+5,(X1,, X2,, X3,, X4,e,)+
+5,(X1,e,, X2,, X3,, X4,)+s,(X1,, X2,e,, X3,, X4,)+
+5,(X1,, X2,, X3,8,, X4,)+s,(X1,, X2,, X3,, X4,e,)+
+5,(XL e X2, X3y, X4 )+5, (X5, X218, X3y, X4 )+

n-1%n? n-1%ns
X1, X2,, X3 e, X4, )+s,\X1,, X2,, X3,, X4 +S =
4( 0 0 ) ( 0 0 0 )

+S n1 n?

J(X1,, X2,, X3,, X4,)+

+5,(X1, X2,, X3, X4,)e, +5,(X1,, X2,, X3,, X4, ), +

+5,(X1,, X2,, X3, X4,)e, +5,(X1,, X2,, X3,, X4, ), +

+5,(X1,, X2,, X3,, X4,)e, +5,(X1,, X2,, X3,, X4, ), +

+5,(X1,, X2,, X3,, X4,)e, +5s,(X1,, X2,, X3,, X4 )e +-
48, (X1 X2, X3y, X40)5n +5,(XLp, X2, X3y, x40)en +

+s4(X10, X2, X3 4, X4O)en+s4(X10, X2,, X3,, x42n_1)en+s.

We denoted by S the sum of the other summands which are products of matrices
with entries from K and the basic elements €, €,, €, €,,€,€,, € €,€;,...,6,€,...€,.

nln
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n

Since XJ,, XJ;, XJ,, ..., XJ2 for J=1 2, 3,4 are matrices with entries from

K, applying Amitsur-Levitzki theorem we obtain that

s,(X1,,X2,,X3,,X4,)=5,(X1, X2,, X3,, X4,)=
s,(X1,, X2, X3,, X4,)=s,(X1,, X2,, X3,, X4
s,(X1,, X2,, X3,, X4,)=5,(X1,, X2,, X3,, X4
s,(X1,, X2,, X3,, X4,)=s,(X1,, X2,, X3,, X4,)=
S

(

(

0):
o):

J(X1,, X2,, X3,, x42):---:s4(x12n1, X2,, X3,, x40):

sa(XL, X2 4, X3y, X40):s4(X10, X20, X3 4, x40):

s,(X1,, X2,, X3,, X4, }=0.

Hence s,(X1, X2, X3, X4)=S. Then for 2p>n we form Sf:Sp. As the

summands of S are of length >2 then S* is a sum of monomials with length >2p

multiplied by matrices. Since 2p >n then each monomial in Sf contains at least one

repeated generator. Hence Sf =0. This completes the proof of the theorem.

Vishne described in [14] an efficient way to use the Sym(n) -module structure of the
ideal of multilinear identities in the computation for a given algebra of such identities of
degree N.The method was applied to be shown that the algebra M 2(G) has identities of

degree 8, but of no smaller degree.
An explicit form of the Vishne identities is given in [13] and identities are verified in
M, (G, ) for small n.
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ANALYSIS OF THE IMPACT OF THE INCOMING CALLS FLOW
INTENSITY ON SOME BASIC CHARACTERISTICS OF AN EMERGENCY
AID CENTRE

Veselina Evtimova

Angel Kanchev University of Ruse

Abstract: The emergency aid centre in Ruse is modelled as a queuing system with an unlimited
number of places in the system queue. The influence of the incoming calls flow intensity on some major
characteristics of the system is examined. The paper reaches some conclusions about the number of
emergency teams needed in order to provide prompt emergency service for the patients at a definite
intensity of the incoming calls flow. The results of the simulation of priority service of incoming calls are
analysed and the respective conclusions are made.

Keywords: Mathematical Modelling, Queuing Theory, Emergency Medical Care, Priority Service.

The development of technically feasible and socially effective systems of medical
service, which form the basis of public health care, is a very suitable medium for the
application of the investigation of operations methods. A great number of problems which
come up in these cases can be solved with the help of analytical methods; the efficiency of
these methods depends on the researcher’s ability to form a good enough mathematical
model which takes into account as many factors as possible and describes the system as
comprehensively as possible.

The paper examines an emergency aid centre (EAC) where the intensity of incoming
calls is A calls per hour. The medical team and the ambulance car accept a new call when
they get back to the coordination centre or immediately after they have attended to the
previous call [7]. The observations and the analysis of the performance of the EAC in Ruse
show that the average time needed to provide the medical service for each call is 28
minutes, i.e. the intensity of the service flow is x=2.14 calls per hour and the EAC uses

n=8 ambulance cars (and the same number of medical teams).

EAC is examined as a queuing system (QS) with an unlimited number of places in
the system queue [2]. The transport-medical teams are interchangeable. In order to
establish a steady working mode which can guarantee that all patients (incoming calls) in

the system will get proper service, the value%, wherepzi, should be less than 1 [10].
U
This is a necessary requirement to limit the queue of waiting patients. When §>1 such a
mode does not exist.
The graph of the states of the system is shown in fig.1 [1].
) i ) ) ) A 1 ) )
8q 5, 5 4 5 s 5
- - n+H —_——- Br -
- 2n A At op o P o a2

Fig.1 Graph of the states of the system

The separate states correspond to the following meanings:
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S, - all teams are free;
S, - one team is busy, the rest are free;

S, - all n teams are busy, but there is no queue;
S,.,- all n teams are busy and one incoming call is waiting in the queue;

S,., - all nteams are busy and r incoming calls are waiting in the queue.
In [10] it has been proved that the condition for the final probabilities to exist is

expressed with §<1. Then the final probabilities are determined according to the Erlang

formulae [3]:

2 3 n n+1 -1
(1) P = 1+L248 P Py P
w2t 3 nl n*(n-p)

........ e
2 P :%*PO, k=1,2....n:

3) P.=L_*p r=12..

n+r r]r *n'
"I_
0.5
0.5 1
0.4
0.2
o 2 4 6 8 10 12 14
lambda
Legend
FO

Fig. 2. Dependence of P, onA

Fig. 2 illustrates that when the intensity of the incoming calls flow goes up the
probability for the system to have no waiting calls goes down. When the value of
Areaches ten, this probability approaches zero.

The parameters expressing the system’s load can be calculated according to the
following formulae [8]:

- average length of the queue

n+l

4 L=-—2 ;

2
n*n!*(l—pj
n

- average number of patients in the system
(5) Lo=L+p;
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- average time the incoming call spends in the system’s queue

6) W :i;
6) W, 2
- average time the incoming call spends in the system
L
7)) W =—=%.
(7)) W, 2
7 a0+
B 21
° 201
4 5
Yo j,f‘IE'E
2] 104
1] 5
D ) i - J 0 p ' :'"'l""l""l'"'I""I""I""I"
24 E'a”Ltha ;“ L 0 6 8 107
- “MEffen
Fig. 3. Dependence of L, on 1 Fig. 4. Dependence of W,on 1

Fig.3 demonstrates that when the incoming calls flow intensity reaches the value of
8, the length of the waiting patients queue begins to grow unrestrictedly; this means that
the available number of 8 teams is not enough to respond to the incoming calls of this level
of intensity and therefore, it is necessary to ask other emergency medical centres for
assistance. Such uncontrollably great number of incoming calls for the existing EAC may
become a fact at times of traffic accidents, natural adversities or industrial disasters [4].

The dependence of the time each call spends in the system queue as a function of
the incoming calls intensity is analogical (fig. 4).

So, the conclusion is that the ambulance cars available at the EAC in Ruse are not
enough to provide adequate emergency medical service when the number of incoming
calls reaches 8 or more per hour. It is necessary to buy more vehicles or to ask the
nearest emergency centres for help. If there is a chance increase in the incoming calls flow
intensity, assistance from the nearest emergency aid centres is necessary. However, if the
increase in the incoming calls flow intensity is a permanent tendency, new ambulance cars
should be purchased.

The present paper deals with the influence of the incoming calls flow intensity on
some characteristics of the system when it accepts priority emergency medical service.

In some countries in the world, health services are provided according to the rank or
income of the citizens — those with higher rank or higher income are provided with different
services from the citizens with lower rank or lower income. The paper examines a case
with two levels of priority, and when the priority service does not interrupt the realization of
the current emergency medical call.

It is assumed that the incoming calls flow is a Poisson stream, and the service time
for each of the m-number of queues of waiting patients (depending on the chosen number
of priorities) is distributed according to a random law. M, [t] and D,[t] respectively, denote

the mathematical expectation and the variance for the k-team, and A, denotes the intensity
of the incoming calls flow for the same team.
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The influence of the intensity of the incoming calls flow on the basic characteristics of
the system is studied. With one team providing the emergency service, their values are
determined by the following dependencies [9]:

W, - average time the patient spends waiting in the x-team queue

S 4 *(M2[t]+ D, t])

(8) Wo(k) _ =l :
2*(1-81)*(A-5)

W - average time the patient spends with the system’s k-team
9) Wc(k) :Wo(k) +M,[t];

L - average number of patients in the k-team service queue
(10) L§Y =24 *Ws;

LY - average number of patients with the k-team;
(11) L(ck) = LE)k) +p., Where p, =4 *M,[t];

Kk
(12) S, =Z,oi <1, k=1,2,....m.
i=1
(13) S,=0.
The average time the patient spends in the queue does not depend on the kind of
priority they have and is equal to

(14) W, =Z%\No(k>, where =) 4.
k=1 i=1
The average time the incoming calls stay in the system, is determined by the
dependency

(15) W, = Ziwgk) :
A

08/
06
0.44 Y

0.21

1 2 bda g g u 1 7 3 4 g B
Legend lambda
Wi Leg&%

Fig.5. Dependency of W” on A with one

o _ Fig.6. Dependency of W® on A
team providing the service

with one team providing the service
The results of the examined case with one team are as follows:
W/ - the average time the call stays in the system’s queue increases linearly with the

increase in the incoming calls flow intensity 1 (fig.5). The average time W? the calls of
second (lower) priority stay in the queue increases unrestrictedly when the calls intensity
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increases to 2.07 incoming calls per hour (fig.6); so with the introduction of priority service
by one team the lower priority calls cannot get the service needed in due time, which can
be fatal to the patient. It is possible to provide adequate emergency medical service
without threatening the patient’s life if the intensity of the incoming calls of second (lower)
priority does not exceed 1 call per hour [5].

In the simulation of the emergency aid centre as a multichannel queuing system with
a priority channel, in the case which is examined (with two teams), it is supposed that that
the time needed to provide the service will be the same for the calls from the two priority
categories and the distribution of the time spent providing the service by all the teams (m
is their number), is according to an exponential law with average service intensity x .

Incoming calls with k-priority is distributed in time according to Poisson’s law and is
characterized by average frequency 4, (k=1,2,...,m). So for the k-queue of waiting

patients the average time the patient (the call) stays in the queue is [9]:

(16) WY = Mic] , k=1,2,...m,
1-S.)*A-5S,)

where S;=0,S, i‘ <1 fork=1,2,...m,
m* u
1 A
(17) M[g]: —— , p=2.
* * -M % * * IO ’Ll
pxm*| p " *F(m-p)*(m-1)! Z?"‘l

j=0

For the examined case it is supposed that there are two queues, the first one being

of higher priority and with intensity 4, =0.5, and the second one — with intensity 4, =1 -4,
where A4 is the intensity of the incoming calls flow for the whole system. The average
service time for the incoming calls is t__ =28 minutes. It can be accepted that it is the

serv

same for the incoming calls from the two groups and therefore, the service intensity is

= p, === 2.14 calls per hour.

serv

—+

1

| T S T o A

6 &8 10 12 14
lan]l:' fid
2

Fig.7. Dependence of W,? on A with two service teams

The MAPLE program product is used to draw the graphs.

For two service teams the results are shown in fig.7: the intensity of the incoming
calls of second priority A, should not exceed 2, as according to this graph the time the
calls stay waiting in the queue is practically zero, which means that the patients will get the
medical service they need without having to wait in the system’s queue. When the intensity
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of the incoming calls is larger than 3, the situation becomes intolerable considering the
service provided by the emergency aid system [6], as the time spent waiting in the queue

of the system increases unrestrictedly. For 1, approaching 4.28 calls per hour, W®
approaches infinity.

REFERENCES

[1] Chinnaswamy, M., M. Kamath, On queuing network models of service systems,
in: IE, Research Conference, Atlanta, Georgia, May 2005.

[2] Edlich R.F., My Revolutionary Adventures in the Development of Modern
Emergency Medical Systems in Our Country, Journal of Emergency Medicine,
Volume 34, Issue 4, May 2008, pp. 359-365.

[3] Hillier F., G. Lieberman, Introduction to Operation Research (eighth ed.), NY,
USA, McGraw Hill, 2005.

[4] Hirokazu M., Advancement of postwar system of emergency medical services in
Japan (in Japanese), J Jpn Assoc Acute Med 11, 2000, pp. 311-322.

[5] Hladki W., J. Andres, M. Trybus, R. Drwila, Emergency medicine in Poland,
Resuscitation, Volume 75, Issue 2, November 2007, pp. 213-218.

[6] Lambert T.E., P. B. Meyer, New and Fringe Residential Development and
Emergency Medical Services Response Times in the United States, State and
Local Government Review, Volume 40, Issue 2, August 1, 2008, pp. 115 - 124.

[7] Lewin M.R., Sh. Hori, N. Aikawa, Emergency medical services in Japan: An
opportunity for the rational development of pre-hospital care and research,
Journal of Emergency Medicine, Volume 28, Issue 2, February 2005, pp. 237-
241.

[8] Mitkov A., D. Minkov, Mathematical Methods of Engineering Research, Ruse,
1985.

[9] Taha H., Introduction to Operation Research, Volume 2, Moscow, ,Mir”, 1985.

[10] Ventcel E.S., Operation Research, Moscow, “Sovetskoe radio”, 1972.

CONTACT ADDRESS

Pr.Assist. Veselina Evtimova, PhD

Department of Algebra and Geometry

Angel Kanchev University of Ruse

8 Studentska Str, 7017 Ruse, Bulgaria

Phone (++359 82) 888 453 Cell Phone (++359) 886 267 996
E-mails: vevtimova@uni-ruse.bg, v.evtimova@gmail.com

N3CNeABAHE HA BIIMAHUETO HA MUHTEH3UBHOCTTA HA
BXOAALUNA NMOTOK OT 3AABKU BbPXY HAKOU OCHOBHU
XAPAKTEPUCTUKN HA LLIEHTBP 3A CNEWHA MEOAULUUHCKA NMOMOLY,

BecenuHa EBTMMOBa
PyceHcku yHusepcumem ,AHeern1 KbH4ye8”

Pestome: LleHmbpbm 3a cnewHa meduyuHcka rnomouy, 8 epad Pyce e modenupaH kamo cucmema 3a
Macoego obcryxeaHe ¢ HeoepaHuU4eH 6pol Mecma 8 ornawikama Ha cucmemama. VzcnedeaHo e enusiHuemo
Ha UHMeH3usHocmma Ha 6x00suuUsl MOMOK 3asi8KU 8bPXy HSIKOU OCHOBHU Xapakmepucmuku Ha
cucmemama. HanpaseHu ca u3go0u 3a HeobxolOumusi bpol ekurnu, 3a Oa Moxe da ce ocuaypu
ceoespeMeHHO obcryxxeaHe Ha nauyueHmume rnpu orpedesieHa UHMEH3UBHOCM Ha 8X00sWusi MoOmMoK om
3asie8Ku. AHanu3upaHu ca u pe3ynmamume om cuMyrayusma Ha 8beexdaHemo Ha [puopumemHo
obcryxeaHe Ha 3as18KU U ca HarpaeeHU CbomeemHume u3e8o0u.

Knroyoeu dymu: Mamemamuyecko modenupaHe, Teopuss Ha macoeomo obcryxeaHe, CriewHa
meduyuHcka nomouwy, MNpuopumemHo obcrnyxeaHe.
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A STUDY ON THE INFLUENCE OF INCOMING CALLS FLOW INTENSITY
ON THE WAITING TIME CHARACTERISTICS
OF AN EMERGENCY MEDICAL AID CENTRE

Veselina Evtimova

Angel Kanchev University of Ruse

Abstract: The present paper studies the influence of the incoming calls flow on the waiting time
characteristics of an emergency aid centre with teams collaboration with each other and a deviation in the
incoming calls distribution law and the service time. An instance of “all as one” type of collaboration is
considered. The functioning of an emergency aid centre has been simulated with Poisson incoming flow and
constant service time, Poisson incoming flow and Erlang service time, as well as with regular incoming flow
and exponential service time. Conclusions have been drawn, respectively.

Keywords: Mathematical Modelling, Simulation, Queuing Theory, Distribution Laws, Emergency
Medical Aid.

Often, in the case of natural disasters and industrial and road accidents, the patients
suffer multiple damages. In view of the timely treatment of the injured patients and saving
their lives, they have to be served by more than one emergency aid teams. Thus the
question of team collaboration arises. This approach cannot be applied to all types of
health conditions.

It is natural to suppose that if several teams (k) are working to serve a patient, the
intensity of the service u(k)should not diminish with the increase of k, i.e. this will be a
non-decreasing function of the number k of the teams working. It could be presented with
a graph like the one shown in Fig.1 [10].

i)

I'Lmax

& &

Fig. 1. Dependence of the service intensity on the number of teams

The increase of the number of teams that serve a patient does not always result in
proportionate increase of the service intensity. When a certain value k =k, is reached, a

further increase of the number of teams involved does not lead to higher service intensity

(Fig.1).
In this case it is important to set the type of the function u(k). An example is
considered where u(k) grows in proportion to k with k <k, , but with k >k, it remains

constant and =k, *# . If the number of the teams in the system that can cooperate
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with each other is n<k, , then one can assume that the patient service intensity with

several teams available is proportional to the number of teams.

The simplest example of mutual cooperation is of the “all as one” type. So when a
call from a patient is received, all n teams start serving it immediately and stay busy until
they have completed serving this call. Then all teams move over to provide service to the
next call (if there is one) or they wait until they receive one (if there isn’t one at the
moment), etc. Therefore, the system in this case would be working as uni-channel with
higher service intensity.

Applying team collaboration of the “all as one” type would be best for the patient and
he/she would receive timely help but engaging several teams would lead to greater
expenses.

The work at an emergency medical aid centre (EMAC) is viewed as a multichannel
queuing system with an indefinite number of places in the queue. The influence of the
collaboration accomplished among the teams on the waiting time characteristics is studied:

L, - number of calls in the system'’s queue;

L, - number of calls in the system;
W, - waiting time for the calls in the system’s queue;
W, - waiting time for the calls in the system.

When no collaboration is applied among the teams, the values of the above
parameters are defined from the following dependencies [3]:

n+l %
1 L= £ i 20
(n-Dr*(n-p)
1 A
where P, = > - ——, p=—, n-number of teams;
14 PyP o Py P H
1 2! nt n*(n-p)
2 L=L+p;
n %
@) W= P h 2=i,where k=L
n*u*n*(n—x)° A n
4) W, =W,+t,, =W, +£:£.
oA
In the case of collaboration of the “all as one” type, the system will work as uni-
channel with parameters 4 =n*u, p =i*: nf :ﬁzzc and its characteristics would
u )7
be defined in the following way [10] :
2
K
5 L. = :
(6) L=
K
6) W=——,
(6) W, (%)
— — — 1 1
(7) Wc = twait +tserv :WO +tserv :WO +

n*u - n*u*(1-x)

The study is conducted with service intensity of x=2.14 c./h. and n=4 teams. The
following conclusions can be made from the graphs of L, and W, (W, - without
collaboration, W,, - with “all as one” type collaboration) in Fig. 2 and Fig. 3: The
acceptable values for 4 should not exceed 4, which will allow the call waiting time in the
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system’s queue to be reduced practically to zero. For A growing to over four calls per
hour, the number of calls in the system’s queue starts increasing and tends to infinity for A
approaching 8.56 c./h.

107 107
81 57
61 B
3.' y
4 4
2_
2_
a . i ! ! ! : 2 ‘ilambdaé : 10
2 4 lambda b 8 10 Legend
Legend — W0
LD Willve
Fig. 2. Dependence of L, on the intensity of Fig. 3. Dependence of W, on the intensity of
the incoming calls flow A4 the incoming calls flow A

There are also considerable differences in the values of L, and W,. The number of
calls in the system with no collaboration taking place L, is larger than the number of those
where “all as one” type collaboration is applied L, (Fig. 4). When the results for the
values of W, are compared (without collaboration among the teams and with “all as one”

type collaboration respectively), it turns out that calls waiting time in the system with
collaboration applied W,, is almost twice longer than the calls waiting time in a system

without collaboration W, (Fig. 5).

101 5-
B 4
B 3
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4 5]
2_
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TS dE 8 ; — b
Legend 2 4 |ambda 5 10
Lc Legend
Leve Wi
Wive
Fig. 4. Dependence of L. without and Fig. 5. Dependence of W, without and with
with collaboration L,, on the intensity of the collaboration W, on the intensity of the incoming
incoming calls flow A4 calls flow 4

It is evident from the graphs (Fig. 4 and Fig. 5) that the system can work with these
parameters with a maximum intensity of incoming calls flow of not more than four calls per
hour because the calls waiting time in the system increases and this could be fatal for the
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health and the life of the patient. It is important for a patient with a heart attack or a stroke
to receive the necessary medical aid within the so called “golden hour” [4, 5].

On the basis of the research on the functioning of the emergency medical aid centre
in the town of Ruse, the laws regulating the distribution of incoming calls flow and the
service time have been defined. It has been established that the incoming calls flow is
distributed in accordance with Poisson’s law and the service time - in accordance with an
exponential law [7].

Sometimes deviations from these laws are likely to occur. In some of the affiliate
branches of the emergency medical aid centre in the town of Ruse [2] the distance
travelled for one call is about twice longer than the distance travelled by the teams from
the Ruse emergency medical aid centre. The increased time for reaching a patient
increases the service time [8, 9]. The share of the transportation time as a portion of the
service time goes up, respectively. This also causes deviations in the laws for the
distribution of the service time.

When the incoming flow is not of Poisson’s type, and the service time is not
distributed in accordance with an exponential law, the mathematical apparatus of the
research becomes too complicated and systems characteristics are found only for the
simplest cases [6]. A simulation has been developed of the functioning of the emergency
medical aid centre in the town of Ruse with Poisson’s incoming flow and constant service
time, Poisson’s incoming flow and Erlang service time, as well as with regular incoming
flow and exponential service time.

Coffman and Kryuon [1] have shown that for a uni-channel queuing system with
Poisson’s flow and random distribution of service time, the average number of calls
located in the queue is defined by the following dependency:

Pt A+
(8) LO_—Z*(l—p)’

where p :i; A is the incoming flow intensity, uis the service intensity, v is the variation
y7]

coefficient of service time.
The average waiting time in the system’s queue is calculated according to the
formula (9):

2% (1412
© w2t
2*A*(1-p)
When the service time for all queries is a constant value equal to its mathematical

:l, it follows that o-— =0, v=0. Then [6]:
MU

expectation and t,

2 2
(10) L=—F —, VA — A
2*(1-p) 2*A*(1-p)

For a uni-channel queuing system with Poisson’s incoming flow and exponential
service time, the waiting time characteristics are defines by the following dependencies
(11), see [10]:

2 2
(1) L=-—, L=, w=—- Wc:;_
1-p) 1-p A*(1-p) u*1-p)

The following dependencies are obtained (12) for the values characterizing the

system efficiency for Poisson’s incoming flow and constant service time, see [6]:
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2 * 2 —
(1)L =228 ol p= B w2
2*(p-1) 2*(1-p) A 2*p*(p-1)

L _ P

0 - . _ .

A 2% p*(1-p)

With regular incoming flow and exponential service time, the average calls waiting
time in the system’s queue is obtained from the dependency

Yo

(13) W, !t.dP(T <t) o)’
where P(T <t) is the probability for the waiting time to be <t.

The system parameters are defined according to the following formulas:

L

(14) Wo=m; L=Wo*A; L=ly+pi We=—x.

If the incoming flow is of Poisson’s type and the service time is distributed according
to Erlang’s law, then changes in the system parameters occur.

10

III- R
1 2 IaEWEI:ungan

ﬁgg Wilre

Fig. 6. Dependence of W, on the incoming calls flow intensity A4

For Erlang’s distribution of service time E,, it can be assumed that the call coming
into the system passes through k service phases, which have the same exponential
distribution with a x*k parameter. The density of the distribution of the sum of k mutually
independent random values which have identical exponential distribution with a u*k
parameter, is Erlang’s flow of k-th orderE,. In this case the incoming flow will have a

mathematical expectation A/k. This means that only % part of the calls received in

accordance with Poisson’s law are used.
In the examined case the system characteristics will be defined in accordance with
the formulas (15), see [6]:

a5 Lo P D Lo prke) 7

C -
H

ST2rakrp) 4 2o kep) T ku
The study of Erlang’s distribution of service time is done for k=3.
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The following can be inferred from the research on the waiting time characteristics
with different variants of the distribution laws related to the incoming calls flow and the
service time: When increasing the incoming calls flow intensity, the system achieves best
waiting time characteristics with Poisson’s incoming flow and constant service time as well
as with regular incoming flow and exponential service time because in these cases the
calls waiting time in the system’s queue remains always smaller than the values W, in the

other cases (Fig. 6). Thus the most favourable situation for the serviced patient could be
accomplished — treatment with the minimum waiting time in the queue of the system.
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HAKOU U3CNeABAHUA HA BJIIMAHUETO HA UHTEH3UBHOCTTA
HA BXOOALWNA NMOTOK OT 3AABKU BbPXY XAPAKTEPUCTUKUTE HA
N3YAKBAHE HA LEHTBP 3A CMNELWWHA MEAULUMHCKA NMOMOLL

BecenuHa EBTUMOBa
PyceHcku yHueepcumem ,AHeen KbH4yeg”

Pe3rome: B Hacmosiwama paboma ce uscriedsa 6/UsHUEMO Ha UHMEeH3UsHoCMma Ha exo0sujusi
MTOMOK Om 3asi8KU 8bPXY XapakmepucmuKume Ha u3yakeaHe Ha UeHmbp 3a crielHa MeduyuHcKa rnomMouw
npu npunazaHe Ha 83auMONoMow, Mex0y eKunume U fpu OMK/IOHEHUE 8 3aKOHUMe Ha pasnpedesieHue Ha
8x005WusI MOMOK om 3as18KU U Ha epemMemo Ha obcryxeaHe. Pasanexda ce cnydall Ha 83aUMOOMOu, om
suda ,8cu4KU Kamo eOuH”. CuMynupaHo e (hyHKUUOHUPaHemo Ha UeHmbp 3a criewHa MeduyuHcKa nomMouwy
Mpu MoacoHo8 8x00siW, MOMOK U MOCMOSIHHO 8pemMe Ha 0bcnyxeaHe, noacoHo8 8xo0sW MOMOK U epriaH2080
speme Ha obcriyxeaHe, Kakmo U Ha peayrnspeH 8xo0sW MOMOK U eKCrIOHEHUUaIHO epeme Ha obcCryxeaHe.
HanpaseHu ca u cbomeem+ume u3800u.

Knroyoeu dymu: Mamemamuyecko modenupaHe, Cumynayusi, Teopusi Ha Macogomo obcryxeaHe,
3akoHu Ha pasnpedeneHue, CrnewHa meduyuHCKa MoMouw.
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NUMERICAL SOLUTION OF THE TWO-PHASE
STEFAN PROBLEM FOR SPHERE

Ivanka Angelova

Angel Kanchev University of Ruse

Abstract: We consider two-phase Stefan problem for spheres in cases of small diffusion or large
Stefan number limit. Landau's transformation with the Gupta & Kumar [1] variable time-step method to solve
numerically the problem is combined. A second order difference scheme with respect to space is derived
and an algorithm for solution of the algebraic equations system is proposed. Shishkin meshes are used in
the region of small diffusion. Numerical experiments show more accurate results in case of Shishkin mesh.

Keywords: Two-phase Stefan problem for spheres, free boundary problems, difference scheme,
Shishkin mesh

INTRODUCTION

One of the most simple moving boundary problems to pose is the classical Stefan
problem for the inward solidification of a spherical ice ball. Even in this idealized case
there is no (known) exact solution, and the only way to obtain meaningful results is through
numerical or approximate means. In this study, the full two-phase problem is considered,
and in particular, the attention is given to large Stefan limit or small diffusion. By applying
the method of matched asymptotic expansion the temperature in both two phases the
authors show that the solid-melt interface r = R(t) moves slowly and the two phase are

weakly coupled for large Stefan number ( 5 >> 1). The singular region of small diffusion is

considered.

The paper [9] is concerned with modelling the melting process of a nanoscaled
sphere or cylinder and the resulting boundary value problem takes the form below.

Numerical analysis of heat and mass transfer with moving interface boundaries
between two or more subdomains often bring us to diffraction boundary value problems. In
the case of the presence of concentrated sources and small diffusion coefficient it is
necessary to develop special numerical methods whose errors depend rather weakly on
the parameter & . The behavior of the solutions is very complicated in the case of moving
concentrated sources [2, 6, 7, 8].

The purpose of the present study is using the Landau transformation to transform
the two-phase Stefan problem for sphere into an interface problem. The left parabolic
problem is defined on a rectangle and the right one is an one-phase Stefan problem while
the interface is a segment parallel to axe Ot. We use layer adapted meshes (Shishkin's)
[4, 6], see Fig.2 for the left problem in case of small diffusion. On the base of the Gupta &
Kumar [1] variable time-step method, for the right problem we develop a tracking
algorithm.

The rest of the paper is organized as follows: In Section 2 we consider the
differential problem and we apply the Landau's transformation. In Section 3 we construct a
second-order approximation of the problem in the left, right domain and in the interface. In
Section 4 we present numerical results.

THE DIFFERENTIAL PROBLEM
We consider the dimensionless solidification problem

ov 0%v 2 ov
—=k| =—+==—|, 0<r<R(), 1
ot (Gr2 rarJ ©) (1)
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ou _o0%u 2 0u
faer cs 2
ot 6rz+rar’R(t)<r<l @)
with fixed boundary conditions
ov
—|,2,= 0, V(R(t),t) =0; 3
pp =0 (R(t), 1) (3)
u(R(t),t) =0, u(l,t)=-1, (4)
moving boundary condition (the Stefan condition)
ou 6V drR r = R(t) 5
SokSi=pon (5)
and initial conditions
v(r,0) =v,(r); R(0) =1. (6)

Here u(r,t) and v(r,t) are the temperature fields in the the solid and liquid
respectively, I' is traditional distance, t represents time and r = R(t) describes the
location of the solid-melt interface. The three parameters in the problem are the
dimensionless initial temperature V,, the Stefan number g and the ratio of thermal

diffusivities k.
The two-phase problem (1)-(6) is highly nonlinear with no known exact analytical
solution. We put:
E=rIR(t), v=v(r,t)=V(&,1), u=u(r,t)=U/(&,1).
Then the equations (1)-(2) are converting into

ov _ k(o 20V R(t) oV
ot _Rz(t)(8§2+§ 8§j+§R(t) o0&’ <o <t (7)
ouU - 21 (aZUZ 28UJ+§maill<§<i; (8)
ot RA()\ a&g? &£ o¢ R(t) o0& R(t)
the boundary conditions (3)-(4) into
oV
—1..,=0, V(,t)=0, U(1,t)=0, U -1 9
oz s =0 (11 (11 (R() j (9)
The moving boundary condition (5) takes the form
N N BROR@M) on £ =1, (10)
o0& o0&
and the initial conditions (6)
V (5’0) = V0(§R (t))1 R (0) = 1 (11)

NUMERICAL METHOD
In this section we discretize the transformed equations (7)-(11).
1. Left domain
First, we will construct a second-order approximation of the problem (7)-(11). By
Lopital's rule, we have
10V oV _ oWV

lim 2 =0, im =Y = =
N oE SN EoEs  iwoagr ot

Then, it follows from equation (7)

=0
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2
aa_\:hf:o: Rf—‘zt)%u:o- (12)
Therefore,
o2 _ k (63V B 2 8V+352VJ+R'('[) oV +§R(t) a2/
otoe R\ 0&® &7 af £0£7) R(t)0& T R(t) &’
Next,
1oV v
3 2 2 3
el 2l S5 Z'JL“OE_(:LZZ\; Far va"’j'
Hence,
oV _lov oV
3 3
a—v3|§:o: 2lim 06" £0¢ of , wich implies |im 8\/3 = 0.
o¢ £-0 & NPy

Let introduce the mesh w, ={0<¢& <...< &, <1}, &, =0,&, =1, Wh = w, U{&ru{é}
and h. =& =&, h, =0.5(h +h. ;) [5]. Now, we have
V(h,t)-V(=h,t) _oV hf oV
=l t > om
2h, o0& 6 o0&
Using V (=h,,t) =V (h,,t) + O(h) and (12) we get

|§:o +0 (hl4 ).

v, 6k
ot " hZR2(t)
From (7) we obtain

oV = k 1+ﬁ Via =V 1— hiy |Vi=Viy 14
ot R (t) Si hie Si h "

n giR(t) hi V.-V, _{_hHl\ﬂ +O(hi2), 1<i<N-1,
2nR(t)| " h h

i+1 i
where V, =V (£,,t) .
We require

(v (h,t) =V (0,1))+O(h}). (13)

UR(t,) =1+ jh. (15)

We differentiate

1
o in t= '[J- and equalize to the angular factor of the segment
connected the points ((j—1)h,t; ;) and (Jh,t.), to obtain
- R(t)/R*(t;) = hiz,. (16)
We discretize (13) as follows:

- 2 . 2
CVy ~ BV, = Fy, Cf =1+ eakfjp*h”‘] B :GGij[lJthhJ |
! 1
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Ry = {1 6(1 —0)krj(—1+ (jh_l)hj JVO“ +6(1 —ov)kr,-(—1+ (L_l)hj Vi

Further, we use the Crank-Nicalson scheme to obtain from (14)

~AV) +CWVJ-BWV) =F! 1<i<N-L

i+1

Al :L(kf{l_h](l_F jh)? + hi.i&i _ }
h7, & 2(/h+j)
Cl=1+—2 (Zkz-j(1+ jh)2(1+ h - hi+1J+ gi(h”l__h‘)],
hihi. ¢ Uh+j
Bl =2 (kr{l+£)(l+]h) hg, J
hiah; g 2(1/h+ )
Fij :m[k(l—hj(l+(j—1)h)2+ h..S : }/ijll
hif; & 2r,,(1/h+ j-1)
+{1 u[zk(l_,_(J_l)h) ( h, _hi+1]+ Cfi(hm_.hi) J}Vijl
h|h|+1 é:i z-j—l(]-/h +J _1)

(1_G)T i P 2 hié:i j-1
+ h (k[1+ : J(1+ (j—-1)h) 2c (Wh+j-1) }/m .

We use the right Thomas's method to find Vy j
VJ =al V] +,B,+1, 1<i<N-1

i+1Vi+l

a| — BlJ a| — B_O
i+1 CiJ _ Aijail ' 1 COJ

ﬂ,l _R'+p Aij

+1 =

R :
B = 1<i<N-L.
C:IJ AJ II ' C:OJ

Vila = ayVy + By = By

2. Right Domain
Let & =1+ih, 0<i<j, U} =0, U‘-—l For j>1

a i+1 _ézifl _

ot fi h R (t)|: ( i+1 i é,:i (U| Ui_l):| (17)
R U, -U,, .

+¢ R(D) 2h +0(h?), 1<i<j
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We discretize (17) as follows:
~Aul +ClU)-BIU), =FJ, 1<i<j-1.

Al = a[fj(l—L](llh +j) +i],

1+ ih 2(1 + jh)

Cl=1+ 207, (1/h+ i),
B/ :G(Tj(le h j(l/h+ )l J
1+ih 2(1+ jh)

-1 _L PR 1+ih -1
Fil=( O')z'j((l 1+ih](1/h+1 1) +21j_1(1+(j_1)h)juil

+ (1— 2(1—0‘)2']. (]_/h + J _l)z)Jij_l

. (1—6)71((1+ 1+hihj(1/h +j-1)- L ]U o

2r;,(1+(j-1h)
We use the left Thomas method to find Ulj :

Ul,=al Ul +4,, 1<i<j-1.

i+1 i+1 i+17
i
ar :% @l =0, 1<i< j-1,
C/' -Blaj,
i rpi
ﬁir - I:i +ﬂi+lBi_’ ﬂjr =-1, 1<i< J—l

Tl iR
C/ -Bla,

Ulj :alruoj + B = p.

3. Interface
For £ =1 we have the next discrete equation:

ﬂh:(mmwjulwm
& 1 2

o _ v RMOR(®) ,
kgh_— (k(l/hN 1) = )\/N_1+O(hN).

2[(A+1/n)U, +k(@/hy 1)V, ]
28 +V,_,—-U, '

From (10) we obtain

R(t)R(t) =

(18)
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After integration of (18) and use of (15) and (16), we get
@BV, ~U,)U( + jh)? — (L + (j-1)h)?)
) 4/(1+1/MU, +k(@/hy —1)V, ] '
NUMERICAL RESULTS
We present the numerical solution of {\/iJ } {UiJ } the moving boundary for =1 and

for k =1 in Fig. 1 on the uniform mesh and for k = 27 in Fig. 2 on the Shishkin's mesh. The
figures illustrate the efficiency of the Shishkin's mesh.

........

c) Mesh and curve d) Vand U on 10-th time layer
Table 1: N=16, j=10, k=1.

c) Mesh and curve d) Vand Uon 10-th time layer

Table 2: N=16,j=10, k = 2°°.
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YNCJIEHO PELLUABAHE HA 1IBY®A3O0BA 3A0AYA HA CTE®AH 3A
COEPA

NBaHka AHrenoBa

PyceHcku yHusepcume "AHzesn KbH4yeg"

Pestome: B cratudaTta ce pasrnexga gBydasoBa 3agaya Ha CTtedaH 3a cpepa B cniydan Ha Marnka
andysna n ronsmo umncrno Ha CtedaH. KombuHupaHnu ca TpaHcdopmaums Ha Jlangay m metop Ha lN'ynta un
Kymap ¢ npomeHnuBa CTbMka MO BPEMETO 3a YMCIEHOTO pellaBaHe Ha 3apjadvaTa. V3segeHa e cxema OT
BTOPW pen Ha anpoKCMMauus OTHOCHO MPOCTpaHCTBEHaTa MPOMEHNMBa M € MpeasyiokeH anropuTbM 3a
pelwaBaHe Ha npobrnema. Manon3saHa e mpexa Ha LUuwknH B obnacTtta Ha mankaTta gudpyaud. O6cbaeHn
Ca YNCMEHNTE EKCNIEPUMEHTM.

KnwouyoBu aymu: [IBycdaszoBa 3agjaya Ha CrtecbaH 3a cdpepa, 3agaya cbC cBobogHa rpaHuua,
andepeHyHa cxema, Mpexa Ha LUnLwkmH.
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MATHEMATICAL MODELS OF INTERFACE PROBLEMS FOR STEADY-
UNSTEADY HEAT CONDUCTION

Ivanka Angelova

Angel Kanchev University of Ruse

Abstract: We study mathematical models describing non-stationary heat conduction in two bodies
separated by steady conductor (isolation). These problems are related to parabolic equations with
discontinuous coefficients and concentrated sources. As a result across the interfaces contact (jump)
conditions arise. It is proved that this problem can be reduced to a variational problem. An asymptotic
analysis of the interface problem is derived for the case when the thickness of the isolation tends to zero. As
a result a new parabolic interface problem with non-ideal contact conditions is derived.

Keywords: Heat conduction, interface, contact conditions, elliptic and parabolic equations,
asymptotical analysis

INTRODUCTION

There are two main reasons for coupling different models in different regions: the first
are problems where the physics is different in different regions [2, 3, 7], and hence
different models need to be used, for example in steady-unsteady heat conduction
coupling. The second are problems where one is in principle interested in the full physical
model, but the full model is too expensive computationally over entire region, and hence
one would like to use a simple model in parts of the region, and full one only where it is
essential to capture the physical phenomena [3, 5, 9]. Here we will discuss models that
concern the two cases.

We consider a general problem where the domain consist of the following three
parts: unsteady conductor - steady conductor - unsteady conductor. A survey on
mathematical aspects of coupled conduction-radiation energy transfer problems is given in
[7].

The stability of solutions to interface problems is studied in [4]. Elliptic and parabolic
interface problems on disjoint domains are studied in [4, 9].

One is also interested in efficient algorithms to solve the coupled problems. One of
the most effective method is the so called immersed interface method (IIM) [6]. This
method uses uniform meshes and has second order of local approximation.

We want to emphasize that the purpose of this paper is not only to model a realistic
application, but also to study theoretically a prototype linear initial boundary-value
problems.

The paper is organized as follows. Our model is presented in Section 2. We prove
that this problem can be reduces to variational problem, Theorem 1. In Section 3 we
investigate the case when the thickness of the isolation tends to zero. The result is an
interface problem with non-ideal contact conditions.

GENERAL MATHEMATICAL MODEL

Let consider the steady state heat conduction problem, Fig.1: differential equations

ou, 0 ou|_ 0o au; | _ 1
u aX(loi(x,y),axj ay(qi(x,y), ay] Loy,

(x,¥)eQ, =(a;,b)x(c,d), 0<t<T, i=12; —0<a <b <a, <hb, <+o;
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2)

~ k(azuo , 97U,

2 2 j= fo(x,y,t), (x,y)eQ,=(b,a,)x(c,d) 0<t<T; (
OX oy

_ _ _ 8U0 _ aul = (3)
[u]x=bl = u,(b,y,t)—u,(b,y,t) =0, [k ™ )x=bl (pl ox jX:bl = 0,

[u] =u,(a t)-u,(a t)=0, | p o, [k =0, @
x=a, 2 20 Y 0 20 Y ’ ? oX x=a, ox x=a, |

zero-Dirichlet boundary conditions:

u,(a,, y,t) =0, u,(b,,y,t) =0, ye(c,d) (5)
u(x,¢,t) =u,(x,d,t) =0, xe(a,b); u,(x,c,t)=u,(x,d,t)=0, xe(a,,b,). (6)
Ay
d
Q, L Q0 [k Q,
¢ X
>
a, b, a, b,

Figure 1: The geometry of bodies €2,, {2, conductivities with thin isolation €2,.

Let us note that the heat transfers between conductivities and isolation across the

interfaces
I ={(b,y):ye(c,d)} I, ={(a,,y):ye(c,d)}
is realized according to the ideal contact conditions (3), (4).
Finally, in order to complete the initial boundary value problem we pose initial
conditions
u,(x,y,0) = u,(x,y), i=102 (7)
Throughout the paper we assume for | = 1,2 the usual regularity conditions

p,(X,¥)>0,0,(X, ) >0, p,, 0, €C*(,), k = const. > 0, ,(x,¥,t) C(Q,)xC(0,T). (8)

Then we can prove that the solution of the interface problem (1)-(8)
u=(u,u,u,)e(C?(Q,ua,uQ,)nC(Q))xC*0,T).
Let us introduce the piecewise continuous coefficients

p.(X,y) (X,y)eQ,, q,(x,y) (X, y)eQ,,
p(x,y) =1k (X, y) e Qq, q(x,y) =1k (X, y) € Qy,
P, (X,y) ,(X,y)eQ,; q,(x,y) (X,y)eQ,;

and the function
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fl(x,y,t) :(X’y)EQp
F(x yt) =1 f(x 1) (X,y)eQ,
f,(x,y,t) ,(X,y)eQ,.

We can prove the following assertion.
THEOREM 1. Let (7), (8) hold. Then the solution
ue (CZ(Ql uQ,uQ)) mC(Q))x C*(0,T) of the interface problem (1)-(8) is also the

solution of the variational problem: find ue H'(Q)xC?'(0, T) with boundary
conditions (5), (6), which satisfies the following integral identity

Il v (X, y)—ldxdy + ], v , (X, y) 2dxdy

+HQ( p(X,y)a—X— q(x y)ayﬁdexdy [lv(x, y)F(x,y,t)dxdy, Vv e H: ().

Proof. Let us multiply the both sides of (1), i=12 and (2) by

v =(v,(X,Y), v,(X,Y¥), v,(X,y)) andintegrateon Q,,Q, and Q , separately. Then,
applying integration by parts, we obtain

oy, 0y, v, 0y, v,
Ifglvl(x,y) 5 dxdy+IJQ(p1(x y) a a +0,(X, Y) ey ayjdxdy

J[v b ](bl,y ey = JJ, v, %) . ..

ou, dv, ou, ov, (. ou, a
k”%( ox ox oy oy jdXd“kL KVO P~ )(bl,y,t) (Vo ~ j(az,y,t)}dy
= [l Vo (%, ¥) T (%, v, t)dxdy.

av
dd T Ny 2 2 \gxd
I, V(x y) xdy + ([, (pz(x y) +0, (X, y)(3y 8yj xdy

+1; (V P, j(az,y t)dxdy = [[, V206 ¥) (%, y, )dxdy.

Summing these identities, we get

ou ov, ou, ov
Hgvl(x,y)fldxdy +Hg(p1(x y)**+q1(x, y)aylaledxdy

oX OX

o ou, ov, ou, B %
+K/[], ( x ox oy 6yjd dy +KJ; KVO j(bl,y,t) (vo }(az,y,t)}dy
+H92V2(X,y)8tzdxdy+HQ(pz(x ”7? d, (x Y)aaa\;jdxdy
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+LdKV2 P2 %lj(zj(az,y,t) (v Py j(bl,y t)}dxdy [{ v (X, y)F (x,y,t)dxdy.

forall v=v(X,y) e H(Q). Since uy(b,, y,t) = (b, y,t), Uy(a,,y,t) = Ug(a,, yt) itis
natural to require that the arbitrary function v = (Vl,vo,vz) also satisfies these conditions.
Using these conditions we obtain

fchVszaL:f)(az,y,t) (V P, j(bl,yt)

ou, ou,
+k( P )(bl,yt) k( o j(az,y,t)}dxdy

ou 8u ou, ou
= .[cd{vot P, 8X2 ox )(az’ y,t)—v ( % 1(3)(1)(b1' y,t)}dy =0.

We obtain
IR v (X, y)—ldxdy + ], v , (X, y) 2dxdy

+Hg21(|01(><,y)1a1 0, (X, )de dy
KL ( 0 OV, OY, jd dy

OX 8X oy oy
ou, oV, ou, oV,
+ij2[ p,(X,Y) o +0,(X,Y) oy oy jdxdy
= [[v(x, y)F (X, y,t)dxdy.

This integral identity with the Neumann transmission conditions (3), (4) completes the
proof [8, 10].

This theorem shows the equivalency of the transmission problem (1)-(3) with
variational problem, although the last one do not contain any transmission condition. This
suggests a possibility of construction of such finite difference (or finite element) analogues
of the interface problem, which has the similar structure. Specifically, the question is to
construct homogeneous conservative difference schemes in the sense of Samarskii [8],
that have the same form for all mesh points including ones on the interfaces ', I, .

THE LIMIT CASE ¢ > 0
We assume that the thickness 2¢ = a, —b, of the isolation Q, is small , &€ << 1

and the conductivity k > 0, see Fig.1.
Suppose that we wish to solve numerically the problem (1)-(6) by difference scheme.

If the value of thickness 2¢ = a, — b1 of the steady isolation QO is less than the mesh

size h along the direction OX , thatis & < h, then the interface conditions (3), (4) cannot
be approximated on this mesh. To derive a finite difference approximation of the interface
problem (1)-(6), one need to derive an asymptotic analysis of this problem, when ¢ — 0.

Let us note that singularly perturbed one-dimensional interface problems were
studied in [1].
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In order to simplify the exhibition we take b, = —¢,a, =

THEOREM 2. The limit case, when & — 0, (i.e. b, > a,), of the transmission

problem (1)-(6) with ideal contact conditions (3), (4) is the following transmission problem
with nonideal conditionS'

ou, 0 ou, \ _ L
ot ox [ ]—ay( (X, ayj_ f.(x,y,1), (X,¥)eQ,, 1=12;te(0,T],
(pl(X, Y)j =ofu],,, = (DZ(X, y),auj , o = const.> 0, (9)
ax x=0" aX X:0+

u(x,y,t)=0, (x,y)eo(Q,uQ,),te(0,T],
u(x,y,0) = u,(x,y), (x,y)eQ,uQ,.
Proof. Let us assume that U = U(X, Y, t) is the solution of the transmission problem (1)-
(6). Integrating (2) on X € (-¢,&), where £e(—¢&,¢) and ¢>0 is an arbitrary small
parameter to get

o’u, o°u
o k.[—i‘( aXZO + ayZO )dx = I_i‘ fO(X1 y’t)dX,

ou, , ., 0uy
ka—x( & y,t) -k p (&,y,1) = j ( PY: —02 4+ f, (X, yt)jdx

Since the parameter 9’: € (—8,8) is an arbitrary one , integrating both sides of the last
identity with respect to this parameter on (—5 8) and use (3) and (4), we obtain

2@<ew %eyw k[u,(e, y. t) —u(-¢,y,1)]

=[° j‘f( °+f(xyt))dxd(§
Let us divide now both sides by 2& # 0 . Then passing to the limit as &,K = 0 and

iy k
requiring o = — = const , we get
2&

(Q?ﬁ}ﬂnmﬂ=0wdmn%0—w®ﬁyJﬂ,YE@ﬂLtemﬁL

where £ — 0 as ¢ — 0 . This condition can be written in the following form:

O-[u]x:o = (pla_uj : (10)
OX ) y=o_
Integrating (2) on X € (f,g} respectively, by the same way, we can obtain the second
limit condition
olu],- :(pz a_Uj ' (11)
8X x=0+

Conditions (10) - (11) imply the transmission conditions (9). This completes the proof.
Asymptotic analysis to a one-dimensional version of the problem (9) is given in [1].
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CONCLUSIONS

In this paper using three rectangles as the simplest case of multi component model
an analysis of a parabolic-elliptic interface problem is presented. This study can obviously
be extended to the problems with more complicated geometry. We hope that this short
paper will trigger some subsequent works on analytical and numerical analysis of partial
differential equations with nonstandard transmission conditions.
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MATEMATUYECKWN MOOENN HA UHTEP®ENCHU 3A0AYN 3A
CTAUMOHAPHA - HECTALUUOHAPHA TOMnonPoBOAMMOCT

MBaHka AHrenoBa
PyceHcku yHueepcumem "AHeen KbH4yeg"

Peslome: Hue nacnegsame maTemMaTUyecku Moaenu, onuceally HecTalMoHapHa TONNonpoBOAHOCT
B [1BE Tena, pasfiefieHn CbC CTaluoHapeH nsonatop. Tean 3agaym ca CBbp3aHu ¢ napabonuyHu ypaBHEHUs
C MPeKbCHATU KOEMULIMEHTU U KOHLIEHTPUpaHU M3TouHuun. KaTo pesyntaTt Hag uHTepdeiica, Bb3HUKBAT
KOHTaKTHM (CKOKOBM) ycrnoBus. [okasaHo e, Ye Tasu 3agaya [OMycka BapuauMoHHa (popMynMpoBKa.
MN3BbplUeH e acuMNTOTUYEeH aHanua B criydas, korato AebenvHata Ha u3onatopa KroHW KbM Hyna. Kato
pesynTaT Bb3HMKBa HOBa napabonuyHa 3agaya ¢ HemaeanHu KOHTaKTHU YCIOBUS.

KniouoBu aymu: CtaumoHapHa 1M HecTauMoHapHU TOMMONPOBOAUMOCT, UHTepdeinc, enunTuiHn 1
napabosniMyHn ypaBHEHUS, aCUMMNTOTUYEH aHanua.
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SOME POSSIBILITIES FOR AUTOMATIC PROGRAMS GENERATION
Valentin Velikov

Angel Kanchev University of Ruse

Abstract: Automatic program generation is a direction in the software industry, connected with saving
time and human resources, as well as and receiving syntactic clear and logically correct units. It is possible
to separate the application to interface and business logic, too. That means to create a new or use different
existing toolsets for interactive generation of the necessary system.

Keywords: automatic programs generation, DBMS, User interface

INTRODUCTION

In many places people are working in the automatic software generation area. That is
a problem, connected not only with human resources and time for development saving.
Program generation allows to create syntactic clear and logically correct units — that is
connected with time and price for software development, too. Another reason — some time
it's difficult to find the suitable specialist to create the necessary correction in a software
unit.

I's possible to examine the Automatic software/application generation in a different
direction. One of classifications can be on a functional sign — we can separate the
application in two parts: user interface and a functional part. So we can differentiate two
directions:

1. Interfaces automatic generation;
2. Business-logic automatic generation (i.e. — application logic — some information
system).

AG
Application
Generator

7

interfaces business —
generator logic <::|
generator

generated application or
pattern ("framework”) for application <::|

application designer,
programmer

fig. 1 — automatic system generation
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DETAIL DESCRIPTION

Interfaces automatic generation — there are many toolsets for visual interface
creating (windows and objects in them) — MS Visual C, MS Visual Basic, Delphi, [3] and so
on. Summary — they describe the objects and their attributes (size, position, colours;
actions for responding — mouse, keyboard, another objects; the interaction with another
objects and so on).

Business-logic generator: create software units, which can be parts of code,
competed finished application or description of documents streams only (using them, the
designer team can create a working application). The purpose is time saving (i.e. —
resources) to software development. There are a few systems in that area, one of the
leaders is from IBM - Rational System Architect. But to use this very expensive, very
good and very effective system are necessary good knowledge of UML [2].

We can examine The Menu generator in few aspects:

1. Natural languages analysis. In this case, using a natural language description [1]
(possible — limited language), it's generating frames (or filling of beforehand
creating such, describing stage or scenarios);

e stage — describe a static situation;

e scenarios — describe a dynamic situation (actions);

2. Using preliminarily created frames (describing stages or scenarios), filling from
response designer, it's creating a software generation for application with the
necessary possibilities.

As a condition of primary importance for effective automation the highly efficient
interaction between the user and the system is also pointed out. As the requirements to
the functioning of the interface system are completely independent from the problems
been solved in the course of interaction, the development of the interaction itself can be
differentiated in a separate research area. In many cases it's more reasonable to divide
the construction of a software system into an interactive module and a problem-oriented
module. From another point of view these modules can be considered as managing and
executive modules. In the executive module there are included subroutines performing
particular actions on the functioning of the system. To the managing module the so called
“‘cover” belongs, i.e. the hierarchical set of submenus, providing a unique choice and
activation of the correspondent subroutine from the executive module. A great deal of the
time for the implementation of a software system is spent for the designing and testing of
this “cover”. Hence the idea of computer aided design of this module comes into being.

I's convenient to develop a specialized graphics editor, which will allow describing
iteratively the menus in the system being designed. By means of this graphics editor the
designer of the system (fig. 2) determines the place of each menu in the hierarchy of the
specified menus, defines its attributes (type and displacement of the frame on the screen,
text, colours, etc.). Thus a description is entered iteratively of all the submenus and the
procedures connected to the options of the main menu, accordingly of the submenus
stemming from the main menu. For instance (fig. 3): an option in the created menu can
activate either a subroutine (an executable file — in this case the path of the file must be
specified, as well as its name), or can activate the creation of a new subroutine which is to
be described in the same way (i.e. a recursive subroutine can be applied for the
description of the menus). It's appropriate all the values of the menu attributes to be taken
from previously defined sets. This allows a full formal and logical control from the system.

Two basic approaches are possible when creating this system:

a.) Retrieval of a previously fixed template of menus, marking those of them,
which will be used, thus making them active. The inactive fields in the menu are no longer
displayed. At the bottom of the tree (the template) — as the elements of the “leaves” the
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user specifies the path and name of the program which is to be activated. To start working
with the system the template thus prepared is activated. An advantage of this approach is
that the menu interface is easier to implement. A disadvantage is the larger program
(managing “cover”) — it contains the codes of possible, but not used alternatives.

b.) A menu description is made according to a previously specified algorithm,
which takes its hierarchical place in the tree of menus. For each position of this menu
definite information is filled in, which indicates whether another menu will be activated
though it, or a subroutine will be started. The action is a recursive. This tree is being built,
containing information on the hierarchical sequence of menus, connected with the function
of the software system being designed. The next stage is the retrieval of the tree, thus a
text file is generated, which contains a set of commands in a given programming
language, providing the work of the defined “cover” (i.e. — the source of the program). The
last stage is compilation in the corresponding programming language, as previous
additional corrections and tuning of the obtained text file are possible. An advantage of this
approach is the possibility of replacing just the generator module to get programs in
different programming languages. The remaining part of the software system — the
creating and retrieval of the internal machine representation of the data structure (multy-
moving tree) remains standard and does not require additional changes and tuning.

According to the internal machine representation of the menus being described it’s
convenient to keep information on them in a multy-moving tree (fig. 4). A node of the tree
corresponds to each submenu. The hierarchical place of the node determines the
hierarchical place of the submenu. Each node keeps part of the specific information on the
menu. This menu attributes are stored in an array. The elements of the tree are
records/structures (fig. 4), providing information on:
option name in the menu;
path to an executable subroutine in case this option is chosen;

a message to the option;

row on which the message is displayed;
number of an element in the attribute array;

a pointer to a submenu;

a pointer to the next option of the same menu.
The array elements are also records/structures containing information on:
. row and column coordinates;

coordinate of the frame upper left corner;
number of the characters in a row;

number of the rows in a menu;

frame type;

colour of the text displayed in the menu;
background colour of the text;

text colour of the chosen option;

background colour of the chosen option;

10 frame colour;

11.background frame colour.

After the description of the interface of the software system is finished the multy-moving
tree (fig. 4) can be saved in a file (in this case — a text file, including additional control
characters). Editing is possible — deleting/adding of a submenu, changing of a attributes
and so on. It's an advantage that the user of the system is not interested in a tree — on the
screen he gets the menus as they were created and he can edit the existing image.

Noohkwh=

OCOoONORWN =
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fig. 2 — an application system with automatic
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fig. 4 The multy-moving tree
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CONCLUSION

Several limitations which are not of grate importance, are inherent to this approach
for design of the menu generator — it's assumed that the main menu will not have more
than 10 alternatives; the number of the nested levels of submenus is 3.

The suggested architecture is widely applicable by its means any managing module
(“cover”) of a software system can be designed (fig. 3). No direct connection is necessary
to exist between the designers of an information system and the designers of programs
(completed modules) for managing the corresponding database(fig. 2). By replacing just
the generating module, work with any DBMS is possible.

Creating and using applications of similar systems is closely connected with the
automation of programmer’s work.
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INFORMATION SYSTEM FOR MEDICINES

Margarita Teodosieva

Angel Kanchev University of Ruse

Abstract: The paper describes an information system developed for the needs of medicines database
maintenance. It contains information related to the characteristics and availability of medicines and
therapeutic substances in a storehouse. Pharmacists are provided with a convenient and easy-to-use
system for making relevant references.

Keywords: Information System, Data Base, HTML documents, Medicines, Internet

METHODS

Different methods can be applied for developing a centralized data repository for a
storehouse database [1]. After a careful analysis of the recent trends in software
development, the author chose the Web-oriented approach. It is especially appropriate
considering the remoteness of the objects, the easiness and elegancy of the system
performance as well as the compatibility of the available software and hardware.

No additional programs are needed to be installed. The user simply opens a Web
browser, inserts the URL of the site, and enters the system.

Server-side scripting technology based on Active Server Pages (ASP) has been
preferred for creating a dynamic website.

The combination of ASP with the functionality of diverse Microsoft’'s ActiveX controls
on one hand, and the application of recent methods for database access (ADO) on the
other hand, is a leading technology for server-side scripting [2]. The usage of ASP was
predetermined also by the choice of Windows 2008 server platform.

Working with ASPs requires the installation of Microsoft Internet Information Services
(IIS) control system on the server.

Fig.1 shows ASP compared to the most popular technologies for creation of dynamic
HTML content (CGl script, CGIl program and ISAPI dynamic library):

Web server
CaGl ISAPI
A A A
A 4 A 4 A
Perl Compiled ASP DLL
interpret practicabl
e file

ASP
script

Script
machine

Fig. 1. CGlI Script, CGI Program and ISAPI Dynamic Library
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ASP ensures the creation of .asp scripts (similar to Perl scripts), which are processed
by a special ISAPI library, asp.dll, and the relevant script machines. By standard, the ASP
uses VBScript and JavaScript as script languages. ASP combines the comfort for
elaboration of script languages (typical for a Perl CGI) with the optimized efficiency of
ISAPI (which process the queues by setting parallel branches in the main process instead
of starting a new one, as CGI appliances do).

IMPLEMENTATION
Fig. 2 shows modules connection diagram.

Default.asp Menu.asp

Query.asp FullQuery
.asp
Input Search Result listing Full data

form form listing

A

2. Result

4—‘ 1. Result

None found

A 4

»| Forbidden
.asp

Fig. 2. Models Connection Diagram

Default.asp module accepts the data necessary for user identification and sends it to
Menu.asp module through the data form. Menu.asp module fulfils the connection to the
database containing users’ accounts. Valid users are allowed to access the system and
they can see the system menu for further searches. Invalid users are sent back to the
starting point — Default.asp.

Search criteria are sent again to the next module, Query.asp, through the data form.
This module implements the connection with the medicines database. It carries out
relevant checkups and displays the results.

The FullQuery.asp module shows the full information concerning the medicine in
question. The Forbidden.asp module is activated when an unauthorized user makes an
attempt for direct access to Query.asp and FullQuery.asp modules.

To access the system the user has to point out the website URL and wait for a
connection to the Web server. The server generates HTML page for the system entry,
displayed as it follows:

Fie Ed Vew Favdes Tock Heb 3
@ .2 . B 4 D &I B . ®

Bah  Fowrd | Sop  Mebwh Mo | Seach Hatery | Hal It
e [ g focabt el ek = @& ||

INFORMATION SYSTEM FOR MEDICINES

Insert the user name and password

EE

Jsar EHM
Passwort
Confirmation I
A | o]
aeEn o Iraeceat

Fig. 3. Users’ verification
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Here the user enters his/her user name and password. Then he/she has to press
either the button ‘Enter’, or ‘Confirmation’ using the PC mouse.

If the user is identified, he will be allowed to access the system menu.

The system allows carrying out complex searches by one, two or more parameters,
introduced fully or partially. The user enters the parameters he needs and presses the
Confirmation button.

| Fle Edt Vew Favortes Toos Hep

s 9 a_«u-;:s%-g@

[ & B
| Back Forne Stop  Refiesh  Home | Search Fovorkes Hstory Prit 1CQ  FlashGet I
| Address [ hetp: flocathostimenu.asp ] Pse Jubs |

INFORMATION SYSTEM FOR MEDICINES

Complex request for medicines

ATC code:
NHIF code:
Producer:
Trade name: [E—
International non-patent name:

]

Producer’s base price:

Confirmation

Ly _—

5 T -

Fig. 4. Parameters for complex search

If there are no records in the system responding to the search criteria, an adequate
message is displayed on the screen.

Fle it Vew Faeorbes  Took el -
& .=+ .9 B A D @ @ B G EH, S

Back. i Sop  Mofresh  Home Search  Faveritos  Hitory Mol Pt KO Flshaet
addess [ tetpeiiocabosiuerr.as =] e | |us

INFORMATION SYSTEM FOR MEDICINES »

Search results

There are not patent medicines, responding these conditions !

] ] _|‘I

Bl & e

Fig. 5. Results of searching when nothing ;Nas %ound

Using the standard ‘Back’ button of the browser, the user returns to the previous page and
can start a new search.

Fie Edt Vew Favortes Toos Help -
.+ .0 [ A @D B S .
Rach Sop  Beleeth  Fome | Sewch Faverkes  Habory Mal Pt G Fashiet

faws | bt flocabos ey, p =] g ||wis

INFORMATION SYSTEM FOR MEDICINES

Search results
ATC code International INHIF Trade name Producer Producer's
non-patent name  code base price

AlOAADL Tosulbin Donan AF030  Huwoulm B El Lilly

AlLOAADI Tnsulin lneman AFO3L Hwoulm B Eli Lilly

AlDAADZ Tnssulin lnuman AFOE: Huwmule L Eh Lally
o |
2] D Friemet

Fig. 6. Search results
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If one or more records, consistent to the search conditions, are found in the
database, they will be retrieved, but only those fields which correspond to the search will
be displayed, as shown on fig.6.

Selecting the relevant hyperlink with the mouse (NHIF code field), the user can get all
information about a certain medicament.

again.

TR =

.+ . Q9 D A A & @ S & B8 0
o Rh e |t foomies ey | B et DM XG  Mesce

) T ———— =] e | s

INFORMATION SYSTEM FOR MEDICINES

Full Information about medical products

Offized price of prodoction
VAT ™%

Frochucer's base prics

Fig. 7. Information about a medicine
For new references the user presses the Back button and enters the search criteria

If the user does not register in the system and tries to start any of the Query.asp and
Fullguery.asp modules, the access will be denied because he is not identified.

|F\\e Edit View Favarites Tools  Help

I g B # ©H

d Print. Edit cQ Flashaat
| address | http:jflacahostiForbiden. asp =] @0 ks

=
Access denied! You did not identified in the system!

To access the system, you must identify here
&7 Done [ [4 mtemet

SE

Fig. 8. Not registered user

Since it may happen due to a mistake or timeout of user’s session, the author has
developed a possibility for returning to the system’s home page by selecting the hyperlink,
marked with ‘here’.

CONCLUSIONS

The websites generated by the system are in conformity with the available versions
of HTML protocol supported by the web browsers Microsoft Internet Explorer and
Netscape Navigator, considering their wide usage. Internet Explorer is
recommended, as it was used for this project development.

There are no any special requirements concerning the system hardware.

The requirements, set on the server's hardware however, are determined by the
range of anticipated visits and the database space. The system designed by the
author was developed on Pentium Ill, 1GHz, 256 MB RAM and 100 GB hard disc.
The system may be further developed with an administrative part that will allow the
database expanding and editing through Web interface. Thus, the need of MS
Access 2000 installation on the server, as used in the proposed system, will be
avoided.
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MHOOPMALMOHHA CUCTEMA 3A JIEKAPCTBA

Mapraputa TeogocueBa
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Xapakmepucmukume U Halu4uemo Ha Jiekapcmeama, Ha eewiecmeama 3a mepanusi u cknadoseme. Ha
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EXTENDING THE LIFETIME OF WIRELESS SENSOR NETWORKS BY
USING A MODIFIED METHOD FOR HIERARCHICAL ORGANIZATION OF
THE SYSTEM IN CLUSTERS WITH UNEQUAL NUMBER OF DEVICES

Mihail lliev

Angel Kanchev University of Ruse

Abstract: Wireless sensor networks are a new type of telecommunication networks with many areas
of implementation. These systems are known for their many advantages and few disadvantages. This paper
investigates one of the biggest problems in this research field — the unequal energy dissipation and the
unequal lifetime of the sensor motes. In order to solve this problem, first the standard approach for
hierarchical organization of the networks is analyzed and then a solution for solving of this problem is
proposed. Simulation models of wireless sensor networks are created using MatLAB, and the results of the
evaluation of the new approach are compared to the results obtained by the standard one.

Keywords: Wireless sensor networks, clusters, hierarchical networks, sensor motes, cluster heads

INTRODUCTION

Sensor networks are used in many aspects of modern life and are implemented for
home automation, consumer electronics, military application, agriculture, environmental
and health monitoring geophysical and weather measurement. Usually the sensor devices
are small and inexpensive and can be produced and deployed in large numbers. Due to
the requirements for their small size and low price, these devices are severely constrained
in terms of energy resources, memory, computational speed and bandwidth. Therefore, it
is important to design sensor networks aiming to maximize their life expectancy. There are
many factors that can influence the lifetime of a sensor mote but the approach for
organization of the network is probably the most critical one. This is why this research is
focused exactly at them.

ANALYSIS OF THE STANDARD APPROACH FOR ORGANISATION OF THE
CLUSTERS IN WSN

The standard approach for organization of the wireless sensor networks defines the
division of the system into clusters, composed of equal number of devices. The algorithm
that defines to witch layer a device is belonging is presented in the next figure.

By analyzing the block scheme from Fig.1, a conclusion can be made, that when in
the system is used the standard approach for hierarchical organization the first layer of the
network will consist of the devices, which are in communication range of the base station.
The devices of every other layer will communicate with the sensors from the previous one,
but not with the devices from the layers before that (Fig.2).

After the conclusion of this process the total number of the clusters in the system can
be divided by the number of the layers N,;, and thus obtaining the average number of
clusters per layer:

(1) Ne™€=Nep /Ny,

Assuming that the devices are distributed equally then the average number of devices for
a layer can be calculated by:

2) n“€ =n/N;
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Send SYNC packet to the base station

Receive SYNC packets

Are any SYNC packets received?

Are the received packets form a
device of a lower Layer?

Sensor n; becomes a device from Layer N, where N is
equal to the sum of the Layer of the SYNC packet with
lowest number and 1

1

Sending of a SYNC packet

D Communication range of the devices from Layer 1 D Communication range of the devices from Layer 3

D Communication range of the devices from Layer 2 D Communication range of the devices from Layer 4

Fig.2. Organization of a hierarchical WSN using the standard approach.
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After the average number of devices is determined, they are distributed equally in
the corresponding clusters for every layer.

By using these rules, the possibility for a certain module from a given layer to
become a cluster head can be given by:

av;
Neg®

npu C,. (t) =1
nve !
Py, (t n®8 — N 8 [Re mod o }
Nt

(3) 0 npu  C, (t)=0

After the completion of the process for organization of the hierarchical wireless
sensor network, the system is divided into clusters of equal number of sensor modules.

SYNTEZIS OF A ADVANCED APPROACH FOR HIERARCHICAL ORGANIZATION
OF WSN IN CLUSTERS OF UNEQUAL NUMBER OF SENSOR MOTES

As discussed in the literature [1], the cluster heads are using out their energy
reserves mainly for communication purposes in their own cluster and between their cluster
and other clusters in the network. In the first case the amount of energy, necessary for
receiving of the information is proportional to the number of devices, which are transmitting
to the cluster head, while in the second case this amount can be expressed as a function
of the expected amount of data, which this device is transmitting toward the base station. If
it is assumed that the cluster heads can be positioned precisely in the sensor field, than by
changing the size of the clusters (and by that changing also the number of the sensor
nodes in the cluster) we can change the amount of energy that every cluster head is going
to need for the communication processes. The implementation of this approach will lead to
a situation, where for all communication rounds in a epoch the average amount of energy
in the cluster heads will be almost equal and by that one of the major problems of the
WSN will be solved — the early depletion of the energy of some of the network devices,
and by that the reduction of the network lifetime. The main reason for this study of the
parameters of the cluster heads is the fact, that these modules have the largest impact on
the network performance, and the depletion of the energy of even a single cluster head
can lead to the loss of data from the whole cluster under its management. To study the
above mentioned parameters a WSN, which consists of n sensor nodes can be
investigated. These sensor motes are equally distributed on a circle with radius of Rse. The
cluster heads for every layer are placed in this sensor field at an equal distance one from
another. By placing them is such a matter, the coordinates of these devices will match the
coordinates of points on the internally concentric circles of the given circular sensor area.
The base station, which will receive the data of the sensor field, is placed in the center of
the area (Fig.3). The data received by all sensors in the clusters is transmitted to the
corresponding cluster head, which aggregates the information, and forwards it to the base
station. The transmission of the aggregated packets is completed by forwarding the
packets to the closest cluster head in direction toward the base station.
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Fig.3. Deterministic distribution of the cluster heads in internally concentric circles around
the base station.

Assuming the distribution of the cluster heads as shown in Fig.3, every of the clusters
can be represented by a Voronoi tessellation with center the cluster head. By doing this a
multilayer hierarchical structure of a sensor network can be created. Fig.4 (a) shows a two
layered network, with the internal layer (Layer 1) consisting of N¢; s clusters, and the
external layer (Layer 2) consisting of N¢..» cluster. In order to simplify the analysis of this
model the Voronoi tessellations will be presented as parts of circles as shown on Fig. 4

(b).

b)
Fig.4. Wireless sensor network with the clusters represented as Voronoi tessellations (a)
and parts of circles (b).

Due to the symmetrical distribution of the cluster heads in concentric circles, all
clusters for a given layer will be characterized by a common shape, size and area, but will
be different, compared to the clusters of the other layers like in Fig.4 (b). If RsF.1 is the
radius of the circle, which contains the given number of clusters from the first layer of the
system, then by changing this parameter the area of coverage of the circle will change,
and by that the number of the sensor motes in every of the clusters will change.

If it is assumed, that all cluster heads are equally effective in the implementation of
the data aggregation mechanism, and that this effectiveness is represented by the
aggregation coefficient — y, than the amount of data send to the base station by every of
the cluster heads for a communication round is ync, where n. is the sum of the sensor
motes in the cluster and the devices sending data to the investigated cluster head, and y is
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changing | the limits between 1 and 1/n.. This means that when y=1/n., then we have a
system with full aggregation of the data, and if y=1 the cluster head is not performing any
aggregation at all. By assuming the model for distribution of the information given in [2]
and by using a data delivery approach with retransmission of the information as the one in
[3], then the amount of energy, which is used for the transmission of a packet with the size
of b bits at a distance of d meters is given by the following equation:

k
4) Ery = b(Eelect + Efsd )

The amount of energy used for the reception of a packet with the same size is given
with:

)] Epy = bEelect :

For the studies of the approaches for organization of hierarchical wireless sensor
networks is assumed the model for distribution of the information in free space, which
means that the fading coefficient k is equal to 2. Additionally it is assumed that there are
ideal conditions for the network (there are no transmission errors and the data overhead
for system messages is not investigated).

For every cluster in the network the total amount of energy of the devices is
determined by the location of the cluster head. In order to achieve constant value for the
amount of energy used for every communication round in the cluster, every cluster head
has to be static and not movable. In this case if it is assumed that the cluster heads are in
the center of the clusters, as in Fig.4, then the distances between the cluster heads from
both Layers of the system and the base station can be expressed by the following

equations:
(6) I(I)QSFLI r2r sin(lejdr 5 sin(lej
dcpips = B =3 Ry B
Ry LS
2 2
Rse y2rsin B—z dr sin B—z
R 3 3
) 4 _ sen 2)  _2Rsp - Rspp 2
CH2BS =

(R%F - RgFLl)B; 3 R%F - R.%FLl B72

where £1 and £, are the angles defined by the number of clusters in every layer of the
system and are equal to:
21

Ncrr,

1

(8) B; = Jiell2]

Analyzing the model above, one can conclude that the system is organized during
the network convergence phase, and the formed clusters remain untouched for the lifetime
of the WSN. Considering this, the lifetime of the network can be defined as the time
interval from the beginning of the exploitation of the system till the depletion of the energy
of any sensor mote. In this way the situations in which the cluster heads are depleting their
energy and are having impact on the total system performance are ruled out.

The total amount of energy, necessary by the cluster heads at Layer 1 and Layer 2
for the communication processes can be obtained by using:
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bEelect (nSMCLl - 1)+

9) N
Ecpy = | PEpansys o, +Ybnsp %Eelect +

Ncrro
" by(nSMC“ Ner

2
S\, j(Eelect +E fstHlBS)

bEelect(nSMCL2 - 1) +

(10) Ecpa =| bEpsnsy,,, +

2
Ybrgy, (Eelect +E f[deHZCHl)

where dcr2ocHr and dceniss are correspondingly the distance between the cluster head at
Layer 2 and its neighbor at Layer 1 and the distance between the base station and the
cluster head at Layer 1. The total amount of energy used to aggregate the data is given by
the parameter Eps, and nsycrs and nsycrz are the numbers of the sensor motes for the
clusters in Layer 1 and 2 of the system. The last two parameters are proportional to the
area covered by the clusters and can be calculated with:

Ripp 1
(11) nSMCL1 =1
Rspr2Ncrr
2 2
Rspr 2 — RSpr
(12) nspycL2 =N

2
RsproNcrr 2

The ratio Ncrro/ Nz in (9) and (10) is used to show that the packets generated

by the cluster heads at Layer 2 of the system are equally distributed among the cluster
heads in Layer 1 of the network. Organization of a hierarchical WSN using the modified
approach is presented on Fig. 5.

Layer 4 Layer 3 Layer 2 Layer 1

Base
station

D Communication range of the devices from Layer 1 D Communication range of the devices from Layer 3

D Communication range of the devices from Layer 2 D Communication range of the devices from Layer 4

Fig.5. Organization of a hierarchical WSN using clusters with unequal number of sensor
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SIMULATION EVALUATION OF THE METHODS FOR HIERARCHICAL
ORGANIZATION OF WSN

In order to evaluate the consummation of energy it is necessary to study the results
obtained by the simulation experiments of both approaches. For those purposes two
simulation model were created using MatLab. For the simulations we assume all
simulation and system parameters as in [4].

The first of the conducted simulations is done with a sensor field of 100x100 meters and
with the base station at the center of this field. The initial energy of all 100 sensor devices

and cluster heads is equal to 0.5 J. Results ofdevices the conducted simulation are shown
of Fig.6.

Network lifetime when the Base station is at x=50m, y=50m

801

601

401

Number of nodes alive, n

20r

—Modified approach
--= Standard approach

% 500 1000 1500 2000 2500

Rounds, r

Fig.6. Network lifetime for 100 sensor nodes using both approaches

As shown in the figure the total lifetime of the modified approach is less than the one
of the system with the standard approach, but the modified approach provides a longer
and stable operation of the system and the first sensor node depletes its energy around
the 1650 round compared to the 450 round in the system running with the standard
approach.

Energy dissipation when the Base station is at x=50m, y=50m
50 . ! :

— Modified approach
45; =-= Standard approach |]
= 40¢
<
g 35¢
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5 38
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Fig.7. Organization of a hierarchical WSN using clusters with unequal number of sensor
devices

Fig.7. presents the total amount of energy in the network for the systems running on
both approaches. As seen from the figure the modified approach is consuming more

energy than the standard approach. This is explaining the shorter total network lifetime of
this approach.
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CONCLUSION

From the conducted analysis and the realized simulation experiments it is obvious
that the modified approach is better in terms of system lifetime. One of the directions for
further improvement of this approach will be to increase the total lifetime of the systems,
which use this approach by reducing the increased energy usage. Despite this the
modified approach is showing significant improvement in terms of stability of the systems
compared to the standard one.
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YBEJIMYABAHE EKCIIJIOATALUMOHHATA NPOABITKUTENHOCT HA BE3XUYHU
CEH3O0PHU MPEXW YPE3 MOON®ULIMPAH METO[ 3A MEPAPXUYHA
OPIAHU3ALIUA HA CUCTEMATA B KNTbCTEPU OT PA3JINYEH EPOM

YCTPOMUCTBA

Muxaun UnueB
PyceHcku yHueepcumem "AHeen KbH4yeg"

Pe3rome: Be3XuyHUME CEH30PHU MPEXU ca HO8 MuM MesIeKOMYHUKaUUOHHU cucmemMu C MHO20
obnacmu Ha npunoxeHue. Teau cucmemu ca U3BECMHU C MHO20moO cu rpedumcmea U pa3HoobpasHu
npunoxeHusi. B ma3u cmamus e pasznedaH eOuH om Hau-3Hadumume rpobremMu Ha me3u Mpexu —
HepasHOMepPHOMO u3pa3xodeaHe Ha KO/IUYecmeomo eHepausi om CeH30pHUMme ycmpolicmea U msxHama
pasfnu4Ha ekcrnoamayuoHHa npodb/mkumenHocm. 3a Oa ce pewu mo3u npobrem, Mbpe8OHayasaHo e
aHanuaupaH cmaHOapmHusi MoOxo0 3a lepapxudyHa op2aHu3ayusi Ha Mpexume, cried Koemo e npedsioxeH
anmepHamugeH sapuaHm Ha moau rnpouec. CumynayuoHHUmMe Mooenu Ha 6e3XUYHUME CEH30PHU MPEXU
ca cb30adeHu ¢ MatLAB, kamo pe3ynmamume om nodxodume ca aHanu3upaHu U cpasHeHU.

Knro4yoeu Bymu: BeaxudyHU CeH30PHU MPEeXU, Kimbemepu, lepapXuyHu MPexxu, CeH30pHU Modynu,
ycmpolicmea 3a ynpas/eHue Ha Kiibecmepu.
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ONE APPROACH FOR CONTINUOUS SIGNALS REPRESENTATION

Georgi Krastev, Tsvetozar Georgiev

Angel Kanchev University of Ruse

Abstract: The purpose of this article is to describe how to provide signals geometrically as vectors.
Discussed are the theoretical foundations of this approach and a concrete example in Matlab environment is
presented.

Keywords: Signal Processing, Vectors, Vector spaces.

INTRODUCTION

There is an extraordinary diversity in the classification of signals and methods of their
presentation or description [1, 2, 3, 5]. The larger or smaller success in applying one
method or another depends on and is determined mainly thereof how the contained in the
signal information will be used. The mathematical apparatus of the functional analysis
makes it possible to conduct full and sufficient universal research in this regard.

Nowadays, the scientific-technical bodies show increased interest in summarizing the
many known ways and methods for analyzing the signals so that they can be treated by a
single mathematical positions, from the one new common base. It is believed that
implementing this approach different methods can be used for more general and effective
application in solving various technical problems.

LAYOUT

1. Vector representation and description of continuous signals

It is not difficult to understand that the task of complex signals decomposition to
simple, elementary signals is similar to the task of ordlnary vector decomposition in three-

dimensional space to its components of basic unit vectors, i j k - Fig.1.

A
(@ |3
S >, o>
S =81+ 55 + 53K
= - -2
X 53%,, s; = sl
p
X783 > =
S; = Sy
Y
s3 = s3k
5 =
X=s
N
Ak
— =
X2=1S2 (y)
- O -
0 f X=5, 2
>
> b !
X| =8
_ > 2 2
X|=8) X=X 11— Xp) — x3k

)
1

Fig.1. Vector in three dimensional space
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Presentation of a signal - "vector" in the form of a vector sum
S(t)=isy(t)+].sp(t)+k.ss(t);

S=is;+j.5, +k.s3 (1)
is called the decomposition of the vector s (t)=sto orthogonal unit vectors (orti) i, ]’, k.
Because the "vectors" are elements of decomposed "vector" it is perceived to call them
components of the vector s at the basic /T,]',k. We see that the coefficients sy, s; and s3

represent himself as projections of the vector s on the axesf, ]', k, ie. they are

coordinates of the vector s. Stated otherwise, this means that the vector of three
dimensional space is completely determined by the sum of its coordinates.

S(t)={sy(t),s5(t),83(t)}; S={s1,5;,83}. (2)

For the generalization of the vector of three dimensional space concept in the case of
n-dimensional space a specific example can be used. In Fig. 2 is shown a graph of a time
signal s(t), which represents a continuous time function in the final interval (0,T). The idea
of this signal can be obtained in the case where an aggregate of its values in the points t;,
tr, ts, ..., t,..., t, are given. These points are separated one another with a small interval

at=T, (3)
n

s(t)

s (kAD)

tk = kAt
t,= nAt

a0
5

T=nAt

1

Fig.2. Vector representation of continuous signals

The values of the signal in these discrete points are respectively

S; =S(At),s, =S(2At), ..., = S(KAt), ..., S, =S(nAt) . 4)

Assuming that this signal can be presented with a conditional "vector", it is not difficult
to understand that for its full determination are needed

T
n= v (5)

coordinates which represent samples of instant values of the signal at the moments t;, t,,
t3, ..., k..., b
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For major coordinate determinants which conditionally to play the role of a single
vectors, can be considered rectangular pulses with a height of 1 - "one", which are shift
against each other at an interval t, defined by (5). The whole system of these n coordinate
determinants pulses with a height 1 can be represented "analytical" with the following
singular function:

l//k(t):l//k(t—kﬂt):{1,tk StStk+1,'0,tk >t>tk+1} k=1,2,...,n. (6)

Based on all the above arrangements and acceptances, the signal s(f) can be
approximately represented in the following component form (linear combination of
orthogonal functions), similar to (1):

S(t)=spy(t)+Sapo(t)+...+Swn(t) = D sy (t). (7)
k=1

The expression (7) represents the signal s(f) in the form which is obtained as the
result of signal decomposition in elementary coordinate signal-functions defined by the
expression (6), with coefficients (4). By the analogy to (2) the signal s(t) can be
represented in a more compact form - in the form of vector, given by its n coordinates:

S =(84,85,...,S,) (8)

This type of recording the signal s(tf) means that it corresponds to a vector (8) in n-
dimensional space. Any random signal may be presented in the form of a sum analogous
to (7).

2. Presentation of the signals as elements of linear spaces

Once accepted conditionally, that the signal in some preliminary arrangements may
be regarded as a vector in n-dimensional space, by analogy of the vector in three-
dimensional space the term "length" or "norm" of the signal may be defined, as follows:

8] = \/872 +82+82+...+52. (9)

If there are two signals s(t) and w(t), then the norm of their difference |s(t)—v(t)| will
be clearly defined by the expression

d|s(t)-v(t)| = Jj [s(t)-v(t)]2dt =d(s,v). (10)

It is not hard to see that (10) characterized actually mean square deviation of the
signal s(t) from the signal v(t). It is a geometric analogue of the distance between the
vectors S =(s4,S5,...,S,) and v = (v4,vs,...,v, ), i.e.

d(5,7)= | (sx —vi)? =[5 - 7. (11)
k=1

Another important concept is the concept of "scalar product" of the signals s(t) and
t), defined by the expression
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[sttv(t)dt=(s,v). (12)

This definition of the scalar product of two signals s(f) and (t) is a generalization of
the scalar produce of two vectors s and v, i.e.

(§,17)=ZSkvk. (13)

k=1

It is necessary to pay attention to the following interesting and important fact. In the
space of continuous signals s(t), v(t) with the scalar product of the type (12), the norm of
the no interrupted signal is defined by the expression

Is(t)]=(s,s) = [ s*(t)at (14)

It is obtained from (12) when substitute v(t) with s(t).

Space in which the norm of the signal (function) is given with the scalar product (12)
is called Hilbert. It is indicated by the symbol L?.

In the n-dimensional space the norm of the vector is defined also with the scalar
product

[s|=+(s,5) =/ > sk (15)
k=1

Space in which the norm is given by the scalar product (13) is called Euclidean. It is
indicated by the symbol R,.

The method of determining the rate and the distance is called a metric of the space.

In terms of the above situations should be mentioned very briefly some other more
fundamental correlations. They are given below.

From the vector calculus (respectively, from linear algebra) it is known that the
absolute value of the scalar product of two vectors can not be greater than the product of
their norms, which means that inequality is always true:

(s,v)| < s (16)

Cosine of the angle between two vectors s and v is given by the expression

(17)

The absolute value of (17) can never be greater than one.
Cosine of the angle between unit vectors v and 7 is obviously equal to their scalar

product, i.e. cosg,, =(y,77). The cosine of the angle between normalization signals

(functions) [y (t)] =|n(t)| =1] - is true: cosg,, =(17,71)= [w(t)n(t)t .

On Fig. 3 are shown eight experimental curves after an experiment with a mobile
research laboratory [4]. The minimum, average and maximum values are depicted on Fig.
4.
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On Fig.5 are shown the results obtained in the Cartesian coordinate system, applying

the discussed method.
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Fig.3. Examples of experimental realizations
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Fig.5. Obtained results

CONCLUSIONS AND FUTURE WORK

By nature for a man is easier, faster and better to understand the mathematical
nature of things when they are illustrated geometrically. This feature is based on the idea
of signals to be presented geometrically-dimensional and infinite-dimensional or final-
vector space as vectors.

The discussed approach will be used for testing objects with continuous action.
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DESIGN AND IMPLEMENTATION OF A KNOWLEDGE CONTROL TEST
SYSTEM

Viktoria Rashkova

Angel Kanchev University of Ruse

Abstract: The paper describes a test system designed for students’ knowledge control. The system is
composed of three modules: Administrator, Teachers and Students. It contains intuitive, convenient, easy-to-
use interface developed in VBA Access environment, as well as relevant tools for tests generation and
students’ assessment.

Keywords: test control of knowledge, subject area,object, feature, property, method, event.

INTRODUCTION

For each training system, including computerizing, the main problem is how to
achieve an adequate control of knowledge. For a qualitative control of knowledge it is
important to take into account several special features, namely:

e each teacher uses different methods of control, different scales and criteria of
evaluation. This necessitates the possibility of selecting different types of questions when
constructing the test;

e establishing a strategy of fair and accurate evaluation dependending on the type
of the questions;

e analysing the level at which the studied matter has been acquired.

These features require the selected system to be adaptable to the personal
characteristics of teachers and students.

According to Dovgyaldo and many other authors [3, 4] there are four different types
of control: prior (pretest) control, current control, border control and final control (posttest).

Prior control is usually used for determing initial level of knowledge before the
training has started. Current control is used to determine the level of knowledge, reached
at a certain moment of studying able particular subject area (SA). Border control is carried
out after study of individual topics or sections of the SA. Final control comes after
mastering of a whole SA [3, 4].

The control questions must satisfy the requirement of a complete dialogue there is a
confidence that the basics are learned. To perform assessing properly the teacher creates
a template pattern of true answers and the system compares the responses of the
students with this template. If the student’s answer does not satisfy the standard, then the
knowladge control test system doesn’t provide the specified number of points. This system
allows the generation of questions of the four types of control. For creating such a system
different programs could be chosen but here we decided to use Visual Basic for
Applications (VBA).

Visual Basic for Applications is an object-oriented pogramming language. It was built
on the basis of Visual Basic language and is applied for working with the MS Office
package-Word, Excel, Access. It has media-controlled pattern of programming, too. In
substantial media-managed applications the program doesn’t follow a pre-determined
model. The program threated different parts of code as a response to a certain action. The
events could be caused by the user actions, system performance or another application.
Therefore, the sequence of execution of the program code is determined by the sequence
in which various events occur [5].

In such a way the flow of the program code executed will be different each time. VBA

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
70




INFORMATICS

is an object-oriented environment, which provides a comprehensive range of objects, each
one having its own properties and methods.

In an object-oriented system almost everything is composed of objects. In VBA each
element of the application is an object and we call it tool. The properties describe how the
object looks (its size, colour, place position) or what its behaviour is (whether you can
change its size or not, is it visible, is it active, is it points to another object). The method is
an action which could be performed on the object and is realized in the course of its
running — member of the class. The Method is get by writing the name of the object and
the name of the method, separated with a dot between them. Any user upon an object is
threated as an event. All the possibilities, VBA offers makes it convenient for the
construction of a system for test control of knowledge [2,5].

QUESTIONS GENERATION FOR THE TEST CONSTRUCTION AND ANALYSIS

OF THE ANSWERS

Traditionally the quality in formation of elementary teaching tasks is determined by
the erudition of the educator and the level of his training. This way has a number of
disadvantages. The most important disadvantages are: much labour intensity in the
process of the tasks creation, limited number of the tasks variants. This reduces the
degree of reliability and objectivity of control, due to an increased probability of guessing
the correct answer. Other disadvantages are: difficulty in circulating the assignments and
in collecting statistics. The questions generation and the test construction are first steps
towards incorporation of artificial intelligence in Intelligent Systems for Test Control of
Knowledge. They provide didactic requirements for multi-variability of, tests with economy
of intellectual labour and computer memory at the same time.

Attempts for summarizing experience in this field and to present the existing forms for
responses submission and known methods of analysing them are being made. Moreover,
a text response is used sometimes, but without analysis, meaning that the answer which
fully matches the standard is considered correct [3].

There are several different types questions in the system for test control of
knowledge:

e response of choice from several options - the most common form of response is
election. The question is accompanied by several variants of ready answers from which it
is necessary to choose one, rarely several, correct responses;

e arithmetic and logical response by a formula - the second most popular is
response by a formula or numeric response, usually as a result of a decision of the
proposed task - numerical answers, which require implementation of a set of interrelated
actions. For answers of that kind a template (correct meaning) must be given.

e questions - free-response is the most natural and the same time complex task of
organizing the control of knowledge of training. One of the common ways to verify the
correctness of free-constructed answers is to control the keywords. Another way of
organizing the work with text questions are templates, containing empty spaces with
explanations about the way they should be filled;

e questions — “connect with the true meaning”, again using a template to which the
given response is compared;

e questions with graphic answers — the usage of graphics (drawings, graphics, etc.)
as a response significantly enhances the control system of knowledge. In some cases it is
the only possible way of response.

DESIGNING THE USER INTERFACE AND AN APPLIED PROGRAM
ENVIRONMENT
The application requirements are determined by the subject it is designed for and the
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users who will work with it. The main purpose of this Annex is to provide an opportunity for
qualitative evaluation of the students knowledge by their teachers through solving tests
electronically using computers [1]. For this purpose the following basic requirements could
be determined:

¢ quick and easy way of composing various tests, depending on the subject of study;

¢ quick and easy access to students tests.

Concerning basic requirements, a plan of the application opportunities is drawn up. It
should:

e be easy to use in terms of navigation and should offer plenty of indications;

¢ be simple, fast and interactive;

¢ limit the access to side-issue functions, depending on the permissions of the user
groups;

e retain entered information, test and the answers structure after solving them in the
database;

e prevent input incorrect information in the database;

e provide an opportunity for quick and easy search of necessary information by
relevant audiences;

e perform correct evaluation regarding the student choices and the criteria specified
by the teacher.

To design the knowledge control test system we use a uniform style of forms and
apropriate controls, that create a sense of integrity and make the system stylish and
pleasant to work and navigate with her.

ser group Three modules are designed for the
| Sudents separate user groups -— “Administrators”,

"Teachers” and “Students” to meet the
ooty mambor requirements of the application. The user has to
* username enter his username and password, then choose
V;u:a"’"“"a"’e the group he belongs to. After pressing the
o mon | _pomiontodse | "Enter" button, he gets access to the functions

" Teachers

Search criteria

acutymumber [ Gep [ 3] which correspond to his group.

Nome | Module "Administrator” - this group of users
e el can create accounts for all other user groups,
isenene [ enter and edit database for all other users,

provide validation of data before its retention in
the database, add and edit data for the
disciplines, in which tests will be created, add or
mould groups of students who conducted the test. This module provides a simple interface
for creating links among the objects in the database so that the work of the administrator
could be much simplified and the requirement for
having special professional skills in working with
databases falls away. Fig. 1. shows working form
to edit a user that at the same time provides an
= option for searching a definite user on a given
o criterion.
8 Module “Teachers”- these users have
B T rights to create or edit tests in a specific
. ' discipline. Each teacher determines type of
o questions to be included on his own test. The
Fig. 2. Module Teacher - construct a question with one system SUppOl'tS all the types of questions. In the

correct answer

Enter ‘ Cancel |

Fig. 1. Module Administrator - create new user.
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creation of choice questions of one or multiple answers are used CheckBox controls or
OptionButton respectively. Fig. 2. contains the elements needed to edit a question of the
appropriate type. Such elements are: a field for writing down the question; fields for the
possible answers, elements which determine the number of the possible answers;
elements for determining the correct answer. For each of selected types of questions, the

Correct answer: score

Incorrect answers: Synonyms for correct answer:

Save

Fig. 3. Modul Teacher - construct a questions in form “free
answer”

system allows teacher to set the number of
points corresponding to a correct answer to a
certain question and also offers an opportunity
of keeping the information in the database.
For questions in form “free answer” (Fig. 3.)
the system uses tool - TextBox control when
entering the text of the question and fields for
entering the question; for entering the
answers — one for the correct answer, three
for entering variations answers and three for
giving synonyms of the correct answer and
the parts to be connected plus elements for
defining the correct connections.

For question of type connecting the issue with the response, the system provides: a
fields for entering the question; entering the answers and comparing their parts
(connection) in addition elements to determine the correct connections.

Discipline: |

[—

Test:

Start Test |

Fig. 4. Module Teacher - constructing test

HiE NN

Save

Fig. 5. Module Teacher - simulation of the final test

Users with rights of Teachers are
allowed to set separate criteria for
evaluating each test. They also
determine time given to the students

«cre  for fulfiling it and have rights to
simulate its happening. By selecting
the "Start Test" button in Fig. 4. other
items this screen contains are
displayed shown in Fig. 5. These are:
an elements showing the time past
from the beginning of simulation,
visualizing current issue, moving to the
questions and finishing the test. By
choosing the “Ready” button a screen

appears which gives information for the

BN

reached result, given evaluation and criteria on which the assessment was made.
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Module ”Students” — for users of that group, the system provides opportunity of

Test

remaining time

Discipline
Start
Ready
Stop
o |
o |
o |
o |

Confirm

) =<| 2l z2]a]afs]|>=]]s]

Fig. 6. Module Student - start Test

of

11

21

31

41

Criterion for evaluating:

To
10

20

30

40

50

score

score

score

score

score

Mark
Poor 2

Average 3

Good 4

Very good 5

Excellent 6

choosing the discipline and the test they
are going to make, after entering their
username and password. By selecting the
"Start Test" button they start the set time,
as well. After answering a question the user
goes to the next one by pressing the
"Confirm" button and selecting the next
issue from the navigation panel (Fig. 6.).
When selecting the "Ready" item or
after the time finishes, a screen, visualizing
the result, the evaluation and the
assessment criteria, appears (Fig. 7.).

Test result:

sCore: 26

Mark: 4

Fig. 7. Module Student- form for test rezults

Details of three Modules of test control system of knowledge are shown in Fig. 8.

CONTROL TEST SYSTEM

MODULE ADMINISTRATOR

ADD / EDIT USER
* INFORMATION

MODULE TEACHERS

MODULE STUDENTS

L

DISCIPLINE

CREATE LINK TEACHER-

ADD/ EDIT DATA ON SUBJECTS
| CREATE/REMOVE LINK
DISCIPLINES / STUDY GROUPS

ADD / EDIT TEST
— —»| CHOICE TEST
ADD / EDIT
QUESTIONS | SOLVING
* TEST
SIMULATION
| TEST REVIEW TEST
| RESULTS
|_,| REVIEW TEST
RESULTS

Fig. 8. Module in test control system of knowledge
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INTERIOR DESIGNING OF THE INFORMATION SYSTEM

The inner interface of the application consists of Class Module for each form, which
contains the procedures for processing the events, which occurred after users handled the
application. In MS Access the forms are defined as objects of class "Forms" and the
program automatically creates a blank Class Module for each new form, whether it will be
used or not. In MS Access the forms could be directly connected to a table from the
database thus avoiding another additional programming. The inner interface includes four
more standard modules containing common procedures for all forms and application. Such
are some of the following procedures: for checking the validity of data, for extracting and
storing data in the database, for performing calculations.

Since the system is designed to work as a client-server application, in design of the
system to take into account following features:

e When recording information involving the simultaneous update of several tables
in the database, we use transactions for record data or in case of an error to prevent from
loss of information;

e Queries to the database should be very simple in order to reduce for their
implementation time. Also, only the information needed should be extracted, so that the
network traffic could not be overloaded.

After creating the forms in the applied environment of MS Access, a code is added to
the relevant procedures for handling events. Such procedures include: procedures
performed by pushing the button, procedures performed by modifying a text box or a
certain list, procedures performed after the time is finished. All basic procedures are
contained in standard modules and are being declared as public, providing access to them
from anywhere in the application code. This way of organizing the code in VBA helps
creating a single procedure at first, and running it as many times as necessary later. If well
designed VBA provides the opportunity of performing multiple actions with a few codes
only.

Sitlent Fductiroup felatelirihi Subiject Relate TehSh)

1
Shi
ShiDescr _\E

o 1 1 1
b7 ~p oD == @
Fhiame Fllame Grlode ShilD = |sbiD Fhlame
Sharme Shame GrDesct RIETSID ame
[ LMame LMame
Userhlame Fakium Userbame

Passward G Password
IUserLack. Userlame IserLock
Password
UserLock

Tio AR foes B e
PR dATSwET Afswel

11
AsID AnsID
Thnshium Anshium
TAnsTexk AnsText
AnsPaints
QstiD

LICHiEnarYy SYTIOHYT

DD ArsD
Didord Tword

Fig. 9. Relational databases
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The test control system of knowledge is created using relational databases. It is
shown in Fig. 9.

CONCLUSION

The so designed system for test control of knowledge makes it possible to construct
tests containing various types of questions. Since the system is built, in Access
environment through VBA, it does not require the installation of an additional software but
only the copying of the working file and the database needed. This particular test control
system can be used by all teachers and students. It is designed to work with client-server
systems and can evaluate up to 20-25 students simultaneously.
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CALCULATIONS OF LIGHT, MEDIUM AND HEAVY NEUTRON-RICH
NUCLEI CHARACTERISTICS

Galina Krumova

Angel Kanchev University of Ruse

Abstract: Results of charge form factor calculations for several unstable neutron-rich isotopes of light,
medium and heavy nuclei (He, Li, Ni, Kr, Sn) are presented and compared to those of stable isotopes in the
same isotopic chain. Proton densities are compared to matter densities. Whenever possible a comparison of
form factors and densities with available experimental data is also performed. The charge form factor of the
®Li nucleus is obtained also on the basis of its cluster structure.

Keywords: Charge form factors, proton and matter density, cluster structure

INTRODUCTION

It has been found from analyses of total interaction cross sections of scatterin9 of
particles and ions from nuclei that weakly-bound neutron-rich light nuclei, e.g. 68He, ML,
“Be, 1"19B, have increased sizes that deviate substantially from the R ~ A" rule. It was
realized that such a new phenomenon is due to the weak binding of the last few nucleons
which form a diffuse nuclear cloud due to quantum-mechanical penetration (the so called
"nuclear halo"). Another effect is that the nucleons can form a "neutron skin" when the
neutrons are on average less bound than the protons.

Most exotic nuclei are so shortlived that they cannot be used as targets at rest.
Instead, direct reactions with radioactive nuclear beams (RNB) can be investigated in
inverse kinematics, where the roles of beam and target are interchanged. For example,
proton elastic scattering angular distributions were measured at incident energies less
than 100 MeV/nucleon for He and Li isotopes and even at energy of 700 MeV/nucleon for
the same nuclei at GSI (Darmstadt). The charge and matter distributions of these nuclei
were tested in analyses of differential and total reaction cross sections of the proton
scattering on exotic nuclei using different phenomenological and theoretical methods. It
was shown that elastic scattering of protons serves as a good tool to distinguish between
different models of density distributions.

Concerning the charge distributions of nuclei, it is known that their most accurate
determination can be obtained from electron-nucleus scattering. For the case of exotic
nuclei the corresponding charge densities are planned to be obtained by colliding
electrons with these nuclei in storage rings. It is important to study how the charge
distribution as well as the radii and diffuseness evolve with increasing neutron number (or
isospin) at fixed proton number. This point may be very important for understanding the
neutron-proton interaction in the nuclear medium. To this end the preliminary theoretical
calculations of the charge form factors of neutron-rich exotic nuclei can serve as a
challenge for future experimental work and thus, for accurate determination of the charge
distributions in these nuclei. This can be a test of the different theoretical models used for
predicting charge distributions.

In recent years theoretical work has been done along these lines focusing on halo
nuclei. Various existing theoretical predictions for the charge distributions in light exotic
nuclei ®®He, "'Li, "Be, "B have been used for calculations of charge form factors - for
instance, those of Tanihata et al. for He isotopes, the results of the cluster-orbital shell-
model approximation (COSMA) for He and Li isotopes, the large-scale shell-model (LSSM)
method (for He and Li isotopes) and that of Suzuki et al. for ™Be and ""°B nuclei. The
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charge form factors have been calculated within the plane wave Born approximation
(PWBA). Calculations of form factors of heavier exotic nuclei within the PWBA are also
available.

In [1,2] we extend the range of exotic nuclei for which charge form factors have been
calculated earlier. Along with the new calculations for He and Li isotopes, we present
results on charge form factors of several unstable isotopes of medium (Ni) and heavy (Kr
and Sn) nuclei and compare them to those of stable isotopes in the same isotopic chain.
We also give the charge densities and compare them to matter density distributions. The
calculated proton, neutron, charge and matter rms radii are compared with those for “®®He
and ®"'Li deduced from the proton scattering experiments at GSI and from the total
interaction cross sections obtained from the measurements of Tanihata et al. and from the
re-analysis of the same data. In our calculations for the He and Li isotopes we use the
LSSM proton and neutron densities obtained in calculations based on the set of wave
functions with exponential asymptotic behaviour. For the isotopes of heavier nuclei Ni, Kr
and Sn we use proton and neutron densities which are obtained from self-consistent
mean-field (HF+BCS, shortly HFB) calculations with density-dependent Skyrme effective
interactions in a large harmonic-oscillator (HO) basis. Secondly, we calculate the charge
form factors not only within the PWBA but also in the distorted wave Born approximation
(DWBA) by numerical solution of Dirac equation for electron scattering in the Coulomb
potential of the charge distribution of a given nucleus.

A theoretical scheme for calculations of the charge density distribution and form
factor of ®Li in the framework of the a-d cluster model of this nucleus is suggested in [3,4].

CHARGE FORM FACTOR AND DENSITY DISTRIBUTION CALCULATIONS
The nuclear charge form factor F¢,(q) has been calculated as follows:

(1) Fenq) = [Fpointn(q) Gep(q) + (N/Z) Fpointn(q) Gen(q)] Fe-m-(q),

where Fpointp(q) and Fpoint:n(q) are the form factors which are related to the point-like proton
and neutron densities ppointp(r) and Ppoint:n(r), respectively. These densities correspond to
wave functions in which the positions r of the nucleons are defined with respect to the
centre of the potential related to the laboratory system. In PWBA these form factors are
Fourier transforms of the corresponding point-like densities normalized to Z and N. In
order that F¢n(q) corresponds to density distributions in the centre-of-mass coordinate
system, a factor Fe(q) is introduced in the standard way [Fem.(q) = exp(q°/4A%?)]. In Eq.
(1) Geo(q) and Gen(q) are the Sachs proton and neutron electric form factors,
correspondingly, and they are taken from one of the most recent phenomenological
parametrizations.

In [1], in addition to PWBA, we also perform DWBA calculations solving the Dirac
equation which contains the central potential arising from the proton ground-state
distribution. We use two codes for numerical calculations of the form factors and the
results of both calculations are in good agreement.

The theoretical predictions for the point-like proton and neutron nuclear densities of
the light exotic nuclei ®®He and "'Li, as well as of the corresponding stable isotopes “He
and °Li are taken from the LSSM calculations. For “®®He nuclei they are obtained in a
complete 4hw shell-model space. The LSSM calculations use a Woods-Saxon single-
particle wave function basis for °He and ®He and HO one for “He. For comparison we use
also the "experimental" charge density for “He and, i.e. the so-called "model-independent"
shape of the density. The proton and neutron densities of °Li are obtained within the LSSM
in a complete 4hw shell-model space and of ''Li - in complete 2hw shell-model
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calculations. For °Li the single-particle HO wave functions have been used in the LSSM
calculations and Woods-Saxon ones for "'Li. For °Li we also use the point-proton nuclear
density distribution which leads to the "experimental" charge distribution with rms radius
equal to 2.57 fm.

The point proton and neutron density distributions of Ni, Kr and Sn isotopes are taken
from deformed self-consistent HFB calculations with density-dependent SG2 effective
interactions using a large HO basis with 11 major shells.

Figs. 1-8 display some of the obtained results.
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F --=- "He paint proton ]
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Fig. 1: Thin lines are LSSM point proton densities of “®®He compared to the "experimental" charge
density for “He from "model-independent" analyses. Thick lines are LSSM matter densities of
*68He compared to matter density of ®He deduced from the experimental proton scattering cross
section data (grey area).

E 117 17 17 71T 71T "™ 1T 71 3
E ------ "L point proton E
10" -__:‘____ - - - "Li matter E
E-'-’-“L';'(."_-\-\._ ~ G . . =
C —— "Li charge "exp." J
107 __ - "L point proton __
"'E E —— ""Li matter E
= 10 F E
S,
N — ]
4 ey -
10 §_ Y T %
F Lt T3
L LI i
1 [‘J":' 1 | 1 | 1 | 1 | 1 | .\I\| 2 : 1 | 1 | 1 | 1

o=

1 2 3 4 5 ] 7 a
r[fm]

w
—
=]

Fig. 2: Thin lines are LSSM point proton densities of ®''Li compared to the point-proton density of
®Li extracted from the "experimental” charge density in a "model-independent" analysis. Thick lines
are LSSM matter densities of ®''Li compared to matter density of ''Li deduced from the
experimental proton scattering cross section data (grey area).
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Fig. 3: (a) Charge form factors of ®He, ®He and "'Li calculated in BA (Born approximation) (thin
lines) and SDE (solving the Dirac equation) (thick lines) using LSSM densities; (b) charge form
factors in SDE for “He (calculated by using “experimental” charge density and the LSSM density)
and of ®®He (using the LSSM densities); (c) charge form factor in SDE for °Li (using the
“experimental” charge density and the LSSM densities) and for "'Li (using the LSSM densities).
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Fig. 4: (a) Charge form factors for the unstable doubly-magic *°Ni, stable ®Ni and unstable "*Ni
isotopes calculated by using the HF+BCS densities and the DWBA; (b) HF+BCS proton densities
of ®°Ni, ®Ni and "*Ni.
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Fig. 5: (a) Charge form factors for the stable isotope ®’Kr and for the unstable %Kr and *Kr
isotopes calculated by using the HF+BCS densities and the DWBA; (b) HF+BCS proton densities
of 8Kr, 92Kr and K.
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Fig. 6: (a) Charge form factors for the stable isotope ''®Sn, unstable '**Sn and unstable doubly-
magic '*?Sn isotopes calculated by using the HF+BCS densities and the DWBA; (b) HF+BCS
proton densities of ''®Sn, 'Sn and *2Sn.

In addition, the charge form factor of ®Li nucleus is considered on the basis of its
cluster structure [3]. The charge density of °Li is presented as a superposition of two
terms. One of them is a folded density and the second one is a sum of “He and the
deuteron densities. Using the available experimental data for “He and deuteron charge
form factors, a satisfactory agreement of the calculations within the suggested scheme is
obtained with the experimental data for the charge form factor of °Li, including those in the
region of large transferred momenta (see Fig. 9).
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Fig. 7: Charge form factors for the stable isotopes “He and °Li calculated using LSSM densities
in PWBA and in DWBA in comparison with the experimental data.
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Fig. 8: Charge form factors for the stable isotopes *®Ni and ®“Ni calculated by using the HF+BCS
densities and the PWBA and DWBA in comparison with the experimental data.
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Fig. 9: The charge form factor of °Li calculated according to Egs. (9)-(16) of [3] for ¢,=0.975,
c>=0.025 (dotted line), ¢4=0.979, c,=0.021 (solid line), and ¢,=0.985, c,=0.015 (dashed line). The
experimental data are as in Fig. 7.

CONCLUSIONS
The presented results can be summarized as follows:

1. The previous studies are extended to the proton, neutron and matter
densities and related charge form factors from the light neutron-rich exotic nuclei ®®He, "'Li
to examples of unstable medium (Ni) and heavy (Kr and Sn) isotopes in comparison with
those of stable isotopes in the same isotopic chain. For He and Li isotopes are used
proton and neutron densities obtained from realistic microscopic calculations within the
Large-scale shell-model method. The densities of Ni, Kr and Sn isotopes are calculated
within HF+BCS approach with a density-dependent effective interaction using a large
harmonic-oscillator basis.

2. The proton and matter density distributions for He and Li isotopes are
compared. The calculated matter distributions for the halo nuclei are much more extended
than the proton ones. The comparison of the proton density distributions for the isotopes of
He, Li, Ni, Kr and Sn reveals the differences of the proton densities in a given isotopic
chain due to the presence of neutron excess. There is a decrease of the proton density in
the nuclear interior and an increase of its tail at large r with neutron number increasing.

3. A comparison of the proton, neutron, charge and matter rms radii as well as
of the corresponding diffuseness is performed for all isotopic chains under consideration.
The general trend of the difference AR between the matter and proton rms radii is to
increase with the number of neutrons but for the heavy isotopes this increase is moderate
compared to that of the light ones.

4. The calculated matter densities for ®He and "'Li are in fair agreement with the
experimental data obtained by proton scattering on these isotopes in GSI.

5. The charge form factors of He, Li, Ni, Kr and Sn isotopes are calculated by
means of the densities mentioned above. The calculations are performed not only in
PWBA but also in DWBA, solving the Dirac equation for electron scattering in the Coulomb
potential of the charge distribution in a given nucleus. By accounting for the Coulomb
distortion of the electron waves the form factors are shifted to smaller values of g which is
clearly seen in the cases of the Ni, Kr and Sn isotopes where Z is large enough. This shift
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is properly parametrized. In addition the charge distribution in the neutron itself is taken
into account. The contributions of the neutrons to the charge form factors are less than 20
% up to g ~2 fm™.

6. The differences between the charge form factors in a given isotopic chain are
shown. A common feature of the charge form factors is the shift of their curves and minima
to smaller values of g with the increase of the neutron number in a given isotopic chain.
This is due to the corresponding enhancement of the proton tails in the peripherical region
of the nuclei.

7. The performed theoretical analyses of the densities and charge form factors
can be a step in the studies of the influence of the increasing neutron number on the
proton and charge distributions in a given isotopic chain. This is important for
understanding the neutron-proton interaction in the nuclear medium.

8. A theoretical scheme for calculations of the charge density distribution and
form factor of °Li in the framework of the a-d cluster model of this nucleus is suggested.
The calculations show a reasonable description of the charge form factor of °Li on the
basis of a superposition of two density distributions:

i) a folding density obtained from *He and the deuteron charge densities. Provided

corresponding experimental data for both densities is used, the calculations show

that a good agreement with the data can be obtained when the weight of this
contribution is about 97.5+98.5% and; ii) a sum of the *He and deuteron charge
densities with a weight of this contribution of about 2.5+1.5%.
This scheme has only one free parameter (ci or cz) with a clear physical meaning,
namely, it is the weight of the one of the contributions to the density of °Li.

9. The behavior of the charge form factor of °Li for 0<q<2.7 fm™ is determined
m%inly by the folding contribution (of “He and the deuteron densities) to the charge density
of °Li.

10. The shell-model a-d cluster density of °Li (i.e. the sum of “He and the
deuteron charge densities) is important (though with a small weight of about 2.5+1.5%) in
the central nuclear region and, correspondingly, it is responsible for the values of the
charge form factor of °Li at large values of q (=3 fm™).

11. The calculated within the suggested scheme charge rms radius of °Li agrees
with the experimental estimations of this quantity.

12. The theoretical predictions for the charge form factors of exotic nuclei are a
challenge for their measurements in the future experiments in GSI and RIKEN and thus,
for obtaining detailed information on the charge distributions of these nuclei. The
comparison of the calculated charge form factors with the future data will be a test of the
corresponding theoretical models used for studies of the exotic nuclei structure.
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NMPECMATAHUA HA XAPAKTEPUCTUKWU HA NEKWU, CPEOHU U TEXKMW,
BOIrATU HA HEYTPOHU AOPA

MNanuHa KpymoBa

PyceHcku yHueepcumem ,AHeen KbH4yeg”

Pe3rome: B masu paboma ca u3noxeHu pe3ynimamume om fpecMsimaHusima Ha 3apsidosume ¢hopm-
ghakmopu Ha HsKou HecmabursHu, 602amu Ha HeYmMPOHU U30MOnu Ha Jieku, cpeOHU u mexku sidpa (He, Li,
Ni, Kr, Sn). Cbwume ca cpasHeHU ¢ me3u Ha cmabusiHu u3omoru om cbuWama u3omornu4yHa eepuaa.
CpasHeHU ca npomoHHUMe U Macosume MIbMHOCMHU pa3snpedeneHusi. HanpaseHo e cpasHeHue Ha
opm-chakmopume u NIBMHOCMHUME pasnpedesieHuss ¢ Hanu4dHume ekcriepumeHmarnHu 0aHHu. NonyyeH
e 3apsidosusim chopM-chakmop Ha 10pomo Ha ®Li Ha 6azama Ha Hezoeama KrnacmepHa cmpykmypa.

Knroyoeu oOymu: 3apsidosu ¢popm-chakmopu, MPOMOHHU U Macosu MiIbmHOCMHU pa3snpedeneHus],
KrnacmepHa cmpykmypa
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CALCULATION OF THE CHARACTERISTIC IMPEDANCE OF A
MICROSTRIP, REVERSED MICROSTRIP AND EMBEDDED MICROSTRIP
LINES

Vladimir Voinov, Roza Voinova

Technical University of Varna, Military Maritime School of Varna

Abstract: An uniform approach for calculating the characteristic impedance of microstrip, reversed
microstrip and embedded microstrip lines is applied and discussed in the paper. The results from the
numerical based method for obtaining the characteristic impedance of all the three lines for a wide spectrum
of sizes of the strip conductor in the microstrip and reversed microstrip lines and for the different disposition
of the strip conductor in the dielectric slab (plunging) in the embedded microstrip line are presented
graphically The results are sufficiently accurate (of 3%) and are suitable for practical applications

Keywords: microstrip, reversed microstrip, embedded microstrip

INTRODUCTION

During the last decade the reversed microstrip and embedded microstrip lines
together with microstrip line are used in designing different microwave devices. The cross-
sections of this transmission lines are schematically represented in Fig. 1. Up-to-date the
microstrip line is well studied by applying a number of methods for calculating its
characteristic impedance Z. Several empirical formulas are postulated in the past and the
results of their usage give high accuracy and good agreement with other studies. The
method for calculating Z in the case of infinitely thin strip conductor is solved already
analytically and is given in [6]. The obtained results from using this approach allow to
make a comparison to other similar studies. However, still the reverse microstrip and
embedded microstrip lines are not well investigated.

y
w Dielectric slab
L |
t
d >

a) b)

\4

; dd

| w— |
3

Fig. 1. a) Microstrip line (d is the thickness of the dielectric slab, w and f are the width and thickness
of the strip conductor); b) Reversed microstrip line; ¢) Embedded microstrip line
(dd is the plunging of the strip conductor) .
In the paper, an attempt to develop a uniform approach for calculating the
characteristic impedance of the three mentioned above lines is presented. In addition it is
supposed to work simultaneously for lines with infinitely thin strip conductor (t=0) and
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relatively thick strip conductor (t>0) (see Fig. 1). This is achieved by combining the
universal method for calculating of the characteristic impedance of strip transmission lines
[3], the self-consistent field method [1] and the extended mirror images method [5]. The
similar idea was successfully used earlier for calculating the characteristic impedance of
microstrip and coupled microstrip lines [4].

THEORY
The definition of the characteristic impedance Z, of the strip transmission line with
strip conductor disposed in a homogeneous dielectric media (vacuum) is given as follows:

(1) Zy=———t

Vot 12’

where g and up are the dielectric and magnetic vacuum constants, [/ is the total current
flow along the strip conductor and E is the electromagnetic energy per unit length of the
line.

The strip line is transmitting a transversal electromagnetic (TEM) wave. If the z axis
of the frame of reference is chosen to be parallel to the strip conductors then the energy E
can be represented by the next equation:

2 E=[I(xy)Alxy)xdy ,

where S is the area of the cross-section of the transmission line, J(x,y) is the current
density, and A(x,y) is the vector potential of the magnetic field in the point (x,y). In the
TEM wave case the current density and the vector potential have only z components. The
function J(x,y) is not known but due to the skin effect when very high frequency signals are
transmitted it is different from zero only in the points located along the perimeter of the
strip conductor and the above equation takes the following form:

(3)  E=[3(xy)A(xy)dxdy,

where P is the perimeter of the strip conductor.

The integral can be solved analytically as shown in [5] when two assumptions are
taken into account:

a) The perimeter of the strip conductor is built by straight line sections L;, and
is independent on the sections number.

b) At any point (x,y) of the straight line section L; the current density does not
change and is equal to the average current density J; for this section. At first sight
the, the replacement of the real current density by its average value will reduce
significantly the accuracy in calculating Z, but due to the the equation (3), in which a
small deviation in the function J(x,y) does not alter the value of Z, the accuracy may
be kept almost unchanged . However, when the perimeter of the strip conductor is
divided into sufficiently big number of straight line sections the model of density is
very close to the real density. A possibility to make further improvement of the
model is to shorten the lengths of the sections close to the strip edges, as the
current density sharply increases near the edges. The improved current density
model together with the mentioned mathematical feature of the equation (3) gives
enough accuracy for the practical usage.

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
87




Puvysics

The real distribution of the current density on the conductor’s perimeter P can not be
obtained but for our purposes it appears of no importance. For solving (3) it is only enough
to find a proper step function model of the current density corresponding to the above
mentioned requirements. This is done by using of self-consistent field method [3]. This
method was developed in [6] where the average current densities J; over linear sections L;
are calculated by solving a system of N linear algebraic equations where N is the number
of the linear sections of the perimeter of the conductor. The total current / along the strip
conductor is:

N
@ 1=,

To define the vector potential A(x,y), in case of non homogeneous dielectric filling of
the transmission line, the extended mirror images method [2] is used. According to this
method the real transmission line is replaced by an equivalent model consisting of infinite
number strip conductors suitably disposed in a homogeneous dielectric media. In the case
of a microstrip the vector potential A(x,y) is defined as:

A(x,y):—%{ln[(x—xo)2 +(y-(d +a))2]+kln[(x—x0)2 +(y-(d —a))z]

(5) .
_(1_k2)§kn In[(x = x, ¥ + (y + (2nd +(d +a))y]

And, in the case of reversed microstrip and embedded microstrip lines A(x,y) is as
follows:

AKX, Y) :_%i(_w finf(x—x, )+ (y—(2nd +(d —a))? |- In[(x—x, ) +(y +(2nd + (@ —a)) |+

(6) ¥
K inf(x— %, +(y —(2nd +(d +a))P ] tnf(x %, ¥ +(y+(2nd +(d +a)) ]|

where &, is the relative dielectric permittivity of the material of the dielectric slab, d — is the
thickness of the dielectric slab, xo is the initial x coordinate of the linear section L; . The
initial y coordinate of the same section in the microstrip case is (d+a) and in the both other
cases is (d-a). The parameter a is the distance from the upper dielectric surface. The
image coefficients k and k’are defined by the following formula:

k=% - g

&, t &g

NUMERICAL RESULTS

All calculations are made by using the same model of current distribution for all the
three transmission lines. The perimeter of the strip conductor is divided into N=32 sections.
Both horizontal walls have 13 sections each and both vertical walls — 3 sections each. This
kind of division is taken because usually the widths of the strip conductors used in practice
are much larger than their thicknesses (w>>t Fig. 1). The length of the section at the
middle of the wall is chosen to be long (half of the wall

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
88




Puvysics

140

Microstrip line

120
100 k ——T=0,001
——T=0,01 |
\ ——T=0,05
80 —T=01 ||

—T=0,2
—T=0,3
—T=0,4 |
—T=0,5

Z, Ohms

60

40

20 A

0 \
0,1 1,0 w 10,0

Fig. 2. Dependence of the characteristic impedance Z of a microstrip line on the
normalized width W of the strip conductor for a different normalized thickness T of the conductor.

size), and towards the edges the lengths of the sections become twice shorter. In this way
the step function model for the current density is very close to the real one. Because of the
mentioned feature of the equation (3) the chosen model ensures results with very good
precision (the error is expected to be less than 3%). If more precise results are needed the
number of sections N should be increased. The other possibility for getting higher
accuracy is to use more specific arrangement of the sections. Increasing N costs increase
in the calculation time and gives only a small effect on the precision of the results.

The calculations were done by using a computer program, designed to meet the
requirements of the task. The input data are the geometrical sizes and the electrical
parameters of the transmission line. The geometrical sizes (Fig. 1.) are the thickness of
the dielectric slab d, the width of the strip conductor w, the thickness of the strip conductor
t and for the embedded line the plunging distance dd. For convenience, all geometrical
sizes are normalized according to the thickness of the dielectric slab d: D=d/d=1, W=w/d,
T=t/d and DD=dd/d (i.e. all geometrical sizes are presented like a part of d). So the
geometrical sizes of the strip lines have no dimensions and it is easier to compare the
results with other authors if no metric system is used.

The relative dielectric permittivity &, appear in this set up to be the only electrical
parameter. Many different dielectric materials are used in microwave techniques with a
wide range of relative permittivity. However, in this study all calculations are made for a
dielectric slab with fixed relative permittivity &, of value 6.

The theory requires the infinite sums (5), (6) to be applied when determining the
vector potential A. Due to a value of k<7 (k’<1 also) every next addend is less than the
previous one. Such, we can replace the infinite sums with finite ones. In the calculating
programs the process of summing up stops when the next addend becomes 1072 times
less than the initial one.

The results are presented in Fig.2, which shows the dependence of the
characteristic impedance Z of a microstrip (Fig. 1 a) on the normalized width of the strip
conductor W for a wide range of normalized strip thicknesses (0,001<T<0,5). When the
strips width becomes very big, Z approaches the impedance of the “sandwich” line — two
parallel conducting surfaces at a distance d separated by a dielectric slab (¢,= 6).
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Fig.. 3. The dependence of the characteristic impedance Z of the reversed microstrip line on the normalized
width W of the strip conductor for a different normalized thickness T of the conductor.

Fig. 3 presents the results for the characteristic impedance Z of reversed microstrip
line (Fig. 1 b) using exactly the same sizes of the strip conductor as in the case of the
microstrip line. Fig. 4 presents the results for the characteristic impedance of the
embedded line. The sizes of the strip conductor remain the same. The idea is to reveal
how the impedance depends on the disposition of the conductor inside the dielectric slab.
Normalized plunging parameter DD=dd/d is chosen such to describe this disposition (see

Fig. 1 c).
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Fig. 4. The figure depicts dependence of the characteristic impedance Z of the embedded microstrip line on
the normalized width W of the strip conductor for a different normalized plunges DD of the conductor in the

dielectric.
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CONCLUSION

The present study shows how the characteristic impedance of three different
microwave transmission lines such as microstrip line, reversed microstrip line and
embedded microstrip line could be calculated by applying an uniform approach.
Unfortunately only the results for the microstrip transmission line could be compared with
the available data which was done previously in [4]. The good agreement between the
modelled and the reported data for the microstrip is very encouraging and provokes
expanding and deepening the recent investigation. The aim will be to find out to what
extend the other two transmission lines could meet the accuracy requirements in the
practice and successfully be used. However, the good agreement in the first case of
microstrip motivates an expectation of reduction of the error less than 3% in the other two
cases.

The advantage of the developed uniform method is that the solution for the
characteristic impedance is expressed by elementary functions in an explicit form. This
facilitates the calculation procedure and there is no necessity of large number of data
processing operations, which shortens the calculation time. Furthermore, the method
appear to be universal and is not limited only for the investigated in the paper cases but
can be applied for transmission lines of a similar type, consisting of larger number of strip
conductors.

The present paper is a result of the development of a scientific project financed by
Technical University — Varna.
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NMPECMATAHE HA XAPAKTEPUCTUYHUA UMIMNEOAHC HA
MUKPOJNIEHTOBA, OB bPHATA U NOTOINEHA MUKPOJIEHTOBU
JINHUN

Bnagumunp BonHoB, Po3a BonHoBa

TexHu4yecku yHusepcumem - BapHa

Pe3rome: B cmamusma e nipumnoxeH eduHeH rModxod 3a rnpecMsimaHe Ha XapakmepucmuyHus
umnedaHC Ha MukporieHmosa, obbpHama U rnomorieHa MUKposieHmosa JsuHusi. Pesynmamume om
npecMsmaHemo Ha xapakmepucmuyHusi umnedaHc Ha mpume npedasawju J/UHUU ca npedcmaseHu
epachuyHO 3a WUPOK Habop 2eoMempuyHU pasMepu Ha J1eHmosusi MPOBOOHUK 3a MUKposieHmosa u
obbpHama MUKPOIeHMOo8a JIUHUS U Npu pas/iuyHo no3uyuoHupaHe (momarisHe) Ha fIeHmosusi Npo8ooHUK 8
OuenekmpudHama rodroxka 3a rnomoreHama MuKporeHmosa snuHusi. [lonydeHume pesynmamu ca C
docmambyHO 8ucoka mo4yHocm (3%) 3a npakmuyecku yesnu.

Knwoyoeu Oymu: mMukponeHmoea JuHUsl, OOBbpHama MUKDOJIeHmosa JIUHUS, romoreHa
MUKPDOJIeHmMoea J1IUHUS.
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SOME PROBLEMS OF ATOMIC AND NUCLEAR PHYSICS TEACHING

Galina Krumova

Angel Kanchev University of Ruse

Abstract: This paper sets out some specific problems arising in Atomic and Nuclear Physics learning
process in specialized university courses as well as in General Physics and General Chemistry courses and
suggests a transition from lectures to student-centered learning.

Keywords: Atomic and Nuclear Physics education, online education

INTRODUCTION

It is well known that the quantum physical objects are inaccessible to the ordinary
human senses. The physical quantities describing them are statistical. The complex
mathematical apparatus of Quantum Mechanics presumes developed abstract thinking. All
this imposes considerable intellectual efforts during the learning process. This work offers
an option for transition from lecture to student-centered learning in which students are
'learning to learn' rather than passively present during the teaching process.

The lecturer has three main functions [9]:

1. He is a manager of the classroom.

2. He applies an individual approach to students and their learning difficulties.

3. He is a generous expert who shares his experience and knowledge if and only if
the student needs it.

Some results obtained by data mining method confirmed unequivocally that there can
be no uniform method of teaching that works effectively for all students simultaneously. An
approach to the individual needs identifying is online testing of students during the learning
process. The lecturer develops tests on unlearnt teaching content. Students work online
with an open textbook and are encouraged to surf the INTERNET - space during the test.
They may ask for assistance and their answers are valued at the moment. If a student
does not like the result, he is entitled to repeat the test as many times as he wishes,
retaining only the last assessment. He invests time in this study and the final test result
affects his annual or semester rating. Thus the student is motivated to learn.

The student-centered method [4] may be enriched with specific proposals for self and
mutual training of students through Power Point presentations. Attached is an indicative
list of exemplary INTERNET - sites.

SELF TRAINING THROUGH POWER POINT

In student-centered learning the teacher is mainly a manager (appraiser) [9] while the
students are expected to be the active part and the initiators of the learning process. Some
of the educational challenges in Atomic and Nuclear Physics, described below, can be
used alternately from a list of topics from which each student chooses one to study in
detail. He has to work for a short time and needs the teacher to designate the initial range
of INTERNET - sources for each topic, in order to save time and not to be confused at the
very beginning. The sources offered by the teacher are not mandatory. The choice
depends on the personal preferences and worldview, and on the ambitions of the student.
Students work on their topics in order to present them to the group on a multimedia
screen. Each student has the same time for his presentation and answers to any
questions. The teacher summarizes, supplements and specifies which parts of the
presentation may be included in preparing for the exam.
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The proposed in this work concepts aim at students in upper courses-pedagogical
specialties like Physics and Informatics, Chemistry and Informatics. The students are
expected to have a common interest in the discipline as a part of their teaching future. The
independent learning through presentations will find direct application as a motivation in
this course and for their development as future teachers.

The APPENDIX displays an exemplary part of Power Point presentation devoted to
quarks and elaborated by a student.

THE CHALLENGE OF NUCLEAR PHYSICS

It is known that in the quantum world special units of distance, work and energy,
mass and momentum are used - A, fm, eV (MeV, GeV), MeV/c?, MeV/c (GeV/c). If you
find good examples, these units will not seem so abstract. It is difficult to assimilate the
fact that in the natural system (¢ = h = 1) the units of all physical quantities are degrees of
the length unit. You should look into the nature of conventional measuring systems and
point out the reasons (usually aimed at convenience) for the introduction and use of one or
other unit. It is also good to note that the electric charge of an electron is considered as
negative only conventionally and that the existence of anti-particles follows from the
properties of symmetry of physical laws [3, 2, 1].

It is useful to state the fact that at large velocities of the quantum objects (e.g. about
2/3 of the speed of light in vacuum c) their masses significantly increase compared to
those at rest (rest + mass [8]).

Interesting is the history of creation of atomic models (atomic + models [7]), their
advantages and disadvantages that led ultimately to the model of Rutherford. The latter
can not explain why the atoms are stable systems and electrons do not fall onto the
nucleus, according to the laws of classical Electrodynamics. Usually this fact is shocking to
all audiences and requires more detailed consideration.

It is very difficult to fit to the traditional ideas the atomic states discreteness and the
nature of atomic spectra - in addition to being discrete, their lines are not equidistant and
consist of multiples of one basic frequency lines. To understand these features would help
the examination of relevant examples - one option is to set the wavelengths of the first
three lines in the visible spectrum of the hydrogen atom and to calculate the corresponding
frequencies v=c/ A.

The semi-classical — semi-quantum theory of Bohr of the hydrogen atom with its
postulates and consequent quantization of fundamental physical quantities such as
radius of the orbit and energy of the electron should also be illustrated with appropriately
chosen examples. It is important to consider the negative sign of the bound state energy
[6] of the electron.

The corpuscular - wave nature of light and the main characteristics of photon -
especially the zero rest mass - also pose problems. As is known, the phenomena which
found their explanation in the wave theory are interference, diffraction and polarization,
while in other phenomena such as heat emission, photoelectric effect and effect of
Compton light behaves like a beam of particles - photons. Moreover — it is necessary to
emphasize that this duality (wave-particle duality) is inherent to all micro-particles, and is
not only physical but also a philosophical problem. It is difficult to imagine the photon as an
object with such properties, which on top of that we are not able to observe directly. In this
connection it is worth paying particular attention to the wavelength of the de Broglie
(matter wave) and its dependence on the mass of the particle, and the experimental
confirmation of the presence of typical wave phenomena in beams of elementary particles,
marking the beginning of electrongraphy and neutrongraphy.
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In examining the laws of heat emission it is difficult to perceive such quantities as
emissivity and absorptance, respectively spectral and total emissivity and
absorptance — they should be well clarified. A large percentage of students find it difficult
to answer the question what determines the color of objects even on the exam. For some
of them, the concept of black body remains very uncertain. The same goes for the
famous problems named ultraviolet catastrophe and thermal death of the Universe
although they have been properly clarified during the lectures.

Atomic and Nuclear Physics provide a good opportunity to reveal the role of
conservation laws for physical quantities energy, linear momentum, angular
momentum, electric charge - for example when considering the external photo effect, the
effect of Compton, at deriving the Rutherford formula. Unfortunately, many students
believe that the threshold frequency of the photo effect is always in the red end of the
spectrum. Especially useful in this case are the tables containing the threshold frequency
and the work function data for different metals.

Interesting is the reaction of the student audience to the interpretation of the spin of
electron as an internal degree of freedom inherent to all micro-particles and resulting from
the relativistic wave equation of Dirac, which should not be associated with rotation around
their own axis. In this regard it is worth considering the internal degree of freedom of
quarks, fantastically named color; the s-strange, c-charm, b-bottom, t-top, u-up and d-
down quarks. In comparison, even their fractional with respect to e electric charge doesn’t
seem so strange. On this background, the valid for all three angular momenta - orbital,

spin and total - relation with the corresponding quantum number (e. gm =j(j+1)n)in

a combination with appropriate examples does not seem so strange and even the
precession of | and § around j seems more natural. All this shouldn’t be perceived

as an abstract and unnecessary theory - therefore it is important to describe the
experiments proving the discrete orientation of the mechanical and magnetic momenta
(space quantization).

Some students can’t reproduce correctly the ranges of the electron state quantum
numbers. The Periodic table of chemical elements provides a good opportunity for self-
control and self-knowledge through solving concrete problems — for example the way of
occupation of the electron shells and sub-shells. An interesting topic for reflection gives
the Pauli exclusion principle, inherent to fermions. A suitable form of examination in this
case is a test.

Especially beneficial is the topic of X-rays and spectra. Besides a thorough
examination of their applications in various fields, a strongly positive effect has the
observation of predictive nature of the law of Moseley for the frequency of the
characteristic X-ray radiation in dependence of the atomic number Z, thanks to which
the existence of more than 90 chemical elements has been predicted.

NUCLEAR SYSTEMS - ARENA OF STILL UNCLARIFIED STRONG
INTERACTION

Although the lectures on Nuclear Physics follow these on Atomic Physics, they also
pose a number of interesting questions to lecturers and students. At the outset it is
necessary to distinguish between the names of objects neutron, neutrino and nucleon,
which are often surprisingly replaced one by another.

Considerations of the high nuclear density and the lack of sharp borders and center
of the nuclei, which seem contrary to the classical idea of core, impress the audience and
these facts should be approached carefully.
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Surprising turns also the fact that, like electrons in the shell the nucleons in the core
also have quantum mechanical momenta that are being summed according to the same
(seeming very strange) vector rules. Confusing is the presence of an extra degree of
freedom - isospin, through which the electrically neutral and positively charged nuclear
particles such as neutron and proton, can be treated as states of a single particle-
nucleon with different isospin projections. This shows once again that nuclear forces are
quite different from the electric ones.

It is difficult to get the nature of the mass defect and of the binding energy, which
can be well understood in the light of the possible nuclear and thermonuclear reactions
(fission and fusion reactions).

Nuclear interaction is very intense and quite different from the other known
interactions in nature. Quite disturbing for the audience are the charge independence,
the non-central and exchange nature of nuclear forces. The virtual nature of Tr-mesons
is difficult to perceive. It is necessary to trace out briefly the historical facts accompanying
the theoretical prediction of the nuclear field quant by Yukawa and the following registering
of mesons in cosmic rays by Powell and Occhialini twelve years later. This is an
appropriate illustration of the power of theory in modern Physics.

Undoubtedly, the lack of accurate analytical expression for nuclear forces makes
very strong impression on students, expecting perhaps some kind of modification of the
laws of Newton and Coulomb for gravitational and electrostatic forces, respectively. The
model description of nuclear systems by a set of parameters with values specified through
comparison with the experiment is an alternative approach. Without considering each of
the up-to-date nuclear models in detail, their classification should be clarified. It is good to
emphasize that each model explains only particular properties of nuclei.

Radioactivity is a topic that is usually met with great interest. The law of
radioactive decay looks like the known laws of light and X-rays absorption. Against this
background, the half-life time T4, (decay period), the mean life time T and their relation
to decay constant A seem to be understood quite naturally.

a- and B- decay give a good opportunity to assimilate the knowledge not only in
Atomic and Nuclear Physics but also in Chemistry. Particularly striking is the tunnel effect
(tunneling) in a-decay as a phenomenon alien to classical Physics, but possible in the
quantum world. B- decay is a good illustration of the importance of the energy
conservation law - its apparent violation has led to the theoretical prediction of neutrino.
More difficult is to comprehend the idea of transforming neutrons into protons and vice
versa, which explains the B " - and B * - decay.

It seems that most impressive in terms of linear and angular momentum, energy
and electric charge conservation laws are y- radiation and the possibility of creation of
electron - positron pairs and the reverse process - their annihilation.

The topic of nuclear reactions as a manifestation of the strong interaction provides
an interesting opportunity to consider the meaning of the concept of channels of the
reaction. Besides the well-known conservation laws, here are also valid conservation lows
concerning the number of nucleons, parity and isospin. It is useful, except the general
formulation, to consider proper examples of different types of nuclear reactions. This
section provides good opportunities for students testing. With definite interest is being met
the (n, p) - reaction in which atmospheric nitrogen is converted into B° - activated carbon
with a very large half-life, which reaction has given the basis to radiocarbon analysis and
the possibility of dating archaeological finds.

Special attention should be paid to the topics of nuclear fission and fusion which
are examined in detail in all textbooks.
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CONCLUSIONS

In this work is stated an opportunity for self-education of students of teaching
specialties Physics and Informatics and Chemistry and Informatics. This approach has the
following advantages over the traditional lecture training [5]:

* Moving towards student - centered learning

» Accentuation on the managerial role of the lecturer

* Individual training

» Use the maximum capacity of all students

* Learning how to study Atomic and Nuclear Physics, instead of only present in class
during lectures

* Building skills for active learning in which students demonstrate their individuality,
learning orientation and style

+ Each student is dynamically self-developing by demonstrating his own learning
products (artifacts)

This work is part of a project, which highlights the student-centered learning of
Atomic and Nuclear Physics. The list of concepts can be used in the preparation of
objective online tests. They would provide the tutor with an automatic statistics for
individual performance of students (Blackboard platform [10]). The list can be modified, for
example by eliminating those concepts which are not a serious problem for a group of
students.

With the annexation of Bulgaria to the European Union, after becoming a member of
the Atlantic one, the English language becomes a necessity. Inevitably escalates the need
for basic computer literacy and acquiring skills for solving practical problems using the
computer (e.g. http://cnets.iste.org/). The above-described method involves the joint efforts
of lecturers in Physics, Computer science and English. The training of the twenty first
century is inevitably interdisciplinary.
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ueHmpupaHo obydeHue.
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APPENDIX: A part of students Power Point presentation devoted to quarks
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To start with, there are six types of quarks (plus their six antiquarks), which are coupled into three pairs. They are
the up-down, the charm-strange, and the top-bottom (sometimes known as truth-beauty). Another interesting fact
about quarks is that you can never find one by itself, as they are always with other quarks arranged to form a
composite particle. The name for these composite particles is "hadrons". Quarks, like protons and electrons, have
electric charge. However, their electric charges are fractional charges, either 2/3 or -1/3 (-2/3 and 1/3 for
antiquarks), and they always arrange to form particles with an integer charge (ie. -1, 0, 1, 2...).

Flavour Mass Electric Charge i
(GeV/c?) (©)
up 0.004 +2/3
down 0.08 .13
c charm 1.5 +2/3
s strange 0.15 -1/3
top 176 +2/3 T
b bottom 47 -1/3 =
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Because quarks join with eachother to form particles with integer charge, not every kind of combination of quarks  #
1s possible. There are two basic types of hadrons. They are baryons, which are composed of three quarks, and
mesons which are made up of a quark and an antiquark. Two examples of a baryon are the neutron and the proton.

The Proton
The proton is composed of two up quarks and one down quark. As you can see, when the
charges from the individual quarks are added up, you arrive at the familiar charge of +1 for

the proton.
The Neutron
The neutron 1s made up of two down quarks and one up quark. Again, adding the charges -
from the quarks up, we arrive at zero. ( W
]
o 5 KBIE &

A

The Pion _* - , - ) L v

Done € Internet fhv Bi00% -
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DETERMINING THE LATERAL OSCILATIONS NATURAL FREQUENCY
OF A BEAM FIXED AT ONE END

Tsanko Karadzhov, Nikolay Angelov

Technical University of Gabrovo

Abstract: A method for determining the transverse vibrations of a beam fixed at one end has been
discussed. During the laboratory exercise, students explore the relationships between quantities and
compare experimental and theoretical results. A relationship between the disciplines of Physics and Noise
and Vibration, which further motivates the students after they find out that each subject is important for the
learning process, has been shown.

Keywords: beam, transverse vibrations, modulus of elasticity.

INTRODUCTION

Oscillation processes play an important role in engineering. According to their
physical nature oscillations can be divided into mechanical, thermal and electrical. As it is
well known, the following types of oscillations can be further distinguished - free
continuous oscillations, freely dying oscillations, induced oscillations, parametric
oscillations, self-excited oscillations, etc. Regardless of their type they are defined by the
same physical laws and properties. Quite frequently oscillation processes in engineering
are a sum of free oscillations, which makes the study of the latter extremely important in
practice. Such oscillations are the lateral oscillations of a beam, a bar or a strip fixed at
one end. These oscillations are used not only in engineering but also in some musical
instruments like harmonica, xylophone and tuning fork [1].

EXPOSITION

The goal of the laboratory exercise for the students is to extend their knowledge of
oscillation processes by learning a method of determining the natural frequencies of free,
lateral oscillations of a beam fixed at one end; to create graphs to demonstrate the
relationship between the natural oscillations and the length and thickness of the beam; to
compare the theoretical and experimental curves.
The lateral oscillations of a beam are normally caused by the elastic bending strains. They
are defined by a partial-differential equation. For the solution of the equation to be one-
valued the respective initial and boundary conditions are used. The differential equation of
free lateral oscillations of straight prismatic beams with distributed mass is worked out by
using dynamic force analysis [2, 3, 4]. It is known from theory that the differential equation
of the elastic line is as follows:

62
E12Y wm, (1)
OX
where [ is the geometric inertia moment of the beam; E — modulus of elasticity; y=y(x,t) -
deflection, M, — bending moment.
The dependency
M,
= (2)
q ox?
is used when spread load with intensity q(x,t) is present.

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
100




Puvysics

With free lateral oscillations the intensity of the lateral oscillations is determined by
the apparent forces

2
q=S5p

oy
ot?
where S is the cross sectional area, p — the density of the material.
The condition of a prismatic beam is S=const and |=const. Double differentiating of
(1) in relation to x and comparing (1), (2) and (3) results in

4 2
El 0y N o’y 0 )
Sp oxt  ot?
Equation (4) defines free lateral oscillations of a straight prismatic beam. It is a linear,
homogenous, partial-differential equation with constant coefficients. Its solution is of the
type:
y(x,1) = X(x).T(t) (5)
where X(x) is a function, depending on x; T{(t) is a function, depending on t.
The displacement and the angle of inclination at the built-in end are equal to zero.
The following boundary conditions are derived:

= d 6
X(0)=0 an %(O) _o (6)
OX

3)

for the built-in end

X(¢)=0 and (7)

X
—()=0
P

for the free end.
For the natural frequencies of the lateral oscillations of a beam fixed at one end the
following expression is derived:

. *h |E

£=0046(2i -1 2" |=,  i=1,234, (8)
4r° \ p

where h is the thickness of the beam and { is the length of the beam.

For the first three natural frequencies of the lateral oscillations of a beam fixed at one
end the following expression is derived

f, =0,046 Z; \E
L 9)

2
£ =004627 N \E
4r° \ p , (10)
£ —0,046 227N F
ar \p (11)
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Fig.1. Scheme of the experiment

The sample is fixed on the vibrating table and the frequency of oscillations is changed
by function generator while the beam begins to vibrate with maximum amplitude — until a
resonance is achieved. The frequency of the blink of the pulse lamp of the stroboscopic
generator changes until the image of the beam becomes stationary. Then the frequency is
given from the stroboscopic generator.

The following tasks are to be accomplished:

1. To determine the relationship between the natural oscillations of a beam
fixed at one end and its length — f,, = f(€) and to check it with the theoretical
relationship fineor = f(€).

The students are to determine the relationship either for the first, or the second or the
natural frequency following the instructions of the teacher.

Example: Determine the relationship f; = f4(£) for the first natural frequency of a steel
beam with the following characteristics:

modulus of elasticity E =3,12.10" N/m?;

density p =7,74.10° kg/m?;
thickness h=2,80 mm.
Experimental results:
Table 1
£, mm 265 250 235 220 205 190 175 160
fie, Hz | 29,1 32,7 370 (422 |486 56,5 |66,6 |795
f1t, Hz 28,7 32,3 36,5 [41,7 48,0 |559 659 |78,8

Example: Determine the relationship f; = f(f) for the first natural frequency of a
synthetic resin- bonded paper beam with the following characteristics:
modulus of elasticity E =2,19.10" N/m?;

density o = 1,294.10° kg/m?;
thickness h=3,00 mm.
Experimental results:
Table 2
£, mm 265 250 235 220 205 190 175 160
fie, Hz | 20,3 228 |258 284 |338 (394 |46,3 |554
fi, Hz 19,9 224 |254 [28,9 33,3 |388 457 |54,7
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The results (Table 1 and Table 2) show that the experimental dependence f; = f4(f)
for a beam of steel and synthetic resin- bonded paper hardly differs from the theoretical.

Fig. 2 presents graphs of the dependence f; = f;({) for steel and synthetic resin-
bonded paper.

According to the formulae (9) for determination of the frequency one gets that it is

E E
higher for steel in comparison with that for synthetic resin-bonded paper - (—), > (—),,

That dependence is confirmed from the experimental results, too.
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Fig.2. Graphs of the experimental dependence f; = f;(f): 1 —
for steel; 2 — for synthetic resin- bonded paper.

2. To determine the relationship between the natural oscillations of a beam
fixed at one end and its thickness — f.,, = f(h) and to check it with the theoretical
relationship fineor = f(h).

The students are to determine the relationship for the first, or the second or the
natural frequency either following the instructions of the teacher.

Example: Determine the relationship f; = f;(h) for the first natural frequency of a steel
beam with the following characteristics:

modulus of elasticity E=3,12.10" N/m?
density o =7,74.10° kg/m?;
length =250 mm.

Experimental results:

Table 3
hmm [220 |240 |260 |280 |300 [3,20 |340 |3,60
fi, Hz 250 27,2 294 |31,7 |34.1 36,4 [38,6 |40,9
fit, Hz 254 27,7 |30,0 |323 [346 |369 (392 |415

Example: Determine the relationship f; = fy(h) for the first natural frequency of a
synthetic resin- bonded paper beam with the following characteristics:

modulus of elasticity E=2,19.10"" N/m?;

density o = 1,294.10° kg/m?;

length =250 mm.
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Experimental results:

Table 4
hmm 220 |240 |260 |280 |300 [3,20 |340 |3,60
fie, Hz | 16,1 17,5 19,0 20,6 |22,1 23,5 |251 26,5
f1t, Hz 16,4 17,9 194 1209 |224 |239 |254 |26,9

The results (Table 3 and Table 4) show that there is good correlation between
experimental and theoretical results of dependence f; = f;(h) for steel and synthetic resin-
bonded paper beams.

Fig. 3 presents graphs of the dependence f; = f;(h) for steel synthetic resin- bonded
paper.

45

40 //’
35 /
"

N
Ih 30 -
= 1

25 /

] /

-2/
15 T T T
2 2,2 24 2,6 2,8 3 3,2 3,4 3,6
h, mm

Fig.3. Graphs of the experimental dependence f; = f;(h):
1 — for steel; 2 — for synthetic resin- bonded paper.

Students use beams made of the following materials: steel, copper, aluminum, acrylic
resin, synthetic resin- bonded paper and laminated fabric.

Combining a particular natural frequency with a particular material will make it
possible for the teacher to assign individual tasks to the students.

CONCLUSION

This exercise demonstrates the relationship between engineering disciplines as well
as the important role of continuity in the training of postgraduate engineers. For example in
their lectures and seminars in Physics they have studied oscillation processes in spring
pendulum, mathematical pendulum and liquid oscillations in a U-shaped tube. In the
discipline Noise and Oscillations they study more complex oscillation processes, such as
free lateral oscillations of a beam fixed at one end.

REFERENCES

[1] Borisov M. Physics, part I: Mechanics, ,Science and Art ”, Sofia, 1965

[2] Cheschanov B. Theory of oscillation, Technical University of Sofia, 1992, ISBN
954-438-001-9

[3] Lilkova-Markova S., D. Lolov. Numerical-analytical method to determine their own
forms of rights beam with concentrated masses, Jubilee Conference of VSU,
Suhodol, 2003

[4] Pisarev A. Mechanical vibrations, ,Technika”, Sofia,1985

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
104




Puvysics

CONTACT ADDRESSES

Assist. Prof. Tsanko Karadzhob, PhD Assist. Prof. Nikolay Angelov
Technical University of Gabrovo Technical University of Gabrovo
Department of Mechanical and Precision Department of Physics
Engineering 4, H. Dimitar Str.

4, H. Dimitar Str. 5300 Gabrovo, BULGARIA
5300 Gabrovo, BULGARIA Phone: +35966827318

Phone: +35966827532 E-mail: bo232001@yahoo.com

E-mail: karadjov_st@abv.bg

ONPEAENAHE HA COBCTBEHUTE YECTOTU HA HANPEYHU
TPENTEHUA HA TPEQA, SAINMTbHATA B EOAUHUA KPAU

Llanko KapapxoB, Hukonan AHrenos

TexHu4yecku yHusepcumem - [[abpogo
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AN INNOVATIVE APPROACH TO INFORMATICS TRAINING
FOR CHILDREN

Plamenka Hristova 1, Neli Maneva 2

" Angel Kanchev University of Ruse, Informatics and Information Technology Department
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Abstract: The paper presents our attempt to construct an innovative approach to Informatics
teaching, which has been designed especially for pupils up to 5-th grade. The rationale and main ideas of
the approach, based on Comparative analysis, are briefly described. An example illustrates the feasibility
and usefulness of the proposed method for a given real-life situation. Finally, some intentions for further
research and experimental work are shared.

Keywords: Extra-curricular Informatics teaching, Competitive programming, Multi-criteria decision
making, Comparative analysis

INTRODUCTION

European politicians have recognised that education and training are essential to the
development of today's knowledge society and economy. The EU's “ET2020” strategy
states the main goal of school education — to reflect the changing needs, equipping the
new generation with useful basic knowledge, skills and competencies, together with
properly defined and developed fundamental attitudes and values [8]. In this strategy
Informatics and Information technologies are among the areas, mentioned as key ones.

Unfortunately, for lower secondary schools in Bulgaria (and in most European
countries), Informatics is not a compulsory subject. There are no officially published and
approved curriculum and educational standards. In order to make possible training of
pupils at this age, the Bulgarian National commission for extracurricular activities on
Informatics created a curriculum, comprising 15 themes. These themes are studied only in
different out-of-class courses, comprising lectures and practical exercises. Students,
attending such courses, have to learn a number of basic algorithms and how to write
programs for them in a given programming language, mostly C++. But defining the scope
and content of curriculum is only the first step. Especially for instructors of pupils up to 5-th
grade, Informatics teaching is still a great challenge, because of the lack of well developed
and validated pedagogical approaches and methods, ensuring smooth and efficient
training process.

The current paper presents our vision about a systematic approach to Informatics
training of children. Part 2 introduces the rationale and the basic ideas on which the
approach has been built. Part 2.1 describes briefly the method of Comparative analysis,
and Part 2.2 - its possible use for Informatics teaching. In Conclusion some ideas for
further research and practical work have been given.

AN APPROACH TO INFORMATICS TEACHING
On the base of analysis of the current state and our experience gained in the field,
we reach the understanding that the above mentioned directives for school education in
Informatics can be accomplished successfully through a new, non-standard approach.
Searching for some science-based and innovative solutions, we decided to introduce the
so-called CCC approach, meant to be:
e Constant — to apply a systematic rather than ad-hoc approach, following a
consistent and long-term strategy;
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e Continuous — to start with some procedural regulations and their use for a few
selected activities in teaching and only after their successful adoption to move
to other ones;

e Correct — based on some already validated methods, techniques and best
practices.

From pragmatic point of view, the first and the second principles cover some
managerial aspects and describe how we have to apply a number of appropriate methods.
So the crucial factor for the success of this approach is the choice of methods to be used
- in accordance with the third principle and taking into account the specifics of Informatics
training for children in this age group.

Next follows a brief description of one universal and validated method — the
Comparative analysis. We are going to show how it can be used, independently or through
integration with another method, thus forming a pair of mutually complementary and
compatible ones.

1. Comparative Analysis

Generally speaking, the Comparative analysis (CA) shares the main objectives and
methods of the theory of multiple criteria decision making [1], but in expanded form so as
to specify and use them systematically in a selected application area.

The detailed description of CA can be found in [3]. Here we want to present only a
piece of information, necessary for understanding the CA method usage.

The method of CA is a study of the quality content of a set of homogeneous objects
and their mutual comparison so as to select the best, to rank them or to classify each
object to one of the predefined quality categories.

At the beginning of CA use, we have to identify objects in the selected application
area, worth to be studied. Object can be any item under consideration. Being in a given
state, the object posses specific quality content, described and evaluated by its model.
The modelling goal is to obtain a quantitative measure of object quality on the base of
some user-oriented quality factors through their decomposition into measurable
characteristics in one or more levels.

Two main players participate in the process of CA usage — Analyst and Customer.
The Analyst is responsible for models construction and for accomplishing the whole CA
procedure, developed for the problem, which has been defined by the Customer.
Depending on the Customer’s role, the stated problem and the current moment, a case
should be opened to determine the context of the desired comparative analysis, described
by the following six elements:

case = {View, Goal, Object, Competitors, Task, Level}

The View describes the Customer's role and the perspective from which the
comparative analysis will be performed. The Goal can be to characterize, to evaluate, to
predict and any other — defined by the Customer. The Object represents the item under
consideration. According to the stated Goal, the instances of the objects to be compared
are included in the set C of Competitors. The CA Task can be Selection (to find the best),
Ranking (to obtain a completely ordered list), Classification (to define the appropriate
quality category for each object) or any combination of them. The depth Level defines the
overall complexity of the CA and depends on the importance of the problem under
consideration and on the resources needed for its implementation.

2. CA application for Informatics teaching

In order to apply the CA in this area some basic objects (trainee, syllabus, topic and
problem) and a number of additional objects (instructor, contest, parent, textbook, learning
material, external evaluator, etc.) have been identified in [2]. Next we will describe briefly
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only the derivative model for the object ‘trainee’, most suitable for our current research
goals.

Trainee is a student up to 5-th grade, attending an extracurricular course so as to
acquire knowledge and skills necessary to be successful in Competitive programming.

In order to create the trainee model, we have to identify some pupil’s individual
characteristics, which are worth to be evaluated and, if possible, systematically developed.
The basic considerations about student’s profile for Informatics training have been
described in detail in [2] and are shown in Fig.1

Trainee

T

Psychological Basic
profile knowledge

Skills

_{ Constructive thinking ‘ —{ Computer literacy ‘ L Work with computer

Stress-resistance

. Lo Acquiring of a
—{ Creative thinking | predefined set of
algorithms —  Quick concentration
—{ Motivating
| Mathematical
knowledge's | Using concrete
—{ Ambitious programming environment
| | Language knowledge's
_{ Diligence (English) — Using the contest system

—{ Fast-learner and doer

—{ Curiosity

—{ Emotional stability

Consistent ‘

Fig.1 A model for object “Trainee”

For any defined case, involving the object Trainee, we can construct a derivative
model, comprising the distinguishing trainee’s characteristics, which are valuable for that
case.

As an example, let’'s present the quality characteristic motivation from pedagogical
perspective, describing its significance, influencing factors and ways for increasing its role.

From psychological point of view, the motivation assures the power for well
organized, goal-oriented teaching. A motivated child accepts easier the burden of
acquisition of different in volume and complexity information, which should be further
processed - understood and memorized. A few factors can influence the motivation. The
external factors can be a short-term (participation and good performance at incoming
competition) or long-term — preparation for the future professional career in the field of
software industry. An internal factor can be curiosity and search for intellectual satisfaction
from the process of revealing the secrets of Informatics and programming. Our experience
and discussions with colleagues show, that for the pupils at this age the motivating factors
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have more narrow scope and are connected with some concrete goals, like:
o to participate and to be a winner in a competition;
o tolearn how to work in a given programming environment;
o to become a proficient in algorithm construction and writing nice programs for it;
o« to develop an aesthetic approach to programming, based on smart and
sophisticated tricks, search for optimized solutions, etc.
Many participants in such extracurricular forms manage to preserve the created
fascination from programming during their whole life.

Therefore, the instructor should try to find which motivating factors are valid for a
particular student and to make an attempt to use them properly, in accordance with the
defined teaching objectives at the moment. Creating and maintaining the proper level of
motivation is very important especially when a new knowledge has to be acquired. The
lecturing plan should be carefully designed so as all consecutive steps (provoking the
interest, introduction, explanation, examples of usage, etc.) to be performed in a proper
and effective way.

Beside the motivation, many other trainee’s characteristics can be defined as ones,
worth to be evaluated and developed on purpose during the process of training, namely
competitiveness, stress-resistance, curiosity, flexibility, emotional stability, self discipline,
risk-taking, reflectiveness, hard-working, etc.

H H H \ - Repeat cycle with higher lewel thinking
@ Spiral Thinking© Cr$ Hypothesising and pradicting «  Seeking evidence
« Challenging what is received Visualising and planning '..'.'IdelyI )
+ Expressing opinions +  Asking ‘thinking’ questions Selecting methods/strategies + Drawing from varied
articulately - Identifying problems or areas Considering feasibility SOUrces
« Justifying a position for improvement Identifying necassary + Listening and observing
« Using a wide variety of «+ Looking beyond the first ‘right knowledge/skills + (Gathering all opinions
methods of answer Fair testing » Extracting relevant
presentation — written, Setting geals/success criteria information
verbal and numerical + Recording
QUESTIONING \:> PLANNING l:g\\),
COMMURNICATION THINKING AND LEARNING DISPOSITIONS GATHERING INFORMATION
- - VAN Positive in attitude towards both success and failure . It i
* FEvaluating against Enterprising - displaying initiative and motivation merpreting
success criteria/ Self confident, yet self critical and willing o listen to advice = Sifting and sorting
predictions Tenacious - willing to strugale and take risks + Prioritising
*+  Accepting criticism/ Self disciplined and able to direct own leaming INFORMATION | * Classifying and
leamning from others METACOGNITION  Single minded, yet open to the minds of others PROCESSING sequencing
* Refining and clarifying Passionate and curious + Paraphrasing
+ Reflecting upon own A Entrepreneurial and visionary = Summarising
thought processes Focused, yet flexible + Displaying in varied
Self reliant, yet able to work cooperatively in a team formats, eg mind
Aware of self as a leamer - mapping
Aware of self as a thinker /' N s+ Memorising
E—— ' Aware of self ﬂ
R
DECISION MAKING < | CREATIVE THINKING \"'_"’/ CRITICAL AND LOGICAL THINKING

Assessing available options
‘Weighing strengths and weaknesses

Defining essence of argument
Identifying underlying beliefs

» (Generating and experimenting with ideas
+ (Challenging existing

Considering consequences perceptions/sterectypes Recognising persuasive devices
Making informed decisions — bringing it « Making new connections/lateral thinking Assessing value
all together ) « Pushing boundaries/embracing the Comparing and contrasting
* Constructing a sustainable argument uncenventional Considering alternative interpretations
- Reat_:hlng and implementing a solution s Switching one’s point of view Evaluating competing positions
+ Testing +  Reinventing - considering new Reasoning and thinking logically

applications, alterations & improvements
» Seeking originality and innovation

Interpreting and synthesising
Drawing inferences/making deductions
Seeking an objective response

Spiral Thirking Copyright @ 2004 Morthwood College/C | Simister

Schools wishing to use this moesl must dispéay this copyright notice

Fig.2 Spiral Thinking ©2004: C. J. Simister/Northwood College

From methodological point of view, really excellent results can be achieved by
unifying the efforts of teachers with different background. The Informatics teachers can
adopt a few techniques and methods, proposed especially for children in this age group
and developing some significant for programming abilities. For example, the Comparative
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analysis, introduced here, can be applied together with the method of Spiral Thinking (see
Fig.2). Our impression is that the CA can support most of the basic activities, identified as
significant in this approach.

There is a number of other Thinking and Learning Skills Teaching approaches,
developed for children up to 14 years [5,6]. On the base of teaching materials from these
books, many important for Informatics students’ quality factors can be further decomposed
so as to facilitate their objective evaluation within the CA. Adopting the Spiral Thinking
method [5], we can receive a description of some main abilities through a number of sub-
abilities and skills, as shown in the Table 1.

Factor: Critical and logical thinking
* Defining essence of argument

* Identifying underlying beliefs

» Recognizing persuasive devices

» Assessing value

» Comparing and contrasting
 Considering alternative interpretations

* Evaluating competing positions

* Reasoning and thinking logically

* Interpreting and synthesizing

Factor: Creativity

» Generating and experimenting with ideas

* Challenging existing perceptions/stereotypes
» Making new connections/lateral thinking

* Pushing boundaries/embracing the
unconventional

» Switching one’s point of view

* Reinventing - considering new applications,
alterations and improvements

» Seeking originality and innovation

* Drawing inferences/making deductions
« Seeking an objective response

Table 1. Main abilities through a number of sub-abilities and skills

Different cases can be defined in order to support the decision making in some
crucial for the training moments. Each case should be constructed by the joint efforts of
the Analyst and a Customer, who can be an instructor, a parent, the principal of school,
etc. The analysed situation can be related with an event (e.g. internal or external
competition, final exam, programming duel) or with a specific didactic goal. For example, a
case can be opened so as to evaluate the quality of a written program on the base of a set
ot user-defined criteria (reliability, correctness, maintainability) or/and on the base of
compliance with some recommendations for good programming style.

After a proper CA implementation, the obtained CA results can be used for
accomplishing the very modern nowadays “participatory” education as:

- inventing different stimuli to increase student’s motivation;

- keeping a personal record for achievements and defining some individual take-
home assignments;

- rescheduling the syllabus, changing not only the content and time devoted to the
basic themes, but also the didactic methods, used to present them.

3 Example

In order to prove the feasibility and usefulness of the CA, let's consider a real-life
situation, for which the proposed in [3] procedure will be accomplished. Next follows a brief
description of this step-wise procedure, demonstrating how we can apply the CA for a
defined situation.

Step 1. Pre-analysis — description of a problem, for which the CA method seems
useful.

During the teaching process a number of milestones can be defined, when an
evaluation of the overall trainee’s performance should be made. For example, before a
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contest (regional or national) the instructor can organize an internal qualification test so as
to select the participants, representing the group.

Step 2. Preparation — the elements of the defined case are:

View — instructor’s;

Goal — assessment of the current students’ level so as to rank them according to the
acquired knowledge, proved skills, and demonstrated performance;

Object — a trainee, enrolled in a programming course;

Competitors — other trainees from the same group and one ‘“virtual”’ trainee,
presented by threshold values of the quality characteristics under consideration.

Task — ranking the trainees;

Level — high.

Step 3. Construction - building an object model, corresponding to the quality
content appropriate for the situation.
For that case we choose characteristics, split into two groups: psychological traits
and programming knowledge and skills, namely:
A) Psychological characteristics
F1 — motivation, w4 = 0,13;
F2 — constructive thinking, w, = 0,12;
F3 — stress-resistance, wz = 0,13;
F4 — the ability for fast concentration and keeping its high level during the whole
contest, ws = 0,12.
b6) Programming knowledge and skills
F5 — theoretical knowledge, ws= 0,15;
F6 — ability to apply the known algorithms for solving a new problem,
we = 0,18;
F7 — ability to understand and realize the essence of a problem with a long and not
completely formalized description, wz= 0,05;
F8 - prerequisite knowledge in Mathematics, wg = 0,05;
F9 — additional knowledge about programming environments and operating
systems, and skills to use them, wg = 0,07.
The assigned weights are exemplary and can be changed, depending on the context
— e.g. the moment of evaluation, the type of the incoming competition, the average
performance of the group till now, etc.

Step 4. Execution - Carrying out the CA task
We estimate the current overall “shape” of a trainee so as to determine his/her rank.

Trainee/ | F1 | F2 | F3 | F4 | F5 | F6 | F7 | F8 | F9 | _

factors |(0,13)|(0,12)!(0,13)|(0,12) | (0,15) | (0,18)|(0,05) | (0,05) | (0,07)

virtual 2 | 25 | 15| 1 | 25 | 15 | 16 | 1 1 1,72
1 25 | 1 2 |15 [225| 2 | 13 | 05 | 0,7 | 1,721
2 3 2 1 1 | 25 | 2 1 1 | 05 1,75
3 1 05| 0 | 05| 2 |05 1 1 2 0,88
4 05 | 0 2 | 05| 17| 1 | 14 | 05 | 1 0,985
5 0 1 03|03 | 18| 4 | 1,8 | 1 2 1,465

Table 2. Models results after implementation a test

After each evaluation (by test, quiz, take-home assignment, contest, etc.) the results
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are saved in a table with rows for trainees and columns for factors). The first row
comprises data about the “virtual” student with some appropriately defined threshold
values. After this step, the results for a group of 5 students are shown in Table 2.

Step 5. Completion - analysis, interpretation and drawing conclusions from the
results.

Trainee virtual 2 1 5 4 3
Total score 1,72 1,75 | 1,721 | 1,465 | 0,985 | 0,88

After sorting by the Total score, the trainees will be ranked in the following way:

| —trainee 2, Il — trainee 1, lll — trainee 5, IV — trainee 4, V — trainee 3.

Some conclusions about the current “shape” of each trainee can be made so as to
make possible planning some future instructor’s actions, like selecting the best participants
for incoming contest, extra training on some stumbling blocks, assigning additional tasks
for trainees with poor results and so on.

CONCLUSION

According to the research results, which have been obtained till now, the proposed
innovative approach seems to be general-purpose, flexible enough to reflect the
peculiarities of different context of Informatics training for children and last, but not least,
feasible.

Future research work in this area will be to expand the existing object models both in
variety and scope. The complete application of the approach is planned for extracurricular
training on Informatics for the next academic year. We hope that such real-life experiments
will enrich the set of useful principles, procedures and CA cases, thus improving the
approach as a whole.
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Pe3rome: Cmamusima npedcmaess orniuma HU 0a KOHcmpyupame UuHo8amugeH [00X00 KbM
obyuyeHuemo no uHgopmamuka, ripedHasHa4vyeH 3a Oeya 0o 5 knac. OcHosaHusima Hu 3a pa3pabomeaHe U
Kmoyosume udeu Ha nodxoda, basupaH Ha CpasHumerneH aHanus, ca npedcmaseHu Hakpamko. [NpusedeH
e npumep, unrcmpupaw, ocblUecmsuMmocmma U rnosie3Hocmma Ha rpednazaHusi Memo0 3a 0adeHa pearsiHa
cumyauusi. Hakpasi ca cnodeneHu HAKOU HaMepeHUsi Ha asmopume 3a fno-HamambuHa u3credoeamericka
U ekcriepumeHmarHa paboma.

Knroyoeu Oymu: M3ewbHknacHo obydeHue o WHgopmamuka, cbcme3amesiHo rpoepamupaHe,
MHO20KpUMepuasrHo 83eMaHe Ha peleHuUsl, cpasHUMmMeneH aHanus
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USING WEB BASED TECHNOLOGIES ON TRAINING IN XHTML

Margarita Teodosieva

Angel Kanchev University of Ruse

Abstract: The worldwide trend of innovative technologies entering all spheres of life is observed also
in the educational field. Introducing interactive training boosts the learning process and it becomes easier,
faster and more interesting for comprehension. This paper focuses on issues related to GSM technology,
WAP applications and the usage of HTML, XHTML and CSS. It presents a website developed for training in
XHTML

Keywords: XHTML, Web based Technologies, Web based Training

INTRODUCTION

The information in the World Wide Web is a virtually unlimited resource for satisfying
the needs of communication, information and knowledge. It is of high performance,
immense amount and actuality — three main parameters which define information as a
reliable ally. Through the Web, FTP and e-mail people get to know the latest news, the
innovation booms in Science and Technologies, etc [2].

GSM technology allows short messages, news, etc. to be easily conveyed to the
user. Data transfer is carried out by two protocols for wireless data transfer, i.e. the Short
Message Service (SMS) and the Wireless Application Protocol (WAP). So, side by side
with the development of ordinary phone services in the wireless digital telephones, a
parallel process of developing the possibilities for text communication is running, providing
a continually growing priority of text data transmission.

The Protocols, used for the needs of maintenance and operation of
telecommunication appliances, devices and information servers, are the Telnet (in recent
years, the ssh — secure shell — telnet protocol with connection encryption to avoid
transmission of unprotected along the communication channel passwords and other
important information) and the HTTP (web interface with administration functions for
controlling interactively the communication device by means of keys and menus in the web
browser environment). They enable the configuration and control of network-connected
routers, switchers, commutation appliances and devices (modems, access servers, ISDN
devices), web servers, servers for databases and many other types of structural units,
ensuring the operation of the communication network or the data transfer net.

Nowadays the fast developing technologies and the mobile services continual drop of
prices provoke the expanding usage of mobile devices (cell phones, PDA, etc., generally
called mobile terminals). The number of cell phones’ users keeps on increasing,
challenged by new services and technologies like Internet, MMS, etc. incorporated in
mobile devices.

Distinguished from personal computers (PCs), mobile terminals are characterized
with specific features: small screens, unstable communication connection, and mostly of
the type ‘operated with one hand’. WAP is the protocol for effective transmission of data to
the users of mobile devices. It is suitable for application in all standard wireless networks:
CDPD, CDMA, GSM, PDC, PHS, TDMA, FLEX, ReFLEX, iDEN, TETRA, DECK DataTAC,
Mobitex, etc. The language for creating pages on mobile phones is the Wireless Markup
Language (WML). The information in it is organized in cards and packs. The table below
shows the comparative characteristics of WML and HTML [1, 3, 5,8].
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WAP/WML HTTP/HTML

Interactive environment for applications | Documents(information) presentation
Specialized mobile devices supporting | For PCs in networks with stable

micro browsers communication channels

The content is presented with short The content consists of text and graphic
specific menus structured in cards and | pages without strict technical limits of the
packs amount

WML cards consist of visible content HTML pages consist of visible and controlling
and controlling directives for symbols (and expressions)

replacement of a current card (by the

user)

WAP applications include access to distributed databases, banking, entertainment,
message exchange. An essential part of the communication implementation is fulfilled by
the WAP switches (protocol convertors). They are the linking unit between Internet and
the pocket wireless devices. WAP switches may be the property of the mobile operator,
the Internet Service Provider (ISP), or the owner of the website with WAP or WML content.
More reliable protection is provided by an operator-based WAP server. The limitations for
working on mobile terminals are mainly owed to their weaker parameters in comparison
with those of the traditional PCs. Mobile terminals incorporate a low-efficient processor,
less memory capacity (ROM and RAM), limited electric power, low resolution and small
screen size, non-conventional input device [4,6,7].

All these disadvantages impose the creation of applications with specific features. In
principle, after a WAP application is being developed, it can be transferred to a mobile
phone and seen how it runs, but as the work is rather impeded, mobile devices’ emulators
have been developed. With their help the applications’ tests are considerably speeded up
and the designing process is facilitated as a whole.

HTML, XHTML and CSS

For consolidation of HTML platform so that it is built upon efficiently, the
standardization organization W3C created the EML (Extensible Markup Language).

XML resembles HTML — completed with tags, attributes and values. It is a standard
for developing other languages. XML can be used, for instance, to create a language for
documents formatting. Such a personal language is equipped with tags containing
specifications of the actual data.

When the XML tag specifies data, the latter becomes accessible for other tasks as
well. A software program can be developed to retrieve only the necessary information,
incorporate it to the data of another resource and the combined result can be presented
for other purposes.

To facilitate the operation of XML programs for synthetic analysis (parsers), XML
requires a careful usage of uppercase and lowercase letters, quotes, closing tags, etc. In
addition to that, billions of Web pages written in HTML already exist, and accordingly,
millions of servers and browsers for their support.

W3C re-wrote HTML in XML. The new XHTML [1] contains all the technologies of
HTML and it can be understood by any browser. Besides, users who know HTML, easily
switch on it. On the other hand, the built-in XML’s syntax adds power and flexibility and it
becomes an ideal basis for the usage of CSS.

Though XHTML and CSS make a strong combination, there is a small disadvantage
in browser’s support. The addition of extensions is not problematic, but when it concerns a
serious and full support of specifications, no browser can manage the task.

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
115




EbucaTion

However, the prolonged waiting is also not useful. In the A List Aparat online
magazine, devoted to the Web designing (http://www.alistapart.com/stories/tohell/), some
authors support the cause to create XHTML/CSS-base pages, which look admirable to the
standard supporting browsers, and acceptable to the ordinary or old ones.

HTML was magnificent with the specificity that the punctuation might not be adhered
to. That extremely facilitated the writing of Web pages.

Some circles of specialists reject HTML and consider that XHTML is the only
solution. XHTML is a significant improvement of HTML. It is stricter, very flexible and
powerful, and it seems for sure that would be supported in the future; the possibility of
extensions will meet various needs. Nevertheless, if there is no need to satisfy all, but just
to publish a simple page, then better use HTML.

There are three standard trends in both HTML and XHTML: transitional that allows
the usage of rejected tags; frameset allowing the usage of rejected tags and frames; strict
that forbids the usage of rejected tags. These constructive trends can be applied in
different CSS’s versions but the chosen combination depends on several factors.

CHOOSING HTML, XHTML or CSS

There are several principles for making the proper choice:

o The larger amount of data in the site, the more advisable is the usage of CSS
and XHTML. The first one facilitates the application, editing and updating within
the site formatting, while the second component helps creating the structure of
the page, ensuring its continual existence.

o0 Many companies and state agencies set out the condition Web pages to be in
correspondence with definite requirements, which ensure adequate access to
people with physical limitations. In that case the designer should follow the
strictness of the XHTML and the CSS formatting.

0 Big commercial sites, which aim at reaching as many customers as possible,
can choose the transitional trend of XHTML applying the advantages of some
rejected tags for universal support, while banking is laid upon the sustainability
of XHTML. These types of sites probably will pass to the more powerful CSS
with the increase of the support necessities.

o Small or personal sites are likely to refer to the advantages of the easy-to-apply
syntax in HTML combined with the might of the CSS formatting, and the partial
usage of rejected tags, if necessary.

HTML and XHTML definitely share one and the same lexis with insignificant syntax
differences. When a statement is valid for both XHTML and HTML, the abbreviation
(X)HTML is applied.

CSS is incorporated into the specifications of (X)HTML as a natural extension and

at the same time as a specific instrument.

WEB-BASED TRAINING IN XHTML

The website aims at making XHTML learning easier on the basis of the following key
points — availability of diverse lecture material containing graphics and photographs that
facilitate the process of knowledge acquisition, and availability of terminological vocabulary
providing quick access to the explanation of a concrete term.

Fig. 1 shows the navigation map of the website.

The “Home” page (Fig. 2) provides information on the website concept. The
navigation menu is displayed on top of the screen and it is permanently visualized,
nevertheless of the user location within the system. The navigation bar consists of six
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components, which can be seen in all pages of the application: Home; Lectures;
Exercises; Links; Application.

The “Lectures” page (Fig.3) contains the teaching material grouped in topics.

The “Exercises” page (Fig.4) contains information on the required exercises and the
software products necessary for their execution. Emulator has been used on developing
relevant exercises. The “Files” page (Fig. 5) contains all source codes for conducting the
exercises.

MENU
[ [ [ |
Lectures Seminars Files Connections Application
I
| [ | |
Lecture 1 Seminar 1 Seminar files Necessary Connection 1
software

Lecture 2 Seminar 2 File 1 Connection 2

Lecture ... N Seminar ... N File 2 Connection 3
File 3 Connection ... N
File ... N

Fig. 1. Navigation map of the site

| 2061 Sawvmrairy of hewse

Fig. 2. “Home” page Fig. 3. “Lectures” page
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Fig. 4. "Exercises" page Fig. 5. "Files" page

The "Links" page (Fig. 6) provides information on the references and other useful
hints. The “Application” page is shown on Fig. 7.

- - E- /BSOSO

38 TR I

Fig. 6. "Links" page Fig. 7. "Application" page

CONCLUSION

The application that has been created presents the implementation of the basic
training trends in XHTML - including theory, exercises, terminological vocabulary and
plenty of diagrams, graphics and supplementary text information. The advantages concern
the better comprehension of the teaching material, boosted by the interactive
communication ant all this encourages the interest and motivation of learners. The website
is intuitive and ensures positive and unique learning environment for users.

The application is open — it gives opportunities for supplementing the lessons with
practice-oriented videos, as well as animation to the topics in order to add visual effects,
aiming to achieve better understanding of the material included in the exercises. The
terminology vocabulary may also be extended as it contains indices for the English terms
and abbreviations.
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NMPUNOXEHUE HA WEB BA3SUPAHUTE TEXHOJIOTMU B
OBYYEHUETO MO XHTML

Mapraputa TeogocueBa

PyceHcku yHusepcumem ,AHeern1 KbH4ye8”

Pe3rome: Obwama meHOeHyusi 3a 8bBexdaHe Ha HO8U MEXHO02UU 6b8 BCUYKU cghepu ce
Habnodasa u 8 obriacmma Ha obydyeHuemo. BbamoxHocmma 3a cb30asaHe Ha UHMepakmueHo obyyeHue
criomMaza 3a Mo-ylecHo, 6bpP30 U MPUSMHO 8b3rpuemMaHe Ha y4yebHus mamepuarn. B nybnukayusma ce
duckymupam 8brpocu, cebp3aHu ¢ GSM mexHonozausma, npunoxeHusma Ha WAP u usnonzeaHemo Ha
HTML, XHTML u CSS. lNpedcmass ce u paspabomeHusim calim 3a web 6asupaHo obyyeHue no XHTML

Knrovoeu dymu: XHTML, Web 6a3upaHu mexHonoauu, Web 6asupaHo obyyeHue
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HUMAN COMPUTER INTERACTION
IN COMPUTER SCIENCE EDUCATION

Desislava Atanasova, Plamenka Hristova

Angel Kanchev University of Ruse

Abstract: Including Human computer interface as a subject in modern education for Computer
Science and related students is of very important. This could be clearly seen from the proposed subjects,
curricula and other specialized courses offered at universities in Europe and USA. How is this reflected in the
training of students in computer science in Bulgaria? A brief analysis of this issue and related problems, the
authors try to give in this article.

Keywords: Human-Computer Interaction, Human-Computer Interface, Education

INTRODUCTION

Human—computer interaction is the study, planning and design of the interaction
between people (users) and computers. It is often regarded as the intersection of computer
science, behavioural sciences, design and several other fields of study. There is currently
no agreed upon definition of the range of topics which form the area of human-computer
interaction. There are some working definitions, that at least permit to get down to the
practical work of deciding what is to be taught and one of them is:

Human-computer interaction is a discipline concerned with the design, evaluation
and implementation of interactive computing systems for human use and with the study of
major phenomena surrounding them [2].

Research in Human-Computer Interaction has been spectacularly successful, and
has fundamentally changed computing [1]. Through the past three decades, HCI has
progressively integrated its scientific concerns with the engineering goal of improving the
usability of computer systems and applications, thus establishing a body of technical
knowledge and methodology.

One of the most important fields of Human-Computer Interaction for us is Human-
Computer Interface (HCI) and its design.

EDUCATIONAL PURPOSES IN HCI

The objectives, pursued by HCI training, are to teach principles and techniques for
design and development both usable and secure systems, but also functional. Emphasis is
particularly the project construction and test methods for prototypes’ development and
evaluation and the psychological aspects of CHMI, too.

Long-term goal of HClI is to develop systems which minimize the barrier between the
human model understanding of what is need to get from the computer and the real
computer "perception” of the user task. This objective is the basis for building the subject’s
training.

People, dealing with HCI, are interested in developing new design methodologies,
experimenting with new hardware devices, prototyping new software systems, explaining
new paradigms of interaction and development of new models and theories of interaction.

To produce easy to use computer system, HCI professionals should:

» Understand the factors (physiological, ergonomic, organizational and social),
which determine how people handle and make efficient use of computer
technology;
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» Apply this understanding in tools and techniques development, that help the
designer to provide computer system, suitable for users, so that:
» Achieve efficient, effective and safe interaction with individual and group HCI

HCI IN COMPUTER SCIENCE EDUCATION

Human-computer interaction (HCI) has long been a focal area for innovative,
multidisciplinary computing research and development. Ten years after the new
millennium began, it is time to ask where this increasingly important field is going. Are the
new forthcoming specialists in computer science ready for developing the HCI? Could they
improve and appreciate the new interesting and stimulating ideas on the future of our
interactions with computers?

How it is done worldwide?

In 1985, the ACM SIGCHI workshop on curricula in HCI (Mantei, 1985) proposed the
development of courses in HCI [2]. Since then, numerous individual courses have been
developed and instituted in many parts of the world [5]. The main proposed for the
curricula courses are shown on Table 1.

Table 1 Course Emphases on the Content of HCI [2]

CONTENT AREAS (course length | CS1: Ul | CS2: PSY1: MIS1:
assumed to be 14 weeks with 42 | Design & | Phen & | Psych of | Human
contact hours total) Devel. Thy  of | HCI Aspects
HCI of IS

N | The Nature of HCI

N1 | (Meta-)Models of HCI 2 2 2 1

U | Use and Context of Computers

U1 | Human Social Organization and
Work

U2 | Application Areas 1

Al
Wi

U3 | Human-Machine Fit and Adaptation

H | Human Characteristics

H1 | Human Information Processing 1 9 4 1

H2 | Language, Communication and
Interaction

N
—

H3 | Ergonomics 1

C | Computer System and Interface
Architecture

C1 | Input and Output Devices

C2 | Dialogue Techniques

C3 | Dialogue Genre

C4 | Computer Graphics

NN JENTINS
o|o|lo|o|o
NN NN TS
o|=al=|w(n

C5 | Dialogue Architecture

D | Development Process

D1 | Design Approaches

D2 | Implementation Techniques

D3 | Evaluation Techniques

w oo~
N [OININ
N ([BINA
IR

D4 | Example Systems and Case
Studies

P | Project Presentations and
Examinations
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Table 1 relates the content of HCI and the emphases of each topic for each of four
proposed courses. All proposed in the curricula courses could be broadly characterized as
either technology oriented (CS1: User Interface Design and Development and CSZ2:
Phenomena and Theories of Human-Computer Interaction) or human oriented (PSY1:
Psychology of Human-Computer Interaction and MIS1: Human Aspects of Information
Systems). Also they are moving from a general professional/practical orientation (CS1 and
MIS1) to one that is more specialized and research oriented (CS2 and PSY1). Also the
courses should be specified, depending on the type of students — hardware or software
oriented; bachelor, master or PhD etc.

Main courses and their interaction are shown on figure 1.

p Use and Context \

U1 Social Organization and Work [a]ﬁ U3 Human-Machine Fit and Adaptation

U2 Application Areas

~——— Human Computer \
C2 Dialogue C4 Computer
H1 Human Techmques Graphlcs
Information
Processmg | j

H2 Language C3 Dialogue C5 Dialogue
Communication C1 Input and Genre Architecture

and Interaction Ergonomlcs Output Devices D g?
\ E 5 J/

D4 Example Systems

D3 Evaluation and Case Studies D2 Implementation
Techniques Techniques and Tools
D1 Design
Approaches
\ Development Process /

Fig. 1 Human-Computer Interaction

How it is done in Bulgaria?
In our country, the education in Computer science is already well developed. But it is
not the same for including HCI in the computer science curricula in different universities.
As could be seen from Table 2, only a few universities have courses, which are
oriented only to HCI.
Table 2 HCI courses in some Bulgarian Universities

University Course Name Students degree
Sofia University Human Computer Interface Design Bachelor
Master specific course
Ruse University Human Computer Interface Bachelor (compulsory)
Plovdiv University Principles in user interface construction | Bachelor (eligible)
for Web and Desktop applications
Technical University | Human Computer Interface Master
— Varna
University of | Human Computer Interface Design Bachelor (eligible)
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Librarian Knowledge
and Information
Technology - Sofia

There are lots of courses, which include parts (or themes) of technical oriented
aspects in HCI. But the time and themes are too small and definitely not enough for such
huge subject. Normally there are almost no courses, which deal with human aspects of
HCI.

WHAT ARE THE MAIN PROBLEMS
Studying HCI in computer science education in Bulgaria, we have found some
serious problems, namely:
» luck of appropriate learning systems ready for use — there are lots of systems,
which some lecturers made for their own use or purposes [2, 4], but that is not
a correct decision;
» luck of experience in biding education, in which the active side has to be the
student;
» there are almost no literature in university libraries and all available is in
English;
» a wide variety of software systems and interface types developed, which have
to be well known, so the systems could be effectively used.

WHAT SHALL WE DO?
The studying subject HCI in the Computer science courses review made, allow
making following conclusions:
e Offered subject is actual and useful.
e Studying HCI corresponds to update level in sufficient stage, but the time and
themes devoted to it in lectures are not enough.
¢ Preliminary students’ knowledge in the field of interface models development is
still very low.
e Students’ language training is not good enough.
and some recommendations:
e Force studying of interface models development, which are in the base of
design useful software systems.
e Familiarizing students in using on-line materials, so they will keep abreast of
the time and follow the novelty and tendencies in software development.
e At chance to increase the time, spend in learning business models designing
principles.
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OBYYEHUETO MO YOBEKO-MALUMHEH UHTEP®EWUC B OBJIACTTA HA
KOMMIOTBLPHUTE HAYKU B BBJITAPUA

HecucnaBa AtaHacoBa, llnameHka XpucrtoBa

PyceHcku yHusepcumem ,AHzesn KbH4yeg”

Pe3rome: BkrnousaHemo Ha 408eKO-MauwlUHHUSI uHmMepghelc kamo OucuyursiuHa 8 Cb8peMeHHOMmOo
obpasoeaHue Ha cmydeHmume om creyuanHocm KommombpHU Hayku U cebp3aHume ¢ msx e docma
gaxHo. Toea Moxe sicHO Oa ce sudu om npeodnoxeHume y4ebHU OucyurauHu, y4ebHU npozspamu U
pasnuYHU crieyuanusupaHu Kypcose, npednasaHu 8 yHusepcumemume e Espona u CALL. Kak e ompa3eHo
mosea 8 obyyeHuemo Ha cmydeHmume 8 obrnacmma Ha KOMMMbPHUMEe Hayku 8 bbjieapusi? Kpambk
aHanu3 Ha CbCMOSIHUEMO Ha MOo3U 8bMPOC U c8bp3aHume ¢ Hea2o npobnemu, asmopume ce onumeam da
0adam 8 Hacmosiuw,ama cmamusi.

Knroyoeu dymu: Yoeeko-mawuHHO 83aumodelicmeue, Hoseko-mawuHeH uHmepgpelic, ObyyeHue
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COMPUTER - BASED CONCEPTUAL MAPPING FOR FACILITATION OF
CREATIVE AND MEANINGFUL LEARNING IN THE COURSE OF
“MULTIMEDIA SYSTEMS AND TECHNOLOGIES”

Valentina Voinohovska

Angel Kanchev University of Ruse

Abstract: Constructivism implies that every learner must construct her/his own knowledge structure,
or cognitive structure, through her/his own efforts. Knowledge structures are built primarily through
meaningful learning, not by rote learning or simply memorizing information. This paper illustrates an
approach of using computer — based concept mapping tool that facilitates creative and meaningful learning
and helps organizing and representing knowledge.

Keywords: concept map, constructivism, computer — based, meaningful learning, quality of education

INTRODUCTION

Last few years were marked by rapid technological advances and deep changes in
many aspects of human activity. Such changes have stimulated much discussion about
the role and processes of education, and about the role of information and communication
technology (ICT) in teaching and learning.

The new standards identify several higher — order thinking skills and digital
citizenship as critical for students to learn effectively for a lifetime and live productively.
These areas include the ability to:

Demonstrate creativity and innovation;

Communicate and collaborate;

Plan strategies to guide inquiry, make research, locate, organize, analyze, evaluate,

synthesize and ethically use information from a variety of sources and media;

Think critically, solve complex, multidisciplinary, open-ended problems, and take

decisions;

Use technology effectively and productively;

Evaluate and select information sources and digital tools based on the

appropriateness to specific tasks;

Process data and report results;

Making innovative use of knowledge, information and opportunities to create new

products.
In order to meet the expectations of students who live in a technology - rich
environment, the classroom must provide interactive opportunities which motivate and
allow them to focus on learning [10, 14, 15]. Visual learning techniques include the use of
digital technology to create diagrams, such as concept maps and webs, and use graphs,
charts and images for analyzing and communicating information.

VV VV ¥V VVYV

CONCEPT MAPS ESSENTIALS

Information visualization is a broad topic. Advances in technology and in
understanding of cognition and perception have lead to new techniques and methods for
visualizing information [6]. Workshops, symposiums, and conferences are frequently held
on information visualization.

Knowledge visualization however, is a relatively new area for research. Novak
proposed that the basic elements of knowledge are concepts and relationships between
concepts are propositions. Concepts are defined as “records of events or objects,
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designated by a label” [8]. Propositions consist of two or more concept labels connected
by a linking relationship that forms a semantic unit [7]. According to many researchers
using these propositions, we construct new knowledge by linking new concepts to our
previous knowledge.

Structuring knowledge with visual representations during study time has the following
advantages:

Students easily recognizes visual symbols;

Less text facilitates a word, phrase, or general idea scanning;

Visual representation allows for general understanding;

Students make abstract ideas visible and concrete;

Reorganization of student’s knowledge;

Provide structure for thinking, writing, discussing, analyzing, planning and reporting;

Explicit description of concepts and their interrelationships;

Deep processing of knowledge, which promotes better remembering and retrieval

and the ability to apply knowledge in new situations;

Relating new concepts to existing concepts and ideas, which improve

understanding and interpretation.
Concept mapping is a powerful learning technique consistent with constructivist
learning theory. Constructivists [8, 11] theorized that the individual learner acquires
knowledge by linking new information with past experiences to create a personal process
for meaning — making. In constructivist learning, students are involved in knowledge
construction and not knowledge absorption.

With the fundamental goal of fostering learning Novak [8] proposed that concept
maps embody constructivist theory. Through constructivist approaches learners actively
build their own knowledge, rather than adapting the teacher’s interpretation of the world. In
constructivist environments where students use concept mapping tools, learners are
actively engaged in reflecting on their interpretation of the external world and constructing
meaningful learning [3, 4].

Novak’s experiences in using concept maps to help guide student learning were
highly positive. They were supported by Vygotsky’s [12] ideas of the importance of social
exchanges in learning. Another idea that was supported is Vygotsky’s concept of “Zone of
Proximal Development” (ZPD). Vygotsky’s studies showed that there was a level of
cognitive development that allowed a learner to advance in understanding of a given
domain of knowledge without coaching, and a higher level of understanding beyond which
the learner cannot advance without coaching. He called this range of understanding the
Zone of proximal Development.

Concept maps have been shown to be an effective for the education as tool for
evaluation, displaying students’ prior knowledge, summarizing what has been learned,
note taking, planning, scaffolding for understanding, establish educational experiences,
improving affective conditions for learning, teaching critical thinking, supporting
cooperation and collaboration, and organizing content [2].

By concept mapping, students can learn meaningfully. In Ausubel's view, to learn
meaningfully, students must relate new knowledge (concepts and propositions) to what
they already know. He proposed the notion of an advanced organizer as a way to help
students link their ideas with new information or concepts and claimed that new concepts
can be incorporated into more inclusive concepts or ideas during learning. Jonassen,
Peck, and Wilson [5] argued that meaningful learning has the following features:

» Active — learners interact with an environment and manipulate the objects in that
environment, observe the effects of their interventions and construct their own
interpretations;

YV VVVVVVVY
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» Constructive — learners integrate new interpretations with their prior knowledge;

» Intentional - learners articulate their learning goals, what they are doing, the
decisions they make, the strategies they use, and the answers that they find;

» Authentic — learning tasks are real-world problems;

» Cooperative/collaborative — learners work in groups.

A concept map is a way of representing relations between ideas, images or words.
Each word or phrase is connected to another and linked back to the original idea, word or
phrase. Concept maps are a way to develop logical thinking and study skills, by revealing
connections and helping students see how individual ideas form a larger whole.

Concept maps are flexible. They can be made simple or detailed, linear, branched,
radiating, or cross-linked:

» Linear concept maps - one concept or event leads to another.
Hierarchical concept maps represent information in a descending order of
importance - the key concept is on top, and subordinate concepts are below.
Spider concept maps - basic theme in the center of the map and sub-themes
surround the main theme.
Cross — linked maps - descriptive word or phrase and identify the relationship with a
labeled arrow.
In a “well constructed” concept map [1]:
» Each pair of concepts, together with their joining linking phrase, can be read as an
individual statement or proposition that makes sense;
» Concepts and linking phrases are as short as possible, possibly single words;
» The structure is hierarchical and the root node of the map represents the topic of
the map.
Figure 1 shows an example of a concept map that describes the structure of concept

maps and illustrates their characteristics.
Concept Maps

>
>
>
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Figure. 1. A concept map showing the key features of concept maps [9].
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COMPUTER - BASED CONCEPT MAPPING STRATEGIES

In the course “Multimedia Systems and Technologies” students create visual models
that facilitate creative thinking and help them organize, analyze, evaluate and present
information by using computer — based concept mapping tool.

1. Visualize and develop ideas with graphical organizers and diagrams

» Brainstorm and capture ideas, clarify thoughts;
» Represent ideas visually using symbols, add new topic and subtopic;
» Use links to present relationships between ideas;
» Rearrange and connect ideas easily by replacing the branches;
» Add text or text phrases to links to explain relationships;
» Use different colors, shapes, patterns, shadows, fonts and styles to differentiate
their ideas;
» Arrange diagrams into different tree charts;
Content Learn
Global i ) ) )
Mavigation Overview Articles H Tutorials Reviews I
| o
Contact Us
About
Overview CQur Authors Colophon Advertising

Subscribe

Accessibility

Statement Contribute

i How It Writing
. Overview Works Tips
Copyright
\_Design J}
k ANIMATION )
I//’i."_e;ln;r_k"‘ /’__-é]t;a_;;-x"

. T b | ' |
k\annmatmn_ﬁg; \_animation _J§
\“h-..-,..__,,-.

e

2. Plan and organize written work
» Capture ideas and information;
» Hide and show levels of detail to see the big picture or all of the content;
» Transfer the outline to word processor for formatting and finish the written work;
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Rearrange topics by dragging;

Transform notes and paragraphs into individual topics to reorganize information
easily and quickly;

Plan projects and track ideas;

Add topics at different levels;

VYV VYV
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3. Present Knowledge
Students present their work, on the basis of the content they have already
developed. The collected information is expanded in presentations.

» Develop presentation using the content they have already have;

» Use professional themes to create visually appealing presentations. Customize
themes to personalize them by adding graphics and changing background colors,
fonts, and bullet styles;

Add graphics from computer and Internet;
Add video and sound files;
Add speaker notes to slides;
Use slide transitions;
Print slides in various formats;
4. Engage Students with Collaborative Learning
Students actively engage in learning by collaborating on group projects, share
documents, and receive guidance from the teacher during the entire process.

YVYVYYVYYV

» Collaborate on group projects and sharing information to create collective
knowledge;

» Share documents for review and suggestions. Adding comments directly into
documents without overwriting original text, so students can see suggestions and
respond with revisions to improve the quality of work;

» Share completed work with other students.

CONCLUSION

Effective education programs include a wide range of learning activities: selected
readings, Internet searches, project work, report preparation and presentation, drawings,
video presentations, collaborative research, and other activities. The study shows
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knowledge visualization as an effective technique for teaching and learning. The use of
modern computer — based mapping tool, an integration of knowledge and information
visualization has the potential of impacting the management of knowledge, information,
and education.
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BaneHTuHa BonHoOXoBCKa

PyceHcku yHusepcumem ,AHeern1 KbH4ye8”

Pe3rome: Crioped meopusima Ha KOHCMpyKkmueu3sma eceku obydaem camocmosimeniHo mpsibea da
KOHCmpyupa ceosima cobcmeeHa cmpykmypa om 3HaHus. Cmpykmypama om 3HaHusi ce u3epaxda
npeduMHO 4Ype3 CbOBbPXamesIHO y4eHe, a He C y4eHe Ha u3ycm u caMo 3aroHsiHe Ha uHgopmayus. B masu
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MOHAMUUHU Kapmu, KOemo Hacbp4yasa meopyecKomo U CbObpPKamesiHO yyeHe Ha cmydeHme U UM rnomaza
3a opeaHu3upaHe U rnpedcmassHe Ha 3HaHUSIMa UM.
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AN EDUCATIONAL TOOL FOR NOVICE PROGRAMMERS

Galina Atanasova, Katalina Grigorova
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Abstract: The paper investigates the characteristics of novice programmers, their difficulties in
introductory programming courses. There are described variety aspects of programming — too many reasons
for novices’ overwhelming and de-motivation. The significant role of visualization environments and algorithm
animation tools is presented. It is underlined that the provision of a useful and accurate mental model and
algorithm making abilities will positively influence a novice’s success in programming. A tool design for
algorithm animation and its learning aids are presented.

Keywords: Computer Science, Algorithm Animation, Algorithm Visualization Tools, Novice
Programmers

INTRODUCTION

Data structures and algorithms are important foundation topics in computer science
education. Students deal with algorithms in many computer science courses. For instance,
in computer graphics, students learn objects rendering algorithms, in networking, they
study algorithms that solve networks track congestion, and in database, they learn
algorithms that search or sort data. Accordingly, teaching algorithms is a common activity
that takes place in many computer science classes. However, algorithms are often hard to
understand because they usually model complicated concepts, refer to abstract notions,
describe complex dynamic changes in data structures, or solve relatively difficult problems.
Consequently, teaching algorithms is a challenging task that faces instructors and requires
a lot of explaining and illustrating. Therefore, teaching aids other than conventional are
needed to help students understand algorithms better [6]. The ability to realize graphic
representations faster than textual representations led to the idea of using block schemes
to describe the behaviour of algorithms to learners.

DIFFICULTIES IN LEARNING PROGRAMMING

Learning to program is generally considered hard, and programming courses often
have high dropout rates [10]. Educational research has been carried out to recognize the
characteristics of novice programmers and to study the learning process and its
connections to the variety aspects of programming. Let explore these issues more closely.

CHARACTERISTICS OF NOVICE PROGRAMMERS

By definition, novice programmers lack the knowledge and skills of programming
experts. Several different separating factors have been studied in the literature and were
also reviewed by Robins et al. [11]. Common features for novices seem to be that they are
limited to surface knowledge of programs and generally approach programming "line by
line", rather than at the level of bigger scope. Novices spend little time in designing and
testing their algorithm. When necessary, try to correct their mistakes with small local fixes
instead of more thoroughly reformulations [2]. The knowledge of novices tends to be
context specific rather than general [3], and they also often fail to apply correctly the
knowledge they have obtained. In fact, an average student does not usually make much
progress in an introductory programming course [2]. This was also noticed by the study of
McCracken et al. [5], who noticed serious deficiencies in student's programming skills in
introductory courses. This supports the empirical observations of many teachers;
programming novices often fail to recognize their own deficiencies. Also the personal
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properties of the students affect their performance. Mathematical or science abilities seem
to be related to success at learning to program [4, 7]. In an introducing course, different
student behaviours in confronting a problematic situation can be recognized. Perkins [9]
named two main types novices: stoppers and movers. In problematic situation stoppers
simply stop and abandon all hope of solving the problem on their own, while movers keep
trying, modifying their algorithm and use feedback about errors effectively. There are also
extreme movers, "thinkers", who cannot track their work, make changes more or less
randomly, and like stoppers do not progress very much in their task. There are effective
and ineffective novices, i.e. students who learn without excessive effort and those who do
not learn without inordinate personal attention [11]. Naturally, students' personal learning
strategies and motivation affect their success in learning programming strategies. Robins
et al. [11] stated that "Given that knowledge is (assumed to be) uniformly low, it is their
pre-existing strategies that initially distinguish effective and ineffective novices". Prior
knowledge and practices can also be a major source of errors, especially when trying to
transfer a step-by-step problem-solving solution directly from a natural language into a
program [13]. The differences between the natural language and a programming language
could easily cause problems.

VARIETY ASPECTS OF PROGRAMMING

Learning programming contains several activities, e.g., learning the language
features, algorithm design, and algorithm comprehension. Typical approach in textbooks
and programming courses is to start with declarative knowledge about a particular
language. However, studies show that it is important to bring also other aspects to the first
programming courses. Several common deficits in novices' understanding of specific
programming language constructs are presented in Soloway and Spohrer [13] and
collected also by Pane and Myers [8]. For example, variable initialization seems to be
more difficult to understand than updating or testing variables.

However, the main source of difficulty does not seem to be the syntax or
understanding of concepts, but rather basic algorithm planning [11]. It is important to
distinguish between programming knowledge and programming strategies [1]. Winslow
[14] noticed that students may know the syntax and semantics of individual statements,
but they do not know how to combine these features into valid algorithms. Even when they
know how to solve the problem by hand, they have trouble translating it into an equivalent
algorithm.

Students have often great difficulties in understanding all the issues, relating to the
execution of a program. Students have difficulties in understanding that each instruction is
executed in the state, which has been created by the previous instructions.

There is often little correspondence between the ability to write a program and the
awareness to read one. Programming courses should include them both. In addition, some
basic test and debugging strategies should be taught [14]. Robins et al. [11] suggest that
one more issue that complicates the learning of programming is the distinction between
the mental model as it was intended, and the program model as it actually is. There are
often mistakes in the design and bugs in the code. Also in working life, programmers face
daily the need to understand a program that is running in an unexpected way. This
requires an ability to track code to build a mental model of the program and predict its
behavior. This is one of skills that could be developed by emphasizing algorithm
comprehension and debugging strategies in the programming courses.

We can generalize that it is clear that novices are burdened by having to learn so
many new things in introductory programming courses. This leads to an overwhelming
perception of incapability and uphill struggle in a large proportion of novices. Their self-
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esteem may be getting defeated before they have even reached base subjects. Whilst
syntax might be a difficulty for novices, it is evident that the more pressing issue is the
deficiency in their problem solving and algorithm construction skills. Novices can
understand the individual concepts of programming in isolation but have significant
difficulties putting them together in order to express a problem’s solution. The provision of
a useful and accurate mental model and algorithm making abilities will positively influence
a novice’s success in programming.

THE ROLE OF ALGORITHM ANIMATION AND VISUALIZATION TOOLS IN
NOVICE PROGRAMMERS INTRODUCTORY COURSES

Algorithm visualization and animation tools are designed to make visible aspects of
programming often hidden from the programmer. As such they are capable of promoting
“low-level” models of algorithm features such as models of execution. They can reinforce a
model of an algorithm execution by explicitly showing how the execution of a statement
affects the program state and hence the environment in which the following statement is
executed.

Computerized aids that reinforce mental models and reliable algorithm construction
of the programming process are far more appropriate for novice programmers than
commercial environments [12]. There are many environments aimed novice programmers
learning improvement. These tools provide some benefit, but it is clear that these ideas
can be improved upon. If the features of these tools were usefully enhanced, extended
and combined, it might prove to be more beneficial to novice programmers.

FLOWCHARTS

Flowcharts have traditionally been used to visualise algorithm structures and are a
very appropriate visualisation form for novices. They are easy to learn, can be easily
understood with little or no prior training and provide the novice with an accurate mental
model of an algorithm and its components. Furthermore, flowcharts aid the processes of
abstracting a problem into a solution and the transition between problem specification and
syntactical solution.

Studies of flowchart-based animation tools have shown that by animating a flowchart,
we can further its effectiveness and offer a concrete model of execution by demonstrating
the interaction between algorithm components.

Our work benefits are directed to algorithm animation and block scheme advantages,
usefully extend and combine in an application with learning aids. We suppose that in this
way we will decrease variety problems in introductory programming courses and diminish
the mental models level of abstraction.

A TOOL DESIGN FOR ALGORITHM ANIMATION

This research presents a novice-programming tool. It is aimed at facilitating the
imperatives first approach to teaching introductory programming. This tool improves on
existing approaches by combining multiple forms of animation with algorithm variables
visualization features and the manually animation of flowcharts. It allows the user to
construct a wide range of algorithms, involving variables, assignment, decisions, and
looping. It is these basics that underpin the core problem solving aspects of imperative
programming. However, knowledge of these concepts provides important skills, useful for
developing process logic in any programming paradigm. The designed tool focuses on
using flowcharts to develop visual solutions to basic programming problems. This provides
the user with an accurate mental model of the algorithm structures. It provides the facility
to animate its algorithms and visualises the effect each algorithm statement has on any

IPROCEEDINGS OF THE UNION OF SCIENTISTS — RUSE VOL. 8 / 2011]
134




EbucaTion

variables. The animation features and interaction with the visual representation reinforce
student understanding of both the visual solution and algorithm statement flow. The tool
allows the user to focus on the problem solving aspects of algorithm constructing whilst,
minimising all other distractions. This has been achieved by eliminating the necessity of
writing complex and confusing syntax and reducing the learning curve associated with
professional development environments. These distractions cloud the problem solving
processes at the heart of programming; minimising their impact reduces the cognitive
overload that inhibits the algorithm construction abilities of many novices.

Our tool’'s user interface is simple and has a main working area of visualization for
the flowchart design. There is learner support, providing for block context depended
information entering. This tool’s feature ensures user’s mistake avoidance. The remaining
areas of its user interface contain the controls to construct, animate, save and load flow
charts, as well as perform other useful commands.

A flow chart creation

In the tool users can create an algorithm by interacting only with the flowchart and do
not have to trouble themselves with entering large amounts of complex and confusing
syntax. To add a component to a program, the user simply selects it from a component
toolbar and clicks on the relevant part of the flowchart. The component is defined and if
successful, gets added below the component selected (shown in figure 1). If the user
makes an error during the component definition, they are presented with an accurate and
meaningful error message.

EQQI@QMM&MJ Current: [526,398)

. | o
Figure 1. The Tool’s User Interface

Variable handling

The values of algorithm variables are visualised in the window “Variables”. This
window is visible during algorithm execution/animation the variable inspector allows the
user to observe in real time the effect each algorithm statement has on the data used.

Algorithm animation
The tool improves on the capabilities of the static flowchart by animating its
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flowcharts to show an algorithm in action. The animation features emphasise algorithm
flow concepts and the interaction between algorithm components in the flowchart
representation. Combining this with the variable inspection features provides the user with
an accurate and concrete model of a working algorithm.

File Edit Wiew Tools BZUGN Window Help
K O D <> o Manually  Chrl+F9 2l

Figure 2. User Opportunities for Algorithm Visualization

The learner has two opportunities to visualize the algorithm action: automatically and
step by step - manually (figure 2). In the first mode only the input variables’ values are
entering and the final result is shown (figure 3). This mode provides a feature for quick
algorithm correctness testing. The step by step animation of a flowchart is achieved by
tracing through the flow of an algorithm, highlighting each flowchart component and
viewing relevant effect of its execution in real time by the variables’ window. When a cyclic
or conditional construction is reached, the flow in algorithm is diverted appropriately, based
on the result of the logical expression it contains.

E Q ﬂ ﬁ Q N M ﬂ J g Current: (553,255)

3

: | o

Figure 3. Variable Window and Output Result

Conclusions and future work

Future plans are to combine the use of the tool with a well-defined teaching
pedagogy and online learning environment. Currently, the used pedagogy is based on
operational approach theories of learning development [15] and it will being investigate. Of
particular interest are the solving problems principles of this classroom teaching pedagogy.
However, this idea is still in the initial stages of development and much more work is
needed. Firstly, further research is needed to refine the ideas regarding this teaching
pedagogy and how it can best be used to aid in the delivery of the introductory concepts of
programming. Secondly, an online learning environment that fully exploits the capabilities
of our algorithm animation tool and the pedagogy needs to be researched, designed and
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built. Modification of the tool will also be needed to further its use with respect to these
proposals.
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NanunHa AtaHacoBa, KatanuHa NpuropoBa

PyceHcku yHusepcumem ,AHzesn KbH4yeg”

Pesrome: Cmamusima pa3anex0a ocobeHocmume Ha HauduHaewume rpospamucmu, mexHume
3ampyOHeHUsi 8b8 ebeexdawume Kypcose o npozpamupaHe. OO6bPHAMO € 6HUMaHUe Ha
MHO20acnekmHocmma Ha Mamepuana u fpudyuHume, rnopadu Koumo HayuHaewume 20 Hamupam 3a
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npoepamupaHemo. [lpedcmageHo e cpedcmgo 3a nodrioMazaHe Ha HadyuHaewume rpoepamucmu 0a
npeodosiessim mpydHocmume u 0a u3epadsm yMeHUs 3a CbCmassiHe Ha af2opummu.

Knroyoeu dymu: KommrombpHu Hayku, Amnzopummu, HayuHaewu npoepamucmu, AHUMUPaHO
npedcmassiHe Ha af2o0pummu
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A COURSE FOR PROMOTING STUDENT’S VISUAL LITERACY

Valentina Voinohovska
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Abstract: Rapidly evolving technology is changing the way people throughout the world work. It offers
unlimited possibilities for creativity and collaboration. Today’s environment is highly visual - television, web
sites, video, and images, computer screens, signs, symbols, books, magazines, movies, and even body
language provide visual messages. Visual information and technology literacy are core components of 21st
century educational practice. This paper presents a training course which aims to promote the visual,
information and technological literacy of students in the course of desktop publishing.

Keywords: visual literacy, information literacy, technology literacy, information technology, education

INTRODUCTION

It is difficult these days to find any industry in which knowledge workers do not need
significant visual, technology and information literacy skills. The enGauge report on 21st-
century skills define literacy as the ability to use “digital technology, communications tools,
and/or networks to access, manage, integrate, evaluate, and create information in order to
function in a knowledge society”.

» Visual literacy may be defined as the ability to recognize and understand ideas
conveyed through visible actions or images, as well as to be able to convey ideas or
messages through imagery [1];

» Information Literacy is defined as “a set of abilities requiring individuals to recognize
when information is needed and have the ability to locate, evaluate, and use
effectively the needed information.” [3];

» Technology literacy is defined as the ability to responsibly use appropriate
technology to communicate, solve problems, and access, manage, integrate,
evaluate, and create information to improve learning in all subject areas and to
acquire lifelong knowledge and skills in the 21st century [2].

Peoples have used images to express meaning for thousands of years ago. With the
emergence of new information and communication technologies, the idea of educating
people for visual literacy arises. During 1960s John Debes introduces the term "visual
literacy" and, with a group of academics, hosted the first national conference on the topic.
This group after that grew into the International Visual Literacy Association, which held an
annual conference and supports a Web portal with links to resources, teaching materials
and publications.

There is strong connection between visual literacy and emerging technologies.
EDUCAUSE, a leading association, whose mission is to advance higher education by
promoting the intelligent use of information technology, has made visual literacy an
important part of its agenda. Another international consortium of academics and
technologists is the New Media Consortium. The annual report produced by EDUCAUSE
and the New Media Consortium, shows how new information and communication
technologies will influence higher education.

Visual literacy is related with constructivist learning through the role of individual
learner acquiring knowledge by linking new information with past experiences to create a
personal process for meaning — making and by interacting with the environment [7].
Technology, particularly the graphical user interface of the World Wide Web, requires skills
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for reading and writing visually in order to derive meaning from what is being
communicated.

Visual images are becoming the prevalent form of expressing information in the
learning and teaching resources, delivered across a range of media and formats [6]. Visual
image predominates to the text. The widespread use of images means that visual literacy
is crucial for obtaining information, constructing knowledge and building successful
educational outcomes. Visual literacy supports a comprehension of visual communication.
A lack of awareness of visual literacy affects student’s ability to be able to communicate
effectively. By understanding the basic principles of visual literacy, learners can produce
images that communicate in a more efficient ways.

Visual literacy is the ability to understand, create, and use visual images. Associated
with visual literacy are:

» Visual thinking - the ability to transform thoughts, ideas, and information into all
types of pictures, graphics, or other images that help communicate the associated
information.

» Visual communication - pictures, graphics, and other images are used to express
ideas and to teach students. In order to be effective visual communication, the
receiver must be able to construct meaning from seeing the visual image.

» Visual learning - process of learning from pictures and media. Visual learning
includes the construction of knowledge by the learner as a result of seeing the
visual image.

VISUAL LITERACY COMPETENCY STANDARDS
The Visual Literacy Competency Standards were collaboratively written by the

members of the Visual Literacy Standards Task Force (VLTF), using the Information
Literacy Competency Standards as a foundational document. In March 2010, the ACRL
Information Literacy Standards Committee gave support to the ACRL Image Resources
Interest Group’s (IRIG) proposal to develop Visual Literacy Competency Standards. The
first public draft of the Standards was distributed in February 2011 [4]:
1. The visually literate student determines the nature and extent of the visual materials
needed:

» Defines and articulates the need for an image;

» Identifies a variety of image sources, materials, and types;
2. The visually literate student finds and accesses needed images and visual media
effectively and efficiently

» Selects the most appropriate sources and retrieval systems for finding and

accessing needed images and visual media;

» Conducts effective image searches;

» Acquires and organizes images and source information;
3. The visually literate student interprets and analyzes the meaning of images and visual
media

» ldentifies information relevant to an image’s meaning;

» Situates an image in its cultural, social, and historical contexts;

» Identifies the physical, technical, and design components of an image;

» Validates interpretation and analysis of images through discourse with others;
4. The visually literate student critically evaluates images and their sources

» Evaluates the aesthetic and technical characteristics of images

» Evaluates the effectiveness and reliability of images as visual communications

» Evaluates textual information accompanying images

» Makes judgments about the reliability and accuracy of image sources
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5. The visually literate student uses images and visual media effectively
> Uses images effectively for different purposes
» Uses technology effectively to work with images
» Uses problem solving, creativity, and experimentation to incorporate images into
scholarly projects
» Communicates effectively with and about images
6. The visually literate student designs and creates meaningful images and visual media
» Produces images for a range of projects and scholarly uses
» Uses design strategies and creativity in image production
» Uses a variety of tools and technologies to produce images
» Evaluates personally created image products
7. The visually literate student understands many of the ethical, legal, social, and
economic issues surrounding the creation and use of images and visual media, and
accesses and uses visual materials ethically
» Understands many of the ethical, legal, social, and economic issues surrounding
images and visual media
» Follows ethical and legal best practices when accessing, using, and creating
images
» Acknowledges image creators and sources in projects and presentations

PROMOTING VISUAL, INFORMATION AND TECHNOLOGY LITERACY

To produce quality images for print, web, and video, students need to understand
essential graphic design principles and the process of creation of digital images [5]. In this
course, students learn the basics of visual design, photography and image composition
and use:

The purpose of the curse is to demonstrate methods and techniques for integrating
and teaching new literacy needs in the classroom:

» Visual literacy: The course will cover the students’ ability to use, construct, analyze
and communicate visual information. After the study students will acquire practical
skills in graphic design, photography, print and layout design, and production.
Students work with real — world projects that help them better understand the
essential of visual design. They work in teams or individual. The projects contain
activities that require students to share the ideas, to give and receive peer review
comments and to rework their products

» Information Literacy: The course will demonstrate students’ abilities to apply
information to high — level problem solving and engage in analytical and critical
thinking. In addition, the students’ will demonstrate the ability to determine the
extent of information needed, access and use information effectively and efficiently,
evaluate information and its sources critically, and understand the access and use
information ethically and legally.

» Technology literacy

e Using digital camera and scanner;

e Using powerful photography tool for complex image selections, realistic
painting and drawing, retouching, image correction, color and tone control,
image editing and enhancement, etc.;

e Using powerful tool for precise control over typography and built — in creative
tools for designing, create sophisticated page layouts for publishing,
interactive PDF documents that include video and sound documents, SWF
documents complete with interactivity, animation, sound, and video;

e Using powerful tool for vector drawing;
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e Using text editor.

The course is divided into the following parts:

Part 1 — Work with images and photography

>

VVVYVYVYYVYYVY

Organizing and managing images - managing files and using file — naming
conventions, understanding file formats, resolution, and file size, understanding
techniques used to create visual hierarchy;

Image source, copyright issues and fair use guidelines;

Color enhancement and retouching techniques - color correction and effects;
Principles of image composition;

Analyzing and critiquing photographs;

Using a digital camera too learn the basic of photography;

Scanning images;

Working with authoring tool for image editing (Adobe Photoshop) - working with
various file formats, retouching photos, adjusting brightness and contrast, levels
and colors, cropping, resizing, and straightening images, transforming and
combining multiple images.

Part 2 — Create logo

Pa

Pa

VYVVVVVVV™ VYYVVVVVV™ YVVVVVYYY

Investigating logos;

Selecting file formats;

Understanding and employing design principles;

Understanding and employing color theory - color modes, color management;
Creating and editing graphical elements and illustrations;

Communicating and presenting design decisions;

Sketching a logo;

Working with authoring tool for managing and organizing graphics elements and
illustrations (Adobe Photoshop).

3 — Create Business cards

Evaluating and analyzing business cards;

Understanding different print formats;

Applying principles of print design;

Sketching a business card;

Creating an original work;

Presenting a design layout to a group;

Planning strategies to guide inquiry;

Working with authoring tool for precise control over typography and built-in creative
tools for designing, publishing documents for print (Adobe Indesign).

4 — Create advertisements

Understanding different file formats;

Analyzing and evaluating advertisements;

Planning strategies to guide inquiry;

Sketching advertisements;

Balancing graphics and text;

Designing for emphasis and usability;

Creating an original work.

Working with authoring tool for precise control over typography and built-in creative
tools for designing, publishing documents for print (Adobe Indesign) - formatting text
(kerning, tracking, scaling, etc.), combining graphic and text, using layers, placing
objects, placing text over images
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Part 5 — Create brochures

VVVVVYYVYYVY

Analyzing and evaluating brochures;

Understanding sustainable design principles;

Designing interactive Tri-fold layout brochure;

Presenting designs to the group;

Creating compelling brochure content;

Giving and receiving peer review comments;

Improving the product;

Working with authoring tool for precise control over typography and built-in creative
tools for designing, publishing documents for print (Adobe Indesign) — working with
frames, placeholder text, columns, character and paragraph styles, wrapping text
around objects, applying effects to text, placing objects on page, creating shapes
and borders, creating interactive documents

Part 6 — Create newsletters

VVVVVVVVYY

>

Analyzing newsletters;

Accessing, evaluating, and synthesizing content from multiple sources;
Collaborating with other students;

Designing a nameplate;

Using design techniques to differentiate content and to provoke interest;

Designing multi-column and multi-page layouts;

Incorporating color and layout consistently;

Integrating imagery and text;

Providing clear navigation;

Working with authoring tool for precise control over typography and built-in creative
tools for designing, publishing documents for print (Adobe Indesign) — creating
templates, using objects from the library, creating multi-page spreads, transforming
objects, managing text flow between frames and columns, adding page numbers,
import text from text editor;

Working with authoring tool for vector drawing (Corel Draw) — working with the
interface, drawing in perspective, comparing vector and bitmap images, using
stroke, fill, polygons and paths.

Part 7 — Create portfolio

VVVVY VYV

Planning and conducting research strategies;

Understanding and practicing lifelong career skills - job research skills and
presenting skills;

Defining the goals and uses of a portfolio

Organizing and managing content;

Designing consistent pages;

Creating a Web Photo Gallery (Adobe Photoshop);

Working with authoring tool for creating a portfolio (Adobe Indesign)

CONCLUSION
The purpose of this paper is to present a course for promoting new literacy needs in

the classroom. Pilot project is planned for academic year 2011-2012. Assessment will
include components such as evaluation of skills in visual, information and technology
literacy, a survey about student’s learning outcomes, collecting examples of student work
for further comparative analysis, and review. After the pilot, the experiences and findings
will be used to further improvements of the curriculum.
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PyceHcku yHusepcumem ,AHeern KbH4yeg”

Pestome: bbp30 passusalyume ce mMexHO02UU MPOMEHSIM HaquHa, no Kolimo xopama pabomsm
npedocmassliku HeozpaHUYeHU 8b3MOXHOCMU 3a KpeamusHocm U cbmpydHudecmeo. Cpedume 3a
paboma OHec ca 6uCOKO eusyasnHu. Tenesususma, yeb caumoseme, sudeomo u u30bpaxxeHUsIMa,
KOMMIOMBbPHUME eKpaHu, 3Hayume, cumeonume, KHuaume, gunmume u O0Opu e3uka Ha msaomo umam
crieyuarsnHu nocnaHus. BudyanHama, uHgbopmayuoHHama u mexHosiogudHama 2paMomHOCm ca OCHO8HUME
KOMMoHeHmMu Ha cbepeMeHHama obyyasalwja rnpakmuka. Tasu cmamus npedcmass Kypc Ha obydeHue,
Kolimo e Haco4yeH KbM nodobpsieaHe Ha eu3yanHama, UHopMayuoHHama U mexHosoau4YHama
epamomHocm Ha cmydeHmume 8 Kypca o npednevyamHa nod20moska.

Kmro4oeu Oymu: e8u3yanHa epaMOmHOCM, UHEOPMaUUOHHa epaMOmHOCM, MEeXHOIo2u4Ha
epamMomHocm, UHGhopMayUOHHU mexHosoauu, obyyeHue
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TEACHING AND LEARNING MATHEMATICS BASED
ON GEOGEBRA USAGE

Magdalena Petkova, PhD student

Angel Kantchev University of Ruse

Abstract: The paper presents conditions and results of studies which determine the necessity of using
computer technology, particularly GEOGEBRA in teaching and learning of mathematics. The results of a pilot
study are presented concerning the attitudes of teachers in mathematics from Ruse for deeping learning of
GEOGEBRA and its future application in teaching and learning processes. The study includes the training of
16 teachers in mathematics from different schools.

Keywords: GEOGEBRA, teacher education, mathematics.

INTRODUCTION

The development of the technological postindustrial societies in countries like USA,
Japan, Korea, Iceland and others, creates the need of skills for learning throughout the
entire life, based on knowledge and skills in using computer and information technologies.

The preparation of teachers in mathematics, which is to be in compliance with the
modern need of the public, demands the development of skills for appropriate usage of
modern day technologies in the study of mathematics. Influenced by companies like
CASIO, who develop educational software, researchers in the field of teaching and
learning mathematics, math teachers in schools and lecturers at universities pointed their
attention to the usage of:

» Numerical and graphical calculators;

» Computer Algebra Systems (CAS), aimed at simulations with symbolical
expressions like Derive, Maple, Matematica;

» Dynamical Geometry Software (DGS), based on the relations between
geometrical objects like Cabri and Sketchpad.

In the process of using them the two formats CAS and DGS are being perfected and
turned into comfortable products, which are easily used to solve a variety of mathematical
problems — the forms of CAS contain possibilities for visualizing mathematical objects and
ratios and DGS contain elements of algebra representation.

The software GEOGEBRA [3] combines many of the possibilities of the two formats
CAS and DGS, for instance the equations and coordinates of points can be entered
directly, graphically with the mouse or algebraically through the entering of algebraic
values. Analogically the functions can be defined algebraically and then altered
dynamically by changing the graphic.

The training of teachers in Bulgaria in using GEOGEBRA in teaching mathematics
corresponds with the public educational goals.

THE BENEFITS OF USING CAS & DGS
Research in the usage of CAS & DGS as tools in teaching mathematics shows them
as a base for developing theoretical models aiming the usage of technologies in the study
of mathematics. For instance, the K. Ruthven model is created on the basis of a study on
the application of CAS systems in teaching mathematics [11]. The research confirms the
usage of technologies in the learning process:
» Increasing sufficiently the effectiveness of content performance;
»  Helps the creation of good learning conditions for students in the classrooms.
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Another research of K.Ruthven [12] on the role of digital technologies and resources
in the improvement of processes of testing skills concluded that these technologies help
to:

> Increase the speed and efficiency in presenting the academic material;

» Make the presentation more diverse and interesting;

» Provide conditions for changing the way of learning — introduction of elements
of games, fun and excitement;

» Motivate and stimulate the students to learn.

The research of A.Carle, D. Jaffee and D.Miller shows that the usage of computer
based technologies increases the motivation of the students for achieving higher goals [1].

The number of studies aimed at the usage of DGS in the learning process of
mathematics is increasing. Jahn, A. & J. Salazar study the possibilities of exploring three-
dimensional geometry using a dynamic geometry environment [4]. S.Soury-Lavergne
studies the deductive reasoning, based on dynamic geometry using of CABRI 3D [13].

The researcher V. Kokol-Volich determines the possibilities of GEOGEBRA for the
early development of geometrical concepts [6].

The project of P. Kenderov ,Innovation in Studying Mathematics on an European
Level® [17] is aimed at forming basic knowledge in the usage of information technologies in
the study of mathematics.

The rapid spread and development of GEOGEBRA verifies its efficiency in the
teaching of mathematics [15].

On one hand it's important the teachers and the pupils to develop themselves as
users of CAS & DGS technologies, with which they can create new knowledge, solve
tasks, simulate processes, prove hypotheses, explore objects, develop models. On the
other hand, the students must also use CAS & DGS technologies in the right time, in the
right conditions for the correct learning and disciplinary objectives.

GEOGEBRA USAGE IN TEACHING AND LEARNING MATHEMATICS

GEOGEBRA was designed by M. Hohenwarter at the University of Salzburg, Austria
[3]. It connects the basic principles of mathematics study and those of usage of computer
technologies in the education process. GEOGEBRA uses dynamic geometry, algebra and
elements of mathematics analysis. With it an user can create:

» constructions of points, vectors, circle segments, segments, etc.;

» functions which later can be dynamically changed by the usage of a mouse.

The most important characteristics of GEOGEBRA is its ability for a dual presentation
of objects: every string in the algebraic window output has its correspondent value in the
geometrical one and vice versa.

GEOGEBRA is mathematical software and its features can be studied in the process
of learning mathematics.

GEOGEBRA is freeware software, it does not require licensing, and this is one of the
main reasons for its fast spreading and usage across schools and universities.

Many people believe that GEOGEBRA can be a motivating factor in the process of
teaching mathematics and a useful tool for students throughout their education.

GEOGEBRA is suitable to be used for:

» research activity, where it is used on the basis of combining facts,
experimenting with certain combinations, results analysis and hypothesis
suggesting, creating models, confirming or withdrawing a hypothesis;

» simulations which aim to analyze possible solutions and many other..

The main purposes of the "Fibonacci - Disseminating Inquiry-Based Science and
Mathematics Education in Europe" [16] project are the following ones:
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» to vastly include the research method that is based on the usage of CAS&DGS
and in particular on GEOGEBRA in the process of teaching mathematics and
natural science;

» to help the creation and development of centers for qualification and pre-
qualification for currently practicing teachers so that they start using the
research method in teaching mathematics and natural sciences;

» to create materials and manuals for GEOGEBRA usage in the process of
teaching mathematics.

Publications and studies that study different software products, including
GEOGEBRA, can also be found on the European Virtual Library of Mathematics (EVLM)
[14]. EVLM is a database of theoretical study materials, relevant case studies and
information on software products, which help gaining knowledge and abilities to implement
it in both the processes of teaching and studying mathematics.

Gaining knowledge to work with GEOGEBRA when teaching is a necessary step in
the development of the professional qualification of teachers in mathematics.

EXAMPLE OF CURRICULUM CONTENT FOR LEARNING GEOGEBRA

After an analysis on the usage of CAS & DGS as a mean for rising the efficiency of
the learning process and the need to enrich the standard methods of mathematics
teaching, a National Programme for Development of School Education and Preschool
Education since 2006 to 2015 was created [9]. The aforementioned Programme is
designed to encourage the integration of ITC technologies in education systems.

The main benefits of the Programme are connected with:

» enlargement and enrichment of the sphere of study by means of interactive
methods and strategies for teaching and studying;

» improvement of the existing static forms of study materials and creation of
dynamic (multimedia) materials, which integrate image, sound, animation and
text;

» usage of electronic and multimedia study materials through education process.

The integration of educational mathematics software is set towards the development
of abilities for effective knowledge management but not towards providing knowledge of
the technology itself.

The expectations are set towards a positive change in both teachers and students’
attitudes to the usage of ITC technologies in the process of mathematics teaching and
studying and towards the development of students’ abilities to create and work
independently in an integrated approach towards the educational process.

The process of every study material unit development (lesson, problem, solution,
analysis etc.) based on GEOGEBRA integration in mathematics teaching is connected
with:

» an analysis of the basics of the national standards for curriculum in
mathematics;

» determining the areas and subjects which allow integration of new knowledge

and skills;

determination and argumentation of deductive work technologies and the
active methods of education;

determining the routine and the creative cognitive activities of students;
determining the tasks to be individually or cooperatively performed by the
persons who studies and their teachers;

others.

vV VV V
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On the basis of the aforementioned the need of qualification and pre-qualification of
teachers and lecturers which is aimed at updating their knowledge arises [9].

There are four main stages of gaining knowledge and skills to use and integrate
GEOGEBRA in mathematics teaching. Those four stages are:

» First stage: Forming interest in the software by presenting its characteristics
(main menus, submenus, tools) and mathematical problems, which require
simplified geometrical drawings and constructions. A short manual is written to
explain and instruct on this stage.

» Second stage: Teaching how the basic commands to be used through the
development of samples added to the main education content Beginners
manual creation, which contains all commands along with relevant examples,
GEOGEBRA, drawing short sample math problems with the participation of the
students.

» Third stage: Students’ working independently on creating study materials by
using GEOGEBRA. Results presentation in front of a suitable and relevant
audience. Website’s creation containing study materials and manuals and
guides for advanced learners.

» Forth stage: Teaching based on methods for teaching and learning
mathematics by using GEOGEBRA. Knowledge showing and testing in a real
study process and results evaluation by experts from the GEOGEBRA
Institute, Ruse, Bulgaria.

As a summary, studying GEOGEBRA by students in mathematics requires forming
and developing knowledge for creating and using study resources in the educational
process.

PILOT STUDY ON LEARNING GEOGEBRA

Public expectations guide the efforts of researchers to study:

» The role of technology in teaching, for example, to increase motivation to learn
[1,10].

» Benefits of integrating technology in teaching [5];

» Critical points in mathematics [5] and others.

However, there are studies which show that:

» Many trainers are convinced of the necessity and benefits of implementing
technology in teaching, but do not use them [8];

» Many learners use technology to record lectures and instructions for exercises,
etc... However, not for effective teaching [3].

These results, on one hand, and the offer of the senior expert in mathematics and
informatics in RIO Ministry of Education and Science Mrs. Diana Milanova, to organize
training on learning GEOGEBRA, on the other hand, directed me to conduct a pilot study.

The main objective of the research study was the attitude of teachers in mathematics
from Ruse to the thorough study of geometric software GEOGEBRA and its future
application in teaching and learning of mathematics.

Current tasks for achieving the objective are:

» To implement the first stage model for studying GEOGEBRA as a convenient
tool in learning mathematics.

» To explore the views of participants on the thorough study of GEOGEBRA for
the development and use of educational resources in mathematics.

The study involved 16 teachers of mathematics and students from fifth to twelfth
grade from different types of schools: Secondary Schools, High School in European
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Languages, German Languages School, Vocational School in Electrical and Electronic
Engineering.
Students were motivated to participate in such training for several reasons:

» There are many GEOGEBRA institutes that distribute this software vault,
organize scientific and practical conferences, develop and disseminate
educational materials on algebra, geometry, etc....

» In 2010 training on GEOGEBRA was conducted by a team of the Fibonacci
project.

Research Methodology:

1. Quick guide was developed with technical characteristics of GEOGEBRA,
instructions for installing the product, main menus, sub menus, tasks with
simple drawings.

2. A system of tasks was developed for opportunities to integrate GEOGEBRA as
a tool for visualization and simulation in teaching specific mathematical topics
to support the formation of knowledge and skills of students.

3. A questionnaire was developed relevant to the purpose and objectives of the
study.

The survey results are as follows:
How useful was your training in GEOGEBRA (Fig. 1)?
Did the training fulfill your expectations (Fig. 2) ?

13%I.

OVery useful BUseful BUseless OFully MEPartly B Rather not

Figure 1 Figure 2

To what extent do you feel prepared after the training (Fig. 3)?
What is the probability after the training to use the acquired knowledge and skills
(Fig.4)?

6% 13% 6%

OLarge
BVery prepared B Prepared B Small
H No probability
B Not prepared O Can not decide
Figure 3 Figure 4
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What skills did you acquire as a result of the training?
19%

19%

@ Skills to create figures.

O Skills to introduce algebraic expressions.
O Skills constructs

@ Skills for plotting functions.

B No special skills.

@ Can not decide.

Do you think you need additional
training?

6% — 19% |

BYes ONo OCan not decide

What is your general impression of the training, in which you
participate?
6%

@ Very good

O Excellent

O Positive

B | am satisfied.

® | like it. It is available.

@ On good level.

O1 would like sequel.

O The hours to be synthesized in two days.
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CONCLUSIONS

The pilot study shows that:

» All participants are actively involved in learning software GEOGEBRA and
believe that it is useful for their activities.

» The training motivates participants to continue their education, although 94%
of them think they are prepared for its application in mathematics;

» The participants wish to develop their knowledge and skills to a level of
development and implementation of educational resources in teaching and
learning of mathematics with GEOGEBRA.

Therefore, it is necessary to be prepared training materials in GEOGEBRA as a basis
for the teaching of students - future teachers of mathematics and for the qualifications of
the existing teachers in mathematics teaching and learning mathematics using
GEOGEBRA.
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NMPENOAOABAHE U YHEHE HA MATEMATUKA, BASUPAHU HA
GEOGEBRA

MarpaneHa MetoaueBa lNeTkoBa, AOKTOpPaHT

PyceHcku yHueepcumem ,AHeen KbH4yeg”

Pesrome: Cmamusima npedcmaesi ycrosusma U pesynmamume om u3cried8aHusi, Koumo

onpedesiim Heobxodumocmma om U3Mofi38aHe Ha KOMMOMBbPHU mexHonoauu, 8 yacmHocm GEOGEBRA,
3a npernodasaHe U y4eHe Ha Mamemamuka. [lpedcmaseHu ca pe3ynmamume om nuiIomHo u3credsaHe Ha
OMHoOWeHUemMoO Ha y4umenu o wMamemamuka om 2p. Pyce kbm 3a0bsibo4yeHO u3yyasaHe Ha
ceomempuyHusi cogpmyep GEOGEBRA u 6bdewomo My npusiazaHe 8 rperodagaHemo u y4YeHemo Ha
Mamemamuka. VzcnedeaHemo ekrtouea obyyeHue Ha 16 yyumenu no MamemMamuka om pasfnuyHu eudose
yqunuwa 3a usydasaHe Ha GEOGEBRA.

Knroyoeu dymu: GeoGebra, yyumenu, Mmamemamuka.
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PARTICIPATION IN INTERNATIONAL PROJECTS

MOSEM 2 PROJECT - LEARNING ELECTROMAGNETIC PHENOMENA
AND SUPERCONDUCTIVITY BY INTEGRATION OF DATA ACQUISITION,
DATA VIDEO, MODELLING, SIMULATION AND ANIMATION

Nadezhda Nancheva

Angel Kanchev University of Ruse

Abstract: The MOSEM 2 project aims to promote lifelong learning in physics and pedagogy for sci-
ence teachers at the upper secondary level through offering a range of modelling tools based on existing
commercial and non-profit solutions, as well as the outcomes of previous Leonardo related projects. It seeks
to extend the minds-on experiments and materials from the twin project MOSEM by adding a set of computer
aided activities covering a series of topics in Electromagnetism and Superconductivity. The new activities will
integrate different ICT technologies: data acquisition, data video, modelling, simulation and animation.

Keywords: Data acquisition, data video, modelling, simulation and animation, vocational training, up-
per secondary school, physics teachers, superconductivity, electromagnetism

INTRODUCTION

Europe lacks competent physics teachers what is driving a negative feedback loop
that hinders recruitment of good candidates — students learning to become teachers — that
could possibly turn the trend. This situation is ongoing at both national and European lev-
els, as has been documented by several studies and conferences in recent years. The
MOSEM 2 project, funded by European Commission, aims to contribute to changing this
situation in a positive way by promoting lifelong learning in physics and pedagogy for sci-
ence teachers at the upper secondary level through offering a range of modelling tools
based on existing commercial and non-profit solutions, as well as the outcomes of previ-
ous related projects. Development in 2009 - 2010 is followed by testing and revisions in
2010 - 2011, and finished versions will be ready by the end of the project.

The MOSEM 2 project builds on the foundations of several collaborations in national
and/or European projects, most recently the MOSEM and SUPERCOMET 2 projects,
which are the direct sources of the ideas for the MOSEM 2 consortium. The partnership
behind the project proposal consists of leading European physics educators with a proven
track record of collaboration in previous projects, as well as being frequent contributors at
international conferences for physics education. The project has 30 partners in 11 coun-
tries (Austria, Belgium, Bulgaria, Czech Republic, France, Italy, Netherlands, Norway, Po-
land, Spain, UK), 9 universities, 2 foundations and Simplicatus AS will develop the project
deliverables. Testing and dissemination is carried out with 13 upper secondary schools
and 8 valorisation partners. University of Ruse and English Language School “Geo
Milev” present Bulgaria in the project. The MOSEM 2 project aims to improve physics
teaching through use of data-logging, models and simulations combined with online learn-
ing modules containing animations, textual descriptions and media files (videos, photos,
etc.) and will contribute to innovation in scientific curricula of the European schools, in par-
ticular by offering educational paths that show how it is possible to reconstruct classical
physics in a modern perspective, developing new teaching/learning strategies and meth-
odologies and using materials, tools based on multimedia and ICT.

The tangible results of the MOSEM 2 project include new contents for the existing
and internationally used electronic learning environment offered to participating schools
and teachers. The new materials combine mathematical models, simulations and video
analyses of simple thought-provoking tabletop experiments, supported by electronic and
printed materials comprising additional videos, animations and text. Specially developed
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teacher seminars allow the participants to experience these resources and pedagogical
methods to facilitate active learning, building on the outcomes of SUPERCOMET 2 and
MOSEM. Additionally, MOSEM 2 will improve the previous outcomes of SUPERCOMET 2
and MOSEM by adding a quantum-mechanical explanation of the physics behind super-
conductivity, by courtesy of leading researchers in this exciting field of physics. The
MOSEM 2 project will augment the experiments and materials from the twin project
MOSEM by developing a set of models and simulations covering a series of topics in elec-
tromagnetism and superconductivity, and creating a collection of real-life data in the form
of pictures, videos, and data-acquisition activities. This is supported by a teacher seminar
and a printed teacher guide for lifelong learning.

This paper shows some examples of the project outcomes which are only a small
portion of the material under development. The subject used as an illustration — magnetic
field in Helmholtz coils - has been chosen to present differences in approaches to the
same phenomena and indicate advantages and disadvantages of methods/tools (model-
ling, simulation and data acquisition).

ICT TOOLS USED IN THE PROJECT

MOSEM 2 project focuses on ‘constructional category ICT tool [4] for constructing
new information and understanding. The strands relevant to science within this category
are: Data acquisition, Video analysis, Modelling, Animations/Simulations and Data proc-
essing. All these ICT tools should be integrated to enhance student understanding. Differ-
ent ICT methods can be combined to give complementary insights.

1. Data acquisition

MOSEM 2 data-acquisition activities are created to encourage student to control and
measure real physical phenomena by collecting data from equipment connected to the
computer or from analyzing real movie showing a physics situation. To gather and elabo-
rate data students use Coach 6 educational environment [7], interface and sensors. In
such a way connection between real computer aided experiments, simulation and model-
ling of the same phenomena is realized. This creates a consistent way of learning/teaching
from a constructivism point of view.

The main learning benefits of data-acquisition activities are:

e Computer equipped with interface and sensors becomes an universal measurement
instrument

e The rate of data collection is available over a wide range of time and sampling fre-
quencies

e Presenting data while being collected allows making immediate observation of the
data

e Encourages critical thinking skills (more time for exploration/analysing results)

» Promotes active learning (student investigations).

Figs. 1 and 2 show screen shots of real, easy to perform experiments, created with
Coach 6 program. The program is widely used throughout Europe as a comprehensive
system which integrates tools for computer measurement and control, video-measurement
and modelling. The program provides an environment allowing simultaneous use of a vari-
ety of tools: explanatory text, images, videos, graphs, tables, displays, models and pro-
grams. It is an authoring system that enables creating multimedia activities [3]. Two ex-
periments are presented as an example: Experimental verification of Ohm’s law (Fig.1)
and Magnetic field inside/around solenoid (Fig.2). Students are asked to complete the
experimental equipment with Coach 6. In the first experiment a current-voltage character-
istic of different resistors is studied [6]. Students use voltage and current sensors to meas-
ure a voltage across the resistor and a current carried through the resistor. From process-
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ing the measurement data they determine the resistance R. During the measurement the
power is gradually varied from 0 to 12 V.
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Fig.1. Screen shot showing experiment “Experimental verification of Ohm’s law”

In the second experiment a magnetic field inside/around solenoid is studied [5]. Magnetic
sensor connected with Coach 6 system is situated in solenoid with current. During the
measurement the power is gradually varied from 0 to 6 V. From processing the measure-
ment data the relation between magnetic induction and current is obtained. Students will
be able to change the magnitude of electrical current in the loop and the position of mag-
netic sensor inside and outside the solenoid. The result did not depend on the precise
placement of the sensor inside the solenoid, indicating that the magnetic field is constant
inside the solenoid. Inside the coil the field is very uniform, and the field from a solenoid is
essentially identical to the field from a bar magnet.
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Fig.2. Screen shot showing experiment “Magnetic field inside/around solenoid”
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The magnetic field generated in the centre, or core, of a current carrying solenoid is essen-
tially uniform, and is directed along the axis of the solenoid. Outside the solenoid, the
magnetic field is far weaker.
2. Data video experiments
Data-video experiments allow making measurements of position and time of moving
objects on digital video clips or images. During the measurements the data are collected in
the form of points (manually, or automatically by point tracking). The possibility of synchro-
nizing graphs with the video frames help students to bridge the concrete visual display of a
motion event and its abstract graphical representation. Students can make their own video
of an experiment. In case the video recording is difficult to arrange then student can per-
form an experiment and then analyse video of already recorded experiment in Coach Ac-
tivity.
Fig. 3 shows screen shot of real experiments “Measurement of the magnetic field
with a compass needle”. The learning objectives in this experiment are:
e To measure the magnetic field of a magnet By in the units of horizontal component
of the Earth’s magnetic field Bg
e To understand that a magnitude of a magnetic field of a magnet varies with distance
from the magnet
e To determine empirically the relation between the magnetic field of a magnet and
the distance from the magnet
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Fig.3. Screen shot showing experiment “Magnetic field of compas needle”

3. Modelling
In Modelling experiments students can create, explore or use computer models of
dynamical changing systems.The main learning benefits of modelling are:
e Allows to solve complex and realistic problems, not just limited to ideal situations
e Helps to enhance student’s theory building abilities (model visible to students)
e Model structure is easy to modified allowing trying different modeling ideas
e Allows to compare the theoretical models with experimental results (data acquisi-
tion, video measurement)
A key feature of modelling activity is the process of editing and altering a model to
study the change of behaviour. Students can use the model to test their theories and
knowledge about a phenomenon. MOSEM 2 modelling activities are assigned to make
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students understand how things work by having them actually work with the model, com-
bining physics, math, and technology. To achieve the goals we favour modelling whenever
the complexity of the model can be reasonably understood by average high school stu-
dents. Coach 6 tools demand low programming skills but involve profound knowledge of
physics including advanced equations.

As an example of modelling the experiment “Magnetic field in Helmholtz coils” is
presented (Fig.4). A Helmholtz pair consists of two identical circular magnetic coils that are
placed symmetrically one on each side of the experimental area along a common axis,
and separated by a distance d equal to the radius R of the coil. Each coil carries an equal
electrical current flowing in the same direction. The learning objectives are:

e To analyse magnetic field B generated by a pair

e To use the given model for simulation
The experiment with Helmholtz coils is a good example for integrating of different ICT tool
— data acquisition and modelling.
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Fig. 4 .Screen shot showing modelling of magnetic field in Helmholtz coils

4. Simulation

A simulation is called a computer program that uses an internal model to produce
data and visualization, as accurate as possible, of a simulated phenomenon. In addition to
a number of important attributes of a simulation the one intended for educational purposes
should be quantitatively right, interactive and allows changing parameters. Student primar-
ily work with a simulation — this way teacher makes the student explore a phenomenon by
running the computer program with different parameters and/or initial conditions, and ana-
lyzelvisualize the quantitative outcomes of the program. For preparing MOSEM 2 simula-
tion activities Easy Java Simulation (EJS) has been used [1, 2]. The ESJ is a free, Java
modelling and authoring tool designed for creation of interactive computer simulations of
scientific phenomena. These simulations can be used in computer laboratories with stu-
dents to explain better difficult concepts, to let students work with the simulations or (for
more advanced students) even create their own simulations. EJS has been created by
Francisco Esquembre and is a part of the Open Source Physics project [2]. EJS has been
designed to help a person who wants to create a simulation to concentrate most of his/her
time in writing and refining the algorithms of the underlying scientific model, and to dedi-
cate the minimum possible amount of time to the programming techniques [1].
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The program EJS allows creating simulations which requires a model of a high com-
plexity (considered to be too difficult to be understood by a student therefore not suitable
for modelling activity). EJS has been used because it leverages the creation and inspec-
tion of programs as compared to pure programming. In the project a collection of ready-to-
use interactive EJS experiments will be developed.

Fig.5 presents screen shot from EJS 3D showing a simulation of experiment “Mag-
net falling through copper tube”. The user may rotate a set-up looking at from different
perspectives. An induced current in a copper tube is visualized in the form of red dots
when a magnet is falling down the tube. There is also a metal ball falling nearby the setting
to show the difference in the behaviour of these two objects. As the variables of the model
are calculated in a real time the appropriate graph are presented along. Using EJS tools
one can see and modify a model behind the simulation introducing changes to its vari-
ables. Teachers and teacher trainers will be able to use EJS experiments developed in the
project directly or, by using EJS program, to modify them according to their own needs.
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Fig.5. Screen shot from EJS 3D showing a simulation of magnet falling through copper tube.

5. Animation
There is a number of publications discussing different aspects of animations as a tool
in computer based learning. In the MOSEM 2 project an animation is called a computer
visualization or video (broadly moving images created with the use of computers) that dis-
plays a phenomenon without a real computation behind it. The main learning benefits of
animation are:
e Comparing representations in order to get a better understanding of the more ab-
stract ones
* Getting a better understanding of the relation between variables
e Better mechanism for self correction (debugging tool)
e Easier to use for poor-skilled students
The heart of an animation is a model, program or sensor data — the ‘engine’ which con-
tains all the rules and formulas. Besides many entirely described attributes of an animation
made for the educational purposes the content should be correct and animation easy to
run. Students begin their work with watching such an animation — in that case teacher en-
courages learners by asking them to sit down and watch a nice, qualitative visualization,
which explains by itself, thanks to visual clues 'how things work'. Educational activities as-
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sociated with the animation are limited however. Creating MOSEM 2 animation based ac-
tivities we use SUPERCOMET flash animations or especially shot videos, where a first
visualization helps to introduce a topic or increase students’ interest in it. The collection of
such animations is available at website: http://online.supercomet.no. Animations can be
created with the Coach 6 system too.

SUPPORT MATERIALS

Support materials developing in the project consist of ready-to-use electronic and
printed resources for the different outcomes of the entire project — models, simulations,
videos, date acquisition exercises, etc. — and various teacher seminar oriented documents
— how-to-explanations, descriptions of different types of exercises, subject related booklets
etc. All types of support materials will be freely available on the project resources and ma-
jority of them will be published in a form of Teacher Guide. Its main intension is to outline
the pedagogical rationalism for using MOSEM 2 outcomes and suggest effective ways of
using them in the classroom, as a part of everyday teaching, in stand-alone mode and in
combination with experimental kits and multimedia tools. The Teacher Guide is an integral
part of Teacher Seminar and is a central part of a project support materials. Moreover it
consists of basic information about the physics of electromagnetism and superconductivity
as well as shows possibilities for evaluation of the work.

TEACHER SEMINAR

In general a teacher seminar does not only transfer knowledge to teachers but can
aim at different goals and at different levels of teachers’ professionalism. For MOSEM 2 it
is planned to develop two types of seminars:

e the first one, in which teachers are considered as learners very much like students
are considered in a traditional classroom, so they follow guidelines strictly and
therefore remain intellectually passive in the sense that they only absorb ideas. This
is assigned to follow up evaluated strategy to “motivate” teachers for using the ma-
terials and presents usability and value of educational materials.

e _the second one, in which teachers are considered as managers and builders of their
professionalism and is based on equality between all participants including the
teacher trainer. Crucial for this type of seminar is interaction and discussion, along
with good preparations by both — the participants and the teacher trainers — there-
fore project materials are good bases on which the process is initialized.

The responsibility to choose the exact format of a seminar to attend will be left to par-
ticipants. The implementation — approach, activities, teaching style, learning materials for
students, assessment and evaluation — will be presented, but final decision when and how
to use them will be left to the individual participating teacher.

CONCLUSION

Within the MOSEM 2 project we advocate the attendance at a teacher seminar prior
to using animations, simulations, modelling and data-acquisition. The seminar will address
both subject knowledge and alternative conceptions and in addition will offer pedagogic
approaches to the material in electromagnetism and superconductivity. All of this takes
place in a supportive environment with an emphasis on developing both the participants
and the presenter. The authors expect the results of MOSEM 2 project to spread like rings
in water across borders, based on the international collaboration of the project and a
planned online community connecting teachers in different countries. Different type of
meetings including conferences will be used to share experience, teaching materials and
methods. This will not only help to improve physics teaching in certain organizations but
also will allow building language skills and cultural understanding. The part of materials
and texts in Bulgarian has been prepared by the author of this paper and has been pre-
sented during teacher’ seminars organized in Ruse and Shumen, following by teachers’
and students’ evaluation [5], organized in the English Language School in Ruse. All mate-
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rials developed by participants in the projects SUPERCOMET 2, MOSEM and MOSEM 2
can be seen on sites: http://online.supercomet.no and http://mosem.eu free.
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NMPOEKT MOSEM 2 - UHTETPUPAHE HA PEAJTHU EKCINEPUMEHTMW,
BUWOEOAHANN3, MOOEJNIUPAHE, CUMYJTIALUUN N AHUMALIUU TNPU
N3YYABAHE HA EJIEKTPOMAITHUTHUTE ABJIEHUAA U CBPBXIMNPOBO-
ANMOCTTA

Hapexpa HaH4yeBa
PyceHcku yHueepcumem ,AHeen KbH4yeg”

Pe3rome: lNpeonaraHata pabota npeactaes npoekta MOSEM 2 u manka 4yact oT martepuanuTe,
paspaboTeHn B pamkuTe Ha npoekTa. [peacTaBeHWTe NMpuMepn OAEMOHCTpUpaT PasnuUYyHU Negarornyeckm
NnoaxoauM — peaneH ekCnepyMeHT, BuaeoaHanus, moAenvpaHe, CuMMynauuMu - Mpu um3cregBaHe Ha
€NeKTPOMarHNTHU SIBNEHNs U CBPBXNPOBOANMOCT.

Kmroyoeu Oymu: PearnHu ekcriepumeHmu, eudeoaHanus, ModesiupaHe,cuMmynayuu u aHumauyuu,
rnosuwasaHe Keasnughukayusima Ha y4yumesnu o ¢pusuka, obydyeHue o ¢busuka, ereKmpoMazHeEMU3bM,
cepbxrposodumocm.

* The experiments presented in Fig.3 and Fig.4 have been developed by team from Amstel Institute —
Netherlands.
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