
FLÓRIÁN 
VÁMOSI
AGE

19

COUNTRY

 Hungary

SENT BY

Hungarian Association for 
Innovation

Automation and Remote Control 
of Astronomical Telescopes for a 
Global Asteroid Survey
The goal of my project is to solve the prob-
lem of important astronomical observa-
tions not getting enough telescope time by 
helping to involve amateur astronomers, 
with an automation system for their exist-
ing telescopes.

The goal of my project is to solve the prob-
lem of important astronomical observations 
not getting enough telescope time. I think 
this problem can only be solved by involving 
amateur astronomers. There were efforts 
made previously to involve them, the so-
called “Pro-Am” collaborations. However 
these projects needed not only motivation 
to help, but also a lot of knowledge on the 
amateur side. To make joining easier, I have 
designed a system to automate the data 
collection and some of the processing of as-
tronomical data. This way anyone can join. 

My system can collect quality datasets with 
amateur equipment, therefore they can be 
used for scientific research. The project 
at this time mainly concentrates on Minor 
planet research, more specifically photom-
etry and orbit computation of Near Earth 
Objects, other surveys could easily be con-
ducted in the future. The product also func-
tions as an automation controller for artistic 
astrophotography in addition to data collec-
tion for research. It is in the testing phase 
now. I have already used it to compute the 
orbits of 2 comets. By January 2020 testing 
samples will be handed out to Hungarian 
Astrophotographers and if all goes well the 
product should be on the market by sum-
mer 2020.
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ADRIEN 
JATHE
AGE

18

COUNTRY

 Germany

SENT BY

Society for Science & the Public

The Flash Shade – Directional 
Darkening Technology for Smart 
Sunglasses
I have developed a technology for smart 
sunglasses that selectively darkens only 
the glaring light that is blinding the wearer.

It is unpleasant and dangerous to be blind-
ed by light, no matter if it is from the sun or 
bright light flashes during welding. There-
fore, my project aimed at developing a new 
technology for smart sunglasses that would 
automatically and selectively darken only 
the bright light sources in the field of view 
of the wearer.

To develop an active darkening system, 
multiple different material combinations of 
electrochromic and photoelectric materials 
were analyzed according to the transmis-
sion and voltage curves. The most optimal 
darkening effect was shown by a combina-
tion of semi-transparent solar cells and liq-

uid crystal light shutters. This system was 
then placed into a specifically designed 
honeycomb-like structure that subtly di-
vides the view into different sectors.

The working principle of the darkening sys-
tem was proven on a large-scale demon-
strator; a strong degree of darkening can 
be observed in outdoor brightness (0.46% 
transmission) and a weak degree in indoor 
brightness (13.8% transmission). Further, 
reaction speeds of ~60ms are beneficial for 
light intense conditions (i.e. welding or laser 
safety). Therefore, this technology is a great 
advancement to existing sunglass technolo-
gies and can be applied to many situations.
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JULIANA 
DAVOGLIO 
ESTRADIOTO
AGE

19

COUNTRY

 Brazil

SENT BY

Mostratec

The Universe in a Nutshell: 
Bacterial Cellulose Biosynthesis 
using Macadamia Byproduct
In my research, I used something that was 
going to the trash (macadamia nut) to pro-
duce a multifunctional biological material 
similar to plastic. The material can be used 
to catch animal poop while dog-walking or 
as a band-aid for human skin.

The macadamia nut processing can be 
pollutant, since it generates 75% byprod-
ucts that are burned or go directly to trash. 
At the same time, synthetic polymers are 
responsible for environmental damages. 
Bacterial cellulose is an alternative material 
similar to plastics but produced biological-
ly. My hypothesis was to investigate how to 
use the macadamia nut byproduct to syn-
thesize bacterial cellulose membranes. Bi-
osynthesis, which is a process in the body 
that builds complex structures out of sim-
ple ones, was performed in a static culture 
medium (where the microorganisms grow 

without stirring) using different microor-
ganisms mixed to improve the production. 
Like with humans, microorganisms must 
eat for growing. Therefore, I tested different 
carbon sources (monosaccharide and mac-
adamia byproduct flour) though a design 
of experiments for the optimization of bi-
omembranes (BM) synthesis. To know how 
BM work, I characterized their properties 
with mechanical properties, moisture, sol-
ubility, coloration, thickness and biological 
efficiency. Bacterial cellulose has a huge 
potential to reshape our daily lives and in-
dustry since it is a multifunctional biopoly-
mer. Application is being investigated in the 
chemical and biomedical fields. My work is 
an example on how agroindustrial byprod-
ucts can be used in biotechnological pro-
cesses to produce alternatives to synthetic 
polymers.
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NIKOLAI 
TIEDEMANN
AGE

19

COUNTRY

 Denmark

SENT BY

Ungdommens 
Naturvidenskabelige Forening 
(UNF)

The Perfect Europe Dinghy Sailor
My research tries to define The Perfect 
Europe Dinghy Sailor by explaining differ-
ent parameters important to the athlete 
and constructing a model which quantifies 
the subjective decisions made on the wa-
ter.

My project explores the aspects of sailing 
important for the athlete to become The 
Perfect Europe Dinghy Sailor. The project 
presents the physics of sailing with primary 
focus on the force that drives the boat for-
ward. Also, the physical requirements of the 
athlete are discussed on basis of a motion 
analysis and personal experiences. Further-
more, a model of the Europe Dinghy (small 
sailboat) is being designed, and an experi-

ment analysing the force generated by the 
sail is performed in a wind tunnel. At last, 
a complex model is developed to help me 
understand the athletes and their decisions 
on the water. 

In light of the theories and experiments the 
project finds that the physics of sailing can 
be described with Bernoulli’s principle con-
cerning the aerodynamics of a sail. Also, the 
project reveals that Europe Dinghy sailing is 
primarily influenced by an isometric muscle 
contraction in the quadriceps. Finally, the 
force analysis makes it possible to create 
optimal movement patterns for the athlete 
and enabling direct comparison between 
athletes.
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Represent Images and Text with 
Aligned Meanings
My research uses machine learning tech-
niques to represent images and texts as 
vectors, so that they have aligned mean-
ings.

In machine learning, any data item (e.g. an 
image, a word, a sentence) can be repre-
sented (embedded) as a vector. Though a 
single vector is meaningless, the learned set 
of vectors as a whole (vector space) conveys 
good semantics (meanings). For example, 

vectors of similar words (e.g. cat and dog) 
have a shorter distance than vectors of dif-
ferent words (e.g. cat and house), and vec-
tor additions and subtractions make sense 
to people (e.g. king – man + woman = queen 
approximately holds). My project improves 
upon how to embed two modes of data (im-
ages and texts) into a same vector space, 
and show some interesting semantics in this 
joint vector space.

SHUNYU 
YAO
AGE

22

COUNTRY

 China

SENT BY

China Association for Science 
and Technology
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On Local Lyapunov Exponents of 
Chaotic Hamiltonian Systems
My research focuses on the development 
in time of Hamiltonian systems and it is 
mathematically described whether this 
development is chaotic or regular.

In order to predict the development of the 
state of a system (e.g., position and velocity 
of a point mass, concentration of a chem-
ical substance, population of a species) in 
time, we need a mathematical model. If the 
system is deterministic and completely de-
scribed by n observables, such a model is 
given by a system of differential equations 
for n real functions. Of special interest are 
the Hamiltonian differential equations since 
they describe every mechanical system.

Considering the development of such sys-
tems in time, it is of special interest, wheth-

er this development is not predictable (i.e. 
chaotic, which means we have a sensitive 
dependence of the initial values) or predict-
able (i.e. regular). This difference is mathe-
matically described by the Lyapunov expo-
nents.

In Hamiltonian systems the global Lyapunov 
exponents occur in pairs (λ, −λ). Here, we 
even show that appropriately defined local 
Lyapunov exponents also occur in pairs, and 
in turn this allows to give a new and easily 
accessible proof of the pairing property for 
global Lyapunov exponents. As examples, 
we discuss the classical Hénon-Heiles sys-
tem (which has applications in Astronomy) 
and a sixth order generalization. For the lat-
ter, there is numerical evidence of two dis-
joint chaotic seas.

TIMO 
HOFMANN
AGE

19

COUNTRY

 Germany

SENT BY

Stiftung Jugend forscht e.V.
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SHICHENG 
HU
AGE

18

COUNTRY

 China

SENT BY

Society for Science & the 
Public

Silk-derived Highly Dispersed Ni 
supported by N-doped Carbon 
Nanosheet for CO2 Fixation
Using a novel generalizable method, I syn-
thesized highly dispersed Ni supported 
by N-doped carbon nanosheet from silk, 
which can efficiently convert CO2 to fuels 
as a catalyst.

Excessive combustion of fossil fuel and re-
sultant accumulated CO2 has led to both 
energy and environmental crisis. Artificial 
carbon fixation is a one-stone-two-bird 
strategy, as it sequesters CO2 from our at-
mosphere and converts the greenhouse gas 
into useful fuels and chemicals. However, 
as CO2 is an extremely stable molecule, it is 
our goal to develop catalysts to assist artifi-
cial carbon fixation. Silk, on the other hand, 
has been enjoying applications in clothing, 
cosmetics and biocompatible materials 
since ancient times due to its unique chem-
ical structure and properties. In this work, I 

investigated silk’s usage in artificial carbon 
fixation as a catalyst. I successfully syn-
thesized highly dispersed Ni supported by 
N-doped carbon nanosheet (Ni/N-C) from 
silk and Ni(NO3)2 . Silk’s rich coordination 
sites and ability to maintain morphology 
upon pyrolysis were found to be essential. 
The ability to maintain morphology upon 
pyrolysis was hypothesized to be related to 
the direct formation of aromatic conjugated 
system. Ni/N-C was found to be a highly ef-
ficient catalyst for artificial carbon fixation, 
with 100% selectivity towards CO produc-
tion. In the future, I look forward to industri-
alization, so on a large scale we can convert 
the greenhouse gas to CO, an important fuel 
and industrial chemical.
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Imaging of Polarization Behavior 
at Hydroxyapatite Surface via 
Piezoresponse Force Microscopy
My research focuses on the detection of 
polarization charge accumulated at the 
hydroxyapatite surface using a novel mi-
croscopic technique known as DART PFM 
for realization of HAp regeneration in the 
biomedical field.

Unlike other soft tissues composing the 
human body, hard tissues such as bones 
do not have any concise, self-assembling 
process that can quickly heal itself. Espe-
cially in the case of dental enamel, there is 
no healing mechanism that can seal a den-
tal crack induced by accidents or diseases 
such as periodontitis, an inflammatory gum 
disease. This is in contrast to bones which, 
given enough time, can heal the crack and 
make themselves even stronger than before. 
Hydroxyapatite (HAp, Ca10(PO4)6(OH)2), 
composed of calcium and hydroxyl ions, is 

one of the primarily durable, inflexible, inor-
ganic material inside our body, making up 
our bones and teeth. Despite extensive re-
ports on its regeneration phenomena, very 
small amount of work has been conducted 
on the underlying mechanism surrounding 
the self-assembly. Here, we report the im-
aging of the polarization at the HAp surface 
using dual alternating-current resonance 
tracking piezoresponse force microscopy 
(DART PFM), through which we were able 
to associate the surface vibration with the 
electrical properties of HAp. Based on the 
result of the measurements conducted at 
the surface of the HAp, we concluded that 
HAp contains huge surface charge which 
could be used to realize and enhance its re-
generation.

YOUNGJOON 
HAN 
AGE

22

COUNTRY

 South Korea

SENT BY

Korea Advanced Institute of 
Science and Technology

14 | Stockholm International Youth Science Seminar



Improved Gate Level Simulation 
of Quantum Circuits
My research looks at how quantum com-
puters can be simulated more efficiently.

The world is full of difficult problems. These 
range from keeping data secure to develop-
ing new types of medicine. Many of these 
problems are beyond the capability of cur-
rent computational technology.

One possible solution to this is quantum 
computing. Quantum computers use the 
principles of quantum mechanics to per-
form computation. They are a complete 
paradigm shift in the way problems are 
solved. However, only small-scale quantum 
computers are currently available. This in-
troduces a need for fast and accurate simu-
lation tools and methods.

I looked at different methods for simulating 
quantum computers. Some methods ex-
ploited the algebraic properties of the pro-
grams being run, other exploited structural 
properties. I developed simulation methods 

and tools that run across many types of 
hardware (from supercomputers to graph-
ics cards), which significantly reduce simu-
lation times. Hardware constraints are tak-
en into account, for example, in exchanging 
exponential space for exponential time.

My research allows quantum computers to 
be simulated with more quantum gates (in-
structions), more quantum bits, and in less 
time. This allows for the faster development 
of quantum algorithms, more accurate ver-
ification of quantum computers, and allows 
researchers to perform simulations that 
would otherwise be intractable. These im-
provements could help lead to solutions for 
a wide range of challenging problems.

ADAM 
KELLY
AGE

18

COUNTRY

 Ireland

SENT BY

Society for Science & the 
Public
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Investigation into the Alpha-
Synuclein Accumulation in 
Parkinson’s Disease Mice
With my study I demonstrated that the 
injection of the protein alpha-synuclein 
(aSyn) in brains of a certain mouse mod-
el of Parkinson’s Disease (PD) leads to 
a time-dependent spread of the aSyn 
pathology into the cerebellum, suggest-
ing that this brain region might be more 
strongly involved in PD than previously 
thought.

My study aimed to clarify to what extent the 
cerebellum is affected by the intraneuronal 
accumulation of the protein alpha-synucle-
in (aSyn) in a mouse model of Parkinson’s 
Disease (PD). Thereby, mice were injected 
with aggregated aSyn molecules in the cer-
ebrum and their cerebellum stained based 
on an immunohistochemical protocol. Im-
munohistochemistry is a staining method 
performed on tissue samples to detect a 

specific target, in this case aSyn, with dyea-
ble antibodies. To investigate the spread of 
the aSyn pathology within the cerebellum, 
the sections from two different time points 
after the aSyn injection were compared. 
Immunoactive signals were found in all 
aSyn-injected sections and it could be ob-
served that the intensity, shape and distri-
bution of the aSyn staining patterns change 
in a time-dependent fashion. It also appears 
that the injected fibrils recruit healthy and 
naturally present aSyn as they are trans-
ported through the brain. All in all, the data 
obtained support the idea that the cerebel-
lum might be involved more strongly in PD 
than previously thought.

ELENA 
SU
AGE

20

COUNTRY

 Switzerland

SENT BY

Schweizer Jugend forscht
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Applying Convnets in Tagging 
Heavy Particles in Large Pileup 
Environments
Physicists are looking to experimentally 
verify the existence of theoretically pre-
dicted particles which may be accom-
plished through the use of artificial intel-
ligence.

Scientists are searching for new particles to 
explain physics phenomena using particle 
accelerators. Detection of these particles 
is challenging because random noise inter-
feres with detection. Since 2015, research-
ers have demonstrated that artificial intelli-
gence (AI) can be used to identify the path 
made by the particles produced by a single 
proton collision. This path is called the jet 
image. This study used an AI to distinguish 
between these particles and the numerous 
typical collisions in particle accelerators in 
an environment where multiple proton colli-
sions occur. This last condition is important 

because real world particle accelerators do 
not collide single protons, but instead col-
lide groups of protons, which, unfortunate-
ly, also produces random noise called pile-
up (PU). This random noise makes it more 
difficult to identify the desired particles. 
This research found the AI used, a ConvNet, 
trained to differentiate on jet images with 
no PU, and then tested on images with no 
PU, yielded the best identification perfor-
mance. Surprisingly, for images with PU, 
better performance was found for networks 
tested on high pileup. The effect of apply-
ing filters designed to remove PU was also 
measured. Better identification, or tagging 
performance, was found using the newer 
Pileup Per Particle Identification filter, than 
was found using the older Charged Hadron 
Subtraction filter.

AARON
COE
AGE

19

COUNTRY

 United States of America

SENT BY

Swedish Council of America
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MALIN
MUELLER
AGE

18

COUNTRY

 Germany

SENT BY

Research Council of Norway

Investigating the Biological 
Effect of Increased Exposure to 
an Electromagnetic Field
My research focuses on how exposure to a 
pulsating electromagnetic field affects the 
growth of germinating cress seedlings.

Injuries can be treated using medical de-
vices that produce a pulsating magnetic 
field aimed at promoting metabolism and 
substance exchange. I questioned wheth-
er this system, a coil attached to a power 
supply, could actually make a difference 
to living organisms. All organisms are con-
stantly exposed to Earth’s geomagnetic 
field, and some have adapted to use it. In 
my experiment seeds from the herb cress 
were sprouted under two conditions: control 
seeds were only exposed to the geomagnet-
ic field; experimental seeds were exposed 
to an additional pulsating magnetic field 
for four hours each day over four days. The 
lengths from the seed-base to first leaves 

(plumules) were measured. The results 
show that exposure to a pulsating electro-
magnetic field results in straighter plumules 
that statistically were significantly longer 
than the controls. Increased length is due 
to either increased cell division or increased 
cell elongation or both. Being straighter may 
imply increased cell elongation which char-
acterizes many plant movements. Repeat-
ing the experiment with the magnetic field 
at right angles will test whether this growth 
movement is directional in which case it is 
a tropic response (magnetotropism) or if it 
is a non-directional, nastic response (mag-
netonasty).
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Injectable, Cell-responsive 
Supramolecular Hydrogel for 
Lung Organoid Grafts
Organoids, or 3D stem cell derived or-
gan-like structures, are emerging as a po-
tential transplant replacement, but local, 
minimally invasive delivery remains a chal-
lenge. Injectable, cell-responsive hydrogels 
dynamic to cell growth offer a potential 
solution. Supramolecular hydrogels are in-
jectable, self-healing, and can be designed 
to mechanically and biochemically mimic 
the cellular scaffold. In this study, a cell-re-
sponsive injectable hydrogel transiently 

crosslinked with cucurbit[8]uril-mediated 
host guest chemistry is developed for po-
tential treatment of chronic, aging related 
lung diseases such as idiopathic pulmonary 
fibrosis (IPF). These preliminary results 
confirm the shear thinning and self-healing 
mechanical properties of the hydrogel, as 
well as capacity to promote primary stem 
cell organoid growth in 3D culture.

JUNE 
PARK
AGE

25

COUNTRY

 United States of America

SENT BY

University of Cambridge

Stockholm International Youth Science Seminar | 19



SIMON 
SCHOLTZ
AGE

23

COUNTRY

 South Africa

SENT BY

University of Pretoria Derek 
Gray Award

Renewable Energy from Speed 
Bumps
The focus of my research is the develop-
ment of a modular unit which enables a 
speed bump to generate electricity.

Fossil fuel is a limited resource upon which 
the world economy has become increas-
ingly dependent. Predictions of fossil fuel 
depletion in the near future and the contri-
bution of combustion gasses to the growing 
problem of climate change have increased 
research effort in the development of alter-
native power sources. The purpose of this 
research is to present a new source of re-
newable energy by using a speed bump as 
host for an energy harvesting device. The 
device consists of a modular unit, which 
assists vehicle deceleration and converts 
some of the kinetic energy of a moving ve-

hicle to useful electricity. Such a device is 
ideally suited for use in high traffic areas 
where there is a need to install a traffic reg-
ulating control such as a speed bump. The 
modular conversion unit as the generator of 
electricity, in combination with a set of bat-
teries to store the harvested energy, allows 
traffic equipment such as traffic lights and 
access booms to become energy self-suf-
ficient. This research has developed three 
working prototypes as proof of the efficacy 
of the concept of the modular unit; the best 
performing design produced a peak power 
output of 31.5 W maintained for 300 ms 
with the passing pressure of one wheel.
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DIONNE 
ARGYROPOULOS
AGE

22

COUNTRY

 Australia

SENT BY

University of Melbourne

Invisible Malaria: Using Genetics 
as a Tool to Monitor Hidden 
Malaria Infections Over Time
My research is conducted in Ghana, West 
Africa and focuses on using genetics as a 
tool to monitor malaria parasites and bet-
ter understand the effects of control inter-
ventions.

Malaria is an infectious disease that is 
transmitted from human to human by fe-
male Anopheles mosquitos. In West Afri-
ca where the burden is the highest, up to 
75% of malaria infections are “invisible” or 
asymptomatic. These individuals carry par-
asites without exhibiting clinical symptoms, 
yet still transmit malaria if they are bitten. 
Because they are often undiagnosed and 
untreated, these infections pose a major 
challenge for malaria control interventions. 
Interventions such as indoor residual spray-
ing (IRS) with insecticides target the mos-
quito to reduce transmission but it is not 

well understood what its effects are on the 
“invisible” parasites. My project uses genet-
ics as a tool to examine how IRS has influ-
enced the genetic diversity of malaria par-
asites infecting asymptomatic individuals 
in Bongo District, Ghana, West Africa. My 
research showed that the IRS was success-
ful in reducing transmission since the num-
ber of asymptomatic infections decreased 
significantly from 42.0% pre-IRS to 27.0% 
post-IRS. However, despite the reduction 
in infections, by examining the underlying 
“invisible” parasite population I showed 
that genetic diversity significantly increased 
post-IRS, demonstrating that IRS did not 
reduce parasite diversity. This points to an 
urgent need to include measures of parasite 
diversity when evaluating the success of 
malaria control programmes.
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Dynamic Langmuir model: A 
Simpler Approach to Modeling 
Water Desalination by Capacitive 
Deionization
An easy-to-use and accurate model has 
been developed for predicting and opti-
mizing water desalination with capaci-
tive-deionization (supercapacitor) devic-
es.

Scarcity of freshwater is a serious global 
issue. With freshwater in rivers, lakes and 
groundwater constituting less than 1 % of 
the water on earth, desalination is essential 
for meeting the global demands for drink-
able water. Capacitive deionization (CDI) 
(supercapacitors adapted for desalination) 
is promising as an environmentally friendly 
and energy-efficient desalination technol-
ogy and has been getting increased atten-
tion in recent years. However, for this new 
technology to be more widely used, it should 

become more efficient and more accessible 
to researchers. The current project address-
es both these issues through the develop-
ment of a new model, termed the dynamic 
Langmuir (DL) model, that could accurately 
predict and optimize CDI performance while 
being simpler and more transparent than 
earlier models. The results show that the 
model can accurately describe how the salt 
removal varies depending on the operating 
conditions such as the applied voltage, as 
well as describe complex situations such 
as treatment of water with multiple ion spe-
cies. It is hoped that this model could make 
CDI modeling accessible to a wider audi-
ence, thus making it easier for this desalina-
tion technology to be further developed and 
more widely adopted to help humanity.

JOHAN 
NORDSTRAND
AGE

24

COUNTRY

 Sweden

SENT BY

KTH Royal Institute of 
Technology
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YEE 
LIN 
TAN
AGE

18

COUNTRY

 Singapore

SENT BY

World Scientific Publishing 
Company (WSPC)

Nature Inspired Bactericidal ZnO 
Nanotextured Surface
Inspired by the wings of insects, my re-
search focuses on fabricating a highly 
antibacterial surface which is able to kill 
bacteria without inducing additional re-
sistance formation.

The development of infections arising from 
bacteria transmission has led to an urgent 
need to disinfect frequently touched surfac-
es, such as hand railings, door handles and 
elevator buttons. Conventional antibacterial 
disinfectants are not ideal as they contrib-
ute to the growing antimicrobial resistance 
crisis. The use of a physical contact killing 
mechanism on nanotextured surfaces is a 
promising strategy to reduce the spread of 
bacteria, as they do not lead to additional re-
sistance formation. However, existing meth-
ods of fabricating such surfaces are costly 
and unsustainable. This project addresses 

the gap by utilising wet oxidation to syn-
thesize a novel bactericidal surface of zinc 
oxide (ZnO) nanostructures on zinc (Zn). 
As only water and zinc are required in the 
one-step synthesis, these surfaces are en-
vironmentally friendly, low-cost and simple 
to produce. The surface demonstrated re-
markable bactericidal capabilities, achiev-
ing complete killing within 2 h and 6 h for 
Escherichia coli (E. coli) and Staphylococcus 
aureus (S. aureus) bacteria respectively. A 
physical contact killing mechanism mim-
icking that of fiery skimmer dragonfly (Or-
thetrum villosovittatum) wings is proposed 
to account for its high bactericidal activity. 
This surface could be applied to frequent-
ly touched exteriors, medical implants and 
water filters to curb the spread of pathogen-
ic bacteria strains.
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ALEKSEI 
BELIAKOV
AGE

19

COUNTRY

 Russia

SENT BY

Step into the Future

Some Generalization of Cauchy-
Bunyakovsky Inequality 
in Complex Numbers and 
Quaternions
In my research I considered Cauchy-Bun-
yakovsky inequality and get McLaughlin 
inequality for 2n-tuples in complex num-
bers and 4n-tuples in quaternions.

My research considers one of the famous 
inequalities in Calculus named Cauchy-
Schwarz (Cauchy-Bunyakovsky-Schwarz, 
CBS) inequality. I show some various meth-
ods of its proof – e.g., math induction, al-
gebraic proof and geometric proof, by using 
Lagrange Identity. The Lagrange Identity 

expresses the product of two sums of two 
squares of any sets of numbers as a sum of 
two squares in two different ways. I consid-
er CBS inequality in complex numbers and 
obtain the generalization of CBS inequality 
for 2n-tuples (i.e. an ordered set of 2n ele-
ments) named McLaughlin inequality. Also I 
shifted the result into quaternions (number 
system that extends the complex numbers) 
which gave a generalization of McLaughlin 
inequality for 4n-tuples.
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Hoverboard - a Magnetically 
Levitated Vehicle
We have planned and constructed a new 
Hoverboard that can hover over a metal-
lic plate using the principle of magnetic 
repulsion and analysed or simulated the 
complete physical background.

In this project, we have built a “Hover-
board”, constructing a device that can levi-
tate through magnetic repulsion.

Performed completely on our own and with-
out external instruction, we built a function-
ing, stable, load-bearing and steerable hov-
erboard. It uses a self-developed optimized 
magnet arrangement which 
generates an exceptionally 
strong magnetic field facing 
one direction without causing 
internal resistance. Different-
ly to the original Halbach-Ar-
ray magnet arrangement in 
the rotating discs, where the 
magnets could only be put 
and kept in this position under 
strong pressure, our arrange-
ment avoids this unsafe condi-
tion and still gives sufficiently 
strong magnetic fields. 

Our hoverboard uses four tilt-
able rotating discs fitted with 
strong permanent magnets. 
It induces an opposing mag-
netic field in a diamagnetic 
metallic plate located be-
neath it, which is used for the 
levitation as well as for the 
propulsion and steerability. 
All the important elements of 
the hoverboard were tested 
individually and then imple-
mented successfully to the 
final hoverboard, supported 

by very detailed theoretical evaluations and 
simulations.

This is an innovative research topic that has 
only been target of interest for a few years. 
We see commercial usability of the hover-
board principle e.g. in friction-free transport 
processes. 

FELIX  
SEWING
AGE

18

ALEX 
KOROCENCEV
AGE

19

COUNTRY

 Germany

SENT BY

European Union Contest for Young Scientists
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TAIYO
ISHIKAWA
AGE

24

COUNTRY

 Japan

SENT BY

The Japan Prize Foundation

The Desirable Evaluation of 
Transport Infrastructure Projects 
My research focuses on the fairness as-
pect of the currently used transport infra-
structure evaluation, through analyzing 
the association between living standards 
and travel time expenditure in different 
cities.

My research deals with the currently used 
evaluation of transport infrastructure pro-
jects. Transport infrastructure has a variety 
of impacts on our daily life and a lot of mon-
ey is needed for investing in it. Therefore, 
project evaluation is normally conducted for 
analyzing the validity of a new infrastructure 
project. Among the evaluations, Cost-Bene-
fit Analysis (CBA), which simply compares 
the estimated cost and estimated benefit 
of the project has been applied in many 
countries, and travel time saving tends to be 
used as the major component of the bene-
fit. There are concerns that using only travel 
time saving as the benefit in CBA has an eq-
uitable problem, however, there is no exact 

evidence about the issue. Therefore, we em-
pirically examined the association between 
living standards and total travel time in a 
day in 17 cities. The results turned out that 
low living standard people tend to use less 
time for traveling, and it shows that trans-
port projects based on the current evalua-
tion can have an impact only on high living 
standard people. Consequently, the current 
project evaluation might widen the gap be-
tween rich and poor. This is an interesting 
conclusion and the problems it highlights 
should be discussed further.
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FUMIKA
MORIYA
AGE

24

COUNTRY

 Japan

SENT BY

The Japan Prize Foundation

Change in Neuronal Activity 
of Hippocampal Network by 
Immature Neurons
My research focuses on how learning and 
memory are affected by the phenomenon 
that newborn neurons are generated con-
tinuously throughout life in hippocampus.

The brain is composed of neurons, which 
are cells that process information by em-
miting electrical signals. Interestingly, 
newborn neurons are produced continu-
ously throughout life. This phenomenon is 
called adult neurogenesis and happens in 
only specific regions in the brain including 
hippocampus, which has a crucial role for 
learning and memory. Previous studies have 
reported that abnormality in adult neuro-
genesis was found in some patients who 
suffer from different diseases affecting the 
memory and the ability to learn. However, 
the relationship between adult neurogene-
sis and learning and memory is still unclear. 

In my research, I focused on the specific 
feature that immature neurons fire more 
easily than mature ones and investigated 
the change in neuronal activity of mature 
network by immature neurons. I recorded 
electrical activity and trained a neuronal 
network to learn a specific pattern with ex-
ternal stimulations. I found that the exist-
ence of hyperexcitable immature neurons 
reduced the degree of synchronization of 
mature neuronal network and that imma-
ture neurons brought a change to mature 
neuronal network to respond more easily to 
both trained and untrained patterns. These 
results can be helpful to understand the ef-
fect of adult neurogenesis on learning and 
memory at the level of neural network.
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ARIEL 
BEN 
DOR
AGE

18

COUNTRY

 Israel

SENT BY

Weizmann Institute of Science

Stabilization of Quantum Dots in 
Polymer Matrices Over Time
My research provides evidence of loss in 
the stability of encapsulated nano-sem-
iconductor systems over long periods of 
time and examined how different polymer 
films could increase their stability.

Quantum dots (QDs) are nanometer sized 
semiconductors. Some of these quantum 
dots exhibit photoluminescence, which 
means that they emit their own light with 
a specific color when exposed to light. One 
way of quantifying the “brightness” of these 
QD´s light emission is to measure the quan-
tum yield (QY), which is the ratio between 
the amounts of light emitted and the light 
absorbed by the quantum dots. A QD is 
considered &quot;brighter&quot; and more 
active when its QY is higher and the stability 
of the QY is of high importance for most ap-

plications. However, when the QDs are ex-
posed to the environment the QY decreases 
over time, which limits their utility for long-

term uses. A common method for stabiliz-
ing the QDs is encapsulating them in poly-
mer matrices, however, we have not found 
a study that verifies their stability over long 
periods. To test to which extent the polymer 
matrices stabilize the CdSe@CdS core-shell 
QDs, different polymer films were fabricat-
ed (PMMA, PVP, PEG and PS were chosen 
as polymers) and their QY was measured 
over a period of 70 days. It was found that 
quantum yield of QDs was best preserved 
in the PEG samples, a result accounted to 
the polymer’s structure and intermolecular 
interactions in the film.
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SOPHYA
VERSHININA
AGE

18

COUNTRY

 Russia

SENT BY

Step into the Future

Biogenic Substances and 
Petroleum Products in Pskovsko-
Chudskoye Water Body
This study raises the environmental prob-
lem of water pollution by the example of 
the Pskovsko-Chudskoye reservoir.

The Pskovsko-Chudskoye water body is 
the largest freshwater reservoir in Europe 
and and consists of two lakes – Pskovskoe 
and Chudskoye. The lake is a habitat of 
biological organisms and used for fishing, 
recreation and shipping, which makes the 
eutrophication of the lake an important en-
vironmental problem.

Eutrophication is the biological productivity 
of lakes and depends on the ratio of nitrogen 
to phosphorus. Under natural conditions, 
eutrophication is a natural process of aging 
of water bodies but human activity can af-
fect the phosphorus and nitrogen content 
through sources like untreated wastewater 
and the flushing of fertilizers from the fields. 
This project gives a general description of 

the ecological state of the Pskovsko-Chud-
skoye reservoir and methods of hydrochem-
ical analysis.

The results show that Pskovskoe has high-
er values of ammonium nitrogen (NH4

+), 
Ntotal, Ptotal, Fe2+,Fe3+, permanganate 
oxidation and chemical oxygen consump-
tion. The total iron (Fe) content exceeds the 
maximum permissible concentrations for 
fishery ponds four times. According to the 
ratio between nitrogen (N) and phospho-
rous (P) concentrations, the Pskovskoe lake 
is approaching eutrophic, while Chudskoye 
is mesotrophic. In the summer-autumn 
period, the content of petroleum products 
is higher compared to the spring period, 
which is explained by an increase in the an-
thropogenic load.
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PATRICIO 
MOSCOSO
RAMIREZ
AGE

19

COUNTRY

 Mexico

SENT BY

RED Nacional de Actividades 
Juveniles en Ciencia y 
Tecnología

Antimicrobial Activity from Plant 
Extracts
The study shows that garlic extract has an 
active compound that makes is antibacte-
rial and that this compound is heat sensi-
tive.

Antibiotics are used for controlling bacte-
ria that cause infections but the increasing 
ability of bacteria to become immune to an-
tibiotics over time threatens our health. The 
purpose of this project was to determine if 
there is antibacterial activity in different 
plants that have been used in traditional 
medicine to treat diseases and infections 
caused by bacteria. Plant extracts from gar-
lic, oregano, Bougainville, clove and onion 
were tested. After washing each sample 
with water and grinding it in a mortar with 
70% ethanol, each plant extract was placed 

on a sterile filter paper (scan disc). This was 
placed on the surface of a bacterial lawn 
culture on agar plates in yeast extract pep-
tone-dextrose (YPD) medium. By measuring 
the growth inhibition halos for E. coli bacte-
ria, antimicrobial activity was observed in 
the garlic extracts. Thermal stability tests 
were then performed using boiling water 
and the observed result was that the antimi-
crobial property of the garlic extract is heat 
sensitive. The study also shows that the 
used methodology offers a practical option 
for the identification of antimicrobial com-
pounds.
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