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IN THE P!CTURE

Gift-wrapped robots
Mars: "I sure am wondering what you guys at NASA are 
going to give me this time! The first manned mission 
to Mars? A colony? Elon Musk in a spacesuit?"
NASA: "No, you'd never guess. It's a rover!" 
Mars: "...Of course it's a rover... It's always a rover..."
NASA: "But, but... It's got pretty wrapping?"

Mid-2020 will see the launch of the next robotic exploration 
mission from Cape Canaveral: the Mars 2020 mission. Its 
main protagonist is the Mars 2020 Rover, tasked with four 
scientific objectives. Two are related to discovering past life: 
to find environments that could have at one point sustained 
life and to find special rocks in said environments that might 
have preserved signs of that life. The rover is also tasked 
with caching several soil and rock samples and storing them 
on the Red Planet's surface. A future mission might retrieve 
these caches so that they can be analysed using more sophis-
ticated Earth-based equipment. Finally, there's a system on 
board the rover that can produce oxygen from the Martian 
atmosphere, which consists of 96% carbon dioxide. 

But let's get back to the gift wrapping. The spacecraft that is to 
transport the Mars 2020 Rover, aptly christened the Mars 2020 
Spacecraft, has to withstand the rigours of interplanetary travel. 
Before allowing their rover to embark, the people at NASA's 
Jet Propulsion Laboratory (JPL) need to make sure that the 
carrier won't fall apart. In the photo, taken on May 9th of this 
year, we see the spacecraft suspended for thermal vacuum 
testing in the Space Simulator Facility at JPL. The golden crown 
on top is the cruise stage, which will propel the spacecraft 
to Mars. The white and black cones are the aeroshell and the 
heat shield, respectively. Encapsulated within the aeroshell is 
the descent stage (the same model that was used for previous 
Mars missions) which is topped by the rover – or in this case 
a mock-up since the rover is still undergoing final assembly.

Don't get fooled by the pretty wrapping though, it's 'just' a rover.
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EDITORIAL
Dear reader, 

In front of you lies the summer edition of the 
N!. For some of you the summer holiday has 
already started, for those where this isn’t 
the case we have something to cheer you up 
while working in the clammy summer days.

While one could argue that it’s quite hot and 
sweaty in the Netherlands during the summer, 
there is one place where every physicist breaks 
out in cold sweat. It’s the place where Maxwell’s 
demon resides. However, not to worry, Pim 
Keizer is here to slay Maxwell’s demon, and 
consequently teaches you not to gamble.

Gambling is not something we often do as 
scientists. Just like the astrophysicists who 
made the stunning picture of the black hole at 
the center of Messier 87. They did not bet on 
telescope technology improving drastically in 
the upcoming years. Jens Peter Frankemölle 
takes you through the technological marvel 
that is the Event Horizon Telescope.

A different technological marvel which is covered 
in this edition is the detection of the decay of 
Xenon-124. As Valan Llapjani describes, scientists 
at the aptly named XENON collaboration have 
created a detector capable of detecting this 
decay using a so-called dark matter detector. This 
will hopefully shed some light on the mystery 
of the process by which Xenon-124 decays.

Unfortunately it was not always the case that 
scientists would go hand in hand and achieve 
marvelous things in collaboration with each other. 
Kees Mommers tells the story of Johannes Stark 
and how he split the physics community between 
his Deutsche Physik and so-called Jewish Physics.
  
It appears that collaboration seems vital if one 
wants to succeed in the scientific community 
these days. Collaboration is not only vital for 
the scientific community, it’s also vital for the 
N!. Without the collaboration between Van der 
Waals, VENI and STOOR we would never be able 
to publish an edition four times a year. Maybe 
you can do some collaborating yourself with your 
fellow readers to solve this edition's puzzle. 

—
By: Ries Koolen 
(chief editor Van der Waals)
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NEWS!
Fluoride enhanced 
perovskite solar cells
Researchers from the department of Applied Physics 
at the TU/e, led by Shuxia Tao, have discovered 
that adding a small amount of fluoride to perovskite 
solar cells significantly increases their stability.

Solar cells made of perovskite hold much promise for 
the future of solar energy. The material is cheap, easy 
to produce and almost as efficient as silicon. However, 
perovskite degrades quickly, severely limiting its effi-
ciency and stability over time. The new solar cells retain 
90 percent of their efficiency after 1000 hours of operation 
at various extreme testing conditions. The findings were 
published in the leading scientific journal Nature Energy.
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Advisory Council 
pleads for stricter 
selection
The Advisory Council for Science and Technology pleads 
the universities of the Netherlands to be more strict in the 
selection of students who will be allowed to enroll at certain 
programs. The council has presented a report  where they 
mention that, while the higher education in the Nether-
lands belongs to the best of the world, the large influx 
of students at certain programs might change that.

The advisory council hopes that by profiling themselves 
more strongly and mentioning their differences with other 
universities more, the respective universities will attract 
fewer students which drop out before finishing their 
program. In order to do this, the council argues that the 
the universities need stronger measures to select which 
students are allowed to enroll at the respective programs.

The report also mentions that with these measures the univer-
sities in the Netherlands can “fix” the mismatch between what 
program the students choose and what the industry needs.

Three appointments
made at AP 
In the past few months three notable appointments 
have been made within the department of Applied 
Physics. It concerns the following staff members:

Dr.ir. S. Nijdam has been appointed to Full Associate 
Professor in “Extreme Non-equilibrium Discharges” within 
the group Elementary Processes in Gas Discharges (EPG).

Dr. Adriana Creatore has been appointed to full-
time professor in ”Atomic Scale Processing for 
Next Generation Energy Technologies” within the 
group Plasma & Materials Processing (PMP).

Dr. A.A. Bol has been appointed to Full Professor 
in ”Processing of nanomaterials” within the group 
Plasma & Materials Processing (PMP).

URE presents 
driverless racecar
University Racing Eindhoven (URE) presented the URE14 
in Atlas on June 12th. With this car, the student team takes 
a first step towards participation in the Formula Student 
Driverless competition. The team will take part in at least 
one autonomous race this year. Their goal is to finish the 
race and to collect information, although the team feels 
they could compete for a spot on the podium.

The team will compete at the Riccardo Paletti circuit in 
Italy. The competition will take place between 24 en 28 
July. FS Italy is one of three events scheduled for this year.

The URE14 will make its debut in the electric class during 
Formula Student Netherlands in Assen between 7 and 11 
July. After that race, the car will be converted into driver-
less configuration in order to compete in Italy. Finally, URE 
will take part in the electric competition again during For-
mula Student Germany on the Hockenheim circuit, where 
the team will try to equal last season’s fifth place.

6 | N! July 2019



On May the 13th the new board of Van der Waals 
was elected. Candidate board “Laarhoven” has 
been chosen at the election General Assembly (GA). 
At this GA they presented their focal points. 
The new board is comprised of the following members: 

Completely open
access at the TU/e 
postponed
Almost a year ago the EU decided that certain research funds 
would not be granted unless the results are published in an 
open-access journal, the so-called Plan S.  This mandate 
should have taken effect starting 2020. However, it was 
decided to grant the partaking institutions, including the 
TU/e, one extra year to make preparations for the change.

In addition to the one-year postponement, several other 
adjustments were made to Plan S. One such adjust-
ment is that scientists will also be allowed to publish 
via the ‘green’ route in the future. This means that their 
publications will still be behind a journal’s paywall, but 
that they are accessible to everyone in a repository.

A wise decision, says TU/e’s open access specialist Marjet 
Elemans, “because it has only now become clear exactly which 
requirements institutions and researchers have to meet, and 
it gives them time to make decisions.” The implementation of 
this plan is especially important to TU/e because Robert-Jan 
Smits, Special Envoy open access to the European Union, 
also happens to be our new chair of the board of directors. 

Campus-wide 
smoking ban at 
TU/e as of 2020
Smoking at the TU/e, both indoors and outdoors, will 
be banned by August 2020 at the latest. State Secre-
tary for Health Paul Blokhuis has imposed a smoking 
ban on every educational institution in the Netherlands 
with fines up to 4500 euros per violation. The new norm 
was laid down in a legal decree that was published 
on June 6. Affected and interested parties have the 
opportunity to respond to the ban, but their partici-
pation is expected to have little or no effect at all.

Floor van der Heijden, department of Occupational Health, 
Safety, Environment and Radiation Protection at TU/e, 
is happy with the decision. "We strive for a smoke-free 
generation and therefore support a smoke-free campus. 
Our campus can’t be compared to a high school ground. 
There are a number of factors complicating the implemen-
tation of a smoke-free campus, such as a residential tower 
to which the Civil Code applies. This is something we 
need to look at carefully together with several experts."

•     Merel Laarhoven 
•     Cas van Haren  
•     Lotte van de Rakt  
•     Rein Albers
They will tell a bit more about themselves on page 30.

•     Lieke Ruijs
•     Niek Groot
•     Thomas van den Doel

New Van der Waals board has been elected
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All radioactive atoms have a half-life, the timespan in which 
half of all the initial number of radioactive atoms have decayed 
to another (radioactive) atom. Some are very short, like that 
of carbon-10 which is around 10 seconds. In contrast, the 
half-life of uranium-233 is in the order of 105 years. Xenon-
124 is on another level: its half-life is calculated to be longer 
than the age of the universe, which is about 1.4·1010 years. 

Scientists at the XENON collaboration observed the decay 
of a xenon-124 atom for the first time ever. The measure-
ment was done on their XENON1T detector, a dark matter 
detector. The detector is located 1400 meter below ground 
level at the Gran Sasso massif in Italy. The central part of the 
detector is a cylinder filled with liquid xenon at -95 °C. The 
theory is that dark matter interacts with the xenon atoms, 
producing faint signals of ultraviolet light, which are then 
detected by the detectors below and above the xenon-filled 
cylinder. This observation shows that the detector is also 
usable for experiments other than detecting dark matter. 

The process in which xenon-124 decays is very rare. The 
process is called ‘double electron capture’ where, as the 
name already suggests, two electrons are captured by the 
nucleus. Two protons capture two electrons simultaneously 
and transform into neutrons. The products of the process 
are two neutrinos, an X-ray emission and an Auger elec-
tron (because of refilling the electron vacancies). The Auger 

Xenon-124 
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electron is due to the Auger effect, a physical phenomenon 
in which the filling of an inner-shell vacancy is accompa-
nied by the emission of an electron from the same atom. 

The X-ray emission produced an initial detectable light signal as 
well as free electrons. Those electrons were detected on the 
top part of the detector, generating a second light signal. The 
time interval between those signals corresponds to the time 
the electrons need to travel to the top of the detector. With 
data from the detectors and the interval time, scientists recon-
structed the position of the double electron capture. The measu-
rement took about a year, in which 126 signals were detected. 
Knowledge of all relevant background sources revealed that all 
signals were caused by the double electron capture process. 
Calculations revealed a half-life 1.8·1022 years. This makes the 
decay of xenon-124 the slowest process measured directly.

These results set the stage for more research of the 
neutrino as well as even rarer decay processes which are 
as of yet unobserved, such as neutrinoless double beta 
decay and neutrinoless double electron capture. The theory 
of these decay processes requires its own article.  The 
XENON1T detector proved useful in the hunt of these decay 
processes and is currently receiving an upgrade, which 
will increase its sensitivity by one order of magnitude.  
—
By: Valan Llapjani (editor Van der Waals)

FYSICAFL!TS
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COLUMN

Sinds jaar en dag zijn de buitenlandse 
excursies oftewel BuExen (of toch 
Buices?) vast onderdeel van deVan-
der-Waals-jaarkalender. In de zomer 
een grote van drieënhalve week naar 
een bestemming buiten Europa en met 
Hemelvaart een kleine van een lang 
weekend binnen Europa. Ik spreek 
uit ervaring als ik zeg dat deze reizen 
fantastisch zijn om mee te maken: bij de 
zomerreizen van 2014 naar Singapore 
en Maleisië en in 2015 naar Californië 
was ik van de partij en heb ik met volle 
teugen genoten. Het zijn hele mooie 
gelegenheden om lokale universiteiten, 
instituten en bedrijven van binnen te 
zien, en daarnaast staan ook de niet-
wetenschappelijke activiteiten garant 
voor onvergetelijke herinneringen.

Het bericht
Als promovendus val ik nu natuurlijk 
niet meer onder de doelgroep voor 
deze reizen. Daarom was ik in eerste 
instantie lichtelijk verward toen ik 
afgelopen februari een mailtje van Van 
der Waals kreeg met als onderwerpregel 
“Kleine BuEx Kopenhagen 2019”.

"We zijn nog op 
zoek naar een 
wetenschappelijk 
begeleider."

Mijn adres zal wel zijn blijven hangen 
in een of andere mailinglijst, dacht ik. 
Hoewel mijn naam wel in de aanhef 

stond, hoeft dat natuurlijk in dit tijdperk 
van geautomatiseerde mailing niks te 
betekenen. Bij het verder scannen van 
het mailtje bleek er echter toch meer 
achter te zitten: in de tweede alinea 
las ik “... we zijn nog op zoek naar 
een wetenschappelijke begeleider, 
vandaar deze mail.” Aha! Terwijl de 
mooie herinneringen aan mijn eigen 
BuExen terug begonnen te komen, 
begon ik snel met het tikken van mijn 
enthousiaste antwoord. Deze kans 
wilde ik niet zomaar voorbij laten gaan!

De voorbereiding
Natuurlijk moest ik deelname aan de 
Kleine BuEx "vanaf de andere kant" 
wel even voorbereiden. Maar wat is 
nou precies het takenpakket van zo’n 
“wetenschappelijk begeleider”? Na 
dat even nagevraagd te hebben luidde 
het antwoord dat het vooral neerkomt 
op het stellen van vragen van niveau 
bij wetenschappelijke excursies en het 
betrokken houden van de deelnemende 
studenten. Klinkt best uitdagend! Zeker 
gezien het feit dat sommige programma-
onderdelen (een start-up in molten 
salt kernreactoren) toch behoorlijk 
buiten mijn veld van expertise liggen.

De reis
In werkelijkheid werd mijn taak behoorlijk 
makkelijk gemaakt door de groep. 
Enerzijds kwam dit door de fijne actieve 
houding van velen van ons, zelfs na 
de weinige uurtjes slaap die ons eens 
door onze vroege vluchttijd en dan 
weer door het lange "avondprogramma" 
in Kopenhagen toegewezen waren. 
Anderzijds waren de wetenschappelijke 
excursies ook dusdanig stimulerend dat 

ze vragen ten overvloede opwekten. 
Iedereen wilde wel weten hoe de molten 
salt reactors die start-up Seaborg voor 
ogen heeft veiliger en schoner zouden 
zijn dan huidige kernsplijtingsreactors, of 
hoe het Imaging Center van universiteit 
DTU niet één of twee maar nota 
bene zéven elektronenmicroscopen 
in een gloednieuw gebouw 
geaccumuleerd heeft.

"Je kan de mentale 
conversie van kronen 
naar euro's beter 
achterwege laten."

Ondanks mijn extra taak voelde ik me 
buiten de wetenschappelijk-georiënteerde 
activiteiten ook gewoon als één van 
de deelnemers. Bijvoorbeeld als we 
collectief achterover sloegen van de 
prijzen in de supermarkten, restaurants 
en kroegen (je leert vrij snel om de 
mentale conversie van kronen naar 
euro's maar achterwege te laten).

Mij rest niets meer dan het hartelijk 
bedanken van de Kleine BuExcommissie. 
In eerste instantie voor de kans om 
nog eens mee te gaan op een BuEx, 
en ten tweede voor een heel prettig 
verloop van de reis. Ik concludeer dat 
ook vanaf de andere kant de BuEx 
een overgetelijke ervaring is!
—
Door: Jeff Schulpen (promovendus 
PMP en bestuurslid VENI)

De buitenlandse excursie 
vanaf de andere kant
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What are student bodies?
Student bodies are groups of students that represent students 
of Applied Physics in various parts of our department. In 
this way, the department can get to know the opinion of 
students on various matters, such as education, accommo-
dation and research. The main student bodies are: STOOR, 
the Departmental Council, the Program Committee and the 
Student Advisor. Why are they there and what do they do?

STOOR
STOOR is the abbreviation for 'STudenten Onderwijs 
ORganisatie', which translates to 'STudent Educational 
ORganization' in  English. STOOR is an organization run 
by four students that aims to make studying at the depart-
ment of Applied Physics as pleasant as possible. How 
do they do this? The answer is: in various ways. 

1.     STOOR organizes study councils for the propaedeutic, 
post-propaedeutic and the master phase. In these councils 
students and teachers are brought together to discuss both 
positive and negative aspects of the ongoing courses. To do this 
properly, every quarter a group of students (who are taking the 
courses themselves) are asked what their peer-students think 
about the courses. This feedback is then discussed with the 
responsible teacher, which both parties often really appreciate. 

2.     STOOR organizes information sessions 
about the topics Bachelor End Project (BEP), master 
Applied Physics and the external internship. 

3.     STOOR acts as a complaint desk. People can (anony-
mously) send their complaints about courses and educational 
or departmental affairs to STOOR. STOOR will then work 
towards a solution, either by themselves or by discussing 
the problem with the appropriate persons. STOOR is avail-
able at stoor@tue.nl, or every lunch break at Flux 0.259.  

Student bodies at 
Applied Physics

STOOR

Students at our department have opinions: on education; on 
accommodation; on research. And our department wants to hear 
all of them: a very ambitious task. How do they do it?

4.     STOOR participates in several (university wide) consul-
tative bodies. Since the university is a gigantic organiza-
tion, input of students is desired in a wide range of areas. 
Some discussions in consultative bodies, such as the 
SAB (Student Advisory Body), are meant as input for the 
university's future direction. Other consultative bodies 
are more concerned with the quality of the education, 
the faculty regulations, and the lectures themselves.

Departmental Council
The Department Council is a body of persons (five students 
and five AP employees) that has an advisory role to the 
Departmental board. The student members are elected 
every year in December by all AP students, while the AP 
employee members are elected once every two years by all 
other AP employees. The Departmental Council talks about 
all matters concerning accommodation, research fields and 
other business on the departmental level. The Department 
Council is all about judging whether the policies and deci-
sions that the Departmental Board makes are good or if they 
need to be changed. The Departmental Council thus has to 
give their consent to the choices that have been made. 

"STOOR aims to make studying 
as pleasant as possible."

Student members of the Departmental Council must keep 
up with TU/e politics and at the same time communicate 
with all students. The members even get trainings, from a 
professional legislator. Decision-making is difficult, espe-
cially at the high level in the university. Decisions are only 
made after discussing about them for a long time. Although 
these discussions and arguments between the board 
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include that the PC include the reform of the Bachelor's and 
Master's programs of Applied Physics as well as maintaining  
the quality of education which our department stands for. 
For instance, when the study programs underwent a tran-
sition from Dutch to English, the PC advised the OITN on 
the requirements that should be met to guarantee quality 
of education. In another case, the PC urged for more math-
ematics in the Bachelor, which led the one 'Linear Algebra 
and Vector Calculus' course to become two separate courses 
'Linear Algebra' and 'Elements of Mathematical Physics'. All 
in all, validation and evaluation of education are among the 
daily effort of the PC that leads to long-term improvement.

"The Program Committee is 
tasked with evaluating education."
In conclusion, all student bodies work together to make 
the wishes and needs of the students of Applied Physics 
heard, not only inside, but also outside of our department. 
Together, they strive to improve education, to make stud-
ying at our department as pleasant as possible and to advise 
on choices at the departmental level. Are you interested 
in one of these roles? Feel free to drop us an e-mail at 
stoor@tue.nl, so that we can inform you about what is possible.
—
By: Niels Smith (editor STOOR)

and the council can be frustrating, in the end everyone is 
united in striving to improve the university as a whole.

Program Committee
In order to let education take place at our department, the 
Educational Institute of Applied Physics (OITN in Dutch) 
ensures that enough teachers are available and that students 
are educated. Thus, the OITN is tasked with execution 
and support of education in our department. The Program 
Committee (PC) of Applied Physics has an advisory role to 
the Educational Institute of Applied Physics (OITN). The PC 
consists of four student member and four AP employees. Every 
start of the academic year, four new student members are 
selected after a formal application procedure. They have the 
task to evaluate education and to advise the OITN on ques-
tions like 'is the study program still of a sufficient level?'. 

"The Departmental Council 
gives advice and consent to 
the Departmental Board. "

In order to represent all students of AP, the student members 
of the PC gather the opinions of students in formal and 
informal ways, e.g. through surveys or coffee table discus-
sions. The achievements of the PC over the last years 

STOOR announcements
The Bachelor Final Project ('Bachelor Eind Project') 
information session will take place in the week before 
the examinations of quarter 1. All the capacity groups 
of Applied Physics will present their available bachelor 
projects during this session. This information session is 
most relevant to third-year Bachelor's students. The time 
and location will be announced a few weeks in advance.

The External Internship information session will take place in 
the week before the start of the examinations of quarter 1. This 
information session explains the requirements of an external 
internship; how to finance it and how to arrange a project. This 
information session is most relevant to Master's students; 
however third-year Bachelor's students are also welcome. The 
time and location will be announced a few weeks in advance.

The Master information session will be held the week 
before the start of the examinations of quarter 2. This infor-
mation session is most relevant to anyone who wishes to 
do (or doubts) the Master's Applied Physics or the master 
Science and Technology of Nuclear Fusion. Third-year 
Bachelor's students are advised to come. The time and 
location will be announced a few weeks in advance.

STOOR
Where: Flux 0.259
When:  Every lunch break
E-mail:  stoor@tue.nl
Who: Merel Laarhoven Ries Koolen

Niels Smith  Jonne Severijns

STOOR is looking for new members for the study councils of 
Applied Physics. The purpose of these councils is to provide 
teachers with all relevant feedback on the courses they teach. 
There are three councils: the propaedeutic (bachelor year 1), 
post-propaedeutic (bachelor years 2 and 3) and the master 
council. Every council will have two meetings per quarter.
Are you a student who wants to engage in educa-
tional affairs and is interested in joining one of our 
councils? Send us an e-mail at stoor@tue.nl. 
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Both working at Thales Hengelo, one a bit 
longer than the other. 
Meet our engineers, Frank and Ellen! 
Meet Frank
Frank studied electrical engineering at Saxion 
Hogeschool in Enschede, and now works for almost ten 
years at Thales. He started in 2009 at Thales right after 
his studies. “I started working here as a system test 
engineer. In this position I was responsible for drafting 
processes, testing systems and detecting errors in 
systems.”
When Frank first began working at Thales he only 
possessed the basic knowledge. “At Thales, the 
technology is all very specific. So just out of school, I 
wasn’t nearly good enough. I have done many courses 
to gain the required specialist knowledge.” After ten 
years, he started in a new position as IVVQ manager. 
“IVVQ stands for Integration, Verification, Validation 
and Qualification, which means that I’m responsible for 
the whole test process. Started with the moment that 
a product is built, assembled, then picked up to the 
product and finally, delivered to the customer.”

Do you like your job?
“I’m in this position for one year now, so my current 
function is still a bit new to me. But the test process as a 
whole, is not new to me. That’s what I’ve been working 
in, since the beginning of my career at Thales. And now 

Meet Ellen
Ellen studied applied physics at Saxion Hogeschool in 
Enschede. She is only working at Thales for six months 
now. “Before I started working here, I did my graduation 
assignment at Thales. During my graduation internship 
I worked on the thermal level, so I started working with 
dry air. We  want the Thales systems, for example the 
radar, to continue to function optimally even in warm 
climates.  After I graduated they offered me a job, so I 
had the opportunity to stick around. ”From July 2018, 
Ellen started as a Thermal Engineer. “I did not continue 
my assignment when I started as a Thermal Engineer, 
but I do notice that I can apply the knowledge to my new 
position. My graduation also helped me to get to learn 
the company Thales itself. For example some basics 
about the internal processes and which people I can ask 
for help.”

How did you experience your graduation internship?
“I experienced my internship as educational, interesting 
and enjoyable.  Mainly because you can make a 
connection between theory and practice. I worked 
on my measurement set-up in the lab and compared 
the results with the theory. The great thing about an 
internship at Thales is that you get a lot of freedom to 
give substance to your assignment. But also get things 
done yourself and ask for guidance when needed.”

I am responsible for a whole  team. But what I overall 
experience at Thales is that I got a lot of challenges 
during my work and every day is different. For example, 
at one moment I am working with software and the 
other moment I’m working with hardware. I sometimes 
joke and say: one moment you are the plumber, the 
next you are an electrician and then you have to get 
to the system with your laptop to fix  something. That 
versatility positively affects me.”

Was it easy to switch to another position?
“A co-worker really taught me all there is to know. He 
hired me at the time and together we have grown within 
the company. The process of getting a promotion really 
is a natural process. In my case it was easy, because I 
had been involved in the test process for some time. I 
never thought in advance that I would be allowed to hold 
this position with my electrical engineering diploma. But 
at Thales you discover where your strengths lie and you 
get the opportunity to develop yourself.”

What do you think of the corporate culture?
“At Thales there is a very open and casual atmosphere. 
Very relaxed actually. Many colleagues have also 
become friends of mine, because we often have to go 
abroad during our job. When you are on a work trip, 
you and your colleagues spend a lot of time together. 
Perfect to get to know each other a little better and build 
a connection.”

What do you find characteristic of Thales?
“The openness of people. Everyone wants to help you 
where necessary and people are very friendly toward 
each other. Sometimes a colleague reaches out to you to 
ask you to join a certain meeting.  Just because it might 
be important or useful for you in the future. Your co-
workers really want to think with you. It makes you feel 
connected to each other as a team. You also know that 
you have many opportunities for growth within Thales. 
People are being stimulated to develop themselves as 
much as possible.“

Can you hold your own between all those men?
“We currently have two female interns at the 
department. So that’s nice! But normally I would indeed 
be the only woman. But I am not really bothered by that. 
I don’t have the feeling that my male colleagues look 
different at me because of the fact that I’m a woman. 
I feel part of the team and they are taking me serious.”
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Both working at Thales Hengelo, one a bit 
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internship at Thales is that you get a lot of freedom to 
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other moment I’m working with hardware. I sometimes 
joke and say: one moment you are the plumber, the 
next you are an electrician and then you have to get 
to the system with your laptop to fix  something. That 
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Was it easy to switch to another position?
“A co-worker really taught me all there is to know. He 
hired me at the time and together we have grown within 
the company. The process of getting a promotion really 
is a natural process. In my case it was easy, because I 
had been involved in the test process for some time. I 
never thought in advance that I would be allowed to hold 
this position with my electrical engineering diploma. But 
at Thales you discover where your strengths lie and you 
get the opportunity to develop yourself.”

What do you think of the corporate culture?
“At Thales there is a very open and casual atmosphere. 
Very relaxed actually. Many colleagues have also 
become friends of mine, because we often have to go 
abroad during our job. When you are on a work trip, 
you and your colleagues spend a lot of time together. 
Perfect to get to know each other a little better and build 
a connection.”

What do you find characteristic of Thales?
“The openness of people. Everyone wants to help you 
where necessary and people are very friendly toward 
each other. Sometimes a colleague reaches out to you to 
ask you to join a certain meeting.  Just because it might 
be important or useful for you in the future. Your co-
workers really want to think with you. It makes you feel 
connected to each other as a team. You also know that 
you have many opportunities for growth within Thales. 
People are being stimulated to develop themselves as 
much as possible.“

Can you hold your own between all those men?
“We currently have two female interns at the 
department. So that’s nice! But normally I would indeed 
be the only woman. But I am not really bothered by that. 
I don’t have the feeling that my male colleagues look 
different at me because of the fact that I’m a woman. 
I feel part of the team and they are taking me serious.”
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Why don't you write me?
On December 11th 1867, Peter Guthrie Tait, a Scottish mathe-
matical physicist and prominent pioneer in the development of 
thermodynamics, received a letter from a colleague and close 
friend of his suggesting a thought experiment that could vaildate 
the second law of thermodynamics. Coincidentally, four years 
later, John William Strutt received a similar letter, after which the 
author decided to publish it in his 1872 book: Theory of Heat, 
encompassing various topics within thermodynamics. The letter 
described two hypothetic, hermitically sealed containers A and 
B filled with gas with a shutter in between as the only passage, 
seen in figure 1. A gatekeeper guarded the doorway and was 
described by the author as a finite being with infinite knowl-
edge, able to separate fast moving (hot) molecules from slow 
(cold) ones without expenditure of work. The combination of the 
finite being and the gate acted as a way to filter out molecules 
based on their kinetic energy, so that one chamber would fill up 
with hot molecules and the other with colder ones. A system 
initially in thermal equilibrium, would end up with two domains 
of different temperatures, without the expense of energy! In 
more figurative speech: the toll collector would ask no charge.

The situation described in the paragraph above was a thought 
experiment created by none other than James Clerk Maxwell. 

SCIENCE

Through the gates of 
Maxwell
Every now and then you encounter a simple physics paradox that seems to 
make lots of sense at first glance, but at the same time cannot be right in the 
slightest. Your brain starts to rattle finding a way to solve the problem, but every 
attempt at solving it brings you back to the drawing board. Such is the subject of 
discussion for the following problem: what would happen to the academic world 
if science’s most fundamental and most consequential law in thermodynamics 
would be disproven by a straightforward thought experiment?

Although best known for merging the laws of electrodynamics, 
Maxwell also made major contributions to the development 
of thermodynamics, such as this paradoxical thought exper-
iment. Let me rephrase the previous paragraph in simpler 
language: the gatekeeper is able to distinguish between 
molecules based on their kinetic energy (temperature) and 
able to separate them by filling one room with hotter mole-
cules and the other with colder ones. As a consequence, 
the entropy of the system decreases, contrary to what the 
second law of thermodynamics demands. And the second 
law is one of the most fundamental laws in physics!
Over the course of centuries and even up to this date, the 
thought experiment has provoked a lot of debate and discus-
sion about the validity of the experiment, as well as its 
consequences. But if Maxwell’s gatekeeper (later dubbed 
demon by Lord Kelvin, emphasizing its mediating hall-
marks) were to exist, what would break down exactly? 

Carnot crash course
Like a medical student, it is helpful to know how the system 
works when it is in perfect condition before we can analyze what 
breaks down when it is broken. For starters, entropy knows two 
definitions: one from a thermodynamic point of view and one 
from statistical mechanics. In the former, entropy was created 
by Rudolf Clausius in the 1850s as a useful tool to characterize 
the Carnot Cycle (see the orange info panel). He found that 
this new thermodynamic property changes from one value 
to another when going through the cycle, but reaches a fixed 
number after each cycle. On top of that, if a system possesses 
the property of reversibility – which means that the order in 
which the cycle takes place has no effect on the end result 
– all properties have the same end value after one cycle inde-
pendently of the cycle direction. This holds for entropy as well. 
So, entropy does not necessarily have to increase – as is thought 
by many people. Only when the system is irreversible or when Figure 1: A schematic figure of Maxwell's paradox. Source: Wikipedia.
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the system requires energy input to conserve entropy, entropy 
will increase. From this point on entropy conservation was 
associated with the reversibility of a system (and vice versa).

From the statistical point of view, entropy is regarded as the 
number of configurations a thermodynamic system can take 
up. This was developed by Ludwig Boltzmann in the 1870s. 
In the words of Josiah Gibbs: entropy says something about 
the degree to which the probability of some system is spread 
out over different possible microstates. While a macrostate 
characterizes observable quantities such as pressure and 
temperature, a microstate states all molecular details such 
as the individual positions and velocities of a system at one 
instance. The more microstates are possible for some system, 
the greater the entropy. Entropy can therefore also be regarded 
as a way to link molecular motion to macroscopic quantities. 

Thermal house of cards
So where do the laws of thermodynamics actually break down? 
While most people think that the second law of thermodynamics 
states that the entropy can only increase in an isolated system 
(one that cannot exchange particles and energy with the outside 
world), it is strictly more complete to state that the entropy does 
not decrease over time, as it can be constant in the most disor-
dered configuration. In the thought experiment, the decrease of 
entropy can be blamed on the fact that Maxwell’s gatekeeper 
does not require energy to sort atoms, yet the two containers 
are thought to be isolated. The system can switch effortlessly 
from a state of low order (two rooms of molecules with mixed 
energies) to a state of high order (separation of temperature). 
This is, at first glance, not so different from a regular refrigerator, 
which ‘separates’ molecules based on temperature. The differ-
ence is that you have to plug your fridge to the electric network 
as it demands energy to function. While the inside of the fridge 
is nice and cool, the backside is very warm. This is because 
a lot of the electrical energy to cool the inside is converted 
into heat. Maxwell’s demon is essentially a perfect fridge.

From a statistical point of view, decrease of entropy would 
imply that a bundle of molecules in a closed-off box in thermal 
equilibrium will separate at random and form significant, local 
deviations from equilibrium. An extreme case is where all 
hot molecules move to one side of the box while the colder 

ones move to the other. This thermodynamic state has more 
order than the previous one as the amount of ways to arrange 
two separated regions of hot and cold molecules is smaller 
than one homogenous mixture of molecules in equilibrium. 
Instead of evening out temperature gradients (differences) 
into an equilibrium, the exact opposite happens. In defense of 
physics, the extreme case mentioned above is in fact a process 
which statistical mechanics quite surprisingly does not forbid. 
Molecules bounce into each other continuously and they will 
exchange energy on a microscopic level, so there is a finite 
chance that separation of temperature will in fact happen. 
In reality, deviations from thermodynamic equilibrium are of 
such small scale that this is very unlikely to occur. Imbalances 
will eventually always cancel each other out back to equi-
librium. Therefore, entire separation is nearly impossible.

"Maxwell's demon is 
essentially a perfect fridge."

Classically, flow of heat is driven by temperature gradients 
and tends to go from hot regions to colder ones. On a micro-
scopic scale this makes perfect sense. Temperature is related 
to the kinetic energy of individual particles, as postulated by 
the equipartition theorem. Hot particles have more kinetic 
energy than cold particles and therefore have a higher average 
velocity. The hot particles tend to collide more with cold parti-
cles, thereby passing on energy primarily in one direction.
 
By now, I hope that the message of violating the second 
law of thermodynamic is evident. It brings along all sorts 
of weird physics that we do not observe in nature. So, 
when scientists come in contact with a paradox that they 
cannot appear to solve, two things might be possible: 
have the laws of physics broken down somewhere 
along the way, or is there something else going on? 

Well up to now, we are still taught about the inde-
structible second law of thermodynamics and from my 
own personal experience refrigerators and combustion 
engines are still very inefficient, so what is going on? u

The Carnot Cycle
The Carnot cycle is a thermodynamic cycle invented in 1824 
by the French Physicist Sadi Carnot. Any heat engine, such 
as this one, consistst of two or more heat reservoirs in which 
the engine exchanges energy which is to be converted into 
work through a piston. Particularly interesting is the way 
that Carnot's engine goes through the cycle: 1) isothermal 
(with constant temperature) expansion, 2) isentropic (with 
constant entropy) expansion, 3) isothermal compression and 
4) isentropic compression, see figure on the right. Carnot 
was able to show that his heat engine was theoretically the 
most efficient engine one could ever create. The efficiency 
is dependent on the temperature between the cold and hot 
reservoirs and is a measure for heat energy extracted.
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Knowlegde costs money
u Over the course of several decades, people did calcu-
lations on the apparent decrease in entropy, from which 
some concluded that the total entropy might not decrease 
if the entropy of the entire system was to be considered. 
They associated the work done by the gatekeeper in meas-
uring the properties of the molecules into the generation of 
some form of entropy. In other words, as long as the entropy 
generated by the gatekeeper to gauge the molecules and 
physically separate them is greater than the entropy diminu-
tion of temperature separation, then physics is not broken.

In 1929, Leó Szilárd made a famous statement about the paradox 
which converted the problem from a thermodynamical one into 
one of information theory. Szilárd stated that the gatekeeper 
needs some device or other means to read out information about 
the properties of the molecules. The reading out of information 
would, to Szilárd’s believed, require a form of energy conversion. 
Therefore, to completely describe the system where the gas 
and gatekeeper are interacting, the total entropy has to be taken 
into account. The energy the gatekeeper requires will cause an 
inevitable rise in entropy at the expenditure of information gath-
ering. One that is larger than that of the entropy loss by the gas.

Now, note what is being said here. Szilárd postulates that gaining 
information about a system is associated with entropy. Wait a 
minute, previously I mentioned that thermodynamic entropy 
was associated with disorder and reversibility of a thermody-
namic system. What does that have to do with information?

I did not know that!
The essence of information theory is that the more you know 
about a certain topic, the less new information you gain from 
it. If some event is very likely to occur, it is not a surprise when 
it happens and little information is provided. Entropy in the 
context of information theory discusses the unpredictability 
of an event and to what extent new information is gained. 
An intuitive example: suppose we want to take bets on a 
horse race (see figure 2). During this particular event we have 
eighteen competitors and it is our job to bet on the one that 
has the highest chance of winning. If the horses have equal 
probability of winning (one in eighteen) then we are in a state 
of high uncertainty (high entropy) since it is very difficult to 
predict the outcome a priori. Once the race has finished, we 
gain significant amounts of information we can use to predict 
the next race. But now that the odds have shifted, the second 
race can be predicted with larger accuracy since the new 
results should give less information than the first one. In other 
words, the entropy of the first race is relatively large compared 
to the second one as a consequence of equal probabilities.

The information entropy as described here was introduced by 
Claude Shannon in 1948 as a way to quantify information and 
the rate at which information is produced by some stochastic 
data source. From this particular example we now know that 
thermodynamic entropy is just one branch of the entire entropy 
tree to fully explain Maxwell’s paradox. Edwin Jaynes grasped 
the essence of the intermixtures of entropies by stating that 
thermodynamic entropy as described by statistical mechanics 

is merely an application of Shannon’s information theory. The 
thermodynamic entropy is regarded as the amount of addi-
tional information needed to fully quantify the microscopic 
state of the system that remains unknown by a description only 
in terms of classical, macroscopic states. Maxwell’s demon 
is only able to separate molecules if he is able to read out 
the microscopic properties of those molecules. Reading out 
information corresponds to its own form of entropy increase. 
So, in theory, the gatekeeper is able to reduce the thermody-
namic entropy by separating hot and cold molecules, but to 
the extent that the information entropy always exceeds that of 
the thermodynamic entropy. The total entropy constituent of 
thermodynamic and informatics effects thus increases indefi-
nitely and unconditionally, which resolves Maxwell’s paradox. 
And so the toll collector metaphor at the start is only partially 
incorrect: although entrance is free, showing your ID is not. 

"Although entrance is free,
showing your ID is not."

Hooray, we did it! Not what you expected, right? Person-
ally, when I started writing this piece, I did not expect that 
the paradox could actually be solved. Often, we come very 
close to actually solving but not really succeeding. This once 
again proves how remarkable it is that people are able to 
connect dots between two different fields in science (not 
even talking about two subjects within physics) to solve prob-
lems. Though I have to admit that up to this point in time, 
people are still arguing about the validity of the assumed 
solution, the large majority agrees with Shannon’s and Jaynes' 
description of information entropy increase. So, answering 
the rhetorical question at the start of the introduction: what 
do we do when we cannot solve a physics paradox with 
the tools at hand? Simple: we invent new stuff that can.

—
By: Pim Keizer (editor Van der Waals)

Figure 2: Beware childern, reckless gambling does not only lead to high 

debts, but also to an increase of the system's entropy! Source: Wikipe-

dia.



Small study trip abroad: 
Copenhagen

VARIA

This year, the small study trip abroad took place in the beautiful city of 
Copenhagen. It was decided, by the board as well as the committee, 
that it would be nice to visit a Western-European country, and a country 
in Scandinavia seemed like a very good option. As Copenhagen is a 
city that thrives on science as well as culture, it matched the goal of the 
small study trip abroad perfectly and an enthusiastic trip took place.

The trip took place during the Ascension weekend, so we left 
on a Thursday morning. After arriving way too early at the train 
station in Eindhoven, too early even for busses to ride, we 
were picked up by a luxurious taxi and brought to the airport. 
Because we wanted the participants to start their trip in an 
entertaining way, the participants' booklets were distributed 
which consisted of coloring plates, Mad Libs and questions that 
were handed in beforehand by the participants and answered by 
the committee. In short, the flight to Copenhagen wasn’t boring 
at all! Everything went very smoothly and we landed at about 
08:50 a.m., which meant there was still a full day ahead of us.

"In the afternoon, we got a 
very interesting tour at 
a start-up called Seaborg."

We caught the metro to our hostel and already saw the colorful 
neighborhoods of the city passing by. The metros were elec-
tric and self-driving, which meant that we could sit at the front 
window, which felt like sitting in a rollercoaster. In about half an 
hour we arrived at our hostel, which was a very large building 
next to the water. Everyone had some time to relax and there 
was some time to explore the city before we went on our scien-
tific excursion. It seemed like every building we came across 
was beautiful. Lots of old warehouses, churches, houses with 
romantic balconies, and very iconic copper roofed towers. We 
saw large streets with parks, playgrounds and many old trees. In 
short, it was no problem at all to simply walk around, enjoy the 
view and even have some great food along the way. In the after-
noon, we got a very interesting tour at a start-up called Seaborg. 

This is a company with about 20 employees, mostly physicists, 
who are developing a new way of nuclear fission. They are 
designing and will eventually produce a molten salt reactor, 
which uses nuclear waste as a fuel. It is a small-scale reactor. 
This results in a safe energy reactor, which can be deployed in 
a wide range of scenarios. For example in third-world countries 
where wind, water and solar energy are not viable. Seaborg's 
mission is to make energy accessible for everyone in a safe 
and viable way. It was a very inspiring talk by a man who was 
driven by his ambition and expertise, and who knew a lot 
about the complications of such a project. However, he was 
very realistic about the difficulty of developing such a reactor. 
Nevertheless, in the past years Seaborg has more than doubled 
in size. They are now at the point that they are going to u

A characteristic image of the colored houses in Copenhagen as seen 

from the Nyhavn canal.
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u build the reactor, which means that it will be finished 
in about ten years. After that, the process still has to be 
improved and naturally funding is an important aspect. 
However, they do see that, currently, there is interest from 
investors and there is a market for this relatively cheap and 
safe energy source. It is good to know that Seaborg is in a 
large building with many other start-ups, which makes it a 
great environment with lots of creativity. Almost all start-ups 
originated from the Danmarks Tekniske Universitet (DTU), 
where students got an idea and wanted to develop it further 
into a company. After this great visit, the food culture of the 
city was explored and students had the possibility to catch a 
great night of sleep or dive into the Copenhagen's nightlife.

The next day was devoted to science. Everyone had to get 
up early to catch the train to the DTU, which was an hour by 
train away from the center of Copenhagen. It was a very large 
campus with beautiful buildings and lots of parks and trees. We 
were welcomed by Christian Damsgaard, the professor who 

arranged the whole day for us, despite the university being 
closed due to Ascension weekend.He kicked off with a lecture 
about electron microscopy for material characterization. Then, he 
guided us to the Nanolab where he showed us several electron 
microscopes and explained the general principles behind them. 
This was not only a tour but also an interactive experience 
where he asked us questions and posed short problems that we 
had to find solutions for. This was really nice and it meant that 
everyone was kept engaged regardless of their prior knowledge 
about the subject. The Nanolab was located in a building that 
was isolated from the outside such that background vibrations 
were minimized. The other part of the morning program was 
a lecture about X-ray-based methods for material characteri-
zation. This was given by engineer Carsten Gundlach and PhD 
student Jeppe Ormstrup. As we, student applied physics, didn’t 
know much about the subject, we learned a lot. For example, 
we learned how to make a detailed 3D scan of ants and how to 
image different layers in a battery. This research was very much 
applied to companies and society. It happened very often that a 
museum or a company had a question about a certain material, 
after which they came to the group. For example, there was a 
company who developed food packings and they were curious 
about the modeling of how those packages could be folded. 

"We had plenty of time to 
chat with them and see the 
similarities and differences 
between the DTU and the TU/e."

After this informative morning, we were given a delicious lunch 
and a campus tour by students of the DTU. We had plenty 
of time to chat with them and see the similarities and differ-
ences between the DTU and the TU/e. For example, they have 
the same kind of courses and projects, but they don’t have a 
specific study association. Sadly, because of the Ascension 
Weekend, the whole university was deserted except for us. 
This gave a strange impression of a university, as there were no 
other students or employees. Despite that, it was a beautiful 
campus. They guided us all over the campus, which had an 
circumference of 5 km, and showed us their Skylab. This can be 
compared to our innovation Space, a place where students get 
the chance to work out their creative ideas and develop them 
into start-ups together with companies from outside. There were 
many projects shown, and students could use all the equipment 
they needed. After the break, two cases were offered to us. 
One about scanning electron microscopy and one about X-ray 
tomography. The group was divided into two and everyone 
got the chance to scan an object they found interesting. For 
example, with the X-rays, the inside of a Kinder surprise egg 
could be inspected without opening it and with electron micros-
copy participant’s hairs were thoroughly examined. Students 
from the physics and nanotechnology department helped us and 

After our visit to the Danmarks Tekniske Universitet, we took a picture 

with the entire group.

During the scienfic excursion at the Danmarks Tekniske Universitet, we 

worked on questions and short problems from professor Damsgaard. 
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could explain the physical principles about the machines. The 
excursion to the DTU ended at about 3 o’clock and everyone 
left with more knowledge about this Danish university, which, 
all in all, was found to be rather similar to the TU/e. After that, 
everyone could visit the city once again, and old towers and 
streets were explored. Some students went to a park to relax 
(again) and others explored extraordinary neighborhoods, such 
as Christiania. This is an enclave in Copenhagen which used to 
be a military base. Right now it is mostly inhabited by hippies 
and they have a way of self-government. Cars are not allowed 
and it is also not allowed to take pictures. However, all the 
houses are very creative and have many paintings on them. This 
all meant that it was a very interesting neighborhood to walk 
around. Because of the good weather, the streets of Copen-
hagen were now filled with people and it really came alive. 

On Saturday, breakfast was served a little later, which was 
not a problem to many of the participants, since we like our 
sleep. We went on a boat tour through the city during which 
an audioguide told us lots of historical facts about the city, its 
inhabitants and the architecture. The tour was very relaxing 
and the canals through the city allowed for beautiful views of 
the colored houses. We even went past the Little Mermaid, 
the sculpture of the fairytale by Hans Christian Andersen, 
where many tourists were taking pictures. After that everyone 
was able to grab a quick lunch in the city which was quickly 
followed by a visit to the Tycho Brahe Planetarium of Copen-
hagen. In this museum, everyone got more knowledge about 
the Big Bang and the existence of planets and we were guided 
by a really enthusiastic astrophysics student. He showed us 
an exhibition about the origin of elements and how these 
elements induce fusion within all kinds of stars. The tour 
was originally meant to be for high-school students but due 
to the enthusiasm of the guide and also our group, we went 
a lot more in depth on all the topics which kept it interesting 
for all of us. At the end of the afternoon, students could relax 
or go shopping and fika (drinking coffee with Kanelsnegle). 

After dinner, we went on a pubcrawl throughout the city, on 
which we saw lots of gin-tonics in Great Gatsby-styled pubs. 

"One of the highlights was the 
happy and colorful Nyhavn. "

On Sunday, everyone could decide what to do for themselves. 
Some went to a museum about the history of Copenhagen  
and others went to the park to play card games or rented a 
bike. But, at 4 p.m. we went one a collective city tour. The 
committee arranged a fun tour through the historical parts of 
the city. Old parks and castles were seen and even the old 
house of Hans Christian Andersen was part of this tour. We 
saw old parks and castles, and colorful Nyhavn. This is a canal 
throughout the city surrounded by lots of bars, museums and 
little restaurants. It is surrounded by the characteristic colorful 
houses, which attract many tourists. We ended the tour at the 
Rosenborg castle that dates back to 1607 and is surrounded 
by Kongens Have, which is the oldest and most popular park 
in Denmark. It was a very peaceful and beautiful park to walk 
around. We concluded the day at RizRaz, which is a restaurant 
located KrizKraz throughout the city, where we all had dinner 
together. All in all we think Copenhagen was a very beautiful 
and relaxing city in which one can walk around for hours. There 
are castles and old buildings at every corner and if you move 
outside the old center, modern architectural works are scat-
tered throughout the city. We had to go to bed early, as our 
plane would leave quite early in the morning the next day.

We can look back at a very successful, enjoy-
able and lovely study trip abroad. A great mixture of 
science and culture made Copenhagen a very inter-
esting city to visit and the group had lots of fun!
—
By: Merel Laarhoven

Plenty of time to walk through the beautiful parks in the historical center.

Walking and cycling around the creative squares in Nørrebro.
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Magnetic density 
separation

SCIENCE

Since the invention of plastic and the start of the 'plastic revolution' of the 1950's, we have produced 
8.3 billion metric tons of plastic, of which 2.5 billion is still in use and 5.8 billion was only used once. 
Of this 5.8 billion, a mere 0.5 billion tons of plastic waste have been recycled of which only 0.1 
billion tons are still in use. Most of our plastic is discarded to landfills and often plastics end up in our 
ecosystems. Plastic waste in our oceans has been a major discussion point in media in the last five 
years and many promising companies like 'The Ocean Cleanup' are working on cleaning our oceans 
from plastic waste. However, this does not help reduce the amount of waste plastic. Bottom line is: 
"We do not recycle enough of our plastic waste!" During my time as an applied physics student I 
have always wanted to contribute something to science, or even better, to a major societal  problem 
like plastic waste. The graduation project I found is just that: it offers a solution to our current plastic 
problem! Magnetic Density Separation offers a solution to our recycling problem.

In January of 2018, I started my graduation project on a novel 
plastic separation technique called Magnetic Density Separation 
(MDS). I started this project at the MTP (Mesoscopic Transport 
Phenomena) research group at the TU/e, which in my graduation 
period, merged, with the WDY (Turbulence and Vortex Dynamics) 
group. I was supervised by Jos Zeegers on behalf of MTP/WDY 
and by Hans Kuerten on behalf of the Power & Flow group of 
mechanical engineering. My daily supervisors were two PhD 
students: Rik Dellaert and Sina Tajfirooz working in MTP and WDY, 

respectively. During my graduation period I have worked closely 
together with both PhD students and professors. I have super-
vised a Bachelor student and presented work for the project's 
stakeholders. Our main objective and that of my graduation 
project was to obtain fundamental understanding of how plastic 
particles are separated in an MDS machine, being able to measure 
and/or see how plastic particles are separated in a magnetic 
fluid, and finding out how the separation of plastic particles can 
be optimized. But let's start with the basics: What is MDS?

Figure 1. Schematic representation of an MDS machine. Plastic particles flow from left to right and are separated on the left. 
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What is MDS?
MDS is a separation technique that employs an effective mass 
density gradient in a ferrofluid to separate plastic particles 
based on their mass density. The technique is schematically 
illustrated in figure 1. Shredded plastic particles are immersed 
in a magnetic ferrofluid. This ferrofluid then flows through 
a channel to which a magnetic field is applied. A cleverly 
designed magnetic field creates an effective mass density 
gradient within the fluid. This implies that, although the fluid 
mass density is the same at any position in the fluid, the plastic 
particles experience an effective mass density that depends 
on height.  The non-magnetic plastic particles are repelled 
from the magnets due to the presence of a magnetic field 
and fluid. When particles are inserted into the MDS machine 
they will not be at their equilibrium position and therefore 
they will move through the fluid towards this final equilibrium. 
The force pushing the particles away from the magnet will 
balance the buoyancy force of the particles in the equilibrium 
position. Every plastic type has its own specific mass density 
and therefore the buoyancy force experienced by each type 
of plastic is different. As a result, the plastics will be levitated 
to different equilibrium positions in the fluid, see figure 2. 
After the plastics have reached their equilibrium position in 
the fluid, they will be separated by separator blades. When all 
plastics have reached their equilibrium position in the fluid, this 
method can be used to separate based on their mass density.

While this concept has been proven on a small scale, it is 
challenging to implement it on an industrial scale. For now, 
MDS is not profitable and in order to make it profitable the 
technique must be optimized. Optimization of the separation 
technique is a rather complicated procedure because of the 
multitude of parameters involved. Optimization can focus on 
turbulence reduction or on the particle-fluid-particle interaction 
within the fluid. I focused on the latter during my graduation 
project, more specifically on the dynamic motion of spherical 
plastic particles in a magnetic fluid. Based on a literature review 
we developed a theoretical framework in which the motion 

of a spherical particle is described. This theoretical frame-
work has been tested to numerical results and experiments 
for which an entirely new setup was designed and built.

Theoretical framework
When a spherical particle is released in a fluid, let's assume 
a heavy particle in water for simplicity, it will start to sink due 
to gravitational buoyancy forces on the particle. As the sphere 
starts accelerating through the fluid, the particle has a non-zero 
velocity and therefore the sphere experiences drag slowing the 
particle down in its descent. As the particle accelerates there 
are two other forces that influence the motion: The added mass 
force and a Basset history force. Added mass force accounts 
for an additional volume of fluid that needs to be accelerated 
in order to allow movement of the sphere. Basset history force 
accounts for a delayed boundary layer development surrounding 
the sphere. Both forces are directed in the opposite direction of 
the acceleration due to buoyancy. When these forces are numer-
ically integrated one can calculate the trajectory of a sinking 
particle in water. However, we must note a major simplification 
we have made, namely the motion of the fluid is zero at all times, 
i.e. the fluid is quiescent and undisturbed by the moving sphere.

This implies that the interaction between fluid and sphere 
is coupled in one direction only. Although implementations 
of more complicated models have been tested, the current 
model is the simplest, most insightful and comparable to 
experimental data. It is also a model that can be expanded 
to adopt an additional force: The magnetic buoyancy force.
Although in the basis not entirely correct, you u

Figure 2. Different plastic types being levitated to different equilibrium 

positions within the fluid.

Figure 3. Schematic representation of our simple one-way-coupled theo-

retical model that describes the motion of a plastic sphere in a magnetic 

fluid.
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u can interpret this force as follows. The magnetic fluid is 
pulled towards the magnet, but because the fluid is incompress-
ible there won’t be any mass density differences throughout 
the fluid. However, when a non-magnetic particle is nearby, 
a strong magnet the fluid surrounding the sphere pushes this 
non-magnetic volume away if there are no other forces present.
Fortunately there are other forces as we have discussed earlier: 
The gravitational buoyancy force and the discussed forces 
when the particle is in motion through the fluid. As we have 
already seen from figure 2, the plastic spheres will reach an 
equilibrium position and at this height in the fluid the gravita-
tional and magnetic buoyancy forces are balanced. In figure 3, 
a schematic representation of a magnetic one-way-coupled 
system that involve these forces is given. At the equilibrium 
position of the particle its velocity and acceleration are zero and 
therefore drag, added mass and Basset history force are zero. 
Hence, the final position will only be determined by gravitational 
and magnetic buoyancy force. The other forces determine how 
the particle reaches its final position. This theoretical model 
has been implemented in MATLAB using the magnetic field 
properties of the used magnet and using the appropriate prop-
erties of the magnetic fluid. The results of these simulations 
can be compared to experimental results but, but for this an 
experimental setup needed to be designed and constructed.

Effective mass density
The effective mass density is a useful quan-
tity that can be calculated as follows:

The effective mass density depends on the fluid density (ρf), 
the magnetization of the fluid (M), and the gradient of the 
locally applied magnetic field (H). When there is a magnet 
underneath a fluid the effective mass density close to the 
magnet will be higher than the mass density of the fluid. 
The effective mass density will exponentially decay off to 
the fluid density as the distance to the magnet increases. 

Figure 4. Schematic representation of the measurement setup. Four 

cameras trach the particles that are released inside the transparent 

container with manganese(II) chloride. In the presence of a magnet the 

particles will be lifted to their equilibrium height in the fluid. The PTV 

setup allows us to track the motion of the plastic spheres through the 

fluid such that we can study its dynamics.

Figure 5. The results of four measurements and simulations of sinking 

and rising PVC-U plastic spheres in manganese(II) chloride. The areas 

in the plot represent simulation results and the lines with error bars are 

measurements.

In figure 6, the applied magnetic field and the resulting effective 
mass density inside our magnetic fluid is plotted as a function 
of height. As can be seen from the graph, the effective mass 
density ranges from 1400 to 2500 kg/m3. This implies that 
we are able to lift plastic particles within this range to their 
according height. Unfortunately, the range of 1500 to 2500 
kg/m3 happens within the first 2 cm above the magnet, and are 
in practice not available for experimentation. Which leaves us 
with a range of 1400 to 1500 kg/m3 for actual measurements.

Experimental setup
In order to measure the motion of plastic particles in a magnetic 
fluid we have designed a setup that has four main compo-
nents. A camera setup to measure the motion of particles, a 
magnetic fluid to levitate the plastic, a magnetic configuration 
and a container with a release mechanism for the spheres. 
Using the cameras a Particle Tracking Velocimetry (PTV) setup 
is constructed that is able to track particles in a measurement 
volume while they move through the fluid. In MDS, a ferrofluid 
is used as magnetic fluid. Unfortunately, ferrofluids are opaque 
and therefore hinder the usage of cameras. Therefore it was 
decided to use a different magnetic fluid, which is a water-
based solution of a rare paramagnetic salt called manganese(II) 
chloride. Manganese(II) chloride dissolved in water has a pink 
color, is transparent and is also able to levitate plastic particles, 
see figure 2. In order to be able to levitate plastic particles, 
the magnetic field must be adjusted for this new magnetic 
fluid. A thorough investigation of the magnetic properties of 
manganese(II) chloride and the magnetic field supplied by 
a different, so-called Halbach system, were performed.

Halbach array
In order to levitate particles in a magnetic fluid a magnetic field 
is needed. This magnetic field should have a high magnetic 
field strength and also the magnetic field gradient in vertical 
direction above the magnet is of importance. The product of 

ρeff = ρf −
µ0M

g
∇H.
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these two quantities that determines the effective density in the 
fluid, should be decreasing the further you move away from the 
magnet. However, there should be little variation in the hori-
zontal direction. This is not the case for ordinary bar or cylinder 
magnets, but only for complicated magnetic configurations. 
The Halbach array is one of the configurations that satisfies 
the needs of a working MDS machine because it confines 
all magnetic flux to one side of the magnet configuration. A 
Halbach array is a series of bar magnets that have an orienta-
tion where every next magnet rotates 90 degrees. In figure 
3, a Halbach array is drawn underneath the magnetic fluid. 

Manganese(II) chloride
A manganese(II) chloride solution is a paramagnetic liquid and, 
as a result, it behaves differently than ferrofluids in the pres-
ence of a magnetic fluid. Ferrofluids are superparamagnetic 
and are therefore more strongly magnetized, which can be 
seen from figure 6 as it will result in a higher effective mass 
density. In the case of ferrofluids the magnetization saturates 
for a certain threshold of applied magnetic field. Manganese(II) 
chloride does not saturate and the magnetization of the fluid is 
always linear with the applied magnetic field. This implies that 
the behavior of both fluids is comparable only in the regime 
where the ferrofluid would not have reached its saturation 
magnetization, which is the case for small magnetic fields. 

"A Halbach array is a series 
of bar magnets that have an 
orientation where every next 
magnet rotates 90 degrees."

Although the choice for manganese(II) chloride has its disad-
vantages due to a different magnetic behaviour, the results 
still remain useful for the MDS application as we can compare 
well between theoretical and experimental results in the 
case of manganese(II) chloride. If the magnetization of the 
magnetic fluid changes, the magnetic buoyancy force would 
change as well but the rest of the model remains the same.

PTV
The cameras that are used to capture the motion of the sphere 
through the fluid are positioned perpendicular to the four sides of 
the measurement tank, see figure 4. When a particle is released 
the camera will make a picture and detects the particle by 
subtracting the background of the image. Each camera does this 
and using a calibration the position of the particle at that instant 
can be related to the actual coordinates in the measurement 
volume. By putting together all images of the particle moving 
through the container the motion of the sphere can be studied. 

Discussion of results
Many of the results I obtained during my graduation project 
entail knowledge about magnet configurations, magnetic fluids, 
the motion of spheres in non-magnetic fluids and practical 

knowledge about designing a PTV setup. However, the main 
objective was to map the motion of a sphere in a magnetic fluid 
moving towards its equilibrium position. Both an experimental 
and numerical approach were taken and resulted in the following. 
For a measured magnetic field and well-known fluid properties, 
the motion of the sphere towards its final position is plotted for 
both experiments and simulations in figure 5. Both simulations 
and experiments indicate that the final position for rising and 
sinking spheres is approximately equal, as expected. Also it 
seems that larger particles, of size larger than 3 mm, overshoot 
their final positions before reaching equilibrium, whereas smaller 
particles do not exhibit such an overshoot. A theoretical analysis 
of linearized equations of motion indicate a similar transition 
and also the simulations verify the measured overshoot. The 
agreement between experiments and simulations is slightly off, 
which is due to inaccurate magnetic field measurements that 
should be performed with larger precision in the future. The 
most important conclusion is that the motion of spherical plastic 
particles in manganese(II) chloride can be accurately measured 
and predicted with the simplified one-way-coupled model.

What's next
Following my graduation I decided to do something completely 
new. During my years as a student I have come to enjoy cooking 
very much and therefore I have applied to a culinary school, Le 
Cordon Bleu Madrid. During the summer, I will try to use my 
knowledge of physics in the kitchen. After this new adventure I 
am planning to do a PhD, maybe even in an MDS-related topic!

—
By: Aled Meulenbroek (editor Van der Waals)
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Figure 6. The magnetic field of the “Goudsmit” magnet which has been 

made specifically for our setup is plotted as a function of height.  As a 

result of the interaction between magnetic field and magnetic fluid an 

effective mass density can be calculated that corresponds to a certain 

height in the fluid.  For three fluid types this effective mass density has 

been calculated and plotted, one with constant magnetization M, one for 

a typical ferrofluid used in MDS application, and one with linear magneti-

zation which is the case for manganese(II) chloride.
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It's 1920; Johannes Stark receives the 1919 Nobel Prize in 
Physics for the eponymous Stark effect. He's in Greifswald, a 
quaint university town renowned for its extremely conservative, 
almost chauvinistic faculty. This appeals to him since he, like 
many other Germans, was left disillusioned after the First 
World War. A prestigious job lost to a Jew a couple years back 
planted the seeds for antisemitism, which are now starting to 
sprout. One of Stark's doctoral students, a vehement Einstein 
hater, hands him his Habilitationsschrift (a type of thesis) on 
the optical properties of porcelain. Doctor Porcelain – the 
student's mocking moniker –  is being attacked on all sides: 
some dislike his thesis topic, some dislike his anti-Einstein 
ideas and some dislike him. Stark does not stand for this. 
Enraged, he feels it is a conspiracy of Einstein's supporters 
and he quits. But when no new job offer comes, Stark is 
isolated. Einstein's 1922 Nobel Prize and his outspoken 
support for pacifism trigger Stark to write The Contemporary 
Crisis in German Physics; the Deutsche Physik is born. 

Pragmatist mensches
Deutsche Physik is a movement of rejection. It rejects pacifism, 
internationalism and most of all modern physics (or in their 
words: Jewish physics). Its only contribution – perhaps too grand 
a word – is a flawed typology of physicists, one that rehashes 
the archaic debate of practice versus theory but now with a thin 
veneer of antisemitism. Stark defines the pragmatic spirit and 
the dogmatic spirit. The pragmatic physicist observes reality 
and draws empirical conclusions. If a theory does not comply 
with reality, he "rejects it without hesitation". The dogmatic 
physicist, a loose cannon, only wants to make his equations 
dance.  As the symbols continue their mathematical striptease 

he hopes to catch a glimpse of some physical meaning in 
them. Occasionally Evidence sneaks up on stage too, but she 
is quickly escorted away. She doesn't deserve to partake in the 
burlesque show: too ugly. Stark continues: among the ranks 
of the proud pragmatist soldiers Newton and Galileo stand 
abreast. Purebred Aryans, irrefutable proof that the Nordic 
race produces only the finest (pragmatist!) minds. Across the 
battlefield a battalion of boys tremble. Einstein's relativity Jews 
and Marxists (also Jews), united in their dogmatic ways.

Nazis, naturally
That Stark will collaborate with Hitler seems almost a 
foregone conclusion. Indeed, Stark supports Hitler as early 
as 1923, right after Hitler's failed Beer Hall Putsch, and in 
1930 (when Stark joins the NSDAP) he is awarded the title of 
'Old Fighter'. As the Nazis' halls fill, the universities empty. 
More than a sixth of the physicists leave Germany – willingly 
or otherwise. Stark gains political clout and is ambitious. 
He wants to cut out theoretical research, root and stem. He 
obtains the means to do so when he is made president of 
the Physikalisch-Technische Bundesanstalt (a higher federal 
authority) despite being unanimously rejected. Stark's plans 
are also resisted by other German physicists, such as another 
Nobel laureate, Max von Laue. Laue likens Stark's rejection of 
Relativity to that of the Catholic Church's rejection of Galileo.

Yet Stark is undeterred and makes sweeping changes in the 
Bundesanstalt. Under his leadership it focusses heavily on 
military research, rids itself of any Jews and implements a 
Führer model. All employees are to follow their leaders without 
question but can expect the same from their lackeys. At this 

VARIA

Science is human, but some sciences are more human than others. Physics, for 
instance, is stereotypically known to be difficult, mathematical and dry. People, too, 
are human, but some are more human than others. The Germans, for instance, are 
stereotypically known to be industrial, hard-working and, most of all, not particularly 
funny. Therefore blending physics and Germany should lead to wondrous results; 
Einstein, Planck and Heisenberg seem to indicate so. But sadly, it is not guaranteed.  

Stark and the 
Relativity Jews
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point, mid-1930's, the Deutsche Physik is at its peak. Several 
prominent positions are filled by the movement's followers and 
Stark is well connected. But, rejecting the world's top physicists 
is not without consequence, the Nazis realize. They accept 
Heisenberg and culturally rehabilitated him, much to Stark's 
dismay. Friction begins to generate between Stark and the Nazis.

My frenemy Hitler
The first decline is minor – more of an inconvenience than 
anything else. Stark wants more money for his Bundesanstalt. 
Instead of immediately getting it (like usual), he is told to apply 
to the Emergency Foundation. Luckily for Stark, his greatest 
asset is having friends in high places. He gets money, but goes 
over the heads of many lesser bureaucrats and understandably 
this does not sit well with some. When, in 1934, Stark's most 
important connection, the interior Minister, leaves, Stark is left 
politically stranded. From this point the Old Fighter's greatest 
nemeses will not be the Jews, but his allies the Nazis. In 
particular a man called Adolf Wagner, a high-ranking Nazi official.

Note that Stark is an ally to the Nazis – an extremely close one to 
be sure. Yet to call Stark a filthy Kraut and be done with it would 
be short-sighted. Certainly, for all intents and purposes Stark 
is a Nazi; he is part of the NSDAP (although that will change), 
he is anti-Semitic and he has close ties to Hitler. But Stark, like 
many others, subscribes to his own view of National Socialism 
and it is these differences that will lead to his removal from 
the party and save his life. For example, Stark sees nothing 
wrong with working together with Gustav Hertz (another Nobel 
laureate) and stops the Nazi from targeting him, stating, "It 
would be stupid to remove Hertz's right to teach just because 
his grandfather was a Jew." Also, Stark thinks that science 
should still be done for the sake of the truth. Naturally it should 
serve the state too, but scientific integrity is more important. 
This is also at odds with the National Socialists, for whom the 
state outranks all. But it is not science or the Jewry that will 
be Stark's downfall. No, it is simply petty human politics.

Death by Kafka
In the demesne of the aforementioned Adolf Wagner a local 
NSDAP-official and mayor, Karl Sollinger, assaults another 
man. Wagner hastily covers this up, however soon after 
Sollinger again gets arrested. Wagner covers for him again, 
and Sollinger is pardoned by Hitler. But Sollinger is a braggart 
and he claims that he can do whatever he wants. Stark catches 
wind of this and denounces him to the Minister of Justice. 
Obviously Wagner is unhappy, as he is embarrassed and his 
authority is questioned. He promptly begins a targeted attack 
against Stark and drags him to the courts: Stark should not 
have gone to a public minister. In doing so he has damaged 
the Party's image and hence he should be expelled from 
the NSDAP. Stark countersues; he accuses Wagner of 'vile 
defamation of character' and demands his expulsion.

The case goes on for over two years and is passed to 
increasingly higher courts. Stark survives this long because 
he is an Old Fighter and with seniority comes status. But in 
those two years Stark sees his power decrease. He loses one 
of his two presidencies and gradually falls out of favor with the 

SS as he refuses to do science only for the Nazis' sake. A 
way out presents itself when Wagner offers to halt the court 
proceedings if Stark publically apologizes. Of course Stark 
refuses. It is only in 1937 that, at Stark's final trial the case is 
stopped. The court concludes that Stark made a mistake but 
that he should not be punished for it. Although Stark is now 
free, he is alienated from his old comrades. In an effort to 
curry favor he attacks Heisenberg. But Heisenberg had been 
accepted by the Nazis, even becoming an important asset, 
so the move backfires. The last drop is when Stark's son is 
arrested and sent to the Front. Stark resigns from the NSDAP.

Nuremberg (not)
Not soon after the war ends, Stark is put on trial. By now he is 
an old man. The courts initially charge him on three accounts: 
support of Hitler, his activities as president of the PTR and 
conflicts with the peoples of Traunstein (where Sollinger was 
a mayor). The last charge is dismissed due to lack of evidence 
and the first charge because Stark claimed that his initial support 
of Hitler did not prove his support of the following regime (he 
backs this with his resignation from the party). For his activities 
as president of the PTR the courts ask Heisenberg and Einstein. 
Oddly enough both men call Stark paranoid, but not anti-Semitic. 
Stark leaves the court with only a fine of 1000 German Marks. 
He dies, 83, in 1957, and with him the Deutsche Physik.
—
By: Kees Mommers (editor Van der Waals)

A portrait of Johannes Stark: Nobel laureate, co-founder of the Deutsche 

Physik and anti-Semite. Source: A. B. Lagrelius & Westphal.
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ADVERTORIAL

The era of ‘Things’ is 
coming and our 
industry is enabling it

The legendary inventor Nikola Tesla might have predicted 
the rise of the Internet of Things (IoT) in 1926 when he 
said, “When wireless is perfectly applied the whole earth 
will be converted into a huge brain, which in fact it is, all 
things being particles of a real and rhythmic whole.”

The world is certainly more connected than ever before. In 2011, 
the total number of connected devices had already overtaken 
the global human population. In 2015, the internet traffic from 
wireless devices surpassed that of wired devices. And while 
you’re reading this article, some 40,000 new devices with all 
kinds of purposes will connect to the internet for the first time.

That growing number of connected devices and the sheer 
amount of data that they produce, makes IoT a red hot trend 
with vast economic potential. A report from the McKinsey 
Global Institute estimates that IoT could have an annual 
economic impact of up to $11.1 trillion by 2025 across various 
settings, such as factories, cities, automotive and health.

There’s a chip for every thing
At the heart of it all is a tiny device with great power: the 
semiconductor chip. Over the last decades, the semi-
conductor industry has innovated across a wide range 
of chip types to improve performance and reduce cost. 
While the most advanced chips are powering high-end 
electronics and digital developments, simpler, low cost 
chips are finding a new market, at the heart of IoT.

"The world is certainly more 
connected than ever before."

Toni Mesquida Küsters (Senior Director Product 
Marketing DUV at ASML): “IoT drives both mature- 
and leading-edge lithography demand.”

“Crucially, mass production has steadily reduced chip prices 
across the board,” says Toni. “We’ve entered an era in which it 
makes economic sense to integrate low cost chips in all kinds 
of products, making them a lot smarter at little extra cost.”

In today’s connected world, semiconductor chips can help save energy in a 
smart thermostat for your home, are helping you drive your car, and can reliably 
monitor your heart rate with your watch. The ‘Internet of Things’ is expected to 
connect anywhere from 50 to 200 billion such devices by 2020. Toni Mesquida 
Küsters (Senior Director Product Marketing DUV at ASML) explains how these 
new applications of chip technology are enabled by mature lithography systems.

The ASML cleanroom where a training is given for the production of 

chips. 
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The smallest feature sizes on the lowest-cost chips are 
several hundred nanometers across, compared to just ten 
nanometers on the most advanced chips. But these chips 
are able to provide the functionality needed in connected 
devices. As a result we’re seeing a resurgence in chip 
factories (also known as ‘fabs’) using older lithography 
systems that make chips on 200 mm silicon wafers.

The fab that made a comeback
“With the increasing demand for IoT chips, the industry 
sees 200 mm fabs boosting their output to levels we haven’t 
seen in a decade,” says Antonio. “The global semiconductor 
industry association SEMI expects that fabs will beat their 2007 
record capacity of 5.7 million wafers per month by 2020.”

You could almost forget that a decade ago, the fate of 200 
mm fabs seemed sealed. “When the economic downturn of 
2007 hit the market, 200 mm capacity was already slumping 
to give way to the more advanced 300 mm fabs,” says Toni. 
“Larger wafers allowed chipmakers to put significantly more 
chips on them, dramatically reducing the cost of each chip.”

But the tide has turned: an industry SEMI report notes that 
worldwide there are 188 fabs with 200 mm technology in 
production in 2016, with expansion plans to 197 fabs by 2021. 
The 200 mm market is truly resurrecting. The question is: will 
the added capacity boost be enough to meet the IoT demand?
Chipmakers building new 200 mm fabs are mostly 
in Asia, with China leading the pack. For chipma-
kers with older 200 mm fabs, boosting output means 
upgrading the lithography equipment within.

Many 200 mm fabs are relying on ASML’s mature lithography 
machines — the PAS 5500 and TWINSCAN XT lines. The PAS 
was introduced in the 1990s and is no longer made as new 
(only refurbished), but demand has prompted us to extend our 
service of them to 2030, as well as to offer major upgrades 
for improved productivity and reliability. Chipmakers building 
new fabs look to the more versatile TWINSCAN XT line, which 
can be tweaked to handle either 200 mm or 300 mm wafers. 
For other chipmakers, it could make sense to replace multiple 

older PAS systems with a single new XT system, giving the fab 
output a much needed boost while using less fab space to do it.

It’s all about the zetabytes
The IoT trend is also resonating across other parts of the 
semiconductor industry. The growing number of connected 
devices in the market generates huge amounts of data that 
needs to be stored and crunched. Last year’s IDC Digital 
Universe estimated that the amount of data created in the 
world annually would be 180 zetabytes (that’s 180 trillion 
gigabytes) in 2025, up from less than 10 zetabytes in 2015. 

 “To store and process such amounts of data, you need 
the most advanced memory and logic chips,” says Toni. 
For example, Intel’s 8th gen logic processors that give a 
40% performance boost generation-on-generation, and 
the memory technology that powers our data centers, like 
SSD, DRAM or HBM for deep learning. Toni: “These chip 
technologies can be manufactured in 300 mm fabs with our 
state-of-the-art immersion and EUV lithography systems.”

"To store and process such 
amouts of data, you need 
the most advanced memory 
and logic chips."

In the end, the Internet of Things is part of a bigger cycle, 
which has the consumer at its heart. Toni: “The world 
around us is changing fast and technology is fueling that 
change. It is a growth cycle, resulting in more capacity for 
both simple and the most advanced chips. The semicon-
ductor industry both drives and benefits from this cycle.”

—
By: Sander Hofman (Corporate Commu-
nications Manager at ASML)
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Meet the new 
Candidate board!

VARIA

Recently, the 61st Candidate board of SVTN “J.D. van der Waals” was elected. Since the 
founding of our study association there has been a group of students that runs the association 
for an entire academic year. For the academic year 2019-2020, this is a group of seven lucky 
students who will make sure that everything runs smoothly. On the 10th of September 2019, 
these students will replace the current board. The Kandis are, however, already occupied 
with a lot of different things that are associated with being part of a Candidate board. Next to 
that, they are also following courses or doing their final bachelor projects. In this article, they 
explain what their weeks look like so that you can get to know them a bit more.

Hi there! First of all, we will briefly introduce ourselves. Merel 
Laarhoven will be the chairman of the 61st board of our beloved 
study association. She has been an active member of Van der 
Waals since her first year in Eindhoven. It all started with the 
First-year committee, together with Lieke and Lotte. Lieke 
Ruijs will be our secretary and Lustrum commissioner. Next 
to that she will be the editor-in-chief of the beautiful N!. Cas 
van Haren will be the treasurer. He has not been an active 
member in his first year, but at the moment he is part no 
fewer than three committees: the Small study tour abroad 
committee, the WebCie and the PromoCie. Niek Groot is also 
a member of the PromoCie and he will be commissioner of 
external affairs together with Lotte van de Rakt. Apart from 
commissioner of external affairs, which is the responsibility 
of acquiring sponsoring, Lotte will also be the commissioner 

of the study trip abroad. Last year she was a member of the 
Activities Committee together with Niek and Merel and now 
she contributes in developing the Almanac of the academic 
year 2019-2020. Thomas van den Doel is going to be the next 
year’s commissioner of internal affairs and study affairs. Just 
like Cas, he is also a member of the WebCie. He has been an 
active member since his first year. His first committee was the 
Parents-day committee in which Rein was also a member. Both 
of them also took part in the organization of the First-years' 
weekend. This brings us to the last member of the Candidate 
board, Rein Albers. He will perform the task of Borrel treas-
urer and Lustrum commissioner. Rein and Lieke, together 
with the entire 61st board, will oversee the organization of our 
association's 12th lustrum which will be celebrated in October 
2020. This means that also the 62nd board will contribute in 
the execution of the lustrum, which might include you!

"We really like our study 
association and are willing 
to do something extra for 
the association."

All of us are active members of our association and this is also 
one of the reasons why we would like to do a board year. We 
really like our study association and are willing to do some-
thing extra for the association. We are extremely excited for 
the upcoming year! Although our installment as a new board 
will be no earlier than September, we are already busy with a Picture taken just after the Election General Assembly. 
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Picture of the Candidate board taken on the rooftop terrace in Flux. From left to right: Thomas, Niek, Lieke, Merel, Cas, Lotte and Rein. 

lot of new things. This will be described in the remainder of 
this article. We hope that you will enjoy the sneak peek into 
our week and that you will get to know us better in this way. 

Monday
The first day of a new week with a lot of new experiences. 
Five of us are busy with their final bachelor projects (BFP), 
which demands all our free time. On Monday, Lotte and 
Merel who are doing their BFP in the same research group, 
have a weekly meeting with all the students doing their BFP 
in that research group. In this meeting they update each 
other on their progress and enjoy some cookies. Unfortu-
nately, these cookies are not home-baked which Merel would 
prefer, as she likes baking a lot herself. She has a meeting 
every break, most of these meetings are STOOR-related 
as she has been STOOR member for over two years. 

"Unfortunately (mostly for Cas 
actually), there were golf balls..."

Niek joined a conversation with a sponsor this Monday and he 
had his first victory Swirl! For Lotte this moment is yet to come... 
Furthermore, Niek also had a meeting for his BFP for discussing 
the progress. He is already looking forward to Wednesday 
were he will be able to perform his first measurements. But 
let us not get ahead of ourselves, and first finish Monday.

For Rein, Monday is his free day. However, if you want to find 
him on a Monday you just have to go to the seventh floor in Flux. 

Though he may also be found in the Van-der-Waals room if he 
lost his concentration (or is just having a break). At the moment 
Rein is following three courses and besides that he has two 
retakes as well. Thomas follows the course General Relativity 
(GRT) on Monday. This Monday was the first day that he did 
some homework, which, to his surprise, went miraculously well. 
Lieke and Cas were busy with their final bachelor projects the 
entire day. They had something to look forward to though: the 
Curieus Killer Cocktail Workshop. During this workshop Rein 
showed his performing skills and Thomas succeeded in tipping 
over not only one but two cocktails! After this great activity we 
went to a Thor party in order to socialize with our neighbors. 
Unfortunately (mostly for Cas actually), there were golf balls...

Tuesday
Cas had an important presentation today for his BFP. Last 
night's golf balls weren’t really helpful this morning, but luckily 
he is capable of giving a presentation in such an ‘unfortunate’ 
circumstance and everything went well. The five of us doing 
their BFP enjoyed their free hours working on their measure-
ments, calculations and writing on their reports. Rein spent his 
morning with an experiment for Experimental Physics 3 and as 
upcoming Borrel treasurer, he joined Jorn who was receiving 
the new beer load. Normally, Rein also has lectures in the 
afternoon but not today. This afternoon, a board training was 
scheduled. The training was focused on making decisions in an 
efficient manner. We learned a lot and also really improved our 
outdoor-survival skills. You can ask us later what we all know 
now. Furthermore, the Candidate board of the study association 
Simon Stevin came by for a fun game. In the evening Cas and 
Thomas went to the Calco Arduino workshop which turned out 
to not be an Arduino workshop. It was however still a fun u
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u workshop and after that Cas and Niek decided to go to the 
gym instead of getting some sleep. On this Tuesday evening 
Rein and Lotte enjoyed some delicious, high-quality food from 
the SPAR as they performed some work for the Almanac 
2019: “Let the music speak” together with the Almanac 
Committee. The rest of us enjoyed a free evening, although it 
was perhaps not that free: there is always something to do.

Wednesday
Wednesday, the day that Niek could perform his first meas-
urements remember? Well, you may already feel it coming 
but due to some miscommunications Niek could not do his 
measurements. There is always a positive side though: Niek 
could now join the different ‘Kandi activities’ of this day. On 
Wednesday morning no one has a lecture which means that 
in most weeks we will have a meeting together to discuss all 
relevant things going on. This specific Wednesday however, 
we had a date with the Candidate board of CHEOPS where 
we enjoyed some coffee with cookies (also not home-baked, 
but very tasty nonetheless). Next to that, two other Candi-
date boards came by for some games during the day. In the 
afternoon we helped the AC with their amazing BBQ before 
the N-party. Details about this awesome party (best FSE 
party we had!) will not be discussed here... Spoiler alert: there 
were golf balls present at the party which, again, could not 
be appreciated by Cas. Furthermore, Merel went to her last 
Studium Generale lecture which means that she can now 
finish her Bachelor's! Lieke had her weekly BFP meeting on 
Wednesdays and Thomas had a symposium meeting as he is 
part of that committee. In the afternoon, Thomas, Rein and 
Lieke followed (and enjoyed) a Thermal Physics lecture. 

Thursday
Some of us decided that they deserved some more sleep after 
the Wednesday's party, some did not. However, for all of us it 
was another day where a lot had to be done. These things still 
included working on our BFPs and following courses, but we 
also had our Kandi meeting this day. Lieke experienced her first 
struggles with InDesign, for which, as this fantastic journal's 
editor-in-chief, some skills are required. Furthermore, we had 
another date with our neighbors, the Candidate board of Thor, 
and we took part in the ‘ProZAc Borreltocht’ where we enjoyed 

a wide variety of sodas (and some beers). Although everyone 
was a bit tired we consider, and especially Rein considers, 
Thursday to be the best day of the week. One reason for this is 
obviously the weekly Borrel. Apart from that, our study associa-
tion was founded on a Thursday. After visiting different ‘Borrels’ 
and visiting Plugged we went to the city for some food and then 
we decided it was a good idea to go to bed. Except for Rein and 
Thomas as they had an evening with their fraternity KlemKu. 

Friday
Almost weekend! While Niek did not get the opportunity yet to 
do some measurements, Lotte had only one day left for doing 
hers. This was not possible without the necessary amount of 
stress as she had to go to her hometown early that day. That is 
why she already started at 8 o’clock in the morning. Merel and 
Cas had a meeting with the Small study trip abroad committee 
for arranging the last things for their trip to Copenhagen next 
week. Friday morning there was also a Thermal Physics lecture 
and we all spent time, again, on our BFPs and courses. Rein 
had his weekly mentoring session with Jorn during which he 
learned what to do the day after the Borrel. Cas also learned 
some things about being a treasurer and Thomas had a meeting 
concerning the book sale as he is the next commissioner of 
study affairs. At the end of the day most of us headed to our 
hometowns or spent some time with our roommates. Finally 
weekend, time to relax, work, study and perform sports. 

"Finally weekend, time to relax, 
work, study and perform sports."

By describing this week we hope that you have a better view 
of what our weeks look like. We are working hard in order to be 
well-prepared for next year. This means that we for example 
spend time learning the house regulations, working out our 
vision and policies and we try to experience as many things that 
are related to our tasks as possible. Merel is already being the 
chairman of our Candidate board and Lieke obviously writes the 
minutes of our meetings and is doing other secretary-related 
tasks. Cas made his first Kandi budget, where the numbers 
luckily did add up in the end. Everyone is planning sessions 
with the current board members to learn task-related things. In 
addition, we try to get to know as many people as possible. This 
includes people within our own association but also people from 
the different FSE associations. We are really looking forward to 
the next academic year. We have a lot of ideas for next year, and 
we are already busy coming up with ideas for our 12th lustrum. 
We want this anniversary to be a special one so if you have 
some great suggestions we really want to encourage you to 
come and tell us. This is also the case for all other relevant topics 
and not only the lustrum. Next year, when we will spend most 
of our time in the Van-der-Waalsroom, we hope to see you all 
often to have a chat and drink some coffee or tea. We also hope 
to see you at the amazing activities that our association offers 
and maybe we will organize one together. Thanks for reading!
—
By: The upcoming 61st board of SVTN "J.D. van der Waals"Picture taken during the Borrelgames. 
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Het observeren van de directe omgeving van een zwart gat is 
iets dat astrofysici zich al lang geleden tot doel hebben gesteld, 
omdat het ongeëvenaarde mogelijkheden biedt om de Alge-
mene Relativiteitswet van Einstein te valideren. Lange tijd bleef 
dit een droom, omdat de techniek bij lange na niet in de buurt 
kwam van de resolutie die nodig is om een zwart gat op de 
gevoelige plaat vast te leggen. Eén van de 'grootste' zwarte 
gaten die wij aan de hemel kunnen zien is het zwarte gat in 
het centrum van Messier 87, in de handpalm van de Maagd. 
De breedte daarvan is ongeveer 40 microboogseconde. Ter 
vergelijking, de kleinste structuren die we met onze eigen 
ogen kunnen onderscheiden zijn ongeveer een boogminuut 
breed ofwel een miljoen keer groter. Zelfs de beste tele-
scoop op aarde, de VLTI in Chili, komt met een resolutie van 
maximaal 0,002 boogseconde nog een factor vijftig tekort.

Maar dan doen we toch wat wetenschappers altijd doen 
als de techniek er nog niet is? Gewoon een paar decennia 
wachten? Helaas, de techniek die de Very Large Telescope 
een fors hogere resolutie geeft is er niet en zal er ook nooit 
komen. Het is namelijk niet de techniek waarop we vastlopen, 
maar een fundamentele optische grens: de diffractielimiet.

Airy-schijven en de diffractielimiet
De diffractielimiet is één van die jammerlijke gevolgen van het 
golfkarakter van licht. Als je met een circulaire lens een puntbron 
afbeeldt dan verwacht je op basis van middelbareschoolnatuur-
kunde een puntbron terug te krijgen. Dat blijkt niet waar, want 
wie dat experiment doet vindt een serie concentrische ringen 
die van heel fel naar heel donker naar heel fel gaan. In figuur 1

Event Horizon Telescope
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staat een dergelijk experiment, waarbij een rode laser door 
een miniem gaatje van 90 micron breed wordt geschenen. De 
opeenvolgende concentrische ringen heten Airy-schijven en 
zijn vernoemd naar de gelijknamige astronoom. Reeds in 1835 
beschreef de Brit George Biddell Airy dit effect in zijn artikel 
On the Diffraction of an Object-glass with Circulair Aperture. 

Dat we met diffractie te maken hebben is duidelijk, maar 
waarom levert dat een limiet voor de resolutie op? Als we het 
object dat we willen afbeelden beschouwen als een collectie 
lasers, dan zal elk van die lasers zorgen voor een diffractiepa-
troon zoals in figuur 1. Als de lasers ver genoeg uit elkaar liggen 
dan maakt dat helemaal niets uit, want dan kunnen we u

Figuur 1: Airy-schijven ten gevolge van een rode laser die door een 

gaatje van 90 micron wordt geschenen. Bron: Wikipedia/Bautsch.

Over het zwarte gat in het centrum van Messier 87 is ontzettend veel 
spannends te vertellen, maar wat te zeggen van de camera die je gebruikt 
om zo'n fenomeen mee op de gevoelige plaat vast te leggen? Dat moet 
een knap staaltje technologie geweest zijn, want anders hadden ze dit 
plaatje al veel eerder geschoten. De beperkende factor is een relatief 
eenvoudig stukje optica: de diffractielimiet. De moeilijkheden op het 
gebied van techniek en dataverwerking die door die ogenschijnlijk 
simpele limiet worden opgeworpen zijn fors. Want bouw hem maar eens, 
een telescoop ter grootte van de hele aarde: de EHT.
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u de onafhankelijke patronen herkennen. Daar gaat dus geen 
informatie verloren. Problematisch wordt het als de patronen 
zo dicht bij elkaar komen te liggen dat cirkels van gelijke orde 
versmelten. Het simpelst is dat te zien bij de middelste schijf. 

Als laserbronnen zo dicht bij elkaar liggen dat die schijven in 
elkaar overgaan, dan weten we in het overlappende gebied 
niet meer van welk van beide lasers het licht dat we meten nu 
afkomstig was. Daar gaat dus een stukje informatie verloren. 
Schuif ze nog dichter bij elkaar en dan hebben we op een 
gegeven moment helemaal geen idee meer van welk van 
beide lasers het licht komt. Twee onafhankelijke lasers worden 
daarmee één en dezelfde. De diffractielimiet is bereikt.

De diffractielimiet hangt dus samen met de breedte van 
de middelste schijf en daar kunnen we een uitdrukking 
voor opschrijven. Daaruit volgt uiteindelijk een uitdrukking 
voor de hoekresolutie, dat wil zeggen de kleinst mogelijk 

hoek waaronder we twee puntbronnen nog kunnen onder-
scheiden. Op een numerieke voorfactor na vinden we dat

hoekresolutie = golflengte / diameter.

Go big or go home
Om de resolutie te vergroten kunnen we dus aan twee knoppen 
draaien de golflengte van het licht en het formaat van de 
opening waardoor dat licht valt. Bij passieve beeldvormings-
methodes zoals die in de astronomie worden gebruikt, is de 
draairuimte van die eerste helaas vrij beperkt. De golflengte 
wordt immers bepaald door het hemellichaam dat we obser-
veren. We kunnen natuurlijk zover mogelijk in het UV-spectrum 
meten, maar daar worden we al gauw begrensd doordat de 
atmosfeer zulke lage golflengtes – voor de wetenschap nood-
lottig maar voor ons als mensen erg gelukkig – absorbeert. 
Actieve beeldvormingsmethodes maken er evenwel dankbaar 
gebruik van, bijvoorbeeld door ‘licht’ te lezen als elektronen-
bundel. Omdat de golflengte van een elektronengolf zoveel 
lager ligt dan die van licht zijn veel hogere resoluties mogelijk.

Voor de astronomie is er dus maar één optie: go big or go home. 
Maar hoe groot moeten we dan zijn? Stel, puur hypothetisch 
natuurlijk, dat we een zwart gat zouden willen observeren dat 
een breedte heeft van 42 microboogseconden en licht uitzendt 
bij een golflengte van 1,3 mm. Als we een dergelijk zwart gat 
beschouwen als puntbron en ons afvragen wat dan de mini-
male diameter zou moeten zijn om zo’n puntbron (laserpunt) te 
projecteren, dan komen we op 7,8 duizend kilometer. Dan kun je 
de VLT opschalen wat je wilt, maar dat gaat hem nooit worden. 

Interferometrie
Dus hoe maak je een telescoop met een apertuur ter grootte 
van de aarde zonder daadwerkelijk zo’n telescoop te maken? Je 
combineert een paar kleinere, natuurlijk! Dat is overigens geen 
inzicht dat nieuw is voor de Event Horizon Telescope. In 1946 al 
werd voor het eerst onze eigen zon gemeten door het signaal 
van meerdere telescopen te combineren. Aan het begin van het 
artikel hebben we ook valsgespeeld, want VLTI staat voor de 
Very Large Telescope Interferometer. Niet één maar vier grote 
telescopen plus drie hulptelescopen geven samen een reso-
lutie van twee milliboogseconde. Elk van de telescopen afzon-
derlijk heeft 'slechts' een resolutie van 50 milliboogseconde. 
Door interferometrie kunnen twee of meer losse signalen zo 
gecombineerd worden dat ze samen het plaatje vormen dat één 
enorme telescoop met een diameter ter grootte van de basis-
lijn (de afstand tussen twee telescopen) zou kunnen zien. Het 
combineren van alle telescopen van de VLT resulteert dus in 
een effectieve diameter zo groot als de rode cirkel in figuur 2.

Die signalen combineren is overigens geen sinecure. Omdat 
de telescopen meestal onder een hoek naar een object kijken, 
staan ze op verschillende afstanden van dat object. Dat betekent 
dat licht dat op een bepaald tijdstip t=0 wordt uitgezonden op 
verschillende momenten bij verschillende telescopen aankomt. 
Hoe groter de basislijn tussen telescopen, des te langer de 
vertraging. Om hiervoor te compenseren liggen er onder de 
grond bij de VLT optische vertragingspaden, die zorgen dat licht 
van de verst gelegen telescoop wat verder moet reizen dan dat 

Figuur 3: De acht locaties van de Event Horizon Telescope uit 2017. 

Bron: EHT Collaboration.

Figuur 2: De Very Large Telescope met in rood de effectieve diameter 

als de telescopen worden gecombineerd in VLTI-modus. Bron: ESO.
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van de dichtstbij gelegene. De apparatuur om de lengte van die 
paden vast te stellen moet op de nanometer nauwkeurig zijn. 
Dit proces is bij de kortere golflengtes zo ontzettend complex 
dat deze correcties hardwarematig moeten worden gedaan. 
Zonder de fysieke bekabeling onder de VLT kan zelfs de beste 
supercomputer de benodigde berekeningen niet doen. 

Very Long Baseline Interferometry
Bij lange golflengtes zoals die nodig om het zwarte gat te obser-
veren is het gelukkig wel mogelijk om computers te gebruiken. 
Anders was het snel bekeken, want we kunnen moeilijk coax-
kabels van tienduizenden kilometers gaan trekken tussen 
telescopen. We betalen hier wel een hoge prijs voor, want we 
hebben gezien dat de maximale resolutie lineair gaat met de 
golflengte. De stap van infrarood (in het micrometerregime, zoals 
de VLTI gebruikt) naar het millimeterregime waarin het zwarte 
gat wordt gemeten kost tot een factor duizend aan resolutie.

Bovendien hebben we nu een basislijn nodig van pak 'm beet 
de hele aardomtrek, dus de vertragingen worden ook een 
formaatje forser. Deze techniek wordt Very Long Baseline 
Interferometry genoemd en is gebruikt voor het afbeelden 
van het zwarte gat in het centrum van Messier 87. De 'tele-
scoop' is te zien in figuur 3. De blauwe lijnen beelden hier de 
basislijnen af. In plaats van fysieke kabels die direct het signaal 
combineren wordt gebruik gemaakt van harde schijven. Een 
atoomklok houdt nauwkeurig de tijd bij zodat de supercomputer 
in een later stadium de vertragingen zal kunnen uitrekenen.

Dataverwerking
Op de bewuste dagen in 2017 werden data verzameld in twee 
verschillende frequentiebanden. Die werden vervolgens naar 
onderzoeksinstituten in de Verenigde Staten en Duitsland 
gestuurd, waar met de computer uit alle interferenties (dat zijn 
er nogal wat zoals te zien aan het aantal basislijnen in figuur 3) 
het 'plaatje' werd gehaald. Dat staat hier bewust tussen aanha-
lingstekens, want van een echte afbeelding was op dat moment 
nog lang geen sprake. Wat er uit de computer kwam rollen zien 
we in figuur 4: een fourierspectrum als functie van de basis-
lijnlengte. Op het eerste gezicht wellicht een weinigzeggend 
plaatje, maar niets is minder waar. Ook geplot in die grafiek is 

een besselfunctie van de eerste soort, namelijk J0. Dat is exact 
dezelfde functie die je krijgt als je een plaatje van een dunne 
ring fouriertransformeert! In dit specifieke geval, eentje met 
een diameter van 46 microboogseconden. En laat dat nou exact 
zijn waar we naar op zoek waren. Zelfs voordat de eerste echte 
plaatjes gemaakt waren, was dit dus al een enorme opsteker 
voor wetenschappers. De verwachting was namelijk dat er rond 
het zwarte gat een felle ring van fotonen moest ronddraaien. 

Eén vraag die op dit punt wel opkomt: hoe hebben ze ooit zo'n 
scherp plaatje kunnen maken? Als we gebruikmaken van de 
diffractielimiet vinden we namelijk dat de resolutie van een 
telescoop ter grootte van de volledige aarde bij een golflengte 
van 1,3 millimeter ongeveer 25 microboogseconden is. Even 
in Photoshop en voilà, dan houd je ongeveer de resolutie in 
figuur 5 over. Daar zal dus nog wel iets meer zijn gebeurd.

Algoritmes en slim gokken
Tussen de interferometrieresultaten en het eindresultaat 
zat inderdaad nog ontzettend veel werk. In sommige delen 
van de ruimte was slechts schaars bemonsterd, waardoor 
het terugvertalen van fourier- naar reële ruimte niet zonder 
slag of stoot ging. Verder zaten er grote onzekerheden in 
de gemeten amplitudes. Er zijn allerlei aannames en rand-
voorwaarden aan te pas gekomen om tot de uiteindelijke 
afbeelding te komen. Zo moest de afbeelding fysisch 
plausibel zijn: compact, positief en glad bijvoorbeeld. 

Verschillende teams hebben gebruik gemaakt van verschil-
lende algoritmes, die allerlei vrije parameters bevatten die het 
eindresultaat flink konden beïnvloedden. De teams mochten 
hun resultaten bovendien niet tussentijds met elkaar delen: 
daardoor zouden hun resultaten niet meer onafhankelijk zijn. 
Totaal gescheiden als de teams opereerden, produceerden ze 
toch afbeeldingen die heel erg op elkaar leken én die overeen 
kwamen met theoretische modellen van het zwarte gat. Een 
selectie van drie algoritmes en een uiteindelijke middeling van 
hun uitkomsten brengen ons tot het eindresultaat. Die ziet 
er gelukkig een stuk beter uit dan mijn Photoshopversie.
—
Door: Jens Peter Frankemölle (redactielid Van der Waals)

Figuur 4: Dit is het resultaat van de meting. Daar worden we weinig wijs 

uit. Hoewel, de stippellijn is de besselfunctie J0. Dat is de fouriergetrans-

formeerde van, jawel, een dunne ring! Bron: EHT Collaboration.

Figuur 5: Een diffractielimiet van 25 microboogseconde betekent dat het 

onbewerkte plaatje ongeveer deze resolutie zou moeten hebben. Eigen 

adaptatie van bron: EHT Collaboration.
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Willem de Sitter was born in 1872 in Sneek, the Nether-
lands, in a family of lawyers.  His father, Lamoraal Ulbo de 
Sitter, expected that his son would follow family tradition 
and become a lawyer. Willem's ambition for mathematics, 
however, pushed him on a different path. He entered the 
University of Groningen after studying at the Gymnasium 
in Arnhem, pursuing a mathematics degree. His interest in 
physics and physical experiments grew during his under-
graduate years. He assisted professor Hermanus Haga in 
the astronomical laboratory of the university. At that time, 
professor Jacobus Kapteyn was analyzing photographs taken 
by astronomer David Gill at the observatory in Cape Town.
 
David Gill visited Kapteyn in 1896 to discuss progress. He then 
met De Sitter and the two talked for a while. The following 
morning, Gill asked De Sitter if he would be interested to come 
to Cape Town as a computer. De Sitter accepted his offer and 
after receiving his bachelor’s degree in 1897, he left for Cape 
Town. He took part in photometric and heliometric programmes. 
Gill suggested that De Sitter also should work towards his 
doctorate, studying the moons of Jupiter. He continued to 
work on his doctorate after his return to Groningen in 1899.

His research did not stop there, De Sitter made a significant 
contribution to the theories regarding general and special 
relativity. A paper published by him in 1913 argued the emis-
sion theory of Walther Ritz, who postulated a variable speed 
of light. Light emitted from a source will travel at the speed 
of light with respect to that source. So, if a star would travel 
with a velocity v, the light would travel with a velocity of v+c. 
De Sitter observed a double star system and argued that if the 
emission theory were true, the light emitted of the approaching 
star would overtake the light emitted from the receding star. 
The received image would be scrambled. Kepler’s laws of 
motion would have also been violated for a distant observer. 
De Sitter did not find any non-Keplerian orbits during the 
observation of the double star system. De Sitter’s calculations 
almost certainly proved the emission theory to be wrong. 
Later experiments after his passing yielded the same results. 

In 1916, De Sitter corresponded with Paul Ehrenfest, proposing 
a four-dimensional spacetime that would fit within cosmological 
models based on general relativity in that time. He published 
papers about the astronomical consequences of Einstein’s 
general theory of relativity. He solved Einstein’s field equa-

tions for a reference frame without mass, which was contrary 
to Mach’s statement, that local inertial frames of reference 
were determined by the large-scale distribution of mass in the 
universe. De Sitter also stated that relativity implies that the 
universe was expanding. Einstein did not accept this state-
ment until it was verified observationally by Edwin Hubble in 
1929. The described model is now called “De Sitter Space”: 
an n-dimensional maximal-symmetric vacuum solution of 
Einstein’s field equation with a positive cosmological constant. 

Einstein and De Sitter also worked together for a while. They 
published a joint paper in 1932 about a ‘simple’ solution 
to the field equations in general relativity, the Einstein-De 
Sitter universe. This model of the universe described an 
expanding universe where there might be large amounts 
of matter which neither emitted light and had not been 
detected. This special kind of matter was later called “dark 
matter”, whose properties remain a mystery to this day. 

Throughout his life, De Sitter kept his interest in the moons of 
Jupiter. He worked on the orbital elements and the masses 
of the four moons. De Sitter realized during his research 
that his data was affected by variations in the speed of rota-
tion of the earth. This inspired him for another study, which 
showed that there is a varying tidal friction between the 
earth and he moon, causing sudden changes in the moment 
of inertia of the earth. To put it simply, the moon tugs on 
the earth, which slows it down a bit. De Sitter produced 
definitive results about the moons of Jupiter in 1929 but 
was still working on the table of motions. Unfortunately, he 
could not finish it. Willem de Sitter passed away in 1934. 

—
By: Valan Llapjani (editor Van der Waals)

Willem de Sitter
BNN

The scientific community has accepted the fact that the universe is expanding and 
that the speed of light stays the same, even if the light source is moving at a high speed. 
Willem also found solutions to Einstein’s field equations in a universe without mass. 

What is Willem de Sitter 
known for?

• De Sitter space.

• His double star experiment.

• His studies on Jupiter's moons.
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8. Deze spanning kan niet gehanteerd worden door 
het grote publiek en moet verborgen worden.
9. Door harde windstoten en elektrische ontladingen vallen 
er meerdere appels op het hoofd van deze persoon.

Bongard problem
Bongard problems are a kind of puzzle which were invented by 
the Russian computer scientist Mikhail Moiseevich Bongard dur-
ing the 1960s. They were published together with his book on 
pattern recognition. The idea of a Bongard problem is to present 
two sets of relatively simple diagrams, for example A and B. 
All the diagrams from set A have a common factor or attribute, 
which is lacking in all the diagrams of set B. The problem is to 
find, or to formulate, convincingly, the common factor. 

Much research has been done in order to see whether a pro-
gram can be devised which can confidently solve all bongard 
problems, however due to the sheer scope of the possible com-
mon factors it has been proven very difficult to achieve this. Can 
you find the common factor in this Bongard problem and prove 
that humans are still superior to computers in this regard? 

We have two Bongard challenges for you. If you can recognize 
the common factor in one of these (or both) problems, then 
send these results to redactie@vdwaals.nl and maybe you can 
collect the Borrelbonnen during the next academic year!
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Woordgraptogram
De uitdaging van vorige editie was het oplossen van de 
woordgraptogram. Er zijn een aantal inzendingen geweest 
met creatieve woordgrappen. Hoewel niemand alle woord-
grappen wist te ontcijferen, zijn er wel een aantal goede oplos-
singen ingestuurd. De beste inzending is ingestuurd door 
Roy Rosenkamp. Hij had het verticale woord goed en heeft 
daarnaast ook alle woordgrappen gevonden. Gefeliciteerd! 
Je mag drie Borrelbon ophalen in de Van der Waalskamer. 

Mocht je er niet uit zijn gekomen of gewoon benieuwd zijn 
naar alle goede antwoorden? Hieronder staan de puzzel 
en de antwoorden nog een keer beschreven. De verticale 
oplossen zou uiteindelijk Borrelbon moeten worden. 

1. Deze Deense natuurkundige heeft last 
van stemmingswisselingen. 
2. Een beschrijving van buitensporig vreemd gedrag van licht.
3. De natuurkunde van het samensmelten van atomen.
4. Deze zwarte naar ammoniak smakende 
substantie klinkt hoger als het op je af komt.
5. Voor elke buiging (van een golf) is er een tegen-
gestelde en evengrote verbuiging. 
6. Kleinst smakend element.
7. Elementair deeltje met periodieke onwillekeurige samen-
trekkingen die een kenmerkend geluid produceren.

B O R D E RH L I N E

O P T I C A F F A I R E
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H I K B O OS N
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Tue 17 Sep
Contitution Borrel
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Thu 15 Aug
VENI-Borrel

Fri 27 Sep
MomenTUm

Mon 16 Sep
RecruitersBorrel

Tue 10 Sep
TransitionGA
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For an up-to-date overview, 
see: www.vdwaals.nl 
or www.veni.nl

Fri 18 Oct
VENI lezingen-
avond

Tue 24 Sep
Gupta Sizing 
challenge

Tue 1 Oct
Forexx workshop
Get to know Forexx 
during this workshop. 

Fri 4 Oct
First-years' Camp
This activity is 
organized for the 
new students!

Tue 28 May
Lustrum Committee 
Interest Borrel
Visit the Borrel if you 
are interested in a 
Lustrum committee! 

Tue 15 Oct
ASML case

Fri 20 Sep
WiXi

CALENDAR

Thu 31 Oct
VENI-Borrel



Sinds 1993 probeert alumnivereniging VENI de 
banden tussen haar leden onderling en tussen 
de leden en de universiteit te verstevigen, en de 
belangen van haar leden te behartigen. 

Een belangrijk onderdeel hiervan zijn 
activiteiten zoals de traditionele 
VENI-BBQ voor alumni en studenten. 
De afgelopen editie was wederom   
een groot succes!

(Bijna) afgestudeerd?
Schrijf je in!

www.veni.nl


