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In my work I've made the thermosyphon, done 
the research about it's working principle, and 
conducted experiments on it. Through 
experiments the coefficient of thermal 
conductivity (1250 W / (m ∙ K) was found. I've 
also made two heat sinks and defined thermal 
resistance of termoifn with radiators and without 
them (0.2K / W). In the future, I'm going to find 
the optimal volume dependence of thermosiphon 
on the amount of liquid poured into it in which 
the thermal conductivity is the highest. 

Production of thermal siphon: 

I’ve made thermosyphon from copper tube 
sealed at one end, the opposite end of the tap I 
welded that we could change the fluid. Then I 
poured water into the tube and when the water 
has boiled, the tube expanded and water began 
to rise in the tube. When the water rose to the 
faucet, I closed it thus remained in 
thermosiphon only water and water vapor at 
low pressure. With a sharp shaking, you can 
hear the sound of a knock on the bottom of the 
water resembling the sound of hitting a metal 
ball. It means that what we've got to make a 
working thermosyphon. 

The first experiment: 

To measure the thermal conductivity coefficient 
I placed in the lower end of thermosiphon 
vessel continuously with boiling water using a 
thermometer and every 30 seconds measured 
dynamic temperature change at the top end of 
the tube. Next, using the ABAQUS program I 
built a graph of temperature versus time. With 
the help of selection method I determined the 
thermal conductivity thermosiphon constructed 
and it is equal to 1250 W / (m · K). 

Production of radiators: 

To measure the thermal resistance I invented 
and designed two radiators. The first one  I 
made the radiator from the old transistor. The 
second I made from a sheet of aluminum 
printing, cut it, and gathered into a single 
structure. 

Second experiment: 

To measure a thermal resistance made up with 
two thermosyphon radiators and without them 
constant temperature has been measured at 
the top and at the bottom of the 
thermosyphon, which was heated using fihralya 
wound around the lower end of the tube. On 
fihral fed a constant current of 2.6 Ampere. 
Next, the temperature measurements from the 
first and second radiator, using this formula      I 
calculated  the thermal resistance 
thermosiphon. In the second thermosiphon 
radiator it is higher, then it is more efficient 
heat dissipation. Thermal resistance 
thermosiphon is 0.2 K / W 

Bottom line: 

As a result, I was able to produce and identify 
thermosyphon heat transfer coefficient, which 
has the thermal conductivity three times more 
than copper and  approximately equal to the 
thermal conductivity of a diamond. So I was 
able to construct two working radiators and 
measure the thermal resistance of the heat 
sinks. In the future, I'm going to find the 
dependence of the amount of fluid that is in the 
thermosiphon of the volume of thermosiphon. 
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1. The purpose of the investigation 
The goal of this experiment was to investigate the 
appearance of eddy currents and construct a cheap 
device which can be used to easily check the 
dependence of the induction of eddy currents on 
different parameters and describe them using the 
phenomenon of damped oscillation. 

Our hypothesis was that inducted eddy currents will 
depend on geometrical properties of the conductor so 
we tested the dependence on the number of slots on 
the conductor, width of the slots, size of the magnetic 
field, conductive material, position in relation to the 
Earth's magnetic field, shape and direction of slots and 
filling of the slots with different insulators. 

2. Method of the investigation 
In this experiment we used a model of Foucault's 
pendulum for eddy currents in which the conductor is 
oscillating in a magnetic field and the induced currents 
are damping its oscillation (Figure 1). 

We recorded the movement of the conductors (non-
magnetic metal plates) through a variable magnetic 
field. At the bottom of the pendulum we attached 
neodymium magnets and swung various metal plates 
through the magnetic field. 

 
Figure 1 The pendulum and some of the plates 

(conductors) used in the experiment 

We calculated the logarithmic decrement λ: 

λ = ln  

where An is the nth amplitude and An+1 is the following 
amplitude. Then we used the measured period T to 
calculate the damping ratio  : 

 =  

where λ is the logarithmic decrement and T is the 
period of oscillation. Finally, we calculated the Q-
factor  using the following formula: 

Q  

 

where   is the angular frequency and  is the 
damping ratio. 

 

In comparison with other methods, this one is very 
simple and is similar to the one used by Leon Foucault 
(the scientist who first described the phenomenon of 
eddy currents). The whole device was made of widely 
available and cheap materials. We already had most of 
the parts since they are used in all physics classrooms 
(magnets, pulleys, metal stand, and clothespins). 
Other known devices for testing eddy currents are 
expensive and unavailable to us. 

3. Results of the experiment 

As the result of investigating the dependence of 
induced currents on the position relative to the Earth's 
magnetic field, we got identical results for the case 
when the conductor was oscillating parallel to the 
Earth's magnetic field lines and the case when the 
conductor was oscillating perpendicular to the Earth's 
magnetic field lines. 

By increasing the number of slots on the conductor, 
the total time of oscillation was longer – damping ratio 
was smaller, which meant the Q-factor was greater, 
matching our expectations (Figure 2) 
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Figure 2 The relation of the Q-factor and the damping 

ratio is inversely proportional 

The time of oscillation of the conductor in the 
magnetic field was longer when the magnetic field was 
weaker, matching our expectations. 

Results showed that the time of oscillation was longer 
when the width of the slots on the conductor was 
greater (Figure 3). For greater width of the slots the 
damping ratio was smaller, i.e. Q-factor was greater. 

 
Figure 3 An example of an x-t graph for conductors 

with different slot widths 

It is visible from the lnA-t graphs that a greater slope 
of the line shows stronger damping, while a smaller 
slope shows weaker damping (Figure 4). 

 
Figure 4 An example of a lnA-t graph (different slot 

widths) 

The shortest period of oscillation was measured for 
aluminium conductors, followed by copper 
conductors (not matching our expectations), while the 
longest period was measured for brass conductors. 
According to theory, we expected greater induced 
currents in the copper plate instead of the aluminium 
one. The results for the brass plates were as expected 

– the damping was weaker than for aluminium and 
copper. 

The results prove that induced currents also depend 
on the shape and direction of slots. The longest 
oscillation period was measured when the conductors 
had slots cut out (including the edge), and the shortest 
oscillation period was measured when the conductors 
had holes (not including the edge). The more 
favourable the shape was for the induction of eddy 
currents (closed loops), the damping was stronger. 

When filling the slots of the conductors with different 
insulators, we got slight differences between certain 
insulators. We have proven that oscillation damping 
depends on the electrical resistance of the material 
filling the slots, although we were not able to precisely 
measure or calculate the resistance. 

We determined that the damping was weaker, 
compared to other insulators, if the insulator used was 
air. The differences between measured data for other 
insulators were unnoticeable, so we couldn't precisely 
determine which of them should be used for best 
results. 

4. Conclusions 
Geometrical properties of the plates (conductors) had 
a significant effect on the induction of eddy currents, 
which confirms this experiment's main hypothesis. 

The results show that the Earth's magnetic field either 
has no effect or has an insignificant effect on our 
experiment. 

Measurements of the dependence on different 
parameters give a graph of damped oscillation (an x-t 
graph, where x stands for elongation, and t stands for 
time), in which the damping ratio and the Q-factor 
change significantly for different parameters, but the 
oscillation is quasiperiodic. 

When analysing the data it is visible that in order to 
minimize the effect of eddy currents in a variable 
magnetic field it would be ideal to pick a conductor as 
thin as possible, made from a material with electrical 
resistance as great as possible, with as many slots as 
wide as possible and in such a shape which doesn't 
allow the forming of big closed loops of eddy currents. 
To further minimize the effect of eddy currents, it is 
possible to fill the slots with a good insulator. 



It is also possible for a device such as this one to be 
used to determine the strength of induced eddy 
currents in metal bodies of smaller dimensions and in 
less technically advanced devices by determining the 
marginal damping ratio for a certain physical 
procedure. 
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The purpose of the research 

 

Modern science is undergoing the development stage 
of integration and interdisciplinary research of 
different fields. The focus of the researches are the 
systems – particles united by different elements and 
interconnected ,,networks’’ that experience changes, 
evolution, resonant and catastrophic events. 

It is important to determine general regularities of 
variously organized systems and research on 
laboratory objects, i. e. analogues, which have 
system features and it is possible to manage one or 
several parameters of their state. 

Particularly interesting are the systems and    relevant 
laboratory objects, which represent entity of 
interconnected objects and act chaotically, i.e. each 
of their consecutive state is hardly predictable or 
clearly unpredictable. Due to minor external 
influence or connection changes, such systems 
sometimes become orderly, but they still return to 
disorderly, unpredictable state as a result of slight 
change of any parameter. 

The purpose of our research is to investigate                    
the behavior of two laboratory objects having 
features of self-organized criticality (SOC). SOC is 
one of the classes of chaos concept, in which 
relatively simple systems display sufficiently 
complex behavior. So called relaxators represent this 
class, which gather energy for some period of time 
and immediately “discharge”. In SOC events 
relaxators behave chaotically within broad time and 
energy intervals and display regulation, which can be 
observed in several natural systems  and  perceived 

 
The method of the research 
 
Sand cone dynamic is accepted as a model to 
demonstrate the nature of SOC events: 
avalanches of different size fall off the sand 
clock cone. Masses of the avalanches are 
distributed disproportionally to the 
frequency. Drop of each grain on sand cone 
and avalanches are observed in laboratory 
experiments. Grains are system elements, the 
unity of unpredictable connections between 
them determine time and mass of 
unpredictable avalanche emergence.  
We discuss laboratory experiments of such 
events by using electronic relaxators, 
multivibrators. Multivibrators are created by 
two interconnected relaxators. Time of 
energy accumulation is defined by meaning 
of R1,C1 and R2,C2 resistors and capacitors 
couples. If electrical resistance changes its 
meaning, we get chaotically changing time 
intervals in each cycle of multivibrator. 
Two objects are selected for creating 
chaotically changing electrical resistance. 
Graphite grains are used in both of them. In 
the first object graphite is placed between 
two electrodes and its state can be changed 
by piezoelectric actuator, which is supplied 
by semi-cycle impulse of stable state of 
multivibrator cycle, i.e. graphite is involved 
in each cycle with new state. 
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as identifying sign of its chaotic property  - energy of 
the events are disproportional to the frequency of 
their appearance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Such object facilitates noise generation in a 
broad diapason of frequency. Particularly 
interesting is its behavior in closeness with 
resonant frequencies of such systems. SOC 
should be studies in closeness of these 
frequencies. 
The graphite placed between two electrodes 
in glass cylinder creates resistance in the 
second object. The avalanches fallen on the 
free surface of graphite change its electrical 
state during cylinder rotation. Rotation is 
carried out by stepper motor. The engine is 
supplied by stepper impulse during stable 
semi-cycle of multivibrator cycle.  

The results and conclusions of 
experiments 
 
Digital registration of multivibrator state 
enables study of chaotic behavior of the 
presented objects. Self-organized Criticality 
can be observed in the conducted 
experiments. Objects facilitate change of 
several parameters and regime. Due to this, 
doing experiments on them enables more 
flexible study of SOC events in comparison 
with sand piles. 
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The Purpose of the Investigation 
Modern engineering surprises us with its 
courage and determination to design bridge 
that using thin, arching cables optimally 
placed and spread out across the length of the 
bridge to suspend and hold amazing weights. 
Structure may give the illusion of being light 
and flimsy, but its strength is hidden behind 
the enormous tension that is spread out and 
supported across the entirety of the bridge. 
When enjoying the beautiful spectacle of the 
bridge, of course, the question arises: what 
should be optimal length and thickness of the 
material being used, etc. Modern science and 
engineering can, of course, help to provide 
answers to these questions.  

At this stage, however, these two sciences 
can’t completely explain what type of 
materials and in what dimensions they should 
be used to allow bridges to hold the greatest 
amount of weight. Therefore, it was our goal 
to discover the optimal shape of a light bridge 
that could hold the greatest weight (hereafter 
known as load factor), using materials readily 
available to us. 

 

Method of Investigation 
Experimentation was conducted using a 
differing amounts of rulers of various 
materials, secured by an iron bolt, a piece of 
plastic mesh, and a simple length of ribbon to 
create a working model of a light-construction 
bridge, the final design of which is shown in 
Figure 1. The primary aim was to discover the 
optional shape of the bridge that could hold 

the greatest load factor.    Figure 1
    

 

The plastic mesh was chosen as the most 
practical and realistic material for its ability to 
distribute pressure symmetrically from one 
point to another, as shown in figure 2, the 
same way real point-construction bridges 
spread out weight today. 

In order to determine how far down the mesh 
would sink, we needed to consult the 
textbooks, wherein we discovered the 

formula, OO’=  (a visual explanation 

of which can be found in figure 2. After 
crushing the numbers, we determine 
that OO’= 3.024*10-4მ.      
  

 

Figure 2 

We started with only a single rulers, 
increasing the number, up to four, in different 
orientations. 



Different amounts of weight were placed 
upon the center mesh net or hung a ribbon 
from the apex , up to a maximum of 6.125 kg 
(the greatest among the great was able to 
hold), distributed according to figure 3. 

 

Figure 3, image generated by Matlab 1.
 (7.12.0 r2011a) 

Results of the Experiment 
As a result of our experimentation, we 
discovered that the shape had a profound 
impact on the model’s ability to hold weight. 
Not the starting shape, before weight was 
placed upon the mesh surface, but the shape 
after the load factor had been added. 
 Furthermore, we needed to discover 
solutions to tow major problems. First, when 
the weight was placed upon the mesh surface, 
the bridge would rotate around the y-axis. In 
order to combat this challenge, we added a 
length of rope that connected and stabilized 
the four legs of the arch. 
Secondly, the downward force of the weight 
caused the four legs of the arch to collapse 
upon themselves. In order to solve this issue, 
we placed plastic beams at the same height at 
the strings between legs A and B and between 
legs C and D (as seen in figure 3), and a string 
between the top of the construction (at the 
point where the rules connect) and the center 
point of the mesh  surface where the strings 
connect. 

 

Conclusions 
When supporting a load factor, we found that 
the best-performing rulers bent along a 
concave, waveline-like pattern as the legs of 
the structure subbed against the ground, 
according to the formula y=Dsin kx, where D  
represents the rulers’ deformation when 
exposed to the load factor, x, and that the 
maximum load factor increases exponentially  
according the to the strength of the materials 
used. 
The maximum load factor (F), which impacts 
on the top parts of the  structure, is 

represented by the formula, 퐹 =   ≈ 60, 

where K represents division between the 
length and contortion of the ruler.  
Today our, light 90 gram structure is able to 
hold a load factor of 6. 125 kg.  Therefore we 
can conclude that if a bridge design could take 
this form and allow for this sort of motion 
could support a greater amount of weight. 
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1 Introduction 
When sheets of two phonebooks are interleaved, a 
very high effort is needed to pull them apart. We 
observed this phenomenon in a video of the 
‘MythBusters’. Even when we tried to separate the 
books we failed. This observation triggered our 
interest in the investigation of the parameters 
influencing the astonishingly large frictional force. 

 
Fig. 1. Even my colleagues and I were not able to pull 

the interleaved phonebooks apart  

2 Experimental Setup 

Fig. 2. The device being used to  
measure the traction 

 
 
 
 
 
 
In our experimental setup (Fig. 2) the two books 
consist of a variable number of fixed sheets (1) in 
which one spine is fixed to a dynamometer (2). By 
activating a winch (3) the books are pulled apart. The 
distance d between the overlapping sheets and the 
spine is measured (4) so that a distance-force diagram 
can be drawn (5).  

3 Measurements 
Our measurements showed that the traction increases 
exponentially with a rising number of sheets, if d is 
kept constant. If d decreases, the traction increases 
exponentially too.  

 
        Traction [N] 

       Distance d [m] 
 

Fig. 3. Correlation of the traction as a function of 
distance d  

           Traction [N] 

Number of sheets with d=2cm 
 
Fig. 4. Correlation of the traction as a function of the 

number of sheets: squares show the data for a 
thicker paper and circles the data for a thinner paper

The Project 'Paper-Hercules' 
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4 Theoretical Contemplation 

Taking the article ‘The enigma of the two interleaved 
phonebooks’ from 2015 into our considerations we 
found out that the angle Φn (Fig. 5) influences the huge 
traction necessary to separate the books. This angle, 
originating from the interleaved book sheets, is 

 Fig. 5. Illustration of the interleaved books and the 
angle Φn 

 
the most critical parameter determining the traction 
necessary to pull apart the books. Φn  results from the 
number of sheets, the page thickness and the distance 
d. The tangent of it is inversely proportional to d. The 
bigger Φn  gets the higher the frictional force to be 
overcome to separate the books.  

Finally, the entire traction could be described by a 
differential equation elaborated with the computer-
algebra-system 'Maple'. For this equation certain 
parameters have been kept constant, as the page 
thickness or the number of sheets.  The equation is as 
follows: 

in which F is the entire traction, M half the number of 
sheets, F* the traction acting on the outermost sheet, 
and α a constant resulting from the tangent of Φn, the 
friction coefficient µ, and M.  

We determined that the frictional force acting on the 
sheets and hampering the separation of the books  
increases when the traction rises. This phenomenon is 
also called 'principle of self-locking' and is, for 

example, the operation of the so-called 'Chinese 
finger-trap' (Fig. 6). 

Fig. 6. The ‘Chinese finger-trap’ 
 

5 Verification 
By comparing the theoretical values resulting from the 
equation with the measure data, we could verify the 
friction coefficient µ. 
    Traction [N] 

Distance d [m] 
Fig. 7. Comparison between theory and experiment 

In subsequent experiments we will try to confirm 
experimentally that the angle Φn is the important 
parameter causing the high traction.  
References: 
https://www.youtube.com/watch?v=QMW_uYWwH
WQ, Access: 20.10.2015 
https://de.wikipedia.org/wiki/Reibung,  
Access: 08.01.2016 
https://www.researchgate.net/publication/28096977
9_The_enigma_of_the_two_interleaved_phonebook
s, Access: 08.01.2016 
http://www.weltderphysik.de/gebiet/stoffe/reibung/
, Access: 08.01.2016 
https://en.wikipedia.org/wiki/Chinese_finger_trap, 
Access: 10.1.2016 
  

Measure data 

Theoretical values resulting from the 
equation, µ=0,63 

https://en.wikipedia.org/wiki/Chinese_finger_trap


Magnetic Train 
Lennart Resch 

Supervisor: Hermann Klein, Dipl. Ph. 
Hans-Thoma-Gymnasium, 10th grade, Lörrach, Germany, lennart.resch@web.de 

 
1 Introduction 

Two strong neo-
dymium button 
magnets are at-
tached to both 
ends of a small 
cylindrical bat-
tery (see Fig. 1). 
When placed in a copper coil such that the magnets 
contact the coil, this “train” starts to move and quickly 
reaches a speed limit. But why does this “train” move 
as if by magic? Why is there a speed limit? Can this 
speed limit be increased by varying different 
parameters such as the number of the magnets on both 
ends of the train? 
To answer these questions we investigated the result-
ing magnetic fields and their orientation. We de-
signed an experimental setup to measure how rele-
vant parameters affect the train’s speed and compared 
the values to our detailed theory. 
2 Theory 

Due to the contact of the button magnets and the coil, 
there is a current. As a consequence the coil turns into 
an electromagnet with a magnetic field (see Fig. 2, 
orange field lines). 

The button magnet on the left is repelled by this 
electromagnet. The button magnet on the right is 
attracted by the electromagnet, so the whole train 
moves to the right. 

 
Fig. 2: The different magnetic fields of the train 

This movement can also be verified by looking at the 
lorentz force. On the top of Fig. 2 the electrons move 
into the layer. The magnetic field points upwards, so 
the lorentz force points to the left and the counter-force 

on the train points to the right. The whole train moves 
to the right again. 

A quantitative treatment of the lorentz force [1] shows, 
that the driving force is proportional to the coil current: 

퐹 = 퐶 ⋅ 퐼 
The speed limit is related to the different magnetic 
fields and the Faraday’s law of induction. If the two 
magnets move through the coil, there is a induced 
voltage. This voltage opposes the battery's voltage. 
The faster the train becomes, the bigger is the induced 
voltage and the deceleration. The train reaches a speed 
limit.  

By calculating the eddy currents [1] it is possible to 
determine the total force on the train and the terminal 
velocity: 

푣 =
1
퐶

푈 −
푚푔휇
퐶

푅  

푈  is the voltage of the battery,  푚 is the mass of the 
train, 휇  is the friction coefficient and 푅  is the total 
resistance. 

 3 Experiments 

As there weren’t any silvered copper coils to buy, we 
decided to wind the coils by ourselves. For the ex-
periments, the thickness of the wire and the number of 
the button magnets were varied. The magnetic flux 
density of the different coils as well as the magnetic 
flux density of the button magnets was measured by 
hall sensors. The train’s driving force was investi-
gated with dynamometers. The explanation for the 
speed limit of the train was confirmed by a special 
experimental setup. 

To measure the train’s speed limit we designed an 
experimental setup (see Fig. 3). The voltage at a 
certain section of the circle was logged. If the train 
passed this section there was a peak in the 
measurement diagram. We wrote a program in python, 
which calculates the average lap time. 

Fig. 1: The “magnetic train” 



 
Fig. 3: (1) wooden plate with wooden dowels;        (2) 
current collector; (3) battery with button magnets; (4) 
silvered copper coil; (5) fixing of the coil; (6) data 
logging system; (7) laptop 

Table 1: The average lap time for different coils and 
different numbers of magnets per side 

The more magnets are attached to the battery the 
higher is the train's speed. If the wire is too thick there 
is too much friction, so the train is very slow. If the 
wire is too thin the coil bends out of shape very fast, 
so it is shaped very irregularly and the train is slow 
too. A wire with a diameter of 10 mm is a good 
compromise. We also measured the speed limit in 
relation to the voltage. 

To verify the connection between the current and the 
driving force, we measured the force of the train with 
different currents. 

Fig. 4: The train's driving force in relation to the 
current 

To compare our measurement of the speed limit with 
theoretical values we determined the magnetic 

moments of the neodymium magnets and the total 
resistance 푅 . This total resistance includes the 
contact resistance of the magnets with the coil, which 
revealed to be a very critical parameter for the 
comparison. 

3 Summary and outlook 

The “magnetic train” is a surprising and unexpected 
phenomenon. We found different explanations for the 
driving force of the train and were able to explain, why 
there is a speed limit. With the help of diverse 
experiments we were able to confirm these theoretical 
considerations. In the future we would like to 
investigate the dependence of the contact resistance on 
the velocity of the train. 

4 References 
[1] C. Criado, N. Alamo: World’s simlplest 

electric train. American Journal of Physics, 
January 2016 

[2] http://physics.stackexchange.com/questions/ 
150033/how-does-this-simple-electric-train-
work 

[3] http://skullsinthestars.com/2014/12/12/the-
mystery-of-the-magnetic-train/ 
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8.0 mm 4.336 s 2.808 s 3.132 s 
1.0 mm 4.427 s 2.290 s 2.283 s 
1.2 mm 3.279 s 2.702 s 2.331 s 
1.5 mm 7.090 s 4.866 s 3.984 s 
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1) Hovercraft 
I have always loved the different means of transport 
and I have always loved physics. When I was a child I 
built many times a floating vehicle using a CD a 
balloon and a valve. Of course I have always tried to 
maximize the levitation time. So when I grew up I 
started to investigate the physical background of this 
vehicle. First of all I made this experiment because 
this phenomenon is the ground of the floating 
vehicles and it would be the greatest if I could 
levitate relative big masses using relative small 
propellant - in this case air. So I built this simple 
model - hovercraft - using a weekday CD, a balloon 
filled with air (I used different types of balloons), 
which I connected to the disk with a valve. The 
exiting air can lift the device making it float over a 
surface with low friction. I investigated the relevant 
parameters influence the time of the "low-friction" 
state. During my measurements I investigated 
different parameters and I could observe some kind 
of vibration but only in the cases of  fast slow. So it 
was not so important because my first aim was to 
create such a system which can levitate very long 
time, so the flow had to be very slow. That is why I 
tried to approach this problem from this direction 
and I looked for a theory which describes my 
problem correctly. 

 
Figure 1. 

Experimental set 
up 

Figure 2. 
 Levitation of the disc 

 
2) Why does this set up levitate? 

To understand the problem first I had to understand 
the cause of the levitation. When we blow up a 
balloon, there will be an overpressure inside the 
balloon and when we let it come out during the tube 

then there will be overpressure under the CD too. I 
used the well-known Work theorem to describe the 
phenomenon and the Continuity equation to write 
down the change of the velocity of the flow. With 
the help of the cylindrical coordinate system I was 
able to write down the phenomenon in 3D, so with 
x-y-z coordinates. Using these theories and after 
some simplification I can get my main equation for 
the pressure as the function of the radius. 

푝(푟) = −
1
2
휌 ∙

푄
(2휋ℎ) ∙

1
푟

+
6휇푄
휋ℎ

∙ ln
푅
푟

+ 푝(푅 ) 

This equation consists 3 different parts. First the 
velocity part, second the viscosity part and third a 
constant part which was measured during the 
experiments at the edge of the CD. So we can say 
that these parameters can influence the pressure as 
the function of the radius under the CD. 
This formula was also good because later after some 
rearrangement I could calculate the lifting force of 
the device. 

3) How good does the theory describe the reality? 
First of all I measured the overpressure under the CD 
and compared the measured values with my 
theoretical line and I could see that it does not fit 
perfectly but it was better than the literary [1]. To 
explain the difference I  measured the effect of the 
hysteresis on the balloon and I discovered that the 
pressure is not the same in the balloon during the 
phenomenon, so it means that the balloon became 
tired. But I took it a constant value because it would 
be very hard to measure the pressure in the balloon 
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Figure 3. Pressure under the CD 
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during the measurements and those points where 
the pressure was higher take only for a short time. 
So this does not explain the difference between the 
theory and the measurements. So I measured the 
pressure under the CD deeper and I discovered that 
the air flows not in every case horizontal under the 
disc, but also in vertical direction. Our model 
describes only the horizontal, laminar flow so this 
can be the explanation for the difference. 
 
After I understood the theory I measured the 
different parameters which influence the levitation. 
First I rearranged my main equation and I wrote 
down a formula for the lifting force. I compared the 
calculated lifting force with the measured and I saw 
that there was only a smaller difference between 
them, which I could explain with that, that our 
theory describes only the horizontal flow and under 
the CD there is not only horizontal flow. From this 
equation I created a formula as the function of the 
mass. 

푚 = −
푉 퐶
푡 ℎ

+
푉퐶
ℎ

+
푝 푅 휋

푔
 

With this formula I could see in which cases can I lift 
the biggest masses. So on which parameters does it 
depends on (different constant values, volume, 
levitation time, height). So I made measurements 
with different masses on different surfaces and I saw 
that there may be a linear connection between the 
different masses and I also measured such critical 
masses which the system could not lift. 
As I said I made measurements on different surfaces 
and I discovered that in the case of short levitation 
the surface has to be rough and in the case of very 
long levitation the surface has to be smooth and flat. 
So I rearranged the mass equation for the levitation 
time. 

푡 =
푉 ∙ 퐶
푚 ∙ ℎ

 

Because I could neglect the first 
and the last part of the mass 
equation (first part: the flow is 
very slow, so it can be 
neglected; last part: the lifting 
force, which comes from this 
part is very small compare to 
the whole lifting force). 
So I compared the theoretical and measured 
levitation times, which is represented at the table 1. 

As the table says I get the longest levitation time 
with the balloon type 3 because it was not so strong 
and it was already exhausted. In that case was the 
smallest the difference between the theoretical and 
the measured time because that describes most the 
time equation which I have write down for slow 
flow.  
I also measured the connection between the floating 
time and the volume of the balloon. When the 
balloon is bigger than the levitation keeps longer. 
After many measurements I could say that I can lift 
my set up very long time if the balloon is exhausted, 
if it has a big volume, if it has a relative small mass, if 
I lift it on a smooth surface and if I let the air flow 
out slow. So my maximum levitation time was 44 
min 23 sec. 

4) Summary 
I made actually a toy which is available for 
everybody, but it also takes us into the world of the 
physics. I not only investigated the theoretical 
background of the phenomenon but I also measured 
the different parameters which can influence the 
levitation time and I optimized my set up for a 
maximal load lifting and for a maximal levitation. 
Supervisor: Mihály Hömöstrei 
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Table 1. Difference between the theoretical and measured levitation times in the case 
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1) The purpose of the investigation 
Nowadays, environmental protection is a crucial issue. 
The bottles left in the nature are highly polluting which 
is proved by several studies. However, it has not been 
studied that these may cause fire. Because a fluid-filled 
bottle can easily work as a thick lens, which focuses the 
rays of the Sun. In this study it will be examined we 
can ignite something with the help of a bottle (Fig. 1.). 

2) Methods of the investigations 
The problem was investigated theoretically and 
experimentally [1]. Firstly, the imaging of the thick 
lens and the conditions for scorching were studied. The 
differences between a thick lens and a bottle was also 
investigated. After that theoretical estimation was 
given for the maximum temperature that we are able to 
reach by using Stefan's law and simulations (based on 
Snell’s law) were done to determine where the focus 
area can be found. The estimation is based on the well 
known solar constant (푆 ), and the different weakening 
effects were also studied, such as atmospheric 
absorption, reflexion, absorption of the liquid, and that 
incoming rays are not paraxial rays. For the 
measurements different bottles and a thermometer with 
a black body were used (Fig. 2.). 

 
Atmospheric absorption was determined by 
measurement [2]. The temperature was measured in 
direct sunlight and shade, and the atmospheric 
absorption coefficient was calculated. It was also 

investigated how the temperature develops along the 
optical axis and the plane perpendicular to the optical 
axis. Finally, different materials were tried to scorch 
and ignite. 
3) Results of the experiment 
It was found that the thickness of a bottle is negligible 
and there is only a small difference between the 
refractive index of the bottle and the water (푛 ≈
1.45, 푛 ≈ 1.33), in this way a bottle can be 
considered as a thick lens. However, the incoming rays 
are not paraxial so there is no focal point, only focus 
area. For scorching approximately 200-250C is 
required [3], the aim was to reach this temperature. 
Based on the simulation we can state that 60% of the 
total radiation is concentrated in the focus area. 12% of 
the radiation is reflected and 10% of the radiation is 
absorbed by the fluid (it was determined by the Beer-
Lambert law). The atmospheric absorption coefficient 
is determined by measurement, using the following 
equilibrium equation: 

푃 + 푃 = 푃 + 푃  

where the power of the Sun is given by this formula 
(훼 : atmospheric absorption coefficient, 푆 : solar 
constant [4]): 

푃 = (1− 훼 ) ∙ 푆 ∙ 퐴  

and it was found it is the smallest at noon and 40% of 
the total radiation is absorbed. On the basis of these 
and using the equilibrium conditions for power [5]: 

푃 + 푃 = 푃 + 푃  

the theoretical maximum temperature is 
approximately 250C. However, it is only a 
theoretical estimation. The maximum temperature that 
I was able to reach with a spherical bottle is 170C (Fig. 
3.). 
 

Fig. 5. A bottle focuses the rays of the Sun 

Fig. 2. Experimental setup 

Sun 

Paper 

Fluid filled bottle 



Scorching was investigated by this bottle. Here is the 
table of different material and the success of scorching 
(Fig. 4.): 

4) Conclusion 

As it can clearly be seen a bottle can easily cause fire. 
The maximum temperature that we are able to reach is 
approximately 170C, which is enough to scorch a 
surface, but in several case it can ignite something. Dry 
and rotten leaves can easily catch fire if they are in the 
focus of this kind of thick lens. This is another reason 
to never leave a liquid-filled bottle in the nature. They 
may cause fire. 
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Fig. 4. Darker textiles, cardboards and 
tobacco can be easily scorched 
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The    purpose    of    the     investigation 

 

Today, travelling has become a major part of our daily 
life. Everyone wants to have a comfortable ride, 
whether in a town or in its outskirts. The repeated jerks 
experienced by the car results in successive damage to 
the shockers of the cars further resulting in discomfort. 
This set us thinking of improving the quality and 
efficiency of the suspension system by using the 
principle of Electromagnetism. 

Method of the investigation 

The first shock absorbers were simply two arms 
connected by a bolt with a friction disk between them. 
Its resistance was adjusted by tightening or loosening 
the bolt. This was followed by the air, fluid and spring 
shock absorbers. These shock absorbers were not 
efficient enough for a comfortable ride. 

 

An electromagnetic shocker resembles a telescopic 
suspension. A permanent strong magnet with same 
inner diameter of slider is fixed at the base of fork tube. 
A capacitor plate is fixed just above the permanent 
magnet connected with positive terminal and an 
electromagnet (inductor) is fixed at the ends of fork 
tube and another capacitor plate is attached in front of 
it connected with negative terminal. The poles of 
electromagnet and permanent magnet is made same so 
that they repel each other. The whole system is air tight 
thus a dielectric medium is created increasing the 
capacitance. The whole system is connected to a 
battery eliminator that is being supplied by the vehicle 
and the capacitors are connected to a rechargeable 
battery so as to make the circuit economical and ready 
to use. 

Results of the experiment 
We believe that this shock absorber will by eradicate 
the problems caused by the already-in-use shock 
absorbers due to friction and related factors, this 
magnetic shock absorber can be used in vehicles 
carrying variable amount of load. 

Conclusion 

We conclude that that this type of shock absorber 
would help the industry to make the ride  more efficient 
and comfortable, also economical and customizable at 
the same time .Improving on concept we can say that 
to make these magnetic shock absorbers even better, a 
chain of more than two permanent magnets can be used 
to absorb the shocks which will make riding the vehicle 
more comfortable. 

mailto:stmarksmb@saintmarksschool.com
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1. Introduction 
 
An experiment was conducted to study the suction 
distance of a fan. An ordinary fan blows air to farther 
distance than its suction range . For example, a vacuum 
cleaner should be very close to the floor in order to suck 
the dust or dirt. 

This research focused on creating a new equipment with 
vents to make circular air motion resembling  a tornado 
that blows the air on the inlet side of the fan. With this 
apparatus, it is intended to make a suction device which 
can inhale air from long distance. 

 
2. Problem Statement 

 
The problem to be solved in this research is to find out 
how the vents affect the air flow to make greater suction 
distance and how to improve it. 

 
3. Research Methodology 

 
The tornado formation begins with two winds at 
different direction which meet and form circular air 
motion. When the radius getting smaller the velocity 
increases and causes the pressure in the center of the 
funnels greatly decreases which enable the tornado to 
suck things. 

To imitate this, a construction is made where a fan 
mounted on a box with the inlet facing upwards 
encircled by vents at some radius which blew air in a 
circular motion like a tornado around it (Fig.1). The 
number of the vents, different vents angle, and box sizes 
are the variables. 

 
Figure 1. Predicted air flow pattern around suction 

fan with vents 
 

The suction distance measurement was done by 
observing smoke stream from a burned tissue paper. It 
was held on a position above the box (y) to measure the 
farthest suction distance. Afterwards, the maximum 
distance of the fan axis to the smoke (x) is measured 
such that it could be drawn by the fan.  

 
Figure 2. Experiment diagram 

 
4. Result and Analysis 

 
By adding vents to the small suction fan, the maximum 
distance was increased for the suction fan with 30o and 
45o vents but not for the 60o vents. The maximum 
vertical and horizontal suction distances are 15 cm and 
18 cm respectively. 

By using the bigger box, the fan could inhale air from 
20 cm above the axis and 19 cm radially, while the fan 
without vents can only inhale air from 10 cm above and 
15 cm radially. 

Vents at 60o made the suction area wider while vents at 
45o made the suction area looks like a cone. Vents at 
30o, 20o, and 10o made the suction area higher. Another 
experiment was to place the vents at five and zero 
degrees, but it did not have higher suction distance. 
Besides vents angle, the exit hole size also affected the 
suction distance.  

 
5. Conclusion and Recommendation 

 
Fans with tornadoes were found to have a significantly 
greater suction distance horizontally and vertically 
compared to the plain fan system. 

The number and the angle of the vents affected the 
suction distance greatly. The vents at 20o and 30o 



increased the vertical suction distance by 30-45% for the 
small suction fan, and 100% for the large suction fan. 
The improvement also happened in horizontal, although 
it was not as large as vertical suction distance, which 
was 27% in the large suction fan with 60o vents. 

The result of this experiment can be applied to exhaust 
fan in large size combined with electrostatic precipitator 
to relieve smoke problem in forest fire or vacuum 
cleaner. 
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1        Introduction 
Truly random numbers are a very valuable and rare 
resource.  Design,  produce,  and  test  a  mechanical 
device  for  producing  random  numbers.  Analyse  to 
what extent the randomness produced is safe against 
tampering.  So  many ways  were  in  use to  generate 
random numbers until now .There were simple ways 
like throwing a dice or flipping a coin and some 
complex ways like lotto machine .Also there are 
many ways to generate random numbers in computer. 
Random numbers are rare, useful and valuable 
resources and they are used for gambling, statistical 
sampling, computer simulation, cryptography, 
completely randomized design, and other areas where 
producing an unpredictable result is desirable. There 
are many ways to generate them like mechanical 
devices as roulette wheels, lotto machine, dice and so 
on; and the computer methods as defining a function 
like rand function in quick basic programing 
language and so on. But how random are they and 
how can we get sure that no one can cheat? 

 
2        Experiments 
To solve this problem two ideas were closer to reality. 
The first one was to make an icosahedron dice and the 
second was to prove that a disk gives us numbers 
randomly. So I have two ways to test the randomness 
of the numbers; first is the practical way which is 
to get a large amount of random numbers of the 
device and calculate the percentage of numbers, and 
the second is to theoretically prove that they are 
random. Actually both of them were used to prove 
that this dice is what the question asked to make. 

 
So I made my icosahedron by magnets and then I put 
numbers 1 to 20 on its faces. It weights nearly 1kg 
and its longest diameter is about 8cm and the edges 
are 
4cm. For the first method (to get a large amount of 
numbers   and   calculate   the   percentage   of   every 
number), I diced for 640 
times. 

 
As we got in the practical way its tolerance of 
randomness is about 2%. If we use the method of 
having   the   highest   and   the   lowest   percentage 
difference as our tolerance, that it should be less than 
5%, if we want to assert that it gives us random. 
The 

second   method   is   to   calculate   the   average   
of tolerances of each number. By this way it will 
become 
0.45% and if we want to assert that it’s randomly, 
it 
should  be  less  than  a  limit  between  1%  and  
2% (according to how much random do we 
expect it to 
be); that the dice lives up to this too. 
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1       Introduction 

 
 

When you submerge a large circular disk such as 
dinner plate vertically and partially into the 
swimming pool until it covers half of it a pair of 
interesting vortices is created in the surface of the 
water. They will persist for long time. They keep 
going next to each other and the perfect black circle 
is made on the bottom of pool. If you look from above 
and dust chalk you can see mushroom spiral pattern 
is exposed. 

 
 

2        Experiments 
 

A vortex can be described as a fluid structures that 
rotating around axis line. When you place a large 
circular disk, such as dinner plate into a swimming 
pool the water right next to the plate is moved but the 
farther water is inert so we have different speeds and 
when the front water is pulled to the back it is 
intensified. They can continue going along together, 
because the vortices want to keep their angular 
momentum so continue rotating as move to the water 
but lose some energy because of friction (Fig. 1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Experiment shows if the vortices reach the wall they 
are scattered from each other 

 
Figure 2 shows the velocity contour of the fore going 
vortices simulated by the software Comsol multiphysics 
3.5a. 

 
Fig. 2. Velocity contour of vortices 

. 
 
Two vortices go along together when the plate is 
submerging. Figure 3 shows the condition of vortices 
after formation and reaching a stable condition. The 
whole pattern is called “mushroom pattern” which is a 
rotational a linear motion simultaneously. 
 

 
Fig. 3. The mushroom pattern of vortices motion at stable 

condition 
 

 
Some Parameters influence on this phenomenon: 
Diameter of the plate, 
Viscosity of the fluid, 
Temperature, 
Shape of the plate 
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Fig.1.The initial volume of the air versus the final 
volume 

The amount of emerging water from the pipette was 
investigated by increasing the initial volume of the 
water and also water temperature in several 
experiments. 

3. Conclusion 

Our experiments were compared with a reasonable 
theory to justify this phenomenon by consideration 
the effects of the saturated vapour pressure. 

Hot Water Fountain Phenomenon 
Sanaz Nozhati 

Farzanegan 1High School , Tehran/Iran 
Accepted and edited by: Araian Young Innovative Minds Institute, AYIMI,  www.ayimi.org ,  info@ayimi.org 

 
 
 
 
1       Introduction 

 
 

If you half fill the pipette with hot water, the water 
stays at the bottom and the air at room temperature 
will be in the upper part. Then you block the top end 
of the pipette with the tip of your finger and turn the 
pipette upside down, so the hot water starts flowing 
down to the blocked side. After that you observe the 
water flowing out from the tip of the pipette. In this 
paper we investigate the reason and parameters 
affecting this phenomenon. 

 
 

2        Experiments 
 
 

We did our experiments by a pipette ( 41.4ml volume) 
filled with different amounts of water and measured 
the amount of the water which came out from the pipette 
and calculated the initial and the final volume of  the  
air  in  the  pipette,  then  the  results  were compared 
with what the Ideal Gas Law predicts. But as shown 
in fig.1 this phenomenon cannot be justified with the 
Ideal Gas Law. 
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1 Introduction 

The Rubens flame tube is a demonstration which is 
over 100 years old and which allows the observers to 
visualize acoustic standing wave behavior. Flame gas 
inside the tube flows through holes drilled on the 
top, and flames are then lit above. The tube is closed 
at one end and is driven with a loudspeaker at the 
other end. When the tube is driven at one of its 
resonance frequencies, the flames form a visual 
standing wave pattern as they vary in height 
according to the pressure amplitude in the tube. I did 
this experiment but in the box. 

2 Theoretical part 

The objective of my experiment was to observe the 
waves Rising a flammable gaseous medium. I 
calculated and determined through experimentation 
the frequencies that resonated in a Ruben’s Box, 
causing standing waves to be established. I calculated 
standing waves from a formula for modes in cubes.  

 

3 Experiment 

 
Fig.(1).Scheme of the box. 

3.1 Relevant parameters 

To create my Rubens box  I used  4 metal plates 
0,25[m]x0,5[m] and 2 metal plates 0,25[m]x0,25[m], 

2 loudspeakers, 3 gas inters and Arduino Uno. Inside I 
entered thermometer and Pressure sensor connected 
to Arduino. To do my experiment I had to use my box 
1 bottle with propane-butane, tone generator with 
amplifier and laptop.  

3.2     Results 

In my experiment I calculated: velocity of sound, 
resonance, acoustic modes and acoustic impedance 
of the box. But everything depends on of the 
temperature in the box because when gas is burning 
on the top the gas heats up. We can see the 
temperature in the chart Fig.(2). 

 

Fig.(2).The chart of velocity of sound vs. temperature. 

To calculations in my experiment I used propane-
butane in proportions 50%-50%. I conclude that 
temperature increases very fast and has big impact 
on all the parameters.  

3.3    Dancing flames 

It looks impressive when flames are dancing on the 
top box. However, it is very hard to obtain and keep a 
standing wave, because the frequency of the mode is 
dependent on the temperature and the temperature 
increases very fast. 

Veloci
ty of 

Sound 
(m/s)

Temaperature (°C)

Butane
50%-
Propane…



 

4 Conclusion 

During my research I found out many important 
dependencies. The temperature is the most 
important factor and the box works well only for high 
acoustic modes. 
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1. Introduction 

Nowadays the development of our civilization rushes 
forward. It all happens thanks to the new technologies. 
My idea is to create a device that generates electric 
energy from noise with the use of piezoelectric effect. 

2. Theoretical part 

Principle of operation of my device is based on the 
piezoelectric effect. Quartz - building blocks of 
piezoelectric changes its dimension under the 
influence of electric field and vice versa- it generates 
electrical charge as a result of mechanical 
deformation. In my device I used this property. 
Sound is an auditory sensation caused  by acoustic 
wave spreading in the solid, liquid or gas. Frequencies 
of waves audible by human beings are from 16Hz to 
20kHz. 
 
3. Experimental part 

3.1 Essential parameters 

To create the proper source of noise I used the guitar 
amplifier and the Frequency sound Generator in the 
form of a phone app. Using this generator I produced 
the sound in the range of frequency from 20Hz to 
70Hz, obtaining characteristic amplitude frequency of 
the tested setup. I obtained the biggest value at the 
frequency of 42Hz. In the project I used the piezo 
converter of 35mm diameter, crystal of 25mm 
diameter with soldered wires. 
 
3.2  How the device works 

When we make the converter vibrate, it generates 
variable voltage with the frequency that depends on 
the frequency of vibrations. That’s why to power a 
diode I added the Graetz’s bridge. It is a system that 
consists of four diodes thanks to which variable 
voltage transforms into constant voltage. The 
connected capacitor stabilizes the voltage and that 
makes the diode shine fluently (without pulsing) (see 
Fig.1). The output voltage under the system and diode  

loading is 2.64V. Without load it ranges from 3.5V up 
to 6V. The capacitor charges up to 16V. 

 
 
 
 
 

Fig.1 
Schematic layout of my device 

When building the device I was inspired by the ear 
construction. As a receiver of vibrations I used silver-
gold foil stretched over the ring of a bike’s rim. This 
way I made a membrane (an equivalent to an 
eardrum). As a repeater of the vibrations I’ve chosen a 
steel ball with a diameter of 8mm (an equivalent of a 
hammer in an ear). A bottle cap played a role of an 
anvil (see Fig.2). As a strip I used a steel tape 230mm 
long and 15mm wide. The device was placed in the 
distance of 30cm from the speaker. The frequency 
given was 42 Hz. It can be found within the range of 
frequency of a hammer drill. As the result I succeeded 
obtaining a light-emitting diode. 

 
 
 
 
 

 

Fig.2 Schematic representation of my device. 

4. Summary 

The benefit of this device is that it was made of 
renewable materials and that it creates energy from the 
renewable source - noise. In the future the device can 
be upgraded by adding professional electronic setup. 
This and similar devices could be used to illuminate 
the airport runways.  
 
Bibliography 
https://pl.wikipedia.org/wiki/D%C5%BAwi%C4%99k 

http://www.e-spawalnik.pl/?krotka-teoria-
piezoelektrycznosci,263 

  

http://www.e-spawalnik.pl/?krotka-teoria-piezoelektrycznosci,263


Circularly excited pendulum 

Karol Białas 

Supervisor: Urszula Woźnikowska-Bezak 

II Liceum Ogólnokształcące im. Stefana Żeromskiego in Dąbrowa Górnicza 
Creative Group QUARK, The Youth Palace in Katowice, Poland;  email: zygzak-1998@o2.pl 

 

5 Purpose of the investigation 

A simple pendulum whose support point is moving 
along horizontal circumference can trace circles 
whose radius is smaller than the radius of support 
point trajectory. It only happens when certain 
conditions are met. Purpose of my investigation was 
to determine these conditions. 

6 Theoretical part 

In order to study the motion of said pendulum I 
wrote its equations of motion using Lagrangian 
formalism. 

θ1 is a position angle of support point, θ2 position 
angle of the bob (horizontal) and θ3 is an angle 
between thread and a vertical axis. Those equations 
can only be solved numerically. I have solved them in 
Sage environment. After plotting results I found out 
that motion of the bob is very similar to motion of 
pendulum with horizontal oscillating support because 
circular motion can be described as superposition of 
2 perpendicular oscillations with equal amplitudes, 
angular frequencies and with phase difference 0.5π. 
When angular frequency of support point’s oscillation 
is much bigger than natural frequency of pendulum 
bob will be almost at rest. 

 

 

 

7 Experimental part 

I have built my own Circularly excited pendulum, it 
consists of bob and strong thread attached to engine-
powered rotating disc. This experimental setup allowed 
me to conduct wide range of experiments. I varied not 

only support point’s angular frequency, but also length 
of thread and radius of support point. After series of 
experiments I could determine how each parameter 
affects the motion of bob. 

7.1 Motion of bob 
After analysis of motion I have concluded that  when 
support point reaches certain value of angular 
frequency further increasing of it will not affect bob’s 
trajectories. This certain value depends only on 
pendulum’s length and radius support point. When 
this condition is met bob behaves very similarly to 
pendulum whose support point is not moving. 

 

Trajectory example 

7.2 Attractors of the system 
This system has 2 attractors. First one is an orbit 
which pendulum would follow due to centrifugal 
force. Second one is an effect of difference of 
frequencies. This attractor also is circle shaped and 
radius of this circle depends on the driving frequency, 
when this frequency is high enough we can assume 
that second attractor is a point on rotation axis. 

8 Conclusions 
“Lagging effect” is caused by frequency difference and 

푑
푑푡

휕퐿
휕푞̇

−
휕퐿
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when driving frequency is high enough bob behaves 
similarly to simple unperturbed pendulum. 
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10 Introduction 
In 1958 L. J. van der Pauw introduced a new method 
of measuring electrical properties of a sample. The 
method uses only four contacts to measure resistivity 
and hall coefficient of the sample. 

11 Theoretical part 
The method requires that: 

• The sample is simply connected; 
• The sample has 4 point contacts on its edge; 
• The contacts are points (or at least one order 

of magnitude smaller than the sample). 
The sample does not have to form a particular shape, 
but for shapes are commonly used (a Greek cross, 
a disk/cloverleaf, a square/rectangle and a bridge 

(especially for Hall’s effect measurements)). 
Fig. 1. Forms of the sample (darker dots indicate 

contacts). 

 
Fig. 2. Connections for measurement. 

From a theoretical derivation we obtain a formula: 

exp
−휋푑
휌

푅 , + exp
−휋푑
휌

푅 , = 1 

12 Experimental part 

12.1 Measurement of rectangular 
sample 
To check if the method is applicable for 
measurements of a rectangular sample a 
measurement circuit was built. A low-noise opamp 
was used to gain the output voltage. Then the 
formulate was solved numerically using 
WolframAlpha®. After analyzing the inaccuracies the 
results are comparable with given values.  
For copper plate: 휌 = 1.85 ∙ 10 Ω푚 
When:   휌 = 1.72 ∙ 10 Ω푚 

12.2 Measurement of circular sample 
with a hole 

 
Fig. 3. The circular plate used for experiments. 

For examining the influence of holes on the results 
obtained using this method, a circular plate was 
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made and several circles where step-by-step etched 
on its surface. The dependency is shown below: 

13 Conclusions 
• After analyzing the inaccuracies of 

measurements the results are comparable 
with expected values;  

• A hole in the sample causes the value of 
calculated resistivity to increase. 

14 Future research 
• Simulation of current distribution in the plate; 
• Study on the influence of holes in the plate on 

the results of measurements; 
• Determination of correction coefficients for 

different holes. 
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Introduction and purpose of the study 
I started working on this project during the 

summer of 2015 in a science camp organized by the 
MTA EK Institute of Technical Physics and Materials 
Science in Budapest. I participated in an on-line 
competition in which 23 students were selected to 
attend the camp. With my 22 colleagues we worked 
in different laboratories for a week, where our 
project leaders supervised our activity. In February 
2016, I returned to Budapest to continue my 
experiments, as I couldn’t find the equipment needed 
for them in Cluj-Napoca. My project leaders guided 
me in using the laboratory infrastructure again, and 
assisted me in doing the experiments. 

In summer, I personally got to work in the 
microfluidics laboratory, where I got to make my own 
lab-on-a-chip. The purpose of my study is to 
experimentally characterise the specific behavior of a 
microscale lab-on-a-chip system and to establish 
adequate explanations of the revealed physical 
phenomena of fluids in microfluidic structures. 

Methods of investigation 
In order to start the investigation, I had to 

prepare the chip. Firstly, I designed the mask-layout 
(plan of the fluidic channels) for manufacturing 
lithographic mask on computer. Then, I coated a 
silicon wafer with special photosensitive layer. I lit 
the coated wafer by UV light through the mask and 
since I used negative tone photoresist, the radiated 
region of the coating was polymerised and became 
non-removable. After that, I poured polydimethyl-
siloxane (PDMS – Dow Corning) [1] on the wafer 
applied as moulding replica and waited until it 
polymerized [2]. I peeled, cut and punched the PDMS 
to form uniform chips, and then I bonded the chips 
onto glass slides by using oxygen-plasma activation. 

I made four different chips in two sets, 
depending on the experiments planned. One of the 
mask-layouts is presented in Fig. 1. Basically, the 
chips made on the same set have only minor 
differences, because they were used to test the 
different aspects of the same experiment. I applied 
inverted fluorescence microscope (Zeiss AxioVert A1) 
[3] with camera to record photos and I processed 
them by Zeiss Zen [3] and Image J [4] image analysis 
softwares. I performed experiments regarding 
continuous flow and droplet-based microfluidics, 
also. 

 

Fig. 1. Mask-layout of one of the chips I made 

The continuous-flow microfluidics [5] can 
describe the behavior of mixed liquids having similar 
viscosity. In the first experiment I tested how a fluid 
can be focused to a certain size in a micro-channel. I 
used water as sheath fluid and diluted fluorescent 
human serum albumin (HSA – Sigma Aldrich) [6] 
solution as sample liquid. I analyzed the width of the 
HSA stream as function of the sheath flow-rate. 

In the second experiment I tested the mixing 
process of two fluids in continuous flow and droplet 
based microfluidic system. I used fluorescently 
(quinine) painted liquid [7], and water for continuous 
mixing and silicon oil (a fluid with high viscosity) as 
sheath flow for droplet generation. In this case the 
two fluids would not mix with the oil due to their 
different viscosity. I made fluorescence intensity 
profiles and compared the mixing effects in 
continuous streams and droplets. 

mailto:bbbotty@yahoo.com


 

My first experiment regarding droplet-based 
microfluidics [8] focused on the generation of 
droplets. Droplet-based microfluidics analyzes the 
behavior of liquids with different viscosity, as water 
and oil. I examined the diameter dependence of the 
droplets on the oil flow rate, in order to determine 
the optimal rate of the sheath fluid applicable to 
form droplets with uniform size. 

The second experiment here was also the 
mixing of two fluids, but in this case, the mixture was 
formed in micro-droplets. The intensity profiles I 
made show that mixing in droplets is more efficient 
than in a simple laminar system. After making the 
intensity profiles, I also calculated the relative 
concentration distribution in the droplet. 

Results of experiments 
In continuous-flow microfluidics the 

experiment with liquid focusing showed that the 
higher the speed of the water, the narrower the HSA 
beam gets. The graph below shows the width of the 
focused liquid depending on the rate of the water 
and HSA speed. The HSA speed was constant, firstly 
0,6 μL/s and then 0,4 μL/s, the speed of the water 
was changed by 0,2 μL/s firstly from 0,6 to 3 μL/s, 
then from 0,4 to 2 μL/s. So fluid-focusing to a certain 
size is possible on a chip as presented in Fig. 2. 

 

Fig. 2. Width of focused sample as the function of 
flow rate ratios 

The second experiment with mixing two fluids 
of similar viscosity in a simple microfluidic system 
showed that this kind of mixing process is very 
inefficient due to the laminar flow, and extremely 
long mixing distance is needed. 

 

Fig. 3. Relative concentration distribution of the 
fluorescent sample in straight channel. 

The first experiment I made regarding droplet-
based microfluidics shows that the higher the flow-
rate of the oil, the smaller the diameter of droplets. 
We can determine the optimal rate of the sheath 
fluid for proper sized droplets to be formed. I 
calculated the average droplet-diameter from the 
diameter of approximately 25-30 droplets (Fig. 4). 

 The second experiment here showed (Fig. 5) 
that the mixing process in a droplet is much more 
efficient than in laminar flow systems. Mixing fluids 
or stirring solutions to enhance homogeneity or to 
accelerate a chemical reaction is easier and faster 
due to the extremely small size of the droplets (pL). 

 

Fig. 4. Droplet diameter as the function of oil flow 
rate 

 



 

Fig. 5. Relative concentration distribution of the 
fluorescent sample in micro-droplets 

Conclusion 
I proved that a laboratory can really exist on a 

chip containing fluid-focusing, droplet generating 
microfluidic systems or even nanoreactors. 

Fluids can be focused to a certain size, 
depending on their flow rate in the channel system. 

Proper-sized droplets can also be formed 
depending on the flow rates. 

Mixing of fluids is critical in microscale, due to 
laminar flow, yet faster inside the droplets due to the 
extremely small amount of reagents. 

Lab-on-a-chip systems are a great 
improvement in research, because this way the 
micro-scale analysis and processing of fluids is made 
possible and it can be applied in physical, chemical, 
biomedical fields as well. 
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Our Purpose 

During the last hundred years scientists have managed 
to measure the stimulus-induced systemic change in 
membrane potential, also known as variation 
potential1. Usually the voltage output from the 
electrodes attached to the plant is passed to a high-
impedance two channel amplifier. Such devices are 
usually too big for carrying around, and as our first 
objective was to use plants in the wild as live sensors 
for collecting data about the pollution, precipitation 
quantity or potential fires, we chose to build our own 
custom-made portable measurement device so that 
we would be able to use it anywhere on the field. After 
some trial and error, we have managed to achieve 
building the needed device. 

Method of Realization 

Our homemade electrometer is a high impedance 
device used to measure the surface potential on 
leaves. The full features of this device are: 

 100TOhm input impedance 
 aluminum case 
 BNC input terminals 
 two stage adjustable gain (10-10000) 
 auto zero leveling 
 SD card slot for recordings 
 live data feed through USB 

The electrometer is built using high quality 
components, in order to minimize the overall 
temperature over time drift.  We need to remember 
that this device is used for long time measurements, 
therefore any change in temperature could induce 
incorrect data. We chose BNC connectors for easy 
compatibility with other cables and electrodes. The 
auto-zeroing function is mainly used to ease later data 
processing (no hysteresis is applied) and the SD card 
feature is used in case of remote measuring, where no 

                                                             
1 “Characterization of the Variation Potential in 
Sunflower” by Bratislav Stankovik, Tadeusz Zawadzki, 
and Eric Davies 

PC or power are available (this device can run from a 
standard 9V battery).  

Our device uses a CMOS buffer for each channel, in 
order to keep the total input bias current to a 
minimum (10fA). The internal construction is floating 
on ceramic supports to prevent any leakage of current 
through the printed circuit board or other 
components. A differential amplifier is used 
afterwards in order to get the voltage difference 
between the electrodes, value which will be amplified 
later by the second stage amplifier; it represents the 
absolute value of the transmembrane potential. This 
value is then taken by an ADC and converted into a 
digital signal. This is done to maintain the quality of the 
signal over long cables. At the end, a computer is 
connected via USB to analyze and store the data. 
During the experiment, several conditions need to be 
accomplished to ensure relevant data. 

 wounding must be reproducible 
 leaves must be fixed and undamaged  
 the plant should be watered the day before 

the experiment 
 temperature and light intensity must not 

fluctuate 

Results of the preliminary Experiment 

We did a set of measurements using a potentiostat, in 
order to see the form of the signal that we wanted to 
obtain through measuring with our own device. We 
have used platinum wires as electrodes, KCl to 
facilitate the contact between the leaf and the 
electrode, and of screened wires to avoid unwanted 
noise. The software which was used to make a live 
graph from the received data of the potentiostat does 
not allow the recording of incoming signal, so we had 
to use screen capture software to obtain the graph. 
The graph was plotted using the potential variation 
derived by time on the Y axis and the time itself on the 



 

X axis. The results were immediate, as soon as we 
induced pain into the plant, using a variety of stimuli 
the variation potential could be observed in real time 
as the graph was plotted. One of the first details that 
resulted from our measurements was that the 
potential variation rose if our stimuli was more 
intense. This provoked a question about the possible 
correlation between the intensity of the harmful 
stimuli and the stimulus-induced systemic change in 
membrane potential. Our main obstacle in 
determining this correlation was the fact that we were 
not sure about the precision of our collected data. 
Therefore we are waiting to do our second set of 
experiments using the device we have built, as it still 
needs some small adjustments. 
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1 Introduction 
 

Conventional dielectric lenses rely on accumulation of 
phase delay during wave propagation to produce a 
desired wavefront. By considering the required phase 
delay at each lens position, an 'equivalent' 
transmitarray can be obtained. This paper has adopted 
a 'proof-of-concept' approach in correlating the 
performance of a conventional and transmitarray lens, 
both operating at 8 GHz. Such transmitarray lenses find 
useful applications in satellite communication, 
automotive radar and imaging systems, due to their 
characteristics of high-gain, lightweight, easier 
fabrication and low-profile. 
 

2 Design Methodology of Natural 
Dielectric Lens 

 

Firstly, the design of a conventional spherical biconvex 
lens is proposed using geometric optics. By considering 
the phase delay experienced by a wave passing through 
a dielectric lens and the thickness function of the lens, 
the required phase delay as a function of the lens 
position is derived.  
 

3 Design Methodology of an 
'Equivalent' Transmitarray Lens 

 

Secondly, to design a corresponding transmitarray 
antenna, the unit cell element is first designed. A square 
loop element is chosen due to stability of frequency 
response under various incident angles. A concentric 
ring is added to maximize phase shift per layer. The 
geometrical model of the double square ring element is 
shown in Fig. 1. The gap S between the inner and outer 
rings was varied to obtain a design S-curve with a slow 
rate of phase increment with respect to the change in 
the geometrical dimensions in the unit cell element. 
Four identical layers, separated by an air gap and each 
backed by a dielectric substrate, as shown in Fig. 2, 
were required to achieve a 360o phase range.  
 

 

Figure 1. Design parameters of unit cell 

  
Figure 2. Four identical layers in a unit cell 

 
The unit cell periodicity was kept at λ /3 = 12.5 mm to 
reduce grating lobes and sensitivity to incident angles. 
The simulation was run with finite integration 
technique (FIT) in CST Microwave Studio. A normal 
incidence plane wave was used to illuminate the unit 
cell element, and unit cell boundary condition was used 
to simulate an infinite array. The transmission phase 
and magnitude of the unit cell element as a function of 
L, the dimension of the innermost ring, are plotted in 
Fig. 3 and 4.  L of the innermost ring was chosen to be 
between 0.983 and 4.904 mm, to correspond to the 
gentler part of the S-curve while maintaining 
transmission loss below 2.32 dB.  
 

 
Figure 3. Transmission phase against L of innermost 

ring  
 

 
Figure 4. Transmission magnitude against L of 

innermost ring 
 
The transmitarray is then designed by discretizing the 
ideal phase profile in the natural dielectric lens and 
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considering the phase shift at the centre of each unit 
cell.  

4 Correlation and Comparison of 
Performance of Both Lenses 

 

The simulation results of the phase and amplitude plots 
of the E-field for both the natural dielectric lens and 
transmitarray in the 푥 = 0 plane are presented in Fig. 5 
and Fig. 6, respectively. Both lenses are illuminated by 
an electric dipole placed at the focal point. 
The results show the transmitarray mimics the 

dielectric lens in focusing, though with a greater spread 
of energy, while having the merits of a flat and thin 
profile, lightweight and easier fabrication. This 
provides a methodology in designing artificial 
dielectric lenses using periodic array.  
 

5 Discussion of Simulation Results 
 

To explain discrepancies in the results, the validity of 
infinite array and normally-incident plane wave 
assumptions used in the simulation of unit cell 
elements, as well as the following factors, are 
discussed: (1) coupling between neighboring elements 
changes towards edge of the transmitarray, thus 
altering approximate phases; (2) diffraction at lens 
edges due to finite size of transmitarray; (3) oblique 
incident angles affecting transmission magnitude and 
phase of edge elements. 
 

To discuss transmission losses due to lens reflection, 
the reflection magnitude against L of innermost ring of 
the transmitarray was plotted. For our transmitarray, 
there is greater reflection for centre elements and 
multiple reflections between each of the 4 layers. We 
suggest that an advantage of the transmitarray approach 
is that the reflection magnitude can be determined from 
the simulation of the unit cell and incorporated as 

another design parameter. 
 

Lens aberration is also discussed. A flat transmitarray 
is advantageous over conventional dielectric lenses as 
it does not show spherical aberrations due to lack of 
curved surfaces. Chromatic aberration of the 
transmitarray is investigated by plotting a 3D plot of 
the phase delay at various lens positions for other 
frequencies, using the S-curve of the unit cell. It is 
shown that as operation frequency decreases, focal 
length increases, similar to the phenomenon in 
traditional dielectric lenses. 
 

6 Future Extensions 
 

For future extensions, fabrication and measurement of 
our transmitarray is proposed, to allow for comparison 
with simulation results. We suggest that ohmic and 
dielectric losses will lead to even smaller radiation 

 
Figure 5. Phase plot of E-field of (a) natural dielectric lens and (b) transmitarray at 푥 = 0 plane 

 

 
Figure 6. Amplitude plot of E-field of (a) natural dielectric lens and (b) transmitarray at 푥 = 0 plane 

 



 

 

efficiency than simulated, and manufacturing 
tolerances will result in phase errors in wavefront 
compensation. We also propose the use of an 
equivalent-circuit model to analyse our unit cell 
element, in order to design broader bandwidth and 
multiple bands transmitarrays.  
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1. Introduction: 

Oscillating magnets in coil will induce to 
generate the electrical signal. Moreover, Different 
magnet-oscillating pattern will generate different 
pattern of signal.  

In this research work, we analyze the 
electrical signal generated from the movement of the 
magnet in coil which attaches to one shoe. When 
running, the magnet will oscillate and the electrical 
signal measured by oscilloscope shows a unique 
pattern which can be effectively converted to the 
running speed. 

2. Objective: 
The purpose of this research work is to create 

a device for measuring the running speed by using the 
generated signal from electromagnetic induction 
principle. 

3. Methodology: 
We separate our experiments into 2 parts:  

1st Experiment: “The best number of magnet” 

 

 
We wrapped a long wire around the PVC tube; 

the two ends were then connected to a multimeter. 
Then the device was put on a shaking machine. Then 
we measured the generated voltage differences 
generated due to the induction when put a different 
number of magnets into the tube.  

Finally, we selected the best number of 
magnets which gave the highest voltage under the 
same condition, i.e. the device would give the highest 
efficiency. We then used this configuration for the 2nd 
experiment. 

2nd Experiment: “Signal and the running speed” 

 

We attached the same device in the 1st 
experiment (i.e. the magnet inside the electrical coil) 

to a running shoe and then connected the two ends of 
the wire to an oscilloscope.  

After that, we got on a treadmill that we can 
adjust the velocity. Then we record the signal on the 
oscilloscope while running and analyze the signal 
software Igor Pro. 

How a device can measure the running speed: 

 Consider to find the EMF from oscillating 
magnet in a round of coil 

휀(z) =  =  ∫퐵 (z)푑퐴   

                     = ∫ ( )푑퐴   

                       =  푣 ∫ ( )푑퐴   

The equation show that 휀(z) ∝  푣 (speed of magnet) 

 Consider to find the EMF from oscillating 
magnet but in the continuous coil  

 

휀 =  ∫ 푛 휀(푧)dz    

 

 If the running speed (푉) increase, the speed of 
magnet (푣 ) will increase as well. 
 In a round of coil and the continuous coil, the 
equation show that 퐸푀퐹 ∝ speed of magnet. Speed of 
magnets will actually depend on running speed. So, we 
can know the running speed from measuring the EMF. 

Results: 

 
Figure 1: Voltage measured and number of magnets 

In the first experiment, we find how many 
magnets give the highest voltage from the oscillating 
magnet in coil. When there are a few magnets, it has 
higher speed but the magnetic field is weak. Vice versa 
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when there are many magnets. As shown in Graph 1, 
it turned out that 6 magnets optimize these two effects 
and give the highest voltage. 

 

 

Figure 2: Electrical signal measured from running     
4 km/hr. 

In the second experiment, when running, the 
pattern of the electrical signal will be generated as 
shown in Graph 2. When the running speed varies, 
the signal still shows a similar pattern but the 
magnitudes of variables(푇 ,푇 , 휀 ,휀 ) will be varied 
accordingly. Different speed, signal shows the 
similar pattern, but different magnitudes. 

 

 
 
Discussion: 
 The highest voltage (1 in Graph 2) generated 
while running increases correspondingly upon 
increasing the running speed, as shown in Graph 3. 

 
Figure 3: The relationship between Maximum 

Voltage(휀 ) and Running Speed(푉) 
 
However, the relationship is not linear, which 

is inconvenient to use. So, we create the empirical 
model for this usage. 

With trial and error, we also find that the 
empirical model using the formula   also 

corresponds well with the running speed(푉) as shown 
in Graph 4. This may use to predict the running speed 
from the signal better. 

 
Figure 4: The relationship between  and 

Running Speed(푉) 
 
Conclusion: 

In this work, when a strong magnet oscillates 
inside a coil while running, there is a pattern of signal 
corresponding to the running movement.  

The experiment and empirical models 
analysis show that, the linear relationship can be used 
to predict running speed in the range between 4 and 14 
km/hr. 

The created device can generate the signal that 
can be used to measure the running speed efficiently. 

Such device may also be used to investigate 
other kinds of movements in other applications e.g. 
movement therapy, and movement-triggering device. 
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1. INTRODUCTION 
In this day and age, increasing the efficiencies of the 
electronic devices and decreasing their energy 
consumptions, have great importance. Since it can be 
composed new device – architecture combinations, 
semiconductor devices have quite high development 
potentials in this context. Organic semiconductors 
attract the attention thanks to the supply of more 
material varieties compared to inorganic 
semiconductors and their ability for being turned into 
thin film. OLED, OPD, OSC and OTFT are the 
examples of nano – applications that organic 
semiconductors are used in. 

2. PURPOSE  
 Semiconductor materials are used in many different 
areas from screen technologies to photovoltaic 
devices. OPD and OLED are one of important 
application areas of semiconductor materials. In our 
literature researches, it has been seen that PFE 
[poly(9,9-dioctyl-fluorenyl-2,7-yleneethynylene], 
which is an organic semiconductor, was used in OLED 
applications as light emitting layer. Besides; the usage 
of ZnO NPs (nanoparticles) in the active layer of the 
optoelectronic devices, makes a positive contribution 
to the carry of charges and enables device to be run 
also under feedback. 

In our project; we aimed to develop new generation 
OPD – OLED hybrid device system, which has 
PFE/ZnO NPs based active layer, with a low cost of 
production. In accordance with this purpose; 

• Determination of the usability of materials in 
device, by UV-Vis Spectrophotometer, 
Fluorescence Spectrophotometer and Atomic 
Force Microscope (AFM), 

• Optimization of the appropriate volume – 
ratio of the molecules that form the active layer, 

• Execution of the preliminary preparations 
required for the production of the device 
(substrate cleaning, preparation of the solutions, 
removal of ITO with acid), 

• Production of the device (coating processes), 

• Execution of the electrical characterizations 
of developed device under feedforward and 
feedback and interpretation of the results   

processes were aimed to be performed 
respectively. 

 

3. METHOD 
Firstly, the active layer materials were characterized 
using UV – VIS Spectrophotometer, 
Photoluminescence Spectrophotometer and Atomic 
Force Microscope within the context of experimental 
studies. 

 a)                                     b) 

 

 

 

 

 

Figure 1. Absorption curves of a) ZnO and              b) 
PFE thin films prepared on quartz glasses. 

a)                                      b) 

 

 



 

 

 

 

 

Figure 2. a) absorption, b) photoluminescence curves 
of (PFE:ZnO) prepared with the volumetric ratios of 
(2:1), (3:1), (4:1) and (5:1). 

a)                                        b)    

               

 

 

 

                                     

(3:1) RMS: 3.1 nm (25 oC)/(3:1) RMS: 3.0 nm (60 oC)  

Figure 3. AFM images of the thin film prepared with 
(3:1) (PFE:ZnO) ratio at a) 25 oC , b) 60 oC. 

For the preparation of the device, firstly the 
ITO layer which is cut 3cm x 3cm, was etched with 
acid in such a manner that ITO left only at the center 
in the form of band 1cm x 3cm.  

And then, PEDOT:PSS material was coated on 
ITO, whose cleaning process had been previously 
done, at 3000 rpm for 1 minute with spin coater and 
substrate was kept at 100 oC for 30 minutes at 
vacuum furnace for removing the humidity. 

The PFE:ZnO NPs solution was coated at 1500 
rpm for 1 minute on ITO/PEDOT:PSS. Following this, 
ITO/PEDOT:PSS/PFE:ZnO was annealed at 60 oC, 
which is the glass transition temperature of the 
organic polymer of the active layer, for 15 minutes at 
vacuum furnace. 

Finally, Al was coated with low coating speed, 
(0,4 Å/s) as the cathode material. 

 

 

 

 

 

 

 

 

 

 

Figure 4. The demonstration of the device 
structure after each production step. 

 

 

 

 

 

 

Figure 5. The images of OPD – OLED hybrid device 
systems. 

4. RESULTS AND CONCLUSION 
4.1. Investigations in OPD Hybrid 

Device System 
The electrical characterizations and interpretations of 
the electricity signal obtained with feedback are 
explained below. 

   a)                                       b)  

 

 

 

 

 

Figure 6. Current density – voltage curves of OPDs 
obtained a) under radiation with 365 nm wavelength 
and 1 mW/cm2 intensity, b) in the dark. 

When the photocurrents and dark currents are 
examined, it can be seen that OPD photocurrents are 
104 times higher than dark currents (Figure 6). And 
these results approve that OPD can work efficiently 
under the light. 

4.2. Investigations in OLED Hybrid 
Device System 

The electrical characterizations and interpretations 
of the light obtained with feedforward are 
explained below. 



 

 

a)                                         b) 

 

 

 

 

 

c)                                         d)  

 

 

 

 

Figure 7. a) Current density responses of OLEDs to 
voltage, c) electroluminescence – wavelength curve   
b) luminance efficiency, d) light power efficiency 
responses of OLEDs to current density. 

 The “Hybrid” layer, which consists of polymer: 
inorganic nanoparticle mixture, was used in 
the active layer of ITO/PEDOT:PSS/Active 
Layer/Al device architecture. 

 Because our OLED – OPD device system can 
run under both feedforward and feedback, it 
is named as “Hybrid” in this respect too. 

 Our system was successfully provided to be 
run, which is the essential success criterion of 
the project.  

 Since our system has no equivalent product in 
market, it has not been able to be compared 
with such a product. 

 Besides; it was been able to be obtained light 
from device under feedforward, and it was 
occurred current densities that could compete 
with the results of similar studies in literature. 
Thus, the project has achieved its objective. 
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6. INTRODUCTION  
Magnetic nanoparticles combining with DNA lead to 
the design of various nano-hybrid structures that 
have unique magnetic properties and biological 
diversities. Therefore it is very important to 
understand DNA-magnetic nanoparticles interaction 
properties. These structures are used for carrying the 
drug to a certain region inside the live being, forming 
highly sensitive and selective DNA sensors, 
diagnosing genetic diseases, determining viruses that 
cause infection, diagnosing epidemics and their 
prevention and control and for identification 
purposes in criminal cases (Tuan and Hai, 2009; 
Pershina et al., 2014; Tiwari et al., 2015). Therefore it 
is very important to understand DNA-magnetic 
nanoparticles interaction properties. 

Electrochemical DNA sensor is a promising technique 
for simple, fast, on-site virus detection. However, the 
low sensitivity is still a challenge for this method. In a 
study by Tuan and Hai (2009)   shows to improve the 
sensitivity by magnetic enrichment of the DNA 
concentration before measuring DNA concentration 
by the DNA sensor. 

7. PURPOSE  
In light of the aforementioned studies, I have 
developed the hypothesis that DNA molecules 
magnetic fluid combination may show different 
magneto optic properties for the single stranded, 
double stranded DNA molecules. I aimed to analyse 
the optic properties related to polarization under the 
magnetic field with the experimental apparatus of 
the magnetic fluid that contains DNA. 

In line with this objective, I aimed to; 

 Create the experimental set up where the 
measurements will be conducted, 

 Ensure the homogeneous combination of 
magnetic fluid with DNA molecules and their 

production so that they do not damage the 
DNA,  

 Obtain a single stranded DNA molecule from a 
double stranded DNA, 

 Examine the optic properties of double and 
single-stranded DNA molecules added inside 
the magnetic fluid under magnetic field and 
determine the differences between these. 

8.  METHOD 
I aimed to analyse the magneto-optic properties 
related to polarization under the magnetic field of 
the magnetic fluid that contains DNA in this study. 
For this purpose, in order to learn how the DNA can 
be obtained, the banana's DNA was extracted. 
Magnetic nanoparticles were synthesized and 
magnetic fluid was formed. In order to take the 
measurements, the experiment apparatus was set up 
and magnetic fluid's measurements were made. In 
order to ensure the combination of double helix DNA 
with the magnetic fluid, trials were performed with 
different surface 
coating materials 
and as a result, the pH of 
the magnetic fluid was 
made suitable for the 
dissolution of inside the 
fluid without any damage to the DNA  In order to 
take measurements with the single stranded DNA, 
double helix DNA was denatured and a single 
stranded DNA was obtained. 

 

Figure: Synthesize 
magnetic 
nanoparticles and 
fluid 

 

Magneto-optic 
features of the 

magnetic fluid samples which do not contain DNA, 
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contain double helix DNA and single stranded DNA 
are examined under the magnetic field and they were 
compared to each other.   

9. RESULTS AND CONCLUSION 
Magneto-optic properties of double-stranded, single-
stranded and without DNA liquid samples due to 
polarization were examined. On double-stranded 
DNA - magnetic liquid structure, as a result of 
magnetic nanoparticles combining to DNA, as the 
amount of the DNA is higher the change according to 
the polarization is observed to decrease. On single 
stranded, the formation of chain structure was quite 
less, therefore the change due to the polarization 
was already decreased. As a consequence on single- 
stranded, the formation of chain structure is blocked. 
As a result of the differences on the light 
transmission, with the experimental setup prepared 
the double-stranded and the single- stranded DNA 
including magnetic liquids were separated. Also, with 
the improvement of the experimental setup, a basic 
and portable prototype is developed. Addition to 
improved prototype, matching results with the 
previous experiments done with the experimental 
setup were observed. 

The magneto-optic properties for the magnetic 
liquids containing double-spiral and single-stranded 
DNA were not researched before. Besides the 
homogenous DNA magnetic liquid structure obtained 
by several workouts in this study and supports the 
uniqueness and originality of the study as well. 

 

 

 

 

 

 

 

 

 

 

Figure: Transmission spectrum of reference liquid, 
which contains oleic acid and ethanol, under different 

magnetic field values for perpendicular and parallel 
polarizations to magnetic field. 
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Figure: Transmission spectrum of magnetic liquid that 
contains 15mg DNA under different magnetic field 
values for perpendicular and parallel polarizations to 
magnetic field. 
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Figure: Transmission spectrum of magnetic liquid 
that contains various quantity of DNA under 300G 
magnetic field and for perpendicular and parallel 
polarizations to magnetic field. 
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(b) 

Figure:  Transmission spectrum of magnetic liquid 
that are without DNA, 20mg double- stranded DNA 
and single- stranded DNA under 100G magnetic field. 
a) P= 90 polarization, b) P=0 polarization  

    

Figure: Prototype of the system 
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Introduction 
 
Fluid transportation systems are used in science, 
technology, daily life and other areas of human 
activity. The effectiveness of such systems is 
characterized by fluid flow rate, which in turn 
depends on the dynamic flow characteristics, 
namely speed, dynamic viscosity and character of 
the flow. Real liquids have a feature that their 
viscosity is not constant, but changes its value 
depending on transportation conditions. 
  
Purpose of the investigation 
 
In the present research work the aim is to 
investigate experimentally the above dynamic 
flow characteristics of Non-Newtonian Fluid 
using capillary viscometer with variable 
parameters. For laboratory experiment a solution 
of sodium chloride in various concentrations was 
passed through  syringe needles which were used 
as viscometers. To study the dependence of 
dynamic characteristics of fluid flow on the 
transportation conditions electronic viscometer 
model and electronic blood model were used, 
because for research of blood in vitro in medicine  
extra additives and anticoagulants are used, 
which affects the research results. Models used in 
the research provided an opportunity to explore 
multiple dynamic flow parameters in different 
conditions of transport simultaneously. In vitro 
such studies have significant limitations caused 
by the parameters of viscometer and the accuracy 
of measurements. To simulate fluid flow in the 
viscometer with parameters changing, software 
complex «SolidWorks» was applied. 
 
Results of the experiment  
 
From the results of the laboratory tests  the 
dependence of the dynamic viscosity on the 
solution concentration,  "critical" values interval 
of sodium chloride concentration in the solution 

in which the interaction of molecules most 
notably affects the effective dynamic viscosity of 
the fluid were experimentally defined. The 
presence of this interval of values was not 
mentioned in the investigated sources of 
information. In the view of the authors, it is 
possible to use this result  in the  medicine .  
Research of dependence of this interval on the 
temperature is promising. 
 

D, 
sm 

1 0,5 0,25 

L, 
sm 

η, Ps 풗, 
m/s 

η, Ps 풗, 
m/s 

η, Ps 풗, 
m/s 

0 0,085 7,89 0,068 4,45 0,059 2,2 
2 0,076 7,97 0,058 4,7 0,042 2,75 
4 0,067 8,08 0,047 5 0,035 3,1 
6 0,063 8,2 0,043 5,05 0,032 3,3 
8 0,06 8,27 0,039 5,2 0,031 3,5 
10 0,055 8,35 0,036 5,45 0,03 3,6 

 
Conclusion  
 
Experiments conducted with the help of 
electronic viscometer made it possible to 
conclude that a gradient of velocity and viscosity 
of the fluid in small diameter vessels is high , 
which coincides with the real picture of the flow 
of blood through the capillaries and arteries. This 
result can be used in the design of the 
transportation systems for liquids and gases. At 
the same time "critical" size of thrombus in the 
vessel or obstacles in the transport artery was 
defined. Theoretical calculations of the "critical" 
size of a blood clot in the carotid artery coincide 
with the results of the pilot study. The author has 
created a model of "collapse" of the vessel on 
"critical" values. The mechanism of "collapse" 
can be used to control special mechanism to 
prevent the excess fluid flow in the case of 
emergency in its transportation systems. 
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Introduction 

In the twenty-first century humanity is suffering 
an era of global warming, so a sharp rise of 
temperature in summer, this is a huge problem, which 
makes the world to research and implement new 
technologies in this direction. The person spends 30% 
of the life at work and nearly 60% at home, so the 
question arises, how to make work in the office and 
the rest at home were comfortable and productive even 
on hot days? 
Theoretical part 

Air conditioning is a device that allows to ensure 
thermal comfort, in other words optimal conditions for 
good health, rest and high working capacity. But, 
modern air-conditioning is inherent in the huge 
number of unsolved problems, among which are: a 
large value, a high level of noise, huge energy 
consumption, complex structure, expensive and 
exceptionally professional service, complex 
installation works, the use of certain environmentally 
contaminated components. 

Therefore, the development of air conditioner, 
which solves all the drawbacks, is very actual 
scientific and technical task. 

In the process of development we have set 
ourselves the main aims of the study: 
1. To review the scientific literature. 
2. To study the theory of the thermosyphon. 
3. To conduct the calculations of separate elements of 
construction. 
4. To calculate the heat loss of the room. 
5. To build a real model of the air conditioner. 
6. To conduct the experiments. 
7. Patented and put into production the development. 
Experimental part  

The working models of conditioner and the 
experimental room were created for experiments. The 
air conditioner consists of power supply, 
thermosyphon, which essentially is the main part of 
the design and connects the internal and external air-
conditioner unit. Separately the internal unit consists 
of an inner radiator, fan, air filter and water tank. In 
turn, the external unit consists of an external radiator, 
fan and a special device, which delivers the capillary 
water from the internal unit to the external in order to 
cooling the hot side of the thermosiphon. All data and 
physical quantities are monitored and processed in 
real-time software-hardware complex, developed in 
the Institute of applied physics of NAS of Ukraine. 

 
Fig. 1. The working model of air conditioner. 

 
Fig. 2. The working model of the experimental room.  
Conclusion 

The advantages of thermosyphon air 
conditioner are a high efficiency, unrealistically low 
price and optimal productivity,the absence of noise 
and great energy efficiency. It is also quickly achieve 
and support set temperature.  The individual 
achievements are absence of compressor, freon and 
almost all the complex components of construction 
that in modern air conditioners. It is easy in  
installation and service, use only ecologically clean 
components, and an endless working life. 
Discussion 

In present experimental researches of 
"СheapСold" conditioner are conducted, on the basis 
of which it will be possible to do positive conclusions 
and its further introduction in real conditions and 
sizes. 
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Introduction 

XXI century is characterized by fast technological 
progress, especially in the computer and 
electronic engineering, robotics and medicine. 
Recently, more an interest to the "drop on the 
layer". The essence of this system is that a drop 
of water soap solution, which is on the same 
soap solution water in contact with the surface, 
which ranges, then at a certain oscillation 
frequency of the surface, the drop can not break 
down very long. 

This system can be effective in medical diagnosis 
that is performed on the structure of the track, 
which remains after the evaporation of a drop of 
blood. You can use the system "drop on the 
layer" as a micro reactor for the implementation 
process of self-assembly of nanostructures in the 

process of evaporation on the pillow drops of 
colloidal nanoparticles.1 You can also use the 
system to cool the solids, by evaporation drops 
set on their surface. 

Theory 

Why the drop did not destroyed? The drop is not 
destroyed through an air layer between the drop 
and soapy water. Sound vibrations transmitted 
drops dynamics and therefore she oscillates 
vertically, she "jumps". Just a drop of water fall 
on it right away and jump between it and the 
water formed a layer of air. Therefore a drop will 
no touch with soap solution, and therefore will 
not drop collapse. If the speaker is not varied, 
drop still had some time to air layer. But due to 

lack of vibrations it would not be replenished, so 
the drop will collapse almost immediately. 

 

Experiment 

We elaborated a device where a drop "lived" 
more than an hour. We hooked up the speaker 
to the computer, which was installed to play on 
the 

 

dynamics of different sound frequencies. Then 
we put vessel on a speaker into which we poured 
soapy solution. (Fig. 1) 

We threw back drop of soap solution. If you 
throw a few drops, then formed groups who will 
move erratically (Fig. 2). If any of these groups 
face, all drops will be dissolved. 

 

Results 

The paper studies droplet which stand on a 
dynamic surface. During the execution of this 
work has been clarified that the optimal 
frequency of 177 Hz. We also found that a drop 
is not destroyed because of the air cushion 
beneath it, which is replenished through the 
fluctuation of dynamics. Using "drop on layer" in 
medicine will make much more accurate blood 
tests and not very costly way. The use of this 
system for cooling by evaporation of solid 
surfaces will provide lower cooling costs. 

 

Droplets on Liquid Surface 

Grigorchuk Maksim 

Yuri Gudyma 

Fig. 1. The experimental set. 

Fig. 2/ The group of drops. 
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Introduction 

XXI century is characterized by high speed os 
scientific and technological progress, especially 
in computer and electronic engineering, 
robotics and medicine. Recently, more and 
more interest is to the system called "a drop on 
a layer". The essence of this system is that a 
drop of water-soap solution, which is on the 
same soap solution, is in contact with the 
vibrating at a certain frequency surface, and this 
drop can not be destroyed for a very long time. 

This system can be effective in medical 
diagnosis that is performed on the structure of 
the track, which remains after the evaporation 
of a drop of blood. You can use the system "a 
drop on a layer" as a micro reactor for the 
implementation process of self-assembly of 
nanostructures in the process of evaporation on 
the pillow drops of colloidal nanoparticles. You 
can also use the system to cool the solids, by 
evaporation of drops installed on the surface. 

 

Theory 

Why is the drop not destroyed? The drop is not 
destroyed through an air layer is between the 
drop and the soapy water. Sound vibrations are 
transmitted to the drops and therefore they 
oscillate vertically, or simply they "jump". As a 
drop of water falls on the surface and between                    
the soap water and the drop forms a layer of 
air. Therefore a drop will no touch soap 
solution, so drop will not collapse. If the speaker 
does not vibrate, the drop still remains for some 
time on the air layer. But due to lack of 
vibrations the air layer will not be replenished, 
so the drop will collapse almost immediately. 

 

Experiment 

We had a device on which a drop "lived" more 
than an hour. We attached the speaker to the 
computer, which was installed the program to 
play different sound frequencies on the 
dynamics. Then we put a vessel on the speaker 
into which we poured soapy solution. (Fig. 1) 

 

 

We threw the drop on the soap solution. If you 
throw some drops, then they form groups, 
which will move erratically (Fig. 2). If any of 
these groups jostle, all drops will be destroyed. 

 

 

 

 

 

 

 

Fig. 2 The group of drops 

The interaction of drops of soap solution with a vibrating surface 

Maksim Grigorchuk 

Fig. 1 Our device 



 

 

Results 

The paper studies a droplet which stand on a 
dynamic surface. During the fulfilment of this 
project, has been clarified that the optimal 
frequency is 177 Hz. We also have found that a 
drop is not destroyed because of the air layer 
beneath it, which is replenished through the 
fluctuation of dynamics. Using the system of "a 
drop on a layer" in medicine, it will make much 
more accurate blood tests and not in a very 
costly way. The usage of this system for cooling 
of solid surfaces will provide lower cooling costs 
by evaporation. 
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Introduction 
Rigid-body dynamics studies the movement of 
systems of interconnected bodies under the action of 
external forces. The assumption that the bodies are 
rigid, which means that they do not deform under 
the action of applied forces, simplifies the analysis by 
reducing the parameters that describe the 
configuration of the system to the translation and 
rotation of reference frames attached to each body. 
This excludes bodies that display fluid highly elastic, 
and plastic behavior. 

Experimental part 

 

Fig. 1. The experimental setup. 

If you put a loop, a ring or a ball on a rotating surface, 
it may not fall off of it as you would expect, but stay 
on the surface for a certain period of time due to its 
movement. To make our setup we used a smooth 
plastic surface and a metallic ring. The surface was 
rotating at 75 rounds per minute, which was the 
highest speed we could get. This made the ring to 
move closer to the center of the surface due to the 
centripetal force. 

Theoretical part 
We consider the dynamics of ring, which is rolling on 
horizontal surface, to explain the effect “Rotation on 
the disk”. We made a hypothesis, that situation, 

when ring is rolling on a static surface, is the same 
situation, when ring is rolling on the rotating surface. 

 

Comparison of the theoretical dependence between 
the oscillation period and ring's radius and 
experimental measurements are shown in fig. 2 

 

 

Fig. 2. Blue line – theoretical dependence between the 

oscillation period and ring's radius.      푇 = 2휋
푅

푔
 

Red points – experimental measurements. 
 
The dynamics of rigid body system is described by the 
laws of kinetics and by the application of Newton’s 
second law (kinetics) or their derivative from 
Lagrangian machanics. The solution of these equations 
of motion provides a description of the position, the 
motion and the acceleration of the individual 
components of the system and overall the system itself, 
as a function of time. 

Conclusion 

The solution of the problem may help in 
understanding different qualities of rigid bodies. The 
formulation and solution of rigid body dynamics is an 
important tool in computer simulation of mechanical 
system. This is why we find the further investigation 
of this problem very important. 
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1. The Aim of work 

To work out the mathematic model of flame burning in the 
weightlessness and to mare original metalcutter construction from 
improvised means; to explore features of burning and describe the 
flame’s  charateristics of the device. 

2. Methods of the research 
The methods are: theoretical, mathematical, design, experimental, 
estimative on the basis of the  physical model. 

3. Theoretical part 
It`s no convention in the weightlessness and the opened flame looks 
like a scope. Spherical shape of the flame is stationary when 
oxygen flow is equal to hydrogen and combustion products flow. 
The authors first offered mathematic model of this process. This 
model was described by such equation. 
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4. Experimental part 
For the research of the effectiveness of this device we 
have made some researches of the flame by means of 
sounding it with the help of thermocouple and also 
we have discovered the dependence of temperature of 
the flame from the pressure in air flow. 

The theoretical estimation of pressure in the 
flame were made and the quantity for the highest 

temperature 
inside the 
flame we 
experimentally 
determined. 
 

 
 
 

 
 
 
 
 
5. Results 
The results of our research are interesting from the 
point of the construction itself, accessibility of its 
components and opportunity to collect a workable 
device in a short period of time. With the help of this 
device one can melt and cut metals using a 
concentrated flame of the candle, which can be put 
into practice and can be used in the state of 
imponderability during space flights.  
6. References  
1) Karapetyants M. Chemical thermodynamics.—
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2) Ksandopulo G. Chemistry of the flame. M.: 
“Chemistry”,1980. 
3) Aramanovych IG, VI Levin “Mathematical 
physics equation” - M .: Nauka, 1982 - 386 p.

1-pump; 2,3-tube system for blood transfusion;  
4-needle of the syringe; 
   

221 CC  

C- the concentration of combustion 
products (D-the diffusion coefficient) 

C2-the hydrocarbons concentration around 
the wick (D2-it`s diffusion coefficient) 

The Mathematica Program (Fig.1) solved 
equation. 

Fig.1. Dependence of combustion products 
concentration from the distance of the scope center 
(diffusion coefficients has different values) 
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Introduction 

The subject of this paper is to investigate the nature of 
a bouncing ball. A rigorous analysis of the bounce of 
a ball is complicated by several factors, one being that 
in practice, a relatively soft ball can easily squash to 
half its original diameter and also squash 
asymmetrically. Specificity of collisions consists in 
their intensity and rapidity. The impact forces, from a 
physical point of view, are the co-called responses to 
deformations occurring around the area of interaction 
and expanding in waves throughout a body. Despite 
some complicating factors, the bounce of a ball can be 
analyzed at an elementary level using a combination 
of elementary mechanics and experimental data on the 
force wave forms.  

The characteristics of a collision 

The energy may be  dissipated  in  the  ball  during  the  
collision  as  a  result  of internal friction, or energy 
may be lost as a result of a permanent deformation of 
the ball or the surface. Alternatively, energy may be 
stored in the ball as a result of its compression and 
subsequently dissipated after the rebound either in 
internal  modes of  oscillation  or  by  a  slow  recovery  
of  the ball  to  its  original  shape.  When two hard 
solid objects collide, acoustic waves are generated in 
the place of impact. The deformation of the objects 
and their subsequent separation are associated with the 
propagation of these acoustic waves through the 
objects and their reflection from the surfaces.  
 
Computer modelling 
Computer model of the bouncing ball is taken from 
Wolfram Demonstration Project library and assumes 
that if the tangential and normal components of 
velocity are u and ν before a bounce, they are k͘∙u and 
-k∙ν after the bounce, where 0<k<1. It has been 
generalized so that the reflected components are f∙u 
and -e∙ ν, where f is the tangential coefficient of 
restitution and e the normal coefficient of restitution. 
There may be a reason to assume f=e, but e is the usual 
coefficient of restitution, and f seems to be a frictional 
effect. Obviously, friction would affect rotation, 
which is ignored. 

 
Fig.1. Screenshot of the computer model. 
The coefficient of restitution for balls 
made of different material s 
The collision of any objects is always accompanied by 
a loss of energy. Newton was the first to recognize that 
such collisions can be conveniently described in terms 
of the coefficient of restitution (e) defined in the case 
of a head-on collision as the ratio of the relative speed 
of the objects after the collision to the relative speed 
before the collision. The COR was measured for four 
balls of different masses and made of different 
materials. It has been investigated that the coefficient 
decreases as the mass increases and vice versa. 
However, this principle works exclusively for 
materials whose structure is fundamentally identical. 
Conclusion 
If the colliding bodies are not force response rigid they 
may have small but significant transient deformations 
which persist through the collision duration. Yet these 
deformations might either die out well before the 
bodies attain any appreciable overall 
displacements/rotations or suitably average to zero on 
such time. The thicker the surface is, the more time it 
takes for acoustic waves to fade out. The height to 
which a ball will bounce depends on the height from 
which it is dropped, what the ball is made out of (and 
if it is inflated, what the pressure is), and what the 
surface it bounces from is made out of. 
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Introduction 
A common demonstration of the Leidenfrost effect 
can be observed when a frying pan is heated to a 
high temperature, and then some water is sprinkled 
on it. The effect is seen when the water droplets 
don’t vaporize quickly, but instead “float” on the 
pan’s surface and “run around” chaotically. This 
happens due to the vapor layer that forms between 
the droplet and the hot surface, which then inhibits 
the heat transfer, thus extending the life span of the 
droplet and making it float. Although this effect has 
been well-known since 18th century, there is still a 
lack of empirical data and theoretical understanding 
of it. The goal of this work is to investigate the 
Leidenfrost effect experimentally, and further 
advance the understanding of it. 

Experimental part 

 

Two main experiments were performed to 
investigate this effect (each consisting of multiple 
iterations of the experiment). In the first 
experiment, the relationship between the lifespan of 
water droplets and the pan’s temperature was 
investigated. It demonstarted a definite onset of the 
Ledienfrost effect occuring at 200°C, which also 
resulted in the longest lifespan. With a further 
increases in temperature, the lifespab decreased 
fairly linearly. 

The second, and most intersting, experiment was 
aimed at investigating the Leidenfrost effect with 
hydrophobic surfaces and different shapes of 
objects. Similar experiments were performed to the 
one described above, but this time the metal ball 
was covered in a water resistent coating, which 
turned the surface of the ball hydrophobic. It was 
found that the Leidenfrost effect could be achieved 
at lower temperatures this way. When the 

experiment was performed with a metal rod instead 
of a ball, the effect could not be achieved at any 
temperature regardless of whether it was coated 
with the hydrophilic substance. 

Theoretical part 
Our experiments demonstrated that there is a 
difference in the effect between hydrophobic and 
hydrophilic surfaces. Hydrophobic surfaces seem to 
induce the effect at a lower temperature. We 
believe that this may be explained by a phase 
transition of hydration. A similar effect has been 
demonstrated with a binary system of methyl-
heptane. In such experiments at certain 
temperatures, the system exhibits a phase transition 
of hydration, which is reflected by its optical 
properties, which in turn are analysed using laser 
beams.  

Fig.2 Lifespan of the vapour layer vs. metal ball 
temperature.  

Conclusion 

The Leidenfrost effect is still a relatively 
uninvestigated phenomenon, and with our 
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experiments we hope to advance the understanding 
of it both empirically and theoretically. The 
experiments have revealed that with hydrophobic 
surfaces, the Leidenfrost point can be lowered, 
which may be important in applications of this 
phenomenon (one of which could be in reducing 
drag on ships or other marine vessels). Also, it is 
clear that the shape of the object matters 
significantly, which remains to be further 
investigated and understood. It raises a question of 
whether there is an optimal shape to produce and 
sustain the Leidenfrost effect. 
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Introduction 

Frequency, Hz  Average lifetime of 
droplet,s 

20 25 

45 180-240 

60 130 

Hydrophobic (or Ultrahydrophobic) liquids are those 
liquids, the surface of which is extremely difficult to wet. If 
we drop some soup solution on the surface, the contact 
angle for such liquids exceeds 150°. This phenomena is also 
referred to as the Lotus effect. Thus, the droplet, which falls 
down on these kind of surfaces can fully rebound like an 
elastic ball. Such droplets can exist for quite a long time 
under certain conditions. The theory of liquids mentioned 
above was first described by Tomas Young in 1805.  

The purpose of the investigation 
The main goal of our research is investigation of 
behavior of the soapy water droplet, which is 
formed on top of the same soapy water solution, 
being in dynamic motion state. 

The object of the research are droplets placed on the 
surface of soap solution, which oscillates due to the 
sound waves resonance. During our research, the 
following tasks have been set: to describe the 
droplets and the surface, mentioned above; to 
examine the factors (amplitude, frequency, and soup 
solution concentration), which might effect the 
lifetime of the droplets, chaotic responses; to give 
theoretical explanation of the observed phenomena, 
which can be seen in the picture below 

    

Pic.1 Floating droplets on the vibrating surface 

Method of the investigation 
To accomplish the tasks of our research, the 
following methods have been used: theoretical 
analysis of the literature data and internet 
information about soap bubbles and droplets; 
experimental setup, which was developed and 
created for the investigation; theoretical explanation 
of the observed phenomena. 

Results of the experiment 
There have been some stages in our research. 
Firstly, the liquid has been put on the Petri dish, 
which was put on top of the loudspeaker. The range 
of frequencies varied from 20 to 100 Hz. The 
phenomenon was obtained in the first attempt. The 
experimental setup has been arranged and 
modified. After literature analysis has been done, 
the two ideas to explain the observed phenomenon 
were found: 
1) Electrostatic repelling 

2) Air flow under the droplet. (When the droplet 
going down, then air under droplet pushing up one, 
and it is repeating for some time.) 
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Conclusion 
The behaviour of the droplets on the surface of vibrating 
soap solution is an impressive phenomenon to investigate. 
According to the literature analysis, the experimental device 
has been constructed and designed. It gives an opportunity 
to obtain the dynamical effect of droplets, floating over the 
soap solution surface. It was observed with different 
oscillation frequencies and explained.  
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Introduction 

Hydrophobic (or Ultrahydrophobic) liquids are those liquids, 
the surface of which is extremely difficult to wet. If we drop 
some soup solution on the surface, the contact angle for such 
liquids exceeds 150°. This phenomena is also referred to as 
the Lotus effect. Thus, the droplet, which falls down on these 
kind of surfaces can fully rebound like an elastic ball. Such 
droplets can exist for quite a long time under certain 
conditions. The theory of liquids mentioned above was first 
described by Tomas Young in 1805.  

The purpose of the investigation 
The main goal of our research is investigation of 
behavior of the soapy water droplet, which is formed 
on top of the same soapy water solution, being in 
dynamic motion state. 

The object of the research are droplets placed on the 
surface of soap solution, which oscillates due to the 
sound waves resonance. During our research, the 
following tasks have been set: to describe the 
droplets and the surface, mentioned above; to 
examine the factors (amplitude, frequency, and soup 
solution concentration), which might effect the 
lifetime of the droplets, chaotic responses; to give 
theoretical explanation of the observed phenomena, 
which can be seen in the picture below 

    

Pic.1 Floating droplets on the vibrating surface 

Method of the investigation 

To accomplish the tasks of our research, the following 
methods have been used: theoretical analysis of the 
literature data and internet information about soap 
bubbles and droplets; experimental setup, which was 
developed and created for the investigation; 
theoretical explanation of the observed phenomena. 

Results of the experiment 
There have been some stages in our research. Firstly, 
the liquid has been put on the Petri dish, which was 
put on top of the loudspeaker. The range of 
frequencies varied from 20 to 100 Hz. The 
phenomenon was obtained in the first attempt. The 
experimental setup has been arranged and modified. 
After literature analysis has been done, the two ideas 
to explain the observed phenomenon were found: 
1) Electrostatic repelling 

2) Air flow under the droplet. (When the droplet 
going down, then air under droplet pushing up one, 
and it is repeating for some time.) 

Conclusion 
The behaviour of the droplets on the surface of vibrating soap 
solution is an impressive phenomenon to investigate. 
According to the literature analysis, the experimental device 
has been constructed and designed. It gives an opportunity to 
obtain the dynamical effect of droplets, floating over the 

Frequency, Hz  Average lifetime of 
droplet,s 
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35 120-180 

60 130 



 

 

soap solution surface. It was observed with different 
oscillation frequencies and explained.  
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1 Introduction 
 

Nature provides us with a wide range of beautifully 
coloured organisms, ranging from plants and flowers to 
birds and insects. Butterflies are generally recognized 
as the order of insects that exhibit the most diverse 
patterns and colours. Butterflies belonging to the 
family of the Morphinae are famous for their 
characteristically brilliant metallic-like blue color. The 
view angle-dependent blue color does not originate 
from dyes or pigments, but is caused by the special 
interaction between light waves and sub-micron 
surface structures on the wings of this butterfly. This 
type of colouring is called structural color or iridescent 
color. 

 

2 Purpose of the investigation 
 
The aim of this study is to answer the question: “How 
does the Morpho peleides creates its iridescent blue 
color ?”. 

 

3 Method of the investigation 
 
To answer the above research question five different 
sub-questions and hypotheses were defined and 
subsequently tested via experiments. In the 
experiments, the iridescent Morpho peleides was 
compared to a non-iridescent white Pieris rapae. 

 

 

 

 

         Morpho peleides                   Pieris rapae 

The sub-micron surface structures on the wings and 
wing scales were studied with Light microscopy (LM) 
and Scanning Electron Microscopy (SEM). The 
reflectance spectrum of the top side of the Morpho 
wing was measured with micro-photospectroscopy. 
This spectrum was compared with theoretical 
calculations [1] of the reflectance spectrum using light 
interference in an optical multilayer structure model to 
describe the observed microstructure on the wing scale. 
The dimensions of the microstructures as measured by 
SEM were used to model the multilayer structure. To 

further prove the validity of an optical multilayer 
structure to describe the blue color of the Morpho, the 
view angle-dependence was studied with photography 
and compared with theoretical calculations. 
Additionally, the colour change dependency on the 
refractive index of the medium was studied by applying 
liquids with different refractive indices to the wings. 
The observed color changes were compared with 
predictions obtained from the theoretical model for 
multilayer interference. Infrared light reflection from 
the wings was studied with IR-photography. 

 

4 Results of the experiments 
 
The microscopy study revealed specific lamellar 
nanostructures on the length  ridges of the wing scales 
of the iridescent blue Morpho. These lamellar 
structures are absent on the non-iridescent Pieris rapae. 
The wing scales of the Pieris rapae show pigment 
beads in between the length ridges [2]. 

The lamellar structure on the length ridges can be 
modelled as an optical multilayer structure in which 
light interference can occur [3]: 

 

 

 

 

Figure 1. Model of the lamellar structure on the wing 
scale depicting an optical multilayer 

 

The reflectance spectrum measured on the blue wing of 
the Morpho reveals strong reflections in the UV, blue 
and IR wavelengths. This reflectance spectrum 
measured shows good correlation with a calculated 
reflectance spectrum using the theory of interference of 
light waves in an optical multilayer. 

Based on the constructive interference of light waves in 
this multilayer, the angle dependence of the reflected 
wave length can be calculated: 

 

2 (푛 푑 cos 휃 +푛 푑 cos 휃 ) = 푚  



 

 

Equation 1: wavelength at which maximum 
constructive interference occurs in an optical 
multilayer 

 

The equation was found to describe the optically 
observed colour shift from blue to violet when the 
viewing angle increases. This viewing angle-
dependent colour change is not observed for the 
non-iridescent Pieris rapae. 

From equation 1, it is clear that the wavelength at 
which maximum constructive interference should 
occur, also depends on the refractive index of the 
medium. When the medium in which the wing is 
present, is changed from air (n=1) to ethanol (n=1.36) 
or p-xylene (n=1.56), the colour changes from blue to 
green to brown. Moreover this colour change is 
qualitatively predicted by calculations of the 
respective reflection spectra using the theory of 
interference of light waves in an optical multilayer. 
Again, the non-iridescent Pieris rapae does not show 
a colour change when the medium is changed. 

Next to reflections at UV and blue wavelengths, the 
reflectance spectrum measured on the blue Morpho 
also exhibits a strong reflection peak at Infrared (IR) 
wavelengths. This specific reflection was clearly 
visualized using IR photography. 

 

5 Conclusions 
 

The answer to the research question on how the 
Morpho peleides creates its iridescent blue color is 
the following: 

The view angle-dependent brilliant blue colour of the 
Morpho peleides originates from constructive 
interference in lamellar nanostructures on length 
ridges on its wing scales which resemble an optical 
multilayer structure. 
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1 Introduction 
Although the effects of the electrolyte concentration 
on the conductivity of a solution have long been 
understood, and the electrical characteristics of such 
a solution have been modelled extensively, there is 
no research known to the author examining flow-
dependent electrical behaviours of electrolytic 
solutions. 
If a flow-dependent effect on the resistance of 
electrolytic solutions exists, it could have a number of 
useful applications. For example, it could be exploited 
to design inexpensive miniature non-mechanical 
ultra-low power flow sensors, which enable novel 
applications, such as flow speed sensing arrays. 
Furthermore, it may be a factor to consider in fields 
such as process control and impedance spectroscopy. 
Because of these reasons, this paper examines such 
flow-dependent effects. 
 
2 Theory 
The electrical behaviour of the electrolytic solution is 
mostly determined by the formation of electrical 
double layers and faradaic currents.  
In a flowing solution, double-layer formation may be 
hampered, which would lead to an increase in 
current, and thus a lower resistance. 
 

3 Methods 
A test setup, as illustrated in figure 1, was 
constructed out of two reservoirs connected by some 
tubing to a measurement chamber, consisting of a 
PVC tube in which two electrodes were placed, using 
some flanges. These electrodes were connected to a 
digitally controllable lab power supply and an 
oscilloscope, measuring both the voltage over and – 
using a current amplifier – the current through the 
solution. A pump pumped a NaCl solution through 
the setup. 
The flow rate was calculated from the trend in weight 
measured by the scale under container 2 and the 
concentration was calculated from the electrical 
behaviour of the solution. 
Using this setup, transient responses of electrolytic 
solutions were gathered in the presence of various 
amounts of flow at multiple concentrations. 
The electrical behaviour of a known equivalent circuit 
was determined. This model was then fit to the 
experimental data. From this fit, equivalent 
component values could be calculated. These were 
then compared. 
 
4 Results 
As expected, the resistance decreased ever more with 
higher flow speeds. The charge time of the double 
layers did also vary with flow speed, which was 
unexpected. 
 

 

 

 

 

 

 

 

 

 

Figure 1: Schematical representation of the test setup. 
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Today, the problem of using the heat of waste gases 
becomes more important than ever. Waste gases are hot 
gases, which after some useful output are just throwing 
away. This only makes an additional burden on the 
environment. However, there are some ways to use 
their energy. One of them is a Seebeck element. Unitary 
Seebeck element is a pair of semiconductors, one with 
p-type of conductivity and the other with n-type. It 
produces electricity from the temperature difference. It 
is a thermoelectric Seebeck effect – the conversion of 
heat directly into electricity at the junction of different 
types of wire. This effect is reversible – the opposite is 
the Peltier effect: the presence of heating or cooling at 
an electrified junction of two different conductors. It 
means that we can make a thermoelectrical generator 
and use the heat of waste gases to get electricity. 
Before starting my work, I have set the following tasks:  

 To research a method of producing electricity 
from the heat of waste gases through the 
Seebeck-Peltier element. 

 To invent a thermoelectrical generator to get a 
cheap electricity. 

 To find places where this generator can be 
used. 

For the experiment, I bought a Peltier element and 
developed an experimental installation. 
 

   
 
It contains a radiator, Peltier element (30 mm * 30 
mm), a heat insulation plate, a metal cylinder as a heat 
conductor and a metal plate for equable heat 

distributing.  As the source of heat, I use an industrial 
dryer or alcohol stove. 
I had been measuring the current, voltage and 
temperature difference with an ammeter, voltmeter and 
a universal measuring device – LabQuest Vernier. 
After few experiments, I found a dependence of power 
from temperature difference and made a graph. 
 

 
  
The dependence of the power from temperature 
difference is the same that the producer gives. It means 
that I can use characteristics of Seebeck element from 
this producer to do calculations. 
So where can we use this generator? We can use it in 
places where hot gases have already done some work 
and now they are throwing away.  These places are 
condensing gas boilers, gas boilers, diesel boilers and 
exhaust pipes of cars. 
To determine the output power it is sufficient to know 
the dimensions of one Seebeck element (40 * 40), the 
dimensions of the place (a * B, where a - height, B - 
base perimeter) where the generator will be located, the 
exhaust gas temperature (t) and the output of one 
Seebeck element at this temperature (P0). To determine 
the payback time (T) the price of 1 kWh (5, 09 rubles 
for Moscow) and the price of one Seebeck element (250 
rubles) should be known. 
Seebeck element number N in the generator is defined 
by N = a / 40 + B / 40. 
Total generator power P: P = N * P0. 
Generator payback time T is equal to the price of the 
generator (number of elements Seebeck, multiplied by 
the cost per item) divided into the cost of electric 
power: T = N * 250 / (5.09 * P), or   
 T = N * 250 / (5,09 * P0 * N) = 49,1 / P0, where P0 is 
expressed in kilowatts. 
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The outside temperature is taken as 0 ° C  
I found information about places where this generator 
can be used and accounted the cost of the generator, 
total generator power and payback time for each place 
using these formulas.  
 
 
Condensing gas boilers 
N = 700/40 + 730/40 = 17 + 39 = 56  
P = 56*0,5 = 28 Вт = 0,028 kW  
Cost – N*250 = 14000 rubles   
T = 14000/(0,028*5,09) = 98000 hours   
Diesel boilers 
N = 920/40+502/40 = 36   
P = 36*3,44 = 123,84 Вт = 0, 123 kW   
Cost– N*250 = 9000 rubles   
T = 9000 / (0,123*5,09) = 14400 hours   
Gas boilers 
N = 855/40+735/40 = 39   
P = 39*3,1 = 120,9 Вт = 0, 121 kW 
Сost – N*250 = 9750 rubles   
T = 9750 / (0,121*5,09) = 15800 hours   
Exhaust pipes of a car 
N = 100/40+376/40 = 12   
P = 12*2,52 = 30,24 Вт = 0, 03 kW 
Cost – N*250 = 3000 rubles   
T = 3000/ (0,03*5,09) = 19600 hours 
 
 
As a result, I have designed an experimental setup and 
after few experiments, received a graph of the 
dependence of the power from the temperature 
difference to the Peltier element. Considering 
measurement error, I approximated the graph in a linear 
relationship. I have created a device that converts 
thermal energy emitted into the atmosphere, into 
electrical energy, that helps conserve electricity, and 
calculated its economic benefits for different 
application areas. 
 We can say with confidence that in the near future 
electric Peltier-Seebeck element will become an 
integral part in energy conservation. 
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The work is dedicated to the producing 
holograms by mechanical way. Such a 
hologram is made by use of a piece of plastic 
material and scratching the circles of the 
same radius on its surface. If we want to make 
straight line, we should place the centers of 
these circles on a straight line. And I set a goal 
to create some pictures using such method. 

The Fig.1 shows that there are always two 
rays of light which lie in a plane that is 
perpendicular to the plane of the picture with 
circle. So we will observe the light points 
instead of the entire circle. 

 

Fig.1 

At first stage I reproduced straight line in any 
direction (not only horizontal or vertical). I 
had to draw circles of different radii if I 
needed to get the slopping line. After that I 
could do such simple three-dimensional 
bodies as cube and tetrahedron.(Fig.2) 

 

Fig.2 

At second stage I developed the method tj 
reproduce the curves lines. I began to make 
circle line. But it turned out that I got some 
kind of ellipse. To correct this defect I tried to 
scratch other second order curves such as 
ellipse and parabola instead of circles. As a 
result I get figure which looks like a real circle.  

And the last detail is shadows. This will be 
very necessary for the portraits. They can be 
achieved using straight lines, which lies closely 
to each other
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1 Introduction 
The waves on the water surface can be treated as the 
capillary waves, if the value of the surface tension 
forces are greater than the gravity forces. These 
waves usually have short length (less than 3 
millimeters). 

2 Method of the investigation 
I studied the behavior of capillary waves that have 
been excited on the surface of liquid jet. Capillary 
waves can be obtained in various ways. I use the 
water jet impact upon the obstacle that was a smooth 
liquid surface. Also I used a hard surface as an 
obstacle, but the results were slightly different. Due 
to the impact, the swell arisen along the jet, that was 
slightly visible by the naked human eyes. In order 
to make the swell noticeable I decided to highlight 
jet by the laser pointer (pic 1,2). 

 

 
Pic 1,2. Photographs of the capillary waves on the 
water jet have been visualized by laser light. The 
light forms bright rings along the waves. 
After the waves were visualized I began to study the 
phenomena. I investigated the dependences of the 
rings on the diameter of the jet, the speed of water, 
Different liquids and the obstacles were used. The 
method of investigation was based on the measuring 
of the light rings parameters that are linked with the 
characteristics of the waves. 
3 Theory 
Capillary waves are described by the velocity 

And wavelength 
where σ –  liquid surface tension coefficient, ρ – 
density of the liquid,  –jet’s radius. 
I observed the standing rings, consequently, the 
capillary wave moves upward relative to the jet with 
the velocity that is equal to the fall speed. In my 
experiment  , where h – height of the jet source. 

4 Experiment 
I designed the installation and conducted a number 
of experiments with different parameters of the jet. 
I have discovered how the distance between the 
rings (i.e., wavelength) depended on the jet velocity 
and diameter. 
5 Conclusion 
: I have investigated the dependence of capillary 
waves on the jet parameters. Theoretical and 
experimental data were in coincidence within the 
experimental errors.

experimental errors. 
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Introduction 
The hydraulic jump is a phenomenon of rapid change 
of velocity and height of a free surface flow. Everyone 
sees it in a kitchen sink, when a water jet hits the rigid 
surface, then thin film flows radially, and at some 
distance its height suddenly rises. Thin films are used 
for cooling, coating, absorption, and other processes. 
Interchange rates are different in one for thin and fast 
film and for thick and slow layer. That is why control 
over position of jump is an effective way to change 
reaction conditions. 

Shallow-water theory of circular hydraulic jump was 
developed by T. Bohr et al (T. Bohr, P. Dimon, 
V. Putkaradze, J. Fluid Mechanics 1993, vol. 254, pp 
635-648). They derived governing equations and 
obtained scaling for the hydraulic jump radius. 

We investigate hydraulic jump on a rotating surface. 
In this case centrifugal force accelerates the flow and 
pushes the jump away. Our aim is to add rotation to 
the shallow-water theory, construct an experimental 
setup and check our theoretical conclusions. 

Theoretical model 
Circular steady vertical jet of incompressible liquid 
falls onto horizontal disk. The axis of the disk 
coincides with the axis of the jet. The disk rotates with 
constant angular velocity. The liquid spreads radially 
over the disk. If the jet velocity is big enough then 
there is thin film flow right after the area of hitting. 
The flow is fast, so its velocity is greater than speed of 
small disturbances propagation (the flow is 
supercritical). Due to viscosity flow slows down and 
drops out of supercritical regime. At this point the 
jump is observed.  

Theory is based on conservation laws. Following the 
cited paper of Bohr, we derive differential equations 
for velocity as a function of radius. These equations 

contain one non-dimensional number: , where  is 
angular velocity of the disk,  is a characteristic radius,  
is a characteristic liquid velocity. For  (no rotation) 
our equations coincide with known ones. For small 
values of  equations have a singular point, which 
mean that jumps can occur. If  is greater than certain 
critical value this point disappear, and continuous 
flows are possible. 

Experimental setup 
In our setup water goes from wide reservoir through 4 
mm diameter tube and is directed vertically. Typical 
flow-rate of water is 20-30 ml/s. The jet hits Plexiglas 
disk of radius of 10 cm. Scale marks are printed on the 
disk surface. The disk is connected to a motor with 
variable rotation rate. We use rotations up to 0.33 Hz. 
A camera is located above the disk and takes pictures 
of the jump. We measure the dependence of the jump 
radius on the flow rate and angular velocity. We also 
made tests to examine effect of the disk radius. 

Results and discussion 
For fixed value of the flow-rate we find critical value 
of angular velocity, when the jump goes away from 
the disk. Typical critical value is about 0.25 Hz, which 
is close to theoretical prediction. 

We find the effect of disk radius: the jump is closer to 
the axis for smaller disk. Possible reason of this fact is 
surface tension on the disk edge. 

Conclusion 
We study the film flow over rotating disk and 
theoretically and experimentally show two regimes of 
flow (jumped and smooth). The angular velocity of 
the disk is a crucial parameter of the system; the 
rotation rate has a critical value, which separates the 
regimes. This result can be used for designing of 
chemical reactors, heat exchangers etc. 

cje chemical reactors, heat exchangers etc.
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1       Introduction 
When two wheels suitcase is pulled along, under certain 
circumstances it can wobble side to side so strongly to 
the limit that it may turn over. Can it be suppressed or 
intensified by changing of the luggage packing? 

 
 

2        Basic Information 
Here, the suitcase has been presumed as a rigid object. 
So, the following two forces are considered as the 
most effective forces in the existed torque of suitcase: 
1. The hand force 
2. The force of suitcase load 
Hypothesis 1: The suitcase is in balance condition 
Hypothesis 2: The suitcase is not in proper stability 

 
Mass of center, spin factor: Due to that the suitcase 
contain is not in balance condition by improper packing, 
thus the mass of center is not positioned on any of three 
axis (         ) as it is asymmetrical. 

 
Axis:  The  length  of  resistant  arm  is  more  than 

mover arm, Therefor, the resistant force is increased 
and existed torque is around     axis. So, the stack of 
bags falls from the person who takes it. 

Axis: If the mass of center is shifted to sides due to 
way of packing, it could leads to rotation of suitcase 
around    axis. In this case ,if  the center of mass to be 
kept away from any of wheels, thus, the torque lever 
is increased and existed torque is around     axis and 
consequently suitcase turns round while it is being 
pulled. 

 
-Uneven Surfaces 

 
Axis: When one wheel is placed on the steep surface 

and  other  is  stood  on  the  ground  vertically,  so, 
suitcase rotate around     axis while it is being pulled 
on slop, therefore, torque is generated on the one wheel. 

 
Axis: Load force vector inclines to shift the center 

of rotation axis and therefore is more vertical in 
proportion to rotation axis by increasing of packing 
load. 

 
 
3        Conclusion 
 
 
We can optimize this phenomenon by changing the 
package. If the load of suitcase are so packed that the 
center of mass is placed at the lowest height and the 
minimum distance from three axes and the same 
distance  from  them  and  stand  in  the  middle  of 
luggage, it can reduce the ttorque of suitcase. Also, if 
the  objects  placed  on  the  sides  of  suitcase,  it  will 
make a balance in baggage that prevents it gets crazy. 
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Prop-planeis an absolutely unique flying 
vehicle. Prop-plane combines the advantages of a plane 
and a helicopter. It is much faster, more maneuverable 
and more economical. Moreover, it has an ability to 
hover in one point. The prototype doesnot require any 
runway to take off or land. It just takes off vertically 
and then flies forward like an airplane. Prop-plane has 
two propellers on the both sides of the fuselage which 
rotate in opposite directions. It also has wings which 
can be easily folded. 

 
First, the engines are perpendicular to the 

ground,and the wings are folded which allows the prop-
plane to take off vertically. When the prop-plane is at a 
certain height, one engine turns parallel to the ground, 

and the other one gets back into the fuselage, while the 
wings turn parallel to the ground.  Then the prop-plane 
continues flying like an airplane.

 
It is noteworthy that the engines are able to 

rotate not only parallel to the fuselage but 
perpendicular to it. It makes the aircraft more 
maneuverable. 

It is expected that the prop-plane will be able 
to fly at a speed of up to 300 km/h, carrying 
anadequate load of up to 2kg. Note that a quadcopter 
of the same size will fly the distance of 15-20 km, 
whereas the prop-plane will fly 100 km, because it 
uses the wings. 

In the future,I am going to enlarge this model 
to the size of an airplane which will be able to 
participate in different rescue missions, carry people 
and heavy loads.  
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1 Current problem and introduction 
Today the hardware and software capabilities of portable devices (such as smart phones and tablets) 
are extremely limited in comparison with, for example, a home PC. 

I have developed a cross-platform software for the realization of the cloud ecosystem with 
virtualization of most modern operating systems. The ecosystem means the hardware and software 
environment of the user, which becomes a "cloud" due to the use of remote computing power. This 
software can enable any user to go beyond hardware and software limits of the device he/she uses. 

 

2 Realization 
The main aim of the Geneces project is to bring the speed of cloud computing to its native use case 
as close as possible, even the user uses mobile internet connection. For that purpose, I developed 
two special remote control protocols: «Office Edition» and «Gaming Edition» protocols and 
configured the hypervisor and the remote server OS. When creating remote protocols, I introduced 
some algorithms to increase the speed of interaction between the remote server and the client 
device. 

2.1 «Office Edition» protocol: 

The following components and algorithms have been introduced forfast work of the «Office Edition» 
remote control protocol: 

o «Smart» transfer of the changed image sectors. The essence of this algorithm is to transfer 
only the changed parts of the image. Parts can be transferred by rectangles of different sizes 
according to the principle «the smallest quantitative and qualitative composition of the image 
packages». 

o Dynamic change between compression JPEG (graphic representation) and ZLIB (text), 
based on the analysis of the above sectors. It was experimentally established that these types of 
compression are best suited for sectors with text and image, respectively. 

o Smart distribution of network speedsbetween sessions of running remote control 
protocols. 

o Automatic adaptation of the resolution of the remote screen. For example, if you connect 
your smartphone to Geneces, remote operation system instantly configure the screen resolution 
like on your device. 

o Possibility of interaction client USB and USB OTG devices with a remote operating 
system. This capability enables you to use the USB-input devices or USB-drives in the remote 
operating system. 

2.2 «Gaming Edition» protocol: 

For the implementation of the protocol has been taken a part of the "Office Edition" protocol, which 
is responsible for the client-server interaction. x264 and x265 library with embedded algorithm 
«Motion compensation» were used for image transfer. This protocol also works cross-platform, but 



 

requires the client device faster access to the Internet. When using the mobile Internet is enough 
quality of 3G or 4G (preferred). 

 

3 Conclusion 
The use of the Geneces system enables to increase a computing power of the device by several 
times. For example, a typical tablet computer with moderate technical characteristics can have a 
power of a modern PC. The users of the Geneces project can develop the potential of their devices 
by using mobile internet technologies. These technologies are developing rapidly worldwide. In most 
developed countries, the third and the fourth generation of mobile communication systems have 
already been introduced. Thanks to these technologies, it is possible to implement this project in the 
mode of comfortable use. One of the main advantages of the Geneces project is complete server 
automation. Users need to make just a few clicks to switch from one operating system to another 
one. They have a large selection of various modern operating systems. As a result, the cost of a 
modern compact device, such as a smart phone, a tablet or an ultrabook, becomes much lower 
because the cost of components in desktop variations on remote servers is much lower than those in 
mobile solutions. 
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1 Introduction 
Spectroscopic analysis is one of the most used methods 
for qualitative and quantitative analysis in several 
science areas, like chemistry or astrophysics. Each 
element emits a specific spectrum (when excited), 
which characterizes it. By splitting up this emitted light 
of excited samples, it is possible to distinguish the 
different spectra of the compounds and to draw 
conclusions on the substances in the sample. Combined 
with a flame, which excites the atoms of the sample, a 
simple and precise method for analyzing samples of 
alkali and earth alkaline metals results. 

The aim of this project is the construction of a flame 
spectrometer, which can determine the compounds and 
the concentration of unknown samples consisting of 
alkali and alkaline earth metals. The spectral resolution 
and the photosensitivity of this device have been 
optimized. 

2 Measuring setup 

 
 

 

 

 

 

 

 

 

 

The sample is obfuscated pneumatically and guided 
into the flame. The excited atoms emit light, which gets 
into the optics of the spectrometer, where it is collected 
by two plano-convex lenses and projected on a self-
made adjustable slit.  

After passing the slit it is parallelized with a camera 
lens and split up by a diffraction grating. The 
measurement of the light is done by an image sensor 
from a DSLR camera. With the obtained data a plot can 
be created (Fig. 3) and the single compounds of the 
sample can be analyzed. Later, a program can match 
the determined wavelengths with a database and 
identify the compounds of the sample. 

 

3 Results 
The spectrometer reaches a very good spectral 
resolution, about 0,3 nm. This is apparent from 
measurements in which the both Sodium D-lines can be 
observed. These have a wavelength difference of only 
0,6 nm. 

Due to this, the distinction of several spectra is accurate 
and allows a precise qualitative measurement. 

 

 

 Fig. 1: Measuring setup 



 

Fig. 3 shows the plot of the analysis 
of a sodium/strontium sample, in 
which the different compounds can 
be distinguished well, although 
the wavelength of sodium (589 nm) 
and strontium (606 nm)1 are rather close 
to each other (about 17 nm). 
The dependence of concentration and 
light intensity passes over from linear 
growth in nearly logarithmic growth, 
as suggested in Fig. 4. That means that 
quantitative measurement is 
possible, at least in lower areas 
of concentration (< 1 g/l).  
 
Also, very low concentrations  
can also be determined. Concentrations 
of lithium, which fall below 0,2 mg/l 
can still be determined. 
 
4 Conclusion 
In conclusion it can be said that this 
spectrometer reaches a good 
spectral resolution, which allows 
a precise qualitative measurement. 
The quantitative measurement is also 
possible and allows the use for accurate 
chemical analyzes.  
 
Particularly the high spectral resolution, 
as well as the adjustable slit, shows the 
far advanced optimization. 
 
 
5 References 
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1 Strontium also emits in the range of 650-700 nm 

Fig. 4: Plot of the intensity several lithium samples  

            with various concentrations 

Fig. 3: Plot of a sodium/strontium sample 
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      (650–700 nm) 
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SHORT INTRODUCTION 
Most of all people prefer to have a thin body, but in this 
modern era- where all food becomes more and more 
delicious and harder to deny- and more over because of 
the technology, some people become lazy to do 
exercise, this can cause an increase in obesity disease. 
But not all of the Technologies are bad for Humans, 
take an example, for the problem above, I can make use 
of our technology, to make a reminder or a control how 
to make our body ideal with OCa Application in 
Android by looking at the calories in our bodies. 

EXPERIMENTAL METHOD 
Calorie is everything when it comes to how much 
weight you lose, if you consume less than you burn 
over time you lose weight. The opposite is also true. 
If you consume more calories than you burn, you 
gain weight. So In OCa App, this App calculated 
user’s calories first, and then when users do an 
activity, it will calculate whatever the users add or 
burn calories in their body.Using Android Studio 
and SQLite to make the program,

 
RESULT 
The formula used in an application OCA is taken from 
several sources that have been experienced in 
calculating the calories in the human body. After the 
survey, it showed that 70% of respondents managed to 
lose weight in two weeks, so it can be ensured that the 
application OCA can accurately calculate the number 
of calories. 
 
CONCLUSION 
Using these applications regularly, users can know the 
calories and an ideal weight and lose weight by 5% of 
respondents in two weeks. To support weight loss still 
in balance and composition of the foods eaten, we can 
take the benefit from OCa application. 
 
 
 
 
 
PURPOSE 
The purpose of the application is to make people who 
use this application be able to control their calories in 
their bodies, so they can make a weight loss, and still 
stay healthy through the process of weight loss. 
 

KEYWORD 
Calories, weight, Obesity, Food, Development 
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One of the greatest breakthroughs in mathematical 
computation in this century has been the realization that 
even the simplest of dynamical systems may behave 
extremely unpredictable. Chaos theory exhibits a great 
sensitivity to initial conditions that a mere slight of 
difference on the input, will result to a widely diverging 
output. Chaotic computation literally scrambles bits 
that it appears to be nonsense and static, regarding to 
its high frequency and increasing speed in bifurcation 
within its chaotic regime. This is what encryption finds 
chaotic computation most useful to conceal messages, 
by thoroughly destroying the relationship between its 
input and output. Despite its seemingly randomness, it 
has a deterministic nature, regarding its fractal self-
similarity from iterations, also helps the necessity of 
decryption. Another important factor that has to be 
considered is its speed, which is inversely proportional 
to its strength. This is why I have decided to apply the 
mathematical and exploited chaotic equation, which its 
simplicity is to assure the speed effectiveness and its 
dynamical unpredictability for the strength 
effectiveness, to encryption. However, converting 
mathematical chaos theory into an electronic circuit has 
also found itself troubles. 
 
Boolean networks consist of randomly connected 
nodes, each of which has a binary state: on or off (1 or 
0), which simplify the treatment of highly nonlinear 
systems. The state space of deterministic boolean 
networks with synchronous update is, however, finite, 
and thus, they cannot exhibit chaotic behaviour, as 
defined by an exponential sensitivity to initial 
conditions. One way of recovering non-periodic 
behavior is to update the state of the Boolean elements 
in an, at least seemingly, random order, in which chaos 
theory can be utilised. The chaotic binary state, I 
hypothesise, can be projected into logic gates electronic 
circuit for encryption. 
 
For its efficient security assurance, further security 
analyses are to be carried out. First, avalanche effect 
analysis, to verify its exhibition of chaos’ most 
prominent feature that is its sensitivity to initial 
conditions by how the input value should produce a 
completely different and widely diverging output even 
a single bit is altered. Subsequently, for its 
determination of chaotic region, its bifurcation diagram 
is to be shown as the visual analysis; whereas for the 
mathematical analysis, the Lyapunov exponent is to be 
tooled. Last but not least, time complexity to guarantee 

how fast mode of communication it can be. On the 
other hand, the practical prove as to if the encryption 
works, will be carried out in a simulator program. 
 
 
Keywords: chaos theory, encryption, boolean algebra, 
security analyses 
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Cloud Computing is a newly-developed technology for 
complex (distributed) systems which defines services 
of massive proportions that are shared between 
numerous users. This term may also be defined as a 
way of using computational resources in which 
dynamically scalable and often virtualized resources 
can be provides as a service via the Internet. Many 
companies deliver services by means of the Cloud. The 
most known are: Google (Google Drive), Microsoft 
(Microsoft SharePoint), Salesforce.com etc..  There are 
three main models of service in Cloud Computing: 
Platform as a Service, Infrastructure as a Service and 
Software as a Service. IaaS is the basic model, and 
every higher model is abstracted from the details of the 
lower models. Other models of service include: 
Strategy as a Service, Collaboration as a Service, 
Business process as a Service, Database as a Service 
etc.. There are also three main types of Clouds: Private, 
Public and Hybrid Cloud.  The Private Cloud is a Cloud 
based infrastructure which is operated for one 
organization individually, whether it is operated 
internally or by a third side and hosted externally. The 
Hybrid cloud is a mixture of the previous types of 
Cloud. 
In the case of providing secure user access and secure 
data transfer in a technology like Cloud Computing, the 
authentication is a very important issue. Most simply 
said, the authentication is identification plus 
verification. An identification is a procedure in which 
the entity provides a certain identity, while verification 
is the procedure by which means that the claimed 
identity is confirmed. Therefore, the credibility of an 
authentication procedure relays on the accuracy 
of the verification used. The Hybrid type of 
Cloud is the most vulnerable one when the 
security identification and secure transfer of 
data are concerned. The authentication protocol 
that is used recently in Cloud Computing is SAP 

(SSL Authentication Protocol). The SSL authentication 
is a mutual authentication process in which both sides 
authenticate each other by means of verifying the 
provided digital certificate. In technical terms this may 
apply to the Client (a web browser or a client 
application) and the server (a web-site or a server 
application) in which case the server also authenticates 
itself to the client via verification of the digital 
certificate which is published by a certification 
authority (CA). 
The Identity Based Authentication protocol is a new 
and experimental way of securing the users data and 
credentials. The Identity based authentication consists 
of an Identity Based Encryption method and an Identity 
Based digital Signature. The authentication protocol is 
analog to a TLS that uses a RSA algorithm for the key 
exchange. 
When those two methods are compared, the SSL 
authentication has shown not to be appropriate for 
Cloud computing due to its Public Key Infrastructure 
implementation and immense calculations that are 
brought in by the digital certificates, which are 
excluded in the Identity Based Authentication scheme. 
In this context we will explore an authentication 
scheme that looks into the hierarchical structure and an 
authentication that supports the same structure in the 
Hybrid Cloud. This authentication is the Identity-Based 
Authentication for Cloud Computing (IBACC). 
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Introduction
The so called „Smart Home” project was founded 
aproximately 5 moths ago. The main purpose of this 
project, as its’ title says, is building a home which is 
totally supervisable through our smartphones. Our 
system is based on a Raspberry pi 2, and will be 
presented on a wooden scale model. SmartHome can 
thank its existence to smartphones, so the guard 
application was written in android, for android 
smartphones. In the past, this application used to be 
replaced by a website hosted by an Apache server. 
Unfortunately, the website brought up several 
problems, and its hosting took up a large amount of 
processing power. The attempt to use two raspberries 
would have seemed like solving the problem, but in 
reality, it only brought up more problems in 
communication. Porting to android widened our range 
of possible upgrades, and offered a larger problem 
solving opportunity.  

First of all, the most problematic element of the website 
was the MySQL database. This database had more than 
ten tables, filled up with thousands of lines. These 
tables stored every single data from lamp switching to 
temperatures. Surely, the database was more efficient 
in storing the data, but was really backfiring at its 
speed, taking more than 1 second to read the last lamp 
switching data. Giving up the possibility of storing the 
data, the MySQL database was replaced by python 
socket servers. These servers are responsible for 
everything, from data sendig to picture taking. 
Currently, the SmartHome system has the following 
features: Lamp-, relay switching, movement detection, 
IP Camera, bell, bell camera, door-, window state 
detection, music player, thermostat handling and last 
but not least, a log-in module. Every feature is hosted 
by a server, which are all run on the raspberry, besides 
the login-server, a.k.a. “Main Tunneler”, which is 
hosted on an external server 24/7, and makes the users 
home accessible from wherever exists an internet 
connection. Every user has its own personal User 
Account(s), which stands of a username and password. 

Login module/activity 
This is the module that shows up, whenever the user 
decides to launch the so called “Smart Security” 

application on their smartphones. Once open, a logo, 
two text areas and a button appears. These text areas 
will contain the username and password typed in by the 
user. When the button is clicked, the Java activity in the 
background connects to the data server, the main 
tunneler, and sends a login request. If the username 
exists, and the password is correct, the login procedure 
will succeed, and the user will be redirected to the next 
platform, else, the user will be notified of the failure 
and shown an error message. 

Sensors 
The scale-model contains several sensors, such as 
magnet-sensors, above the door and the window. 
Through these elements we can follow the status of 
doors and windows, if they are opened or closed. Two 
temperature-sensors are built in as well, which digitally 
transmit the temperatures both from outside and inside. 
The temperatures are visualized in Celsius on your 
phones’ display. Besides these, the security of our 
system is also very important. The Infra-Red motion-
sensors are monitorizing every movement is the house, 
or in this case, in the scale-model. These data, more 
precisely the date, the exact time, and the place of the 
movement is appearing in every case on the display of 
your phone. In order to present the lamp switching 
feature, we have built in LEDs which represent high 
capacity consumers. These LEDs function only on 
3.3 V, but this can be solved easily by a so called relay, 
which is able to control 220 V by using just 3.3 V. Our 
modell contains one of this as well. 

Security Alerter 
The security alerter is responsible for notifying the user 
about every transgression. Enabling this feature starts 
the SmartHome Notification server. If the security 
alerter is enabled, every movement, window-, door-
opening will trigger a notification, and the application 
will notify the user about the transgression. The bell 
also takes part of the security alerter feature, although 
this cannot be dis- or enabled. In case of bell ringing, 
the user will be notified about the event, and will be 
sent a picture of whoever was standing in the door at 
the time of the bell ringing. 

The “Command Room” 



 

The “Command Room” is the main activity of the 
application. This is the activity that the users get 
redirected to if the login procedure was successful. This 
consists of several ImageViews, which redirect to the 
activity set to them, for example a lamp stands for lamp 
switching, the musical note stands for the music player 
and so on. 

 
The “Thermo-Room” 
Today, every home has a separate heating system with 
a thermostat. With the help of this element and our 
system, the regulation of our home’s temperature can 
be easily solved  through our smart-phones. By clicking 
on the thermostat, the user gets redirected to the 
“Thermo Room”. This is the room, which consist, of a 
thermostat, and a “+” and a “-“ button. Clicking on 
these we can reduce, or increase the base temperature 
set to the room. 

The “Camera Room” 
By clicking on the camera, the user is shown a list of 
available IP cameras. Clicking on one of the available 
cameras, triggers a new activity, which instantly shows 
up. This consists of a livestream, four arrows, and a 
save button. By pressing the arrows, the users can move 
the camera. This offers a 360° view coverage of the 
room. By pressing the save button the user can save the 
that present moment. 

The Website 
To make our system more userfriendly, we made a 
webpage for costumers. The aim of this webpage is to 
help new users to create their own SMART-Home 
system. Right after opening the webpage, the new user 
has to enter his or her username and password. After 
this step the webpage displays a 20x20 table, on which 
the user can build the specific home using walls, doors 
and other basic things. This can be done on 5 floors. 
After this, every sensortype or controllable element can 
be put down and be named as the owner wants. When 
the user finishes desiging his SMART Home the user 
my click ont he GENERATE button which generates a 
file, consisting of the numbers of the elements and their 
names. This .txt document has to be uploaded to an 
online server, using the same website. From the server 
the SMART-Home system gets the file and then „et 
voilà”, the system is totally complete, with the users 
preferences. 

Conclusion 
In conclusion, we succeded in creating a cheap, but 
trustworthy system, and we also widened our 
knowledge in programming and engineering. 

Bibliography 
https://docs.python.org/2/library/socket.html 

https://docs.oracle.com/javase/7/docs/api/java/net/
Socket.html 
„Java a mindenapi kenyerünk” – Simon Károly 
 

Side Note 
The physical side of the project was mainly assambled 
by my must be mentioned partner, Róbert – Mihály 
Budai, who has done all the cabling and sensor 
mounting, and also, he designed the website! The 
programming side was mainly written by me. Our work 
can hardly be separated! 
Thank you for your attention accorded. 
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3.1.1 The purpose of the investigation 
Have you ever woke up in the morning and wonder how would it be if you would have your own 
personal autonomous robot? Well I have and ever since I tried to create it. So, the purpose of this 
investigation is to demonstrate the creation of an innovative prototype for an autonomous car 
which is automatically controlled by an embedded electronic system containing a smart logic behind 
for driving the mechanical components, as well as an intelligent mobile app for the users’ interface, 
all integrated in a smart car called “Io”. Environment sensing, trajectory planning and feedback is 
supported through continuous monitoring and smart control of dedicated sensors. 

Method of the investigation 

When I started working on this project I have found out from my research the fact that car 
producers like Lexus, Mercedes, Audi or Nisan have already thought of this. They have hundreds of 
people that are coming up with ideas and they almost realised to create a driverless car. Though 
they have been working on this for over 8 years they didn’t manage to make a total autonomous car. 

 

So, with this in my head I have tried to create a prototype for such a car. My idea of what it should 
be like can be seen in the scheme above. Though it sounded pretty easy in theory, the practical 
implementation has required to overcome a number of hardware and software challenges. 

The first one I faced was the fact that in order to create a smart car the most important thing to do is 
to make it autonomous. To do that, the processor needs to know exactly where the robot is at any 
time. The solution I found for this problem was to add a Hall Sensor to one of the wheals along with 
two magnets. This way the robot is able to measure the distance it made since it started moving and 
to calculate the speed of the car at any moment. This two can be done using two simple formulas 
(the distance = number of rotations*length of the wheal; speed = distance/time). 

Next thing on my list was for the robot to be able to turn on/off its lights only when needed, in order 
to save some energy. For this I used a photocell and some LEDS as lightning. After this was done I 
figured that a real car has signalisation lights and I attached some more LEDS for this. 

The third thing is the fact that a smart car should never hit an obstacle no matter the direction it 
comes from. So I attached 4 Ultrasonic Proximity Sensors that have a wide angle(±90°), thanks to the 
4 ServoMotors that they are attached to. 



 

To control all this components I had to use two Arduino boards that use a I²C protocol to 
communicate one with the other. Besides this, to command the master board I attached a HC-06 
bluetooth module. Using it the two Arduinos get a command from a smart phone and turn it into an 
action. 

The mobile application was created using MIT App Inventor and it has more options like: driving the 
car, creating a new route, set the bounds of the route etc. 

 

Results of the experiment 

The prototype seems to be acting pretty good in the tests I made. I measured some of its parameters 
and the only problem I seem to face till now is that the batteries don’t last more than one hour, but 
this can be fixed by changing the alimentation. 

Conclusion 

The experimental set-up and the tests have shown that “Io” is a reliable test bed for a future 
generation of smart cars and autonomous robots. 
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Abstract 
 During the last few years, the study of 
climatic changes has become an intensely 
scrutinized and debated topic within the 
scientific community in the field. The 
importance given to recent climate changes is 
due to the fact that they produce negative 
effects on natural ecosystems and on society, 
being caused by the global warming. The 
increase of the air’s minimum and maximum 
average temperature has been confirmed by 
numerous studies from different regions of the 
world. 

 The object of research 
 The evolution of climatic 
characteristics (temperatures) near the city of 
Cluj-Napoca is determined by the solar 
radiation influence (length of Sun brightness, 
SSN, Wolf number and solar cycles). Their 
knowledge has applications in architectural 
systematization, photovoltaic systems and plant 
growth patterns. The study refers to the 
problems of the climate variability system of 
the given area. The phenomena that occur 
during CMEs are quantified by the number of 
sunspots or the Wolf number. We tested the 
studied parameters using the Meteotest 
software. 

 Materials and Methods 
 The climate in the area is influenced by 
radiation-related, dynamic and physical-
geographical factors, being specific to the 
North-Western region of the country. The 
characteristics under analysis were: air 
temperature, time-length of Sun brightness and 
the number of sunspots. The meteorological 
station of Cluj-Napoca is situated at 

approximatively 46047’N/23034’E at a height 
of 414m. 

 By using mathematical statistics in order 
to identify the most suitable trend, we tested that 
square linear model, the exponential model and the 
polynomial model. We calculated r2, the 
determining coefficient, the absolute average 
percentage error, the absolute average deviation 
and the square average deviation. Data were 
taken from: 

http://www7.ncdc.noaa.gov/IPS/mcdw
/mcdw.html; http://www.meteoromania.ro; The 
Exploratorium’s Guide to Sunspots; RWC 
Belgium World Data Center for the Sunspot 
Index; NASA Solar Physics Sunspot Cycle 
page and Table of Sunspot Numbers by month 
since 1749 CE 

Conclusions 
The variation in air temperature points 

to clear tendencies towards the increase of this 
variable due to solar activity and these 
tendencies have proven to be significant from a 
statistical point of view. 

By employing statistical analysis we 
tested the various models and the relationship 
between temperature, time-length of Sun 
brightness and the number of sunspots, in 
relation to the solar cycles.We highlighted the 
periods of excessive or insufficient amounts of 
annual average solar radiations and 
temperatures in comparison with the multi-
annual average. We have tested the 
homogeneity of time sequences regarding 
global solar radiation throughout the period of 
solar cycles by using the normal standard 
homogeneity test (TOSN). 

Length of Sun brightness – x (1989, 
2000) [*] 

http://www7.ncdc.noaa.gov/IPS/mcdw/mcdw.html
http://www.meteoromania.ro/


 

Temperature – y (1993, 2006, 2015)  
[**] 

Number of sunspots - z  [**] 

Level of significance  - [*,**,**] 

The climatogenetic factor that 
influences and determines the formation and 
evolution of the processes in the terrestrial 
atmosphere is represented by the sun (the 
parametres being solar radiations, time-length 
of Sun brightness and the number of sun spots).  

According to the data gathered during 
the period under analysis we have noticed that 
the polynomial model, the square model and the 
linear model (according to values of r2) are the 
most suitable for the evolution, time-length of 
Sun brightness and temperature. According to 
the standard homogeneity test, the temperature 
exhibits increasing tendencies although solar 
radiation manifests slightly decreasing 
tendencies and the number of sunspots is rising. 
According to the regression line there was no 
indication of significant variations with regard 
to the sequences of data, although some 
oscillation was present, yet the statistical 
models become much more complex. 

We attribute the increasing temperature 
to solar activity and it is not uniform, but 
subject to significant variations function of 
solar cycles. By using the Pearson correlation 
we have pointed out that there is a solid link 
between the parametres under analysis. 
Temperature variations registered in recent 
years, variations from the multi-annual average 
temperatures, are the result of solar radiation 
activity and natural climatic changes. The 
process by which the Sun exerts its influence 
cannot, however, be clearly outlined. 

There is a correlation between Wolf 
number and atmospheric nebulosity causing 
temperature variations, so that a high number of 
sunspots (CMEs), determines minimal 
nebulosity and very high temperatures, and 
vice-versa. 

The effect of solar activity on the 
decrease or increase of insolation weathering 
becomes manifest through changes in 
temperature, there being a correlation between 

temperature and Wolf number. By testing 
software such as Meteotest (data at 
international level) with regard to the 
parametres under analysis we have discovered 
that some variables are either overrated or 
underrated in what concerns their value, but 
they fit according to existing data, there being 
either a positive trend (for temperatures and 
sunspots) or a negative one, for the number of 
insolation weathering hours and thus for global 
solar radiations. The increase in atmosphere 
temperature also comes as a result of anthropic 
causes which lead to climatic changes and high 
temperature oscillations from the annual 
average. 

Consequently, it may prove impossible 
to classify the real causes of oscillation in some 
climatogenetic parametres, as their root may be 
either in solar activity or in pollution.  
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The purpose of the investigation 
Shogi is a Japanese chess-like game. However, unlike chess, humans still beat computer in shogi. So, the problem 
of developing programs playing shogi is of a great interest in Computer Science. The program developed is able to 
solve some sorts of tsume-shogi problems (the forced checkmate problems).  

4 Brief description of tsume-shogi 

5 Shogi in general resembles European chess, however it has several important differences. The game is played 
on 9*9 field, the pieces are weaker than the chess counterparts (e.g. knight has only 2 fields, where it can go, in 
comparison with 8 fields of chess knight), but these details are not very important for computer and do not make the 
game more complicated. The major difference is that pieces taken from the enemy are not removed from game, but 
can be taken “in hand”, and later any of them can be placed at any position on the field. This increases the number 
of variants and makes computer analysis of position much more complicated. 

6 As in European chess, shogi has a big volume of different debut strategies, problems etc. One of the most 
important shogi problems is tsume shogi: problems on forced checkmate. In this kind of problems you need to 
checkmate your partner, and each your move is to be done with check. Analysis of tsume shogi is much simpler than 
that of shogi game in general, so we choosed this problem to simplify our task. 

7 Description of the program developed 
8 The program developed is able to solve any tsume shogi problem. The algorithm searches the solution by 
traversing the tree of possible moves. The program has user-friendly interface, able to draw and edit shogi positions 
in graphical form. 

 

 

Conclusion 
We developed a program that can solve some shogi-related problems. The program is not very fast (this is due to 
the number of variants that should be analyzed in shogi position), and it poses a challenge to improve the speed 
of the program. 
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1. Introduction 
Today, the majority of programming languages have 
vocabularies between 20 and 100 words. Ones with 
30 to 50 make up the most of that majority. The 80 
to 100 segment is populated mostly by .NET 
languages due to their extra contextual keywords, 
while the 50 to 80 interval is very sparse. At the other 
end of the spectrum, languages with less than 25 
keywords are practically non-existent. Esoteric turing 
tarpits are the only representatives. They provide 
very little practicality and are often used only as a 
proof of concept or as an example.  
Archaic languages, such as ANSI COBOL and 
SystemVerilog have a relatively high amount of 
keywords. Their vocabulary size is multiple times 
larger than of any modern language, having more 
than 300 reserved keywords.  
Exploring the practicality of minimal keyword 
languages beyond turing tarpits is the purpose of this 
research. The goal is creating a practical 
implementation of a programming language as well 
as developing a specific IDE supporting the minimal-
vocabulary notion. 
9 2. Method of investigation 
Data about keyword density was extrapolated from 
the specification of some of the most popular 
languages. 
Samples were taken from a selected few of the most 
active public GitHub repositories to form the basis for 
the analysis of the relationship between the keyword 
count, size of the project and popularity of the 
language. 
9.1 2.1. M Language 
 4 data types: number, string, boolean, list. All of 
them are nullable 
 Expressions: addition, multiplication, power 
(raising a number to a certain power), equality and relational 
 Unary operators of boolean negation and negative 
number prefixing 
 4 built-in functions: println (prints text in a new 
line), print (prints text), assert and size (returns the size of a 
list) 
 Dynamically typed variable system with flexible 
assignment and lookup 
 User defined functions 
 3 control flow statements: if and the for and while 
loops 

 Variable scope: all control flow statements have 
their own scope (unknown variables are looked up in the 
parent scope); functions have a separate private scope 
The language itself distinguishes two valid syntax 
flavors: “compact” and “expanded” versions. The 
“compact” has only several characters and is 
designed to be as compact as possible. The latter is 
C-like and is designed to be familiar to most people. 
ANTLR was used as a parser generator. It serves both 
as a lexer and a parser and is in almost every way 
superior to the outdated YACC/LEX toolchain which 
was the alternative. 
9.1.1 2.1.1. Lexer 
During the design process the exact value of 
keywords fluctuated between 8 and 14, in the end 
finally setting on 11 (4 are scope identifiers). There 
was a dilemma about scoping in the language. Two 
options were present: implicitly and explicitly 
defining scopes. The implicit scope option was 
chosen because it allowed the language to be even 
more compact removing the need for scope symbols 
(tokens). Being unable to define custom variable 
scopes further simplifies the language and reduces 
the possibility of memory leaks. 
9.1.2 2.1.2. Parser 
Every M script is treated as a block of code. It 
consists of one or more statements with each being 
terminated by a semicolon. The statements can be 
recursive and are designed to be as flexible as 
possible. They can consist of one or more 
statements, as well as of only variables. 
9.1.3 2.1.3. Abstract Syntax Tree 
Instead of representing the lexer recognized tokens 
in a flat list, the language builds an Abstract Syntax 
Tree (AST). This approach allows not only better flow 
manipulation and easier interpretation but also 
provides good debugging capabilities of both the 
language and scripts written in it. 
9.1.4 2.1.4. Interpretation and evaluation 
Since M is designed to be dynamically typed, a 
generic value type which gets checked and operated 
at runtime is implemented. It’s later broken down to 
the appropriate value type (number, string, boolean 
or list). 
Every value belongs to a scope. Scopes can be 
nestable. When execution exits a scope it 
independently handles releasing reserved resource 



 

while prioritizing scopes which are leafs in the scope 
tree structure 
A function class was created to encapsulate a series 
of statements which represent a user defined 
function. It resolves the self-scope autonomously.  
Script interpretation is implemented using a visitor 
pattern. This means that the syntax tree is abstracted 
from the implementation, providing added flexibility. 
Every statement is a node in the AST and the 
variables themselves are leaf nodes. The nodes are 
visited by the walker which walks upon nested 
statements if any, or interprets and evaluates the 
statement if there aren’t any. 
The M language breaks on the first occurrence of an 
exception in runtime. 
9.1.5 2.1.5. Interoperability 
The language is designed to lean on the class libraries 
of the platform it’s being executed on, meaning it can 
access any function already in the “host” language 
(C#, Java, Python, JavaScript) library. This research is 
oriented towards implementation in the Android OS. 
2.2. M – IDE 
9.1.6 2.2.1. Design 
MIDE itself is designed to be as compact and practical 
as possible. It splits the screen into two segments: 
the code view, and the input entry method. 
CodeView has two distinct modes that can be 
seamlessly switched to and from by swiping. One 
mode displays the “extended” version of the code in 
C-like syntax, while the other offers a more compact 
version which is less human readable but much more 
compact. 
The IME adopts a design similar to the code view and 
has two swipeable modes. The “smart” and “dumb” 
code entry modes. 
9.1.7 2.2.2. Functionality 
The CodeView compact mode shows the code in 
compact form by using only a limited number of 
symbols to denote keyword tokens, making it more 
esoteric but useful in environments which have 
limited view space. 
The “dumb” IME shows only the symbols allowed in 
the language. Depending on the CodeView mode, 
that might be the keyword list or the symbols used to 
represent them. 
On the other hand, the “smart” IME shows several 
buttons representing contextual groups of tokens. 
Different tokens are entered by pressing buttons a 
different amount of times. This design further 
optimizes the experience for the mobile platform and 
produces a more practical, clutter-free UI. 
10 3. Results 
The uniqueness of the language is seen in its one of a 
kind specification and tie-ins with other platforms. 
The unique design is synthesized from the results of 

the analysis of the impact of language vocabularies in 
other languages. 
It’s designed to be used alongside its companion app, 
the MIDE. Together they offer an elegant way of 
writing small projects with minimal effort by reducing 
the amount of code needed to enter and by 
providing a “smart” IME. It also allows the developer 
to use some of the already written Android libraries. 
The language is ideal when developing small proof of 
concept projects in the smallest timeframe possible, 
or when unable to use your laptop or desktop PC, but 
having the need to test something. 
11 4. Conclusion 
From the analysis of the research results it can be 
concluded that there is practicality to be found in 
minimal vocabulary languages, if executed properly. 
Their use is not limited to just being esoterical turing 
tarpits. 
While severely lacking in many aspects, compared to 
languages with higher keyword density, it can be 
seen that they are capable of being used for creating 
quick “gists”, proof of concept projects and especially 
when developing on a limited platform – mobile. 
The research can be further extended by improving 
the IDE offering better debugging capabilities and 
other functionality. 
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1. Introduction 
Human-machine interface is field of computer 
science that researches new ways for people 
(users) to interact with computers and reverse.  
Now days scientist are researching virtual 
reality, EEG sensors, in field of medicine 
interface for control of robotic wheelchair and 
visualization of medical data in virtual 
environment. Based on previous researches I 
came up with the idea of making the Game Suit. 
The role of Game Suit is to increase the feeling 
of immersion while playing a game by 
simulating in game haptic feeling. It can also 
collect data while the player is playing the 
game and process it and display it in game or 
on the suit. So it increases interaction between 
human (player) and computer (game).  

 

2. Method of work 
Game Suits parts are Arduino, TENS signal generator,  
electrodes, pulse sensor, relays, bluetooth module 
and displays. Arduino MEGA 2560 is controlling all 
the parts of the suit. TENS (Transcutaneous electrical 
nerve simulation) signal generator makes signal witch 
stimulates muscles. TENS signal is a high voltage 
pulse that is spread by the electrodes and activates 
mussels. Relays path the signal to stimulate the right 
muscle. Smart phones or PCs connect to the Game 
Suit and send data via bluetooth using HC-06 
bluetooth module, so it is easier for player to move 
around without worrying about pulling out cables. 
Games connect to the suit using my API for Unity 3D 
game engine. API support both Android and Windows 
platform. Because Unity does not support bluetooth 
on Android I wrote Android native plugin to allow my 
API to use bluetooth.  

 

Picture 1 - Connection between Unity Android game and 
the Game Suit 

For games that don't support API can use application 
that connects to SQL base or connects to the game 
using the TCP socket and gathers data and sends it to 
the suit. I have made a plugin for Counter Strike 
Global Offensive that stores hitbox information on 
the SQL base. Game Suit interface application 
connects to the SQL database and as described 
gathers and sends data do the suit. 

 



 

Picture 2 - Connection between Counter Strike Global 
Offensive game over the SQL base 

3. Result of work 
Player would put on the suit and connect it via 
bluetooth, and run a game. Suit will immerse player 
in virtual world in field of physical feeling. Suit will 
measure players stress and change the way the suit 
works. It will also send that data to the game and it 
will react differently based on the value. Game could 
display it for example blur the screen if player has 
stressed out or activate other functions of the suit 
like vibrating motors or display something on 8x8 
display. 

 

4. Conclusion 
The whole idea is to engage research in field of 
connecting machines with human body where 
machines can generate some signals and control 
some pats of human body. In future that kind of suit 
could control lower limbs so the user could walk 
again. Future versions of the Game Suit would have 
conductive fabric witch will replace uncomfortable 
wires and electrodes. Conductive fabric allows much 
more electrical power lines and much more flexibility 
unlike using classical electrical wires. 
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1. The purpose of Investigation 
Lithium-ion batteries (LIBs) are important as a 
portable source of electrical energy. However, the 
graphite anode present in the commercial LIB has a 
low practical capacity of 300-320mAh g-1. Tin based 
materials SnO2 and SnS have attracted huge attention 
for anode research due to their high theoretical 
capacities of 791mAh g-1 and 782mAh g-1 

respectively, easy preparation through extraction from 
cassiterite ore, and high energy densities. However, 
these materials still suffer from poor cycling 
performance, especially when cycled above 1.0V. 
Therefore, the aim of the research is to prepare SnO2, 
SnS, via novel methods to obtain anode materials with 
both high capacity values and good capacity retention.  

2. Method of Investigation 

Preparation temperature and preparation chemicals are 
identified to be key factors to affect capacity and 
capacity retention of anode materials. Based on 
literature studies, a novel method of preparing SnO2 
using SnCl4 at a low temperature of 180 ̊C via the 
molten salt method (MSM) is adopted. To find the 
optimal cycling performance, a wide range of 
temperatures, 150 ̊C to 240 ̊C, is chosen in the 
preparation of SnS material using the solvothermal 
method. 
From the prepared samples, several methods of 
characterization were carried out: X-ray diffraction to 
determine the purity of the samples, Scanning Electron 
Microscopy to find out the morphology and particle 
size, Cyclic Voltammetry to understand the reaction 
mechanics and potentials, as well as Galvanostatic 
Cycling to obtain the capacity and capacity retention 
values. 

3. Results of the experiment 

Galvanostatic cycling studies in Fig. 1(a) show that 
prepared SnO2 material exhibits a high reversible 
capacity of 1056mAh g-1, and a capacity retention of 
44.9% over 50 cycles. Hence, significant capacity 
fading is still noted. However, this has still been found 
to be a significant improvement from literature on 
SnO2 nanoparticles. 

 

Fig. 1(a): Galvanostatic Cycling: Capacity against Cycle 
Number plot of SnO2-SnCl4, cycled from 0.005 to 3.0V, 
current rate: 100 mA g-1 

Among the range of the temperatures studied, SnS 
prepared at 180 C̊ via the solvothermal method 
showed unprecedented electrochemical performance, 
as seen in Fig. 1(b). The prepared SnS material 
displayed a high reversible capacity of 1131mAh g-1, 
and a very promising capacity of 1066mAh/g after 30 
cycles. Thus good capacity retention of 85.3% is 
achieved over 30 cycles. The capacity values obtained 
are approximately 3 times the practical capacity of 
graphite anode material. 

 
Fig. 1(b): Galvanostatic Cycling: Capacity against Cycle 
Number plot ofSnS-180 C̊, cycled from 0.005 to 3.0V; 
current rate: 60 mA g-1  

Analysis of the above good results are conducted via 
the Scanning Electron Microscope (SEM) technique 
and Cyclic Voltammetry studies. 

 

 

(a) SnO2-SnCl4; V= 0.005-3.0V 

(b) SnS-180˚C; V= 0.005-3.0V 
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Fig. 2: SEM Images: (a) SnO2-SnCl4; Bar scale: 100nm, 
with magnification of 60000x (b, c) SnS-180 ̊C; Bar scales: 
10µm and 500nm respectively, with different magnifications 
of 5000x and 100000x respectively; Numbers above bar 
scale represent length of white line. 

The SEM image in Fig. 2(a) of SnO2 above show 
agglomerations of particles in the nanometre range. 
The SEM imagesin Fig. 2(b) and (c) indicate that the 
prepared SnS exhibits a structure consisting of 
microspheres constructed via nanoflakes. The high 
capacity values of both SnO2 and SnS may thus be 
attributed to the nano-sized morphology, which results 
in greater surface area to volume ratio and hence 
improved cycling performance. Furthermore, the 
special nanoflake structure seen in Fig. 2(c) suggests 
that even better morphology has been obtained for 
SnS. This results in better contact during Li-cycling 
and thus reduced capacity fading, explaining the good 
capacity retention seen in Fig. 1(b). 

 

 
Fig. 3: Cyclic Voltammetry: (a) SnO2-SnCl4, cycled from 
0.005 to 3.0V; (b) SnS-180 ̊C, cycled from 0.005 to 3.0V; 
Scan Rate: 0.058mV/sec 

The spectacular results shown in SnS-180˚C can be 
further explained via cyclic voltammetry studies. 
There are unique peaks noted at 1.3V, 1.8V and 3.0V 
in Fig. 3(b) not present in Fig. 3(a), representing 
formation reactions that take place leading to 
additional capacity for SnS material. The noteworthy 
morphology as seen in Fig. 2(b) and (c) is a likely 
cause for the subsidiary formation reactions taking 
place. 

4. Conclusion 

Both SnS and SnO2were successfully prepared and 
shown to have high capacity values and good capacity 
retention at optimal preparation temperature.   
The results for SnS prepared at 180˚C is especially 
notable. Through a simple synthesis process without 
surfactants, we have attained unique microsphere-
nanoflake morphology that results in superior 
capacity, and most importantly, successfully reduced 
capacity fading to only 14.7% over 30 cycles in the 
higher voltage range of 0.005-3.0V. The capacity and 
capacity retention values surpass past research into 
SnS material. Given the large capacity of the prepared 
tin based anode materials, cheap cost of material 
extraction, simple preparation, and high energy 
density, tin oxides and sulfides are very promising 
materials as anode. 
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1. Purpose 
Interactive education system has many advantages when compared to the classical education given in 
schools.[1] On the other hand, there are disadvantages in interactive education system and the most 
important disadvantage of interactive education is its failure in flexibility.[2] While one can understand a 
specific topic through visual presentations, other can understand it via auditory materials. In brief, each 
person can understand differently. For that reason, it is not expected humans to understand things in the 
same way. In our study, it has been tried to solve interactive education system’s flexibility problem by 
personalization of systems thorough artificial intelligence applications. Thanks to the artificial intelligence 
applications learning activities are tried to be more active and effective. 

2. Methods 
In order to carry out our aim, interactive education system (IES) which has both teacher and student 
interface has been coded. Php language has been chosen because of its appropriateness in system coding 
and having many sources at present. For display, responsive and eye catching theme has been designed by 
using HTML and JavaScript. IES has security recording system against SQL inject and XSS attacks. 

2.1  Student Pages 
 

2.1.1 Starting Page 
All registered students are directed to this page and in this page their intelligence types are determined 
thorough assessment questions and tests. Then results are saved and students are provided with personal 
education. 

2.1.2 Lessons Page 
It is the page that students get their lectures. While lecturing, it is being controlled whether students can 
understand the lecture or not by interpreting students gestures and face expressions with artificial 
intelligence via webcam. Students’ present levels are interpreted by processing front camera sources and 
system creates output considering processed sources. In website, the lectures given students are being kept 
in XML pages as dynamically. So it is easy to change course contents anytime. 

2.1.3 Tests Page 
In tests page students could take a test about each content they got and evaluate themselves. By assessing 
students’ scores with classification algorithms, it is determined whether students understand the issue. 

2.1.4 Profile Page 
It is the page showing students IDs and lectures they button up. 

2.1.5 Question-Answer Page 
In this page, students can ask their questions or anything they could not understand. These questions can 
be answered by both students and teachers. If questioner finds a satisfying answer, he can verify by pointing 
it (like Stackoverflow). 

2.2   Teacher Pages 
 



 

2.2.1 My Students Page 
This page has been built for teachers to observe their students’ improvements. Hereby teachers have 
opportunity to give useful suggestions to their students. 

2.2.2 Material Sharing Page 
This page is designed for teachers to make lectures more effective by sharing their experiences and 
materials between themselves. 

2.2.3 Forum Page 
In order to answer students’ questions, authorization for Question-Answer platform has been given to 
teacher accounts. 

2.3   Gamification 
In this interactive education system which aims to boost the level of success, gamification which is common 
in these days has been used. This method is generally used by children and both entertaining and enjoyable 
lectures are designed for teaching. 

2.4   Artificial Intelligence 
Artificial intelligence applications are used in our system’s two different departments. 

2.4.1 Classifying Results 
By considering the results of final tests of lectures that students take and comparing with other students’ 
results, thanks to the machine learning and classifying algorithms artificial intelligence has been used for 
evaluating students level properly. 

2.4.2 Emotion Recognition 
In order to get the highest efficiency in lectures, students present gestures and facial expressions are 
processed during lecture by using visual data captured by user authorization needed front camera. In this 
way, facial expressions such as losing attention, unhappiness, confusion, nervousness, happiness etc. are 
observed and the system is equipped with giving output about current conditions.  

3. Results 
In our school the topic ‘programming’ has been given three different classes by using traditional, interactive 
and artificial intelligence supported learning (AISL) methods and then students are taken tests related given 
lecture. The grades 70 points and over are considered successful. When the results are evaluated, Artificial 
Intelligence Supported Learning (AISL) which is supported with personalized interfaces and artificial 
intelligence applications is seen as more successful than traditional method and other interactive education 
systems. It is observed that artificial intelligence supported learning environment increases learners 
motivation and their success. Thanks to these artificial intelligence applications more flexible and effective 
learning environments can be developed for student. 

 
 Rate of Success (%) 

Traditional Learning 65 
Interactive Learning 78 
AIS Learning 92 

 



 

Studies are continuing to enhance the success of AIS learning. ‘Triumphs’ tab page can be added to profile 
page in order to make the system more attractive and entertaining. In this way, children’s enthusiasm to 
lectures can be increased.  

4. Conclusion 
When we tested our project that we have studied for over one year, it has been observed that students’ 
perception and learning levels are determined properly, students complete the lectures successfully and 
reach the expected level in exams. This study contributes to the design and development of efficient learning 
environments. 
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1. INTRODUCTION  
Energy is the ability to perform a work. The energy demands of societies are directly proportional 

to the development of industry and technology. In order to seize the contemporary living standards, as 
well as economic growth, it is essential to produce energy in a constant, safe and cost-effective manner. 
Today, lithium-ion batteries from among battery systems developed for the purpose of storing and 
utilizing electrical energy have wide spread fields of application with their high capacity and energy 
density as compared to other batteries.  The latest studies have been focused on the usability of 
nanomaterials for the optimization of the capacity of lithium ion batteries which are currently in use. 

2. PURPOSE  
Based on the researches conducted, development of batteries with high energy density, long 

cycle life, designed with innovative battery materials, having safe and wide operating temperature 
ranges has been foreseen. In our project we hypothesized that the efficiency of the batteries could be 
increased by using LiCoO2 and LiCoO2/TiO2 nanofibers in lithium ion batteries as cathodes.  

In our project we aimed to analyze the usability of the new generation metal oxide composite 
nanofibers which we produce through electrospinning method within the cathodes of the lithium 
ion batteries. In accordance with this purpose; 

 Production of LiCoO2 and LiCoO2/TiO2 composite nanofibers by electrospinning method, 
 Characterization of the produced nanofibers by SEM (Scanning Electron Microscope), XRD (X-Ray 
Diffraction), TGA (Thermogravimetric Analysis), 
 We aimed to realize in phases the processes of preparing button batteries Li/LiCoO2 and Li/LiCoO2/TiO2 
half-cells and performing battery capacity tests. 

3. METHOD 
3.1. Lithium Cobalt Oxide (LiCoO2) Nanofiber Production 

In line with our target the polymer solutions were prepared with stoichiometric which are 
indicated in the table. 

Table 1. The amount of materials used in the production of nanofibers. 

Chemicals  Amount (g)  
PAA  0.8696  
LiOH  0.0215  
Co(OH)2  0.08344  
Distilled water  10  

Than the solutions were transformed into nanofibers by electrospinning method. 



 

 
Figure 1.  Schema of electrospinning 

Table 2. Parameters of electrospinning 
Mixture PAA/LiOH/Co(OH)2/H2O 
Feed Rate 1 ml/hr 
Voltage 13 kV 
Collector-needle 
distance 

19 cm 

The polymers within the structure were removed by controlled heat treatment. 

3.2. Lithium Cobalt Oxide / Titanium (IV) Oxide (LiCoO2 /TiO2) Nanofiber Production 
In order to produce LiCoO2/TiO2 nanofiber, was taken from PAA/LiOH/Co(OH)2 solution which was 

prepared in the previous phase and TiO2 colloidal solution. 

Table 3. The amount of materials used in the production of LiCoO2 /TiO2 nanofibers. 

Chemicals  Amount (g)  
LiOH/Co(OH)2/PAA  4  
TiO2  0.958  
Than the solutions were transformed into nanofibers by electrospinning method. 

Table 4. Parameters of electrospinning 

Mixture PAA/LiOH/Co(OH)2/TiO2 
Feed Rate 1.5 ml/hr 
Voltage 15.5 kV 
Collector-needle  
distance 

18.5 cm 

The polymers within the structure were removed by controlled heat treatment. 

3.3. Utilization of Produced Nanofibers in Lithium-Ion Batteries as Cathode Active Material 
3.3.1. Preparation of Cathode 

Production processes were continued until the amount that shall be used in the electrodes of 
lithium-ion batteries was acquired. When the production was completed, nanofibers were mixed with 
the necessary connectors and half-cell lithium-ion button batteries production in the stuffy atmosphere 
of argon was effectuated in accordance with the formation stages of lithium-ion button batteries and 
the battery was subjected to electrochemical tests.  
Table 5. The amount of materials used in the production of cathode. 

Active Material-Nanofibers 80 mg 
Carbon Super P 10 mg 
PVDF (Polyvinylidene fluoride) 10 mg 
NMP (1- methyl 2- pyrrolidone) 0.7 ml 

3.3.2. Production of the Battery 



 

Afterwards other battery components were assembled in accordance with the diagram. 

 
Figure 2. Structure of half-cell lithium ion button battery 

4. RESULTS AND CONCLUSION 

 
Figure 3. Scanning electron microscope images of the fibers before and after the calcinations (a) 
PAA/LiOH/Co(OH)2, (b) LiCoO2, (c) PAA/LiOH/Co(OH)2/TiO2, (d)LiCoO2/TiO2 

 
Figure 4. Charge-discharge curve of Li/LiCoO2 button battery 

According to the material characterization processes conducted; it was proved by XRD (X-Ray 
Diffraction) analysis that LiCoO2, LiCoO2/TiO2, Li2CoTi3O8 nanofiber materials were produced by 
electrospinning method and the loss of mass due to change in temperature was specified by TGA (Thermo-
gravimetric Analysis). Additionally, according to the results of SEM (scanning electron microscope) 
analysis when the fiber diameters of the nanofibers obtained are observed it was seen that the nanofibers 
having desired features have been produced and the material production phase was completed with success. 
It is observed that electrochemical test results of lithium-ion batteries prepared by the produced nanofibers 



 

have reached the capacity values which can compete with the results of similar studies that have been 
reported in the technical literature.  

As a result, due to the mechanical stability of the produced nanofibers and because they increase 
crystallization, the utilization of lithium ion in the batteries as a new generation material and putting in 
practice such material demonstrates the authenticity of the study. 
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1 Introduction 

The polar coordinate system specifies points on the plane two numbers - angle and distance. Putting these coordinates 
is very natural, because the location of any point on the earth's surface for a stationary observer is conveniently 
determined using this distance from the observer point. Due to polar coordinates some curves can be quite simply 
described polar equations, whereas equations in Cartesian coordinate system would be much more difficult. The most 
famous polar curves include: polar rose, Archimedean spiral, snail Pascal.[1] 

2 Object of study 

The object of this study is Polar Rose. Its geometry equation described by the Italian Guido Grandi in the 18th century. 
"Roses" Guido Grandi amaze correct and smooth lines, but their shape is not a whim of nature - they are due to 
specially selected mathematical dependencies.[2] Family of "roses" is described by the equation in polar coordinates 
ρ (φ) = a * sin (kφ), where a and k - some permanent. Setting parameter k = с / b ratio of positive integers can be 
closed curves, which under certain conditions are transformed into delicate flower petals or outlet and can serve as 
elements of decoration or ornament. 

3 Purpose of the work 

Objective: to classify and identify the main features of appearance 
schedule "roses", given in polar coordinates the equation ρ (φ) = a 
* sin (kφ), depending on the values of the parameters k and a. 
The subject of the study is the appearance of the graphics functions 
ρ (φ) = a * sin (kφ).[3] 
Objective: To meet with the polar coordinate system; create a 
project among the Microsoft Visual Studio 2010 for plotting polar 
curves Parametric equations; trace properties schedules when 
choosing certain values of the parameters k and а; hypothesize in 
general. 

4 Conclusions 

During the project we have considered various forms of "roses" Guido Grandi for different values of k for the equation 
ρ (φ) = a * sin (kφ). 
For integers k there have been found the formula counting of the number of petals (for even k: m = 2k, for not paired 
k: m = k), shown only point of intersection and conclusions about the location of petals. 
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Fig. 1 Screenshot of the program 

We have been able to formulate the rule for counting the number of petals rational and irrational k. Define the look 
dependence graph of ρ (φ) = a * sin (kφ), and the parameter (larger value and, the longer the petals), and also the 
number of intersections petals for rational and irrational k (Fig .1, Fig. 2). 
During the research we have received a variety of forms of "roses" Guido Grandi, ich give their imagination to use. 
We have studied the use of polar coordinates in various areas of life and science. 
 

Fig. 2 Screenshot of the program 
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                              CANDLE IN WEIGHTLESSNESS, 

                   OR METALCUTTER FOR THE ASTRONAUT 

 

1. Aim of the work 
To work out the mathematic model of flame burning in the weightlessness and to 
make original metalcutter construction from improvised means; to explore features of 
burning and describe the flame’s  characteristics of the device. 
2. Methods of the research 
The methods are: theoretical, mathematical, design, experimental, estimative on the 
basis of the physical model. 
3. Theoretical part 
It`s no convention in the weightlessness and the opened flame looks like a scope. 
Spherical shape of the flame is stationary when oxygen flow is equal to hydrogen and 
combustion products flow. The authors first offered mathematic model of this 
process. This model was described by such equation. 
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C- the concentration of combustion products (D-the diffusion coefficient)                                
C2- the hydrocarbons concentration around the wick (D2-it`s diffusion coefficient)                
The Mathematica Program (Fig.1) solved equation. 



 

 
 
 
 
 
 
 
 
 
 
 

4. Experimental part 
For the research of the effectiveness of this device we have made some researches of 
the flame by means of sounding it with the help of thermocouple and also we have 
discovered the dependence of temperature of the flame from the pressure in air flow. 

The theoretical estimation of pressure in the flame was made and the quantity 
for the highest temperature inside the flame we experimentally determined. 

 
 
 
 
 
 

 
 
 
 
 

5. Results 
The results of our research are interesting from the point of the construction itself, 
accessibility of its components and opportunity to collect a workable device in a short 
period of time. With the help of this device one can melt and cut metals using a 
concentrated flame of the candle, which can be put into practice and can be used in 
the state of imponderability during space flights.  

1-pump; 
2, 3-tube system  
for blood transfusion;  
4-needle of the syringe; 
   

Fig.1. Dependence of 
combustion products 
concentration from the     
distance of the scope          
center (diffusion       
coefficients has different 
values) 
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1. About our research project 
Our project is called ‘FlowPed – new urban mobility’. 
We came up with this project in June 2015, because 
we wanted to gradually solve big global issues with 
our own technological solution. Specifically, we were 
looking for a way to solve urban mobility issues. The 
main research question of our project was: “How can 
we create a reliable, realistic and user-friendly 
technological solution for the current urban mobility 
issues?” 
Our research project is quite unique, since we used a 
variety of important aspects to create our own 
product. These aspects are as follows: 

o Research about urban environments 
o Technical development 
o Business operation 
o Marketing 

The reason for us to create such a diverse project, 
was our strong opinion that a great technological 
solution cannot be successful without factors like 
business studies, marketing and societal research. 
Our goal was clear: we wanted to make a product 
that would be ready for actual deployment in big 
cities by 2016. As of today, FlowPed has been a fairly 
successful project, with multiple companies and 
authorities interested and amazed by our solution. 

2. Method of the investigation 
Since we incorporated multiple aspects into our 
project, we used a variety of investigation methods. 
First, we wanted to investigate the actual mobility 
issue in big cities. As our basic principle for the 
project, we used New York City because of its known 
mobility issues and its open data. We used multiple 
official surveys of the New York City Transportation 
Department and the City of New York about 
transportation habits to investigate the urban issues. 
Based on the results of this research, we drafted a list 
of advantages and disadvantages about the current 
New York City transport system. By having a lot of 
brainstorming sessions and inspiring moments, we 
came up with a solution for every disadvantage and 
an improvement for every advantage. Based on all 
these elements, our own product came to life. 
Of course we wanted to know whether or not our 
business would be profitable. Based on actual New 

York City tax rates and competitive prices, we created 
our own business model. We took every expense into 
consideration and calculated the break-even point for 
our business. To attract customers, we also came up 
with a marketing plan by analyzing our target  
audience and their habits. We also looked at logo 
trends from other companies all over the world. 
Because our goal was to create a realistic and 
profitable product, we decided to ask feedback from 
relevant companies and authorities all over the 
world. As a result, we got in touch with the City of 
Vienna,  and a startup accelerator in Lisbon. They 
were very interested in our idea, and they wanted to 
collaborate with us in the near future. For us, that 
was the moment when we knew we were on the 
right track, except for a few small issues.  
Then, we started thinking about the prototype of our 
product. Our goal for the prototype was to be able to 
show others how our product works and how easy it 
can be used. We came up with entity-relationship 
diagrams (ERD) and data flow diagrams (DFD) to 
sketch the functions of the system. We also 
compared different methods for building the 
prototype, like programming languages and 
computer platforms. Factors such as user-friendliness 
and security were also very important during this 
process. The physical aspects of the system were 
designed by making 3D models and getting feedback 
from potential users. 

3. Results of the investigation 
The results of the experiments were very important 
during the creation of FlowPed. In our project, we 
used a modular approach, which means that we 
constantly used our previous results for the next step 
of the project. First, we discovered that the 
magnitude of mobility issues in New York City is huge. 
Actually, official surveys showed that 67% of the New 
York inhabitants use the car as their primary way of 
transport (figure 1). We found out that 68% of the 
New York drivers only use the car for distances less 
than 3 miles. As a result, New York drivers have to 
deal with 53 hours of traffic jams on a yearly basis. 



 

 

 

The advantages and disadvantages of the current 
urban mobility situation could be based on the 
previously mentioned results. The most important 
advantage is the huge impact of mobility on the New 
York City economy. The biggest disadvantages turned 
out to be traffic problems and CO2-emissions. Of 
course we came up with many more (dis)advantages, 
but we will not mention them in this abstract. 
Based on the advantages and disadvantages, we 
came up with our own product that solved all 
disadvantages and improved the advantages. By 
coming up with an existing solution for every 
disadvantage, the result was a comprehensive and 
final concept. Our concept is a technological rental 
system where people can rent one-person smart 
vehicles to move from one VEP (vehicle exchange 
point) to another. We asked companies to give 
feedback on our concept, and as a result two 
European authorities offered us to collaborate on our 
product in the future. To prove that our concept 
could actually become successful, we composed an 
actual economic forecast. To be able to attract 
customers, we came up with an attractive and fair 
price formula. It turned out that we needed to rent 
our vehicles at least 7,6% of the day to reach our 
break-even point. 
It is very important for a tech startup to launch an 
effective marketing campaign. We found out that 
there are two vital components of a successful 
marketing campaign: a name and a logo. The name of 
our product became 'FlowPed', based on the words 
'moped', 'flow' and 'pedestrian'. Based on current 
logo trends, we designed our own logo. The FlowPed 
logo can be seen in figure 2 below. 

 

Figure 2 

Building the prototype was the hardest part of our 
whole project. We ended up using five different 
programming languages: Swift, PHP, JavaScript, HTML 
and C++.  The most important component of FlowPed 
is the mobile application (figure 3), which we 
developed for iOS using Xcode and Swift. This app is 
connected to a VEP (vehicle exchange point) through 
a MySQL database. A prototype VEP was built by us 
using multiple Arduino’s, a magnetic lock, an RFID-
reader and an ultrasound sensor. Because all these 
components are perfectly adapted to each other, a 
FlowPed user can rent a smart vehicle with his/her 
smartphone. The VEP was designed by ourselves 
using SketchUp. The prototype VEP can be seen in 
figure 4. 
To guarantee the safety of our customers and 
vehicles, we took multiple clever measures. First, we 
installed GPS-trackers in the vehicles. In our online 
vehicle management panel, we can now find the real-
time location of our vehicles. This way, we can trace 
stolen or vandalised vehicles. To prevent digital crime 
on our platform, we used multiple techniques. Most 
importantly, we protected ourselves against SQL-
injections and DDoS-attacks. Without proper 
protection, the core of our system would be very 
vulnerable for these kinds of attacks.  

 
Figure 3 

 
Figure 4 

4. Conclusion 
The conclusion of our project was that we have 
actually created a product that partially solves the 
urban mobility problem. In the first stages, the classic 
research methods were very important for us to 
come up with a suitable concept. After that, the 
purpose of the research was mainly to make a good 



 

 

business plan and to find the best way to build a 
prototype. This means that our project can be 
summarized in three key elements: doing research, 
designing and building. The final product (in other 
words, the prototype) can be seen as a result of the 
initial research. 
We did not only find out about written facts and 
theories (like traffic data), but we also learned 
soldering, programming and assembling. This shows 
how versatile our project actually is. 
We can safely conclude that we have made a 
technological product which is profitable, user-
friendly, functional, safe and reliable. With this 
product, city inhabitants can easily rent a one-person 
smart vehicle with their smartphone. By spreading 
VEPs all over the city, FlowPed creates a whole new 
transportation network within the city. This product 
is completely unique and is completely designed and 
built by ourselves. 
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13 A brief statement of the problem 
The main purposes of my project are: 1) to create a 
laser construction, which can be used to measure the 
concentrations of various solutions of copper 
sulphate; 2) to develop a program for its automation. 
Additional purposes: to enter calibration of the 
solutions with different colored compounds in the 
program data base and to improve the program. 

14 Theory 
Measuring concentrations of solutions of various 
compounds is an important tool in analytical 
chemistry, which has a great practical use. Nowadays 
the most accurate and the fastest ways of measuring 
concentrations of different solutions are instrumental 
methods of analysis, which can be classified into the 
following: 

1) Potentiometry is method for determination of 
various physical and chemical quantities, based on the 
measurement of the electromotive force (EMF) of 
reversible electrochemical cells. In other words, it is the 
dependence of the equilibrium electrode potential of 
the activity of ion concentrations determined, described 
by the Nernst equation. 
2) Conductometry is a set of electrochemical analysis 
methods based on the measurement of electrical 
conductivity solutions. Conductance-measuring 
analysis is based on the change in concentration of a 
substance or chemical composition of the medium in 
the interelectrode space; it is not associated with an 
electrode potential, which is usually close to the 
equilibrium value. Conductometry includes direct 
analysis methods (used, for example, in salimeter) and 
indirect (for example, in gas analysis) using AC or DC 
(low and high frequency), as well as chronometric, low 
and high frequency titration. 
3) Mass spectrometry analysis is a method of research 
material, based on the determination of the ratio of 
mass to charge ratio of ions formed during the 
ionization of interest of the sample components. This is 
one of the most powerful ways to identify high-quality 
materials, which also allow the quantitative 
determination. We can say that mass spectrometry is a 
"weighting" of molecules in the sample. 
4) The emission spectrum, emission spectrum, 
emission spectrum is the relative intensity of the 

electromagnetic radiation of the object of study on the 
frequency scale. 
Usually we research the radiation in the infrared, 
visible and ultraviolet range from the highly heated 
material. The spectrum of the radiation substances is 
either in the form of horizontal color bands which is 
result from the object beam splitting prism, or as a 
graph of the relative intensity, or in tabular form. 
5) X-ray analysis and methods based on the 
measurement of radioactivity are instrumental methods 
of elemental analysis, based on a study of the spectrum 
of X-rays that have passed through the sample or 
emitted by them. 

15 Main results 
I have developed hardware and software system using 
microcontroller Arduino Uno. Acting model of the 
laser system is created. The software is written using 
engineering programming environment LabVIEW. In 
addition, the general skills with microcontrollers are 
obtained. Thus, the fully functioning laser system 
capable of measuring the concentration of copper 
sulfate solutions is assembled. 

16 Conclusion  

I have created a portable compact device, which can 
compete with spectrophotometer in all qualities but not 
accuracy. In addition, the device has a lower price than 
spectrophotometer. The standard spectrophotometer 
costs from 430 dollars to 4.000 dollars. While my 
device costs only 200 dollars. Even with the trade 
margin (≈ 50%), my machine will cost less than a 
standard spectrophotometer. 

 



Dragonflies as indicators of the status of 
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It is well known that some of the inhabitants of water 
bodies can serve as living indicators of water purity. 
In many literature sources on bioindication of water 
bodies dragonflies are also referred to as indicators of 
water purity as they are amphibiotic animals, the 
larvae of which lives in water. However, we could 
not find any specific evidence of physical or 
chemical parameters of water and in what extent they 
affect richness of dragonfly species, or specific 
species. That is why the aim of our work was to 
establish the relationship between species richness of 
dragonflies that live in different types of water 
bodies, and physical and chemical parameters of 
water quality. 
Authors data served as a base of our scientific work. 
Data was collected during field seasons of 2012-2015 
years. Dragonflies were caught with entomological 
scoop-nets. Some species were determined by photos. 
Dragonflies larvae was caught with hydrological 
scoop-net. Also we were counting the presence of 
exuviae. Physical parameters of water (electrical 
conductivity, total mineralization and temperature) 
were determined using the TDS-meter and the pH-
meter , water sampling was made using glassware in 
1-1.5 m from the bank, at a depth of 20-30 cm in 
different parts of water bodies. For each of the water 
bodies analyzes were performed with three or 
fourfold replications, including chemical analyzes. 
From the chemical characteristics of water we have 
determined the amount of oxygen dissolved in water, 
the presence of phosphate and nitrate ions. For 
chemical analysis, we used a field lab. Analyses were 
performed immediately after sample collection on the 
banks of water bodies, in the first half of the day with 
similar weather conditions. To estimate the species 
richness of dragonflies on water bodies we used 
Margalef’s index. That way takes into account not 
only the number of species in water body, but also 
their number in a sample. To establish whether there 
is a significant correlation between the physical and 
chemical parameters of water and species richness of 
dragonflies we carried out correlation. We used the 
Spearman’s rank correlation.  
During the research work we examined 21 water 
body: 4 rivers, 3 flooded peat extractions, 5 lakes, 2 
reservoirs, 7 ponds. For physical and chemical 
analysis we selected 11 water bodies, with different 
species diversity and presumably the physical and 
chemical parameters of water. 100 gatherings were 
performed, noted about 2,500 instances of 
dragonflies. 47 species were found in general. In 
water bodies where water analysis was made, 43 
species were registered. Analysis on the lakes near 

villages Dubeni and Bytcha showed very low levels 
of total mineralization of water, that means the 
amount of dissolved impurities in these water bodies 
is minimal. On Loshitsa reservoir revealed heavy 
pollution of water body with phosphates and, in 
consequence, water was blooming. Nitrates are 
revealed in 9 out of 10 reservoirs, but their 
concentration is minimal. The water temperature near 
the shore of standing water bodies generally higher 
than on the rivers. On Staroborisovskoe reservoir pH 
of water has alkaline environment, and indicators 
exceeded 9 units. Same high indicators were in 2014 
at Loshitsa Reservoir. The only water body with a 
slightly acidic environment of water is a lake near the 
Bytcha village. Obtained data shows that there is 
significant strong positive connection with water 
temperature and average negative connection with 
indicators of total mineralization and electrical 
conductivity between the number of species and 
species richness index. Some species of dragonflies 
may be bio-indicators of some physical and chemical 
parameters of water. Such species include Anax 
imperator and Anax parthenope that inhabit water 
bodies with low levels of total mineralization and 
electrical conductivity. Indicator species of water 
acidity include Epitheca bimaculata that prefers 
ponds with an alkaline environment, and peat-loving 
species that live at water bodies with a slightly acidic 
reaction of water or close to neutral: Coenagrion 
hastulatum,  Leucorrhinia caudalis , Leucorrhinia 
pectoralis,  Leucorrhinia rabicunda, Leucorrhinia 
albifrons, Sympetrum danae. 
That way we confirmed our hypothesis that some 
species of dragonflies can serve as living indicators 
of some physical and chemical parameters of water, 
and found a new method of bioindication. 
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An Epidemiological Approach About 
Youth and Drugs 

Purpose: Due to anatomical and physiological 
changes, the teenagers are the most vulnerable 
group found in society. This vulnerability occurs in the 
physical and behavior mode, this leads us to worry 
with young people get involved with legal and/or 
illegal drugs. Based on this, we seek to outline an 
epidemiological profile of these teenagers, treating 
the risks and the contact with drugs. Knowing the 
profile of young high school students, and their access 
to legal and illegal drugs we try to describe the main 
risks of teenage in order to map out effective 
measures that can promote the removal of these 
teenagers from the risk zone, also, this research can 
be used by governors to trace strategies to combat 
drugs used by teenagers.  

Methodology: After we accomplished a literature 
review, we decided making a questionnaire aiming at 
data. It has developed asking some personal 
questions, such as age, gender, education, and in a 
second part, several behavior questions: how many 
times take cigarettes, how many times drank alcohol, 
how many times used illegal drugs. We decide to 
study city of Querência, because it is a typical city in 
development, located in the center region of Brazil. 
Querência is a city with very young people, 20 percent 
of the population aged 10 to 19 years, the population 
surveyed in question. After we organize the data and 
prepare comparative graphs between factors, such 
as, age and education, the to a more didactic view. 
The main researched drugs are: alcohol, tobacco, 
energy, hookahs (legal) marijuana, cocaine, steroids, 
crack, other drugs (illicit). 

Results: 

The questionnaire was made in 268 volunteer, these 
142 girls, 26 with 14 years old, 59 with  15 years old, 
36 with  16 years old, 16 with 17 years old, 4 with 18 
years old and 1  with 19 years old  and 126 boys these 
22 with 14 years old, 46 with  15 years old, 31 with  16 

years old, 20 with  17 years old, 6 with 18 years old, 4 
with  19 years old and 2 with  20 years old. The 
questionnaires were applied to all high school classes 
of all city schools in question, regardless of shift, type 
and school address. Questionnaires showed us the 
following results: 

Graphic 1 - Number of students, sex and age 

 

The use of illicit drugs was reported by 19 boys and 7 
girls, representing 9.7% of the total, however, only 2 
boys reported using these drugs weekly and 1 
reported daily use. 

Regarding the use of alcohol we found that 72 (50.8%) 
of the girls have already used alcohol at least once in 
life, this group, 55 (78.6%) reported use of drinks up 
to 3 times a month . Already in boys, we found that 
72 boys, 57.1% have already made use of alcohol, 
however, of these 42 (41.7%) reported use of drinks 
up to 3 times a month. 

Regarding the use of cigarettes for any kind, like  
thatched cigars, handmade cigarette, smoking pipes, 
among others, show us that only 7 girls (4.9%) 
reported having smoked any of the products listed, 
and of these, 5 (71.4%) reported smoke less than 3 
times a month.  

The group of boys brought us the following result: 21 
(16.6%) reported having smoked any of the products 
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listed, and of these 14 (66.6%) reported smoking less 
than 3 times a month. 

About other licit drugs such as energy drink and 
narghile, we found that 54 (38%) girls have already 
used, but 41 (75.6%) answered that use up to 3 times 
a month. In the other group we found that 56 (44.4%) 
boys reported having used, but 46 (82.1%) answered 
that use up to 3 times a month. 

Graphic 2- Use of  drugs  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: From this research, we can to map a 
profile about the young people and your access to 
legal and illegal drugs, with it, we are looking for a 
ways to reduce this data and  turn  this city a ´´free 
zone´´ drugs.  Also, we demonstrated that the city of 
Querência has very useful data for regional and 
national analysis, since it is a typical town in 
development and can serve as a basis for further 
research in this area. 
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Campylobacter: An Invisible Evil 

Purpose: Campylobacter is a bacteria genus that is 
among the most common causes of bacterial 
infections in humans worldwide. These bacteria can 
affect people of all ages, locations and social classes. 
Based on this, we accomplished this research project 
in order to expose information such as symptoms, 
treatment and consequences of this very common 
infection to the general population. 

Methodology: After we accomplished a literature 
review, we opted to approach these main subjects: 
Definitions about Campylobacter, main way of 
infection, epidemiology of the infection, infection 
transmission, symptoms and signs and the different 
ways that the disease can affect the population. 
During the project development, we have searched 
references and information from different sources, 
such as books, scientific magazines, Scielo articles and 
google academy. All the information has been 
checked in other security sources in order to avoid 
mistakes in the research. 

Results: This research resulted in the creation of a 
project with a rich content about Campylobacter as 
well as diseases caused by these bacteria, making this 
research a source of information for the general 
population. From this disclosure, we expect to hold 
an awareness about this invisible evil that affects so 
many people. The main data collected with this 
research are: Detailed classification of the main 
subspecies of Campylobacter, describing their 
morphology and differences between species, 
furthermore, define important characteristics to 
facilitate the choice of medicines against infections. 
In the definitions, we found relevant aspects about 
this genus, it is curved and has a flagellum that 
provides its movement and assists in their fixation to 
the gastrointestinal tract. The most important 
subspecies of Campylobacter is campylobacter jejuni, 
this subspecies represent 99% of food infections. The 
other subspecies combined represent less than 1% of 
annual infections. In addition, campylobacter jejuni is 
the most common pathogenic bacteria to cause 
diarrhea. This subspecies is considered the leading 
cause of the " traveler's diarrhea". Due to their needs 

for temperature, oxygen and acidity, the birds' and 
mammals' intestines are the perfect place for the 
development of these bacteria. According to the CDC 
(Center for Disease Control and Prevention of the 
USA), this is the main cause of food infections and 
affects 13 per 100,000 people each year and is 
estimated to affect 2.4 million people per year in the 
whole world, representing approximately 0.8% of the 
world population. The main way of spread of 
infection is from the consumption of animal products, 
such as milk, viscera and meat in general, which tend 
to be contaminated at the slaughter, when they are 
exposed to contact with feces or contaminated sites. 
The infection proceeds in two ways: The infection can 
be self-limited by the body, without causing 
symptoms or causing symptoms very lightweight; or 
more accentuated, causing symptoms such as 
diarrhea, vomiting, nausea and abdominal pain. In 
general the disease is combated by immunological 
defenses, without causing great damage to the 
patient, however, in more severe cases may cause 
dehydration, fainting and cause death. 
Conclusion: Considering the above, it is clear that the 
Campylobacter infections are the main cause of 
foodborne, and must be handled carefully, because 
they may lead to death, moreover, prophylaxis is 
simple, cheap and accessible and should be 
stimulated widely in order to reduce the incidence of 
this disease, as well as reduce unnecessary costs with 
their treatment. 
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1 Introduction 

Gold nanorods have, in recent years, gained more 
and more attention in fields such as medicine or 
biochemistry. This is due to the fact, that they display 
a wide variety of potential applications. In practice, 
however, these are greatly limited by the presence of 
a highly cytotoxic compound, known as 

CTAB (cetyltrimethylammonium bromide) 

which, during their industrial preparation, forms a 
double layer on the surface of the nanorods and 
which  is necessary in order to stabilise them in 
solution. Simultaneously this compound acts as a 
bridge between the particles themselves and any 
compound one may wish to attach to them (e.g. 
drugs, radiotherapeutic compounds etc.). 

If gold nanorods are to become widely used, without 
them presenting any health hazards, this compound 
needs to be replaced by another, which, whilst 
retaining the same function, will lack the unwanted 
cytotoxic properties of CTAB. 

This research was devoted to synthesising a 
surfactant which would meet these exact 
requirements. 

2 Method of investigation 

The compound prepared during this project was 

structurally based on a molecule named MTAB, the 
preparation and properties of which were described 
and published in a research paper by Leonid 
Vigderman, Pramit Manna and Eugene R. Zubarev 
named 

Quantitative Replacement of Cetyl 
Trimethylammonium Bromide by Cationic Thiol 
Ligands on the Surface of Gold Nanorods and Their 
Extremely Large Uptake by Cancer Cells.  

 

Figure 1: CTAB being replaced by MTAB on the surface of a 
gold nanorod – Source: Vigderman 2012 

Figure 2: Comparison of MTAB (A) and  16-mercapto-3,6,9,12-
tetraoxahexadec-1,16-diyl-1-pyridinium-p-toluenesulfonate – Source: 
Vigderman 2012 



 

The synthetic approach used to prepare the intended 
compound was designed by modification of the 
original process, described in Vigderman’s 
publication.  

3 Experimental procedure 
The synthetic approach consisting of nine individual 
steps was carried out in the laboratories of the 
Faculty of Science of the University of Hradec 
Králové under the supervision of the consultants 
listed above. Each of the nine steps was divided into 
four sub-steps: 

- chemical reaction leading to the generation of 
the desired intermediate product 

- processing of the acquired crude reaction 
mixture 

- final purification 
- TLC and NMR testing 

The chemical compound obtained by this procedure 
was named 16-mercapto-3,6,9,12-
tetraoxahexadec-1,16-diyl-1-pyridinium-p-
toluenesulfonate. As seen below, it presents a 
modified version of the original molecule – MTAB (A).  

4 Results 
After a collaboration with the University of Hradec 
Králové, which lasted for approximately one and a 
half years, and after several alterations of the 
synthetic approach we succeeded in isolating 50 mg 
of 16-mercapto-3,6,9,12-tetraoxahexadec-1,16-
diyl-1-pyridinium-p-toluenesulfonate, which was a 
hitherto unknown and undescribed compound. The 
properties and applicability of this molecule are 
currently subject of further research.  

5 Conclusion 
The required compound has been successfully 
isolated. It is a yellow, oil-like, treacly liquid with a 
distinct butter-like malodour which is caused by 
the toluenesulfonate group in its molecule. 
If further testing proves its supposed lack of 
cytotoxic properties, it will be a highly valuable 
expansion of the hitherto small number of such 
chemicals and will thus not only help improve the 
applicability of surface-coated gold nanorods but 
also serve as a starting point for the preparation of 
other, perhaps more advanced, surfactants 
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Figure 3: Thin layer chromatography (TLC) testing of the final product 

– Source: photographed by author 

 

Figure 4: Nuclear magnetic resonance (NMR) testing of the final 
product – Source: http://www.emory.edu/NMR (illustrational) 
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7 Introduction 

Weapons of mass destruction, especially chemical 
warfare agents, belong to the most feared group of 
weapons. They persist in the environment for several 
years. Nerve agents are one of the most significant 
chemical weapons. They are known for being highly 
toxic and being absorbed through various ways of 
exposure, predominantly by the skin and respiratory 
tracts. For these features they can be misused in 
armed conflicts or terroristic attacks. 

The intoxication of nerve agents is based on inhibiting 
an essential human enzyme acetylcholinesterase 
(AChE), which controls transmission of an electrical 
signal along neurons. The therapy of poisoning by 
nerve agents is based on the recovery of inhibited 
AChE by the oxime AChE reactivators.  

The aim of my project was to assess the toxicity of 
chosen AChE reactivators in vitro on human liver cells 
HepG2 using the clonogenic assay. Using this method 
I was able to determine IC50 values for comparison of 
toxicity of these compounds. Based on these values I 
compared each structure of the reactivator with its 
toxicity value. Then I described the relationship 
between toxicity and chemical structure and 
identified potentially toxic structures in molecules. 
These results can bring very important information 
for development of new less toxic AChE reactivators 
for organophosphate intoxication treatment. 

8 Methodical part 

Clonogenic assay 
Clonogenic assay in vitro is a method based on a 
principle that single cell which survives a chemical 

treatment is able to form a visible colony (of at least 
50 cell clones) during long term incubation. 

 

a) Plating cells to 6-well panel 

 I plated cells HepG2 to a 6-well panel in 
number 1000 cells per each well, in 2 ml of 
culture medium. 

 I performed all experiments in triplicate for 
each sample. 

 I placed cells containing panels to CO2 
incubator to attach overnight.  

b) Cell treatment by AChE reactivators 
I tested 7 different AChE reactivators. I calculated the 
amount of the reactivator required for the 
preparation of working solutions.  

 I dissolved the reactivator in the culture 
medium and then I prepared concentration 
series by the serial dilution in ratio 1:1. 

 To each well I added 1 ml of the corresponding 
reactivator solution to achieve the final tested 
concentration. 

 The cells were then left to cultivate for 2 
weeks. 

c) Fixation and staining of colonies 
After a 2-week-long cultivation the cells were washed 
by phosphate buffered saline and covered in a 
fixating and staining solution to make the colonies 
visible for counting. 

 The solution consists of 0.5% crystal violet and 
glutaraldehyde 6%.  

 After 30 minutes I washed the solution out of 
panels by immersing to distilled water. 

d) Colony counting and IC50 calculating 
After staining I left the dried panels in a chamber with 
40°C air temperature. 

 I took a photo of the panels with the stained 
colonies and analyzed it using Fiji® software. 
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 I counted the cell colonies in each well. 
 Using GraphPad Prism 5.0v software I 

calculated the toxicity index IC50 and standard 
error of mean (SEM) for each tested 
concentration. 

9 Results 

9.1 Cytotoxicity of tested reactivators 
In my project, I tested seven AChE reactivators to 
analyse their cytotoxicity to human liver cells HepG2. 
Using statistical software I calculated IC50 values 
obtained from the clonogenic assay. The structural 
formulas are shown in Picture 1. 

 

 

Picture 1: Structures of tested AChE reactivators 

To get these values, it was necessary to optimize the 
concentration range to obtain sigmoidal dose-
response curve (Picture 2). The line in the point 50% 
crosses the curve in the concentration of the tested 
reactivator, which causes death of 50% cells in 
comparison with control cells. 

 

 

Picture 2: Sigmoidal dose-response curve for K027 

In the following Table no. 1 there are summarized 
names of the tested reactivators and their toxicity 
(IC50). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: IC50 of tested reactivators 

9.2 Structure – toxicity relationship 
By the analysis of the structure – toxicity relationship 
it was possible to find several structural elements of 
molecules in Picture 1, which leads to an increase of 
cytotoxicity to HepG2 cells.  

I found out that the carbon linker chain length 1C 
(Methoxime) and 4C (Trimedoxime) in the reactivator 
molecule is less toxic than 3C linker (K074). Presence 
of two oxime functional groups in molecule 
(Trimedoxime) dampens toxicity in comparison with 

Compound IC50 ± SEM (µM) 

Methoxime 56.62 ± 6.61 

Trimedoxime 292.7 ± 18.08 

Obidoxime 6.54 ± 0.36 

HI-6 18.94 ± 3.27 

K027 253 ± 33.37 

K074 20 ± 0.85 

K075 32.14 ± 3.10 



 

one oxime- and one carbamoyl- group in molecule 
(K027).  

We also found out the difference in toxicity in case of 
presence of multiple bounds in a carbon linker chain. 
The multiple bounded (K075) is slightly less toxic than 
single bound (K074). 

10 Conclusions 

In summary, I compared seven reactivators of AChE. 
On these compounds I evaluated and compared 

cytotoxicity using determination of IC50 value. 
According to the toxicity and structures I determined 
several structure elements, which led to an increasing 
toxicity of the tested compounds in comparison with 
an analogical chemical structure of other 
reactivators.  

The results of my project could give base data for an 
improvement of a design of new, less toxic and safer 
AChE reactivators used to treat organophosphate 
poisoning.
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1. The purpose of the investigation 
 
House cricket (Acheta domesticus L., 1758) is one of 
the three most common commercially available 
cricket species used for various purposes, primarily as 
food for exotic pets (Figure 1). Because of its wide 
usage it is grown on farms or improvised house 
hatcheries, wherein it is important to ensure the best 
possible conditions for faster development. The aim of 
this study was to investigate if the different 
temperatures influence growth rate of the house 
cricket reared in a house hatchery. 
 
 

 
 
Figure 1. Usage of house crickets. Most commonly, house crickets are 
used as food for exotic pets, e.g. chameleons. 
 
 
 

2. Material and methods 
 
Two groups of house crickets, each containing 15 
individuals, were included into the study. One group 
was reared at an average temperature of 31°C, and the 
other at 24°C (Figure 2). The length of crickets was 
measured every five days until the end of their growth 
and development (Figure 3). Total growth rate and 
growth rate for each period between two 
measurements were calculated. The life expectancy 
was also considered. 
The differences between groups were calculated using 
the Mann Whitney test or the Kruskal-Wallis test as 

applicable, and they were considered to be significant 
at probability values of p < 0.05. 
 

 
 
Figure 2. Study terrariums. The 15 W light bulb heated terrarium (left) 
assured an average temperature of 31°C, while at the unheated terrarium 
(right) an average temperature was 24°C.  
 
 
 

 

 
 
Figure 3. Measuring the length of crickets. Smaller crickets were 
measured using a millimetre paper (upper panel), and larger ones were 
placed inside a test tube and measured by a ruler (lower panel). 
 
 
 

3. Results 
 
The ultimate length averaged 27 mm after 30 days for 
crickets reared at 31°C, and 26 mm after 55 days for 
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crickets reared at 24°C. The difference between the 
two groups was significant (p < 0.0001) at all time 
points (Figure 4). Comparing the lengths achieved by 
male and female crickets, the difference was 
significant only between those reared at 31°C (26 mm 
vs. 28.5 mm; p < 0.0105) (Figure 5).  
 

 
 
Figure 4. Length of crickets. The lengths of 15 crickets reared in the 
heated terrarium - warm (31°C) (red) and 15 crickets reared in the unheated 
terrarium - cold (24°C) (blue) at the beginning of the experiment (0) and at 
six following time points (5, 10, 15, 20, 25, and 30 days). 
The significance levels: NS - not significant, * - < 0.05, ** - < 0.01, *** - 
< 0.001. 
 
 

 
 
Figure 5. Ultimate length of male and female crickets. The lengths of 8 
females (f) and 7 males (m) reared in the heated terrarium - warm (31°C) 
(red) as well as 5 females and 5 males reared in the unheated terrarium - 
cold (24°C) (blue) at the end of their development (30 days for 'warm' vs. 
55 days for 'cold'). 

The significance levels: NS - not significant, * - < 0.05, ** - < 0.01, *** - 
< 0.001. 
 
Total growth rate was 0.67 mm/day for crickets reared 
at 31°C, and 0.35 mm/day for crickets reared at 24°C. 
The growing period consisted of two phases in both 
groups of crickets, and those phases were 
characterized by faster and slower growing rates, 
respectively (Table 1). The life expectancy averaged 
65 days for crickets reared at 31°C, and 128 days for 
crickets reared at 24°C (Figure 6). 
 
 

 
 
Figure 6. Life expectancy of crickets. The life expectancy of 15 crickets 
reared in the heated terrarium - warm (31°C) (red) and 15 crickets reared 
in the unheated terrarium - cold (24°C) (blue). Also shown is the life 
expectancy of 15 crickets reared in the heated terrarium until the end of 
their development (30 days) and then transferred to the unheated terrarium 
- (31°C/24°C) (purple). 
The significance levels: NS - not significant, * - < 0.05, ** - < 0.01, *** - 
< 0.001. 
 
 

4. Conclusions 
 
Higher temperatures (~31°C) positively affected 
development of crickets in terms of their faster growth 
and greater final length. This was particularly true for 
females, as they outgrew males reared in the heated 
terrarium. The growing period of all crickets consisted 
of two phases, characterized by faster and slower 
growing rates, respectively. Contrary to positive effect 
on the development of crickets, their expected lifetime 
was shorter at higher temperatures.

 
Table 1. Growth rates of crickets. The growth rates of 15 crickets reared in the heated terrarium - warm (31°C) (red) and 15 crickets reared in the unheated 
terrarium - cold (24°C) (blue) calculated for each period between two measurements and for the total duration of growth (30 days for 'warm' vs. 55 days for 
'cold'). Average rates of two different growth phases in both groups are also shown - a phase of faster growing (*), observed during the first 4 and 8 periods in 
'warm' and 'cold' terrariums, respectively, as well as a phase of slower growing (**), observed during the last 2 and 3 periods in 'warm' and 'cold' terrariums, 
respectively. Those phases were separated by the same average length of 24 mm in both groups of crickets. 
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Introduction 
 
Polyphenols and anthocyanins are plant pigments that 
have powerful antioxidant properties. There are more than 
8000 polyphenolic compounds, which are separated by a 
variety of plant organs. Their quantity depends on the 
degree of maturity of the plant and the environmental 
conditions.  
Red, purple and black colour of the fruit plant  indicates 
the presence of polyphenols and anthocyanins in them. 
Fruit such as: tomatoes, black rice, cranberries, currants, 
raspberries, blackberries, red beans, pomegranate, cocoa 
powder, grapes and others contain polyphenols. 

 
 

 
Purpose 
 
The purpose of our work was to determine main 
parameters of grapes, polyphenols and anthocyanins in 
such white and colourful sorts of Georgian vine that have 
not previously been studied in this direction, as well as to 
estimate their oenological potential. 
 

Materials and Methods 
 
Varieties of the research grapes were taken from the 
Viticulture and Wine Institute (Agrarian university of 
Georgia) from the village of Skra collection vineyard 
(Gori region) in 2015 during the vegetation period (in the 
fall). 8 sorts of grapes were taken for research: Dondghlabi 
Mtsvane, Kapistoni Tetri, Krakhuna, Tsitska Kloni, 
Tsolikouri, Samarkhi, Ojaleshi, Saperavi. 6 bunches for 
each variety, which were divided by 3 repetitions (2 
bunches in each repetition). The following parameters 
have been studied for carpological analysis: colour and 
weight of grain, weight of skin, grape stone, bunch, 
quantity of grape stone in grain, length and width of grain. 
Skin and grape stones were fixed separately for each  

repetition in acidified ethanol (70% Et, 29% H2O, 1% HCI 
(38%)) solution. In order to study grape stones and skin 
extracts, define total anthocyanins and polyphenols  
phenotyping method was used worked out within the 
project COST action FA1003 “East-West Collaboration 
for Grapevine Diversity Exploration and Mobilization of 
Adaptive Traits for Breeding” for oenocarpological 
estimation of adapted varieties (Rustioni et al. 2014).  
Total anthocyanins were defined in mg/kg grapes, by 
using spectrophotometers in equivalent of Malvidini 3-0 
glucoside. Total polyphenols were determined in skin and 
grape stone extracts separately mg / kg of grapes (+) in 
equivalent of catechins. Defining total polyphenols in 
white grape varieties was conditioned by winemaking 
rules of Georgia (Kakhetian and Imeretian), where chacha 
was also involved.  

 
Results and Generalization 
 
Carpological parameters indicated a significant variability 
in the studied varieties (Chart 1). As shown on the chart,  
The grain weight varies from 1,6 grams to 2,3 grams. Out 
of this the smallest grain was for Kapistoni Tetri and the 
biggest for Samarkhi sort. Samarkhi sort had the biggest 
bunch weight (321,8), and Saperavi Tsiteli sort had the 
smallest (124,3). 
Total anthocyanins were studied in 2 colourful sorts and 
its content was Ojaleshi 1312,4 mg/kg, Saperavi 1087,3 
mg/kg. 
Saperavi (2582,5 mg/kg) showed the highest content 
among skin extracts of the studied sorts. Samarkhi sort 
(680,1 mg/kg) is characterized by the lowest content of 
polyphenols in skin among white grape sorts, whereas 
Dondghlabi Mtsvane has the highest content (2115,5 
m/kg). 
As the study shows, number of polyphenols extracted from 
generally all grape stones are significantly less than skin. 
The number of polyphenols in grape stones of white grape 
sorts varied from 12,8 to 111,0 mg/kg, the number of 
polyphenols in grape stones of red grape sorts were 
Ojaleshi – 48,8 mg/kg, Saperavi – 56,4 mg/kg. 



 

  

Chart 1. Carpological parameters of Georgian vine sorts 

Sort Grain 
Colour 

Grain 
Weight 
(g) 

Skin 
Weight 
(g) 

Number of 
grape stones 
in grain 

Weight 
of grain 
stone 

(mg) 

Grain length 
(mm) 

Grain Width 
(mm)  

Bunch 
weight 

Dondghlabi 
Mtsvane 

White 2,3 0,63 2.3 46,4 14,5 14,3 144,7 

Kapistoni 
Tetri 

White 1,9 0,59 2,7 27,5 12.8 13,1 130,0 

Krakhuna 

 

White 2,3 0,41 2,7 41,2 15,6 14,3 128,3 

Samarkhi 

 

White 1.6 0,84 3,3 60,1 16,6 14,9 321,8 

Tsitska, Kloni White 1,9 0,49 2,4 48,2 13,9 13,7 154,5 

Tsolikouri 

 

White 2.3 0,44 2,2 59,8 14,9 14,4 184,7 

Ojaleshi 

 

Red 2,1 0,65 2,8 49,3 14,1 13,8 165,5 

Saperavi 

 

Red 1,8 0,46 1,7 39,3 14,1 13,0 124,3 

 

Conclusion 
 
 According to the study, Georgian vine sorts are 
characterized by significant variability of carpological 
and biochemical signs. Such diversity is particularly 
interesting for characterizing technological potential of 
single, less widespread sorts. Biochemical parameters 
depend on the degree of grape maturity, environmental 
conditions and agro-technical practice. But if we take into 
consideration the fact that the studied sorts were taken 
from the same collection, where same conditions apply to 
all sorts, we may conclude that the difference between 
numbers of total anthocyanins and polyphenols is 
conditioned by genetic properties of sorts.  
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11 Introduction 
Plastic contamination is an increasing environmental 
problem. Not only big plastic fragments are 
problematic but also small pieces of plastics, named 
microplastics. These are particles smaller than 5 mm 
in diameter. They get into freshwater rivers and also 
into oceans through cosmetic articles and plastic 
packaging. Sewage works can not completely filter 
out the microplastics so that they contaminate the 
drinking water. We looked for a method to extract 
particles from water.  

But also other tiny fragments named nanoparticles 
are a problem for the environment. Nanoparticles are 
smaller than 100 nm. They are used in many different 
ways in industry and households, for example, for 
special coatings, although their consequences are not 
always checked consequently. We investigated the 
impact of nanoparticles on human cells to check if 
they have a detrimental influence.  

 

      

Fig. 1: TiO2 nanoparticles show agglomeration as seen 
under a scanning electron microscope  

12 Methods of the investigation 
In the first step we extracted microplastics to analyse 
their characteristics. We tested different filters and 
also the centrifuge and plankton grids to extract 
microparticles from shower gels and toothpastes. We 
tested these particles with different studies on 
concentration, size and polarity. With the data of the 
different characteristics we tried to find a standard 
method to extract microplastics from water. In 
addition, we took samples in a sewage work to check 
how many particles are released into the 
environment by reason of inadequate separation. We 
analysed the components of the samples with 
infrared spectroscopy in attenuated total reflection. 
In continuing steps we checked the influence of these 
small particles on cells. Due to the fact that even 
smaller particles have probably more influence we 
used nanoparticles for this part. We analysed the 
influence of nanoparticles to human and animal cells 
to determine if the particles influence the viability of 
cells. For this experiment we used human tumour 
cells and hamster ovary cells. After contamination 
with the nanoparticles we took samples after two, 
four and 24 hours and used the viability measure and 
an apoptosis assay to check these samples on 
apoptosis (programmed cell death) and viability. 
Furthermore the toxicity of nanoparticles to luminous 
bacteria was tested.  



 

  

Fig. 2: Results of the apoptosis assay with TiO2 which 
show the fractions of apoptotic, necrotic and living 
cells. 

13 Results of the experiments 
The results showed that microplastics and nano-
particles are in many cosmetic products and the 
fraction of microparticles in, for example, a typical 
shower gel is surprisingly high with 3.7 %. We could 
see that microparticles and nanoparticles have 
different characteristics dependent on the 
components. That is the reason why it was not easy 
to find a standard method for extraction. Our studies 
showed that the centrifuge and the plankton grid are 
the best methods for extraction of microplastics. The 
samples of the sewage work showed that there were 
microplastics in the cleaned water. Most of them 
were so tiny that you can not see them by visual 
inspection. The viability measure showed that many 
nanoparticles have a detrimental influence to cells. 
Also the apoptosis increased through the influence of 
nanoparticles. The toxicity measure indicated similar 
results with a reduction in luminous intensity. They 
showed that nanoparticles are in part highly toxic for 
bacteria.  

14 Conclusion 
We successfully separated microplastics from shower 
gels and toothpastes and found a method to extract 
microparticles from water. Our investigations 
identified microplastics in cleaned water from the 
sewage work, so we can say that microplastics are a 
sewage 

big problem because they are released into rivers and 
oceans. We saw that nanoparticles have negative 
influence on human and animal cells and, in addition, 
they are toxic for luminous bacteria.  
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Abstract 

Pleurochrysis carterae is a 
unicellular marine algae covered with 
interlocking calcite plates, called 
coccoliths, which produce bioavailable 
calcium. The ability of Pleurochrysis 
carterae to perform biologically-
directed calcification is very important 
to the evolution of the medical field 
since calcium is the most predominant 
mineral in bone. It provides structure 
and strength and promotes bone 
growth. Magnesium is another mineral 
essential to the structural development 
of bone. Strontium is a trace mineral 
vital for normal bone formation, 
strength and mineralization, which 
decreases the risk of non-vertebral 
bone fractures, increases bone mineral 
density, prevents and combats 
osteoporosis. 

This experiment investigated 
uptake of magnesium and strontium by 
Pleurochrysis carterae and the 
incorporation of those metals into its 
calcium carbonate cell wall.During a 
period of 10 days, two different 
Pleurochrysis carterae cultures were 
grown. One was kept as the 
controlculture while the other was 

treated with 10 micrograms of 
magnesium and 10 micrograms of 
strontium. A culturing apparatus 
provided sterile air and dispensed 
oxygen and carbon dioxide produced 
by the algae. Cultures were sub-
sampled every day at 2:00 pm (12:12 
light/dark cycle). Two biological 
endpoints were selected so as to 
determine whether algae’s physiology 
was altered. Dry weight measurements 
helped us assess algae’s growth rate. A 
mineral analysis using a Scanning 
Electron Microscope examined 
calcium, strontium and magnesium 
content of Pleurochrysis carteraein 
order to explore whether it could be a 
suitable resource for mass production 
of magnesium, strontium and calcium 
supplements which could alleviate the 
large percent of people suffering from 
mineral deficiency, low bone density 
and osteoporosis. 

Finally, we examined the 
economic viability of investing in the 
production of such supplements and 
the potential economic and social 
benefits while discussing why they 
outweigh the benefits of magnesium 
and strontium supplements already 
available on the market. 
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1. The  purpose of the investigation 
Pituitary Adenylate Cyclase Activating Polypeptide 
(PACAP) is an endogenous neuropeptide distributed 
throughout the body. PACAP influences development 
of various tissues and exerts protective function during 
cellular stress, inflammatory processes and apoptosis. 
However, little evidence is available on its role in the 
function and development of skeletal elements. 
Activation of PACAP receptors (PAC1, VPAC1, 
VPAC2) can regulate divers signalling pathways from 
which the canonical signalling connection induce the 
activation of PKA and/or MAPK system [1], which is 
one of the cascades involved in 
mechanotransduction[2]. It is also known the activation 
of PACAP signalling pathways decrease the 
expression of Hedgehog signalling such as Sonic 
Hedgehog (SHH) and Indian Hedgehog (IHH) which 
are responsible for the regulation of hypertrophic 
differentiation of cartilage and also regulated by 
mechanical stress [3]. On the basis of these data I 
attempted to clarify the possible role of PACAP in 
cartilage formation and its function during mechanical 
stress of chonrifying cells. 

 

2. Methods of the investigation 
Chondrogenesis was investigated in high density cell 
cultures established from chondrogenic cell of limb 
buds of chicken embryos in 22-24th of Hamburger-
Hamilton developmental stages. Mechanical 
stimulation was carried out by a self-designed 
bioreactor that exerted uniaxial intermittent cyclic 
load transmitted by the culture medium as hydrostatic 
pressure and fluid shear to differentiating cells. The 
loading scheme (0.05 Hz, 600Pa, for 30 min) was 
applied on culturing days 2 and 3 during final 
commitment of chondroprogenitor cells. 
Administration of the PAC1 receptor agonist 
PACAP1-38 (the full version of PACAP neuropeptide 
which contains 38 amino acids) happened in 100 nM 
concentration continuously from day 1 of culturing. 
Cartilage differentiation was visualized by acidic 
Dimethyl-methylene Blue (DMMB) and Toluidene 
Blue (TB) staining. Collagen type II. content of the 
extracellular matrix was monitored with 3H-prolin 

incorporation. RT-PCR was used to follow mRNA 
expression and protein expression was detected by 
Western Blot.  

 
3. Results of the experiment 

Administration of both the PAC1 receptor agonist 
PACAP1-38 and mechanical stimulation 
augmented cartilage formation (Figure 1) and 
stimulated collagen production. Mechanical load 
increased the expression of Collagen type X., 
marker of hypertrophic differentiation of 
chondrocytes and PACAP addition attenuated this 
elevation.  

Figure 1.Metachormatic staining of High Density cell 
cultures on day 6th of differentiation 

Purple colour represents the extracellular matrix of 
hyaline cartilage. Optical density (OD) of resolved 
TB staining was measured on 620 nm. Significant 

differences are considered as P>0.005. 
 

As the proof of endogenous activation PACAP 
signalling mRNA and protein expression of 
PACAP and PAC1 receptor also increased during 
mechanical load. PACAP administration diminished 
the level of SHH and IHH, but the mechanical load 
elevated the protein expression of these molecules. I 
have also proven that the downstream target of 
Hedgehog signalling, the Gli1 transcription factor, 
appeared in a higher expression during mechanical 

Control 
(OD625=100

P1-38 
(OD625=125%

MS 
(OD625=130%

MS+P1-38 
(OD625=125%



 

induction, which was reduced by PACAP addition 
(Figure 2). 

 
Figure 2. mRNA and protein expression of signalling 

molecules 

RT-PCR and Western blot was used to detect 
expression changes of signalling molecules. Optical 
Density (OD) was determined with ImageJ. GAPDH 

and Actin were used as inner control.  

 

4. Conclusion 

The observation imply the therapeutical 
perspective that PACAP might be applicable as a 
natural agent exerting protecting effect during 
joint inflammation and may promote cartilage 
regeneration during cartilage degenerative 
diseases of articular cartilage[4]. These 
experiments will make us better understand the 
steps of mechanotransduction and further 
experiments may come up with some results 
which clarify the complete process of PACAP 
signalling and cartilage regeneration.  
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Purpose of Investigation 
 

There are a number of problems that we face in 
everyday life like increased bacterial growth due to 
pollution,  harmful  effects  of  chemical  based 
cosmetics, growing adulteration in food products etc. 
All these gave me a good reason to investigate on 
turmeric because it is believed to have excellent 
antibacterial properties. Turmeric, in India, is used to 
heal sores. It is also used as a cosmetic product for 
enhancement of skin and countering the problem of 
acne and pimples. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(turmeric as an underground stem) 
 

Moreover, it is also considered auspicious and holy in 
India and has been considered important in various 
ceremonies.  Haldi  ceremony  is  an  important 
ceremony observed during Hindu weddings. A paste 
of turmeric is applied to the bride’s and groom’s body 
few days before the wedding. It is believed that 
application of turmeric softens the skin and adds a 
natural glow to it. This is one of the reasons why it 
was used as a beauty product in ancient times. 

 
 
 
 
 
 
 
 
 
 

(Haldi ceremony during weddings) 
 
All these fascinated me very much, hence this 
investigation. The aim of the experiment was to find out 
how good is turmeric as an antibiotic and how does  
it  affect  our  skin  when  used  as  a  cosmetic product. 
On the same lines some cosmetic products like 
moisturizer and face cleanser using turmeric are also 
made after performing the experiment. Due to the 
extensive  use  and  sale  of  turmeric  and  turmeric 
powder in the market many issues related to 
adulteration of turmeric powder have come up so 
another experiment was performed to check the 
presence of adulterants like metanil yellow in turmeric 
powder. 
 
 
Method of Investigation 

Checking the affect of turmeric on bacterial growth. 
1) A turmeric paste is prepared using half tablespoon 
turmeric powder and one tablespoon distilled water. 
2) An agar petridish is taken and is swabbed with a 
sample of human saliva. 
3) A second petridish is prepared in the same way and 
turmeric paste is added to it. 

mailto:stmarksmb@saintmarksschool.com


 

Checking the presence of adulterants like metanil 
yellow in turmeric powder 
1) About ¼ tsp of turmeric and distilled  water 
are added to a test tube. Shake the test tube well. 
2) A few drops of HCl are added to the 
sample 
3) If the colour of the sample changes pink then it 
indicates that the sample contains the adulterant 
metanil yellow. 

 
 

Results of the experiment 
After performing the first experiment bacterial 
count of the sample is noted at an interval of two days 
each.The petridish sample treated with turmeric 
showed a fall in bacterial count. 
In the second experiment we observe that the colour 
of the turmeric sample changes to pink when HCl is 
added to it as it contains the adulterant metanil 
yellow. 

Conclusion 
From   these   experiments   we   can   conclude   
that turmeric can be used as a mild antibiotic as it 
helps in inhibiting the growth of bacteria, it can act 
as a good substitute for chemical cosmetics and can 
help us to counter the problem of acne and pimples 
also. Moreover many adulterants like metanil  
yellow are present in the turmeric powder sold 
commercially so one  must  be  cautious  of  it  and  
try  and  use  good quality of turmeric powder for 
enjoying its benefits. 

Reference 
http://www.turmeric.co.in 
http://www.whfoods.com 
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1. Introduction 

   Body odor has always been displeasing and a 
bother, yet is a common problem for everyone, 
particularly during their teenage years. Body 
odor may be hard to avoid as it is caused by 
hormones that appear especially during puberty. 
People tend to avoid others who give of a foul 
odor, hence making people find lots of ways to 
prevent the emergence of odor from their body. 
One of the most common parts of the body 
where odor emerges is on the feet. 

  Oftentimes, body odor appears when sweat is 
produced. In feet sweat, bacteria, such as 
Bacillus subtilis, can be found as it digests and 
produce foul-smelling gas. Eliminating the 
bacteria that produces the acid would eliminate 
body odor. Hence, the use of antibacterial agent 
may solve this. 

  Nowadays, many natural resources such as 
plant extracts are often used for antibacterial 
agents. Coat button plants (Tridax procumbens) 
are wild plants that grow abundantly, yet it is 
often used for medicinal purposes, meaning that 
it has lots of useful substances in it. Therefore, 
coat button plants may be a candidate for the 
elimination of bacteria that cause of foot odor. 

   According to the problem stated above, a 
research has been started with the title “The 
Effectiveness of Coat Button Plants (Tridax 
procumbens) as an Antibacterial Agent towards 

Bacteria Found on Feet (Bacillus subtilis and 
Staphylococcus spp.)”. Through this research, 
another usage of wild plants is proposed for 
antibacterial purposes.  

2. Problem Statement and Purpose 

  Foot odor is a problem faced by lots of people 
and is often sought to be eliminated. Coat button 
plants are also abundant and not much used. 
Hence a solution is needed in order to solve the 
foul-smelling odor and the abundance of wild 
plants. 

  The purpose of this research is as stated below.  

1. Study antibacterial activity of coat button 
plants extract towards bacteria Bacillus 
subtilis 

2. Identify bacteria found on the feet 
3. Determine whether the extract may work 

on other bacteria on feet 
 

3. Research Methodology 

  The antibacterial test data was obtained 
quantitatively through pour plate method and 
agar disk diffusion method. The bacteria 
identification was done qualitatively through 
observations and tests. 

  Coat button plant extract was obtained by using 
all parts of the plant through soxhlet with 
ethanol. Different concentrations of the extract 
(25%, 50%, 75%, 100%) were then made. 



 

  Antibacterial test was then done on Bacillus 
subtilis. The test was done with pour plate 
method by agar disk diffusion. Clear zones that 
appeared were then measured. Part of the clear 
zone was then inoculated to determine 
bacteriostatic or bactericidal antibacterial agent. 

   Bacteria sample was taken from feet and 
inoculated in nutrient broth. Bacteria were then 
grown on agar plate to form colonies. Bacteria 
were identified by gross colony, agar slant, gram 
staining, and catalase test. Each colony was then 
inoculated.  

   Antibacterial test was done on each colony 
through spread plate with agar disk diffusion 
method. Clear zones were then measured and 
analyzed. 

4. Result and Analysis 

 

 

 

 

 

 

  Fig 1. The average clear zone diameter of each 
concentration and control of antibacterial test 
on Bacillus subtilis 

  Clear zones formed surrounding all the extracts, 
proving that the extract does have antibacterial 
activities. Among the extracts, the 100% 
concentration had the largest clear zone. A trend 
was seen that the higher the concentration, the 
larger the clear zone, though the difference is 
not significant, indicating that antibacterial 
activity only differs slightly. Yet the extracts were 

still below alcohol meaning that it did not reach 
lethal doses. 

  Swab taken from the clear zone was found to 
be able to grow again, meaning extract works as 
bacteriostatic antibacterial agent. 

  Based on its components, coat button plant 
extract may work as it messes up protein, alters 
the outer membrane, inhibit enzyme activity, 
permeability of cell membrane, and synthesis of 
bacteria cell. 

   Through identification, the bacteria taken from 
the feet formed colonies and can be classified as 
Staphylococcus that are also known to be found 
in feet.  

 

Fig 2. The clear zone diameter of each 
concentration and control of antibacterial test 
on Staphylococcus D and E 

  The extract only worked on 2 types of 
Staphylococcus found and yet not with a clear 
trend of clear zone diameter result. This shows 
that the extract does not work on all types of 
bacteria and that it might be due to media that 
does not support maximum growth of all 
bacteria. 
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5. Conclusion and Recommendation 

   Based on our research titled “The Effectiveness 
of Coat Button Plants (Tridax procumbens) as an 
Antibacterial Agent towards Bacteria Found on 
Feet (Bacillus subtilis and Staphylococcus spp.)” 
a few conclusions were withdrawn as follows. 

1. Tridax procumbens extract can work as a 
bacteriostatic agent towards bacteria 
Bacillus subtilis, with the 100% 
concentration as the most effective  

2.  Staphylococcus spp. Can also be found 
on the feet. 

3. Coat button plant extract can work as an 
antibacterial agent towards several types 
(not all) of bacteria found on feet 

   As this research was done within a limited 
amount of time and facility, hence we 
recommend a few suggestions for the next 
researchers studying this topic. 

1. Use statistics on clear zone results 
2. Redo antibacterial test with repetition 
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1. Introduction 
Antibiotics are chemical substances produced by 

fungi and bacteria, which had a lethal efficacy or inhibit the 
growth of bacteria.The ability of antibiotic drugs as 
antibacterial encourages excessive use of antibiotics with 
improper dosage. As a result, the development of 
antibiotic resistance by bacteria process is now beginning 
to emerge. Antibiotic resistance condition is characterized 
by the lost of its efficacy for some diseases caused by 
bacteria. 

Effort to find an active substance that is 
antibacterial continues to be done.Insects have been used 
as the first standard traditional medicine of various ethnic 
groups around the world for wound healing.Based on that 
information, Reseacherinterested in investigate the 
potential of maggots or larvae of the green bottle fly 
(Luciliasericata (Meigen)), coconut caterpillars or larvae of 
the red palm beetle (RPW) (Oryctesrhinocherus L.), Kroto 
(mixture of larvae and pupae of ants 
(Oecophyliassmaragdina)) and larvae of silkworms 
(Bombyxmori) to be employed as a source of antibiotics. 

 

2. Problem Statement 
There is no research comparison about maggots 

or larvae of the green bottle fly (Luciliasericata (Meigen)), 
coconut caterpillars or larvae of the red palm beetle 
(Oryctesrhinocherus L.), Kroto (mixture of larvae and pupae 
of ants (Oecophyliassmaragdina) and larvae of silkworms 
(Bombyxmori) to be employed as a source of antibiotics. 

 

3. Purpose of the Research 
The purposes of this study include were (1) to 

review the potency of insect producing antibiotic published 
in scientific papers; (2).To identify the types of insects and 
their larvae (maggots or larvae of the green bottle fly 
(Luciliasericata (Meigen)), coconut caterpillars or larvae of 
the red palm beetle (RPW) (Oryctesrhinocherus L.), Kroto 
(O. smaragdina) and larvae of silkworms (Bombyxmori) 

with the most potential to produce antibacterial or 
antibiotic substance. 
 

4.Research Methodology 
Coconut caterpillars (Oryctes rhinoceros L), Kroto 

(O. smaragdina), Maggots (Luciliasericata), and silkworm 
(Bombyxmori) were collected from sources available in Bali 
such as abattoir, cadaver, (maggots; collection of 
Biomedical Lab Vetereinary Faculty of Udayana University), 
rotten coconut tree (coconut caterpillar), bird markets 
Denpasar (Kroto), and Agro silkworm, SibangKaja Village 
Badung Regency (silkworm). Various scientific papers on 
natural antibiotic from insect are reviewed.  

Research has been conducted in the Microbiology 
Lab of Faculty of Medical Udayana University. 25thJanuary 
– 12thFebruary ,2016. This study used an experimental 
method of completely randomized design, which consists 
of six (6) treatments, namely:P-0: NaCl physiologic 
(negative control), P-1: Penicilin-Gentamycin suspension of 
25.000µgpenicillin and 25.000 µg Gentamycin/milliliter 
(positive control),P-2: Maggots(Luciliasericata(Meigen)),P-
3:Kroto(O. smaragdina), P-4: Coconut Caterpillars (Oryctes 
rhinoceros L), P-5:Silkworm(Bombyxmori). Each of bacteria 
contain 6 kinds of treatment and there are 4 plates for each 
bacteria so the total of research objects on both plates of 
Escherichia coli and Staphylococcus aureusare 192, So Each 
treatment was repeated four times. 

A total of 10 grams of all insect larvae was crushed 
to a final concentration of 100% with physiological NaCl. 
Grinding is done using micro-pastel. After grinding, the 
suspension of hemolymph was centrifuged at a speed of 
10,000 RPM for 5 minutes. Supernatant was taken and 
stored in sterile Eppendorf tubes and frozen until testing is 
done. 

Gram negative bacteria of Escherichia coli and 
Gram-positive of Staphylococcus Aureus grown in agar 
were provided by Microbiology Lab of Faculty of Medical 
Udayana University. Antibacterial activivity was tested in 
Mueller Hinton agar. The presence of inhibition zone was 
observed and measured. 

Six (6) filter disks were submerged in each plate 



 

(positive and negative controls as well as four insect larvae 
suspensions). The disks were than applied in the surface of 
Mueller Hinton agar plate with Eschericia coli and 
Streptococcus sp. The plates were incubated in 37oC 
overnight. The presence of inhibition zone was observed 
and measuredby vernier caliper. 

5. Results& Analysis 
Observation of the inhibition zone diameter is 

shown in Graph 1. As shown, the suspension of the 
silkworm extract had shown the widest inhibition zone 
diameter towards gram negative bacteria Escherichia Coli 
compared to the other treatment except P-1 Inhibition 
zone is the widest towards gram negative bacteria 
Escherichia Coli but Silkworms extract also showed the 
widest inhibition zone after the P-1 which also followed by 
the other extract with their own inhibition zone itself 

. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

Graph 1. Mean of Inhibition Zone Diameter of  
  Escherichia Coli (millimeter) 
Observation of the inhibition zone diameter is 

shown in Graph 2. As shown, the suspension of the 
silkworm extract had shown the widest inhibition zone 
diameter towards gram positive bacteria Staphylococcus 
aureus compared to the other treatment except P-1 
Inhibition zone is the widest towards gram positive 
bacteria Staphylococcus aureus but Silkworms extract also 
showed the widest inhibition zone after the P-1 which also 
followed by the other extract with their own inhibition 
zone itself 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Graph 2. Inhibition Zone Diameter of   
Staphylococcus Aureus (millimeter) 

From the graphic that shown above, we can take a 
conclusion which is each extract shown an inhibition zone 
and the significant of each data is very different because 
on this research, we want to know if there’s a potency on 
each treatment and the data also showed that P-1 
showed the widest nhibition zone than the other 
treatment but P-5 which is Silkworm extract showed a big 
inhibition zone towards each gram positive and negative 
bacteria. 

6. Discussion 

Table 1 Comparing with Control Negative in Escherichia 

coli 

 

On the discussion, we discuss the data in statistic, as what 
it shows on the statistic we can conclude that the data is 
valid and there’s a potency of each treatment can be use 
as antibacterial and antibiotic. Silkworm as an example, 
because silkworm has the biggest inhibition zone which 
showed that it’s the most potential as an antibacterial also 
antibiotic than the rest of the treatment, after compared 
with the control negative on bacteria Escherichia coli, the 

  Variable 1 Variable 2 

Mean 9.025 0 

Variance 2.664666667 0 

Observations 16 16 

Hypothesized Mean 
Difference 0  

Df 15  

t Stat 22.11493959  

P(T<=t) one-tail 3.6594E-13  

t Critical one-tail 1.753050356  

P(T<=t) two-tail 7.31881E-13  

t Critical two-tail 2.131449546   
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T stat showed the extract is statistically significant at  α≤ 
0.05 due to no inhibition observed in the negative control 
of NaCl. Then the inhibition zone produced by the 
treatment must be due to the active compound contained 
in the extract.  

Table 2. Comparing with Control Negative in 
Staphylococcus aureus 

  Variable 1 Variable 2 

Mean 6.0125 0 

Variance 0.2105 0 

Observations 16 16 

Hypothesized Mean 
Difference 0  

Df 15  

t Stat 52.41903609  

P(T<=t) one-tail 1.04062E-18  

t Critical one-tail 1.753050356  

P(T<=t) two-tail 2.08123E-18  

t Critical two-tail 2.131449546   

On the discussion, we discuss the data in statistic, as what 
it shows on the statistic we can conclude that the data is 
valid and there’s a potency of each treatment can be use 
as antibacterial and antibiotic. Silkworm as an example, 
because silkworm has the biggest inhibition zone which 
showed that it’s the most potential as an antibacterial also 
antibiotic than the rest of the treatment, after compared 
with the control negative on bacteria Staphylococcus 
aureus, the T stat showed the extract is statistically 
significant at  α≤ 0.05 due to no inhibition observed in the 
negative control of NaCl. Then the inhibition zone 
produced by the treatment must be due to the active 
compound contained in the extract. 

 

10.Conclusion.  

 

 The conclusion that can we gather from the paper 
is P2-P5 can be used as antibacterial also antibiotic, 
because all of the extract from the insect showed a 
inhibition zone on both of gram positive and negative 
bacteria which is Staphylococcus aureus and Escherichia 
coli, P-1 showed the biggest inhibition zone but P-5 which 
is Silkworms extract showed a big inhibition zone toward 
the bacteria itself, and the rest of the treatment also 
showed some inhibition zone which proved there’s a 
potency for them to be an antibiotic
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1       Introduction 
The process of programmed cell death, or apoptosis, is 
generally characterized by distinct morphological 
characteristics   and   energy-dependent   biochemical 
mechanisms. Apoptosis is considered a vital component 
of various processes including normal cell 
turnover, proper development and functioning of the 
immune     system,     hormone-dependent     atrophy, 
embryonic  development  and  chemical-induced  cell 
death. Inappropriate apoptosis (either too little or too 
much) is a factor in many human conditions including 
neurodegenerative diseases, ischemic damage, 
autoimmune disorders and many types of cancer. The 
ability to modulate the life or death of a cell is recognized 
for its immense therapeutic potential. 
 
1.1     The main Research 
Cancer is a disease in which damaged cells do not cause 
apoptosis and uncontrolled cell division leading to the 
formation of malignant tumor. 
Since the eggplant skin is rich in antioxidant- containing 
compounds causes the body's cells become resistant 
against premature aging and can also cause cancer cells 
to apoptosis. In this study the effect of alcoholic extract 
of eggplant skin on apoptosis of gastric cancer cells) 
AGS) and normal skin cells (FIB) was examined by MTT 
assay. 
The MTT  assay is  a colorimetric  assay for  assessing 
cell metabolic activity. In this way, the yellow MTT salt 
becomes insoluble Formosan, which has a purple colour 
by dehydrogenase enzymes found in the mitochondria of 
active cells. The absorption of this compound is 
measurable after solution in DMSO at 
570   nm.   The   results   showed   positive   effect   of 
eggplant peel extract on cancer cell apoptosis. 
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The research of the level of pollution of atmosphere by the bioindicative method. 
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 1. Introduction 

The survey was carried out in the area of 
Vilnius Skorina School and in the nearby  forest. The 
school is in the western part of Vilnius in the 
Karolinishkiu district. There is a road at the west side 
of the school , which 
average traffic intensity  increases at 
the peak  hours. There is a grove with installation 
of garages on the other side of the road. 

 

2.Content 

2.1.The purpose of the investigation 

  

 Research of atmospheric pollution 
using the method of bio indication in the area 
of Skorina High School 

Research tasks: 

 to investigate the structure of lichen;  
 to get acquainted with variety 

of  lichen species within the school area;  
 to assess the level of air pollution in the 

territory of Vilnius Skorina High 
School  according to abundance of 
different morphological lichen groups. 
 

Hypothesis: if we identify a sufficient amount 
of lichens, we can draw conclusions about 
the favorable ecological environment of the 
researched area.  

2.2 Method of the investigation 

 We created a map of the investigated area.  
 We divided 

selected area  into squares (10x10)m.  
 We chose 5 trees in each square. 
 We counted the amount of 

lichen   species on each tree. 
 All found species  were divided 

into three groups: flat, leafy, branched.  
 We assessed the tree trunk coverage with 

lichens. We put the strain of the 
measuring grid of 10x10 cm on  a selected 
part and determined the area occupied 
by lichens.  

2.3. Equations 

The overall envelope     counted by the formula :  
H=(100a+50b)/c 

Relative index of atmosphere pollution             (ARU)  
= 1F+2L+3B  

                        30                                                                                       

The higher index (ASU), the cleaner lichens growth 
area.  

 

2.4. Results of the experiment 

 “Repression zone’’ – poor lichens flora № 1, 
2,3.(ASU: 0.2) 

 “Normal living zone”; points № 4, 5.(ASU: 0.36-0.46) 

 

 

 



 

3.Conclusion 

After revising graphs we can emphasize high indexes 
in the research facilities  such as     No 4, and 
No 5 School area. These items are mostly covered. 
Slightly lower 

indexes are in objects № 1 A Park Near School  and № 
2 Roadside. In these objects lichens are 
in depressed state. The atmosphere is 
moderately  polluted.   

Indexes of object № 3 Grove threaten more. 
Branched lichens are not found here. There are some 
species of leafy and flat lichens.  The biggest number 
of atmospheric polluters are found in this object.  
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21 Century - How to Prevent the Youth from Getting Overweight and/or Obese 
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Elida Angelova 
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Content  
The 21st century has brought a great amount of 
inventions which literally changed the course of living 
for the people. However, it seems to have brought 
more disadvantages than advantages. I will not look 
into every single disadvantage but only on one – 
overweightness and obesity especially among the 
youth. Overweightness and obesity are defined as 
abnormal or excessive fat accumulation that may 
impair health. I put an emphasis on the youth. Why? 
Childhood obesity leads to adulthood obesity. The 
beginning, the root is what matters always and 
everywhere. If we teach our children the principles at 
an early stage of their lifetime we will make great 
progress – this will decrease the number of 
overweight and/or obese children annually. I do not 
implicate that everyone should have a mind-
blowingly looking body but have normal weight and 
most of all be healthy. So, how do we do that? 

 

The purpose of the investigation 
The statistics on obesity among young people is 
devastating and frightening. Childhood obesity has 
more than doubled in children in the past 30 years. 
The percentage of children aged 6–11 years in the 
United States who were obese increased from 7% in 
1980 to nearly 18% in 2012. Similarly, the percentage 
of adolescents aged 12–19 years who were obese 
increased from 5% to nearly 21% over the same 

period. In 2012, more than one third of children and 
adolescents were overweight or obese. What’s more 
dreadful are the following facts.  One study showed 
that children who became obese as early as age 2 
were more likely to be obese as adults. They are at 
risk for adult health problems such as heart disease, 
type 2 diabetes, stroke, several types of cancer, 
including cancer of the breast, colon, endometrium, 
esophagus, kidney, pancreas, gall bladder, thyroid, 
ovary, cervix, and prostate, as well as multiple 
myeloma and Hodgkin’s lymphoma and 
osteoarthritis. Do you see how alarming and serious 
this is? But that’s not it.  

Overweightness and obesity do not only have an 
effect on your health but on your social life, your 
noosphere as well. Most of the people suggest that 
being obese is fine and something that shouldn’t be 
dealt with but just let it be. I am not one of those 
promotors who get paid to promote some product or 
sell an idea. I was obese. I know perfectly well what’s 
the feeling to be obese, and believe me it is not at all 
pleasant. I had been dealing with obesity since I was 
a child. Daily consumption of uncontrolled and most 
of all unhealthy food. I am a person known pretty 
well in the society I live and I have great reputation. I 
am a great student, I play the piano, I am an actor, I 
am mad for mathematics, physics and chemistry, I am 
a film and book addict, I draw.  

I still do these things but back in the days when I was 
obese these skills were overshadowed by my outer 
appearance. Even though I have a strong character 
and attitude, I started getting depressed, worried, 
sad, self-destructive, nihilistic. Despite the negative 
feelings I started getting ill. Going to doctors, taking 
pills, my parents started getting worried. The 
moment  when everything exploded was when I had 
a patellar dislocation. I was bedridden for 2 months 
and gained weight even more. When I finally looked 
at myself in the mirror I was so frightened that I 
wanted to escape from my own body. But no, I said 

mailto:damjanpavlov98@yahoo.com


 

to myself – “Damjan this is it. It’s time for you to 
wake up.” The question was how to become 
“normal”. The answer came right up. One of Balkan’s 
most famous nutritionists Cveta Dineva. My parents 
and I went to her office and that’s when I started the 
battle.  

 

Results of the experiment 
After a year and a half I have thoroughly and 
completely changed my lifestyle. I weighed 116 kg 
and now I have reduced that weight to 92 kg. 
Without any artificial supplements, without any 
powder shakes I have naturally walked a road to 
being healthy and fit. Daily consumption of fruits, 
vegetables and a lot of water. I am still walking that 
road and will never stop. Why? Because this road is 
the way I live now. I have developed a programme to 
a lifestyle. That is why this programme is something 
which  guarantees to be a success but not on its own. 
You have to be dedicated and strong. Not only have I 
changed the way I look on the outside buy I have 
encouraged other people who had problems with 
their weight to fight and face the problem. I was the 
one to actually break the ice in the area where I live. I 
achieved to considerably change the prejudice of 
other people towards people dealing with obesity. I 
achieved to raise the awareness of this problem on a 
higher level. Cveta Dineva and I had two appearances 
on two major TV channels in Macedonia.  

They went amazingly well, the hosts were amazed by 
my experience and my incredible friendship with Mrs. 
Cveta.  

Conclusion 
Sadly, overweightness and obesity have become 
common and usual all over the world. To make 
matters worse, some mainstream artists use this 
matter as a promotional material saying that being 
obese is something that you should be proud of and 
stay that way. Unfortunately, this does function and 
people find shelter in these songs or music videos.  

But is getting cancer, diabetes, cardiovascular 
diseases, hypertension, strokes something that you 
should be proud of? All the people who are dealing 
with this problem should take action and stand tall. 
Break free, make the first step and afterwards, things 

will run smoothly and successfully, of course if you 
keep to the principles this programme suggests. This 
programme is something that will make you go 
through a renaissance and become a new person, a 
person you truly are.People it’s time to wake up. It’s 
time to see with our eyes wide open. Overweightness 
and obesity are not something unstoppable. They are 
preventable. So, let’s break free. 

 

 

 

  

     Mrs. Cveta Dineva and Damjan 
Pavlov on the morning programme on 

Sitel 



 

Understanding the human immune system 
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 Abstract 
Human immune system is a network of cells, tissues 
and organs that work together to defend the body 
from diseases. In order to function properly, the 
immune system must be able to detect a variety of 
foreign bodies. The human immune system is 
amazingly complex and it can’t be easily explained. 
It is classified into many subsystems. 
 

 The purpose of investigation 
The purpose of this study is to learn how our 
immune system works against pathogens and to 
learn how to preserve it. Knowing the basics of the 
immune system is a key factor to a healthy life. 
 

 Method of the investigation  
Obtained information from a specialized personnel, 
data analysis and research. 
 

 
 Result 

Eating plenty of fruits, vegetables and whole grains, 
getting enough sleep, reducing stress, avoiding    
alcohol and smoking and keeping up with annual 
vaccinations can help to preserve and maintain a 
strong immune system.  
        

 Conclusion 
Why is our immune system important? Immune 
system is a system that keeps us safe from 
infections and diseases. Our immune system plays 
a crucial role in maintaining proper health. Every 
single breath that we inhale, every drop of water we 
drink or every bite of food we eat, all contains 
germs. Strong immune system fights against those 
germs and keeps us protected. People with weak 
immune system, might catch these diseases more 
easily. 

 
 
 

 
 

  Example of immune system 
boosters 



Which is the best killer of bacteria? Garlic, onion or honey? 

Sara Trajkova, Kliment Angelov 

Suzana Trajkova 

Vanco Prke, Vinica/Macedonia, saratrajkova999@gmail.com 

 
16 Introduction 
It is widely known that garlic has the ability to fight 
against bacteria and viruses. The antimicrobial 
substance in garlic is called allicin. Allicin is contained 
in garlic from 0.3% to 0.5%. It is also discovered that 
honey has antibacterial effect. We are all aware that 
onion absorbs the bacteria but does it kill them?  This 
project is designed to prove that garlic, onion and 
honey are, indeed  effective in killing bacteria. 

 

 

17 Method of the investigation 
We have selected 4 strains of pathogenic bacteria 
isolated from different sites and Candida, isolated by 
tongue. They are planted on appropriate 
bacteriological base. Solution of garlic, onion, honey 
and antibiotic is added on the planted surface. After a 
period of incubation, the material is inspected and 
the zones of inhibition are measured. After analyzing 
the results, it is concluded that: 

 

18 Results of the experiment 

- Garlic and honey have antibacterial abilities. 
- Onion has not antibacterial abilities. 
- Garlic and honey act well on gram positive cocci 
– Streptococcus pyogenis group, on some E. Coli 

act better than an antibiotic and on Streptococcus 

aureus garlic is better than honey. 
- Garlic and honey have excellent effect on fungus 
Candida 



 

4       Conclusion 

Candida is often a result of too much taken 
antibiotics. Eating garlic and honey while taking 
antibiotics would prevent the development of 
infections with this fungus, and at the same time 
would increase the effect of the antibiotic.  

 

 

  



 

ANTIOXIDANT EFFECTS OF STANDARDISED ETHANOLIC PHYLLANTHUS 
NIRURI EXTRACT AND ITS ACTIVE COMPOUNDS ON HYDROGEN PEROXIDE 

STIMULATED COLON CELLS 

Hamsa Yogini A/P Ganesan1 

1PERMATApintarTM National Gifted Centre, National University of Malaysia, Malaysia 

ABSTRACT 

Phyllanthus niruri has been used in modern 
medicine to prevent or treat multiple 
disorders such as diabetes, kidney stones 
and HIV. In Malaysia, Phyllanthus niruri is 
known as ‘dukung anak’ and is used 
traditionally for medicinal purposes. This 
research was conducted to investigate the 
antioxidant effects of standardised 
ethanolic Phyllanthus niruri extract and its 
active compounds on hydrogen peroxide-
stimulated colon cells. This research aimed 
to prove that natural products can be used 
to mitigate risk of diseases, especially 
cancers. CCD18Co cells (fibroblast normal 
colon cells) were stimulated with hydrogen 
peroxide, H2O2 which decomposes into 
hydroxyl radicals which are highly reactive 
free radicals. Excess free radicals causes 
oxidative stress which can cause cell death, 
chronic diseases and aging. Besides that, 

excess free radicals also damage the DNA 
(deoxyribonucleic acid) which increases 
the chance of getting cancer. P. niruri 
extract, along with its constituent active 
compounds, mainly phyllanthin and 
hypophyllanthin were tested for their ability 
to prevent further DNA damage in H2O2-
stimulated cells. Among the assays that 
were done to assess its ability were alkaline 
comet assay, DPPH assay, FRAP assay and 
GSH assay. Through alkaline comet assay, 
Phyllanthus niruri proved to have positive 
effects on preventing DNA damage in the 
stimulated colon cells while the DPPH, 
FRAP and GSH assay results showed that 
Phyllanthus niruri has antioxidant property.    

KEYWORD: Phyllanthus niruri; 
Phyllanthus; antioxidant; oxidative stress; 
natural remedy 

  



 

PREPARATION AND CHARACTERIZATION OF CARBON NANOPARTICLES 
FROM METROXYLON SAGU 

Muhammad Adib Fadhullah Muhammad Lukman1 

1PERMATApintarTM National Gifted Centre,  National University of  Malaysia, Malaysia 

ABSTRACT 

The acid hydrolysis of Native sago 
(Metroxylon sagu) starch at 40°C was 
monitored for 7 days. The yield of sago 
starch was reduced from 15 g (100%) to 
2.94 g (19%) when the hydrolysis rates 
were increased to 80.4% on the seventh 
day. X-ray diffraction results show a 
gradual increase in crystallinity of 
hydrolysed sago starch compared to the 
native starch and the starch changed from 
C-type to A-type. FE-SEM micrographs 
showed that hydrolysis starch owned round 
shape and rough surface with size diameter 
of 125-257 nm. In addition, DSC analysis 
shows the melting enthalpy (J/g) was 
reduced to 2.49 J/g. Starch nanoparticles 
were further used to prepare carbon 
nanoparticles by refluxing with nitric acid 
for 1 hour. The obtained carbon 
nanoparticles show round shape with size 

diameter of 30-35nm. Carbon nanoparticles 
show a peak at 392 nm under UV-visible 
spectra which indicates the presence of 
C=O bond. X-ray diffraction analysis 
showed that the carbon nanoparticles are in 
amorphous state. The prepared carbon 
nanoparticles owned fluorescence 
properties and it showed wide peak at 320 
nm when excited with various energy 
protons. The fluorescence properties of 
carbon nanoparticles were confirmed under 
UV-lamp, where they showed light green 
ray under 365 nm of blue ray. Finally, this 
research enables the identification of less 
toxic property of the prepared carbon 
nanoparticles from sago starch. 

KEYWORDS: metroxylon sagu, acid 
hydrolysis, fluorescence, carbon 
nanoparticle 
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1. Introduction 

Increasing environmental concern 
demands that we employ ecological 
management, such as using organic inputs and 
managing soil-plant and microorganism 
relationships in the rhizosphere. In sustainable 
agriculture, soil and crop management systems 
are of vital importance for biological soil 
fertility. The establishment of functional 
mycorrizal symbioses improves the soil 
nutrient availability to plants.Symbiotic 
mycorrhizal fungi influence the terrestrial 
environment in different ways, either through 
direct interactions with the mineral or organic 
substrates that they colonize, or indirectly, via 
interactions with their host plants or other 
organisms. 

The objective of this study was to examine the 
development of mycorrhizae associations in 3 
types of sterile soil: a former industrial 
factory, a former garbage dump, extensively 
excavated area.  We wanted to demonstrate the 
potential of adaptation of soil micro flora to 
plants. 

At each location, three soil samples were 
collected at 0-20 cm depth during the winter of 
2016. We studied the possibility of 
transferring all the mycorrhizae obtained in the 
laboratory, in these sterile soils. The physical, 
chemical and biological properties of a former 
industrial factory, a former garbage dump and 
an extensively excavated was studied. 
Preliminary results are presented in the 
following table: 

 

Sample Identified minerals 

excavated 

area 

quartz, feldspars, chlorite, muscovite / illite 

former 

garbage 

dump 

quartz, calcite, feldspar, chlorite, muscovite / 

illite, zeolite 

former 

industrial 

factory 

muscovite / illite, quartz, feldspar, calcite, 

chlorite, silicate K, Mg and Al 

(X-RAY DIFFRACTION SOIL ANALYSIS) 

2. Method of the investigation 

Five Triticum aestivum and Pisum sativum 
seeds were sown into the sterile soil one week 
after germination to two plants per pot. 



 

The chosen plants in order to be studied in the 
laboratory were: Triticum aestivum because it 
is a poacea and It has a reduced root system 
size (strong symbiosis are made) and with 
Pisum Sativum because it has a relatively well-
defined root system and has the ability to enter 
into symbiosis with nitrogen-fixing bacteria. 

We made insemination in laboratory of these 
two species in containers with soil fertilized 
so: 3 of each plant in soil with 
guano(N:P:K=10:3:1), 3 in soil with 
urea(N:P:K=20:0:0), and another 3 in soil with 
N:P:K=15:15:15. For our experiments, we use 
fertilizers in different proportions. Plants were 
maintained in laboratory conditions: 20̊ C, 
60% humidity, natural lighting.

 

We studied the development of mycorrhizael 
associations in those 4 types of soil: 

 

This survey is a comparative indicator of the 
mycorrhizal status of polluted soil versus that 
of unpolluted soil late in the growing season of 
the vegetation. Current studies involve 
isolation and assessment of potential of the 
mycorrhizal associations present in these 
polluted sites to infect plants and produce a 
positive effect on host plant growth in polluted 
soil. We also studied the correlation between 

the development of mycorrhizae and presence 
of heavy metals. 

 

3. Conclusion 

 The extent to which interactions 
between mycorrhizal associations and other 
microorganisms influence different organic or 
mineral substrates is still unclear and further 
experiments are needed to distinguish between 
the activity of mycorrhizal hyphae themselves 
and facilitated mycorrhizal uptake of 
compounds mobilized by activities of other 
organisms. 

The role of symbiotic mycorrhizal fungi in 
terrestrial ecosystems is fundamental. Many of 
the characteristic plant communities that 
dominate the major terrestrial biomes of the 
world do so today because selection has favored 
different types of symbiotic associations that 
are adapted to prevailing suites of soil, 
vegetation and climatic conditions 
characterizing these different environments. 
Comparative analysis of different systems will 
improve our understanding of responses to 
environmental and climatic perturbations. This 
knowledge is an important for future, 
sustainable management of terrestrial 
ecosystems. 
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3.3.1 The purpose of the investigation 
Provision of a preparation form of antiacne hydrogel 
based on the active ingredients from  summer savory 
and wild thyme with antiseptic action. The puberty is 
accompanied by acne and blackhead skin which 
means not only an aesthetic problem, but you can 
easily  win the war against pimples by using this 
hydrogel made with extract of summer savory or wild 
thyme.       

3.3.2 Method of the investigation 
I found a group of researchers from the Metropolitan 
University in Leeds, which established that an 
alcoholic extract with savory  was more effective in 
acne treatment than other creams and lotions based on 
ordinary benzoyl peroxide. The use of tincture is really 
uncomfortable: it has short action because of the 
alcohol’s  evaporation, you cannot apply in effective 
amounts on different surfaces, it flows and leaves 
stain. As result I wanted to find a better preparation 
form to apply this extract, so I documented myself 
about opportunities and with the help of my 
coordinator professors we found out to realize 
hydrogel based on the savory extract, which is easier 
to apply on the skin and it has the wanted rheological 
nature. To expand the range of studied medicinal 
plants in acne control I can add thyme- as another 
efficient plant. This is similar to savory but it cannot 
be found in medical forms in specialty literature. 
  

3.3.3 Results of the experiment 
I created a comparative  microbiological test of the 
two plant extract: I prepared a water-based infusion of 
savory and thyme. The extracts were contaminated for 
an hour respectively 24 hours with pathogenic 
bacteria. After an hour-contact with pathogenic 
bacteria (Staphylococcus aureus hemolytic)  in the tea, 
I obtained a rich confluent culture. After the tea’s 24 
hour-contact with bacteria, the result was a significant 
decrease of colonies. 
 

 
 

 
             Staphylococcus aureus hemolytic  
 
The formulation of the hydrophile ointment: The 
release and absorbtion of active ingredients from the 
ointments, depends on numerous factors, but the most 
importants are:  the kind of ointment’s base; 
the ointment’s release capacity in active ingredients; 
the physical-chemical properties of built-in 
substances. 
As a result, to ensure a maximum efficiency at the 
place of application, an important phase in obtaining a 
suitable ointment is the choosing phase of the auxiliary 
substances and technologies. 
The spreadability control was determined with the 
help of an Ojeda – Arbussa extensometer: 

 

  



 

Form with thymus (hydrogel  with sodium  

carboxymethylcellulose 4%)  
 
 
 
Hydrogel’s  extensiometrical curve with CMC Na 
4% and with vegetal extract in comparation with  
Standard. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
3.3.4 Conclusion 
The hydrogels are washable, homogeneous , slightly 
opalescent. I formulated two antiacne preparations 
based on vegetal extract using as forming substance 
the sodium carboxymethylcellulose. After the control 
of the preparations I found out that the quality 
provisions match to every form respectively the 
physico-chemical and pharmocothechnical features. 
Hydrogels adhere on the skin’s level and allow a good 
release of  active principles.They extand easily in thin 
layer and can be  removed with simple washing.  
Hydrogel with sodium  carboxymethylcellulose 4% is 
optimal base to obtain an antiacne ointment. 
 
  

Components Concentration 
(g%) 

Role in 
formulation 

Extractum 
Thymus 

serpyllum 

10,00 Therapeutic agent 

sodium 
carboxymethylcell

ulose 

4,00 Viscosity-
increasing agent 

Ethyl alcohol  10,00 Dispersant agent 
Distilled water to100,00 Vehicle 
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1.  Introduction 

Colloidal silver (electro-colloidal silver) is a tasteless, 
odorless, pure and natural substance. It is a very old 
antibacterial, anti-fungal, anti-viral, and anti-biotic 
without harmful side effects. The modern world has 
given up most of the practices used by our ancestors, 
being bombarded by the pharmaceutical industry and 
the chemical industry with various unnatural 
substances, some even toxic, to treat current problems 
linked to the health of humans, animals and the 
environment. 

2.  Purpose of the Research 
The project aims to shed light on the rediscovery of the 
power of silver. 

Used in a newer formula, as a result of many years of 
study, colloidal silver could be an environmentally-
friendly replacement for many synthetic substances that 
harm our health and  the environment.  

3.  Objectives  
a) To inform people that our ancestors weren’t polluting 
the planet with various toxic substances, instead they 
were using only natural substances. 

b) To clarify the question: Why the modern world does 
not know about this form of silver? 

c) To show the beneficial effects of colloidal silver, 
using our experiments.  

d) To bring alternatives regarding the use and 
consumption of unnatural substances. 

4.   Methods 

Water Experiment: We carried out tests on 4 
different types of water, where we have identified 

through laboratory methods bacteria in water before 
and after the introduction of Colloidal Silver. 

Redcurrant Experiment: Part of my redcurrants had 
Anthracnose (caused by a fungi) and Aphids (caused by 
insects). Knowing that silver has antifungal properties, 
I started a “treatment” which meant to spray them with 
colloidal silver. 

Crops Experiment: I observed the development in 
the plant growth while using Colloidal Silver on beans, 
corn and grass. 

Roses Experiment: Knowing that silver is 
responsible for some connections with the ethylene 
receptors of the plants, I want to see which plant withers 
quicker. 

5.   Results 
a) The bacteria inside water die in a very short time after 
introducing a certain amount of colloidal silver in it.  

b)  Plant diseases such as Aphid Blister (Eriophyes ribis), 
Anthracnose (Ribis pseudopeziza fungus),  can be 
prevented and combated by spraying them with 
colloidal silver. 

 

 

 

 

 

 

 

 

Fig 1: a)                                   b) 

a) Spots caused by  Eriophyes ribis.  
b) After 10 days of treatment 



 

 

 

 

c)  Increase in plant growth can be accelerated by 
administration of colloidal silver. 

d) The life of flower bouquets in vases can be extended 
for at least two days with a small amount of colloidal 
silver. 

 

 

 

 

 

 

 

6. Applications based on my results 

a) During natural disasters, especially in tropical 
countries, it is an ideal and inexpensive way to sanitize 
water and put in place a disease prevention regime. 

b) In farms, veterinary clinics and fisheries, water can 
be treated with colloidal silver to prevent infection with 
pathogens. 

c) To disinfect work surfaces. 

d) To disinfect water in swimming pools. 

e) To clean toothbrushes, dental prostheses. 

f) In agriculture, horticulture, colloidal silver can be 
used to accelerate plant growth or to slow down the 
process of wilting and also to protect plants from 
parasites. 

g) Using Colloidal silver for food preservation.   
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1. Introduction 

I have chosen this topic because more and more 
children are suffering from allergic asthma, and, 
supposedly, in the next 5-7 years, one in two children 
will be allergic. Nowadays, children are more exposed 
to allergens like dust, air pollution and passive 
smoking. Considering that, at the time being, most of 
the children are not exposed to enough childhood’s 
diseases in order to strengthen their organism, 
which, in addition to the fact that more and more 
mothers decide not to breastfeed their infants, there 
are a lot of aspects that will eventually result in a 
weak immune system. My research was carried in 
2015 at the Emergency Hospital for Children “Sf. 
Ioan” Galati, in the Department of Allergology, under 
the guidance of Prof. Dr. Ierima Alexandru, Ph D. I 
was also aided by Professor William Cookson and 
Professor Miriam Moffatt from The National Heart & 
Lung Institute at Imperial College London. 

2. The purpose of the investigation 
The main goal of my research was to find out how the 
only existing medication works and how efficient it 
really is and, while to stressing the importance of the 
epigenetic developments. With the help of Prof. Dr. 
Ierima Alexandru Ph. D., I was able to look into the 
medicine that is supposed not only to reduce the 
hazardous effects of the disease but also treat it. This 
drug, that will be named X in the research, contains 
an active chemical, Omalizumab, which blocks the 
Immunoglobulin E (IgE), an antibody responsible with 
the allergic response.  

3. Method of the investigation  
First of all, I was granted access to the statistics 
regarding the number of asthma cases in children in 
Galati County from 2010 to 2014 (Table 2). The data 
was used to determine the evolution in numbers 

regarding the disease, as well as different aspects 
(e.g. gender or age) that influence the frequency of 
the allergy. 

Subsequently, I was allowed to follow the evolution 
of three subjects, differentiated from one another by 
specific characters synthesized in the following table 
(Table 3), during the treatment with X.  

 

The research was carried out for 315 days in which 
each patient 
received 13-15 
doses of medication 
(after the 13th dose, 
the first patient’s 
organism started 
rejecting the 
medication). The 
way their bodies reacted was analyzed and the data 
gathered was included in the following chart (Figure 
2) 

When all the data was gathered, I was able to tell 
that the drug used was not efficient enough, taking 
into account the high cost of the medication and the 
possible complications. Each subject presented a 
positive evolution throughout the analysis but their 
level of IgE was only decreased by 28-40 % after 13 to 
15 doses. Good as the percentage might seem, the 
various possible side effects like anaphylaxis, pectoral 
angina or even cancer make one think that a better 
solution is to be found. 

5. Conclusion 
5.1. The existing medication needs improvement 
regarding its efficiency (considering the fact that to 
completely treat the disease a number of 40 to 45 
doses are needed) as well as its cost (1200 Euros per 
dose).  



 

5.2. A better solution, and, in my opinion, the most 
efficient treatment, would be the induced 
methylation of the 34 genes that code the synthesis 
of IgE. Although the exact loci of these genes are 
known, further research is needed in order for the 
procedure to be successful.  
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Table 2-Number of cases-Galati County 

Table 3- Initial analysis of the subjects 

Figure 2-The variation of the IgE level during the treatment with X 
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1. Introduction 
A significant number of central nervous system (CNS) 
diseases occur as a consequence of degenerative 
changes which impact neurons and supportive cells in 
CNS. Therefore, one of the key objectives of 
neuromedicine is to find the ways to produce these cells 
in vitro, and subsequently graft them into damaged 
parts of CNS [1]. It is known that astrocytes, as the 
most numerous glial cells in CNS, besides the wide 
range of important functions, which are still to be 
examined, provide neurons with metabolic support [2]. 
Stem cells from apical papilla of tooth (SCAP) show a 
significant potential for osteogenic, chondrogenic, 
adipogenic and other differentiation pathways. 
Besides, these cells have an ability of neurogenic 
differentiation. Considering that they originate from 
neural crest of gastrula, it is interesting that these cells 
express some properties of immature neural cells even 
without neuronal induction [3]. The main hypothesis of 
this project is that astrocytes play an important role in 
neurogenesis, so their influence on stem cells could be 
used in co-culture in laboratory conditions to produce 
mature neurons [4]. The aim of this project is to 
examine to which extent astrocytes may influence the 
SCAP differentiation into mature neurons in vitro. 
 

2. Material and methodology 
For purposes of this research, primary astrocytic 
cultures isolated from post-natal cortex of Wistar rat 
pups, and SCAP from impacted human third molar 
tooth were used. Pieces of glass upgraded with 
paraplast wax balls and coated with poly-L-lysine were 
prepared for SCAP seeding. Astrocytes were seeded in 
Petri dishes. Cells were separately incubated in DMEM 
medium with 25mM glucose and 10% fetal bovine 
serum until they reached 60-80% of confluence after 
which they were placed into the same medium. The 
cultures were cultivated without direct mutual contact. 
After 24h, DMEM was replaced with Neurobasal 
serum-free medium in order to provide an adequate 
environment for neurons’ development [5]. Cells were 
observed daily in order to visually determine 
morphological changes, after which they were 
subjected to immunocytochemical analysis. GFAP was 
used as an astrocytic marker, whereas β-III Tubulin 
was used as neuronal marker. Observations were 

conducted on confocal microscope with corresponding 
software package. 
 

3. Results and discussion 
Cell cultures have reached their confluence quickly 
which proves DMEM medium to be suitable for their 
proliferation. Astrocytes grew in monolayer until they 
fully covered Petri dish, after which they, expectedly, 
stopped with further divisions. SCAP were 
morphologically elongated and grew in monolayer too 
in all directions. First four days cells maintained their 
confluence, while only the fifth day differentiation 
beginnings could be observed in form of cellular 
extensions, when, based on current literature, it was 
expected that SCAP acquire morphology and 
interconnectivity of neuron-like cells [5]. It was 
determined that after chemically induced neuronal 
differentiation, SCAP expressed βIII-tubulin 
(unpublished data) which is considered to be the one of 

the basic neuronal markers, which was also expressed 
by cells differentiated in co-culture. 

4. Conclusion 
This project confirms stimulatory function of 
astrocytes in neurogenesis, which represents a 
significant contribution to the overall research of their 
numerous functions. Contribution is achieved in the 
field of SCAP research as well since they have been 
used in co-cultures with astrocytes for the first time. 
After only a week, SCAP developed into neuron-like 
cells which express neuronal markers. It was also 
observed that cells tend to establish connections, which 
points to the successful cultivation of neurons in 
laboratory conditions. Still, electrophysiological 
measurements are yet to be conducted in order to 
confirm that these neuron-like cells are actually 
functional, mature neurons, which could be used in 

Figure 1. – Representative micrograph of βIII-tubulin 
immunocytochemistry staining of neuron-like cells 



 

further research for finding therapy for 
neurodegenerative diseases. 
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1. Introduction       
Bioprospection has become dynamic scientific field 
that explores novel possibilities for the implementation 
of natural products [1]. The aim of this study was to 
screen in vitro antitumor activity of methanol extracts 
of selected lower level organisms against the breast 
adenocarcinoma MCF-7 cell line and to identify 
potential bioactive principle(s) of the most effective 
species. 
 
2. Materials and Methods 

The sponge Ochridaspongia rotunda (Arndt, 1937), 
the bryozoan Pectinatella magnifica (Leidy, 1851), the 
lichen Usnea barbata (L.) Mott. and the moss 
Rhodobryum ontariense (Kindb.) Kindb. were 
screened for the first time (Figure 1). Antitumor 
activity and antimutagenicity  were determined by 
MTT and comet assays, respectively. Chemical 
composition of the most promising organism was 
estimated using Fourier Transform InfraRed 
spectroscopy (FTIR), UltraViolet-VISible 
spectroscopy (UV-VIS), Ion Exchange 
Chromatography (IEC) and Atomic Absorption 
Spectroscopy (AAS). 
 
3. Results and Discussion 

O. rotunda methanol extract was found to be almost 55-
fold more selective against MCF-7 vs. MRC-5 
(normal) cells, compared to doxorubicin (positive 
control) that highly affected both normal and tumor 
cells (Table 1).  

Table 1. Antitumor activity of tested methanol extracts and 
doxorubicin (Dox) 

 

 
        
A 3.5-fold lower fragmentation of DNA molecule in 
the presence of the sponge extract (vs. doxorubicin) 
pointed out its good antimutagenic potential.  
While both FTIR spectrum and meager content of 
simple phenolics (< 3.0 mg/kg, in a dried sponge 
material) practically excluded these compounds among 
the antitumor leads, the spectrum imposed the idea of 
sterol(s) (hydroxyl and methylene groups 3350.5 and 

2927.6 & 2854.2 cm-1, respectively) as possible key 
bioactive(s) (Figure 2) [2]. Furthermore, negligible 
contents of nitrites (< 0.1 mg/kg) and heavy metals 
(including one metalloid species) (< 2.3 mg/kg) are not 
likely to be responsible for the observed bioactivity. 

 
           A                      B                     C                      D 

Figure 1. – A. Ochridaspongia rotunda, B. Pectinatella 
magnifica, C. Usnea barbata, D. Rhodobryum ontariense 

 

Figure 2. - FTIR spectrum of the sponge O. rotunda            
methanol extract 

4. Conclusion 
      O. rotunda methanol extract may afford novel drug 
for breast tumor and/or inspire its design. Further 
research should include in vitro antitumor screens of 
the sponge extracts (using solvents of different 
polarity) on a vast number of cell lines, coupled with 
the relevant screens at ex vivo and in vivo conditions. 
O. rotunda aquaculture (in situ and ex situ) should also 
be formed, aiming to provide an optimal amount of 
biomaterial for the isolation and identification of the 
leading antitumor agents. Finally, the origin of these 
organic compounds should also be carefully addressed. 
Indeed, there is a chance that real producer(s) may be 
the sponge symbiotic microorganism(s), primarily 
some of its bacterial strain(s) [3]. 
 

 IC50 (µg/mL)  O. rotunda  P. magnifica  U. barbata  R. ontariense   Dox

   MCF-7             5.03            25.62              7.25           24.62          0.05
   MRC-5          296.65          491.01           100.98        501.42         0.21
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Introduction 

Angiogenesis is the process by which new blood vessels 
develop from an existing vasculature. It plays a critical 
part in the onset of more than 50 diseases and is closely 
associated with the transition of benign tumours to a 
malignant one, making it a popular target in cancer 
treatment. 
 

In angiogenesis, the cell at the front of the sprout 
becomes the tip cell, which leads the growth of a new 
vessel while the cells that follow become stalk cells, 
which build the body of the sprout. Endothelial cells 
release Vascular Endothelial Growth Factor-A (VEGF-
A) in response to a hypoxic environment. The binding of 
VEGF-A to VEGF receptor 2 (VEGFR2) on the cell 
surface up-regulates Delta-like ligand 4 (Dll4) 
expression of the cell. Dll4 binds to Notch1 receptor on 
the neighbouring cell, inhibiting VEGFR2 and Dll4 but 
activating Jagged1 (Jag1). 

In other words, Notch-Delta signaling forms a negative 
feedback loop, which causes the two cells to adopt 
different fates: the sender (high Delta, low Notch) 
becomes the tip cell while the receiver (low Delta, high 
Notch) becomes the stalk cell. Conversely, Notch-Jagged 
signaling forms a positive feedback loop which enables 
the two cells (both high Jagged, high Notch) to adopt a 
similar stalk cell fate. These maintain the required ratio 
between tip and stalk cells for the development of a 
functional blood vessel. 

At the same time, Notch-Delta and Notch-Jagged 
signaling is also differentially regulated by 
glycosyltransferase Fringe, which glycosylates Notch 
such that it binds to Dll4 more favorably than to Jag1. It 
has been suggested that Fringe plays a stabilizing role 
and opens up another possible signaling pathway to be 
targeted in future cancer therapy. 

In this paper, we develop a simple mathematical model 
to investigate the pattern-forming potential of a system 

in which lateral inhibition and lateral induction with 
feedback is mediated by Notch-Delta and Notch-Jagged 
signaling respectively between adjacent cells. We then 
review currently available drugs as possible angiogenic 
inhibitors in the treatment of cancer.  

The Model 

We model Delta-Notch and Jagged-Notch signaling as 
being characterized by just three parameters: the level of 
Notch activation, Delta inhibition and Jagged activation. 
The VEGF-A signal activates Delta, which interacts with 
its neighbors’ Notch to suppress the neighbor’s Delta, 
i.e., each cell is laterally inhibited via Delta/Notch signal. 
At the same time, the VEGF-A signal also activates 
Jagged, which interacts with its neighbor’s Notch to 
induce the neighbor’s Jagged, i.e., each cell is laterally 
activated via Jagged/Notch signal. We then run 
simulations and perform computational analysis of 
different Notch, Delta and Jagged regulations using 
Python. 

Denoting the levels of Notch, Delta and Jagged activity 
in cell i by Ni, Di and Ji respectively, we write:  

푑푁
푑푡

= 퐿 × (푝퐹{퐷 } + 푞퐺{퐽 })−  푁 +  푛푁  

푑퐷
푑푡

= 푣(퐻{푁 }− 퐷 ) +  푑퐷  

푑퐽
푑푡

= 푣(퐼{푁 }−  퐽 ) +  푗퐽  

where t = time. Di/Ji denotes the mean of the levels of 
Delta/Jagged activity in the cells adjacent to cell i. 
F:[0,∞)[0,∞), G:[0,∞)[0,∞) and I:[0,∞)([0,∞) are 
continuously increasing functions whereas 
H:[0,∞)[0,∞) is a continuously decreasing function. L 
is the level of VEGF-A signal received by cell i. v is the 
ratio of the decay rates of Delta/Jagged and Notch 
activities. p and q are the ratio of Delta/Notch and 
Jagged/Notch activities respectively. n, d and j represent 
the regulation of Notch, Delta and Jagged respectively.  



 
Results 

Our computational analysis yielded 6 main findings: 

i. Downregulation of Notch decreases tip cell 
formation, resulting in a more controlled 
angiogenesis and thus reduced tumour growth. 

ii. Upregulation of Notch increases tip cell formation, 
resulting in a more extensive functional vasculature, 
contributing to a robust tumour angiogenesis. 

iii. Downregulation of Dll4 increases tip cell formation. 
However, the cells exhibit a hybrid tip/stalk fate, 
forming a dense network of nonfunctional blood 
vessels, a hallmark of chaotic angiogenesis.  

iv. Excessive upregulation of Dll4 decreases tip cell 
formation, leading to a more stable development of 
blood vessels. 

v. Upregulation of Jagged leads to less distinct cell 
differentiation, but is not significant enough to 
destabilise the cell fate established through Delta-
Notch interactions. 

vi. Downregulation of Fringe destabilises the tip/stalk 
cell fate specification, but its significance in 
angiogenesis remains unclear. 

Conclusion 

The general reasons for tumour angiogenesis are over-
activated Notch, which increases the formation of 
functional blood vessels; downregulated Dll4 and 
upregulated Jagged, which leads to chaotic angiogenesis; 
and downregulated Fringe, which results in indistinct 
phenotypes between tip and stalk cells. 

From this, we isolated two possible strategies to inhibit 
tumour angiogenesis. First, we can inhibit the formation 
of tip cells to reduce the formation of functional blood 
vessels by repressing the Notch-Jagged pathway or over-
activating the Notch-Delta pathway. Currently strategies 
to inhibit Notch activity include the use of γ-secretase 
inhibitors, anti-Notch1 monoclonal antibody, garcinol, 
as well as therapeutic delivery of miR-200c. Second, we 
can increase the formation of tip cells excessively to form 
a dense network of non-functional blood vessels by 
downregulating Delta while upregulating Notch. This 
can be achieved through anti-Dll4 monoclonal antibodies 
and Dll4-Fc.  

While targeting Notch pathways to inhibit tumour 
growth appears promising, it is important to realise that 
Notch is involved in many development processes. 

Hence, aberrant Notch signaling might result in many 
unpredictable pathological consequences. However, as 
cancer diagnostics become more precise, there is a huge 
potential and possibility that future therapies will 
become more personalised in applying drugs to damaged 
signaling components on a case-by-case basis. 
 

Finally, our findings highlight the significance of using 
computer-aided strategies to effectively elucidate 
complicated biological pathways for future drug design 
in our attempts to inhibit tumour angiogenesis. 
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1. Introduction 

Shrimp farming is an important industry in 
Thailand. However, it has been greatly suffering from 
White Spot Syndrome Virus (WSSV) which causes 90 
– 100% mortality in 7-10 days. ICP35 is WSSV’s 
protein which has a crucial role for viral survival. In 
addition, the localization study of ICP35 revealed that 
ICP35 was resided in the nucleus of host cell [1].  
Thus, we hypothesized that ICP35 may have the 
interaction with the DNA of host cell. However, the 
evidence showing the direct interaction between 
ICP35 and DNA has not been shown yet.  
2. Materials and Methods 

 
2.1 The purpose of the investigation 

 
To investigate the function of ICP35 

 
2.2 Method of the investigation 

 
The ICP35 encoding gene was cloned into the 

E.coli expression vector (pET15b) and the 
recombinant ICP35 was purified by using Ni-NTA 
Gel Affinity Chromatography, then analyzed protein 
expression by using SDS-PAGE and investigated the 
interaction between ICP35 and DNA by using 
Electrophoretic Mobility Shift Assay (EMSA) and 
lastly modeled the structure of ICP35 by using 
Homology Modeling 

 
2.3 Results of the experiment 

 
The ICP35 was successfully expressed in high 

purity and also form itself into a dimer as shown in 
Fig1. The purified ICP35 was brought to incubate with 
DNA for an hour. Then the ICP35 was analyzed by 
EMSA. The result revealed that ICP35 could  digest 
the DNA and was inhibited its function by EDTA 
which is a nuclease inhibitor as shown in Fig2. 
 
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 2. EMSA analysis  

In addition, homology modeling suggested 
that ICP35 may adopt the structure from TREX and 
could form a dimer through the same mechanism as 
seen in TREX. Because several conserved residues 
playing an important role in dimerization in TREX are 
also found to reside at the interface of the ICP35 dimer 
as shown in Fig3. 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Homology Modeling 
 

2.4 Conclusions 

ICP35 is a DNA-binding protein having DNA 
digestion activity. In addition, we predicted that ICP35 
may adopt structure from TREX and share similar 
DNA digestion mechanism as seen in TREX. 
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Figure 1. SDS-PAGE analys
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Introduction 

Irradiation is the one of cancer treatments, by 
irradiating carcinoma cells. These cells must be 
damaged and become mitotic catastrophe. But since 
1992 it was discovered that unirradiated cells which 
nearby the irradiated cells could exhibit irradiated 
effect and be damage like irradiated cells. This 
phenomenal is call Bystander effect. This project is 
contrasting on effect of techniques of irradiation and 
type of irradiated cell to survival of bystander cell. 
This studies will be helpful for selecting an irradiation 
technique for treatment and extrapolating damaged 
and effect due to radiation-induced bystander effect in 
the future. 
 
Purpose of the investigation 

Study and compare effect of irradiation 
techniques and types of irradiated cell to the growth 
and survival of bystander cells due to bystander effect 
 
Methods 

All cell culture was performed in a laminar 
flow cabinet for preventing bacterial contamination. 
MRC-5 and A-549 were grown in DMEM with FCS 
and incubated in a humidified 37°C incubator. The 
cells were put in full-filled water phantom.  Irradiated 
using helical tomotherapy unit. Irradiated 2 Gy for 3 
times separated with 24 hours for fractionation dose 
and 6 Gy continuously for single dose. After 
irradiation method, transfer irradiated medium to 
MRC-5 bystander cells culture flask, using medium 
exchange methods of Mothersill and Seymour (1997). 
All experiments were repeated four times. 
 
Results 

 
Table 1 showing PE for MRC-5 received medium 
from irradiated MRC-5 and A-549 cell lines 
 
 
 

 
 
 
 
 
 

Table 2 showing SF for MRC-5 received medium 
from irradiated MRC-5 and A-549 cell lines 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 showing PF for MRC-5 received medium 
from irradiated MRC-5 and A-549 cell lines 
 
 
 
 
 
 
 
 
 
Figure 2 showing SF for MRC-5 received medium 
from irradiated MRC-5 and A-549 cell lines 
  
Conclusion 
Bystander cells received fractionated dose was 
significantly increasing growth rate but opposite result 
in cells received single dose (p-value < 0.15). And 
cells received medium from MRC-5 have exceeding 
growth related with cells received medium from A-
549.  
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1. INTRODUCTION  
Gout is a purine metabolism disorder caused by the 
level of serum uric acid in the blood exceeding the 
normal level that results in accumulated urate 
crystals in joints and their surroundings. Extremely 
severe pain is felt since such crystals affect joints, and 
life quality of patients deteriorates seriously. It is 
reported that gout cases have been doubled in the 
last two decades. Medication and apparatus used in 
its treatment do not provide definite treatment. They 
can be applied just after the first gout attack and help 
relieve instant effects only. Medical Technical Textiles 
is one of the most rapidly growing areas worldwide 
and intensively used areas in the treatment of 
different diseases. In our literature review, we found 
out that the uricase enzyme can break down uric acid 
crystals that cause the disease into allantoin, which is 
less harmful substances to the body. Based on this 
knowledge, we hypothesize that if uricase enzyme 
immobilized medical technical textile is developed, 
this textile can reduce the amount of serum uric acid 
in gouties. 

2. PURPOSE  
In our project, we aimed to develop a medical 
technical textile to remove uric acid crystals that are 
produced during the disease, through the wound 
area and blood; by means of enzymatic modification 
of PAN (Polyacrylonitrile) fabric with nitrilase 
enzyme, covalently immobilizing the uricase enzyme 
that breaks down uric acid to the modified fabric.  

3. METHOD 
We started the project by designing a medical 
technical textile product for removing of uric acids 
from blood and wound. For this purpose, 
Polyacrylonitrile (PAN) fabric was enzymatically 
modified with nitrilase enzyme, and the fabric 
prepared for reaction for uricase enzyme (EC 1.7.3.3.) 
immobilization. The project was carried out after 
forming various control groups and experiment 
groups. 

Within the scope of the project, in order to produce a 
textile product including immobilized uricase enzyme. 
First we followed the given steps below; 

• Enzymatic modification of PAN fabric with 
nitrilase enzyme, 

• Activation of enzymatic modified PAN fabric 
and optimization of activation conditions, 

• Immobilization of uricase enzyme to modified 
PAN fabric by covalent bonding and optimization of 
immobilization conditions, 

• Characterization process of enzymatic 
modified PAN and uricase immobilized PAN  by SEM 
(Scanning Electron Microscope) and ATR-FTIR 
(Attenuated Total Reflectance-Fourier Transform 
Spectroscopy),  

• Implementation of uricase immobilized 
enzymatic modified PAN fabric that we developed 
to horse blood and determination of its 
effectiveness in uric acid removal. 

 

      

Figure: Enzymatic modification of PAN fabric and 
Uricase enzyme immobilization  

4. RESULTS AND CONCLUSION 
In our project, modification of PAN fabric was done 
enzymatically. In modification, nitrilase enzyme was 
used. After the modification, carboxylic acid groups 
were formed in the structure of the PAN fabric. 
Modification was examined by ATR-FTIR spectroscopy 



 

and SEM devices. Uricase was covalently immobilized 
to the carboxylic acid groups obtained from the 
modification on EDC activated PAN fabric. Activities 
of the uricase immobilized PAN fabrics were given in 
results. Activity values of washing waters were 
recorded to be compatible with activity values of 
uricase immobilized PAN fabric. The immobilization 
process was proven by ATR-FTIR spectroscopy and 
SEM devices. Finally, the uricase immobilized fabric 
and uric acid removing in blood was examined, and it 
was seen that the fabric significantly affected the 
blood uric acid. 

 

Figure: SEM images of uricase immobilized enzymatic 
modified PAN fabric 

 As a result of enzymatic modification; free 
carboxylic acid groups were activated with the 
activating agent, EDC. 

 Optimization of the activation with EDC was 
performed. During optimization; 

1. Optimum amount of EDC was determined as 10mg. 
2. Optimum buffer pH was determined as pH 4. 
3. Optimum buffer concentration was determined as 

100 mM. 
 Optimization of the uricase immobilization was 

performed. During optimization; 
1. Optimum buffer pH was determined as pH 5.  
2. Optimum buffer concentration was determined as 

10 mM. 
3. Optimum amount of enzyme was determined as 0,3 

U. 
4. Optimum temperature was determined as 4°C. 
5. Optimum stirring speed was determined as 250 rpm.  
6. Optimum time was determined as 6 hours. 

While activity of uricase immobilized fabric was 
0,00173 U prior to optimization studies, the value 
rose up to 0,0165 U approximately increasing ten 
times as  a result of the studies. 

The product in the scope of this project was 
designed for gout. Therefore, uricase immobilized 
fabric was used on blood experiments at optimum 
conditions. As a result of blood experiment, 87,75% 

of uric acid was removed with uricase immobilized 
PAN fabric in 30 minutes. Thus, the uric acid level was 
reduced to reference values. 

Our bioconjugate can be designed in a way to 
reduce uric acid concentration that causes gout. It 
can also be used for other diseases increasing uric 
acid concentration in blood. Furthermore, this study 
reveals that several textile materials can gain 
different characteristics by using enzymes and 
microorganisms. 

 

 

Figure: The effect of the EDC amount on activation of 
PAN fabric (Working conditions: activation buffer: pH 5 50 
mM phosphate buffer) 

 

Figure: The effect of pH on activation of PAN fabric 
(working conditions: 10 mg EDC, buffer concentration 
50 mM) 

 

Figure: The effect of buffer concentration on activation of 
PAN fabric (working conditions: 10 mg EDC, activation 
pH 5) 



 

 

Figure:  The effect of pH on activation of PAN fabric 
(working conditions: 10 mg EDC, buffer concentration 
50 mM) 

 

Figure: The effect of enzyme activity on uricase 
immobilization (working conditions: buffer pH 5, buffer 
concentration 10 mM, incubation temperature  25°C, 
stirring speed 150 rpm, incubation time 2 hours) 
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Introduction: 

Beer is the third of the most popular drinks in world. 
Beer is one of available drinks, so that a great percent 
of beer consumers are teenagers, who can not afford 
other drinks. Despite of contain of alcohol, it is 
believed that beer has medical properties. Robert 
Koch, who found the causative agent of cholera, 
established, that beer has a positive influence into 
human health. So I was interested in studying the 
antimicrobial properties and influence of different 
sorts of beer on human normal microflora 

The purpose of investigation: 

The main goal of investigation is studying of the 
microbiological properties of the following sorts of 
Ukrainian beer such as infiltrated Chernihivske “Bila 
Nich”, Chernihivske non-aclohol eco-beer, Rohan 
“Veseliy Monah” and Rohan traditional light beer; 

The tasks of investigation are: to study and make 
analysis of literature about the topic of research; to 
study out antimicrobial properties of different sorts of 
beer; 

Methods of investigation: 

To accomplish the tasks of our research the following 
methods has been used: 

Theoretical analysis of literature, making comparison 
of sorts of beer and generalization of literature sources; 

Empirical methods: differential diagnosis method of 
coloring by Gram; sowing microorganisms on solid 
and liquid nutrient media; method of diffusion into 
agar; method of Koch; 

Results of investigation: 

Due to the tasks of investigation, the first experiment 
was the studying beer’s antimicrobial functions, it was 
determined, that investigated sorts of beer has no 
antimicrobial properties. It is shown in table 1 below. 

Antimicrobial properties of beer    (Table 1) 

S.aureus B.subtilis E.coli C.albicans

_

_

_

_

Sort of beer

№1 – infiltrated 
Chernihivske “Bila 

Nich”
№2 – Chernihivske 
eco-beer without 

alcohol

№3 – Rohan 
“Veseliy monah”

№4 –Rohan 
traditional light beer

_ _ _

___

Microorganism culture

Diapason of antimicrobial property, mm

_

_ _ _

_ _

 

It is considered that the reason is preservatives, which 
can make the shelf life of beer longer than 3 days. 

Quantity of lactobacillus colonies in nutrient 
media with beer 

 Due to result of second experiment, it was realised, 
that in all of the petri dishes the quantity of 
lactobacillus colonies in nutrient media with beer is 
higher than in control pattern without beer. The 
highest result was in example with infiltrated beer 
«Bila Nich» by Chernihivske. The smallest result was 
in petri dish with non-alcohol beer, but the quantity of 
lactobacillus colonies is higher than in control dish.  It 
can be seen at table 2. 

(Table 2) 
 

 
Conclusion 

During the research it was studied microbiological 
properties of different sorts of beer such: 
Chernihivske “Bila Nich”, Chernihivske non-alcohol 
eco-beer, Rohan “Veseliy Monah” and Rohan 
tradition light beer. Studying the antimicrobial 
properties, it was determined, that following sorts of 
beer has no influence on microorganism cultures. In 
next part of research that was studying quantity of 
lactobacillus colonies in nutria medias with beer it 
was found out that different sorts of beer has positive 

Sort Cultivation Quality of 
calonies 

Quality of 
lactic 

bacteries 

Control 1:10 12 120 
Infiltrated 

Chernihivske 
"Bila Nich" 

(№1) 

1:10 36 360 

Chernihivske 
non-aclohol 

eco-beer (№2) 
1:10 17 170 

Rohan 
traditional light 

beer (№4) 
1:10 22 220 



 

influence into human organism and cultivating lactic 
bacteries. 
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ABSTRACT 

Phyllanthus niruri has been used in modern 
medicine to prevent or treat multiple 
disorders such as diabetes, kidney stones 
and HIV. In Malaysia, Phyllanthus niruri is 
known as ‘dukung anak’ and is used 
traditionally for medicinal purposes. This 
research was conducted to investigate the 
antioxidant effects of standardised 
ethanolic Phyllanthus niruri extract and its 
active compounds on hydrogen peroxide-
stimulated colon cells. This research aimed 
to prove that natural products can be used 
to mitigate risk of diseases, especially 
cancers. CCD18Co cells (fibroblast normal 
colon cells) were stimulated with hydrogen 
peroxide, H2O2 which decomposes into 
hydroxyl radicals which are highly reactive 
free radicals. Excess free radicals causes 
oxidative stress which can cause cell death, 
chronic diseases and aging. Besides that, 

excess free radicals also damage the DNA 
(deoxyribonucleic acid) which increases 
the chance of getting cancer. P. niruri 
extract, along with its constituent active 
compounds, mainly phyllanthin and 
hypophyllanthin were tested for their ability 
to prevent further DNA damage in H2O2-
stimulated cells. Among the assays that 
were done to assess its ability were alkaline 
comet assay, DPPH assay, FRAP assay and 
GSH assay. Through alkaline comet assay, 
Phyllanthus niruri proved to have positive 
effects on preventing DNA damage in the 
stimulated colon cells while the DPPH, 
FRAP and GSH assay results showed that 
Phyllanthus niruri has antioxidant property.    

KEYWORD: Phyllanthus niruri; 
Phyllanthus; antioxidant; oxidative stress; 
natural remedy 
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ABSTRACT 

The acid hydrolysis of Native sago 
(Metroxylon sagu) starch at 40°C was 
monitored for 7 days. The yield of sago 
starch was reduced from 15 g (100%) to 
2.94 g (19%) when the hydrolysis rates 
were increased to 80.4% on the seventh 
day. X-ray diffraction results show a 
gradual increase in crystallinity of 
hydrolysed sago starch compared to the 
native starch and the starch changed from 
C-type to A-type. FE-SEM micrographs 
showed that hydrolysis starch owned round 
shape and rough surface with size diameter 
of 125-257 nm. In addition, DSC analysis 
shows the melting enthalpy (J/g) was 
reduced to 2.49 J/g. Starch nanoparticles 
were further used to prepare carbon 
nanoparticles by refluxing with nitric acid 
for 1 hour. The obtained carbon 
nanoparticles show round shape with size 

diameter of 30-35nm. Carbon nanoparticles 
show a peak at 392 nm under UV-visible 
spectra which indicates the presence of 
C=O bond. X-ray diffraction analysis 
showed that the carbon nanoparticles are in 
amorphous state. The prepared carbon 
nanoparticles owned fluorescence 
properties and it showed wide peak at 320 
nm when excited with various energy 
protons. The fluorescence properties of 
carbon nanoparticles were confirmed under 
UV-lamp, where they showed light green 
ray under 365 nm of blue ray. Finally, this 
research enables the identification of less 
toxic property of the prepared carbon 
nanoparticles from sago starch. 

KEYWORDS: metroxylon sagu, acid 
hydrolysis, fluorescence, carbon 
nanoparticle 
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1 Introduction 

Several courses aimed at improving the efficiency of student 
learning have proposed juggling as a means of enhancing 
memory. In our research we aimed to find out if 3-ball 
juggling can influence the efficiency of working memory in 
a group of 16-year old high school students. 

2 The method 

We recruited a 40 high school students and assigned half 
each to a control group and an intervention group. Both 
groups were told to perform three one-stimulus (position) n-
back tests of increasing difficulty:  1-back, 2-back and 3-
back. The first set of tests was performed by both groups 
without juggling. After a week the test were repeated, with 
the intervention group performing a ten-minute juggling 
session prior to testing. Test score improvements between the 
first and second test were determined for both groups.  

3 The results 
The results are shown in table (1). The columns represent the 
value of the median for each test. The quartile bar represents 
the values of the first and third quartile.  
 

In the results of the 2-back test we can see that the 
intervention group experienced a greater improvement in test 
score than the control group. This improvement is even 
greater in the 3-back test, in which difference  

 

 

between the first and second test is 10 percentage points 
higher in the intervention group than in the  

control group. The sign test performed on each pair of n-back 
tests revealed that the study group had a statistically distinct 
improvement in the 3-back test (star above the graph). 

4 The hypothesis 
Juggling is a coordination-demanding skill. A study (1) 
conducted at Oxford University, demonstrated that long-term 
juggling training induces gray matter growth in a brain 
region called intraparietal sulcus. Because this region is 
responsible both for coordination and working memory, we 
may conclude that stimulating it through juggling causes it to 
work more efficiently in a working memory task provided 
after juggling. 

5 Conclusions 
The results of the experiment indicate that participants who 
performed a juggling session prior to the second test had a 
greater degree of improvement than the group that did not.  

References 
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The purpose of the investigation 
Psychiatric diseases, like schizophrenia, have proven 
difficult to study in the laboratory. Throughout history, 
scientists tried to find causes and cures of these diseases by 
studying neurons. Nevertheless, more scientists are seeing 
the importance of glia within the brain, such as astrocytes. 
Classical means of obtaining brain cells to conduct this kind 
of research, have their drawbacks. Finding the right models 
with which potential therapies could be tested or more insight 
into the pathophysiological process of these diseases could 
be gained, therefore remains a challenge. 
 

Recently, the iPSC-method has emerged as a potential 
alternative. iPSCs are pluripotent stem cells, generated from 
mature somatic cells by the introduction of reprogramming 
factors. Like other pluripotent stem cells, iPSCs can be 
coaxed to differentiate into any cell type, by exposure to a 
combination of growth factors and cell culture conditions. 
 

The iPSC-method offers the only known practical way of 
studying the development and function of live human brain 
cells and the possible effect of human genetic background on 
disease, since iPSCs capture the genetic diversity of the 
patient [1]. 
 

Nevertheless, there is little experience with and few data on 
this method. It was noticed that a specifically low amount of 
data is to be found on the efficiency of the iPSC-method. This 
leads us to our main research question: What is the efficiency 
of iPSC-derived astrocytes using defined factors? 
 

The method we set out to study was previously used by 
Kondo et al. (2014) [2], which leads to our first sub-question: 
How do the results of this research compare to the efficiency 
of generating iPSC-derived astrocytes as stated in the 
research by Kondo et al. (2014) concerning quantification? 
 

A larger positive ratio of differentiated cells is expected in 
our protocol, because of the use of different markers. Kondo 
et al. (2014) used Nestin, GFAP, GLT1/ALDH1, 
A2B5/CNPasae, and TUJ1/MAP2. Besides Nestin (neural 
precursor marker), GFAP (astroglial marker) and TUJ1 
(neural lineage marker), the markers SOX2 (pluripotency 
marker),  FOXG1 (neural progenitor marker) and S100B 
(astroglial marker) were used by us as well. 
Comparing the results of the protocol as used by Bas 
Lendemeijer (PhD), whose research was conducted in the  
 

 
 
Erasmus as well, formed the second sub-question: 
How do the results of this research compare to the efficiency 
of generating iPSC-derived astrocytes by Lendemeijer 
concerning quantification? 
 

A similar or smaller positive ratio of differentiated cells in 
our protocol is expected. The same protocols were used, but 
as Lendemeijer (PhD) is more experienced in said iPSC-
method, the possibility of having a less efficient protocol 
should be considered. 
Methods of investigation 
As forming iPSCs from dermal biopsies is a lengthy 
process, the initial phases of our research were performed 
beforehand by Bas Lendemeijer (PhD).  
Adherent cultures were maintained in NPC-medium, which 
was refreshed every other day. The NPC-medium consists 
of DMEM/F12, N2 supplements (added 1:100), B27-RA 
supplements (added 1:50), 1 ug/ml Laminin (added 
1:1000), 20 ng/ml bFGF and 1% P/S. 
NPCs were maintained at high density, grown on laminin-
coated plates in NPC-medium and split approximately 1:4 
every week with collagenase IV. 
Cells were fixed in 4% PFA in PBS, washed multiple times 
with PBS, and primary antibodies were added: mouse 
Nestin, 1:200; chicken TUJ1, 1:100; rabbit GFAP, 1:200; 
rabbit SOX2, 1:200; goat FOXG1, 1:200; mouse S100B, 
1:200; 
The next day, cells were washed again with PBS and then 
added a mix which (in a 100 mL solution) consists of 70 mL 
miliQ, 5 ml 1M Tris, 0,9 gr. NaCl, 0,25 gr. Gelatine 
(dissolved in 5 mL MiliQ) and – after setting the pH to 7,4 – 
0,5 mL 10% Triton.  
Afterwards, the following secondary antibodies were 
added: Alexa donkey 488 anti-rabbit, Cy 3 donkey anti-
mouse, Cy 5 donkey anti-goat and Cy 5 donkey anti-
chicken; ratio 1:200. To visualize nuclei, slides were stained 
with DAPI. The day after, images were acquired using a 
Zeiss confocal microscope.  
The amount of positive cells were quantified for the above 
mentioned markers by analysis with the cell counter of 
imageJ, expressed ‘per DAPI%’. Cells were counted 
individually to ensure accuracy.  



 

 
 

Results 

Afterwards, a mean of individual percentages was made. 
Statistical analysis of the raw data was done with a 
Student’s t test, using Excel software. P-values <0.05 were 
considered significant. 

Conclusion 
 

Conclusion on main research question 
In all cell lines at D28, SOX2 had an expression of 79,59% 
or higher and GFAP an expression of 11,53% or lower. All 
cells had a significant growth (p < 0,05) in the expression of 
SOX2 and GFAP. However, the growth of SOX2 from D0 to 
D28 was much higher than the growth of GFAP. Based on 
the functions of these markers, we conclude that the cells 
remain for the greater part in a pluripotent state. Therefore, 
the overall efficiency of making iPSC-derived astrocytes 
using defined factors is low. 
 

Conclusion on sub-question I  
We compared the mean results of the shared markers Nestin, 
GFAP and TUJ1 on D28 to the research by Kondo et al. 
(2014).  
 
 
 
 
 
 
 

 
Nestin (p > 0,05) is, on the whole, expressed less in the cells 
from Kondo et al. (2014) at D28. GFAP (p < 0,05) is, on the 
whole, expressed more in the cells from Kondo et al. (2014) 
at D28. TUJ1 (p > 0,05) is expressed slightly less in the cells 
from Kondo et al. (2014) at D28. Based on the functions of 
these markers, the study by Kondo et al. (2014) is more 
efficient. This conclusion does not correspond with our 
hypothesis.  

Conclusion on sub-question II 
We compared the mean results of the shared markers GFAP, 
S100B and TUJ1 to the research by Lendemeijer. We will 
compare our D0 results with the D28 results of Lendemeijer. 
 

At cell line 94.3, GFAP (p < 0,05) and S100B (p > 0,05) were 
expressed more in the cells of Lendemeijer. This applies to 
TUJ1 as well, to a lesser extent (p > 0,05). 

At cell line 96.6, GFAP (p < 0,05) and S100B (p > 0,05) were 
expressed more in the cells of Lendemeijer. TUJ1 (p > 0,05) 
was expressed equally in both studies (0,00%). 
At cell line 995.1, no expression of TUJ1, S100B or GFAP 
was detected, forming a contrast with the findings of 
Lendemeijer. 
To conclude, based on the functions of these markers, the 
research by Lendemeijer is more efficient. This conclusion 
corresponds with our hypothesis. 
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Figure 1: Results 
(A-C) Graph of positive ratio of marker per DAPI% at D0 and D28 of cell 
line 94.3, 995.1 and 96.6, respectively. 
 (D) Representative image of cells, made with a Zeiss confocal microscope. 

Figure 3: Results from B. Lendemeijer (PhD) – ‘ASTRO DIFF 
high passage number NPC lines (passage 9)’ 

Figure 2: results by Kondo et al. (2014) 
Quantification of hiPSC differentiation of the pictures seen on the right. 
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Introduction 
In July 1969, Neil Armstrong and Buzz Aldrin were the 
first human beings place their footprints on the surface 
of the Moon. Now, almost 50 years later, mankind is 
preparing itself for a new adventure. An adventure even 
greater, more expensive and more prestigious than the 
Apollo moon programme. An adventure with the red 
planet as destination. Building a rocket to bring people 
to Mars is one challenge we have to face. However, 
feeding people during this 9 month journey and when 
they arrive on Mars is a much bigger issue. Sending 
rockets to Mars carrying only food is simply too 
expensive. Therefore, people should be able to 
cultivate their vegetables on the surface of Mars. 

The purpose of the research 
Growing plants on Mars is far more difficult than 
growing them on earth. The average temperature of -35 
degrees Celsius at the equator with differences of -110 
degrees and +30 degrees Celsius are extreme 
environments for all life types. Furthermore, the air 
pressure of Mars is almost 2000 times lower than our 
planet and radiation at the surface is sky-rocketing in 
comparison with earth. All those factors contribute to 
the fact that cultivation on Mars is impossible without 
proper protection. Therefore, plants should be grown in 
greenhouses. 
Method of our research 

For this research, soil was used that originally came 
from Mauna Kea, a dormant volcano on Hawaii. Here, 
you can find a basaltic soil similar to that found on the 
surface of the planet Mars. To make the soil useful for 
the experiment it first had to be adapted by the 
American space agency NASA in a specialised 
laboratory in Washington. In this way, the soil is almost 
identical to the soil on the surface of the planet Mars. 
The samples are very much loess ‘lookalikes’, only the 
ground is lacking many nutrients.  

As an experiment, we compared the growth of plants 
in earth-like conditions with plants growing under 
Mars-like conditions. This is done with 5 different 
species: tomatoes (Solanum lycopersicum 
'Moneymaker'), red beans (Phaseolus vulgaris 
'Berna'), sweet corn (Zea mays convar. Saccharata 
'Golden Bantam'), courgette (Cucurbita pepo 'Black 
Beauty') and radish (Raphanus sativus subsp. Sativus 
'Ronde Half Rode Witpunt'). This choice is based on 
the growing characteristics of each species.  
For each species, 3 different groups where used: 
- Group 1 in Martian soil;                                                           
- Group 2 in potting compost under the reduced light 
circumstances of the equator of Mars;                                                   
- A control group in potting compost with light 
intensity of equator of earth.                                                                                     
All plants have been growing for 50 days. 

 
Figure 1: Experiment set-up    

 

 



 

 
 

Results of the experiment 
Most crop species grew well in the Martian soil. Also 
the plants which got the same amount of light as is 
present on the Martian surface thrived, although in both 
cases the plants generated less biomass than the control 
group. After 50 days, the red beans had grown the best 
and formed the biggest leaves to compensate for the 
reduced light as usual on Mars. The tomatoes didn’t 
grow so well due to the lack of nutrients, especially 
nitrogenous substances, in the Martian soil and reduced 
light.  

 
Figure 2: Red beans (Phaseolus vulgaris 'Berna')  
after 50 days (l.to.r control group, group 1, group 2) 
After the 50-day growth period, we tested the organic 
material generated by the crops for heavy metals in the 
Nutricontrol laboratory because most species grew 
well. This analysis for the determination of the exact 
concentration of some heavy metals (mercury, arsenic, 
cadmium and lead) in crops grown in a soil similar to 
that found on the surface of the planet Mars was never 
previously carried out. This was done because the 
Martian soil contains lots of heavy metals. It is 
dangerous for humans when we get too much of them 
in our body. The results of the analysis showed that the 
percentage of heavy metals forming on the leaves is 
less that the 10% restriction of the European Union, 
which means the leaves should be edible. Finally, the 
results of the research showed that in the nutrient-poor 
soil of Mars, the nitrate concentration can be raised by 
the cultivation of the red bean. This plant is able to 
grow well in this soil and can convert nitrogen from the 
air into nitrate. Crops which need lots of nitrate (e.g. 
tomatoes) for a good growth can benefit from this and 
grew much better.  
 

 
Figure 3: Tomatoes (Solanum lycopersicum 
'Moneymaker') after 50 days (l.to.r control group, 
group 1, group 2) 
Conclusions  
According to the experiments done, plants should be 
able to grow on the planet Mars in a strictly controlled 
environment. Leaves collected from the plants are 
suitable for human consumption. Finally, we 
discovered that cultivating red beans is a good 
possibility to increase the nitrate concentration in the 
Martian soil and crops, which need lots of nitrate for a 
good growth, grew much better than first instance.  
Acknowledgments and further research             
Results of this experiment can also be linked to the 
earth instead of Mars. On our own planet, we also have 
many places where growing plants is very difficult or 
impossible due to a poor soil. Therefore, we should 
compare Mars with these places. As this research 
shows plants are able to survive in extreme conditions 
which can lead to a more effective food production for 
the future.  
In May 2016, a group of scientists from Wageningen 
University (The Netherlands) under the leadership of 
Dr. Ir. W. Warmelink is going to do further research on 
this subject. Their focus is on testing the fruits from the 
species for heavy metals, to see if these parts of the 
plants are suitable for human consumption. They are 
also going to cultivate red beans in Martian soil because 
this specie grew well in this experiment under Mars-
like conditions. 
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1 Introduction 
Chikungunya virus (CHIKV) is a mosquito-borne 
alphavirus, transmitted mainly via 
theAedesaegyptiand Aedesalbopictusspecies[1, 2]. 
CHIKV has infected millions around the world since 
its re-emergence from East Africa in 2004. 
Symptoms of CHIKV infection include fever, 
myalgia, polyarthralgia, rashes and headaches. There 
have been many cases of chronic polyarthralgia, 
which can be severe and last for years [3, 4]. 
However, no effective vaccine or treatment against 
CHIKV currently exists.  
 
As humans are the sole amplification hosts in urban 
CHIKV transmission, it is ideal to control virus 
spread through vaccination. However, there are no 
licensed CHIKV vaccines available. Possible 
vaccines developed from inactivated viruses, 
recombinant or chimeric viruses, and virus-like 
particles are unable to induce similar immune 
responses as that from natural CHIKV infection, and 
are expensive to produce [5–7]. Live-attenuated 
vaccines, meanwhile, are more similar to the wild-
type strains, tend to be easier and cheaper to produce, 
and provide more durable immunity [8]. Here, we 
have explored an innovative approach of studying 
CHIKV to develop attenuated vaccines – by studying 
mutant strains.  
 
In this investigation, we studied three mutant viruses 
with missense mutations in the non-structural protein 
region of the CHIKV genome. These mutations were 
selected as they are naturally occurring in the closely 
related Semliki Forest virus (SFV), and were shown 
to result in reduced virulence in SFV[9]. These 
mutations were induced in CHIKV, and the effects of 
the mutant CHIKVs were compared to the wild-type 
CHIKV (WT CHIKV) strain. Parameters studied 
included differences in infectivity, replicative 
potential and ability to induce immune responses, 
specifically the expression of interferon α and β, in 
WT and mutant CHIKVs.  
 

 
Figure 1. CHIKV genome showing sites of missense 
mutations in mutant CHIKVs. 
Additionally, a key anti-viral responses in CHIKV 
infections is the type I interferon (IFN) response, 
which is strongly induced in nonhematopoetic cells  

 
 
 
such as fibroblasts. Upon infection with CHIKV, IFN 
α and IFN β are produced [10], which binds to the to 
IFNα/β receptor (IFNAR) to elicit the downstream 
responses to counter CHIKV infection [11]. To study 
the effects of mutant CHIKVs without interference 
from the type I IFN response, IFNα/β receptor knock-
out (IFNAR-/-) mousetail fibroblasts (MTFs) were 
used. This prevents the production of downstream 
anti-viral proteins, allowing for the different effects 
of the various mutants to be studied more accurately.  
 
This investigation will allow insight into the 
mechanisms of infection by mutant CHIKVs, 
furthering the prospects of developing a live-
attenuated CHIKV vaccine. If the mutations can 
cause reduced infectivity and replicative potential, 
while maintaining an immune response similar to 
natural CHIKV infections, they may be useful in 
developing a live-attenuated CHIKV vaccine. 
2 Experimental Procedures 
Primary cell culture of IFNAR-/-MTFswas 
performed, followed byseeding and infection with 
CHIKV strains. Cells were harvested for RNA 
extraction and flow cytometryat time points of 0, 1, 
3, 6, 12 and 24 hours post-infection (hpi). Flow 
cytometry was used to analyse the infectivity of WT 
and mutant CHIKVs, as the ZsGreen Tag in the 
CHIKV genomes allowed infected MTFs to be 
distinguished via the FITC channel of the BD FACS 
Cytometer (Cantos II). Viral RNA and total RNA 
were extracted, followed by quantitative real-time 
PCR to study viral load and gene expression 
respectively. The experiment consisted of 3 technical 
replicates. 
3 Results and Conclusions 
As hypothesised, the mutants displayed altered 
infectivity and replicative potential, and induced 
different levels of gene expression in the MTFs, 
compared to WT CHIKV. Specifically, mutant 1 
showed lower viral replication and infectivity, and 
reduced expression of IFN α. This may be due to the 
mutation site being situated near the cleavage site 
between nsP1 and nsP2, thus resulting in slower 
cleavage and viral replication, reflecting lower 
vRNA copies and infectivity. Mutant 2 displayed 
lower infectivity but maintained the induction of type 
I IFN production, possibly due to the altered helicase 
and protease function coded by nsP2, which contains 
the missense mutation. The reduced infectivity of 
these two mutants suggests that they are weakened 
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viruses, showing great promise to explore for the 
development of a live-attenuated vaccine. The third 
mutant, mutant 3, displayed similar infectivity and 
replicative potential as the WT strain, but 
surprisingly, induced IFN β production by nearly 
600-fold at 12hpi. As the anti-viral function of the 
type I IFN response is desired to counter CHIKV 
infection, it is thus ideal for the vaccine or treatment 
to stimulate higher IFN production. This makes the 
IFN-inducing properties of mutant 3 interesting to 
explore. Future developments and Implications 
In the future, it is possible to study mutants with a 
combination of mutations, for example, mutations 2 
and 3 together, to further understand the effect of 
these mutations on CHIKV infectivity and replicative 
potential. Eventually, a mutant strain could be 
developed with significantly reduced virulence, 
while maintaining the ability to induce similar or 
stronger immune responses in infected cells. This 
thus holds great promise for the development of an 
effective live-attenuated CHIKV vaccine. 
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1 Content 
Since the end of previous centurythere has been a 
growing interest in applicationof probability in finite 
groups. Probability can be applied to the theory of finite 
groups in a number of cases like probabilistic 
statements about groups, construction of randomized 
algorithms in computational group theory or 
application of probabilistic methods to prove 
deterministic theorems in group theory. When we talk 
about probabilistic statements about groups, we talk 
about thestatistical group theory. 
We are interested in the number of regular cycles in a 
given permutation group of degree n. In more detail, 
let퐺be a subgroup of 푆 . Thenwe have a conjecture, 
that 
 

|퐶(퐺)|
|퐺| ≤

휑(푛)
푛

,  

 
where|퐶(퐺)| is a cardinality of the set of all cycles of 
length 푛, 휑(푛) isEuler's totient function. 
This problem also can be interpreted asthe probability, 
that a randomly selected element from permutation 
group will be a cycle of length 푛(generates a transitive 
group).Another interpretation of this problem is related 
to the notion ofthe cycle index. See thebook Graphical 
enumeration Frank Harary, Edgar M. Palmerfor further 
details. 
Moreover it should be mentioned thatGareth A. Jones 
referred in his articlePrimitive permutation groups 
containing a cycleon similarly questions, which have 
been raised by Zvonkin. 
The statistics of random permutation,such as the cycle 
structure are of fundamental importance in the analysis 
of algorithms, especially of sorting algorithms, which 
operate on random permutations. 

2 The purpose of the investigation 
There are three goals of the investigation: 
a. Prove the conjecture set, specificallythatfor all 

subgroups 퐺in 푆  an inequality 
 

|퐶(퐺)|
|퐺| ≤

휑(푛)
푛

,  

 
holds. 
b. Find all subgroups for which equality is achieved. 
c. Improve the estimate for some specific classes. 

3 Methods of the investigation (in 
comparison with known methods) 
The methods used are combinatorial andprobabilistic 
methods in the theoryfinite groups.  
We also used the computer algebra system GAP. We 
developed an algorithm to successfullyverify the 
conjecture for groups of degree 16 – 30. GAP was 
chosen, because it has a classification of all transitive 
subgroups of the symmetrical group up to conjugacy of 
order less than 31.  

4 Results 
In this work the hypothesis was proved for primitive 
and imprimitive groups separately. 
A partition of theset{1, … ,푛}is 
 

{1, … ,푛} = 퐵 , 

 
where{퐵 }  are mutually disjoint sets. Primitive 
groups are groups, which do not preserveany nontrivial 
partition; otherwise groups arethe group is called 
imprimitive. 
The case of primitive groups is based on the 
Jones'sclassification, which was published in 2004. He 
listed all primitive groups that contain at least one cycle 
of length 푛. But nothing about the number of such 
cycles was known. 

We prove theconjecture for solvable primitive groups. 
For unsolvable primitive groups we improve an upper 
bound. 
 
Theorem 1. Let 퐺 be an unsolvable primitive 
permitation group of degree 푛. Then  
 

|퐶(퐺)|
|퐺| ≤

2
푛

. 

 
Moreover, the equality holds if and only if 퐺 is 퐴  for 
odd 푛 ≥ 3, 푃훤퐿 (8) ⊂ 푆 , 푃푆퐿 (11) ⊂ 푆 , 푀 ⊂
푆 , 푀 ⊂ 푆 . 
 
The case of imprimitive groupswas reduced to 
studyingsuch interesting structuresasthe wreath 
products of groups. 
Wreath product of groups 퐺 and 퐻 (퐺푤푟퐻)can be 
constructed in the next way. Take 푚 copies of group 퐺 



 

and let group 퐻acts on these푚 copies. Other words, 
wreath productof groups 퐺 and 퐻 is a semidirect 
product of a direct product of 푚 groups 퐺 with group 
퐻. 
 
Theorem 2.Suppose the conjecture holds for 
subgroups 퐺 ⊂  푆 and 퐻 ⊂  푆 . Then it also holds for 
the wreath product 퐺 푤푟 퐻 ⊂  푆 . 
 
Theorem 3. The conjecture holds for arbitrary 
subgroups of the wreath product of two cyclic groups 
퐶  푤푟 퐶 ⊂  푆 . 
 
In addition, we explicitly describe all cases from 
Theorem 3, when the equality holds. This involves 
various techniques from number theory.    

5 Conclusion 
Summing upwe obtained the following new results.The 
frequency of the cycles of the length 풏 in permutations 
groups of degree 풏was estimated. Forunsolvable 
primitive groups we obtained an exact upper bound of 
ퟐ
풏
 and described all cases when this bound is achieved. 

For imprimitive the estimate wasknown only trivial 
cases likewrest product of two cyclic groups. This 
paper presents the results for wreath product of 
arbitrary groups and for all subgroups of wreath 
product of cyclic groups.  
In the latter case we found call such subgroups,when 
equality holds. 
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Graph theory today is a quickly developing section of discrete mathematics. Graphs are used in communicational 
schemes, electronic and electric circuits and other spheres.  
Triangle-free graphs are mentioned in the article Size in maximal triangle-free graphs and minimal graphs of diameter 
2 by C. Barefoot, K. Casey, D. Fisher, K. Fraughnaugh and F. Harary. A triangle-free graph is called maximal if the 
addition of any edge creates a triangle. For n≥5 was shown that there is an n-node m-edge maximal triangle-free graph 

if and only if m = k(n – k) or 1
4

)1(52
2








 


nmn . The number of such graphs, their structure also were 

being explored (The number of maximal triangle free graphs by J. Balogh and S. Petrickova, The typical structure of 
maximal triangle-free graphs by J. Balogh, H. Liu, M. Sharifzadeh and S. Petrickova) 
By analogy, let the graph which doesn’t contain complete p-node subgraphs be called maximal p-free, if the addition 
of any edge creates complete p-node subgraphs. We show that,for n ≥ p + 2, n-node m-edge maximal p-free graphs 
exists if it is a complete (p–1)-partite graph or 
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 . Also noted that every complete 

(p–1)-partite graph with at least one part more than 1 is a maximal p-free graph.Though, we don’t know, are there any 
maximal p-free which neither satisfy the inequality, nor (p–1)-partite. 
 
The girth of graph is the length of a shortest cycle contained in the graph. We show that the girth of maximal triangle-
free graphs can be 4, 5 or ∞ (no cycle) and the girth of maximal p-free graph for p>3 is 3 for n ≥ p.Also noted that if 
the independent domination number of a maximal triangle-free graph less than its minimum degree, then the girth of 
the graph can’t be 5. 

Was shown, that the minimum degree δ of n-node maximal p-free graph is at most 
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6 Main Goal 

 
Main purpose of our research is investigation of the 
following Diophantine system: 

 
푐 − (푝 + 푞 ) = ⎕
푐 − (푝 − 푞 ) = ⎕   (1) 

Firstly, we try to find solutions by using computer and 
we check  

푐 ≤ 650. 
Unfortunately, computer search not give us non-trivial 
solutions so, we thought the following hypotheses is 
true: this system has no non-trivial solutions. 
But, from the history of number theory we know a 
distinguished example about Euler quartic conjecture, 
which was thought to be true for more than two 
centuries. 
In 1772, Euler proposed that the equation  

A + B + C = D  
 
had no solutions in integers [1] . 
This assertion is known as the Euler quartic 
conjecture. Ward [2] in 1948 showed there were no 
solutions for  

D ≤ 10 000. 
This was subsequently improved [1] to: 

D ≤ 220 000. 
However, the Euler quartic conjecture was disproved 
in 1987 by N. Elkies, who, using a geometric 
construction, found: 

2682440 + 15365639 + 18796760
= 20615673  

 
In 1988, Roger Frye found 

95 800 + 217 519 + 414 560 = 422 481  
 

and proved that there are no solutions in smaller 
integers and showed that infinitely many solutions 
existed. 
What about our system? Of course it’s possible for the 
system to have non-trivial solutions. But similarly to 
Elkies case, solutions, if they exist, must be in large 
numbers. 
 Our research is dedicated to proving the 
following theorems. 
 

Theorem 1: 
Diophantine system (1) has non-trivial solutions.  
 

Theorem 2: 
There are infinitely many non-trivial solutions of (1). 
 
We obtain general parametric formulas for solutions of 
our Diophantine system. 

7 Research 

 
We use a theorem about rational solutions of 
Kummer’s surface of special type [4]: 
All nontrivial rational solutions of the following 
equation: 
 

휇 = 훼훽(1 − 훼 )(1 − 훽 ) 
are given: 

(훼,훽, 휇) =
푋
푁 ,

푍
푁 ,

푌푊
푁  

 
where (X,Y)  and (Z,W) are different rational nontrivial 
solutions of CN congruent curve equation. i.e. 

푌 = 푋(푋 −푁 ),  푊 = 푍(푍 − 푁 ). 
 

Nontrivial integer solutions of system  



 

                         
푐 − (푝 + 푞 ) = ⎕
푐 − (푝 − 푞 ) = ⎕ 

 
are given by formulas:  

                    푐 = 푘√푥푧(푥 + 푧)(푥푧 +푁 ) 
푝 = 푘푥푧(푥 + 푁)(푧 +푁) 
푞 = 푘푥푧(푥 − 푁)(푧 − 푁) 

Where, N is a congruent number, x and z are different 
non-trivial solutions with squared product to a 
congruent equation.  

푌 = 푋 −푁 푋 
Therefore, by substituting k, x, z and N with numbers, 
we get the following numerical examples. Solutions of 
the corresponding congruent equation are taken from 
[4]. 
 

8 Numerical examples: 

 
1)  N=6;  x=18;  푧 =  

15358381995 − (114774 + 35673 ) = 
= 5215702800  

15358381995 − (114774 − 35673 ) = 
= 9708645804 . 

 
2) N=34; x=162;      푧 = d 

3322469535 −(50127 + 14784 ) = 

= 1891797600  

3322469535 −(50127 - 14784 ) = 

= 2403264864 . 
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INTRODUCTION 
   Have you ever decoded any kind of an anagram or a 
puzzle, where bychanging the order of the lettersin a 
word, you get the different one (word)? Have you ever 
bought anything or checked your bank account via 
internet? If Yes, then you may have entered the world 
of codes, passwords, encrypted and decoded 
information. People change information by a message, 
for what they use different modes starting with direct 
contact and ending with complex equipment.  The part 
of information is confidential and needs to be 
protected. Protecting the information means the costs, 
which a person gives for coding or decoding. Once 
there was a time, when only government, ambassadors, 
mysterious or military secret services used the encoder 
machines. But today, everything has changed. With the 
invention of computer and internet, protecting 
information can be done via different means, including 
passwords, which a consumer has to submit/log in 
every time before getting the needed information. But 
the password is information itself, which also needs to 
be protected. According to these, keeping the 
information safe has not been as vital/urgent as it is 
now.  

   Correspondingly, we are interested in how safe our 
private information is and how we canreinforce the 
security measures with minimum amount of charges. 

 

 
THE PURPOSE AND METHOD  OF  
THE  INVESTIGATION 
   The aim/goal of the paper is to come up with an easily 
usable and inexpensive method of defending short electric 
messages.  Our offered idea of covering  

 

a message is an original usage of flow of random numbers. 
It grants an algorithm a specifics of  ‘’unitary notebook’’.  A 

source of random numbers flow is the machine itself which 
sends the message (this could be a mobile phone), thus we 
don’t need to make the special generator. In the process of 
encryption, we use text   tabulation, classical movable crypt 
(Symbols move in a text) and Interchangeable one (One 
symbol or a group of symbols change with others in a 
text).Introduced terms and transformations are fully 
described in verbal way as well as analytical way. A usage 
of the specific sample is also represented. 

 

 

CONTENT 
   Let's say, one customer is sending short electric message 
(SMS) to another person. Which numbers can this procedure 
be described with? This kind of numbers are, for example, 
the phone number of both - sender and receiver; mobile 
operator settings (Maximum quantity of symbols); quantity 
of symbols; date of sending (day, month, year); time/date of 
sending (hours, minutes, seconds). It's interesting that all 
these features never repeat and we may face them only once 
at the sorting. Also, It's impossible to consider the calculation 
for every sorting - To calculate it, we have to check every 
possible outcome. Let's call this described unity of numbers 
a ''Initial Random Settings'' (IRS). The method we offer for 
the privacy of messages is based exactly on IRS.  

   Every message so text is a strictly organized sequence of 
alphabets and punctuation marks. The first step of encryption 
is the replacement of alphabets and punctuation marks to 
double-digit codes, which is implemented according to the 
special table (this table is according to IRS) - We get a sorted 
sequence of two-digit codes. The next step is thetabulationso 
the division of a square matrix type subgroups, the size of it 
is also depending on IRS. The third step is a reversible 
conversion of tables, which is done/implemented by a 
randomly selected (Based on IRS) special operators of a set 
of pre-defined ''instruments''. 

   Let's say, Phone operator setting is K, also - the first step 
of SMS encryption is done and The text containing N symbol 
is already encrypted to a sorted sequence of two-digit codes, 
then  

푧 =
푚푖푛{푁;퐾}

2  



 
   We called z a reasonable minimum of text-table (The 
minimum size of text-table is z x z). We chose n x n for a 
size of text-table, where n is possible smallest natural 
number, for which 

푛 − 푧 ≡ ((푎 + 1)푎 + (푎 + 1))푚표푑(푧 + 1) 

   Here and after here푎  is/will be the selected settings from 
IRS. It's clear that text-table size varies from z to 2z.  n 
defines a rule according to which, there is excreted four 
movable zone (quarter) in a table, and unmovable elements 
in private case. 

   Set of ''Instruments'' is described in the method - this is a 
unity of reversible transformations of table quarters, 
including axial symmetry, horizontal or vertical dislocation. 
In every specific case, it's defined from IRS which 
instruments we use for objects. Every instrument is described 
in a analytical way, for example, one of the instruments is a 
dislocation of first quarter line elements (''Horizontal 
conveyer''). If n is even, we establish designation푡 = and 
find the smallest possible k natural number, for which≡
푎 (푚표푑푡), then dislocation푓  ofi-line elements(퐴 , 푗 =
1, 푡) is defined by the formula :푓 :퐴   → 퐴   ,  where p 
is the smallest possible natural number, for which 푝 ≡ 푗 +
푘 (푚표푑푡), and i=1,t. The same operator for odd n is defined 
so: 

푓 :퐴   → 퐴   ,        where 푡 =  

    There is an illustration of method in the work: The sample 
text got encrypted at first and then opened by the reversible 
operator. 

 

 

CONCLUSION 

    Presented method in the paper is structured based on the 
level of an algorithm, so is practically implementable and in 
the case of phone operator ability, it can provide people 
confidentiality of the private conversation. The method is 
easy and inexpensive, which doesn't need serious technical 
items. At the same time, breaking the crypt requires a lot of 
time and resources. Even if the crypt is broken result are 
disposable, since they can’t be reused because of random 
numbers taking part in algorithm. 
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10 Main Goal 

 
The main goal of our research is 

investigation of a Diophantine biquadrate equation: 
푝 + 푞 − 푎 = 푟 + 푠  (1) 

under an additional condition: 
푝푞 = 푟푠 

 
All of humanity’s knowledge regarding 

Diophantine equations is gathered in the books: 
“History of the Theory of Numbers, Volume II: 
Diophantine Analysis” by Leonard Eugene Dickson 
[1] and “An Introduction to Diophantine Equations” 
by Titu Andrescu, Dorin Andrica, Ion Cucurezeanu 
[2]. Unfortunately though, these books do not 
contain any information concerning our type of 4th 
degree equation. Therefore, our research is original 
and innovative. 

 

11 Method 

 
To research our equation, we have to use 

rational solutions of the congruent curve equation 

퐶  :  푦 = 푥(푥 −푁 ) 
 

By using solutions of the congruent number 
equation s퐶 , it is possible to construct a three-term 
arithmetic progression of squares with N difference 
[3]. In our research, these solutions are used to find 
parametric solutions of the above-mentioned 
Diophantine system. 

12 Research 

  
Actually, our equation is equivalent to a Diophantine 
system: 

(푝 + 푞 ) − 푎 = (푟 + 푠 )
(푝 − 푞 ) − 푎 = (푟 − 푠 )          (2)  

because by adding up the equations in (2), we get 
equation (1) and by subtracting them we get the 
additional condition. 
 So, it’s clear, that once we find a solution 
to (2) it will be a solution to (1) as well. 
 We begin to research the Diophantine 
system (2). It is possible to divide the system into 
two subsystems: 

(푝 + 푞 ) − 푎 = □
(푝 − 푞 ) − 푎 = □                (3) 

푎 + (푟 + 푠 ) = □
푎 + (푟 − 푠 ) = □               (4) 

 
We use a theorem about rational solutions of 
Kummer’s surface of special type [4]: 
All nontrivial rational solutions of the following 
equation: 
 

휇 = 훼훽(1− 훼 )(1− 훽 ) 
are given: 

(훼,훽,휇) =
푋
푁 ,

푍
푁 ,

푌푊
푁  

where (X,Y)  and (Z,W) are different rational 
nontrivial solutions of CN congruent curve equation. 
i.e. 

푌 = 푋(푋 −푁 ),  푊 = 푍(푍 − 푁 ). 
 

13 Solutions of (3) 

  
We get, that all integer solutions of (3) can 

be given using these parametric formulas: 

푎 = 푘 ∗ 4푁 푥 푧  

푝 = 푘 ∗ (푥 + 푁 )(푧 +푁 ) 
푞 = 푘 ∗ (푥 −푁 )(푧 − 푁 ) 

 

14 Solutions of (4) 

  



 

Similarly to (3), we get that all integer 
solutions of (4) are given using the following 
formulas: 

푎 = 푘 ∗ 4푁 푥 푧  

푟 = 푘 ∗ (푥 +푁 )(푧 − 푁 ) 
푠 = 푘 ∗ (푥 − 푁 )(푧 +푁 ) 

 By uniting the solutions of (3) and (4) we 
get the parametric formulas for solutions of the 
original system. 

15 Results of the research 

 

Theorem: 
Nontrivial integer solutions to (1) are given by 
formulas: 

푎 = 푘 ∗ 4푁√푥푧 
푝 = 푘 ∗ (푥 + 푁)(푧 +푁) 
푞 = 푘 ∗ (푥 −푁)(푧 − 푁) 
푟 = 푘 ∗ (푥 +푁)(푧 − 푁) 
푠 = 푘 ∗ (푥 −푁)(푧 + 푁) 

Where k is an integer, while x and z are 
nontrivial different rational solutions of an arbitrary 
congruent curve. It must be noted, that, k, x and z 
must be chosen so that p, q, a, r and s are integers. 
 
 Therefore, by substituting k, x, z and N with 
numbers, we get the following numerical examples. 
Solutions of the corresponding congruent equation 
are taken from [3]. 
 

16 Numerical cases: 

 

1) 푁 = 5,   푥 = ,   푧 =  

735 + 155 − 492000 = 465 + 245 ; 

735 ∗ 155 = 465 ∗ 245. 

 

2) 푁 = 6,   푥 = ,   푧 =  

8743 + 1151 − 40353600 =

= 8057 + 1249 ; 

8743 ∗ 1151 = 8057 ∗ 1249. 
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The Purpose of the Investigation 
India has a rich history and the historical monuments of 
India have always been admired by everyone. From 
Mughal to modern period, monuments have attracted 
people because of their aesthetically pleasing designs. 
Geometry has played a very important role. 
Architecture, Mathematics and geometry all together 
have resulted in creations of buildings that are both 
inspiring and beautiful. Hence our research on 
monumental geometry. 

 
 

Method of the investigation 
 

 
After observing various monuments, we tried to 
understand the geometry and mathematical concepts 
involved in the designs of these structures. We built 
models using geometrical concepts   which   helped   in   
investigating   the designs of the following monuments. 

 
LOTUS TEMPLE 
The Lotus Temple, was designed by the architect 
Fariborz sahba as a worship place for the Baha’i 

community. 
A few months ago, we visited Lotus Temple,Its 
geometry amazed us.The temple is like a lotus 
that looks afloat on water. The lotus has nine 
components  in  all.  Ponds,  arches  and  all  the petals 
are nine in number. The structure is open from the top 
and covered with a glass which illuminates the whole 
dome. It has got an eco- friendly environment which 
complements the architecture of the superstructure. 

TAJ MAHAL 
The Taj Mahal was built by the great ruler Shah 
Jahan, in the memory of his wife Mumtaz Mahal. One 
of the Seven Wonders of the World, whose 
symmetry and harmonious architecture compliment its 
beauty, the Taj Mahal was built in the 17  century. The  
concept of  its  architecture involves symmetrical 
designs. The minarets, rooms, walls, and even gardens 
follow perfect symmetry. The architecture is a tribute to 
mirror symmetry. Even the reflecting pool in front of the 
structure,  which reflects the beautiful image of the 
entire monument ,has a lot of symmetry. This structure 
is a perfect example of blissful architecture. 

mailto:stmarksmb@saintmarksschool.com


 

 

EIFFEL TOWER 
 

This   great   structure   was   built   under   the 
supervision of the architect Gustave Eiffel. 

One  of  the  most  perfect  examples  of  amazing 
European architecture is the Eiffel tower. The basic   
structure   of   the   tower   is   lattice-work 
columns at each of the four corners of the Tower, 
in  which  diagonals  connect  four  elements  that 
help in making stiff, lightweight columns. 

The tower reveals an exponential  shape, where 
the lower section is specially designed to ensure 
resistance to wind forces. 

 

 

Results of the Experiment 
The investigation revealed the various 
mathematical and geometrical concepts that are 
involved in the making of buildings. 
All the monuments have their own unique designs 
and harmonious patterns, be it European or Indian 
architecture. 
 
 
 

Conclusion 
Geometry plays a very important role in 
architecture. 
We are able to recognize mathematics, architecture 
and geometry  with  an  abundant  essence  of  
history  all together in the monuments found in the 
world. Hence, geometry can result in creation of 
beautiful and pleasing designs, that too with a sense 
of uniqueness and harmony. 
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1. Research purpose 
One of the problems happening in logistic companies, 
especially PT JNE, is that the vehicles that deliver 
packages to several addresses and return back to the 
starting depot take such a long distance and time 
because they do not know and choose the shortest path. 
This can waste such amount of money, customer 
satisfaction, and competitiveness of the company. 
The problem above can be formulated as a Travelling 
Salesman Problem, which can be solved quite easily 
because it is can be just simply formulated in linear 
programming and can be solved using executor engines 
which use algorithms or heuristics. One example is 
Premium Solver Platform in MS Excel, which is simple 
and easy to use, so it can be applicable in R&D office 
environment, without requiring one to learn difficult 
programming concepts. 
With my background knowledge in mathematics and 
MS Excel, I want to solve this problem so JNE can 
perform better in the future and become able to 
compete with its other rivals. 
 
2. Research method 
In this research, I used linear programming which is 
formulated in MS Excel and then executed it using 
Gurobi Solver Engine in Premium Solver Platform.  
Firstly, data of the 55 addresses were obtained. Then, 
the coordinates of those addresses were searched in 
Google Maps and a distance matrix between those 55 
coordinates were created using Google Maps API. 
Next, the linear programming formulation was made in 
MS Excel. Finally, it was executed in Premium Solver 
Platform using LP Gurobi Solver Engine. 
This engine, which uses branch-and-bound heuristic, is 
reliable and optimal for medium-sized TSP problem 
(50 to 100 nodes), solves it in short time and finds a 
good optimum solution. In addition, it is simple easy to 
use by R&D office workers, and they don’t have to 
learn complex programming concepts. 
 
3. Theoretical model 
To solve this problem, I try to break down into 2 
different shipments (vehicles) so it will save the time  
 

 
as well and thus increases customer satisfaction and 
profit. This model is known as multiple TSP. Here, two 
salesmen must leave the main depot to other different 
addresses and must return from another different 
addresses. Otherwise, there should be only one path—
in total—taken between cities. The objective function 
can be formulated as: 

푀푖푛푖푚푖푧푒 푍 = 푥 푑  

with xij as the decision variable and dij as the distance 
between node i and j. 
 
4. Experiment result and discussion 
 

Table for Vehicle 1 
Order 

no. 
Node 
no. 

Distance from prev 
address (km) 

1 1 4.4 
2 8 8 
3 21 3 
4 15 0.4 
5 46 4.2 
6 25 2.8 
7 23 0.9 
8 24 6.6 
9 45 1.9 
10 3 3.3 
11 48 1.1 
12 39 1.7 
13 7 2.1 
14 14 3.3 
15 50 2 
16 18 1.4 
17 9 4.3 
18 54 3.6 
19 52 0 

TOTAL 55.0 km 

Table for Vehicle 2 



 

Order 
no. 

Node 
no. 

Distance from prev 
address (km) 

1 1 6.6 
2 20 10.5 
3 42 1.3 
4 29 1.3 
5 22 2.9 
6 6 0.3 
7 5 2.9 
8 19 10.6 
9 47 6.8 
10 26 6.1 
11 36 0.4 
12 27 1 
13 44 2.1 
14 43 0.7 
15 37 0.8 
16 41 0.7 
17 40 1.4 
18 31 4.1 
19 55 2.7 
20 16 3.1 
21 51 1.8 
22 30 1.6 
23 4 1.6 
24 13 2.9 
25 11 4 
26 34 3.9 
27 32 4.3 
28 17 2.3 
29 38 4.5 
30 35 0.5 
31 33 0.3 
32 2 0.6 
33 28 0.9 
34 53 0.9 
35 12 1.4 
36 49 2.8 
37 10 3.1 

TOTAL 103.7 km 

 
The solving time using Gurobi Solver Engine, which 
uses branch-and-bound, is 6.01 seconds—a short time 
to solve a medium-sized multiple TSP—and can find a 
good optimum value. 
The first vehicle traverses 18 other nodes for 55.0 km 
before going back to the starting depot, while vehicle 2 
traverses 36 other nodes for 103.7 km. The total 

distance covered by those two vehicles are 158.7 km.  
It is a very huge distance saving compared to the 
previous 613.8 km before experiment. 
Time-wise, the first vehicle only takes 2.57 hours and 
the seconds takes 4.85 hours to circulate through 
Depok, compared to the previous 28.68 hours (which 
means this task couldn’t be completed within one day). 
This is under the average speed of motor vehicles in 
Depok of 21.4 km/h. 
Fuel-wise, the first vehicle only consumes Rp18,590 
and the second consumes Rp35,050.60, with the total 
consumption of Rp53,640.60. It save a huge 
Rp153,823.80 compared  to the previous 
Rp207,464,40. The motorcycles that JNE uses 
consumes one liter each 25 kilometers, with one liter of 
fuel is equivalent to Rp8,450. 
 
5. Conclusion 
In this research, it can be concluded that the Travelling 
Salesman Problem, especially for the case study of 
logistics distribution in PT JNE regional Depok, can be 
solved using the application of linear programming and 
Solver program efficiently and produce very optimal 
result and savings in such a short time. 
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The purpose of the investigation 
SL2-factorisation is used in constructing of graphs-
expanders, which are necessary to create different 
networks such as telephone network, computer 
network, etc. 
We are researching Lee-type groups’ factorizations as 
group’s decomposition into the product of subgroups 
which are isomorphic to SL2 group. These 
decompositions are well known for Shevalle-type 
regular groups, but for the twisted Lee-type groups the 
existing proofs are implicit in nature and give a far 
from precision upper bound of the factorization’s 
length.  
We need to investigate SL2-factorization of SU3 group, 
because of existence of Lee-type groups’ 
decomposition into the product of subgroups, which 
are isomorphic to SL2 and SU3 groups.  
For example, the last attempt to assess the length of 
the factorization was in the article Martin W. Liebeck, 
Nikolay Nikolov, Aner Shalev "Groups of Lie type as 
products of SL2 subgroups”,  where it is 55, but it is 
far from precision upper bound of the factorization’s 
length. 
Thus, the purpose of our work is giving more 
precision upper bound of SL2-factorization’s length of 
SU3 group. 

18 Method of the investigation 

19 The research was conducted over a finite field 
with the dimension equal to a Prime number in even 
powers of. In order to understand what in fact is 
happen with the factorization’s length of the SU3 
group, we have used a computer program “GAP” 
(computational mathematics), where we conducted 
research cases of factorization with different 
dimensions of the field.  

 

 

 

 

 

Results of the experiment 
In the end we have received and proved more precision 
upper bound of the factorization’s length of SU3 group 
in the general case. 

Conclusion 
As a result, we have a much more accurate upper bound 
of the factorization’s length of SU3 group in the case 
when the dimension field is an even power of a Prime. 
In the future we plan to consider the work in case of 
arbitrary finite fields. 

[1]  
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20 1. Introduction 
The category theory and homological algebra are the 
language of modern mathematics and algebra in 
particular. Last century gave rise not only to these 
theories, but also to the notion of the derived functor 
of the functor.  Apparently, this notion as well as other 
ones from the category theory and homological 
algebra are of considerable importance for modern 
algebra, physics and theoretical  informatics. 
The classical definition of the derived functor of the 
functor suggests that the category-domain has enough 
projectives, but there are some categories which do not 
have enough projectives (or there are no projectives at 
all). The main purpose of this work is to develop a 
construction which allows us to define the derived 
functor of the functor without the category-domain 
having enough projectives.  

21 2. Method of the investigations 
Alexander Grothedieck is one of the major 
contributors to higher algebra. In the middle of the last 
century he introduced a topology on categories – 
Groethendieck topology. He also developed the sheaf 
theory and applied it to his new topology. So we can 
construct presheaves and sheaves on categories. The 
category of sheaves (“Sh” in the picture) depends on 
the properties of the category-codomain (“D” in the 
picture, it is always “good” and has all needed 
properties, like Set or Ab) and it does not depend on 
properties of the original category (“C” in the picture). 
Instead of building the derived functor of the original 
functor (dotted) we introduce a construction which 
allows us to move all actions to the category of sheaves 
(using functor “S” in the picture). Then we can use the 
global sections functor to go to the category-codomain 
(“D” in the picture).  

22 3. Results of the investigation 
As a result of our research we have developed a 
method of constructing the derived functor, which 

“factors” the original functor through the category of 
sheaves. Such a construction does not use the property 
of a category which suggests “having enough 
projectives/injectives”, as long as the classical 
definition did so.  
Two theorems were proven. The first one states that 
the sheaves on Grothedieck topology are left exact 
contravariant functors (and inverse). This theorem 
allows us to regard such functors as sheaves and 
construct the category of them etc. 
The second theorem shows that our construction of the 
derived functor is equivalent to the classic one, i.e. if 
we can define the derived functor of the functor, then 
all the values match and if we cannot, we can do that 
using our construction. 

23 4. Conclusion 
The notions that homological algebra and the category 
theory use are so abstract that all of them can be 
applied in modern physics and informatics. The notion 
of the derived functor is one of those and considered 
to be of paramount importance in homological 
algebra.  
This research generalizes the notion of the derived 
functor and allows scientists to use it with structures 
which they could not use before. It means that there is 
a huge range of unsolved problems in mathematics, 
physics and other sciences, where the new notion 
could be applied. 
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25 Introduction 

26 Let G be a group and [G, G] be its commutator 
subgroup which is generated by special elements 
named commutators. Therefore, every element from 
the commutator subgroup can be represented as a 
product of commutators. Such representation of an 
element g from [G, G] that contains the least possible 
number of commutators is called a minimal 
commutator representation of g. The number of 
commutators in a minimal representation of g is called 
the commutator length of g. 

26.1 Method of the investigation 

26.2 The purpose of our work is creation of the 
instrument for transfer the work with commutator 
length from the group G to its group ring ZG. We give 
an equivalent definition of commutator length for 
element g from [G, G], which does not use concept of 
group commutator, but uses concept of ring 
commutator in the group ring. 

26.3 Results of the experiment 

26.4 Now we introduce the following concept. 
Suppose x, y is from ZG; then the element xy - yx is 
called the ring commutator of x, y. 

26.5 Suppose g is from [G, G]; then there exist a 
representation of element g - 1 as sum of ring 
commutators, multiplied on elements from G. The 
least number of summands in the representation is 
called ring commutator length of element g - 1. The 
aim of this paper is to prove the equality commutator 
length of g and ring commutator length of g - 1. 

26.6 Therefore, ring commutator length is equal to 
the group commutator length. Consequently, it is 
another definition of the well-known object. 

26.7 Conclusion 

 

We believe that the general commutator length theory 
will greatly benefit from using this definition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
[2]  
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1. Introduction 
Continued fractions are expressions of the form 

 
훼 = 푎 +

1

푎 + 1
푎 + 1

푎 + 1
⋱

 
(1) 

where 푎 ∈ 푍 ∧ 푎 ∈  푁(푖 ≥ 1) 
Continued fraction is written in the short form 
[푎 ;푎 , 푎 , … , 푎 …], citing a sequence of continued fraction 
digits. For finite continued fraction 

 훼 =
푝
푞 = 푎 ;푎 ,푎 , … ,푎 ,푎  (2) 

we introduce intermediate fractions  

 훼 =
푝
푞 = [푎 ;푎 ,푎 , … , 푎  ,푎 ] (3) 

where 푎  ∈ 푁 ∧ 0 < 푎 < 푎  
All continued fractions are in the sequence of 
approximations of the first kind. We call them continued 
fraction approximations and mark them with (c). Besides 
them, in the sequence of  approximations of the first kind, 
there can exist intermediate fractions and we call them 
intermediate fraction approximations, and mark them with 
(μ).

 
Picture 1.  Approximations of the first kind 

The Huygens’ planetarium is a model of orbiting planets 
based on a system of gears. This provides that the speed at 
which planets are moving in relation to each other is 
determined by the ratio of gear teeth of the planets. This 
connection is found by Huygens through continued fraction 
approximations, where the 17th century data for orbital 
period of planets compared to the Earth’s were used. Since 
intermediate fraction approximations provide more precise 
results than continued fraction approximations, they can be 
used in the planetarium for finding more accurate gear teeth 
relations. 
The purpose of the project is to introduce Huygens’ 
planetarium model optimization by using continued and 
intermediate fraction approximations along with NASA’s 
modern day official data of planets’ orbital period. 
 

2. Method of the investigation 
In order to successfully optimize Huygens’ planetarium 
model an algorithm which finds continued fraction 
approximations and intermediate fraction approximations 
was developed and executed in Python. This algorithm 
consists of several parts of process of finding 
approximations. In the first part it finds continued fraction 
approximations, then it converts sequences of continued 
fraction digits to fraction form, so it could be used in the next 
part for finding intermediate fracitions. In the last section of 
the algorithm unnecessary checks of approximation quality 
conditions were avoided [2].  
 

3. Results and discussion 
The results obtained with the aforementioned method were 
compared with Huygens’ results and shown in the Table 1. 
In this table of first smaller and larger approximations of first 
kind with (c) are marked continued fraction  alternatives and 
with (μ) intermediate fraction alternatives in regard to 
Huygens’ results. By choosing larger alternatives we could 
get models of planetarium which more correspond to reality.



 

 

Table 1 – Huygens’ approximations for model of  
planetarium and found alterantives 

 Huygens’ 
approximations 

First smaller and larger 
approximation of the first 

kind 

Mercury 
푝
푞 =

33
137 

13
54 (푐) <

푝
푞 <

46
191

(푐) 

Venus 
푝
푞 =

8
13 

5
8

(휇) <
푝
푞 < (휇)

131
213 

Earth 1 1 

Mars 
푝
푞 =

79
42 

47
25 (푐) <

푝
푞 <

284
151

(휇) 

Jupiter 
푝
푞 =

83
7  

71
6 (푐) <

푝
푞 <

2395
202

(휇) 

Saturn 
푝
푞 =

59
2  

29
1 (푐) <

푝
푞 <

147
5

(푐) 

 

4. Conclusion  
In this paper algorithm which finds continued fraction 
approximations and intermediate approximations was 
created. It was successfully executed to find the best possible 
optimizations for Huygens’ planetarium model. Obtained 
results show that by choosing larger alternatives it is able to 
make calculations for the model of planetarium which more 
corresponds to reality. Use of continued fractions and 
intermediate continued fractions is still to be the subject of 
the future research. 
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1. INTRODUCTION  
Tiling used for making windows, floor 

covering and wallpapers of parks, palaces and mosque 
is one of the common areas of interest of science, art 
and construction. Different tilings shapes are used in 
work of artist and architect and modelling of capsid 
virus’s geometric forms. In the research papers 
concerning tilings, there are rather art investigations. In 
the papers with mathematical approach the polygons 
which can be used are investigated and some different 
kinds of tilings were found. In last years these research 
are concantrated especially to monohedral pentagonal 
tilings. 15th type of monohedral pentagonal tiling 
found in 2015, created reaction in science.  

Geometrical study of tilings is founded on the 
research of values of polygon’s angles and edges and 
possible combinations of these angles and edges. The 
combinatorical approach that is used last 15-20 years is 
based on Euler’s formula on planar graphs. Application 
of this formula provided some important progress 
especially on pentagonal tiling’s studying. 

2. PURPOSE  
We developed our hypothesis considering 

possibilities that some solutions of Diofant Equations 
that will be obtained in our project will be realised as a 
tiling and some will be not. 

Following this aim in this project we are going 
to: 

 Classify of all regular and semi regular tilings. 
 Prove impossibility of tiling by -gons with 

 which can be found in the literature. 
 Classify of tilings by polygons with a same set 

of valences that is not studied before 
 Find cases of realization of this tilings.  

Draw the realizable tilings using computer program of 
GeoGebra. 
 

3. METHOD 
To study tilings from mathematical view of point 

geometrical and combinatorical methods are used. 
Geometrical study finds all possible angles of polygons 
and their possible combinations.  
Combinatorical approach use Euler’s formula for 
planar graphs. In this project for classification of 
regular and semi regular tilings, we use geometrical 

method. To prove that for 푛 ≥  7, the plane can not be 
tiled by convex 푛-gons we use Euler’s formula for 
planar graphs and lemma of Delone et. al. To classify 
edge to edge tilings and tilings by polygons, we use the 
same set of valences, we use also Euler’s formula for 
planar graphs, lemma of Delone et. al. and number 
theory methods for solving Diofant Equations. To draw 
realizable tilings and to show no realizability of some 
solutions of equations as a tiling. We use computer 
programs GeoGebra and Tessellation Creator.  
Combinatorical approach is defined as: 

Lemma 1: (Bagina, 2004) Let  be a tiling of 
the plane by polygons that are uniformly bounded. 
Then there exists an infinite sequence  (

 of finite unions of polygons from  
such that  

(1) , as    

(2) , as  

(3)  for all  

We prove theorems using this lemma. 
Theorem 2: For , there is no edge to 

edge tilings by convex 푛-gons. 

We proved this theorem with classification as 
edge to edge and non-edge to edge. Then we find this 
corollary. 

Corollary 3: There are no tilings by convex  
-gons for  

Denote the set of valences odd some -gon  
in tiling is denoted by   (some 
numbers  in the set  may coinside) 

Definition: If in a edge to edge tiling 
consisting of -gons the sets  of all -gons  are 
the same then we will say that  an isovalent tiling. 

Theorem 4: For the edge to edge tiling 
consisting of triangles  with , we have  

 



 

 

 
One of the solution comes from the equation 

Theorem 5: For the edge to edge tiling 
consisting of quadrilaterals  with , 
we have  

 

 
One of the solution comes from the equation 

Theorem 6: For the edge to edge tiling 
consisting of pentagons  with , 
we have  

 

 
One of the solution comes from the equation 

Theorem 7: For the edge to edge tiling 
consisting of hexagons  with 
, we have 

 

 
One of the solution comes from the equation 

Geometrical approach is defined as: 
To classify all regular and semi regular tilings, we 
study the polygons which can be combined in a vertex. 
After the combination of polygons in some vertex the 
sum of angles in this vertex must be 360° . Since the 

interior angles of a regular polygon is at least 60°, the 
number of polygons combined in one vertex is at most 
6, this is tiling with equilateral triangles. Since we use 
convex polygons, the number of polygons combined in 
vertex at least 3. There are some examples of this case. 
The simplest of them is tiling with regular hexagons. 
 If we denote angles combined in one vertex by  
푥 , 푥 , 푥 , 푥 , 푥 , 푥  then we have the following 
equation, which we will call main equation: 

푥 + 푥 + 푥 + 푥 + 푥 + 푥 = 360° 
If the number of angles is less than 6, we will 

assume that the rest valuables 푥  are 0.  

4. RESULTS AND CONCLUSION 
In this Project, we consider tiling of the plane 

by polygons, investigate important developments 
including the last ones. We obtained the following 
results concerning the classification of tilings.  

1- We give the classification of tilings by 
regular polygons with proof. Note that such a 
classification without proof is given in some research 
papers.  

2- Using Euler’s formula for planar graphs, we 
prove that the plane can not be tiled by -gons with 

. This result is also given in some papers 
without proof.    

3-  Applying Euler’s formula to the tilings by 
polygons with a same set of vertex’s valences, we 
obtained some Diofant Equations.  

4- Using number theory methods, we found all 
positive integer solutions of these Diofant Equations. 

5- Using computer programs GeoGebra and 
Tessellation Creator, we drew tilings obtained from 
some solutions and proved that other solutions can not 
be realised as tiling.  
 By literature search shows that classification of 
tilings with a same set of vertex’s valences is not made 
before. Giving of definition of isovalent tilings, their 
classification and the proof of the fact that the plane can 
not be tiled by -gons with  are the new 
(different) sides of the project.  
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1 Introduction 
 
1.1 Main idea and aim of the research 
Main aim and idea of the research appeared by solving 
known tasks about chasing and they are exists to find more 
effective methods of solving tasks about chasing due to 
transition to reference frame of fleeing person.   
Problem of the research is in selecting and math justification 
of chasing strategy by the help of approaches different from 
traditional in differential games theory. 
 
1.2 Theoretical part 
 
The tasks about chasing which are met in the collection, 
where on the first sight the evident strategy of chasing is 
being realized (S-strategy) when the chaser is moving 
towards of the fleeing person in any moment of time has been 
analyzed in this work. When analyzing the comparison of S-
strategy was made with the strategy of parallel 
rapprochement (P-strategy) that was worked out in the 
differential games theory.  
For the simplification of differential games theory in solving 
tasks about chasing the transition to another reference frame 
was made. Basing on this L-strategy was worked out, where 
for any moment of time, in reference frame of fleeing person 
B the chaser P is moving towards B. 
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 -  time of the persecution in L-strategy 

22 vu
uLtk 

 -  time of the persecution in S-strategy 

ktt *  - time of the persecution in L-strategy is less than 
in S-strategy. 
 
Thus, it means that L-strategy is more profitable for the 
chaser. 
 
1.3 Experimental part  
The experiment was made like computer modeling. The 
computer modeling of L-strategy clearly proves it’s 
advantages. In the reference frame of fleeing person exactly 
it becomes clear that L-strategy in the most profitable for 
chaser. 
Computer modeling gives possibilities to compare the 
players trajectory of movement for different speed ratios of 
the chaser and the fleeing person and it also allows to get the 
family of curves that determine the dependence of the 
distance between the participants of race from time, that 
makes it possible to watch the features of the relative 
movement of the chaser and the fleeing person. 

 
А                                                 В                                             

 
Fig. 1 Computer modeling for analyzing of results:  
А – the comparison of movement trajectories of the chaser 
in B-system for different values of angle between players 
(dotted lines – movement in S-strategy, solid curves – 
movement in L-strategy); 
В - trajectories of movement of the chaser in B-system 
depending the ratio of speeds. 
 
2 Results of the experiment 
 
The results of the experimental prove that the suggested L-
strategy coincides with the developed in the theory of 
differential games P-strategy during the transition into the 
reference frame connected with Earth. The suggested 
approaches simplify mathematical way of solving and allow 
easily transfer on 3d or n-d space. 
The Computer program that modeling the movement of the 
chaser and the fleeing person in the reference frame, 
connected with Earth and allows to imagine the real 
movement and can be used for the demonstrating the subject 
of Kinematics. 
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Introduction 
 
This paper is dedicated to one specific problem in the 
combinatorial processes filed: complex system develops 
according to its own laws and at some point meets 
resource depletion. Our aim is to study the 
characteristics of this process, first of all, the possible 
final positions. 
 
Problem definition 
 
We have n aquariums. Each aquarium starts having 1, 2, 
.., n fish inside respectively. Then we rearrange fish in 
aquariums according the following rules: we can take 
two aquariums having both even or both odd (but still 
different) number of fish and relocate fish to make its 
number in the aquariums equal. The process continues 
while we have possible moves. Describe the set of all 
possible final positions for the process. 
 
Restrictions 
 
We have found two important invariants in the process 
and the invariants helped us to prove that the process is 
finite and its maximal length is of cubic dependence on 
n. 
 
We found two important restrictions for the possible 
final positions. The first stems from the fact that the 
number of fish is an integer value, therefore the final 
positions should be consistent with the number theory. 
 
The second one has unexpected connections in algebra. 
It is a notion of majorization which is well-known both 
in matrix theory and inequality studies. 
 
We say sequence x majorizes sequence y if: 
a) 푥 and 푦 have the same element number and the same 
average. 
b) for any possible 푘 sum of 푘 largest elements of 푥 is 
greater than sum of 푘 largest elements of 푦. 
It turned out that in our problem the initial position 
should majorize all possible final positions. 

 
The main conjecture 
 
We hypothesize that the two restrictions that the final 
positions have are the only restrictions for the final 
positions in the problem, i. e. for every position which 

meet the restrictions there is a chain of steps ending in 
that position. 
 
Number experiment 
We composed a number of assistant computer programs 
to better understand the process under study. One of 
them output the full list of possible final positions for 
given n. Unfortunately, the computational complexity is 
quickly increasing with increase of n. So we supposed 
that every possible final position has large enough 
probability in random process and composed the Monte-
Carlo-style program. For the comparison purpose we 
also composed the program whist enlists possible 
according to the main conjecture final positions.  
Constructions 
We have noticed that to get the specific final position it 
is sufficient to split the numbers 1 to n into two 
symmetrical (in some sense) sets. In the rest of the 
article we discuss if it is possible to construct these 
symmetric halves. 
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Fig.1. All possible final positions for 푛 = 10 (x,y - 
amount of aquariums, 푎,푏 −amount of fish. 
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