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This issue of jIAPS is dedicated to everyone who took part
in the creation of jIAPS 2020. To the volunteers who ran
school days and inspired children around the world. To
the members who told us about their experiences during
the pandemic - both positive and negative. To the creative
and article competition winners who shared their
thoughts with us. To the photographers who captured
beautiful moments at events. To the article authors who
worked tirelessly to produce fascinating work.
And finally, this edition of jIAPS is dedicated to readers
like you. Thank you.
ICPS 2019 Checkout - Cologne, Germany. Credit - Tilman Daab

Anniversaries
125 years
In 1895, Professor Wilhelm Röntgen
discovered x-rays while working with
cathode ray tubes. X-rays went on to be
used to treat soldiers fighting in WWI,
locating broken bones and embedded
bullets. Today they are also used in other
ways, such as to kill bacteria on food.

100 years

Hand mit Ringen ‘Hand with
rings’ - the first medical x-ray of
Röntgen’s wife’s hand

Dr. Rosalind Franklin, born in 1920, is known for
her x-ray diffraction images of DNA. Her work
was vital to the discovery of DNA, however she
was never given proper credit. Franklin went
on to publish 17 papers on the structures of
viruses. Her work helped lay the
foundations of structural virology.
Credit - Ann Ronan Picture Library

50 years
The 1970 Nobel Prize in Physics was given for two discoveries. One
of them was to Hannes Alfvén's prediction of Alfvén waves which are
magnetohydrodynamic waves with applications in plasma physics.
Alfvén waves are used to explain why the solar corona is much hotter
than the surface of the sun.
Solar Corona up close
Credit - Petra Kohutova et al.,
Astronomy and Astrophysics, DOI:
10.1051/0004-6361/201937144

25 years
A three-dimensional, time-dependent
graphic showing the condensation of
atoms. Credit - NIST/JILA/CU-Boulder

A Bose-Einstein condensate is created
when bosons are cooled to
temperatures near absolute zero and is
named after Satyendra Nath Bose and Albert
Einstein. In 1995, the first Bose-Einstein condensate was
produced by Eric Cornell and Carl Wieman, who went on to
win the 2001 Nobel Prize for Physics for the achievement.

25 years
In 1995, the first Hubble Deep Field image was taken over more
than 100 hours. The image showed that Hubble had looked back
to the early Universe, observing young galaxies many of which
had not yet had time to form stars. These galaxies could not be
studied without space telescopes like Hubble .
Credit - R. Williams (STScI),
the Hubble Deep Field Team and NASA
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Editorial

Sophie Abrahams
jIAPS Editor-In-Chief
ver the past year it has become more
apparent than ever before how
interconnected we all are. In editing
jIAPS over the last six months, I have
had the opportunity to see how many people
from all walks of life are involved in the IAPS
community. From photographers who captured
events to volunteers who organised IAPS
School Day events in seven different countries,
IAPS connects people from around the globe.

Around the World section features the events
which took place this year. Highlights include
the Fyziklani competition - which had almost
1,000 students compete - and the Kiel-Odense
exchange in which "unnecessarily competitive"
Uno card games were a highlight!

edition of jIAPS; climate change and racism are
two examples. I regret that we have not been
able to contribute to such discussions and
encourage future editions of jIAPS to work to
educate us on how we can contribute to a better
tomorrow.

Sadly, we are missing well loved events in the
IAPS calendar; iaps2CERN, PLANCKS and, of
course, you are not reading this journal in
Puebla. While ICPS 2020 has not been able to
take place, the IAPS Executive Committee
worked hard to bring members the ‘IAPS @ a
distance’ series. The jIAPS editorial team has
worked to reflect the impact the pandemic has
had on IAPS members, and we hope you
identify with the ‘IAPS community during the
COVID-19 pandemic’ pages - remember you are
not alone, even when it may feel like it.

This year’s cover of jIAPS is ‘The Blue Marble’.
The COVID-19 pandemic has reminded us, in
the best and worst ways, that we are all
connected and that we have more similarities
than we do differences. The jIAPS editorial
team wished to reflect this in the front and back
cover. So we present you with the planet we
share: Earth. On the front cover there are the
Americas. You can see Mexico - where ICPS
2020 was meant to take place. On the back
cover, Asia, Africa and Europe are visible and
you can see Denmark - where ICPS 2021 will
come about. At the front, our present. At the
end, our future.

In this edition of jIAPS, for the first time we
introduce Advocacy Articles, written by the
Advocacy Working Group which works to bring
recognition to issues that students face,
focusing on higher education. They are a fine
addition to the creative competition and the
article contest in which we had the opportunity
to offer grants to ICPS not only to the winner of
the article contest but to second and third
places as well. Congratulations to Pau Batlle
Franch, winner of the article contest, and
Hannah Dalgleish, winner of the creative
competition, for their brilliant work. The IAPS

This issue of jIAPS highlights issues that are
relevant to all of us, no matter where we are
from. The IAPS School Day article from LC
Kathmandu (SXPC) highlights the differences
in rural and urban education, while Stephanie
Buttigieg’s Interest Article ‘Women in Physics’
reminds us that equality in physics is still a
work in progress - something that we must all
strive to achieve. ‘The Struggles of Being a Student
During a Pandemic’ discusses the current issues
facing students such as the difficulties of
attending online lecture courses and brings
attention to the support networks universities
should be introducing. It is my hope that these
articles help to contribute to conversations
about these issues. There are societal problems
that have not been directly discussed in this

he future is not cancelled. Although
it may feel that way when we look
back over the past few months. But
let us go a little further back to last
summer, ICPS 2019, where I made my debut
speaking at an ICPS. I was excited before the
event, and sure that it was going to be a fun few
days. Well, as the IT manager I hadn’t expected
that - the night before ICPS officially began the web services of IAPS would be hacked. So,
with hours to go until the start of ICPS 2019, I
found myself in the Cologne main police
station with Veli-Jussi Haanpää- the IAPS
President at the time - reporting the crime. I
investigated the matter until 7am on the
opening morning of ICPS, and spent the
opening ceremony that evening reassuring
people that their personal information was
safe. It certainly wasn’t the speech I had
expected to give.

painful and mentally difficult for me to do
absolutely anything during the last days, or
weeks, or was it actually months? I think it was
probably months. It has been difficult to keep
track of time for a while now, especially since I
found out that I had lost my job and therefore
my income - I don’t imagine I’m the only one
who has been struggling in the current
situation. I had long forgotten the hacking
incident last summer which absorbed so much
of my ICPS in Cologne until it came to writing
this editorial message - amazing how memories
can come back to you. Many of you reading this
have probably experienced similar moments to
what I experienced when I found out I had lost
my job. The cancellation of ICPS 2020, the
postponement of PLANCKS and the
cancellation of iaps2CERN are all sad things but they are cancelled or postponed so that we
keep each other as safe and healthy as we can.

While it has been a pleasure to work for the
IAPS EC over the last three years, it has been

We have interesting ways of missing things. My
grandfathers both died in wars, and I know that
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Thank you to everyone who made this edition
of jIAPS happen. Duarte and the rest of the
Executive Committee for their support
throughout the process, my co-editor Subhash
- who helped check everything you’re readingand my co-editor Aditya, without whom this
journal would not be beautifully structured!
Lastly, thank you to everyone who
corresponded with me by email, wrote an
article, took pictures, and read this year’s jIAPS.
I wish each of you the best, and look forward to
a future where we can meet in person once
again.

Jyri Genral
IAPS President
I could not possibly understand what I have
missed out on in growing up without them. But
people came to their senses and the wars
passed. In current times where we are told to
stay at home, we miss things such as going for a
walk, working a job and being stable, travelling.
We do not know what we could be missing by
staying inside. But, like the wars, the pandemic
will pass. The future isn’t cancelled and I urge
you, my dear reader, to come find me at an IAPS
event after the pandemic is over and say hello.
It has been far too long for all of us.

New Members
his has been a challenging year. As
initially defined, the recruitment
plan was focused on further
extending membership outside of
Europe. In particular we planned to leverage
the fact that ICPS was to be held in Mexico the first time that the event was leaving
Europe - to widen membership in Central and
South America. We undertook in a joint ICPS
OC - IAPS EC effort to both increase
membership and get many participants to
ICPS 2020 from the region. Sadly we have, for
half of the 2019-2020 EC’s term, faced the
situation of a global pandemic coupled with
the consequent socioeconomic fallout which
has, for the most part, strained recruitment
efforts.

Duarte Graça
Vice-President and Advocacy and
Recruitment Manager
Despite the difficult situation, we have seen
our members adapt quickly to the current
global circumstances. In the case of our
current LC Prague, this has translated into
growing from an LC to an NC, working to
encourage students from outside of Prague to

join the IAPS community. In addition,
recruitment and organisational efforts in
India, including our current LCs New Delhi
and Noida, have been developing well and we
hope to see new committees forming in India
soon.
Finally, I want to thank Molly McDonough and
Abhishek Gupta for their participation and
great efforts in this year's Recruitment
Working Group. Next year, uncertainty will
still be part of the Recruitment Manager's dayto-day work, but with most countries having
plans to adapt to circumstances, it may be
easier to get more results. I'm certainly
hopeful about welcoming new members to our
IAPS global community!

NC Czech Republic
NC Czech Republic was founded on the base
of LC Prague. Our committee is operating
under the long-term patronage of Charles
University as FYKOS - a group of students
organizing various events and physics
competitions for high school students. Our
membership is not only from Charles
University or from Prague, it is open to

anyone in the Czech Republic who studies
physics or similar scientific discipline. To
reflect this, we created the Czech Association
of Physics Students (CAPS). In CAPS, students
will continue in organizing events and
outreach activities for not only high school
students but for anyone who is interested in
the secrets of the Universe.

Participants at the Jedlová, Lužické hory Camp in Autumn 2019. Credit - FYKOS (LC Prague)
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ICPS : Past, Present and Future

The participants of ICPS 2019. Credit - Stefano Ugliano

From Cologne...
From the 10th to 17th August, 450 physics students from 47 countries met in Cologne at the world's largest
student-run physics conference. This article was written before the cancellation of ICPS 2020.
he International Conference of Physics
Students (ICPS) traditionally takes
place in the second week of August,
promoting an international and
interdisciplinary physics community. In 2019,
more than 450 physics students met at the
University of Cologne, Germany, for a week of
scientiﬁc and cultural exchange. With previous
conferences in Freiburg (1989) and Heidelberg
(2014), this was the third time that Germany
hosted ICPS.
The networking began during check-in at the
Cologne-Deutz Youth Hostel - meeting old
friends and making new ones. The ﬁrst highlight
was the guest lecture by physics Nobel Prize
Laureate Klaus von Klitzing, who spoke about
the discovery of the quantum Hall effect and the
new international system of units (SI). The
participants also presented research projects in
more than 250 talks and almost 100 posters. The
thematic range of the conference stood out: from
solid-state physics to particle physics, from
optics to physics outreach, all areas were
represented. Two excursion days offered the
opportunity to explore the Fraunhofer and Max
Planck Institutes, the Research Centre Jülich and
the Free Imperial City of Aachen. Some
participants had the opportunity to visit the
European Astronaut Centre where Germany’s
ﬁrst commander of the International Space
Station, Alexander Gerst, trained for his
missions. In his guest lecture, ESA Director

General Johann-Dietrich Wörner emphasized
the outstanding importance of international
cooperation in astronautics: "Our astronauts are
not Italian or German, but European". The
conference also focused on sustainable energy.
In a plenary lecture, Marc Timme from TU
Dresden explained how mathematical models
can be used to design a framework for the
structure of energy networks. During a visit to
the Zollverein coal mine industrial complex, an
UNESCO world heritage site, the participants
learned that coal mining cannot be economically
viable since the follow-up costs of running a
mine are so large. Thomas Klinger, scientiﬁc
director of the world's largest stellarator
(Wendelstein 7-X), presented nuclear fusion as
an alternative energy source.
There was a day to explore Bonn, the former
capital of Germany. For a scientiﬁc expedition,
students visited CAESAR, the Research Institute
for Neuroethology, where they learned about
special electron microscopy techniques. The
political section led students to Villa
Hammerschmidt, the House of History and the
UN Campus. "It was astonishing how freely we were
allowed to walk around the former seat of the German
head of state," a fascinated British participant
recalled. The BonnDay ended with a conference
dinner on a boat trip back to Cologne. Of course,
there were also socials in the evenings.
Participants exchanged culinary delicacies from
their home countries at the traditional Nations
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Evening. "You don't have to travel around the world
to get to know other cultures, you can simply go from
table to table, which is much more environmentally
friendly,” noted one pleased participant.

Te veré en México
On 17th August, the conference participants left
Cologne with many new impressions. They were
exhausted but happy, and excited to see each
other again at the next ICPS. In 2020, ICPS takes
place for the ﬁrst time in its 35-year history
outside of Europe, enjoy your time at this truly
historic ICPS! Our sincere gratitude goes to the
institutions that have provided more than half of
the funding and thus made ICPS 2019 possible.
These are the Wilhelm and Else Heraeus
Foundation, the German Federal Ministry of
Education and Research, the Joachim Herz
Foundation, the Klaus Tschira Foundation, the
International Union of Pure and Applied Physics
(IUPAP), the European Physical Society (EPS),
the Dr. Karl May Foundation and the Dr. Hans
Riegel Foundation.

- Timo Eckstein &
Monique Honsa, NC Germany

Nobel Laureate Klaus von Klitzing. Credit - Tilman Daab.

To Puebla...
n 2020, for the first time in its history, the International
Conference of Physics Students (ICPS) had the opportunity to
be held outside Europe.
Across the globe in the center of continental Mexico, the city of
Puebla de Zaragoza yearns for ICPS. We had planned to hold ICPS in
one of the most beautiful cities that the country has to offer: the
emblematic streets of Puebla would take your breath away. We
imagined a glorious 7-day program, with hundreds of physics
students from across the world, enjoying excursions, talks,
workshops, and social activities. With the collaboration of
international scientific institutions, this edition of ICPS had
everything it needed to become a once in a lifetime experience. By
coming to Puebla, not only would you have had the chance to
experience another incredible ICPS, but you would have also had
the opportunity to be part of a landmark historical event both for
IAPS and Mexico.
No Zoom meeting can replace the grandiose experience of an ICPS,
this kind of event can only be held in person. So, take care of
yourself and keep your loved ones safe and sound, and we will be
waiting for you in Puebla, Mexico, after all this pandemic becomes
part of our past.

- ICPS 2020 OC
ICPS 2020 poster showing Puebla Cathedral at night

& Copenhagen...

Nyhavn waterfront in Copenhagen. Credit - Thomas Høyrup Christensen

You will be visiting a charming and small, yet
vibrant, city. Copenhagen offers great
museums, parks, shops and nightlife. The city
is well-known for its architecture, a few
examples being the beautiful old harbour,
Nyhavn, which you can see in the picture
above and the world’s best resource handling
centre, Copenhill, which has a ski slope on the
roof-top! There is also Amalienborg, the home
castle of our queen.

Everything in the inner city can be reached by
bike or on foot and to complete the
experience, some of our tours will take you to
unique places not seen by normal visitors,
such as ESS, the European Spallation Source,
and a windmill park on the sea. Lab tours will
show you the ice core freezer at the Niels Bohr
Institute – home to ice cores from the
Greenland ice sheet. You will also see a Q-lab
collaborating with Microsoft to develop the
quantum computer of the future, as well as
the office of Niels Bohr, which has been kept
untouched since the days when he used it.
And finally, something we know you are all
looking forward to – we will, of course, go
swimming in the city canals!

The conference itself will take place in an
award-winning building: the Maersk Tower,
built with a focus on sustainable solutions.

The OC is working hard to make the program
perfect before your arrival! As usual, we will
make sure to have a variety of speakers and

CPS 2021 will be hosted in Copenhagen,
the capital of Denmark, home to great
physicists like H.C. Ørsted, Inge
Lehmann and Niels Bohr. We are looking
forward to welcoming you next year!
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tours. The program will be made to ensure
that no matter what field you are interested
in, there will be something for you. Confirmed
speakers include a juggler that uses math to
develop new tricks and an expert in space dust
with a professorship in the field of science
communication.
2021 is the 100th year anniversary of the Niels
Bohr Institute, and we are happy to invite
physicists from all over the world to celebrate
this with us. We hope to see as many of you as
possible next year to help us make sure this
ICPS will be just as unforgettable as the rest of
them!
On behalf of the OC 2021,
Mikkel, Jonathan, Emil and Sara

- Emil Kozuch, Jonathan Gammeltoft,
Mikkel Schmidt, Sara Andersen,
LC Copenhagen

International Conference of Physics Alumni (ICPA)
August 2019
Cologne, Germany

The beautiful city of Cologne, which hosted ICPA 2019. Credit - ICPA OC

or many of us, IAPS has been a great
ride throughout university life. Its
dual commitment to academic
dissemination and international
sharing has allowed members to not only grow
as scientists but to make lifelong connections. A
large part of that was done at the flagship
conference, the International Conference of
Physics Students (ICPS). Year after year, this
event has allowed us all to come together and
share in the IAPS spirit of academic revelry. If
you are disheartened with the thought of this all
coming to an end when your degree does, do not
fear as we have just the answer for you!

age-old warning against Stroh - an Austrian rum
- to the new generations and see if your own
‘wisdom’ strengthens you against it. ICPA brings
the best experiences back again.
While not being as strictly academic, ICPA does
offer more than just parties. As (hopefully) newly
employed professionals or early career
researchers, there’s a chance to share your
experiences of the big wide world with alumniled workshops for the current students. There’s
also a chance to join in on employability events
if you want to touch up your transferable skills.

Alumni Events

Not wanting to just be hanging onto the past,
Joint events
ICPA is more than just a way to attend the
The International Conference of Physics Alumni student conference post-graduation. There are a
(ICPA), at its heart, is a way you can continue the series of alumni-only events designed to make
good times you had with your IAPS family. It is a the most of the conference. These take the form
distinct and separate conference running
of (late-morning) cultural excursions separate
parallel to ICPS, at the same place and time. This from ICPS, allowing the alumni to view the best
allows us to combine and share some events with the city has to offer in their own time. There are
the student conference while also holding ones
also alumni-focused workshops, giving advice
exclusively for alumni. In the past two years that relevant to your career stage and allowing a
ICPA has been running, this has taken the form
platform to discuss the future of alumni within
of sharing the evening activities with ICPS. Who IAPS. Let’s not forget the alumni dinner, a
would have guessed the parties would be
highlight of the conference where you can relax
popular? From the ever popular costume party
without those pesky students around. ICPA
to the conference main event, the Nations party! tends to be shorter and based around weekends
You can mix with friends of old while making
to make it easier with the working world.
new ones. You will have the chance to impart the
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Am I an alumnus?
YES! Anyone who has attended an IAPS event, or
was a student of an IAPS member institution
(NC/LC) is classified as an IAPS Alumni, and is
welcome at ICPA. Quite often participants are
late stage PhD students who do not wish to take
ICPS places away from students but still wish to
be involved in the IAPS community.
There is no formal committee of alumni, but our
views are represented within IAPS via two IAPSelected Alumni Representatives. They act as a
link between the organisation and its former
members, with each side promoting the fruitful
collaboration. IAPS has also taken further
commitments to working with its alumni,
enshrining us within their regulations last year.

Discussion among the ICPA members. Credit - ICPA OC

ICPA OC working hard during the event. Credit - ICPA OC

ICPA 2019 in Cologne, Germany
About 35 alumni gathered in Cologne for ICPA
2019, the core program was a three and a half day
event starting at the same time as ICPS. This
posed an issue for the organisers, since ICPA
wouldn’t be able to attend the Nations evening.
Hence an additional day was organised, allowing
participants to enjoy the Nations evening. An
overview of the full program can be found below.
After a personal welcome by the organising
committee, the participants went to the alumni
dinner which is separate from ICPS so that the
alumni can catch up with each other. After a
legendary welcoming party and a short night of
sleep, the alumni gave talks for students and

other alumni on their work, research and other
interests. In the afternoon, the alumni joined the
ICPS city rally to provide the teams with some
much needed life experience.
After another great party and a somewhat longer
night of sleep thanks to the lie-in we had, there
was an alumni workshop on ICPA 2020. During
this workshop, the alumni set out the main
wishes for the next ICPA and the new organising
committee was chosen (Casimir Ehrenborg,
Hugo Hanssen, Anton Saressalo and Jyrki
Martikainen). After the hard work of the day was
done, the alumni went on a cultural excursion to
Bonn and enjoyed the legendary-as-always

Overview of the schedule of ICPA 2019. Credit - ICPA OC

costume party.
After the Tuesday lectures, which featured both
keynote and alumni speakers, a couple of the
alumni joined the career event to tell students
about their experience as a physicist in the
labour market. Afterwards, we all gathered for
the alumni night, starting with a dinner at a
brauhouse (see image bottom right) followed by
a cultural pub-crawl through Cologne, which
was quite challenging with such a large group.
On the optional day there was an excursion to
the German Aerospace Centre (Deutsches
Zentrum für Luft -und Raumfahrt (DLR)) and
then plenty of time to prepare for the Nations
night.

Dinner at a Brauhouse. Credit - ICPA OC

ICPA 2020 in Puebla, Mexico
As is all the woe these days, both the student and
alumni conferences that were due to take place
in Puebla in August have been delayed. We
forget the precise reason for this, but are
confident that if they are able to take place safely

then they will. Regardless we have hope that
ICPA Copenhagen 2021 will create the best blast
from the past!
To keep up to date with registration information
for ICPA 2021, follow ICPA on Facebook or send
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Peter van Arkel an email at
petervanarkel@gmail.com
- James Kneller and Peter van Arkel
on behalf of the ICPA 2019 & 2020 Organizing
Committees and the alumni representatives

jIAPS ARTICLE CONTEST WINNER

A Sandwich of Randomness
Pau Batlle Franch

Featured Image - A School of Fish

magine that you have a dust particle
which is colliding with molecules of a gas.
The molecules can be thought of as
moving spheres that are smaller than the
dust particle. How can we study this
phenomenon? If we knew exactly the positions
and velocities of all the gas molecules, this
problem would be a classic collision problem.
However, our particle can experience up to 1014
collisions in just one second with molecules
that have unknown velocities [1]. What is the
result after the summation of all of these
collisions? How can we model the uncertainty
in the movement of the molecules?
Both of these questions can be addressed by
adding randomness to our model. In order to
study this system, we model the sum of all the
collisions as a force with a random direction
that changes almost instantly with time. If we
also include a friction force, the movement of
the particle is called Brownian motion and is
described by a differential equation on the
velocity of the particle v [2]:

The term
, which accounts for collisions
between the particle and the molecules, is
random. The paths that particles follow under
equation (1) are examples of random walks,
since they essentially choose a random
direction to move at each inﬁnitely small point
in time. Random walks are a fundamental
model in many areas as they appear in some
systems in which not all information is known.
Molecular motors in biophysics, the behaviour
of ﬁsh hunting for food or even the stock market
are good examples of situations that can be
modelled with different types of random walks
[3, 4, 5].
Since the dynamics are random, three identical
systems starting at the very same place can end
up in very different points, as seen in Figure 1.
Since we don’t know exactly how the gas

Figure 2: Solution of the 1-D diffusion equation at different times.
Adaptation from Lavenda, Bernard H. (1985) Nonequilibrium
Statistical Thermodynamics. John Wiley & Sons, p. 20
Figure 1: Three different random walks starting at x = 0, all three
of them obey equation (1). Wikimedia Commons

molecules behave, it is equally likely that our
particle follows the green trajectory or the blue
or red one!
Therefore, this model doesn’t give us the exact
position of our particle after some time, but it
can answer some interesting questions that we
couldn’t solve before we introduced
randomness. For example, it can be derived that
a particle is on average at distance proportional
to
from its origin at time t. Compare this to
a uniform velocity linear motion that places you
at distance proportional to t. Unsurprisingly,
random walking is not an efﬁcient way to move
at all!
Suppose now that we have a very large amount
of particles inside the gas. How will this swarm
of particles behave? In physics, when the
number of particles gets very big, one starts
studying the density of particles which tells you
how many particles exist in each region of
space. So, is it possible to ﬁnd an equation for
the evolution of the density of particles in the
same way as we did for the single particle? It is,
and the density
obeys a partial
differential equation called the diffusion
equation. In one dimension, the diffusion
equation is [6]:

What is relevant about this equation in
comparison to the analogous equation for one
particle is the disappearance of the random
term. Very surprisingly, even if all individual
particles behave randomly, the density of
particles always behaves in the same way.
Figure 2 shows the solution of the diffusion
equation when all particles start at x = 0,
showing us how the density of particles evolves
over time. Note how particles “diffuse” away
from the origin as time increases.
While it doesn’t seem obvious at all why
studying the movement of enough particles
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leads to the loss of randomness, this is a very
general pattern. For example, if we throw a die,
its value can be any number between one and
six, and we have no more information as to what
the probability is of the die landing on any of
these values. However, if we throw one million
dice, the mean of these throws will be quite
close to the expected value of the die, which is
3.5. With an inﬁnite number of dice, the mean
value will be 3.5 with 100% probability. The
behaviour of stochastic systems (systems in
which one or more parts have randomness
associated with them) as the number of trials
goes to inﬁnity is mathematically described by
the law of large numbers and the central limit
theorem [7].
Overall, what is fascinating about this problem
is the appearance and later disappearance of
randomness as we go from smaller to larger
regimes. At the lowest scale (a collision between
one particle and one molecule) we can
deterministically calculate the effect of a single
collision. Since there are a lot of these collisions
with particles of unknown velocity, we move to a
bigger scale (collisions between a single particle
and all the molecules) in which the movement
of the single particle is essentially random, but
we can answer some questions about its
behaviour. If we start to consider collisions
between a very large group of particles and all
the molecules, the density of particles which
describes the position of the very large group
solves a deterministic equation again and the
randomness fades away. Two fully deterministic
scales “sandwich” an intermediate regime with
random equations and dynamics.
[1] Feynman RP, Leighton RB, Sands M. The
Feynman lectures on physics, Vol. I: The new
millennium edition: mainly mechanics,
radiation, and heat. Basic books; pp. 4115. 2011.
[2] Langevin P. Sur la théorie du mouvement
brownien [On the Theory of Brownian
Motion]. C. R. Acad. Sci. Paris. 1908; 146:
530–533. doi:10.1119/1.18725

[4] Sims DW, Southall EJ, Humphries NE,
Hays GC, Bradshaw CJ, Pitchford JW,
James A, Ahmed MZ, Brierley AS,
Hindell MA, Morritt D. Scaling laws of
marine predator search behaviour. Nature.
2008 Feb;451(7182):1098-102.
[5] Cootner PH. The random character of stock
market prices. MIT press; 1967.
[6] Ursell TS. The Diffusion Equation : A Multidimensional Tutorial. California Institute of
Technology, Pasadena, Tech. Rep. 2007 Oct.

[3] Thomas N, Imafuku Y, Tawada K.
Molecular motors: thermodynamics and the
[7] Grinstead CM, Snell JL. Introduction to
random walk. Proceedings of the Royal
probability, Chapters 8 and 9. American
Society of London. Series B: Biological
Mathematical Soc.; 2012.
Sciences. 2001 Oct 22; 268(1481): 2113-22.
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Interac on with Your
First Love
Diego Alberto Coloma Borja
hink about the loveliest sentences in

Featured Image - ‘Figura dos
corpos celestes’ or Figure of the
heavenly bodies.
Credit - Bartolomeu Velho Volvelle

the English language: “You look
beautiful today”; “I love you”; “I

because, despite not being applicable to the

bought pizza for both of us”. Very simple, but

relativistic regime, it illustrates how objects

very powerful. The sound of these words is
enough to bring us back to wonderful
moments from our lives. Now, think about
simple but beautiful equations in physics: the
Dirac Equation “

," which

alongside describing spin-½ particles, also
predicted the existence of antimatter [1]. The
mass energy equivalence “

is the equation for conservation of energy i.e.
”, which states that the net change in

energy for a closed system is null. So much
information contained within a few
characters. These equations are written in the
language in which physicists understand the
universe. Today I would like to place
particular emphasis on one so beautiful that it
became the ﬁrst love for most of us :

stand on. The lane through which the moon

to the rate of change in motion. What we know

strolls around the Earth. The music that makes

as momentum! This equation, when mass is

the Earth dance around the Sun. Interactions

constant, transforms to your ﬁrst and most

between two objects with mass that can all be

glorious love:

described by Newton’s Second Law of Motion:
“Force equals mass times acceleration”.

“Force equals mass times acceleration.” This

Additionally, we know that this sentence

beautiful equation, consisting of 3 characters,

deﬁnes all motion. We also know that it

is the keeper of all the information regarding

contains the second derivative of position -

the motion of a system. Most folks know this

acceleration. Thus, we need only two initial

equation by heart before they begin their ﬁrst

parameters to understand the system, easily

introductory course. Wide-eyed physics

accessed by a well-placed deﬁnition of our

students will, for the ﬁrst time, acquire a taste

frame of reference. Plus the knowledge of the

for the language that they will use to

force vector F(r,v,t), which could be gravity,

understand and explain the universe during

buoyancy or the pull of a rope. All of which we

their professional careers.

can get by opening any physics book. So
simple that pretty much anyone can

When physics was taking its ﬁrst steps,

understand an entire physical system. By

Aristotle described the universe as concentric

understanding an equation. A sentence. An

crystalline spheres (see featured image).

idea.

Within these spheres, the speed of all motion

This is your ﬁrst love. It was never meant to

was proportional to the force that moved it.
“

last forever, but you fell for them nonetheless.

”. “For what moves is a mover of

They were beautiful. They helped you discover

something moved and what is moved by something

new things about the universe and about

moving it” [2]. Of course, we know that Aristotle
was wrong. But it still took Sir Isaac Newton
(portrait opposite), as well as many before
him, hundreds of years to give us a new and
more accurate relation for force [3]:

The alteration of motion is
ever proportional to the motive
force impress'd; and is made in
the direction of the right line in
which that force is impress'd.

gravity if not our interaction with the Earth we

forklift, air resistance or a star, is proportional

,” showing

how mass is a form of energy. A third example
“

typically interact. Think about gravity. What is
This equation means that force, be it from a

yourself that you never imagined existed. Of
Although Newton’s equations perform

course, new and greater loves will capture

excellently when describing everyday

your life. But you shall never forget Sir Isaac

phenomena, they begin to fail when

Newton. The man who introduced you to your

considering quantum or relativistic effects.

ﬁrst love.

Just as one will fall in love many times during
their life, so will new theories arrive to
dethrone others. But nothing will change who
your ﬁrst real love was. This equation made
you feel love for the universe for the ﬁrst time
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[1] Peskin M, Schroeder D. An introduction to quantum field theory. CRC
press; 2018

[2] Sachs J. Aristotle’s Physics: A Guided Study. 4th ed. New Brunswick
and London: Rutgers University Press; 2004.

[3] Newton I. Mathematical Principles of Natural Philosophy. 1st ed.
1729.

jIAPS ARTICLE CONTEST RUNNER UP

Wave Par cle Duality
Fabiola Cañete Leyva
Featured Image - The pattern produced by sunlight passing through a diffraction grating.
Credit: Berdnikov A. Photo of the double-slit interference of sunlight [Internet]. 2016

hysics is one of the most exciting
ﬁelds of study. Not only does it allow
us to develop a good sense of what is
going on when we observe, for
example, a pendulum swinging back and forth, a
plane ﬂying through the sky or a bulb lighting
up a room. It will also shake up our common
sense and urge us to become broad-minded so
that we can attain a more accurate view of
nature. This revolution of concepts is
challenging but necessary, especially when we
start to delve into the realm of quantum
physics. At this scale, the universe appears to
behave in a bizarre manner and it is our job to
try to ﬁgure out how things work in this
scenario. In other words … this is where the fun
begins!
Luckily, a great number of scientists have
already laid out the path for us. This, however,
does not mean that the ideas they presented in
their times are easier to grasp today. Some
conceptions are still deeply counter-intuitive, at
least at a ﬁrst approach. Take, for example, the
concept of wave-particle duality.

Waves and particles, essentially different?
In everyday life, we encounter waves in all
places. When we talk we produce disturbances
that travel through the air in the form of ripples.
To some extent these ripples resemble the ones
that spread out in the ocean or the ones
observed when a guitar string is being plucked.
Ultimately, the same notion helps to describe
the way in which light propagates through
space, it moves as a wave. On the other hand,
when we speak of a particle we usually conceive
an object with characteristics no different from
those of a ball or a marble. Long story short,
waves and particles are not very much alike.
Then how is it possible that these two ideas can,
at the same time, deﬁne one single physical
entity? It doesn’t sound right but is it plausible?
Well yes … in nature that appears to be the case.
Let us not take the expression ‘wave-particle’
literally, though.
Wave-particle duality refers to the fundamental
property that causes light and matter to exhibit
both wave and particle-like behaviour. Several
experiments have shown that sometimes,

electrons and other elementary entities act like
waves: they can undergo diffraction and be
capable of interfering, even with themselves [1].
But at other times they act like particles: they
can be brought to collision, are able to undergo
scattering processes and their mass values can
be determined.
The featured image shows the interference
pattern that arises in a double-slit experiment;
the result demonstrates the wave-like nature of
light.
We can now explain a basic version of the
double-slit experiment that scientist Thomas
Young performed in the nineteenth century [2].
Imagine a light source, very similar to a laser
beam, that illuminates a plate pierced by two
tiny parallel slits. What would you expect to
observe on a screen placed behind the
illuminated plate?
Most probably, your answer would involve two
parallel illuminated strips on the screen. Well,
guess what? Remember when we said that
physics challenges common sense?
The correct answer is that, when passing
through the slits, the light source will produce a
series of bright and dark bands on the screen.
This is what you would expect to see if some
kind of light waves emerged from each one of
the slits and interfered with one another before
arriving at the screen. This strange pattern
suggests that light has indeed a wave-like
nature. But hold on, because that’s not the end
of the story. Light has also been found to be
absorbed at the screen in discrete places, as if
the light forming the interference pattern
described above consisted of individual
particles hitting the screen!
The result of this experiment demonstrates that
light follows the principle of wave-particle
duality [3]. It has a wave aspect and a particle
aspect.

Wave-particle duality, a contradiction?
The idea that light - as well as protons, electrons
and other subatomic particles - can behave in
such a way is not easy to imagine. It contradicts
our everyday experience. Moreover, it can give
rise to some conﬂicting ideas. For example, a
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particle can be located at a single place whereas
it makes no sense to ask at which point in space
a wave is localized. Wave-particle duality does
not at all propose that a physical object can be
at the same time a wave and a particle.
Genuinely what the term tries to illustrate is the
inability to completely describe said physical
object through classical physics. To clarify a
little, the wave-like aspect is associated with the
probability of ﬁnding the particle at some point
in space [4]. Going back to the double-slit
experiment, the wave-like nature of light is
revealed when we notice that there are some
places at which the probability of ﬁnding the
particle hitting the screen is greater than that at
other places. This distribution of probability is
exactly what explains the series of bright and
dark spots observed in the experiment.

How can it be like that?
All in all, the concept of wave-particle duality is
complex and poses several questions regarding
the nature of the universe. It is no wonder that it
took time for the idea to be understood. As
scientists we have to rely on experiments and
come up with a theory that best explains the
results we are observing. Up until now, there is
no better interpretation for the behaviour of
subatomic entities than that of wave-particle
duality and although the notion is difﬁcult to
digest let us remember what brilliant physicist
Richard Feynman once mentioned:
The difficulty really is psychological and exists in
the perpetual torment that results from your saying to
yourself, ‘But how can it be like that?’ which is a
reflection of uncontrolled but utterly vain desire to see
it in terms of something familiar…If you simply admit
that maybe (Nature) does behave like this, you will find
her a delightful, entrancing thing. Do not keep saying
to yourself, if you can possibly avoid it, ‘But how can it
be like that?’ because you will get ‘down the drain’,
into a blind alley from which nobody has escaped.
Nobody knows how it can be like that [5].
[1] Nave R. HyperPhysics: Quantum Mechanics.
[cited 2020 March 26]. Available from:
http://hyperphysics.phy-astr.gsu.edu/
hbase/quacon.html#quacon.
[2] Young T. The Bakerian Lecture. Experiments
and Calculations relative to physical Optics.
London: Royal Society; 1804; p. 1-16

[3] Tonomura A, Endo J, Matsuda T, Kawasaki
T, Ezawa H. Demonstration of single-electron
buildup of an interference pattern. Am. J.
Phys; 1989; 57: 117-120.
[4] Chown M. Quantum theory cannot hurt
you: a guide to the universe. London: Faber
and Faber; 2007; p. 24.
[5] Feynman R. The character of physical law.
London: The British Broadcasting
Corporation; 1965; p. 129.
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The Role of Mathema cs
in Physics
Eszter Z. Szatmári

ike many people reading this article, I
have been passionate about physics
since I was young. With learning
physics came studying mathematics.
Mathematics seemed lifeless and monotonous,
full of boring algebraic identities and tricky
calculations - which could be performed by
MATLAB or Wolfram Alpha. I knew some vector
calculus from physics lectures, and I thought
that the rest of maths was similar to that. While
the maths I had learnt in vector calculus was
interesting, it was also difﬁcult. I was not sure if
it was worth the struggle to gain a deeper
understanding of maths by majoring in it, why
would I when I could just use its applications?
Having considered all of this, I took the risk
anyway and majored in mathematics at
university, hoping that a profound
understanding would help a career in
theoretical physics.
One day I was sitting in analysis class at
university and I noticed something. Pure
mathematics had become fascinating on its own.
We were studying theorems that related to
differentiation such as the mean value theorem,
Darboux theorem and Bolzano-Weierstrass
theorem. It wasn't just about tricky - but boring derivations anymore, instead I saw maths being
used to build up a structure that could apply to
physics. In this moment, I realised that
mathematics is the language that physicists use
to describe the world.
Mathematics allows us to model situations we
see in the world around us, just like an artist
emphasises aspects of a painting by using
colours and shading. I believe that the reason
why we ﬁnd physics theorems charming is the
same reason why we may ﬁnd a painting
beautiful. An idea is captured. Perhaps not an
exact description, but an accurate enough
model. Physics models can highlight or simplify
important properties, just like a painting.
Physics has an additional ability, allowing
physicists to make predictions relating to the
natural world. In order to do this, the theory

must be very precise in how it describes a
system. As we know from introductory level
physics books, accurate models can be made by
using ﬁgures, explanations and basic
mathematical equations. This is a very intuitive,
artistic approach. When studying higher level
physics and aiming to create a model that can
provide accurate predictions, we need to be
precise. As we have said, mathematics is the
language that we use to describe physics. By
welcoming mathematics into physics, we can
create accurate physical models that can
provide exact predictions.
Mathematics is for a physicist what a brush is
for a painter. Just as a painter must take time
learning how to use a brush, a physicist must
reach a level of mathematical competence in
order to contribute to science. Every physicist
becomes mathematically literate during their
bachelor’s, master’s or PhD and that may be
enough for them. But it is important to look
beyond these stages to the frontiers of physics.
Here, it may not be enough to just understand
the language of mathematics, you need to be
able to write and speak it ﬂuently as well. When
a new theory is created in physics, already
existing mathematics is used to give the theory
predictive power. Then the theory is tested. But
at this level, when pushing the boundaries of
knowledge, physics can become unintuitive just look at theories of quantum physics - it may
not be possible to rely on intuition and we may
not be able to predict outcomes by simply
imagining an experiment. Here, in our moment
of need, mathematics comes to the rescue!
Since maths was used to create the theory, it can
be used to test the theory. Mathematics can
make everything we could not see earlier so
much more clear when applied properly. Take,
for example, the theory of the neutrino by
Wolfgang Pauli in 1930. At the seventh Solvay
Conference in 1933, Fermi, Pauli and Bohr
discussed the concept of this new particle. Niels
Bohr believed in a statistical model of energy, in
this model of energy conservation is only true
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Featured Image - The world's first neutrino observation in a
hydrogen bubble chamber. It was found Nov. 13, 1970, in this
photograph from the Zero Gradient Synchrotron's 12-foot
bubble chamber. Credit: Argonne National Laboratory

when averaged over a large number of events.
Therefore, Bohr believed that the missing
angular momentum in beta decays - which
called for the existence of the neutrino - could
be due to not taking enough beta decay events
into account. Fermi explained the phenomenon
of neutrinos using mathematical concepts of
symmetry. This model explained the
phenomenon event by event, not just when
averaged over a large number of events, and did
not violate any of the previously known
invariances like the conservation of energy.
Fermi wrote a paper in 1934 which uniﬁed
Pauli's neutrino with Paul Dirac's positron and
Werner Heisenberg's neutron–proton model.
Without using symmetry he may not have been
able to do this so successfully [1]. Maths truly is
a physicist’s best friend.
After I began to take maths seriously, I started
developing intuition towards mathematically
minded subjects I was studying and proving
theorems became easier. As I gained a deeper
understanding of maths, problems I
encountered in physics also became clearer. I
have come to believe that the most helpful thing
one can do when working on a complicated
model or topic in physics is to apply
mathematical intuition. To value physics
without appreciating the mathematics which it
involves would be like enjoying a blank canvas
and a can of paint, you need the brush to make a
beautiful painting. Mathematics has helped to
develop physics to where it is today and will
help it further still. In a time when new theories
become more and more complex, the
foundations laid by maths may help to keep
physics on the right track towards new
discoveries.
[1] Close F. Neutrino. Oxford University Press; 2012 Feb 23.

Interna onal Collabora on in Physics:
IAPS-olutely want more of it!
Anna Lundbergh Varsted

Featured Image - Poster session at ICPS 2019.
Picture taken by Jannis Schaeper

f there is one thing that we as physicists
can agree on, no matter our ﬁeld of study,
it is that international collaboration is an
essential part of the work we do. It is the input
we get from other people that helps us see
problems in a new light and leads us to new
discoveries.
Yet, in spite of its huge importance to the
development of new ideas, international
collaboration does not play an equally large part
in our education. Yes, some of us will go on an
international exchange as a part of our master's,
or even our bachelor's degree. But even for those
of us lucky enough to be able to do that, the ﬁrst
time we have to sit down and actually
collaborate on a project with someone from
another country is when we have left
undergraduate education. So why is it that
universities do not emphasise the importance of
international collaboration to physics students
when it is sure to play such a huge role in our
working life?
Back When Dinosaurs Roamed the Earth
In 1979, a conference was held in Europe. The
topic for the conference was "Higher Education in
Europe". One of the sub-topics, that was repeated
both in talks and in articles, was international
cooperation between universities.
University Exchanges
Before the conference the rector of the
University of Trieste, Professor M. G. de Ferra,
wrote a paper on inter-university cooperation. In
this paper they recommended an exchange of
both teachers and students between universities.
They also outlined two things that are important
for successful exchanges between universities.
One of the most important requirements for a
successful exchange is the quality of the services
offered [1]. This includes both the teaching
quality and the assistance given to the individual
to help them settle into their new surroundings.
If the student or teacher that is on exchange does

not feel welcome, they may be inclined
to terminate the exchange early. Thus,
instead of a successful exchange of
information and experience, it will result in
some level of animosity and they may be less
likely to do a similar exchange or collaboration
in the future.
The EEC Scheme of Joint Study Programme
Back in 1978, a study was done by the European
Economic Community (EEC)1, to see the beneﬁts
of their newly launched Joint Study Programme.
The goal of the programme was to assist in
setting up exchange programmes between
universities all over the EEC, and making them
free for all students. Today we know this
programme as ERASMUS.
The study showed that the majority of students
who went on a Joint Study Programme gained
additional language skills, and there was a
signiﬁcant positive impact on intellectual
development [2]. This study conﬁrmed the
beneﬁts which were already associated with
international exchanges, and led the EEC to
continue with the programme. Later, the EU
would carry out a new study that showed that 2
out of 3 universities with exchange programmes
experienced less discrimination [3]. With these
ﬁndings, the importance of international
collaboration while at university was
established.
The International Association of Physics
Students - The Survey
A survey was sent out to the members of IAPS
following the 2019 installment of ICPS2. The
purpose was to gauge the level of international
collaboration experience amongst IAPS
members. When participants were asked about
the importance of international collaboration in
physics, the average response was 9.3 on a scale
of 1 to 10. However, when they were asked how
much emphasis was placed upon the same at
their university, the answer was only 5.5. Finally,
79% of respondents wished that their university
had had greater focus on international
collaboration during their time at university.
A Proposal
In order to come up with a solution for how to
expose more students to international
collaboration, it is important to ﬁrstly deﬁne
what is meant by international collaboration. In

1. Now the European Union
2. International Conference of Physics Students
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order to truly reap the full beneﬁts of
international collaboration, the students
themselves must engage directly in collaborating
with someone from another country. This can
take many shapes, but the two most notable are
research groups and conferences. Both will be
experienced by most physicists in their life after
university.
Research Groups
One solution, that would exploit a system
already in place between universities across
nations, could be to set up "mock research groups"
between students in different countries.
Students undertaking projects within research
groups would be connected to other students in
similar research groups in order to collaborate
with, and help each other while working on their
own projects.
Conferences
The second proposed solution is conferences
targeted at students, much like the International
Conference of Physics Students (ICPS) which is
organised each year by one of IAPS' member
committees. ICPS gives its attendees an
opportunity to meet physics students from other
countries, to listen to and, if they'd like to, give
talks on topics in their ﬁeld of study, as well as
present posters. Conferences like ICPS are a
great opportunity for students to learn more
about other ﬁelds of research, and physics in
general.
Conclusion
In the past 50 years, many things have changed
concerning international collaboration. We now
have a well-established international exchange
programme in the EU, which is free for all EU
nationals. Studies on the beneﬁts of these
international exchanges have found numerous
beneﬁts, both for the students and the
universities. IAPS is becoming more widespread
and is connecting more students than ever
before. But, as we can see from the survey,
further steps are still required in order to expose
students to international collaboration.
Thank you to Duarte for helping me get my
survey out to IAPS members. Thank you to my
supervisor Anja C. Andersen for her continued
support, and help.
[1] De Ferra MG. International Co-operation in
Higher Education – Exchange of University
Staff and Students. In: Øfjord A, Sadlak J,
editors. Higher Education in Europe.
Bucharest; 1979. p. 5-8.
[3] European Commission. Mobility and
Cooperation. [cited 28 August 2019].

[2] Smith A. EEC Scheme of Joint Study
Programs – Its Efficacy and Future
Development. In: Øfjord A, Sadlak J,
editors. Higher Education in Europe.
Bucharest; 1979. p. 28-31.

he history of physics is one of
innovation and vision. Its most
beautiful aspect is its spontaneity, as
scientific curiosity almost
ubiquitously predates the technological
innovations which require those ideas and
results. Science leads technological advances.
Long before the transistor was invented, the
properties of silicon - which went on to be vital
to the transistor - had been discovered [1].
Another example is the MRI machine. The
theory used to create these - the spin echo effect
- appeared in solid state physics in the early 50s
and was commonly used by experimentalists,
however MRI machines were not invented until
the mid 80s [2,3].
Compared to physics, computer science
developed fairly recently. It originated during
the last century as extensions of work from
other fundamental sciences, such as physics and
mathematics. For example, Alan Turing
developed a purely mathematical foundation of
the theory of computation in the first half of the
20th century, while Myhill and Nerode devised a
simplified version of Turing machines, called
automata systems, purely from an algebraic
construction [4,5]. In addition, the concept of
information entropy - which is applied today in
many areas of computer science - was proposed
from a physics perspective, in an influential
paper by Claude Shannon in 1951 [6]. Since
then, computer science has quickly grown into a
fully established discipline, with its own
techniques and procedures, and has ultimately
claimed scientific independence from its
origins. As a result, the interdisciplinary work
which used to take place between subjects such
as physics and computer science has stepped
back in favour of single subject research.
The newfound maturity of computer science has
opened opportunities for the development of
real-world applications, which stem from the
theories of computer science alone. In addition,
since we rely on the power of technology for
many things in life, those applications have the
potential to be extremely lucrative for tech
companies. To improve this technology, tech
companies are pouring billions of dollars into
applied research, looking for improved
algorithms and refined models that have
applications. This reinforces the separation of

computer science from its roots in other
sciences, as well as boosting its job appeal
over a career in academic research - it’s easy
for tech companies to advertise their use of
computer science when the device you’re using
to read this article is directly derived from it.
While IT companies may be pouring in funds to
do computer science research, universities
remain a unique environment for research. In
university research, different branches of
science work together to create novel solutions
and cooperation is key. Considering its roots,
computer science could continue steady
development in a university environment.
However, a university’s economic situation is
often precarious. At worst, they are chronically
underfunded, at best they are financially stable
but still unable to compete with the facilities,
funding and personnel that tech giants have. So,
it becomes clear that universities and tech
companies both have their own advantages in
computer science research and are competing
for the same people and ideas. Is this
competitive relationship sustainable? Or would
a collaborative approach which divides tasks
between the two be more fruitful for both sides?
A possible approach to collaboration between
industry and academia would be to create a soft
border between the two which incorporates the
best of both worlds. Universities could have
access to improved funding and infrastructure
while companies could benefit from the
interdisciplinary approach universities take - as
well as having a direct competitive advantage
through collaboration with a university.
Universities could focus on more general,
theoretical questions while tech companies
work on specific applications and optimization
of models - which often requires significant
investment in terms of computer time, data
harvesting and real-world testing.
However, there are issues with such a
collaboration. No matter how committed to
fundamental research they are, for-profit
companies are naturally discouraged from
researching more abstract areas. The more
abstract and general a problem, the less obvious
the industrial application may be and therefore
the research could be considered less
economically valuable. There is also the fact
that many countries prevent theorems,
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Featured Image - Google’s
quantum processor which is
called Sycamore
Credit: Eric Lucero/Google, Inc.

algorithms and abstract ideas from being
patented or trademarked, thus they have less
immediate monetary value. On the other hand,
universities are generally funded for the specific
purpose of discovering fundamental knowledge,
and may be more interested in developing
applications where they appear rather than
searching them out.
In current computer science research in both
academia and industry, physics has provided
significant input thanks to its vision and
ingenuity. Physicists deploy interesting and
surprising solutions to problems that software
engineers or computer scientists would tend to
treat in a more routine manner. From this
imaginative thinking there have been new
approaches to some research subjects, such as
entropy-driven study of neural networks [7].
However, this is still in the developing stage and
has no practical applications for the foreseeable
future. Nevertheless, it is an example of the
ingenuity that has accompanied physics
throughout its history, and ultimately useful
suggestions for paths to be taken in advancing
scientific knowledge.
Although computer science, in my opinion, may
now be considered the new leader in applied
research there is still room for physics to shape
the future of technology, whether in academia
or industry. A shift towards a collaborative
approach between academic research, such as
computer science research, and industry has the
potential to unite the benefits that either field
brings on its own, without losing the advantages
that a competitive environment would create.
[1] Brinkman WF, Haggan DE, Troutman
WW. A history of the invention of the
transistor and where it will lead us. IEEE
Journal of Solid-State Circuits. 1997
Dec;32(12):1858-65.
[2] Hahn EL, Maxwell DE. Spin echo
measurements of nuclear spin coupling in
molecules. Physical Review. 1952 Dec
1;88(5):1070.
[3] American Physical Society. July, 1977:
MRI Uses Fundamental Physics for Clinical
Diagnosis. 2006
[4] BBC Teach. Alan Turing: Creator of
modern computing.

[5] Nerode A. Linear automaton
transformations. Proceedings of the
American Mathematical Society. 1958
Aug 1;9(4):541-4.
[6] Shannon CE. Prediction and entropy of
printed English. Bell system technical
journal. 1951 Jan;30(1):50-64.
[7] Baldassi C, Pittorino F, Zecchina R.
Shaping the learning landscape in
neural networks around wide flat
minima. Proceedings of the National
Academy of Sciences. 2020 Jan
7;117(1):161-70.

The fifth Solvay conference. From back to front and from left to right:
A. Piccard, E. Henriot, P. Ehrenfest, E. Herzen, Th. de Donder, E. Schrödinger, J. E. Verschaffelt, W. Pauli, W. Heisenberg, R. H. Fowler, L. Brillouin;
P. Debye, M. Knudsen, W.L. Bragg, H. A. Kramers, P. A. M. Dirac, A. H. Compton, L. de Broglie, M. Born, N. Bohr;
I. Langmuir, M. Planck, M. Curie, H.A . Lorentz, A. Einstein, P. Langevin, Ch.-E. Guye, C. T. R. Wilson, O. W. Richardson

because of her gender. They said that she was
riding on the success of her male colleagues.
Although these could be written off as simply
internet trolls, what they are saying echoes a
mentality that is still too often heard in our
modern-day society: that women are not as good
as men at physics [6].

he chances are that you have seen
the picture above before. This
photograph was taken during the
1927 Fifth Solvay International Conference on
‘Electrons and Photons’ [1]. During this conference
renowned physicists, such as Albert Einstein
and Werner Heisenberg, met to discuss the
newly formulated quantum theory. If you skim
over the image, I wouldn’t blame you if you
concluded that all the participants are men.
However, there is one woman in the photo. Two
places left of Einstein sits Marie Curie, one of
only two people to win the Nobel Prize in two
fields [2].
In 1927, only one of the 29 physicists at the 5th
Solvay conference was a woman. Since then, the
number of women who achieve a high school
diploma and go on to study at university has
increased. With this increase in the number of
women who secure university degrees including physics degrees - one may expect that
the number of prominent physicists who are
women has increased accordingly.
Unfortunately, this is not the case.
Before we look at the numbers, let’s take a look
at another image that may be familiar to the
majority of physics students.
On the right is the first image of a black hole [3].
It was taken by the Event Horizon Telescope

The first ever image of a black hole. Credit - EHT

(EHT) Collaboration and published in 2019 in
‘The Astrophysical Journal Letters’ [4]. Before
achieving her Ph.D., Katie Bouman, at 26, led the
creation of an algorithm as a graduate student
at the Massachusetts Institute of Technology
(MIT) that enabled physicists to obtain this
image of the supermassive black hole at the
heart of the Messier 87 galaxy [5]. Once released,
the image went viral and Dr. Bouman’s role in
developing the software was recognised as vital
in obtaining this image. Then misogynistic
comments started to roll in. People began to
question her contribution to the project and
claimed that she was in the media’s spotlight
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These opinions are not only expressed by
members of the general public. In 2018, the
physicist Alessandro Strumia gave a
presentation at CERN during which he stated
that physics “was invented and built by men” [7].
During his speech he presented data and graphs
which, according to him, proved that women’s
work was of a lesser quality than that of their
male counterparts. CERN cut ties with him after
the presentation [7]. However, a peer-reviewed
journal, Quantitative Science Studies (QSS), agreed
to publish his paper which claims that women
do not face any more career hurdles than men the journal said it would simultaneously
publish critiques of the paper [8].
Physicists like to think in numbers, so here is
some data which can give us an understanding
of the extent of the gender imbalance which
physics currently faces. In a study conducted by
Dr. Luke Holman, from the University of
Melbourne, the gender gap in physics was
brutally exposed. He found that, on average
across the different fields of science, at the

current rate of change of the ratio of men to
women who publish academic work that it will
take another 16 years for the publication rate of
papers produced by women to equal the rate of
those published by men. Physics is the worst out
of all the scientific fields, with the number of
years to reach parity being 258 [9]. In the UK, in
2016, only 5,600 girls chose physics at A-level,
compared to 21,000 boys. In 44% of British
schools, no girls were studying physics at Alevel [10]. At undergraduate level, only about
20% of physics students in countries like the UK
and the US are women [11]. This is a trend that is
reflected globally with one exception being Iran,
where 60% of physics undergraduate students
are women. However, for these Iranian
graduates “the opportunities post-education are
then limited, restricting women to be the educators
for the next generation of women,” says Dr. Gillian
Butcher, the chair of the working group on
women run by the International Union of Pure
and Applied Physics [12]. The percentage of
female academics looks even more bleak.
Currently, women who publish in physics,
mathematics, and computer science are
outnumbered by men by a factor of around 6
[9]. In 2014 in America, the percentage of
physics faculty members who were women was
around 16% and this percentage dropped to 10%
for full professors [13]. In Italy, the situation is
similar, with women occupying only around 7%
of full professor positions in 2009 [14]. These are
two examples of a trend that is seen worldwide
[15, 16]. Returning to Marie Curie; she is one of
only three women to have won the Nobel Prize
for physics. Keep in mind that to date there are
212 physics Nobel Laureates. 3:212, that is a
staggering ratio [17].
Some people may claim that the gender
discrepancy is due to a lack of capability in
women, but data has shown that this is not a
viable argument. In the UK in 2018, 30% of girls
sitting for their physics A-Level exams achieved
the highest two grades, compared to 29.5% of
boys sitting for the same exams which shows
that girls were as capable as boys were at
passing this exam [12]. Furthermore, in 2016,
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65% of girls had physics in their top four grades
at GCSE level, but only 8% of these went on to
study physics at A-Level. Although no data was
found about how many girls had chemistry and
biology in their top four grades, of the girls who
took chemistry or biology for GCSE, 25% and
32% progressed to the respective A-Level; a stark
contrast to the equivalent percentage for
physics [10]. This shows that many girls are
proficient in physics and yet do not choose it as

But how do we change the gender discrepancy
in physics? There are multiple ways in which we
can face this problem and reshape the future of
physics to one in which men and women
contribute equally to the field. One of the most
significant changes that must be made is
eradicating the toxic mentality expressed by
some that there is no place for women in physics
[12]. There are countless female physicists
whose work proves that anyone who thinks that
this is a men’s subject is wrong. These women
act as role models for girls, showing them that
they are perfectly capable to study and
contribute to the development of physics. I
would like to conclude this article with a list of
such women (see below). Read up on their lives
and work, inspire yourself and inspire someone
else to take up physics.
You never know what a girl who was made to
believe she wasn’t capable might have
discovered.
[1] CERN. Participants of the 5th Solvay
Congress. 2014

Dr Katie Bouman

often as they may choose to study other
sciences. Research was done to see if these
trends existed in other countries, and no data
was available which shows that there may be a
lack of research worldwide to determine the
cause of the gender discrepancy in physics and
how secondary schools and high schools can
affect a girl’s interest in the subject.
So, there must be other reasons why girls are
not opting to study physics at A-Level and why
so few girls who graduate from high school go
on to study a physics degree and then pursue
physics as a professional career. Once a woman
gains a physics degree and enters academia,
female physicists report being sexually harassed
in the workplace and being told that they were
promoted solely because of their gender. Others
feel like they cannot make a single mistake, for it
will be blamed on the supposed inaptitude of all
women. Some feel that they have to be
extremely cautious with their choice of clothing,
with the fear of not being taken seriously if it is
deemed too feminine [12].
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[2] Rare Historical Photos.The Solvay
Conference, probably the most intelligent
picture ever taken, 1927. 2014
[3] NASA Science. First Image of a Black Hole.
2019
[4] Akiyama K, Alberdi A et al. First M87
Event Horizon Telescope Results. I. The
Shadow of the Supermassive Black Hole.
The Astrophysical Journal Letters.
2019;875(1):L1.
[5] BBC News. The woman behind first black
hole image. 2019
[6] Filipovic J. The misogynist trolls attacking
Katie Bouman are the tip of the trashpile.
The Guardian. 2019
[7] BBC News. Cern scientist suspended after
comments. 2018
[8] Singh Chawla D. In decision certain to
draw fire, journal will publish heavily
criticized paper on gender differences in
physics. Science | AAAS. 2019

[11] Data on women in physics. Nat Rev Phys
1, 297 (2019).
[12] Jamieson V. Women in physics: Why
there's a problem and how we can solve it.
New Scientist. 2018
[13] Porter A, Ivie R. Women in Physics and
Astronomy, 2019. American Institute of
Physics. 2020
[14] Albertini F, Cenci P et al. Women and
Physics Research in Italy. AIP Conference
Proceedings. 2009
[15] Sandow B. Women in Physics in Germany.
AIP Conference Proceedings. 2005
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Next year, IAPS is introducing a new event:
Women in Physics. An outreach event which will
focus on overcoming the gender gap in physics
and will take place in March on an
international level. Gender inequality is present
in physics and the objective of this event will be
to address this issue and show that physics is
for everybody who's passionate about it.
Through interactive workshops and lectures
from female physicists in the field of
astrophysics, young students from age thirteen
to seventeen will have the opportunity to see
what it means to be a physicist.

Idit Zehavi

Shirley Ann Jackson
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snapshot of girls' uptake at A-Level. IOP
Publishing; 2018 p. 7.
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ADVOCACY ARTICLES
A Brief look at Inequality
in Higher Educa on
Duarte Graça
oday there is, at a global scale, a shared
notion that higher education is
fundamental to the development, and
present activity, of society. This view has
become more widely shared over time, as an
increasing number of jobs require knowledge
and training obtained through higher
education - beyond the educational basis
generally provided up to the end of high school
education [1,2].
Yet, access to higher education is not equal
across geographic borders and social groups,
nor is there universal access to the means
necessary to obtain quality education [3].
Inequality, in its many forms, is ever-present in
society and this is reﬂected in academia as
much as any other institution or activity [4, 5].
As one would expect, the academic success of
a student unfortunately depends on their
socioeconomic situation. This is a consequence
of how wealth and social standing condition
various aspects of life, including access to basic
needs like water, food, healthcare as well as
transport. When it comes to higher education,
socioeconomic background is a determinant
[3,5]. It affects aspects starting with proximity of
institutions and availability of courses, up to
access to technology, information and quality of
infrastructure; from university buildings to
research labs, from classrooms to student
accommodation.
Within this socioeconomic conditioning of
academic development, there are many existing
systemic inequities1 supported by problematic
economic factors. Two striking aspects come to
mind: tuition costs and housing. In several
countries - such as Denmark, Germany and
public universities in Brazil - students don’t face
the burden of tuition fees as policy and
investment in higher education has reﬂected
the recognition of its important role in society
[6]. However, in many other countries the cost
of tuition has become a growing concern [6].
The most notable example is the United States
of America, where students graduate, on
average, with about 37,000 US dollars in debt
[7]. Needless to say, this is a challenging way to
start working, as leaving university with debt
adds to the stress of ﬁnding a job and adapting
to working life, placing students with large
amounts of debt at a further disadvantage. In
terms of housing, various troubling phenomena

are noticeable. There is an over concentration of
population in urban areas which leaves little
room for housing speciﬁc to the student
population [8]. Gentriﬁcation2 has become
more prominent in large cities, often
accelerated by mass tourism, which means
living costs start becoming too expensive for the
long-term residents to handle [9]. Another issue
is uneven geographical distribution of
education infrastructure, with rural, less
densely populated areas suffering from
insufﬁcient access to services. The combination
of these processes has resulted in increased
housing costs while also leading to an
insufﬁcient supply of housing, which leaves
many students without a housing solution
which is both reasonably close to school and
affordable [10].
On a global scale, the disparities in higher
education across countries, regions and
continents are quite stark. In places in Europe,
North America, Asia and Oceania, the
development of higher education is advanced.
Countries such as Denmark, Finland and South
Korea are good examples [1]. In comparison,
countries in South and Central America, Asia,
Oceania and, most drastically, Africa are on the
disadvantaged end due to an imbalance in
wealth, heavily inﬂuenced by colonialism
through exploitation of people and resources
[11]. There is less access to essential goods,
services and technological advancements. This
has led to a present day in which issues such as
the lack of resources caused by poverty, the
poor health conditions caused by famine and
the destruction of schools and homes due to
geopolitical conﬂicts form a barrier to
universal, quality and safe education in many
parts of the world [12].
In reality, socioeconomic and geographic
factors are two aspects of a more detailed
picture of inequality. There are also structural
societal biases based on gender identity, race or
ethnicity, disability, sexual orientation, and
religious afﬁliation or lack thereof. Dozens of
countries still view LGBTQ+ citizens as
criminals for their sexual orientation or gender
identity [13]. Women, on average, have wages far
lower than men and signiﬁcantly fewer legal
rights in many countries [14]. People who have
disabilities are neglected and suffer from social
exclusion [15]. Racial, national, ethnic or

1. Inequity, as defined in Cambridge Dictionary, means “something that is not fair in a situation”
2. Gentrification, as defined by Merriam-Webster, means “the process of repairing and rebuilding homes and businesses in a
deteriorating area (such as an urban neighborhood) accompanied by an influx of middle-class or affluent people and that
often results in the displacement of earlier, usually poorer residents”
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religious minorities are targeted by police
violence and systemic racism and xenophobia
[16]. As previously mentioned, academia is a
reﬂection of society, and so we can’t expect
higher education to be an environment free
from discrimination, prejudice and bigotry.
These issues add to the already difﬁcult balance
of personal life, work and studies that students
face and the pressure that too often negatively
impacts mental health [17].
Consequently, when considering what can be
done to tackle inequality the focus must be on
targeted solutions such as an increase in
affordable housing and substituting tuition fees
for government funding [18,19]. In addition,
public policy based on redistribution of wealth,
international cooperation and active antidiscrimination efforts may also help tackle the
root causes of unequal access to higher
education by, respectively, mitigating poverty,
sharing educational resources and creating a
truly inclusive academic social environment
[17,20].
It is often said “Where there’s a will, there’s a
way”. Unfortunately, society as well as the laws
of physics can show us otherwise. We may
understand and explore the laws of physics, but
we are unable to change them. In contrast, we
have the ability to shape society so that no
student is denied the opportunity for academic
and interpersonal development which may
contribute to their professional lives. We can
affect change so that no person is denied an
opportunity to experience all that higher
education is supposed to be: a path towards
greater knowledge, professional life skills and
active citizenship to help make societal change
as we work towards greater equality. Pursuing
this purpose, I believe, is our responsibility
within our common, universal human
endeavour of which science is a fundamental
part.
[1] Roser M, Ortiz-Ospina E. Tertiary
education. Our World in Data. 2013
Jul 17.
[2] Roser M, Ortiz-Ospina E. Global
Education. Our World in Data. 2016
Aug 31.
[3] UNESCO E. World inequality database on
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[5] QS. Does Higher Education Reinforce
Inequality?
[6] OECD (2019), Education at a Glance 2019:
OECD Indicators, OECD Publishing, Paris
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The Struggles of Being a Student During a Pandemic
Manuel Längle,

Lisa Sowa,

Sophie Scharinger

The life of a student during the COVID-19 pandemic. Credit - Sophie Scharinger

OVID-19 is changing the world. Work
and social life have been affected as
well as the higher education system,
with most universities around the
world having closed for a period of time in the
last few months, many for almost the entire
semester. This time of ‘home-learning’, as it’s
often referred to, offers valuable insights into
our academic system and gives us a chance to
reevaluate how we view university education.
Home learning has required students to study
from home and an obvious difﬁculty in that is
the loss of social context: small things such as
the reassuringly confused faces of colleagues as
you discuss content that you don’t understand.
Without this interaction - not only with other
students but with the lecturer - it is certainly
harder for students to give feedback on the
amount of work, the speed at which the material
is taught and their understanding of it. This may
lead to students being overwhelmed with the
workload without professors noticing, which is
especially problematic in this new situation that
requires lecturers to also develop new teaching
methods. Additionally, in an attempt to
compensate for the missing physical presence of
the students during lectures, some teachers are
increasing the workload through additional
literature and extra teaching hours as well as
additional quizzes and discussions. This may be
useful to understand the material better,
however it increases the pressure put on
students signiﬁcantly.
The lack of interaction among peers isn’t the
only problem with ‘digital university’. On top of
struggling to gain feedback from students,
lecturers may ﬁnd it difﬁcult to incorporate
interactive components into their courses.

Personal contact with a lecturer is vital, without
it professors can become abstract ﬁgures
students cannot connect with. Without this
interaction it can become difﬁcult to stay
focused over the course of a semester. Also,
professors may have no way of making their
lectures more engaging if they do not know what
will interest their students.
Of course, many students have bigger problems
than adjusting to new and untested methods of
teaching. Most students are used to working in
environments that were designed for studying
and working efﬁciently. Now they ﬁnd
themselves in makeshift home ofﬁces, trying to
ﬁnd new ways to organize study groups. Those
who don’t have the luxury of a quiet room,
stable internet as well as the necessary
equipment such as a computer, a camera,
headphones or something as simple as a table,
are at a disadvantage. This is especially
troubling as many students depend on income
from working in tourism and hospitality sectors which have experienced massive layoffs
- which provide typical students jobs [1].
Students may also be ﬁnancially dependent on
guardians who might also have lost their job
due to the crisis.
Another possible burden for many students is
care responsibilities. With kindergartens and
schools mostly having been closed for a period
of time, students who care for children may have
had to compensate for that. Students may have
had to take care of high-risk family members
who might not have been able to work or leave
their living space during the pandemic. That has
to be done alongside university work. As care
responsibilities affect women more than men,
female students and scientists are more likely to
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be at a disadvantage than their male colleagues
[2].
With fellow students struggling to cope with the
situation ﬁnancially, mentally or otherwise, it
becomes apparent that it is a privilege to be able
to concentrate solely on things like studying and
ﬁnal exams during a global pandemic. This
social imbalance urgently needs to be addressed
by both governments and universities, support
systems must exist to help students with mental
health issues and special needs - as well as
ﬁnancial issues. To help struggling students
during the pandemic, some universities have
begun emergency funding schemes. One
example is the University of York in the UK,
which set up a fund to assist students in need of
money for travel, housing and food, and
technology expenses [3]. Another support
system was put in place by universities in the
UK for the summer exam season, to help
students through exams. Whatever grade a
student was averaging before a certain date many universities chose the 16th of March as
that date - became the student’s ‘safety net’. As
long as the student passed all of their exams, if
the result of the exam season brought the
student’s total grade to below the ‘safety net’
grade then the student was given the safety net
grade. If the grade was higher than the ‘safety
net’ grade then the student kept that grade [4].
This system aimed to reﬂect the grades a
student could have achieved if the COVID-19
pandemic had not occurred, and to give them
peace of mind that if they could not study
properly for summer exams their university
degree would not be too adversely affected.
From an academic perspective, the COVID-19
crisis gives us the opportunity to rethink the
way that lecturers interact with students and
how students are supported in higher
education. Universities should recognize the
important role students play. Students should
not be seen simply as consumers, but as an
important aspect of a university environment
and they must be supported with emergency
funding and mental health support during these
difﬁcult times. Lecturers must also ﬁnd ways to
engage students. In a new world where huge
lecture halls cannot be ﬁlled, small seminars
may be a way to engage students in- person
while being aware of health and safety.
Discussions in small groups during online
lectures could be another way to achieve this. If
lecturers, both in digital lectures and in-person
lectures, are able to actively engage students not
only will the quality of education increase but
students may be inspired to absorb themselves
in new subjects.
[1] Dogra S. COVID-19 Impact on the hospitality
workforce. EHL Insights.
[2] Gabster BP, van Daalen K, Dhatt R, Barry
M. Challenges for the female academic
during the COVID-19 pandemic. The
Lancet. 2020 Jun 27;395(10242):1968-70.

[3] University of York. University of York
launches Emergency Student Support Fund.
2020.
[4] University of Exeter. Teaching Quality
Assurance Manual: Chapter 3 - No Detriment
Policy. 2020

IAPS Around the World
Kiel-Odense Exchange
August 2019
Odense, Denmark
his year LC Odense and the Kiel chapter of the Young
German Physical Society (jDPG) continued the proud
tradition of bonding through unnecessarily competitive
Uno® that is the Kiel-Odense exchange. The exchange took
place at the University of Southern Denmark (SDU) in Odense, the thirdlargest town in Denmark and home of the famous H. C. Andersen – a
Danish author famously adept at entertaining children with stories of
existential dread. On the topic of existential dread, we kicked off the
event with a series of somewhat early lectures.
The Germans from Christian-Albrecht University were, of course,
excessively German and showed up early. Who doesn’t like to take their
coffee with a lecture on non-linear quantum optics? Professor Sebastian
Hofferberth gladly shared his research on the topic. After the lecture, we
were invited to his laboratory where students did their very best not to
blind us with their cool experiments and instead showed us expertly
around the lab.

Feeling nature calling, we went to the biophysics groups, Phylife. Here
Assistant Professor Michael Lomholt introduced us to Bayesian
statistics and its application to biophysics. Then for a lab tour, Assistant
Professor Adam Cohen Simonsen showed us around the laboratories
featuring lots of expensive gear. A few cool examples included
microscopes dedicated to tracking the Brownian motion of particles in
different shapes and sizes, equipment for telecentric drop shape
imaging and an atomic force microscope. The day ended with a
legendary BBQ party, where we played board games while enjoying beer
and other ﬁne refreshments.
To humor the Germans, the second day began with yet another early
start, as we embarked upon a tour of ABACUS 2.0 - the supercomputer at
SDU. Although sharing its name with the ancient ball-laden instrument,
ABACUS 2.0 features a surprising lack of balls instead sporting racks of
computer nodes. While ABACUS 2.0 - at 766.6 TFLOPS/s - is not the
largest supercomputer internationally, it has earned praise for its green
performance. Staying on the subject of supercomputers and their
applications, Assistant Professor Benjamin Jäger introduced his
research on quantum chromodynamics simulations. Having concluded
the ﬁnal presentation, the participants now faced the daunting task of
social interaction.
Fearing perhaps a D-vitamin deﬁcit in the resident Danes, the social
activities were quickly taken outside, where the sun – for once – shone.
Breaking with established physics student tradition, physically active
games ensued. Mind and body now spent, the organizers ﬁgured the
time was ripe for a trip downtown. Here the participants could take in
the sights of the H.C. Andersen festival and sample the local cuisine at a
fairly adequate pizza joint. The sun’s light now but a memory, the
second day of the exchange came to a close accompanied by the
maniacal cackle of those winning at card games.
Humoring the Danes for once, the third and ﬁnal day started at a more
sensible time of the day. The participants met for brunch at the local
Dalle Valle - a restaurant chain in Denmark. Here we enjoyed a delicious
all you can eat brunch, quickly realizing that bacon is subject to no
language barrier. Having no more points on the itinerary, the
participants promised to meet again next year and went on their merry
way.

- LC Odense

Dinner at the fairly adequate pizza joint. Credit - Johan Sieborg, LC Odense

Observing experiments. Credit - Johan Sieborg, LC Odense

A game of unnecessarily competitive Uno. Credit - Johan Sieborg, LC Odense
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Participants of the 2019 GIPE. Credit - Moritz Fleischer

German Italian
Physics Exchange
November 2019
Dresden, Germany
fter two successful editions of the German Italian Physics
Exchange (GIPE), the Young German Physical Society
(jDPG) invited the Italian Association of Physics Students
(AISF) to Dresden for the third. From the 7th to the 10th of
November 2019, 40 students enjoyed four days full of new experiences.
The events included highlights such as visiting the High Magnetic Field
Laboratory, which in 2011 established the world record for the strongest
magnetic field - producing a field of 91.4 T. We also visited the ELBE
accelerator, where electrons are accelerated up to an energy of 40 MeV
for material, medical and astrophysical research. The students on the
exchange also had the opportunity to present work in their fields of
research. It was interesting to see the variety of topics which could be
studied for a final thesis or project. Participants learnt more about
group theory, ultracold atoms, quantum geometry and how to protect
astronauts from the absorption of dangerous space radiation. One
participant presented the funniest way to calculate , which includes
two masses and a superconducting levitation train. Another lecture was
given about synesthesia, a condition in which one sense - for example,
hearing - is simultaneously perceived by one or more additional senses
such as sight. A form of synesthesia is seeing colours when one hears
music. This talk was given as a ‘Science Slam’, which is a form of science
comedy, and brought a lot of laughter as well as new knowledge about
how differently we experience the world. All these presentations
provided material for further discussions during the exchange.
Everyone enjoyed the opportunity that the exchange gave to make
personal connections with people from another country over the shared
interest of physics. These personal connections can provide

Presenting an air shower model. Credit - Florina Schalamon, NC Germany

opportunities - especially when combined with open borders - which
was demonstrated by Matteo Cucchi, an Italian PhD student at the
Institute for Applied Photophysics in Dresden (IAPP). He gave a talk on
his research field “Bioelectronics and Neuromorphic Devices''. To mix it
up from listening to talks, a workshop was planned with the Netzwerk
Teilchenwelt - in English “Network for the world of particles” - which is an
initiative aiming to engage young people in particle physics. They set us
the task of evaluating original data from the AUGER Observatory in
Argentina. Another task was to visualise an impact of an air shower - a
cascade of ionised particles and electromagnetic radiation produced in
the atmosphere when a cosmic ray enters the atmosphere - in a 3D
model made out of styrofoam and wooden spikes. The arrival rate of
these high energy particles is estimated to be
per century, in
order to detect them the AUGER observatory uses 1660 water Cherenkov
particle detectors covering an area of over
. Once a particle
is detected, the direction of the particle ray can then be calculated using
simple geometry and the different intensities at the different detectors visualised in our model through the high of the wooden spikes. This
workshop was great fun for everyone as participants of the exchange
were used to working with computers instead of their hands.
For a varied programme, the local students from the jDPG showed the
whole group around town. They organised a city tour so that the
exchange group could get to know Dresden, nicknamed the Venice of the
east, which is internationally known as a cultural city which has
historical reconstructed buildings. In order to taste the culture we tried
some "Stollen", which is a typical Christmas sweet. Additionally, we
enjoyed a pub crawl through the Eastern part of the city called
"Neustadt", where a lot of unique pubs are located.
And with all that, the third edition of GIPE came to an end. It was
enjoyed by the organisers as well as the participants, who went home
with many new memories. Thank you to IAPS for making the event
possible and to everyone who was involved in it. We are looking forward
to many more years of great physics exchanges, and hopefully the jDPG
and AISF can meet again next year in Italy!

- Florina Schalamon, NC Germany

Concentrating while creating an air shower model. Credit - Florina Schalamon, NC Germany

The Journal of IAPS | 20

The participants of the first P4P conference. Credit - NC North Macedonia

Physics 4 Physicists Conference
October 2019

careers. By noon, we had a lot to discuss over lunch. You can’t think
straight on an empty stomach, can you? After the break, we had a talk
called ‘A PhD Guide to High Energy Physics Experiments’ given by
Maciej Trzebinski from the Polish Academy of Sciences. To contrast
these theoretical topics, we had a guest lecture by Hristina Boskoska
from KEMET electronics where she spoke about the practical
application of research.

Skopje, North Macedonia
Alone we can do so little,
together we can do so much.
– Helen Keller
onferences are an ideal way to provide an opportunity for
the attendees to share their knowledge and discuss issues.
The idea to do this conference was spontaneous and was
not without difﬁculties but the desire to do such an event
was greater than the challenges we faced. Our original idea was to
organise a networking event for Balkan students, but the reality was
different from the expectations and participants registered from all over
the world! The Macedonian Society of Physics Students and the EPS
Skopje Young Minds Section of the Society of Physicists of Macedonia
came together to organise the 1st general Physics for Physicists (P4P)
Students Conference. The event brought together around 40 students in
bachelor's, master's and PhD programmes from almost 10 countries
from not only southeast Europe, but also from other countries like
Spain, Austria, Hungary and Armenia. It provided a valuable networking
opportunity and connection with other students.
The conference began on Thursday evening with the arrival of
participants and a short welcoming at the faculty, the students also had
the chance to listen to music by a popular rock band from Skopje.
Unfortunately, we couldn’t look through the telescope due to the cloudy
sky. The party ended early as it was on university grounds, allowing the
participants the chance for a good night's sleep - something which is
almost always welcomed at a physics conference …
Despite the early start the next day, the participants looked awake and
ready for some lectures. At the opening ceremony we had welcoming
speeches given by Mr. Lambe Barandovski, president of the Society of
Physicists of Macedonia, and Mr. Aleksandar Skeparovski, the chief of
the Physics Institute. Next was the serious and interesting part of the
conference – the lectures. We had a great introduction to molecular
electronics from our dear Professor Irina Petreska. The lecture topics
were provoking and raised a lot of questions from the participants. But
so little time, so many questions … Our guest lecturer from the Vinca
Institute - in Belgrade - Professor Ljupco Hadzievski spoke next about
the research done at the institute and gave us a perspective for future

Having ﬁnished the lectures, the rest of the conference was spent
getting to know everyone. We had a lot of fun, Skopje is amazing at night.
It’s the biggest student city in North Macedonia and there is a lot for
students to do on Friday night. It was a great opportunity to hang out
and get to know each other. We think that these positive vibes
transferred to the student presentations the next day. There were 20
student talks, as well as some posters. It was great to hear about their
contributions to the physics world and to open up discussions. The jury,
consisting of our guest lecturers Irina and Maciej, had a tough job
deciding the winner for best talk and poster. In the end Nicola Goles and
Luka Cavaliere Lokas took the awards, respectively. Our favourite part of
the Saturday was the discussion panels. Almost all the participants took
part. Many engaging topics were discussed and it was great hearing
different opinions but had the discussion not been ended it could have
continued into the night … Lastly, there was a group photo for all the
participants as a memory from a great time spent in Skopje.
In the end, we are very pleased with the result of our hard work. P4P
2019 was truly the event of the year for us, the organisers, from the
Macedonian Society of Physics Students. We hope that the next
conference will happen in Zagreb under the same trademark name P4P
2020. We hope to see you there.

- The P4P Team

The organising committee and volunteers for the P4P conference. Credit - NC North Macedonia
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The National Laboratory of Frascati (LNF). Credit - AISF

Particle and Astroparticle Physics Conference
December 2019
Rome, Italy
iscovering some of the most advanced facilities in particle
and astroparticle physics, exploring Italian cultural
heritage and tasting delicious cuisine. This is what the 30
IAPS members who participated in the 2019 edition of the Particle and
Astroparticle Physics Autumn Programme (PaPaP) experienced. The
fourth edition of the event, hosted by the Italian Association of Physics
Students (AISF), took place between the cities of Rome and L’Aquila
from December 3rd to 6th, 2019. A little shifted from the usual period in
October, but still in Autumn!
The students met in Rome for the opening ceremony, which was hosted
for the ﬁrst time in the University of Roma Tre. This was thanks to the
help of the local AISF committee from the university who organised the
event together with the local committee from the University of Rome Tor
Vergata. The ﬁrst afternoon and the next morning at the University of
Tor Vergata saw professors present an overview of different topics of the
wide ﬁeld of particle and astroparticle physics to participants. There
were visits to some of the laboratories of Tor Vergata, guided by
researchers who study cosmic rays and solar neutrinos. There was also a
highly enjoyable poster session held on the ﬁrst evening accompanied
by a buffet.
In the afternoon of the second day we moved to visit the National
Laboratories of Frascati (LNF), the ﬁrst Italian research facility to study
nuclear and subnuclear physics using accelerators. Some of the most
advanced experiments run at LNF include Daphne, Sparc-Lab, PADME
and many more. Us young physicists were given a glimpse of the
combination of science, culture and easy-going atmosphere - along with
cutting-edge facilities - that LNF represents. In the evening we moved to
L’Aquila where we settled in the hotel and then spent the free night, with
arrosticini - the regional specialty made from lamb - as our dinner.

recent academic career. They were able to create an informal
atmosphere where participants felt comfortable asking some questions
about life and research at the school as well as how the admission
process worked. After lunch, we listened to the student talks, and the
participants who gave the best three talks as well as the participant who
presented the best poster each received a book about the history of Gran
Sasso National Laboratories (LNGS) and GSSI as an award. Afterwards,
students followed a guided tour around the historical centre of L’Aquila,
a city hard hit by the 2009 earthquake in Abruzzo, but that keeps
showing its resilience and beauty. We spent the last evening in a local
pizzeria enjoying great pizza and great Italian wine!
Finally, for the last day of activities we moved to LNGS, the largest
underground laboratory in the world devoted to neutrino and
astroparticle physics. After the welcoming by the director of the facility,
participants listened to scientiﬁc talks about the different research
projects carried out at LNGS and were able to visit the newly built
museum of the laboratories. In the afternoon, for the last part of the
event the students went inside the mountain to see some of the main
experiments. The impact of the laboratories is remarkable: a world-wide
research facility where researchers use state-of-the-art technology
aiming to investigate the boundaries of particle physics, cosmology and
astrophysics. We were sad to leave for the bus back to Rome. Some
people had to catch the train in time while others stayed in Rome to
share a last dinner and evening together.
You can ﬁnd more information about the event on the website www.aisf.it/papap19 and look out for future international AISF events!

On the third day we were hosted by the Gran Sasso Science Institute
(GSSI), an international PhD school and a centre for research and
higher education. The morning was split in a session of talks presented
by professors from the institute, focused not only on experimental
physics but also theoretical astroparticle physics as well. Next the PhD
students and postdocs at GSSI spoke about their experience in their
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- Elisa Garabello, AISF Events Coordinator

The National Laboratory of Frascati (LNF). Credit - AISF

Working hard in the competition hall at Fyziklani 2020. Credit - Aleš Podolník, LC Prague

Fyziklani

science centre iQLANDIA and the amusement science park Vida!,
winners received gaming keyboards from Razer or Doller’s motivational
diaries.

February 2020
Prague, Czech Republic
yziklani is the largest, non-proﬁt team physics competition in
the Czech Republic, with the aim of developing knowledge of
physics and related ﬁelds. We also aim to develop
cooperation skills in teams, and to search for and motivate
talented students.
With 201 teams and a total of 974 participants, this year marked the
largest Fyziklani yet. It was for the third time that participation was
possible in English, as well as Czech. As a result, students from 6
countries – Czechia, Slovakia, Russia, Poland, Spain, and Serbia – found
their way to the competition. With almost 1,000 participants, we decided
to divide the teams into ﬁve large sectors, each of which had their
control point with “judges”, who corrected the problems. In total, over 90
organisers assisted during the preparation and the competition itself.
The programme on the morning of the competition began with an
opening ceremony, during which Viktor Mahrik, the chairman of the
city representative ofﬁce gave a speech. Besides him, the capital city of
Prague and several important public ﬁgures were the patrons of the
competition, among them the mayor of Prague M.D. Zdeněk Hřib and a
member of the Chamber of Deputies of the Czech Republic, Jakub
Michálek.

But the programme did not end there.

The weekend after Fyziklani
Fyziklani traditionally has an accompanying weekend programme full
of physics lectures, excursions and much more. This year, it was opened
by a formal banquet at the city mayor’s residence in the evening after
the competition.
The next day began with physics lectures, including among others
“Superfluidity and quantized vortices”, “Let there be Light!”, or “From falling
apples to merging black holes”. In the afternoon, participants could choose
between sightseeing in the Old Town of Prague and a visit to the
National Technical Museum. The icing on the cake was the opportunity
to choose between a lecture in Prague's planetarium and a visit to
Štefánik's observatory.
On Sunday, the weekend programme came to an end with an excursion
to the laboratories at the Faculty of Mathematics and Physics at Charles
University. Students had the chance to see RAMAN spectroscopy,
OptoSpintronics and transmission electron microscopy along with a
short presentation of interesting experiments with liquid nitrogen and
its real life application for supercooling. With the last experiment, the
Fyziklani 2020 event ended. The weekend activities have been now well
established and the next year's edition of Fyziklani will deﬁnitely
continue in this tradition.

- Martin Vaněk, LC Prague

The competition itself, as is traditional, lasted 3 hours. Teams of up to
ﬁve high school students attempted to solve as many problems as
possible in the time limit. Each team began with the same set of eight
problems and for each solved problem, they received a new one. During
the competition, results were projected onto screens around the main
hall. These screens were turned off half an hour before the end of the
competition. For teachers who accompanied many of the teams, a
popular lecture on the history of physics and astronomy in Prague was
prepared as a substitute program.
Shortly after the end of the competition, the announcement of results
and awards ceremony took place. The best teams received valuable
prizes from the competition’s sponsors. Alongside free tickets to the

̌ LC Prague
Experiments with liquid nitrogen. Credit - Marcel Vaslák,
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The participants of iaps4SPACE 2019. Credit - Vuk Hidalgo Dojcinovic, NC Spain

iaps4SPACE
November 2019
London, United Kingdom
very year the Institute of Physics (IOP) holds an IAPS event in
the UK. Previous iterations took the form of iaps4FUSION, a
particle physics event based around a visit to the JET fusion
reactor. However, last November we decided to try something
a little different and hosted the first iaps4SPACE! This four-day event
had 36 physicists from around the world descend on the newly built IOP
headquarters to share their enthusiasm for space and learn about the
space industry. The format had a packed programme with guest lectures
(space themed of course), workshops, an employers' panel and of course
plenty of time to network and socialise in true IAPS spirit. The twist of
this event, however, was a heavy focus on soft skills and leadership
training.
In physics, it is all too common to focus on hard science; “Derive this
equation”, “How much coffee to solve string theory?”. But that is just one side
of personal growth. Soft skills are a large part of regular human
interaction, group projects and research. As all powerful scientists, we
may want to relegate these skills to the humanities … but to do so would
be at our own peril. Emotional intelligence is something that everyone
needs to develop and practice if they want to get ahead in life. Just as
you would do a maths problem to train your mathematical intelligence,
we designed the workshops of iaps4SPACE to train emotional
intelligence.
Why is this all important, you ask? As it was once put to me “employers
may be impressed with your scientific knowledge, but what they really want in
an employee is someone who wakes up in time for a 9 am start and that’s
simply not something university teaches you.”
To that end, the main workshop focused on the Columbia mission
adventure, designed by Harvard Business School. In 2003, the Columbia
space shuttle had a tragic accident where it was damaged during takeoff and subsequently destroyed upon re-entry. The mission adventure
split the participants into groups with each taking one of the four key
roles at NASA. This ranged from the mission commander who must be
continuously competent to the lowly systems engineer who no one will
listen to even when they say there’s a problem. The workshop teams
combed through all of the information available from the Columbia
mission, examining the factors that led to the disaster. The four teams
then came together at the mission meeting, under the guidance of Dr

Trevor Long, to discuss their findings. They had a debate with each
group defending the decisions of their role. The point of this was not to
figure out who was at fault for the disaster, but to learn how to
communicate clearly within groups.
The Columbia workshop forced the physicists to realise that no
individual role was at fault and the true blame lay with the
organisational structure of NASA itself. A lack of communication and
toxic leadership contributed to the disaster. It was a reminder of the
importance of clear communication - a vital soft skill. From the
workshops the participants learnt that the working world is moving
away from ‘hero style’ leadership, and is moving towards effective
teamwork, playing to each individual's strengths.
The leadership training was only part of the weekend, however. Talks
ranged from the experiences of Dermot Gethings - the UK’s student
representative for the final Apollo mission - to the talk by Professor Carl
Murray about the science behind the Cassini-Huygens mission and the
practicalities of running a multi-decades long international project
(think of the communication needed!). In honour of the 50th
anniversary, Dr. Kevin Bowman - Engineering and Science Directorate
Principal at NASA - gave a fantastic multimedia experience about the
history of the first moon landing - discussing the enormous economic
and political will involved. An employers' panel rounded it off, where
attendees had the opportunity to ask questions and find out how to get a
job in the space industry!
The last day saw a trip to the Rutherford Appleton Laboratory (RAL),
home to the UK space centre RALSPACE. After a talk on exoplanet
detection, we enjoyed a tour around the space centre, which held
insulating material for the James Webb Space Telescope, as well as see
the Vulcan petawatt laser, which they use for researching fusion and
laboratory astrophysics.
iaps4SPACE was more than just a science event, in the true spirit of
IAPS, everyone involved went away learning something while making
new friends; now they have the soft skills needed to keep them!
- James Kneller and the iaps4SPACE OC

Dr. Kevin Bowman explaining the history of the first moon landing.
Credit - James Kneller, NC United Kingdom and Republic of Ireland
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Lecture from Dr. Torokoff at PLANCKS Preliminary.
Credit - NC United Kingdom and Republic of Ireland

Group picture after exam outside JCMB.
Credit - NC United Kingdom and Republic of Ireland

PLANCKS
Original date-May 2020
New date-TBD
London, UK
his year, the Institute of Physics (IOP) was due to host the
international PLANCKS finals in London. A council was
summoned; a crack team of students was assembled. Long
they travelled, across distant, windswept, rain-soaked lands,
through bogs and dales, down cliffs and over mountains, enduring miles
and miles of public transport networks, from every region and nation of
the UK & the Republic of Ireland.
And so, the design for the greatest student physics competition of all time
was hatched.
What a competition it was due to be. Royal parades, dancing elephants,
gold-plated IOP branded goodie bags, lectures from the UK’s brightest
scientists, socials, tours and excursions. Truly, it was to be a meeting of
the world’s greatest scientific minds. And then …
Something – I’ve forgotten exactly what it was – disturbed the global
health equilibrium and forced our beautiful competition to hesitate …
The team, blinking in the sunlight, raised its head above the ridge like a
meerkat sensing danger.
“No, it’s probably nothing”.
They were undaunted.
“A what? An epidemic? Pah! Fie!”
Still, they were undaunted.
“A pandemic? A what? Pah! Fie!”
An emergency advisory council of top government scientists was
consulted. The advice?
We forget. But in the end, the decision was taken to cancel PLANCKS
2020 until further notice.
The poster fell from the wall and floated, in slow motion, to the floor. The
team bowed their heads, switched off the lights, locked the doors, and
retreated to their respective lairs, to await the call …

We, the IOP, and all those involved in the organisation of this wonderful
competition that we all love are currently in the process of consulting
with the relevant parties and government guidance to see whether
PLANCKS can be rescheduled this year or in early 2021.
We believe this to be the appropriate decision given the current situation
and forecast concerning COVID-19. The health and well-being of
attendees is our priority, along with playing our part in slowing the
spread of the virus. We are sure you know why this is: PLANCKS involves
3 days of socialising informally in lecture theatres, dormitories and
restaurants. It also brings together teams from a large number of highrisk countries, in a country, and city, which is one of the highest risk
countries and cities in Europe. Given the travel and social distancing
restrictions now in place that will continue into the coming months, and
due to the unpredictable nature of the escalating situation, the PLANCKS
OC can’t say with any certainty if a rescheduled date can be found.
However, we will do everything we can to reconvene should the
opportunity to do so arise.
For those curious about what it would have looked like, please see our
poster (top middle image).
It is worth noting that the UK preliminaries have continued to grow in
popularity. This year PLANCKS met extraordinary demand from the UK
student physicists, with 21 teams competing, out of 75 who applied. You
can check out the online press release from the UK preliminaries this
year, organised by students at the University of Edinburgh. We must
imagine that our final would have been even bigger and more
competitive … although it’s difficult to believe it could have been.
Of course, the UK were not the only ones to have a preliminary
competition for PLANCKS. Thirteen other countries embraced the
PLANCKS spirit and planned their own national competition. While the
majority were held before the COVID-19 situation exploded, a few were
forced to re-evaluate their plans. Germany took the same approach as
the UK final with their Doppler’s competition and decided to weather the
storm and hold it when everything has passed. Denmark shifted to online
(as is all the rage these days), making it a ‘take-home’ competition. While
Spain outdid everyone, not only did they plan an online competition
from the outset, they set the record for the most teams attending a
preliminary at 36.
The budget for the boat party rolls on …
See you at the next PLANCKS, whenever that may be!
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- James Kneller, on behalf of PLANCKS 2020 OC

The participants of ICPYS:LTP 2019. Credit - LC Kharkiv

International Conference for Professionals
and Young Scientists: Low Temperature Physics

June 2019
Kharkiv, Ukraine
n June 2019, IAPS LC Kharkiv teamed up
with LC Belgrade, LC Prague and LC
Ankara to hold an international physics
conference for young scientists, ICPYS:LTP 2019,
in Kharkiv. The conference became one of the
biggest Ukrainian physics conferences for young
scientists in 2019. There were talks and posters
on a wide range of topics in the ﬁeld of
experimental and fundamental physics which
were all connected to some extent to low
temperature physics due to the prevailing
scientiﬁc direction of the host institute, the B.
Verkin Institute for Low Temperature Physics
and Engineering. Topics included basic research

in experimental and theoretical physics at low
and ultralow temperatures, solid state physics,
nanophysics, biophysics and materials science.
Young scientists from Ukraine and abroad
presented 115 oral and poster reports. Leading
scientists from the USA, UK, Germany, Italy,
Finland, Sweden, Czech Republic, Georgia, South
Africa, Poland, Russia and Ukraine participated
in the conference as invited speakers.
In addition to a rich scientiﬁc programme, the
organisers planned social outings during the
conference. We held the traditional Optical
Society-SPIE Young Scientists Workshop, an

Organising Committee of the ICPYS:LTP 2019. Credit - LC Kharkiv
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IAPS Round Table and a walking excursion
through Kharkiv. Participants went on
laboratory tours in the host institute as well as
visits to the museum of Gregory Skovoroda - a
literature memorial museum to Skovoroda who
was an 18th century philosopher - and a concert
of classical music during the closing ceremony.
Thanks to ﬁnancial support by the IMAP grant
from IAPS, as well as the trade union of ILTPE
NASU, ILTPE OSA SC, IRE SPIE SC, the
conference was able to have a low registration
fee, for a gathering of its size, and overall was a
wonderful success!

- ICPYS:LTP OC

Discussions during the poster presentation session. Credit - LC Kharkiv

IAPS School Day:
Elements and Materials
November 2019
In November, in celebration of the International Year of the Periodic Table, IAPS School Day events took place across the world …

NC Macedonia
In honour of the International Year of the
Periodic Table of the Chemical Elements, the
Macedonian Society of Physics Students (MSPS)
- together with the "Laboratory for Soft Condensed
Matter and 3D Printing" - ran a combined physics
and chemistry workshop. We presented two 3D
printing methods, fused ﬁlament deposition
(FFD) and digital light processing (DLP), and
printed basic molecules and crystal structures in
front of students from Orce Nikolov high school
in Skopje. Our goal was to spark their initial
interest in the scientiﬁc ﬁeld. We prepared
printed materials as well as a short presentation
of different topics in physics and chemistry.

Modelling chemical interactions. Credit - LC Bari

NC Italy
Three local committees in Italy took part in the
2019 IAPS school day; LC Bari, LC Milan and LC
Turin.
LC Bari hosted activities in a local primary
school, Aurelio Carrante, in Bari. We presented
the periodic table to the pupils and a short
performance was staged, with members of LC
Bari in the roles of different elements of the
periodic table. This allowed us to depict crucial
chemical interactions, especially those
concerning noble gases and electrical or thermal
conductivity, in an interactive manner. We also
did an activity in which the pupils modelled
chemical interactions between elements of
entities such as the Sun, the atmosphere, and the
Earth’s crust which demonstrated the
importance of chemical elements in everyday
life. We presented experiments such as a plasma
lamp and a magnetic parachute, asking the

Although it can be a challenge to keep a crowd
entertained, the demonstrations succeeded in
capturing the students' attention as they listened
to the scientiﬁc and technical explanation
behind the experiments. The students gained an
appreciation for the ﬁeld of 3D printing, learning
how they print and what software packages they
use. We also spoke about the widespread use of
3D printers in industry and science as well as
expectations for their future use. After the event,
there was an open discussion on the subject and
the students had many questions and ideas for
further development and application of 3D
printers. We introduced the possibility of using
3D printing in education as a tool for developing
teaching aids to explain microscopic

Students impressed by the cloud chamber. Credit - LC Milan

students to predict the outcome of experiments.
We had enthusiastic feedback from both the
students and the teachers, who asked if we would
like to return to the school and run more
activities.
The physics department of the University of
Milan hosted students from a local high school,
Leonardo da Vinci School, for an afternoon.
Volunteers from LC Milan presented two
experiments; a gas lamp which introduced the
idea of spectral analysis of chemical elements,
and a cloud chamber to demonstrate main
features of radioactive elements and decays.
Students played a “Guess The Elements" game,
comparing spectral lines from the spectroscope
with reference values from tables, and discussed
topics such as solar spectra and light emission
by excitation. The cloud chamber experiment run with isopropyl alcohol and dry ice - allowed
students to observe natural radioactivity.
LC Turin hosted students from a local high
school - Liceo Scientiﬁco Statale "Leonardo
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phenomena, as well as encouraging young high
school students to consider science in their
future education.

- Marija Smugreska & Mihail Miceski,
NC Macedonia

Prepared printed materials.
Credit - Verica Mitreva & Leonora Velkoska, NC Macedonia

Students recording data from an experiment. Credit - LC Turin

Cocito" - at the physics department of the
University of Turin. In the morning, there was a
theoretical session focusing on interactions
between radiation and matter. We explored the
silicon properties useful for solar panels and the
properties of chemicals which allow for
interacting with strongly polarising light. After
this, we conducted interactive experiments to
encourage students to use what they had learnt
in the morning. The experiments included
collecting data on the efﬁciency of a solar cell
which allowed students to make theoretical
predictions, studying the dielectric properties in
parallel plate capacitors, as well as using
premade codes to analyse data in order to
observe Malus’ Law - which states how a light
beam is affected by polarising ﬁlters.
Overall, the IAPS School Day events held in Italy
provoked interest in science in over 150 young
students as well as motivating more than 30 AISF
members to spend more time on such outreach
activities.

- LC Bari, Milan, Turin

NC Croatia
Two events took place in Croatia teaching
students about elements and materials. The ﬁrst
was in Zagreb, where activities took place in the
Faculty of Natural Sciences in the Department of
Physics as well as at the Institute of Physics. Dr
Marko Kralj, of the Institute of Physics, began the
day with a presentation that introduced some
materials and discussed their properties. We
then gave a presentation on liquid nitrogen,
demonstrating its abilities by using it to cool an
object until it became superconducting and then
levitating this object on magnetic rails. We tested
the endurance of aerogel - a synthetic, ultralight
material that has low density and low thermal
conductivity - by using a blow torch to attempt
to heat it and liquid nitrogen to try and cool it.
There were also visits to laboratories working on

element synthesis and nuclear magnetic
resonance. After this, interactive workshops were
held looking at different materials, such as
graphite.
The second event took place in Split, an all day
event which involved children as young as ﬁve
all the way to university students and took place
at the Faculty of Science in the University of
Split. The day was divided into four sections:
experiments, observations, student lectures and
molecular dynamic workshops. The workshops
involved learning how molecular dynamic
simulations worked and how to simulate
elements and short proteins, as well as exploring
how the results from simulations are analysed.
Students were introduced to the magnetic and
electric properties of materials and noble gases,
followed by interactive experiments - looking at
materials such as non-Newtonian ﬂuids and

Students enjoying a lecture. Credit - Michal Červeňák, LC Prague

LC Prague
This year marked the second IAPS School Day
organised by FYKOS - an IAPS Local Committee
in Prague - and IAPS School Day was held
together with the 25th Day of Experiment
Physics. The event was aimed at high school
students from the Czech Republic and Slovakia
but, of course, teachers and physics enthusiasts
were also welcome. The day began with a lecture
on "Modern Structural Materials" from Assistant
Professor Josef Stráský, a researcher at Charles

LC Kharkiv
On the 11th of November, LC Kharkiv, of Ukraine,
held IAPS School Day in three different areas.
There was an event in Chuhuiv - a small city near
Kharkiv - at an art museum, with three schools
participating. A second event involving two
schools took place in Pesochin - a small town
just outside of Kharkiv - with the third at V.N
Karazin Kharkiv National University in Kharkiv.

Fun with a Van de Graaff generator.
Credit - Karlo Delic, LC Zagreb

ferroﬂuids - in which students predicted the
outcome and then saw if their predictions were
correct. There was a Mercury transit occurring
the day that we held IAPS School Day, and young
children and their parents came to observe the
transit occurring. We spoke about the elements
found in the Sun and Mercury as well as the
celestial mechanics of transits. Afterwards,
participants told us that this was the best part of
the day. The day ended with student lectures
which drew listeners from the chemistry and the
biology departments.
The event in Split was so successful that an
additional event was held a month later in
December. We received positive feedback from
participants who not only learnt about elements
and materials but enjoyed themselves greatly!

- Tajana Laura Marinic & Karlo Delic,
NC Croatia

Exploring experiments. Credit - Tamara Rom, LC Split

University. The lecture discussed the vital
applications of material science, encouraging
students to think about mysteries of the ﬁeld.
Participants then went on excursions to
laboratories within the Faculty of Mathematics
and Physics at the university. On these tours,
participants learnt about topics such as cellular
biophysics (the study of cells from a physicist’s
perspective), acoustic emission (the emission of
acoustic waves in solids which occurs when a
material is undergoing an irreversible change to
its internal structure) and x-ray diffractometry (a

powerful method for studying crystalline
materials). In the afternoon, students chose to
visit one of a variety of science laboratories
scattered around Prague including the
COMPASS Tokamak (which can create hightemperature plasmas and aims to use these
plasmas to create nuclear fusion) and the Prague
Asterix Laser System - one of the most powerful
lasers in Europe which, when focused onto a tiny
spot, can vaporise any material and create a
plasma at a temperature of millions of kelvins.

We collaborated with the university as well as
with the Verkin Institute for Low Temperature
Physics and Engineering to do demonstrations
using liquid nitrogen in Chuhuiv. Students from
the age of 8 to 17 took part in the day’s
experiments. In Kharkiv, there were hands-on
experiments such as making a CD hovercraft which demonstrated the air cushion phenomena
which occurs when liquid nitrogen touches a
room temperature surface - or launching bouncy
ball rockets - rockets made from a bouncy ball as

well as straws, cardboard and wooden sticks which demonstrated how elastic energy can be
converted into kinetic energy. We also showed
students how sound waves propagate in the air
using a metal spring. In a certain set up it is
possible to make the propagation of sound waves
through the spring sound like a laser gun from
Star Wars!
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- Marek Jankola, LC Prague

- LC Kharkiv

Left: Demonstrating an experiment which uses baking powder and vinegar. Right: The LC Kathmandu team with the school students and their teachers, Credit - Sushil Khatri, LC Kathmandu

LC Kathmandu
The St Xavier Physics Council (SXPC) combined
an outreach programme and IAPS School Day
2019. It was run by a group of nine students
along with a staff member from St. Xavier’s
College, and aimed to demonstrate experiments
related to elements and materials to secondary
school students as well as gain an understanding
of science education in rural areas of Nepal. We
selected the National Secondary School
Majwang situated in Kalika - a municipality of
the Chitwan district - for the programme, located
a six hour bus ride from Kathmandu. We phoned
the school’s principal to gather information on
the students - their academic levels, the language
they found easiest to communicate in and in
general what their lives were like. We worked
hard to tailor the content to targeted students.
When we ﬁrst arrived at the school we conducted
a poll on how the students liked different

subjects. Many of the students did not ﬁnd
science interesting - mostly because they
struggled to understand it - instead enjoying
subjects such as social studies and Nepali. They
also found English difﬁcult so we conducted the
programme completely in Nepali.
The school lacked necessary infrastructures
such as a well-maintained library and a wellequipped science lab. In fact, it may as well be
said that the school had no science lab at all. The
school did not have a hall either, so we
conducted the programme twice so that the
students could comfortably ﬁt into the rooms
used. One aspect of the programme was a
question and answers session where students
asked us questions related to science and we
tried to answer those questions as simply as
possible. On the second day, we gave lectures on
basic concepts such as elements and
compounds, metals and non-metals, electrolysis,
acid, bases and glasses. We demonstrated simple

experiments related to elements and materials,
trying to include experiments that related to the
school syllabus. We showed experiments which
were interactive, as well as fun ones such as the
puzzling nature of the non-Newtonian ﬂuid
Oobleck and reﬂection and refraction
phenomena. Their curiosity amazed us.
By the end of the programme, the students had
developed a positive attitude towards science.
We were later told that this was the ﬁrst time the
school had taken part in a programme like this.
We successfully met our objectives - to inspire
the students to develop interest in science and to
understand the condition of schools in remote
areas. We found a large difference in science
education in urban areas and rural areas. As
such, we hope to make a difference, even if it is a
small one, in science education in rural areas
through outreach programmes in the days to
come. The programme was funded by IAPS and
St Xavier's College.
- Bibek Gautam, LC Kathmandu

Left: The LC Noida team. Right: A student solving the graphite maze while blindfolded, Credit - LC Noida

LC Noida

The students participated in fun competitions
like leading a levitating droplet to victory on an
LC Noida, in association with the Physics Society ultrahydrophobic maze, or to solve a graphite
paper circuit maze blindfolded using sound. We
at Shiv Nadar University (SNU), conducted the
IAPS School Day on the 16th November, 2019. We had a leaderboard as well as prizes for winners.
Be it the oscillating rings of the Belousovhosted students from ﬁve schools at a science
exhibition where they engaged with experiments Zhabotinsky reaction or magnetic putty capable
of engulﬁng a magnet - all the experiments
and demonstrations which explored aspects of
involved
an element of surprise and excitement.
material science. We had kiosks where
The
exhibition
was followed by lunch and lab
volunteers from LC Noida ran experiments
visits
where
the
students interacted with faculty
demonstrating the applications of different
and
PhD
students
to learn about modern
elements, while other volunteers answered
materials
sciences
research. The event ended
questions that students had.
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with a prize ceremony and a thank you for the
volunteers from LC Noida.
It was an amazing experience not only for the
students but also for the organising members.
Staying up all night to trial the experiments for
the next day gave us the chance to bond as a
team. This event wouldn’t have been possible
without the generous funding provided by the
IAPS School Day Grant and the Physics
Department of SNU. We hope to continue to
spread awareness amongst our community
through more such outreach events in the
future!
- Achal Vinod & Yash Gurbani, LC Noida

{iaps} Community
During the COVID-19 Pandemic
The COVID-19 pandemic has changed everyday life in ways we could not have imagined.
To reflect the experiences of the IAPS community, in June and July we asked IAPS
members to tell us about their lives during the COVID-19 pandemic …
Augustin Orešković

Robert

James Kneller

Young German Physical Society

NC UK and Republic of Ireland

A PhD student, I haven’t had any exams and
have taken my computer home in order to
continue my theoretical research. I’ve been
jogging and using video chats and telephone
calls to keep up with my loved ones. I have
also been going to small gatherings as they
are allowed in Germany.

I’ve been using Zoom meetings and online
quizzes to stay in contact with family and
friends. Organisations that I am involved in
have had to suspend in-person activities so
instead we’ve been working to organise
online events. I have been walking daily to
get outside.

NC Croatia and Executive Committee:
Secretary
I have been building equipment at home to
a point of frustration. You should see the
mess in my living room. I haven’t had any
exams to worry about, and I’ve been
maintaining contact with friends and family
with difficulty. I tried to exercise at home
before my experiments started getting in
the way.

Arturo
I’ve been studying from home,
unfortunately my exams have
become more difficult and
I’ve had to work for 9 hours a
day. I’ve been meeting with
friends online.

IAPS @ a distance - Physics Outreach
Organised by IAPS on Zoom.
Dr. Terence Rooney (top left), Dr. Steven Goldfarb
(top right), Martin Vaněk from LC Prague (bottom
left), Dr. Hripsime Mkrtchyan (bottom right)

Marco Fiscal

Franziska

I’ve been using resources
from the internet as well as
help from fellow students to
produce reports, and my
exams were easier to pass though it was difficult to
concentrate at home. I stayed
in contact with friends and
family using video calls and
other social media platforms,
and I’ve been exercising in my
room.

I’ve been having my Friday
evening meet ups - which
could normally take place in a
bar - on Discord and have also
been chatting to family and
friends on the phone, as well
as some direct contact. My
exams were oral exams that
took place via Zoom, luckily
the difficulty didn’t change.
I’ve been running in the
mountains in Norway.

Together We Unite. Credit - Laura Makaltses. Submitted for United Nations Global Call Out To Creatives

Ángel

Carmen

I’ve been living with my family
through quarantine, so I’ve been
able to spend more time with them.
While I’ve had to pause my work,
and exams have become shorter
and more difficult, I’ve picked up
new exercise hobbies.

I’ve paused my university work and
my university gave us data to
process. A few of my exams have
gotten more difficult. I’ve been
doing workouts at home with no
equipment.

Duarte Graça
NC Portugal and Executive Committee: Vice President and Advocacy and Recruitment Manager
I’ve been seeing friends through video calls and voice calls. Recently, I have started meeting with friends in person, but with necessary
precautions. Exams are still in person. I have been studying mostly at home, which is quite difficult psychologically as doing everything in
the same place starts to become confusing and exhausting. Most associations I'm involved with have been able to continue to meet online,
through Zoom or Jitsi, and I've been going for runs in more areas near my home, occasionally also using some basic exercise equipment I
had already at home.
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Owen Higgins
NC UK and Republic of Ireland and Executive Committee: Events Manager
As an astrophysicist, my labs have mainly involved programming, but these activities were still
replaced rather than just having us do them at home. For one project where we wanted to use a
remotely controlled telescope we had to use archive data instead, because the telescope in Chile was
shut down! Adapting to oral exams via video call was certainly a challenge, as was doing all my
studying at home in one space. Some of my exams got harder and some actually were made easier!
Fortunately they went well. Being a student studying abroad, and being in a long-distance
relationship, a lot of my communication hasn't changed - lots of calls and frequent texting. But sadly
coronavirus has made it very difficult to make or keep any friendships in the country I'm studying in!
Supporting IAPS has been difficult, with all the EC members being distracted by the continuous
global nightmare, and most of our usual events have become impossible to hold. We have focused on
talking with other student organisations about how they are adapting, assisting organising
committees whose events have been cancelled or postponed, thinking about how to do online events
with the European Physical Society's help, and preparing for the AGM. In the middle of the pandemic,
we still managed to get the EC polo shirts delivered.

Ravi

Luis Guija Durán

LC New Delhi
I’ve been able to improve my relationship with
my family as we eat, watch TV, and do housework together. My friends and I are waiting for
lockdown to be over and dreaming of the
things we’ll be able to enjoy. I’ve been doing
yoga and meditation since college closed, I’m
avoiding running outside these days.

We were given data for experiments we hadn’t done
yet so that we could obtain results. Most of my exams
have just moved online, others have been modified so
that students do them with access to textbooks. For
some we had to sign a legal document or have a
webcam on to ensure we didn’t cheat. I have been
doing a lot of bodyweight exercises at home, and
going out for runs as soon as I was allowed to.

Anonymous

Ajitha

Young German Physical Society

I wrote my exams online, they
were a little more difficult, and I My research currently consists
of doing simulations - my
paused university experimental
software
has been causing some
work during the pandemic. My
issues - and I’ve been speaking
father is an emergency worker,
to people on Skype for the most
so in order to socially distance
part. As of the 12th of June
he has been staying in a
unfortunately
no one has told us
separate room. I’ve been keeping
much about our summer exams
contact with my friends using
but I’ve started doing yoga!
Microsoft Teams.

David Ortiz del Campo

Owen in his EC polo shirt.
Credit - Owen Higgins, NC UK and Republic of Ireland

Anonymous
NC Finland
I wrote my bachelor's thesis in
May and June in isolation using
online tools and resources, my
exams were mostly online. I
phoned my family a lot and did
small outdoor gatherings with
my friends, and organisations
that I'm part of had more online
meetings. I have cycled over
1,300 km since May 1st and have
also been doing circuit training
at home several times per week.

Anonymous

I was given experimental data to
My experimental work has
analyse and now I’m writing
continued online as my
papers about my analysis, and
university has given us data to
when I have had the chance I’ve
work with, I was allowed to use
been going for walks or runs in
my books for my exams which
the morning. When I’m not
made them a little easier. I used
talking to friends on Skype or
to do full body workouts, but the
WhatsApp I’ve been revising for
amount of work I’ve had to
exams, some of which have
complete has increased, so I’ve
become more difficult and
paused doing them.
others easier.

Belén Álvarez Monedero

Anonymous

I’ve been doing workouts every
day using YouTube videos! My
lab work has been paused and
exams became more difficult as
we had less time to study the
material, I’ve been speaking on
the phone with my family and
friends, as well as on social media.

I haven’t done the experiments I was going to do since I
don’t have access to the lab equipment, I was given the
data for the experiment I was meant to do and used it to
do calculations and write my report. Unfortunately my
exams haven’t been cancelled. Some have become a
little easier, but some subjects have increased how
much work we have to do, which has made them more
difficult.

Henrik Siboni

Henrik out while wearing a face mask. Credit - Henrik Siboni

“Luckily” I was unemployed during the first wave. I applied to jobs during lockdown, which
was more challenging, but after the hardest restrictions were lifted I was able to do an
internship. I am now moving to Austria for work. During lockdown, I was skyping with family
and friends and when restrictions lifted in May I began meeting with people in person. I’ve
been cycling for exercise, it’s easy to socially distance when you’re outside the city.
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CREATIVE COMPETITION
WINNER

The Wall
by Hannah Dalgleish
Where East meets West there lies a wall,
built by the whims of gormless men.
The Sun hangs heavy in the sky,
and scrawled messages of love and malice
begin to fade.
When the sky turns grey
and the shadows draw long,
children come to sit back-to-wall.
Together, they gaze to the stars.
The wall is an unlikely place for little children.
At night it is quiet and cool and dark but for thousands of flickering lights up above.
They came to forget;
shielded from the harsh realities of the day,
hiding from the terrors of the place
they are supposed to call home.
Instead, they find comfort here,
tightly nestled in amongst the stellar blankets.
Stories weave between the creases,
telling of a time when our forefathers were friends
with those on the other side of the wall.
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CREATIVE COMPETITION
RUNNER UP

Skyward Search
by Athithya Aravinthan
Centuries spent skywards gazing,
Long since our ancestral hands caked with mud
gave way to fingertips glued to keyboards.
The dull glow of laptop fluorescence
could never outshine the burning bulbs up, up above.
From dawn to dusk,
When the lure of our screens loses appeal
where else but in the sky do our haggard eyes find solace?
Deep into the vastness of space,
lies this ancient thrum.
If listened to long enough,
It syncs with our hearts’ rhythm.
Calling us home – to ourselves.
For the insatiable human heart is most comforted,
When in perpetual curiosity of the unknown.
Forever asking and answering questions
about phenomena that long precede us.
And will long outlast us.
It was never about the answer,
it is the thrill of the search that we seek.
Then, dear friends,
May we forever stay searching.
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CREATIVE COMPETITION RUNNER UP

Hairy Ball Theorem
by Sascha Lill

The drawing depicts the "Hairy Ball Theorem", which says that a
smooth vector field on a ball is always zero at some point. This has
various physical implications, for example you can never comb a
hedgehog without having some spikes standing upright and there is
always a place on Earth with exactly zero wind speed.
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Editor Biographies

I
Sophie Abrahams

study natural sciences at the University of York, UK, where I am specialising in
physics. I am most passionate about astrophysics and my favourite moon is
Enceladus. When I am not at university I enjoy swing dancing and music, and dabble
in growing succulents. I aspire to work in science communications and make physics
even more accessible to the public. Thank you to everyone who made this journal
possible, it has been a pleasure to work with all of you.

jIAPS Editor-In-Chief

I

Aditya Sengupta

am a physics major currently pursuing my bachelor’s at Amity University, Noida,
in India. My interest is mainly in experimental physics and also in the study of
dynamical systems. I love classical music, abstract art, and chess. My idol and
inspiration is Richard Feynman and I aim to contribute to science and make
the world a better place. I had a great time working on jIAPS 2020 with
Sophie and Subhash. Making creative decisions is tough but very fun when
working together in a team.

Co-Editor

I
Subhash Sharma
Co-Editor

have a master’s degree in physics from Tribhuvan University,
Kathmandu, Nepal, and am looking to enroll in a PhD programme.
Besides my academic degree, I aspire to build scientific
communities for the betterment of society. I am working towards
this goal by involvement in the development of scientific events
and outreach programmes. I am motivated to work with
scientific thinkers around the world for the good of
humankind. It has been delightful to work on the production
of jIAPS 2020 and to have the chance to judge the article
contest and creative competition.
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The Blue Marble
Image Credit (Front and Back Cover) - NASA Goddard Space Flight Center Image by Reto Stöckli (land surface, shallow water, clouds). Enhancements by Robert
Simmon (ocean color, compositing, 3D globes, animation). Data and technical support: MODIS Land Group; MODIS Science Data Support Team; MODIS
Atmosphere Group; MODIS Ocean Group Additional data: USGS EROS Data Center (topography); USGS Terrestrial Remote Sensing Flagstaff Field Center
(Antarctica); Defense Meteorological Satellite Program (city lights).
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