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Ciara
Het schrijven van deze tekst gebeurt in de week dat Neder-
land zich opmaakt voor de allereerste voorjaarsstorm die ooit 
een naam heeft mogen dragen. Of Ciara bij het uitkomen 
van deze editie überhaupt nog een belletje doet rinkelen, 
zal afhangen van de schade die ze dit weekend aanricht.

Als je diezelfde week wordt gevraagd om de spread op 
pagina's twee en drie van de N! te schrijven, dan gaan de 
gedachten toch naar Ciara. Ciara is helaas niet te zien in 
deze foto, maar ik betwijfel of het internationale ruimtesta-
tion dezer dagen van haar een mooier plaatje zal schieten.

Enig zoekmachinewerk levert evenwel deze foto van Hector op, 
een orkaan die zich twee jaar terug, we spreken eind juli, mani-
festeerde ten zuiden van Mexico. Het was een flinke storm, die 
richting Hawaii trok en gelukkig geen doden veroorzaakte. Nadat 
ik tevens geverifieerd had dat de dots per inch voor drukwerk-
standaarden inderdaad voldoende waren, dat de foto voldoende 
indrukwekkend oogde en een duidelijk fysische component had, 
kon ik haar hier neerzetten. Haar slaat in dit geval op de foto, 
die vrouwelijk is. Hector heeft zich daar maar naar te voegen.

Nee, het gaat ons om Ciara, die allereerste voorjaarsstorm met 
een naam. Terwijl het AD, de NOS en RTL Nieuws berichten 
over een storm die zondagmiddag ons land komt teisteren, 
wacht ik in spanning af. Of Ciara de geschiedenisboeken haalt is 
vooralsnog de vraag, maar in de N! heeft ze de spread te pakken.
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EDITORIAL
While I am writing this, almost everyone is 
working at home. Our campus is nearly empty. 
Even during the summer holiday more people 
would be on campus than now. It feels weird to 
have all my meetings via Skype, to work from 
home and to no longer organize any activities. 
When my board year started, one of our main 
problems was the planning. There were too 
many activities that we wanted to organize; it 
just could not fit into a single year. But now only 
a couple of online activities are left. I could never 
have foreseen that we would end up here. 

As all our editors also had to work from home, 
and had less work to finish, they worked extra 
hard to make this another great edition of the 
N!. This also includes the first article from 
Laurenz Edelmann, our new editor! Next to that, 
I also wrote my first article! In the beginning of 
my board year, I bravely said that I wanted to 
write at least one article. I never expected to 
actually have enough time to do so, until now!  

Despite all the weird situations the corona virus 
has caused (and is currently causing), there 
are also some positive things during this time 
of the year. The spring is fast approaching, 
which brings more sun, more flowers and, 
in my opinion, makes nature more beautiful! 
Seeing the trees growing leaves again makes 
me happy. Nature is something people start 
appreciating more, in times when a lot of 
other things are no longer accessible. 

Last edition, we focused on the year 2020. I think 
I can now state that 2020 is definitely going to 
be a year for the history books. And, I hope that 
this will also be the year after which people will 
start thinking more realistically, as that is one of 
the positive side effects of the corona virus. Next 
to that, I hope that this will also be the year in 
which everyone learns to work together better. 

For now, enjoy the latest edition of the N!. Also, 
do not forget to look, or go, outside a few times 
a day and enjoy the beautiful gift of nature! 

—
By: Lieke Ruijs 
(editor-in-chief Van der Waals)
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NEWS!
Online education 
up to and including 
quarter 4
The TU/e has decided to keep all education online up to 
and including the exams of quartile 4. This was decided 
in consultation with other universities of the Nether-
lands. One of the consequences of online education is 
that exams should be given in an alternative way and that 
promotions and Master thesis defenses are held online. 
 
In the week of March 16, all educational activities were paused 
due to the new measures taken by the government regarding 
the COVID-19 virus. From March 23 onwards, all education 
was resumed in digital form, which means that all exams are 
also taken online. In total 359 courses had to prepare for the 
transition, from which only two failed to do so within one 
week, which is really impressive. The most common methods 
of online education are live video lectures and recorded 
lectures. Not all courses had those online lectures ready, which 
resulted in 150 hours of video lectures being pre-recorded in 
one week. This all was possible with the accelerated intro-
duction of, amongst others, MS Teams and Office 365. 

Regarding the number of online lecture visits, the 
Executive Board draws the conclusion that the 
online education is being followed quite well.

On March 6, 2020, during the General Assembly of VENI, 
the new board has been installed. Its members are: 

• Jim Gulpen (Chairman)
• Casper Schippers (Secretary)
• Elvira Koolen (Treasurer)
• Jeff Schulpen (Editor N!)
• Marc Merkx (Activities)

With this transfer of boards, Ferdi van de Wetering and 
Guus Vermijs have left the VENI board. The N! editorial staff 
and the Van der Waals board hope the new VENI board 
will have a successful year with many interesting events. 

The new VENI 
board has been 
installed

Collaboration Eindhoven Airport and TU/e
Eindhoven Airport and the TU/e have decided to intensify 
their cooperation by carrying out more research projects 
at and for the airport. These projects will be both student 
projects and projects together with industrial companies 
in the region. The goal of the cooperation is to improve 
the capacity, quality, sustainability and mobility around 
the airport. A memorandum of understanding was 
signed on March 3, by the TU/e chairman Robert-Jan 
Smits and by the airport director Roel Hellemons. 

In the beginning, the projects will start as challenges for 
student teams. Within each theme, one project a year will be 
started. If the projects are successful, it will also be possible 
that graduation projects will be focused on the airport. 

Over the past year, the two parties have already been 
working together. This included a student project that 
tried to improve the flow of passengers through security, 
which led to promising results. Therefore, other logistics 
will also be examined in the student projects. 

By this cooperation, the parties hope to share knowledge 
and experience such that they can learn from each other.
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NASA's Mars rover 
has a name
NASA has recently announced the name of its next Mars 
rover: Perseverance. This Mars rover will be the fifth 
exploratory vehicle on Mars. The previous four vehicles 
were named Sojourner, Spirit, Opportunity and Curi-
osity. NASA held a contest in which a lucky winner was 
chosen to visit Cape Canaveral, Florida, to witness the 
start of the Mars Rover’s journey. The contest was won 
by a seventh grader from Virginia. Perseverance will 
be launched between July 17 and August 5 this year. 
During this time of the year, this period is the transfer 
window to get from Earth to Mars. It is expected that 
the vehicle will land on Mars in February 2021. 

The objectives of the mission of Perseverance are to seek 
out signs of ancient life, and beyond that to sample materials 
and prepare a cache that can be returned to Earth. Perse-
verance was built with the same technology as Curiosity. 
However, Perseverance should be able to land with more 
precision and be able to avoid hazardous terrain on descent.

The puzzle has 
left the N! 
As of this edition, the editorial staff have decided to no longer 
have a puzzle for the N!. The last puzzle that was provided 
can be found in de 39th  edition of the N!. The answers of 
the puzzles in the 39th edition can be found here. In the first 
puzzle, the board of Van der Waals asked for help for solving 
some mysteries. The first mystery was a stolen Van der 
Waals ensign. From the clues, it followed that Emma had 
stolen the Van der Waals ensign. For the other mystery,the 
identity of the murderers of a victim found in a lab should be 
found out. The victim left a note from which it followed that 
Austin and Rabi were the murderers. For a more detailed 
solution, it is possible to send a mail to editors@vdwaals.nl 

Newly discovered 
deep-sea creature 
Eurythenes plasticus is a new species of amphipod that was 
found in the deep sea. This shrimp-like animal is named by 
British researchers after the plastic pollution that was found in its 
body.
 
The bottom of the ocean likely hosts many more of these 
unknown species as this area is still poorly explored. Species 
living there have evolved to survive extreme pressure, low 
temperature and a lack of light and nutrients. However, it 
appears that even in this unexplored area, human traces in 
the form of plastic pollution can be found. The species have 
unfortunately not evolved to protect themselves from plastic 
pollution. They do, however, have armoured plates, protecting 
themselves from predators and other threats. 

The British researchers that discovered the new species of 
amphipod hope to draw attention to the environmental effects 
due to plastic pollution. A consequence of throwing away 
plastic trash in a river is that deep sea animals are able to eat 
it. One of the consequences of those animals eating plastic 
microfragments, is a reduction in reproductive success. 

Ageeth Bol receives 
major grant 
Two researchers of the TU/e have received a VICI-grant of 
1.5 million euros each. One of the researches is Ageeth Bol, 
professor at the department of Applied Physics. She works at 
the research group Plasma & Materials Processing. Jeroen van 
Oijen, professor at the department of Mechanical Engineering, 
is the other researcher that received this grant. The VICI-grant is 
granted by the Dutch Organisation for Scientific Research (NWO) 
and it is a grant for senior researchers. Ageeth Bol is going 
to develop new methods for producing so-called 2D-TMDs, 
which are a new type of nanomaterial. The current production 
method does not provide sufficient control over the amount 
of defects in the nanomaterial’s lattice. For applications in 
nano-electronics, having lattices with minimal defects is crucial.
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De komende drie jaar beloven erg interessant te worden voor 
wetenschappers die worstelen met rekensommetjes die te groot 
zijn voor de hedendaagse clusters en supercomputers. China, de 
VS, Japan en de EU hebben alle plannen om de grens van één 
triljoen berekeningen per seconde te breken. De exaschaal lonkt.

De snelste machine van vandaag staat in de VS. Summit is 
gebouwd door IBM en is gehuisvest bij Oak Ridge National 
Laboratory. Met net geen tweeënhalf miljoen processorkernen 
geklokt op 3,07 gigahertz elk en eenzelfde ordegrootte aan 
RAM is hij goed voor 148,600 TFlops. Die eenheid staat voor 
tera floating-point operations per second maar leest lekkerder 
weg als teraflops per seconde. Het piekvermogen van dat 
apparaat ligt op dertien megawatt, voldoende om dertiendui-
zend huishoudens mee draaiende te houden. Supercomputers 
vermogen wat. De tien snelste supercomputers leveren op dit 
moment net iets meer dan een halve exaflop, terwijl de top 500 
snelste supercomputers gezamenlijk 1,65 exaflops halen. De 
eerste computer die de exaschaal haalt heeft daarmee in zijn 
eentje dezelfde rekenkracht als de 500 snelste supercompu-
ters van dit moment. De strijd om de snelste supercomputer 
biedt na de space race en wapenwedloop van de vorige eeuw 
een volgende arena waarin de groten der aarde zich meten.

China heeft drie teams in de running: de nationale centra voor 
supercomputers in Tianjin en Jinan, en Dawning Information 
Industry Co., een supercomputerfabrikant uit Peking. Het 
officiële standpunt is dat de eerste machine dit jaar al in bedrijf 
komt, maar omdat China zich de laatste tijd verrassend stil houdt 
over de voortgang vermoeden kenners dat ze het dit jaar nog niet 
zullen redden (IEEE Spectrum, 2019). Een saillant detail: China 
wil al zijn machines op binnenlandse processoren laten draaien.

Als het de Chinezen niet lukt, dan wordt het een nek-aan-
nekrace tussen Japan en de Verenigde Staten. Fujitsu en Riken 
bouwen aan Post-K, die in 2021 klaar zou moeten zijn. In de 
Verenigde Staten staan drie machines op stapel, waarbij een 
sleutelrol is weggelegd voor een dochteronderneming van 
Hewlett Packard: Cray. Bij Argonne National Laboratory bouwen 
ze Aurora, in samenwerking met Intel, en bij Oak Ridge National 
Laboratory wordt er aan Frontier gesleuteld in samenwerking 
met AMD. Frontier en Aurora zijn er voor het grote publiek, maar 
omdat rekenen op de exaschaal nu eenmaal ook erg nuttig kan 
zijn voor militaire doeleinden, wordt bij het Lawrence Livermore 
National Laboratory gebouwd aan een derde machine die exclu-
sief beschikbaar is voor binnenlandse veiligheidsdoeleinden.

De Europese Unie heeft zich een paar jaar terug ook eens 
achter de oren gekrabd, want wij Europeanen bleven al jaren 
schromelijk achter bij China en de Verenigde Staten. Hoewel we 
ongeveer 29% van wereldwijd beschikbare supercomputeruren 
consumeren, leverden we slechts een magere 5% daarvan.
Met de European High Performance Computing Joint Under-
taking (EuroHPC) komt daar langzaamaan verandering in. In 
december van dit jaar worden in Finland, Italië en Spanje drie 
pre-exaschaalsupercomputers in bedrijf genomen, die qua 
rekenkracht Summit zullen evenaren. Deze machines worden 
helaas nog wel geleverd door bedrijven uit den vreemde. Dat 
moet in 2022 of 2023 veranderen, wanneer de EuroHPC haar 
eerste twee exaschaalcomputers klaar wil hebben. Minstens 
één van die twee krijgt een Europese processor, waardoor 
de EU in de wetenschappelijke voorhoede zich weer een 
stukje onafhankelijker mag weten van haar concurrenten.
—
Door: Jens Peter Frankemölle (redacteur Van der Waals)
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The Sun, now in 4K
Yes, you are looking at the Sun. This intricate web of white-hot 
plasma interlaced by cooler dark regions, spun by a violent fusion 
reaction in the stellar core, is indeed what the surface of our star 
looks like up close. Well, close is relative, since the bright regions 
in this image have a size comparable to that of France. Neverthe-
less, what you are looking at is the highest-resolution photo-
graph of the Sun ever taken, with a resolving power of 25km, 
and that from an average distance of 150 million kilometres.

This beautiful image was taken by the Daniel K. Inouye 
Solar Telescope (DKIST), stationed on top of the Haleakala 
shield volcano on the island of Maui, Hawaii. With a primary 
mirror four metres in size, the DKIST is the largest solar tele-
scope ever constructed. The National Solar Observatory’s 
eight-year project will be completed in July 2020, with all 
scientific instruments on the telescope becoming opera-
tional then. Once it has entered service, the telescope is 
expected to last four solar cycles, equivalent to 44 years.

Now I hear you say: “solar pictures are nice and all, but is that 
really all we’re spending 350 million dollars on?” The answer 
is, of course, no. The telescope will perform crucial research 
on solar weather, the study of which is important to predict 
magnetic eruptions on the Sun that can completely disable 
electronics, most notably entire power grids and GPS satellites. 

In fact, just eight years ago, in July 2012, a coronal mass 
ejection tore right through Earth’s orbit. Fortunately, we 
were on the other side of the Sun at that time. Had it 
occurred only a week earlier, due to the rotation of the Sun 
on its axis, the storm would have likely impacted our elec-
tronics for years to come and caused a global crisis. 
With the ability to mathematically model and predict 
these eruptions, perhaps we will become more able to 
safeguard our ever-increasing reliance on technology.

Apart from predicting catastrophic space weather, the tele-
scope will also answer some more fundamental questions 
about the Sun, such as why the corona is so much hotter than 
its surface. To facilitate this, the DKIST employs spectropolari-
meters in the visible and infrared spectrum which allows it to 
study the varying components of the Sun’s atmosphere, from 
the corona to the surface. A 150-ton rotating instrument lab 
allows the highly specialised cameras to study various compo-
nents of the Sun’s spectrum without moving the telescope 
itself. The Coudé Instrument Laboratory, as it is called, uses 
an air knife – a barrier of rushing air – to thermally isolate the 
lab whilst not affecting incoming light like glass would. This 
is a unique solution to a recurring issue in solar imaging.

However, rushing air – turbulence – in the atmosphere is also 
the source of a problem for observing the Sun, which is why 
the telescope is located three kilometres above sea level. 
There, the laminar flow of air over the volcano limits turbulence, 
allowing for higher image stability. Moreover, the DKIST uses 
adaptive optics to counteract atmospheric distortion, meaning 
its mirrors are warped by pistons 2,000 times a second.

Another major issue for observing the Sun is heat. With 
12 kW of incident power from sunlight, it is an enginee-
ring challenge to prevent even the slightest bit of heating 
from perturbing the sensitive equipment. Heated surf-
aces distort images in the same way that the atmosp-
here does. That is why over eleven kilometres of coolant 
piping keep operating temperatures at their optimum. 

While the telescope instruments are kept cool, 
the competition for the highest resolution pictures 
of the Sun seems to be heating up.
—
By: Laurenz Edelmann (editor Van der Waals)
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What are the activities? 
It is a fact that the MyFuture Activities will be included in the 
PER, Program and Examination Regulations, next academic 
year and thus are a requirement that new students at the 
TU/e should fulfill. A student should do seven activities 
during their Bachelor's. These will be different kinds of 
several career-orientated activities. Some actitivies will be 
of more value than others. For example, visiting the Career 
Day is worth more than going to a lunch lecture. Right now, 
it might seem a lot like USE points. However, as will become 
clear, the purpose of the MyFuture Activities is different. 

Current career orientation at the TU/e
Some would argue that it is unwanted to have another obligatory 
thing that you will have to do. However, Erik van Heijst, one of 
the initiators of the MyFuture Activities, explained to STOOR 
why it could be a good thing. The fact is that from the NSE 
(Nationale Studenten Enquête, in English: National Student 
Survey) scores, it follows that the TU/e scores very badly on 
career orientation. From his experience with Wervingsdagen, 
Erik tells us that, previously, companies in need of a student 
used to go to Delft instead of Eindhoven, because the students 
at Delft focused on career orientation in their first year. On the 
other hand, in Eindhoven, the ASML mentality: "it does not 
matter what I will do, I can work at ASML anyway", might have 
caused a culture with too little focus on career orientation. 

"It does not matter what I will 
do, I can work at ASML anyway."

However, a remark about these NSE scores has to be made. 
Since a lot of activities are organized by the study associations, 
students do not see the connection with the TU/e. Since study 

MyFuture Activities
STOOR

When you tell people at someone's birthday party that  you study physics, 
there is a high probability that they will react with the question 'Do you want 
to become a teacher?'. 'Not necessarily,' you tell them, because with your 
physics degree you can basically do anything. However, do you ever think 
about what that 'anything'  is going to be?  If so, great! For those who do 
not, this article might be very imporant to you. It will explain the MyFuture 
Activities: an initiative to motivate all TU/e students to think about their 
future.  

associations are still part of the TU/e, our university invests more 
time in career orientation than some students would realize. 
Nevertheless, career orientation was still in need of an impulse. 

"EuFlex did not dare to sell 
these activities anymore." 
Therefore, a few years ago, initiatives started up, such as 
the MyFuture Platform and the DCAO (Doorlopend Carrière 
Advies Orgaan, in English: Continuous Career Advice 
Organisation). The MyFuture Platform provides an overview 
of the activities organized by TU/e parties that could fit your 
needs and ambitions. The goal of the MyFuture Platform 
is to show students the connection between the activities 
organized by their study association and the rest of the TU/e. 
The DCAO made a scheme of what an ideal student should 
do and when in terms of career orientation. Initiatives like 
this showed that there are enough high quality activities, but 
clearly a drive for these was not a bad idea. Thus, it might 
seem like this is the reason why the MyFuture Activities 
were introduced. However, it started off a little different. 

The beginning of MyFuture Activities
Since the academic year of 2018/2019 the TU/e (unfortunately)
works with a new schedule, which reduced the lunch break 
from an hour and 15 minutes to one hour. Students were 
not happy about this decision. Therefore, Erik, at that time a 
member of the University Council, asked the study associations 
to come up with a valid reason for him why those 15 minutes 
are so important. This reason was the career activities. 

Erik explains that if you take into account the traveling time of 
students, a lunch lecture can take a maximum of 45 minutes. 

10 | N! May 2020



their study. The student should then find out which paths fit his 
or her specialization. The MyFuture Activities team connected 
actions to these phases of the storyline. For example, in the first 
year there is a Career Day, which is a day scheduled without 
education with the purpose to do career activities. During this 
day, study associations can organize for example a visit to a 
company, a symposium, etcetera. The idea is that this is part 
of a major course, such that all students will attend this activity 
(read: already a high valued MyFuture Activity in the pocket!). 

For the second and third year it was a bit harder, because the 
question is, "how do you get people to go to all these career 
activities?" The answer became 'obligatory activities'. However, 
the idea is that students do not think after five lunch lectures 
"nice, I got the activities, now I am done" as many might think 
with the USE points. This is why the team does not like it when 
a parallel is drawn between the two. The idea is that students 
will see the importance of the career activities and that intrinsic 
motivation is triggered to attend more activities in the future. 

The completion of the activities 
The reason why the activities are introduced is hopefully 
clear. Since you cannot finish your Bachelor's without these 
activities or at least not immediately, an online system will 
be introduced for students to keep track of their completion. 
Each study association gets two devices where you can 
"check in" during an activity so that you will be registered. Very 
easy for all students, which is exactly the goal of the team.   

What does this mean for you?
Clearly, you are already studying at the TU/e, so these 
MyFuture Activities will not be mandatory for you. However, 
this does not mean that these activities are not important. 
There are a lot of useful activities regarding career orientation 
at the TU/e. Thus, if you answered "no" in the introduction, 
please consider going more to career orientation activities. 
Remember, it is never too early to think about your future. 
—
By: Sophie de Hont (editor STOOR)

Before, a typical lunch lecture would consist of 45 minutes 
presentation by a company and 15 minutes interaction 
with students. This interaction is what the companies are 
most interested in. Sadly, this is what had to be skipped 
due to the new schedule. For companies originating from 
for example Amsterdam, it could become too much of a 
burden to come visiting. Study associations were afraid 
that students would not come to lunch lectures anymore, 
which were the most well-visited of all career activities. 
Moreover, EuFlex did not dare to sell these activities 
anymore and were afraid to lose their income. 

"We want to trigger the 
intrinsic motivation." 

Clearly, this was a problem for the study associations and 
other parties such as EuFlex. The proposal of the new 
schedule, however, remained. Thus, another solution had 
to be found to create a drive for these career activities. 
This is when a new working group started off with people 
from the UC, ESA, students of the MyFuture Platform 
team and DCAO. From that moment on, the group 
persevered for two years to get their plan through. 

What did they do?
The funny thing is that this working group did not 
introduce something radically new. Everything they 
proposed was already used or researched before. The 
ideal story line, explained before and introduced by the 
DCAO, became the basis of the MyFuture Activities. 

Following this storyline, in the first year awareness must be 
created, whereas in the second and third year orientation is 
important. Questions like "what is out there?", and "what fits my 
interest?", are important in that phase. Finally, in the Master's, 
most students know which direction they want to go in terms of 

STOOR announcements
Due to the current closing of the TU/e, STOOR cannot 
have their weekly breaks at de 'Salon' at this moment. 
Therefore, if you have anything to remark about the 
courses or about the education in general, do not 
hesitate to send us an email at stoor@tue.nl. 
When the TU/e opens again, STOOR will be present 
as well, with cookies during the usual breaks. 

Updates regarding STOOR information sessions 
for example can be read in the newsletter once 
more is known about the current situation.

STOOR is on Instagram! If you do not want to miss out on the 
last information about information sessions, the cookie of the 
week and other STOOR notifications follow us on: @stoortue.

STOOR
Where: de 'Salon'
When: Every Thursday break
E-mail: stoor@tue.nl
Who: Jonne Severijns Merel Laarhoven

Victor Brouwers  Sophie de Hont
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COLUMN

Het zijn rare tijden. Ik schrijf deze column 
enkele dagen nadat ik uit "thuisisolatie" 
in een Taiwanees hotel ben gekomen. Ik 
mocht uit voorzorg ruim een week lang 
niet mijn kamer uit om de verspreiding 
van het coronavirus in Taiwan tegen te 
gaan. Iets dat zeer aardig lukt overigens. 
Ik had een verhoogd risico, omdat ik begin 
maart voor de algemene ledenvergade-
ring van VENI even in Nederland was. Ik 
heb daar het voorzittersstokje overge-
geven aan Jim Gulpen. Ik had ambitieuze 
ideeën voor deze "afscheids column" en 
zou het hebben over de nieuwe periode 
die VENI en ik nu ingaan. Maar ja, het 
kan soms vreemd lopen en ik pas deze 
column door het hele “coronagebeuren”, 
zoals zo veel dingen momenteel, toch 
liever aan. Met andere woorden: Plan B, 
een term die trouwens ook slaat op mijn 
keuze om überhaupt in Taiwan te gaan 
wonen en werken. Misschien heb ik het 
daar ooit nog in een ander stukje over.

De hotelquarantaine heeft dermate veel 
indruk gemaakt, dat ik daar toch even 
bij stil moet staan. Nadat ik al bijna een 
week na mijn terugkomst in Taiwan had 
gewerkt en in het weekend flink had 
rondgewandeld (met mondkapje op uiter-
aard), las ik 's ochtends in het Taiwanese 
nieuws dat iedereen die de afgelopen tijd 
in Europa was geweest, moest beginnen 
met thuisisolatie. Effective immediately. 
Ik dus maar een appje naar de baas 
gestuurd dat ik "per direct" vanuit mijn 
werk terug zou lopen naar mijn hotel. Nu 
probeer ik me van nature altijd al aan de 
geldende regels te houden, maar in dit 
geval in het bijzonder. Ik kijk vol bewonde-
ring naar hoe Taiwan (zowel de overheid 

als de bevolking) de hele crisis aanpakt 
en weet te beperken. Bovendien staan 
er flinke boetes op het schenden van de 
regels: tot een maximum van 1 miljoen 
Taiwanese dollar (ca. 30.000 euro).

"Ik moest naar een 
lege verdieping 
verhuizen."

Maar mijn kordate optreden was 
misschien wel iets té kordaat. Eenmaal in 
het hotel aangekomen, bleek dat ze daar 
nog niet helemaal klaar waren om mij in 
quarantaine te stoppen. "Uhm, ja, ga maar 
even terug naar je kamer. We contac-
teren eerst de autoriteiten en bellen je 
zo wel op over hoe en wat." Uiteindelijk 
bleek dat ik moest verhuizen naar een 
lege verdieping, waar twee dagen later 
meer mensen in quarantaine bij kwamen. 
Niet dat ik deze mensen ooit gezien of 
gehoord heb. Voedsel werd driemaal 
daags voor de deur gezet door een 
persoon die ik niet zag of sprak, omdat 
hij of zij als de wiedeweerga terugliep 
naar de receptie om mij vanuit daar in 
relatieve veiligheid via de telefoon te 
verwittigen dat het eten er was. Verder 
niks mis met het eten overigens. Schoon-
gemaakt werd er uiteraard ook niet meer. 
Ook moest ik twee keer per dag mijn 
temperatuur meten en deze samen met 
mijn algehele gesteldheid doorgeven. 
Tegen het einde van de periode is de 
politie ook twee maal kort achter elkaar 
"aan de deur geweest" om daadwerke-

lijk te controleren of alles wel goed met 
me ging. Erg surrealistisch allemaal.

Wat me echter het meeste aan de hele 
ervaring is bijgebleven, is de eenzaam-
heid. Je weet pas hoe goed je het hebt 
als vrijheden worden afgenomen. Op 
zichzelf is het opgesloten zitten al erg 
genoeg, maar het niet (kunnen) hebben 
van écht intermenselijk contact, dat is 
het ergste. In die zin lijkt het me erger 
dan een gevangenis, waar je meestal nog 
naar de "binnentuin" kunt en er genoeg 
interactie met anderen is. We kunnen 
tegenwoordig veel met internetdiensten 
zoals WhatsApp en Skype, maar vertrouw 
me, die kunnen échte ontmoetingen nooit 
vervangen. Nog niet misschien. Ik heb 
ook wat andere mensen gesproken die 
ofwel in een gelijkaardige situatie zaten 
(maar dan thuis) of vanuit thuis moesten 
werken en daaruit kwam dat de derde dag 
van de isolatie het zwaarste is. Dat lijkt 
het kantelpunt waarop je brein begint te 
realiseren dat het menens is. Alle buffers 
zijn dan uitgeput en je lichaam snakt naar 
mensen om zich heen, of op z'n minst 
een verandering van omgeving. Thuis-
isolatie en in het bijzonder in een hotel-
kamer wil je eigenlijk niemand aandoen.

Goed, inmiddels ben ik weer een vrij 
man in een land dat gelukkig nog niet 
in lockdown heeft gehoeven. Laten 
we hopen dat dit zo blijft en dat ik van 
mijn vrijheid kan blijven genieten! Het 
is me nu meer dan ooit duidelijk dat we 
hier met elkaar enorm trots op moeten 
zijn en dat we die moeten koesteren.
—
Door: Ferdi van de Wetering (VENI-lid)
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H2O (as a trivial example) knows three forms: steam, water 
and ice. They are all comprised of the same atomic structure, 
but the way that they are arranged results in very different 
behaviors. The term ‘form’ is formally put as a state of matter 
or simply as a phase. The different organizations of atoms 
are usually referred to as the orders within the material.

The overall majority of materials has no order i.e. the distri-
bution of atoms that make up the material is random (amor-
phous). In contrast, we can distinguish a group of solids that 
make up a subgroup of materials called crystals. These are 
materials in which in the arrangement of atoms is consistent; 
that is: we have an underlying symmetry. Suppose we have 
a monoatomic crystal in which the atoms are arranged 
like a chess board. We can displace the crystal by an arbi-
trary distance—an integer times the lattice constant—and 
we will end up with the same crystal. In other words, the 
crystal has a discrete translational symmetry. Note that this 
statement holds for any lattice, whether it be a honeycomb 
hexagonal or something as exotic as a parallelepiped.

For disordered systems (most liquids and gases) the 
arrangement of atoms is random. This does not mean 
that there is no symmetry within the material, it merely 
implies that it has continuous translational symmetry. 

It's just a phase...
Lev Landau (1908–1968) made the clever realization that during 
a phase transition the order of a material changes from one into 
another. For a crystal-liquid phase transition, we have a transi-
tion that reduces the continuous translational symmetry to a 
discrete one. A change of this form is what we call symmetry 
breaking. Landau’s successful theory of phase transitions tells 
us that within a phase transition a certain symmetry needs to 

SCIENCE

break, characterized by a so-called order parameter. This is 
merely a number of which we demand that it changes drastically 
going from one phase to the other. In practice, this often results 
in the order parameter being zero in one phase and non-zero 
in the other. Phase transitions in which the order parameter 
changes discontinuously are dubbed first-order transitions. 
Examples of that sort are for example solid-liquid-gas phase 
transitions; the order parameter is then simply the mass density.

We can apply the same reasoning to phase transitions between 
ferromagnetic and paramagnetic systems. In the first phase, all 
spins line up in the same direction maximizing the magnetiza-
tion (magnetic order). In paramagnets, we have equal amounts 
of spin up as spin down, realizing a vanishing magnetization. 
However, for this particular system the order parameter (the 
net magnetization) changes continuously; these transitions are 
called second-order transitions. Other examples include the 
Ginzburg-Landau theory which describes the low-temperature 
transition to superconductive phases, and the fluid-to-su-
perfluid transition observed in ultracold fermionic gases.

Up to the 1980’s, Landau’s theory of symmetry breaking 
was globally acknowledged as the framework needed 
to characterize phase transitions. So much so, that 
Landau’s ideas were extrapolated to quantum mechan-
ical systems approaching absolute zero. Soon, it became 
apparent that the theory failed to describe all problems.

Where the theory breaks
In an attempt to understand the phase transition for high-tem-
perature superconductivity, the so-called chiral spin state was 
introduced. A chiral system is one which is not identical to its 
mirror image; very similar to the concept of parity symmetry but 
applied to spins (I will not bore you with the fundamental, u

Topological   order: 
the shape of things to come
We know that most of a material’s 
properties arise from the composition of 
atoms that make up the structure. What is 
often forgotten is that the arrangement of 
these atoms is equally important. Locating 
and abusing all availablesymmetries is an 
everyday job in condensed matter physics. 
Oh, and don't forget: donuts!
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u mathematical reasoning behind this, but feel free to look 
up the details). In brief language: the job of the chiral spin state 
was to preserve symmetries that needed to not break, such as 
spin rotation, and break those that are desirable for the theory 
to function, such as time reversibility and parity symmetry.

Not much later, physicists found out that there are many 
different chiral spin states which bear the same symmetries, 
so that it becomes more difficult to discriminate them from 
one another if we were only allowed to look at their symme-
tries. The solution was found by David Thouless and John 
Kosterlitz in 1972, who were credited by their work with the 
recent 2016 Nobel prize in physics. The duo introduced a new 
means to discriminate the states by the addition of a new 
kind of order, which is now referred to as topological order. 
The choice for adding topology to the party was a rather 
surprising idea entirely, since it is a branch within mathe-
matics which concerns itself with shapes and their manip-
ulation. But before we can understand why it is essential to 
the understanding of zero-temperature quantum phases, it 
is sensible to spend a paragraph illustrating the concept.

The shape of things to come
As previously mentioned, topology concerns itself with shapes 
and their deformations. In fact, it describes which objects can 
be continuously deformed from one into the other, so without 
being torn or stuck together. The problem is simple: get your-
self a closed two-dimensional surface living in three dimen-
sions made of clay, e.g. a sphere, and check for yourself what 
other objects you can produce from there. This one is trivial: 
it remains a sphere. But what now if I pick a torus? I am able 
to deform it into a coffee mug (the hole of the torus is molded 
into the mug’s ear, see figure 1). The clever ones among you 
may have realized that the number of holes tells us something 
about the deformability of an object. Throwing some jargons: a 
sphere and a torus are distinguished by an integer topological 
invariant, called the genus, which is essentially the number of 
holes. Two objects are said to be topologically equivalent or 
homeomorphic if they bear the same value for the invariant 
so that they can be smoothly deformed into one another. This 

framework is a very convenient one since it allows us to quan-
titatively discriminate objects by comparing their invariants.

Okay, good to know, but what does this then have to 
do with phase transitions? Well, making that connec-
tion is not that difficult. The theory elaborated above 
gives us the framework to quantitatively distinguish 
phases. To make it a little more intuitive, let me jump 
to the direct application of topology in band theory.

"The choice for adding 
topology to the party was a 
rather surprising idea entirely."

In the field of condensed matter, we can ask ourselves 
whether the Hamiltonians of two different quantum systems 
can be continuously transformed into each other. Should 
that be the case, we are allowed to say that these two 
systems are topologically equivalent. We can get insight 
into the energy spectrum of a quantum system by solving 
Schrödinger's equation and extracting the eigenenergies. 
We know from our introductory course on condensed matter 
physics that if we would limit ourselves to crystalline solids, 
we can exploit the discrete translational symmetry of the 
system to apply Bloch’s theorem. This allows us to write 
the total eigenstate as a product of a plane wave and an 
eigenstate of the Bloch Hamiltonian which is cell-periodic. 
The resulting eigenenergies reveal the energy levels of our 
material giving us invaluable information about our system.

Figure 1: If you would ask a mathematician if he can tell the difference 

between a coffee mug and a donut, he would likely raise his eyebrows 

and answer that there are none. Artist: Henry Segerman.

Valence band

Conduction band

Surface states
Fermi level

Crystal momentum

En
er

gy

Figure 2: The band structure of a topological insulator. The bulk of a top-

ological insulator does not conduct electrical currents very will, while the 

edges do. These are called surface states and are marked in green (they 

cross the Fermi level). This effect arises from the presence of strong 

spin-orbit coupling usually found in bismuth alloys. Source: Wikipedia.
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If you want to know more about this topic, then 
feel free to check out the articles below:
[1] Hasan, M. Z., & Kane, C. L. (2010). Collo-
quium: Topological Insulators.
[2] Kosterlitz, J. M.; Thouless, D. J. (13 November 
1972). "Ordering, metastability and phase tran-
sitions in two-dimensional systems"
[3] Thouless, D. J., M. Kohmoto, M. P. Nightingale, 
and M. den Nijs, 1982, Phys. Rev. Lett. 49, 405.

Mind the gap
One can for example perform a theoretical experiment in 
which we pick a Hamiltonian of which we know a priori 
that it will produce an isolative phase i.e. no valence band 
crosses the Fermi level and so all of these levels are 
filled. Next we can massage the Hamiltonian and observe 
whether the band gap closes, see figure 2. This massaging 
is analogous to the continuous deformation of our torus 
mentioned a few paragraphs before. Should the bandgap 
of our isolator close due to the deformation, the system 
loses its isolative properties and becomes a conductor. So, 
a stricter criterion for two gapped quantum systems to be 
topological equivalent would be if the energy gap never 
closes while continuously deforming the Hamiltonian.

In order to tell whether there is any path which connects the 
two Hamiltonians which does not close the gap, we can count 
the number of times the filled bands cross the Fermi energy. 
As this number cannot change under continuous transfor-
mations of two gapped systems, it is said to be topologically 
invariant. Should a valence band cross the Fermi energy, then 
the corresponding invariant also breaks. We call such a tran-
sition a topological phase transition. Once we have found an 
appropriate topological invariant for some system, we are able 
to introduce different classes (described by group theory) of 
quantum Hamiltonians which are all topologically equivalent. 
Some research that is done on this subject is to classify all 
topological phases for a specific system to map its properties. 
The invariant that describes the equivalence class of Hamilto-
nians that close the energy gap is the integer Chern invariant.

The quantum hall of fame
An exotic example where the use of topological order is unde-
niably important is the so-called (integer) quantum Hall effect. 
Suppose that we have a two-dimensional electron gas subject to 
very low temperatures and a very strong magnetic field pointing 
perpendicularly to the gas. From a semi-classical point of view, 
we can regard the electrons as point particles, which under 
the supervision of the magnetic field perform cyclotron orbits 
around each atom: these are called Landau levels. The energies 
that the electrons take up are quantized and analogous to those 
of a harmonic oscillator. We can perform an experiment starting 
at a small magnetic field and measure the electric conductance 
of the gas for increasingly larger fields. What we find is that 
the conductance is quantized, see figure 3. It takes up integer 
values of some constant called the the Hall conductivity or 
the Von Klitzing constant, named after its discoverer who was 
subsequently awarded the 1985 Nobel prize. This constant is 
intrinsic, implying that it is insensitive to the system size and 
can thereby be regarded as fundamental constant of nature.

Now we arrive at one of the most intruding findings. If we do a 
bad job in the lab with manufacturing our electron gas such that 
it is filled with impurities, you will still be able to find an excellent 
value for the Von Klitzing constant. Mathematically speaking, if 
we would perturb the system by massaging the system Hamil-
tonian, it will produce very similar outcomes. The integer Hall 
conductance therefore is insensitive to smooth deformations 
and can thus be considered as a topological invariant. The 

Figure 3: The quantum hall effect demonstrates the quantized nature of 

electrical resistivity at large magnetic fields. Source: Wikimedia Com-

mons, user: Antikon.

mathematical motivation for this bridge was delivered by the 
joint effort of Thouless (rings a bell?), Kohomote, Nightingale 
and Den Nijs, who were able to prove that Chern’s number from 
the previous paragraph is exactly the integer number we were 
looking for. This relation between the Hall conductivity and 
the Chern number is now referred to as the TKNN invariant.

Tying it all together, we have seen that Landau’s theory of 
symmetry breaking is an indispensable cornerstone in the field 
of condensed matter which describes phase transitions of clas-
sical systems excellently. The addition of topology to quantum 
phase transitions was a necessity to account for additional 
symmetries that nature enforces in our quantum systems; 
symmetries that go much further than rotations or translations. 
The result was a novel category of phases characterized by a 
simple mathematical construct. In addition, we discussed how 
a fundamental, robust constant of nature may lead to inter-
esting findings, connected by the logic of topological order.
—
By: Pim Keizer (editor Van der Waals)
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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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What is a virus? 
A virus is a nanoscale particle that can infect human cells or 
other organisms. A virus cannot reproduce on its own, as 
replication is only possible by infecting a host cell. Whereas 
many people think that the only goal of studying a virus is the 
humanitarian goal - controlling a virus and preventing more 
infections - studying a virus is also useful for science itself. 
It is possible to modify a virus by changing the underlying 
construction plan – the nucleic acid sequence (RNA) of 
the viral genome. This quality can be exploited to make 
the virus useful in areas such as nanoscience, materials 
science and biotechnology, which serve a more scientific 
goal, although controlling a virus could also be considered 
as a scientific goal, as well as a social-economic one. 

One of the useful applications of a virus is that it is 
possible to use it to help building a durable building block 
for composite materials and devices. A virus is namely 
an organic nanoparticle that is unable to self-multiply. 

Next to that, it is possible to use a virus as a vector, an organism 
that is able to transmit for example a disease from one organism 

SCIENCE

Physical principles 
behind the coronavirus
Now that the COVID-19 virus is taking over the news and all our lives for some time, virophysics a 
branch in physics that is spreading with equal rate. The aim of this field is to establish models that 
describe details of viral infections quantitatively with reliable predictive power. This makes it easier 
to control the course of the viral spread, which is of crucial importance in battling future epidemics. 

to another. When using a virus as a vector, it is able to intro-
duce genes into cells. This application is useful for a geneticist 
studying particular cells, for example. Viruses are suitable for this 
application, as they can be genetically altered to carry human 
DNA. Another feature that scientists use is a specific tool that 
is placed on the surface of the virus. This tool forms so-called 
capsids which enables the virus to go beyond the genome 
protection of the host cell. A capsid is a hollow protein shell that 
protects the virus from the external environment. Using these, 
it protects its own genome and it is able to cross the barrier of 
the host cell. As a response, therapeutic genes can be delivered 
to a patient’s cells. In figure 1, such a capsid is illustrated.  

"It is not believed to be ethically 
responsible to infect people 
with viruses and to test new drug 
compounds on people."

When the target cell is infected, the DNA payload can be 
deposited and take over the cell’s machinery in order to 
produce the desired proteins. The latter is useful to replenish 
the amount of this particular protein in the patient’s body.  

Studying a viral infection 
Let’s go back to the process of studying viral infections, as the 
importance in various fields is clear. Traditionally, in vivo and 
in vitro experimentations were techniques on viral infection 
studies. In vivo experimentation takes place inside the biological 
organism and in vitro experimentation takes place in a test tube. 

The traditional ways of studying viruses have some downsides. 
First of all, it is not always reliable as it is based on common-
sense assumptions. These assumptions are used when drawing 
conclusions from the observations. For example, if a higher 

Figure 1: Model of a hollow protein cell protecting the RNA genome of 

the virus from the external environment. Source: Wikimedia Commons, 

Thomas Splettstoesser.
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viral count is observed, this corresponds to a fitter virus. Such 
assumptions often go untested due to difficulties in controlling 
individual components of the viral infection, without affecting 
others. Besides that, there is a moral problem at play. It is 
not believed to be ethically responsible to infect people with 
viruses and to test new drug compounds on people. Therefore, 
an attempt was made to experiment with viral infections via 
models. With a model, cell-to-cell transmission of a virus can be 
studied. Using this method, it is possible to deconstruct a viral 
infection into individual components and to determine how the 
pieces combine into the infection that is observed. The models 
provide a more reliable method of predicting the course and 
outcome of an infection. This method relies more on scientific 
grounds instead of common-sense assumptions, which makes 
it a more reliable experimentation method. The ultimate goal of 
virophysics is obviously to control the infection but also to make 
viruses work optimally in the aforementioned applications. 

"The ultimate goal of virophysics is 
obviously to control the infection."

Regarding the social goal: by studying the virus, it is possible 
to find a good area for drug targets that can battle the virus. 
The drug should be targeted at that part of the virus at which 
the replication cycle takes place using the host cells. In this 
way, the drug is presumed to work most effectively. Another 
thing virophysics is used for is to predict the course of a viral 
infection. It is possible to find out what the incubation period 
is, how the virus spreads from human-to-human (or other 
organisms) and at what pace the virus’s underlying construc-
tion plan mutates. Using this information, it is possible to 
predict how many people will be infected in a set amount of 
time. It is also possible to determine the severity of a particular 
virus and what measures are suitable to mitigate the spread 
of the virus. Next to that, it might be possible to develop a 
vaccine for the virus. To meet this end, a good collabora-
tion is required with biomedical scientists, for example.

COVID-19 virus 
After the sudden pandemic of the COVID-19 virus, this branch in 
physics suddenly received a lot of attention. COVID-19 became 
a pandemic because it complies with the three requirements 
of a pandemic. The virus is an unknown virus, which spreads 
easily among the population and causes severe complaints.

At the moment COVID-19 became a known virus, virophysicists 
started experimenting with it, using both models and the 
traditional ways of studying viruses. For the traditional 
ways of studying viruses, infected monkeys were studied. 
But when models are being used, the advantage is that 
it is easily comparable to a similar virus as it is possible 
to import information about both viruses into one model 
and then compare those two. For the COVID-19 virus this 
was done with for example the SARS-CoV virus -  another 
coronavirus that broke out in 2003. The COVID-19 virus 
is also identifiable as the SARS-CoV-2 virus. Although 

the names of the viruses are very similar, there are many 
differences, just like between all viruses. The only common 
feature of a virus is the ability to protect its own genome. 
This diversity between viruses, and the demanding society 
during an outbreak, make it difficult to study them.  

Regarding the COVID-19 virus, it is known that it spreads 
quite easily. One of the main reasons for that is the long 
incubation period of this virus. It also distinguishes itself 
by mulitplying quickly in the nasal cavity. This also explains 
why the virus is transmitted faster from human to human 
compared to the SARS-CoV virus. The SARS-CoV virus 
mostly multiplied deeper down the respiratory tract. 

Besides all medical effects of a virus, there are also a lot of 
economic effects. This was clearly visible with the sudden 
occurrence of the COVID-19 virus. In a short period of time, 
people had to start working or studying from home. Apparently, 
people were afraid that supermarkets would close as a lot 
of food was bought by many people at once. Another effect 
was the decrease in emission of greenhouse gases. At first, 
this was clearly visible in China. Due to all measures, which 
included closing factories, there was far less production in 
China, impacting the entire world. These factories were partly 
running on coal energy which causes a lot of emissions. NASA 
released satellite pictures of China in which the impact of all 
measures is clearly visible. These satellite pictures can be 
seen in Figure 2, where the emissions of nitrogen dioxide in 
the months January and February are shown. The orange color 
represent the highest density of NO2 concentrations across 
China. These images thus show the significant decrease in 
air pollution in China. A similar effect is now also visible in 
other parts of the world. But not only the closing of factories 
contributed to emitting less greenhouse gases. This was also 
caused to social distancing measures, which resulted in people 
using less transport and organizing less social activities. 

All in all, the importance of the branch is clear. Virophysics 
is important, not just during a pandemic, but also in better 
times. It is vital to continue studying viruses, since this 
helps us to understand a completely new virus better. 
—
By: Lieke Ruijs (editor-in-chief Van der Waals)

Figure 2: Decrease of air pollution in China after the outbreak of the 

COVID-19 virus. Source: NASA. .
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SCIENCE

The lost Feynman lecture
Richard Feynman was one of the greatest physicists of all time. Not  only his genius but also his 
charisma and charisma and manner of explaining the most complex topics in an intuitive way 
truly established him in the history books. Most of you would have heard about the so called 
‘Feynman lectures ’. While some of you may already have these lectures in the form of a trilogy, 
for the others, you can always find them online. For those of you who were smart enough to 
capture these works of art, I sadly have some bad news for you; you don’t have all the lectures .

Feynman gave a lecture that had been lost to time. Only 
when the archivists at Caltech University got a sniff of the 
lecture's existence, they went digging. The trail started when 
they discovered some loose lecture notes buried deep in the 
office of a colleague. Why this lecture has eluded them for so 
long is a mystery. However it could be that the lecture was 
not for the curriculum, or in Feynman’s words: “Since the 
exam is coming up Tuesday, nobody wants to give a lecture 
that you have to study.” It was a lecture “For the fun of it”. 

“Very little is required to know 
ahead of time... you only need an 
infinite amount of intelligence.”

Now what is more fun than proving that the orbit of a planet 
around the sun has the shape of an ellipse? Well, this is a piece 
of cake, just set your parameters, define the set of differential 
equations and bada-bim, bada boom, you have an ellipse. This 

would be the method that Feynman described as, “letting the 
mathematics department prove this, as this gives them some-
thing to do“, to which the audience responded with laughter. 
However, Feynman wanted to do it differently; “I am going to 
give what I will call an elementary demonstration. By elemen-
tary does not mean easy to understand. Elementary means 
that very little is required to be known ahead of time in order to 
understand it.“ You only need an infinite amount of intelligence.

Perhaps a nice starting point would be to define an ellipse, 
since proving that an orbit has the shape of an ellipse is difficult 
without knowing what an ellipse is. Perhaps let’s take a step 
back and first define a circle. Not mathematically but intuiti-
vely. A circle consists of all the points equidistant from a given 
point. One could construct this by using a thumbtack, string 
and pencil and keeping the string taut while moving the pencil. 
One could say that the distance when walking across the string 
from the thumbtack to the pencil and back remains constant. 

Now for the ellipse. Mathematically, an ellipse consists 
of all points for which the total distance from a focal point 
to the ellipse to the other focal point is constant. This can 

Lines to an eccentric point in a circle. The same lines, but rotated 90 degrees around their center.
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also easily be constructed using a pair of thumbtacks, a 
piece of string and a pencil. This time the string is strung 
around both thumbtacks while being kept taut by the 
pencil. Going around with the pencil will give an ellipse. 
Using the walking analogy again, one can imagine walking 
across the string to the other thumbtack via the pencil.
 
For the fun of it
There is a fun party trick that you can perform to transform 
a circle into an ellipse. Draw a circle and its focus point (its 
center). Pick any other point (not the original focus point) 
inside the circle and draw lines originating from this point 
to the circle. Then take each of these lines and rotate them 
a quarter turn around their midpoint. Some (those who 
do math-stuff) might call it the perpendicular bisector. 

Doing this, an ellipse emerges. Now if the people at the party 
haven’t left you yet, you have the chance to prove it mathema-
tically! No wait, don’t go… Let’s examine one of these lines a 
little closer. Draw any line from the eccentric point in the circle, 
its bisector and the radius of the circle such that the circle’s 
radius coincides at the same point on the circle as the line from 
the eccentric point in the circle. Now also draw a line from the 
eccentric point to the intersection of the perpendicular bisector 
and the radius. If all goes well, then two congruent triangles 
should emerge. The beauty of congruent triangles is that their 
hypotenuses are equal. Besides this fact, the combined distance 
from the eccentric point to the perpendicular bisector and from 
the perpendicular bisector to the center of the circle is the 
same length as the radius! Furthermore, the eccentric point 
and the center of the original circle are the foci of the ellipse. 

Before we move on to the physics, let's have a closer look at 
this mathematical proof. We can conclude that the perpendicular 
bisector must be tangent to the ellipse. This might seem very 
logical and it is, however proving this is somewhat different. 
Using our proof from before, we can see that the intersec-
tion of the radius and the perpendicular bisector is the point 
where the line from the centre of the circle to its circumfrence 
is minimal: the radius. Any other point on this line will thus lie 
outside of the ellipse, except for the point where the radius and 

the perpendicular bisector meet. This can only be if the point 
where they meet is where this line is tangent to the ellipse. 

Kepler's second law
You might not see how or why this is relevant to orbits, 
except for the fact that it is an ellipse. An important obser-
vation to make is that each of these perpendicular bisec-
tors is tangent to the ellipse that they create. An important 
fact that Feynman uses in his lecture is Kepler’s 2nd law: 
the principle that the area swept by a planet in orbit over a 
certain time remains constant. This does not feel natural 
at all, so why does this hold? Well, when the time is small 
enough, the area traced can be approximated by a triangle. 

Now the area of a triangle is known, namely a half times base 
times height. The base is the distance between the point 
on the ellipse and the focus point. To figure out the height 
one needs a bit of that infinite intelligence. The height of the 
triangle is the perpendicular velocity times the time step. So 
the area of such a time step will be half times the radius to the 
focus point times the perpendicular velocity times the time 
step itself. But why would this prove that Kepler’s second 
law holds? Well, we know that the angular momentum of any 
object will remain constant as long as all forces acting upon 
this object directed towards the same point, in our case the 
Sun. The size of this angular momentum is defined by the u
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u product of the radius and the perpendicular momentum. 
Now I bet that you have been thinking of ellipses when 
constructing this argument, however the beauty of this is that it 
holds for any curve, as long as all forces acting upon the object 
are directed to the same point. Which I think is a pretty cool fact. 

"The beauty of this is that 
it holds for any curve"

It is important to realize that the area of a triangle is defined 
by the formula given, but it is most definitely not proporti-
onal to the radius! It is proportional to the radius squared. A 
quick intuitive proof is given, however let this information sink 
in for a moment. The definition of the area of a triangle only 
relies on the radius itself, but the area is proportional to the 
radius squared. This means there must be a different factor 
that is proportional to the radius. Looking carefully we can 
see that the height of the triangle also depends on the radius. 
Which in our proof of Kepler's second law we defined the 
height to be the perpendicular velocity times the timestep. 
Just keep this in mind for now. We'll come to this later. 

Principia mathematica
When Feynman explained this fact, he went through it more 
rigorously, naming all points, drawing each and every line 
and even proving how large of a momentum difference a 
certain force causes. Shortly thereafter he refers to prin-
cipia mathematica, implying that Isaac Newton used the 
same argument. Feynman confessed that he found it diffi-
cult to follow, therefore he would give another argument.

It doesn't happen often that one of the physics geni-
usses does not follow a proof easily. So how did Feynman 
solve this problem? Remember he wanted to give a 
proof, an elementary one at that was easy to follow.
Well, Feynman proposed to not observe what the orbit would 
look when using equal time, but equal angles originating from 
the sun. Again the angles will be small such that the radius 
of such a segment remains constant. Furthermore, the arc 
length of an angle segment will be approximately a straight 
line. The areas of these segments will most definitely not be 
equal, unless the path is a circle of course. Since the height 
of these triangles is proportional to their radius, their area 
is proportional to the radius squared. If you were to give 
each point that coincides with a line of these equal-angled 
triangles a number, these numbers do not coincide with 
pictures of the orbit at equal times, but pictures of the orbit 
at equal times proportional to the square of the radius. That is 
perfectly logical right? Remember the infinite intelligence? 

But how does this help us with our proof? Remember that 
we want to prove that planetary orbits have the shape of an 
ellipse. Well, we proved that an ellipse is formed by perpen-
dicular bisectors originating from a point in a circle. We 
proved Kepler’s second law using our infinite intelligence. 
Finally, we know that the areas of equal angles of an orbit 
are proportional to the time step times the radius squared.

Infinite intelligence
Well, we’re going to use the change in velocity per time step. 
Now for sufficiently small times this is just the acceleration. 
Now we have assumed that the force is pointed towards the 
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sun, which I don’t think needs any proving. Now we know 
that acceleration is just the change in velocity divided by the 
change of time. Here’s the trick: we know that equal angles 
are also proportional to the change of time, only also by the 
radius squared. Therefore, the force must be proportional to 
the inverse of the square of the radius. Now we know that 
the force is proportional to the inverse of the square of the 
radius. Rewriting this we can write the change in velocity as 
the change in time over the radius squared. Now we know that 
the change in time is proportional to the area, as per Kepler’s 
second law, which is proportional to the radius squared. 
Wow, so the change in velocity is proportional to the radius 
squared over the radius squared! So this must be constant!

But how does this help us prove elliptical orbits? Well what 
happens next is to think about how we can visualize this 
velocity change. Now we will again take the points at equal 
angles. This ensures that the velocity change between each 
point is constant. Now take the velocity at the beginning of 
such a segment, and the end of the segment. The change 
of velocity is just the difference vector. We have proven that 
this change is constant. So the change vectors will trace out a 
regular polygon. It is important to stress here that each velo-
city vector, and the corresponding change, is taken at equal 
constant angles. Imagine taking smaller and smaller angles in 
our orbit. The regular polygon will have more and more sides, 
and for infinitesimally small angles this polygon will become a 
circle. But the interesting thing is that the tails of the velocity 
vectors do not coincide in the center of the circle, but rather 
in some other point. Hmmm where did we see that before? 

“I couldn’t follow it myself very 
well… so I cooked up another one.” 

This fact seems very similar to our party trick, namely that 
an ellipse emerges when lines from a point inside a circle are 
rotated by 90 degrees. But how are these two findings corre-
lated? I mean it would be sad if they aren’t. The clue is to 
realize that when an angle is traversed in the orbit, the same 
angle is travelled in the velocity circle. It is important to see 
that the angle in the velocity circle is taken from the center of 
the circle and not form the point where all the velocity vectors 
originate from. This can be shown intuitively: take an angle 
theta from the horizontal in the orbit. What we want to find 
is the velocity in our velocity circle that corresponds with the 
velocity in our orbit. We find this by taking the same angle 
theta from the center of the velocity circle with the velocity that 
corresponded with the velocity of the horizontal in the orbit. 

What follows next is that we need to realize that the velocity is 
always tangent to the shape of the orbit. This means that for any 
point in the orbit that makes a certain angle with the horizontal 
we know the direction of the tangent of our orbit. But we proved 
that the tangents of an ellipse are the lines originating from an 
eccentric point within a circle. Which is exactly what we have! 
This certainly wasn't straigthfoward. Hopefully you were 

Richard Feynman, while not entirely relevant, it important to enjoy what 

you do and feel accomplished afterwards. Source: http://wavefunction.

fieldofscience.com/.

The 'proof' that the velocity at a certain angle theta in an orbit matches 

the same velocity in the velocity circle.

able to follow along well. Like any good lecturer I would 
like to have a short recap of what we achieved. 

Where we started off with was the question what shape a 
planetary orbit has. Furthermore, we were going to figure it 
out without the use of hardcore math or taking well known 
laws for granted. And so we began, we started by defining 
what an ellipse was. We of course already knew the orbit 
would have the shape of an ellipse. We obtained a fundamental 
understanding for Kepler's second law: proving that the area 
of a traingle depends on the time it takes to traverse it. After 
this we proved that the area scales with the radius squared. 
These two facts combined is what we used to prove that the 
change in velocity is constant for constant angles. Using these 
velocity diffence vectors we constructed a regular polygon. 
Finally, and perhaps the most difficult step to follow was to 
see that the circle that appears when these velocity vectors 
are combined it tells us what the velocity is at any point in the 
orbit. With the trick being not to take an angle from the origin 
of the velocity vectors, but rather from the centre of the circle. 

Quite easily done (q.e.d.) if I say so myself, luckily 
we had that infinite intelligence required.

—
By: Sander Pol (editor Van der Waals)
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SCIENCE

Black hole in a lab
Black holes are so well-known, one could argue that it is superfluous to even explain what 
they are. Yet, there are quite a number of thing that we don’t know about these highly 
distorted regions of space-time. We know that they exist, what effect they have on the 
space-time around them, but that is actually most of what we really know. Quite a few 
predictions of their behavior have been made, but many are left unconfirmed. Why is this?

One of the great problems with measurements on black holes 
is that all the black holes we know of are, quite literally, astro-
nomically far away. They are so far away that to take a single, 
low resolution image takes the latest and very best telescope 
technology and techniques that we have as a species. This is 
a quite a hurdle to overcome if you want to measure anything 
happening close to an event horizon. Then if the black holes are 
so far away that we cannot effectively ‘see’ them and cannot 
quite travel to them either, why don’t we bring them to us? A 
black hole in a lab would be ideal for carrying out measurements; 
all the needed equipment, and the people to operate it, could 
be right there. But, this is not quite a feasible idea. A black hole 
of any substantial size would require manipulating entire planets 
worth of matter to achieve the desired gravitational fields. And 
then there is the obvious issue that such a black hole would 
definitely destroy your lab, and maybe the Earth too, depending 
on its initial size. Then what about creating an extremely small 
black hole? Well, the Large Hadron Collider may create such 
micro black holes but, as of yet, none have been observed. 
So if we cannot do sufficient measurements on actual black 
holes and we cannot get them in our labs, what can we do?

Bathtub black holes
If you cannot get an actual black hole in the lab, then why not 
get a substitute? This idea was already proposed by William 
Unruh, praised theoretical physicist, in 1981. Later it was worked 
out that the physics of flowing fluids can be a good analogue for 
the physics that govern curved space-time. Unruh imagined as 
an analogue something like a river flowing towards a waterfall. 
If you are swimming in that river and you are far away from the 
waterfall, you could overcome the current. But as you approach 
the waterfall, the velocity of the water increases and there 
will be a point where the water starts to flow faster than you 
can swim. That point would be a point of no return, an ‘event 
horizon’, for a swimmer. Now this is something we can make 
happen in a lab. We can even go a step further and make a 
two-dimensional flow. This allows us to emulate a rotating black 
hole, and allows us to measure a very interesting effect: Zeldo-
vich radiation. Zeldovich radiation – which is named after Soviet 
physicist Yakov Zeldovich – is the effect of superradiance caused 
by the ergosphere of a rotating black hole. The ergosphere is 
the region around a rotating black hole where the curvature of 
space-time is so strong that for an object to appear to stand still 

to a far-away observer, it would have to travel faster than the 
speed of light. It is not to be confused with the region inside of 
the event horizon, as particles can still escape from the ergosp-
here; the radially inwards curvature can still be overcome with 
sublight speed, but the space-time is so strongly dragged along 
by the rotation of the black hole that any particle inside the 
ergosphere is forced into motion around the black hole. Zeldo-
vich predicted that if you send radiation into the ergosphere, it 
could come out with more energy – hence the term superradi-
ance. The extra energy is taken away from the rotational energy 
of the black hole. This effect is a case of the more well-known 
Penrose mechanism, named after physicist Roger Penrose, 
who worked on this at around the same time as Zeldovich.

"The physics of flowing fluids can 
be a good analogue for the physics 
that govern curved space-time."

At the University of Nottingham’s black hole center, an 
analogue for a rotating black hole was made for testing if 
this effect could be realized. For this, a bath was used into 
which water was pumped from two opposing corners, to 
give it some angular momentum. The bath also contained a 
hole into which the water would drain. The vortex near the 
drain, called a bathtub vortex, contains an inner region where 
the radial velocity of the water is greater than the speed of 
sound in water: the region inside the ‘event horizon’. There 
is also a region outside of the event horizon where the total 
flow velocity is still supersonic but the radially inward compo-
nent of the flow velocity is subsonic: the ‘ergosphere’. 

By sending waves towards the ‘black hole’ and obser-
ving the amplitude before and after the waves reached 
the vortex, superradiance could be confirmed or denied. 
In June 2017, the published results of this experiment 
confirmed superradiance for a bathtub vortex. This 
result is useful for understanding black hole physics. For 
example, superradiance is put forth as a possible cause for 
gamma-ray bursts, which are still poorly understood.
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Hawking radiation in the lab
Another daring prediction made about black holes has come 
from non-other than Steven Hawking. In 1975, Hawking 
proposed that black holes are not just all absorbing giants, but in 
fact emit electromagnetic radiation, which we know as Hawking 
radiation. This Hawking radiation is required by the Unruh 
effect applied to the space-time close to a black hole event 
horizon. The Unruh effect states that an accelerating observer 
experiences thermal background radiation with a characteristic 
temperature – the Unruh temperature – that is proportional to 
the local acceleration. Now, near the event horizon, an observer 
needs to be constantly accelerating in order not to fall into the 
black hole, meaning that this observer experiences thermal 
radiation, some of which must escape. A more physically intui-
tive interpretation of the emission process is the spontaneous 
creation of a particle-antiparticle pair very close to the event 
horizon. One of these is then absorbed by the black hole, the 
other escapes outwards. To comply with the conservation of 
energy, the absorbed particle must have a negative energy, as 
perceived by a faraway observer. The energy of the radiated 
particle therefore detracts from the energy of the black hole.

But if black holes are actually emitting electromagnetic radi-
ation, we should be able to just measure that directly, right? 
Well, as you probably already guessed, it is not actually that 
simple. The predicted Hawking radiation looks like black body 
radiation. But its matching temperature – the Hawking tempe-
rature – is inversely proportional to the mass of the black hole. 
The least massive black holes that we have observed are solar 
mass black holes and these are predicted to emit radiation at 
a temperature in the order of 10-8 K. The temperature of the 
Cosmic Microwave Background (CMB), the leftover radiation 
from the Big bang, is around 2.7 K. This means that the back-
ground radiation any telescope receives is so much greater 
than any possible Hawking radiation that it is highly improbable 
to confirm Hawking’s prediction by observing any known 
black hole. But here too, an analogue can be a useful tool.

Since 2008, multiple experiments have created an analogue 
black hole in a Bose-Einstein Condensate (BEC). This is done 
by confining a BEC in the shape of a long and narrow cylinder, 
effectively creating a one-dimensional system. Then, a posi-

tive potential is applied to a part of the BEC. This is done using 
lasers. The resulting potential has the form of a step function 
and it is moved at a constant speed along the BEC. At the 
point of transition from the positive potential to the zero poten-
tial region is the location of the ‘event horizon’. Just past this 
point, the velocity of the BEC is supersonic. So there is an 
acoustic event horizon, but what particles might be emitted 
from it? The answer is phonons. They can be thought of as 
quasiparticles associated with vibrational modes of a material. 
They travel at the speed of sound, and therefore experience 
the acoustic event horizon. The studies of acoustic black holes 
have indeed revealed that phonons are emitted from this 
event horizon in a BEC. Some studies even measured these 
emitted phonons to follow an analogous thermal spectrum, 
even matching the predicted analogous Hawking temperature.

"It is highly improbable to 
confirm Hawking's predictions by 
observing any known black hole."

However, acoustic black holes are not the only useful analogues; 
there are also optical black hole analogues. These work on a 
similar principle: a medium with a velocity gradient such that 
there is a point where the velocity of the medium transitions 
from lower to higher than that of a certain particle. Only, how 
can any medium travel faster than light? Well, no matter needs 
to travel that fast, a laser pulse will do. As a consequence of 
the Kerr effect the refractive index of a material will change by 
a small amount when light passes through it. And the speed 
of light traveling through any material depends on its refractive 
index, which itself is frequency dependent. So a laser pulse 
– called the driving pulse – can have a group velocity that is 
higher than the speed of light, for some other frequency, on 
the inside of this driving pulse. This creates an optical event 
horizon. It has even been done successfully in the lab. One 
team even observed ‘Hawking radiation’, seen as photons with 
‘negative energy’, carrying away energy from the driving pulse. 

However, one glaring issue remains with all of these analo-
gues. Many of the claims made by teams working with 
‘fake’ black holes are fiercely disputed. Often, critics dispute 
the presence of analogous Zeldovich or Hawking radiation, 
reasoning that the observed effects may well be caused by 
other mechanisms at play. Another source of fierce disagree-
ment is the link between the analogues and actual black 
holes. While flowing fluids or laser pulses traveling through 
a fiber may behave similarly to curved space-time, they are 
obviously not in complete accordance with one another. 
However, the similarity in the mathematics is there, and the 
effects observed in analogues do comply rather well with 
predictions. When we consider all this all, it is definitely a 
promising subject, regarding its possible usefulness and possi-
bility for fierce disagreement on the nature of reality alike.
—
By: Yuri Janson (editor Van der Waals)

Figure 1. A sideview of the Nottingham superradiance experiment, with 

clearly visual vortex and waves. Source: The University of Nottingham.
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‘Quantum technology is in its infancy, but 
it’s the technology of the future. Our 
 department’s task is to bring this technol-
ogy to a higher level in order to make it 
suitable for use in the business commu-
nity. Within QuTech, a joint venture of TNO 
and TU Delft, one of our teams is working 
with KPN on the creation of a quantum 
 internet between Delft, the Hague, Leiden 
and Amsterdam. I myself am a member of 
the Quantum Inspire team. We’re building 
a demo version of a quantum computer, 
which means working with technology 
 developed at the university—from the chip 
to the control equipment. We’re bringing 
these components together to create a 
real, working quantum computer. I con-
tribute to five sub-projects, one of which 
I’m the lead system engineer of. In that 
project, we’re developing a super-stable 
magnet that will allow other researchers 
to make reliable measurements of 
 quantum mechanical effects.’

CHECK TNO.NL/CAREER
FOR CURRENT VACANCIES

Follow us on:

�              tno_talent

�               TNOresearch

�        company/tno

�         tno_research

Nora Fahrenfort is a system engineer at the Quantum Technology 
department of TNO. She works on making quantum technology usable 
for the daily applications of the future. At TNO, she attributes to 
improving society—which is precisely why she feels at home here.

‘DONE WITH LEARNING 
AFTER UNIVERSITY? 
CERTAINLY NOT AT TNO!’

learn something from them. It’s also very 
easy to change departments. You then 
work in the same line of expertise but on 
a completely different theme. That’s 
 another way to learn. It’s what makes TNO 
so strong: there is so much expertise in 
so many areas. If there’s a question, 
there’s always someone who has the 
answer.’

THE PROBLEM IS ALSO THE SOLUTION
‘My day is good when I’ve connected 
 people with one another so that an even 
better answer emerges than anyone could 
have thought of on their own. That’s why I 
see myself continuing to work at TNO in 
the coming years. I would like to special-
ise in quantum security: the setting up of 
secure communication via quantum 
 mechanical means so that message 
 traffic cannot be eavesdropped on. Some 
say quantum technology will create a 
problem because quantum computers will 
soon be able to crack today’s heaviest 
available encryption within a few minutes. 
But quantum technology will also provide 
the solution to this problem. I want to 
 become an expert in that.’

LOOKING TO WHAT MAKES YOU HAPPY
‘I studied Applied Physics at TU Delft, with 
a Master’s degree that garnered a consid-
erable amount of publicity. The result of 
my Master’s research was the smallest 
computer memory ever made. Although 
we had already used quantum technology 
for its operation, this was atomic memory. 
Quantum mechanical effects are also 
 present at the atomic level. Following my 
Master’s, I began working at TNO. I had 
applied for a traineeship, which allows 
you to get a very broad orientation on all 
of the possibilities within TNO. Seeing 
how enthusiastic I became when I started 
to talk about technology however, HR 
 advised me I would do better in one of the 
departments. And they were right. At TNO, 
they really look to who you are. That’s 
what the whole application procedure is 
about: looking to what makes you happy.’

SOCIETAL VALUE
‘For me, TNO is a great match. Whenever I 
see something in the paper that makes 
me want to learn more, I often read fur-
ther along that TNO researched it! If I 
were to do my job purely to make money, 
I wouldn’t derive much enthusiasm from 
it. TNO wants to make society better and 
help small and medium-sized enterprises 
in the Netherlands move forward. And 
 although the practical usefulness of 
quantum technology is still far in the 
 future, developing the societal value of 
the technology is the approach of my 
work here.’

SOMEONE ALWAYS HAS THE ANSWER
‘TNO is a knowledge institute which 
 appreciates people and stimulates them 
to acquire more knowledge. You can 
 develop yourself in the direction of your 
choice and you’ll get a lot of help with 
that. For the first two years, they plan 
 personal development courses for you—
and that really is a wide range of useful 
courses. Whenever I’ve wanted to learn 
more about technology, I’ve never been 
refused a single course. Some say after 
university, you’re done with learning. 
That’s certainly not the case at TNO! All 
projects are set up in such a way that you 
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suitable for use in the business commu-
nity. Within QuTech, a joint venture of TNO 
and TU Delft, one of our teams is working 
with KPN on the creation of a quantum 
 internet between Delft, the Hague, Leiden 
and Amsterdam. I myself am a member of 
the Quantum Inspire team. We’re building 
a demo version of a quantum computer, 
which means working with technology 
 developed at the university—from the chip 
to the control equipment. We’re bringing 
these components together to create a 
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I’m the lead system engineer of. In that 
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for the daily applications of the future. At TNO, she attributes to 
improving society—which is precisely why she feels at home here.

‘DONE WITH LEARNING 
AFTER UNIVERSITY? 
CERTAINLY NOT AT TNO!’

learn something from them. It’s also very 
easy to change departments. You then 
work in the same line of expertise but on 
a completely different theme. That’s 
 another way to learn. It’s what makes TNO 
so strong: there is so much expertise in 
so many areas. If there’s a question, 
there’s always someone who has the 
answer.’

THE PROBLEM IS ALSO THE SOLUTION
‘My day is good when I’ve connected 
 people with one another so that an even 
better answer emerges than anyone could 
have thought of on their own. That’s why I 
see myself continuing to work at TNO in 
the coming years. I would like to special-
ise in quantum security: the setting up of 
secure communication via quantum 
 mechanical means so that message 
 traffic cannot be eavesdropped on. Some 
say quantum technology will create a 
problem because quantum computers will 
soon be able to crack today’s heaviest 
available encryption within a few minutes. 
But quantum technology will also provide 
the solution to this problem. I want to 
 become an expert in that.’

LOOKING TO WHAT MAKES YOU HAPPY
‘I studied Applied Physics at TU Delft, with 
a Master’s degree that garnered a consid-
erable amount of publicity. The result of 
my Master’s research was the smallest 
computer memory ever made. Although 
we had already used quantum technology 
for its operation, this was atomic memory. 
Quantum mechanical effects are also 
 present at the atomic level. Following my 
Master’s, I began working at TNO. I had 
applied for a traineeship, which allows 
you to get a very broad orientation on all 
of the possibilities within TNO. Seeing 
how enthusiastic I became when I started 
to talk about technology however, HR 
 advised me I would do better in one of the 
departments. And they were right. At TNO, 
they really look to who you are. That’s 
what the whole application procedure is 
about: looking to what makes you happy.’

SOCIETAL VALUE
‘For me, TNO is a great match. Whenever I 
see something in the paper that makes 
me want to learn more, I often read fur-
ther along that TNO researched it! If I 
were to do my job purely to make money, 
I wouldn’t derive much enthusiasm from 
it. TNO wants to make society better and 
help small and medium-sized enterprises 
in the Netherlands move forward. And 
 although the practical usefulness of 
quantum technology is still far in the 
 future, developing the societal value of 
the technology is the approach of my 
work here.’

SOMEONE ALWAYS HAS THE ANSWER
‘TNO is a knowledge institute which 
 appreciates people and stimulates them 
to acquire more knowledge. You can 
 develop yourself in the direction of your 
choice and you’ll get a lot of help with 
that. For the first two years, they plan 
 personal development courses for you—
and that really is a wide range of useful 
courses. Whenever I’ve wanted to learn 
more about technology, I’ve never been 
refused a single course. Some say after 
university, you’re done with learning. 
That’s certainly not the case at TNO! All 
projects are set up in such a way that you 
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‘Quantum technology is in its infancy, but 
it’s the technology of the future. Our 
 department’s task is to bring this technol-
ogy to a higher level in order to make it 
suitable for use in the business commu-
nity. Within QuTech, a joint venture of TNO 
and TU Delft, one of our teams is working 
with KPN on the creation of a quantum 
 internet between Delft, the Hague, Leiden 
and Amsterdam. I myself am a member of 
the Quantum Inspire team. We’re building 
a demo version of a quantum computer, 
which means working with technology 
 developed at the university—from the chip 
to the control equipment. We’re bringing 
these components together to create a 
real, working quantum computer. I con-
tribute to five sub-projects, one of which 
I’m the lead system engineer of. In that 
project, we’re developing a super-stable 
magnet that will allow other researchers 
to make reliable measurements of 
 quantum mechanical effects.’
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Nora Fahrenfort is a system engineer at the Quantum Technology 
department of TNO. She works on making quantum technology usable 
for the daily applications of the future. At TNO, she attributes to 
improving society—which is precisely why she feels at home here.

‘DONE WITH LEARNING 
AFTER UNIVERSITY? 
CERTAINLY NOT AT TNO!’

learn something from them. It’s also very 
easy to change departments. You then 
work in the same line of expertise but on 
a completely different theme. That’s 
 another way to learn. It’s what makes TNO 
so strong: there is so much expertise in 
so many areas. If there’s a question, 
there’s always someone who has the 
answer.’

THE PROBLEM IS ALSO THE SOLUTION
‘My day is good when I’ve connected 
 people with one another so that an even 
better answer emerges than anyone could 
have thought of on their own. That’s why I 
see myself continuing to work at TNO in 
the coming years. I would like to special-
ise in quantum security: the setting up of 
secure communication via quantum 
 mechanical means so that message 
 traffic cannot be eavesdropped on. Some 
say quantum technology will create a 
problem because quantum computers will 
soon be able to crack today’s heaviest 
available encryption within a few minutes. 
But quantum technology will also provide 
the solution to this problem. I want to 
 become an expert in that.’

LOOKING TO WHAT MAKES YOU HAPPY
‘I studied Applied Physics at TU Delft, with 
a Master’s degree that garnered a consid-
erable amount of publicity. The result of 
my Master’s research was the smallest 
computer memory ever made. Although 
we had already used quantum technology 
for its operation, this was atomic memory. 
Quantum mechanical effects are also 
 present at the atomic level. Following my 
Master’s, I began working at TNO. I had 
applied for a traineeship, which allows 
you to get a very broad orientation on all 
of the possibilities within TNO. Seeing 
how enthusiastic I became when I started 
to talk about technology however, HR 
 advised me I would do better in one of the 
departments. And they were right. At TNO, 
they really look to who you are. That’s 
what the whole application procedure is 
about: looking to what makes you happy.’

SOCIETAL VALUE
‘For me, TNO is a great match. Whenever I 
see something in the paper that makes 
me want to learn more, I often read fur-
ther along that TNO researched it! If I 
were to do my job purely to make money, 
I wouldn’t derive much enthusiasm from 
it. TNO wants to make society better and 
help small and medium-sized enterprises 
in the Netherlands move forward. And 
 although the practical usefulness of 
quantum technology is still far in the 
 future, developing the societal value of 
the technology is the approach of my 
work here.’

SOMEONE ALWAYS HAS THE ANSWER
‘TNO is a knowledge institute which 
 appreciates people and stimulates them 
to acquire more knowledge. You can 
 develop yourself in the direction of your 
choice and you’ll get a lot of help with 
that. For the first two years, they plan 
 personal development courses for you—
and that really is a wide range of useful 
courses. Whenever I’ve wanted to learn 
more about technology, I’ve never been 
refused a single course. Some say after 
university, you’re done with learning. 
That’s certainly not the case at TNO! All 
projects are set up in such a way that you 
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Complexe puzzels 
in de zorg 
“Technische Natuurkunde? Hoe kom je dan hier terecht?” 
Het is een vraag die Koen Merkus regelmatig hoort in zijn 
werk, bijvoorbeeld wanneer hij een ziekenhuis helpt met 
het opstellen van een nieuwe strategie. En hoewel hij de 
afgelopen jaren ontzettend veel nieuwe dingen geleerd 
heeft, heeft zijn achtergrond eigenlijk nooit misplaatst 
gevoeld. Graag vertelt hij jullie wat meer over zijn reis van 
natuurkundestudent tot strategieconsultant in de zorg.
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Van natuurkunde naar consultancy
In 2009 begon ik met de studie Technische Natuurkunde 
aan de TU/e en voelde me daar snel op mijn plek. Ik vond de 
vakken interessant, maar nam ook met veel plezier deel aan 
het studentenleven, met als hoogtepunt een bestuursjaar bij 
studievereniging Van der Waals. Ik vond het inspirerend om 
omringd te zijn door zeer intelligente medestudenten en om 
de complexe puzzels die natuurkunde vaak biedt alleen of 
samen te kraken. Tegelijkertijd waren er ook veel onderwerpen 
buiten de natuurkunde die ik interessant vond, uiteenlopend 
van financiën tot filosofie, en van duurzaamheid tot de zorg. 

Ik merkte al snel dat doorgaan in de wetenschap een goede, 
maar zeker niet mijn enige, mogelijkheid was. De natuur-
kunde fascineerde mij, maar ik zorgde ook dat ik regelmatig 
een bedrijfspraatje bijwoonde. En ik herinner me nog goed 
dat ik in het tweede jaar een presentatie van een strategisch 
adviesbureau bijwoonde. Een bedrijf dat allerlei ingewik-
kelde problemen oplost met een groep slimme mensen 
met diverse achtergronden, dat leek me wel wat.

Tegelijkertijd flirtte ik binnen de studie met de medische toepas-
sing van natuurkunde. Ik deed bijvoorbeeld een minor ‘Biomedi-
sche Technologie’ en tijdens mijn master deed ik onderzoek naar 
de eerste hartslag aan de University of Pennsylvania. In mijn 
afstudeeronderzoek onderzocht ik een nieuw type biosensor, 
en ik vond het inspirerend om enerzijds van dag tot dag bezig te 
zijn met complexe ‘puzzels’, maar anderzijds ook een antwoord 
te hebben op de vraag “wat hebben we hier nou eigenlijk aan?”. 
Nou, uiteindelijk gaan we mensen hiermee beter maken. 

"Ik flirtte binnen de studie 
met de medische toepassing 
van natuurkunde."

Zo bezien was het een kleine overstap van mijn afstuderen naar 
mijn huidige werk, als strategieconsultant bij Gupta Strategists. 
Nog altijd ben ik van dag tot dag met complexe puzzels bezig 
om uiteindelijk de zorg voor mensen beter te maken. En nog 
altijd ben ik omringd door een groep superslimme mensen. Het 
verschil is wel dat de groep niet alleen maar bestaat uit fycisi, 
maar ze bevat een divers pallet van achtergronden. Een kleine 
steekproef levert direct een gevarieerd beeld op: wiskunde, 
geneeskunde, econometrie, sociologie en dierengeneeskunde. 

Aan de slag als consultant
Maar er zijn ook een hoop verschillen. Dat wist ik natuurlijk van 
tevoren, maar werd me pas echt duidelijk toen ik in mijn eerste 
week in een vergadering zat bij een zorgverzekeraar. Ik werd 
overladen met termen als MSZ, STZ, ZVW DBC en ZN, terwijl 

niemand wist wat een MD-simulation (molecular dynamics)
was. Het was duidelijk hoe weinig ik van de zorg afwist.

Op sommige momenten was het dan wel weer handig om 
natuurkunde gestudeerd te hebben. Bijvoorbeeld de eerste 
keer dat ik een afspraak had met de klinisch fysicus van een 
ziekenhuis. We zouden het gaan hebben over het gebruik en de 
kosten van medische apparatuur in het ziekenhuis. Al tijdens het 
voorstellen zei hij: “oh je hebt natuurkunde gestudeerd? Dan 
zullen we het wel snel met elkaar eens zijn”. En zo geschiedde. 

Mobiele zorg in Kenia
Zodra ik begon met werken wist ik: ik mag dan wel bij een 
Nederlands bedrijf werken, maar ik wil ook graag wat serieuze 
buitenlandervaring opdoen. Die kans deed zich sneller voor 
dan ik durfde te hopen. Na nog geen jaar bezig te zijn kreeg 
ik de vraag of ik het leuk zou vinden om een aantal maanden 
in Kenia te werken, en die kans greep ik met beide handen. 

In Kenia hielp ik mee met het toegankelijk maken van de 
zorg door inzet van mobiele technologie. Toegankelijkheid 
van zorg is iets waar wij ons in Nederland gelukkig weinig 
zorgen om hoeven te maken, maar veel Kenianen wel. Waar 
we ons in Nederland druk maken over de hoogte van de 
premie en het eigen risico, is in Kenia voor veel mensen de 
vraag óf ze hun zorg wel kunnen betalen. Daarnaast is er een 
duidelijk onderscheid tussen de luxe private ziekenhuizen 
en de vaak gebrekkige overheidsklinieken. Veel mensen in 
Kenia zijn daarom afhankelijk van spaargeld, de gemeen-
schap of donaties voor het vergoeden van hun zorg.

Mobiele betaaltechnologie kan hier een oplossing voor 
bieden. Grappig genoeg heeft Kenia een flinke voorsprong 
op Nederland als het gaat om betalen met hun mobiele tele-
foon (al ziet het er een stuk minder flashy uit). In de super-
markt, een restaurant of iets lenen aan vrienden, Kenianen 
betalen het liefst met M-Pesa. Door dit concept uit te breiden 
naar de zorg wordt het mogelijk om donaties specifiek bij 
mensen met een bepaald ziektebeeld te laten aankomen 
of door een community-saving programma op te zetten.

 

"Het ene moment overlegde 
ik met lokale artsen, het 
andere moment zat ik diep 
in de programmeercode."
Ik hielp de NGO PharmAccess met het ontwikkelen van een 
mobiel betalingsplatformspecifiek gericht op de zorg. Het 
mooie is dat dit betalingsplatform ook meteen een schat u
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u aan relevante zorgdata oplevert. Die data voedden we 
terug aan de behandelaars via een smartphoneapp om de 
zorg te verbeteren. Een veelzijdig project, waarbij ik het ene 
moment overlegde met lokale artsen en verpleegkundigen en 
het andere moment diep in de programmeercode zat. Kwam al 
het programmeren tijdens mijn afstuderen toch goed van pas! 

Opbouw na faillissement
Wat me ook zal bijblijven is het moment waarop wij een zieken-
huis hielpen met plannen ‘wat als een naburig ziekenhuis failliet 
gaat’. In korte tijd wogen we verschillende scenario’s af en 
maakten we een plan voor het geval dat. Interessant om over 
na te denken, maar op dat moment voelde het hele project nog 
vrij hypothetisch. Maar vlak nadat het plan klaar was, ging dat 
ziekenhuis daadwerkelijk failliet en stonden de media er vol van. 

Toen besefte ik pas echt hoeveel mensen dit raakte, en 
hoe relevant ons plan was. Echter, toen moest het plan nog 
uitgevoerd worden, en ook daar mochten wij bij helpen. 
In dit deel van het project kwam de nadruk steeds minder 
te liggen op analyse, en steeds meer op ‘dingen regelen’. 
Hoewel de studie natuurkunde me hier minder op had voor-
bereid, deden de hectische dagen op dit project me regel-
matig terugdenken aan mijn bestuursjaar bij Van der Waals.

Duurzaamheid in de zorg
Een ander resultaat van een studie natuurkunde is een 
gedegen begrip van zaken als licht, infrarood, absorptie, 
reflectie en concentratie. Althans, dat was voor mij het 
resultaat. Dit betekent dat ik maar al te goed besef hoe 
klimaatverandering tot stand komt, en hoe erg het kan 
worden als we daar niks aan doen. Mijn overtuiging is 
dan ook al jaren dat dit de grootste uitdaging is van deze 
tijd, en dat we hieraan moeten doen wat we kunnen.

"De hectische dagen op dit 
project deden me regelmatig 
terugdenken aan mijn 
bestuursjaar bij Van der Waals."

Wat ik me echter pas sinds kort realiseer is hoe groot de rol van 
de zorg in dit geheel is. Samen met een collega dook ik in dit 
onderwerp en berekenden we dat de Nederlandse zorg goed is 
voor zo’n 7% van de totale Nederlandse CO2-uitstoot. Hiervoor 

M-TIBA, het project waar Koen Merkus aan gewerkt heeft om de zorg in Afrika toegangkelijker te maken. Data van april 2020.
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doken we eerst in de bestaande literatuur en ontdekten we dat 
Engeland al vrij uitgebreid de CO2-uitstoot van hun zorgsector 
rapporteert. We wisten het model van Engeland om te bouwen 
om op Nederland toe te passen. Wij publiceerden de resultaten 
als onafhankelijk onderzoek en dit leverde vele enthousiaste 
reacties uit allerlei hoeken op. Het werd helemaal leuk toen ik 
een telefoontje van Nieuwsuur kreeg, met de vraag of ik voor de 
camera het een en ander toe kon lichten. Zo werd dit passiepro-
ject, geboren uit mijn eigen interesse, ook nog mijn tv-debuut!

Vooruitkijken
Voordat ik begon aan een baan als strategieconsultant dacht 
ik “laat ik dit een paar jaar doen en dan ben ik vast weer toe 
aan iets anders”. Inmiddels zijn we 4 jaar verder en ben ik 
tot de conclusie gekomen dat ik het werk nog steeds veel te 
leuk vind om ermee te stoppen. Steeds weer opnieuw krijg ik 
de kans om me te verdiepen in uiteenlopende vraagstukken 
samen met een groep inspirerende collega’s. En steeds weer 
merk ik dat mijn achtergrond in de natuurkunde hierbij zeer 
relevant is. Zo heb ik de afgelopen weken ontdekt dat een 
virusepidemie zich goed laat modelleren door een systeem 
van gekoppelde differentiaalvergelijkingen numeriek op te 
lossen (een SEIR-model). Voor de gelegenheid heb ik nog 
even de slides van een vak uit ons tweede jaar erbij gepakt.

Dus hoe zien de komende 4 jaar eruit? Wie zal het zeggen. Dat 
de zorg de komende periode vele ingewikkelde vraagstukken 
op gaat leveren, staat wel vast. Daarnaast is mijn doel  om 
duurzaamheid een steeds belangrijkere rol te geven in onze 

projecten. Maar ik geloof ook dat het waardevol is een keer iets 
anders te doen dan advies geven. ”Smart people should build 
things” zei laatst iemand tegen me. Wat dan precies, daar ben 
ik nog niet helemaal uit, maar het zal ongetwijfeld weer een 
plek zij waar mijn natuurkundeachtergrond goed van pas komt.

—
Door: Koen Merkus (VENI-lid)
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Het tv-debuut van Koen, waarin hij zijn onderzoek naar duurzaamheid in de zorg uitlegt voor de kijkers van Nieuwsuur.
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An age-old question 
Humanity has gone through a slew of different ages – stone, 
bronze, iron, you name it. Our current one, the information 
age, has been made possible by a very special device: the 
transistor. Transistors are the brainchild of physicists and have 
become an astoundingly prolific invention. In fact, over 13 
sextillion of them have been made (that’s ten to the power 
of twenty-three). This invention (or more precisely, the point-
contact transistor) earned John Bardeen, Walter Brattain 
and William Shockley the 1956 Nobel Prize in Physics. 

One of these figures, Shockley, was key in laying the 
groundwork for Silicon Valley as we know it today. He was also a 
eugeniscists and, by extension, a racist. Where does that leave 
us? Well, perhaps we should learn a bit more about the man first.

William Bradford Shockley Jr. matriculated at Caltech, got 
his PhD from MIT and started working at Bell Labs. After the 
Second World War he returned to Bell Labs and led a solid 
state physics group. This eventually culminated in the Nobel 
Prize. It’s here where the troubles began. See, Shockley 
was, as they say, a micro-manager, and a rather incompetent 
one at that. It didn’t take long for him to scare off the other 
laureates (Bardeen would later win another Nobel Prize) 
and eventually Shockley himself quit Bell Labs to found 
Shockley Semiconductor Laboratory (SSL), in Palo Alto.

To his credit, Shockley was fantastic at assembling sets 
of ‘intellectual Avengers’. Part of his team at SSL, also 
upset with his management style, left to form their own 
company: Fairchild Semiconductor, which would eventually 

lead to the creation of Intel, AMD and many others, 
as well as help launch modern-day Silicon Valley. 

Eventually, Shockley focused all his efforts on his growing 
interest in eugenics. So much so, that he estranged even 
his children. Shockley believed that less intelligent people 
would have more children than intelligent ones, which would 
lead to a collapse in civilization as humanity collectively 
became dumb. He pinned a large part of the blame on 
the African-American community, which he viewed as 
less intelligent (even going on national television to say 
so). Suffice to say, his blatant racism and pseudoscientific 
views completely isolated him from his former friends 
and family. He died, almost completely alone, in 1989.

Silk purses from sow’s ears
By now it’s pretty clear that being a good physicist – or just 
smart, in general – does not directly translate to being a good 
person. And with ’good person’ I’m not just talking about 
the realm of do-goody teetotalers, no, anyone short of a 
prison sentence qualifies. If you think my standards should 
be loftier, I invite you to grab the list of Physics laureates: 
Johannes Stark, Nazi; Philipp Lenard, anti-Semite; Guglielmo 
Marconi, fascist; Robert Andrews Millikan, eugenicist; and 
John Robert Schrieffer, vehicular manslaughter. Even in 
the cream of the crop there’s still some rotten apples. But 
that begs the question, how do we treat these people?

On the one hand you have someone who’s pushing the 
boundaries of science, who could transform the future for 
the better. On the other hand you’ve got a nasty piece of 

OPINION

What if a scientist is both brilliant 
and racist? What if that scientist 
wins a Nobel Prize? What then?
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work, who’s regressing society and worsening the present. 
What’s more important, the potential or the reality? And this 
is something to think about, because each time someone 
like that wins a prestigious award, they gain more influence 
and a bigger platform to spew their vitriol. Is that worth 
the progress in the sciences? What’s more, if they’re good 
enough, these people become role models. Think Einstein, 
think Hawking: these are household names. Their scent will 
be plastered all over models and equations. For instance, 
the Stark effect. Each time a student learns it, they’re 
also indirectly keeping the name of a dead Nazi alive. 

Actually, this debate closely mirrors one happening in 
the arts: is the artist separate from the art? I think it’s 
worthwhile to see if there’s anything to be learned. 

Arts v sciences
In what I’ll dub the ‘separatist’ camp the following arguments 
tend to reign supreme (of course, for the sake of editorial 
brevity I’m lumping a lot of different, nuanced views together). 
Enjoying the art of a murderer doesn’t make you a murderer, 
nor one by association. For example, I’ve seen my fair share 
of Caravaggios, but I’m afraid my bloodlust hasn’t awakened, 
and if I’m enjoying a Picasso, I’m not suddenly compelled to 
become a misogynist. If we removed art by tainted artists from 
museums, the halls would be rather empty. Who will decide 
what to remove? Where does judgement end and censorship 
begin? Certainly, judging history based on modern morals is 
a very slippery slope. The Separatists argue that, in general, 
a work of art can be judged on its own, and not in relation to 
external factors. Of course, exceptions have to be made for 
clearly autographical works, or art that critiques its environment. 

“But wait”, the Unitarians say, “after all these exceptions, how 
much art is there still left to judge?” Indeed, the amount of 
‘troubled artists’ is strikingly high. The Unitarians also point out 
that being successful brings with it influence, influence that 
can easily be abused. One only has to look at all the MeToo 
cases as an example. Also, an artist often sells not one, but 
two products: their product (art, in this case), but also their 
image, their personal brand. These two are intrinsically linked 
as their persona ties directly into their art (would Banksy be as 
popular if everyone knew what he looked like?). There’s also that 
art which deliberately incites delinquent behavior can lead to 
actual delinquent behavior with actual, real-life consequences. 

Takeaway, please
So, quite clearly this debate in the art world, which has its roots 
centuries ago, isn’t quite settled. But what can we learn from 
it for our discussion in the sciences? Well, first of all, we can 
look at the differences. In art, intent often plays a role (was 
Piss Christ, a sculpture of Jesus dunked in urine, intended to 
be blasphemous?), but this is lacking in physics. For the record, 
I’m excluding pseudoscience – like phrenology. A physical law 
is a physical law, whether Saint John writes it down or R. Kelly, 
the phenomenon itself doesn’t change; nature is an impartial 
muse. What is the same, is the aspect of influence. Like the 
artist, if a researcher is showered in prizes and featured in mass 
media, their clout, and means to act, increase significantly. 

So, the main judgment call, I feel, is checking if rewarding 
the abhorrent scientist outweighs the societal damage.

This screams utilitarianism; our main problem now is a practical 
one: how do we quantify, or even measure something as 
fuzzy as ‘societal damage’. Well, first we should make a 
distinction between between physicists that are still alive 
(or recently deceased) and those that are long dead.

If the scientist is long dead, exceptions excluded, it’s usually 
quite clear what skeletons were hiding in their closets and 
what kind of impact their work had. It’s only a matter of 
comparing the two, and judging based on whatever standards 
are relevant. Then, I think the best course of action is to 
acknowledge and move forward. Retconning the past is 
dangerous (what is considered right or wrong has a tendency 
to flip-flop) unless the deeds are particularly egregious – 
keep in mind, we’re still talking only about those who are 
still primarily known for their science, not about a next Mao 
who happened to also dabble in chemistry. Maybe name-
effect should be dubbed description-of-thing-effect, but other 
than that there is no need to cease using their models. 

As for the present, I’m afraid the pragmatic solution is fly-by-
your-pants ethical decision making. We have to accept that 
we don’t know what the scientific impact of the scientist 
could be. We only know their scientific and societal impact 
now. Shuffling terms like ‘potential’ in the mix is dangerous 
as they’re open to interpretation. I think it best to first look 
at severity. If our next Nobel laureate happens to diddle 
kids, or the like, then yes, isolating them from the scientific 
community is a good call. This’ll happen anyway, as prison 
is often not the most intellectually-stimulating of environs. 
If the researcher’s offences aren’t quite prison-worthy, then 
an approach like that to James Watson (co-discoverer of 
DNA, who repeatedly made racist comments) might work. 
First offence: a hefty warning, second offence: ostracism.

In general, though, there is no need (I feel) to ever discard the 
physicist’s work. If it’s right, it’s right, and ignoring it would 
mean that nothing good has come from the bad person. 
As a community, we can treat the model as a donor organ: 
remove it from the scientist (they’re not using it anyway), 
and place it comfortably in the bigger, shared body of work, 
where it can do some good. This is possible because the 
scientific work should describe nature around us, whose 
fundamental laws (probably) behave the same, regardless of 
whether a racist or someone else has done the measuring.

And lastly, how does this apply to Shockley? Well, it’s pretty 
clear that we can’t ignore the transistor; it has transformed 
society. And getting worked up about him won’t change 
much, as he’s long dead. So, perhaps the best course of 
action is to learn from his mistakes. To view him as a scar in 
the history of Silicon Valley. Unpleasant, but a clear warning 
to future scientists: be careful, lest you squander your fame.

—
By: Kees Mommers (editor Van der Waals)
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While quantum mechanics revolutionized the world of physics 
in the early 20th century, the simple, but profound idea of using 
quantum mechanical systems for information processing was 
introduced decades later. One of its pioneers, Paul Benioff, 
published a theoretical description of a quantum-mechanical 
version of the predecessor of contemporary information proces-
sors (Turing machines). This, together with David Deutsch’s 
description of universal quantum computing, ultimately led 
to the fascinating research field of quantum computation we 
know today. But it wasn’t until 1994  when Shor published 
an algorithm for the factorization of prime numbers with the 
ability to speed up the time of computation exponentially 
with quantum computers, that the field started to gain a lot 
of attention. From that moment, the field and in particular 
quantum hardware for quantum information processing, has 
experienced an extremely rapid development. Whereas the 20th 
century stood in light of understanding quantum physics and 
its implications,  we now find ourselves at a point where we 
can control and manipulate quantum systems. Thereby pushing 
the boundaries of the laws that govern quantum mechanics. 

At the core of quantum hardware is engineering ‘stable’, 
controllable quantum-analogues of classical bits, 
so-called qubits. The quantum property spin inherent 
to every particle constitutes as a highly promising plat-
form for the experimental realization of a qubit. 

First envisioned by Kane in 1998 , dopants in silicon form one of 
the leading candidates for a quantum computer design based on 
spin qubits. In this experimental realization, phosphorus dopants 
are implanted in silicon. A phosphorus atom then replaces a 
silicon atom in the lattice, forming chemical bonds with neigh-
boring silicon atoms. The valence electron not participating 
in the formation of these bonds will remain confined to the 
donor due to the potential well created by the donor atom.
The system then acts as an hydrogen-like atom, binding one 
electron in the s-orbital. Thereby drastically reducing the 
complexity of the system’s state, which can be described 
by the spin states of the donor nucleus and electron. 

SCIENCE

Spin qubits 
in silicon 

In spin qubit systems, spin-1/2  particles like electrons natu-
rally implement a two-level quantum-mechanical system 
by its spin state. The spin eigenstates of these systems 
can be characterized by the spin-down or spin-up state. In 
this picture, analogues of the classical bit are defined as
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Over the last decades silicon has been 
the material of choosing when it comes 
to modern electronics, but could it 
potentially take us a step further on the 
road to a scalable quantum computer?

Essential to quantum information processing is the ability to 
initialize, control and readout the qubit’s state. Phosphorus 
donors in silicon have been demonstrated to be  highly 
controllable. The spin state of the electron and nucleus 
can be manipulated by applying oscillating magnetic fields, 
thereby enabling coherent driving of rotations of the qubit. 
On top of that, the nuclear spin shows extraordinary stability. 
A common problem in quantum information processing is 
so-called decoherence, which arises due to undesired inter-
actions of the qubit with its environment, resulting in relax-
ation of the qubit’s state. Using the nuclear spin of a phos-
phorus donor has been shown to have spectacular coherence 
times. Topping that of with electrical single-shot readout 
with high accuracy, the platform constitutes a promising 
candidate in the race for a scalable quantum computer.  

However, as with any experimental implementation, there are 
challenges ahead. One major challenge in the usage of phos-
phorus donors is the ability to couple qubits. The realization 
of two-qubit logic operation in combination with single qubit 
rotations is at the core of the realization of an universal set of 
gates. Essential to the realization of two-qubit gates is the ability 
to entangle two qubits, thereby coupling their states. Several 
methods to achieve this have been proposed and realized. The 
methods include using the electron dipole-dipole interaction 
(flip-flop qubit), spin waves and the spin exchange interaction, 
to name a few. Thereby opening up new possibilities along the 
road to a scalable quantum computer based on spin qubits. 
 —
By: Amber Heskes (editor Van der Waals)



Gerhart Wolfgang Rathenau werd op 25 juni 1911 geboren in 
het Duitse Charlottenburg. Zijn ouders waren Fritz Rathenau 
en Sophie Dannebaum. Zijn jeugd bracht hij door in een 
welvarend liberaal-conservatief, joods en keizersgezind Pruisisch 
gezin. Na een korte periode aan de Technische Hochschule 
in Charlottenburg schreef hij zich in bij de Friedrich-Wilhelms-
Universiteit in Berlijn om natuurkunde te studeren. Eind 1930 
toog hij richting Göttingen, het epicentrum van de Duitse 
natuurkunde in die tijd, waar hij studeerde onder begeleiding 
van James Franck, die vijf jaar eerder samen met Gustav Hertz 
de Nobelprijs had gewonnen voor “hun ontdekking van de 
wetten die botsing van een elektron op een atoom regeren”.

In dezelfde maanden dat Rathenau richting Göttingen 
verhuisde werd de NSDAP de tweede partij van Duitsland 
bij de verkiezingen voor de Rijksdag in september 1930. 
Drie jaar later zou Rathenau als een van de laatste joden 
promoveren aan de Universiteit te Göttingen. Op 7 
december 1933 verdedigde hij cum laude zijn proefschrift 
over de Untersuchung am Absorptionsspektrum von 
Wasserdampf und Kohlendioxyd im Gebiet unter 2000 Å. 

Het door Hitler uitgevaardigde Gesetz zur Wiederherstelling 
des Berufsbeamtentums had er eerder dat jaar al toe geleid 
dat zijn begeleider Franck uit protest was opgestapt. Deze 
wet voorzag erin dat – behoudens een aantal uitzonderingen 
die Rijkspresident Von Hindenburg bedongen had — joden 
en andere niet-Ariërs niet langer ambtenaar konden zijn.

Na lang tobben en omdat het in Duitsland echt gevaarlijk werd, 
koos Rathenau voor de Rijksuniversiteit van Groningen. Zijn 
hoofdinteresse lag bij de relatie tussen atomaire rangschikking 
binnen en optische eigenschappen van materialen. Na 
ook nog enkele jaren curator van het Teylersmuseum te 
zijn geweest, vertrok hij in 1938 naar Eindhoven en werd 
wetenschappelijk medewerker in het Natlab. De nazi's kon 
hij echter niet blijven ontlopen. In mei 1940 brak ook in 
Nederland de oorlog uit. Gedurende de oorlogsjaren was 
Rathenau de wetenschappelijk toezichthouder van het 
Speciale Ontwikkelingsbureau (Sonderbüro) van Philips, waar 
het concern zijn joodse medewerkers had ondergebracht 
in een poging hen voor deportatie te behoeden.

In 1947 liet Rathenau zich naturaliseren. Bij het Natlab 
bleef hij zich toeleggen op onder andere de magnetische 
eigenschappen van vaste stoffen en de materiaaleigenschappen 

van metaal en legeringen. In 1953 werd hij aangesteld als 
hoogleraar aan de Universiteit van Amsterdam. Behalve een 
begiftigd experimentalist was hij ook een geëngageerde 
docent die met verve kon lesgeven. Een decennium later 
verruilde hij Amsterdam toch weer voor het Natlab, waar 
hij een steeds belangrijkere rol speelde in het management 
van wetenschappelijk onderzoek. Hij was o.a. coördinator 
van internationaal onderzoek, één van de directeuren 
van het Natlab en lid van de raad van commissarissen. 
In Amsterdam bleef hij aan als bijzonder hoogleraar.

Een bijzondere rol speelde Rathenau eind jaren zeventig als 
voorzitter van de adviesgroep micro-elektronica. Nederland 
liep in die jaren flink achter op het gebied van digitalisering en 
het ministerie van Onderwijs en Wetenschappen vreesde dat 
dit desastreuze gevolgen zou hebben voor de internationale 
concurrentiepositie van het bedrijfsleven. Er werd een 
adviescommissie in het leven geroepen om de invloed van 
de microchip in Nederland te onderzoeken. De adviezen 
die ze in 1979 uitbracht logen er niet om. Nederland moest 
serieus werk gaan maken van haar technologiebeleid.

Het rapport van de commissie Rathenau bepleitte onder andere 
gereguleerd informaticaonderwijs, het van overheidswege 
stimuleren van de aanschaf van thuiscomputers en de oprichting 
van een instituut voor technology assessment. Dat instituut 
werd in 1986 opgericht als de Nederlandse Organisatie voor 
Technologisch Aspectenonderzoek (NOTA) en heet sinds 1994 
het Rathenau-instituut. Gerhart Rathenau zelf heeft dit niet meer 
mogen meemaken. Hij overleed op 6 januari 1989 te Waalre. 

—
Door: Jens Peter Frankemölle (redactielid Van der Waals)

Gerhart Rathenau
BNN

Kort na zijn promotie in Göttingen ontvlucht Rathenau het Duitsland van zijn ouders en vestigt zich 
in Nederland. Hij maakt naam binnen het Natlab in Eindhoven en wordt hoogleraar in Amsterdam. 
Als voorzitter van de adviescommissie voor micro-elektronica adviseert hij de Nederlandse regering 
eind jaren zeventig over de gevaren en kansen van de microchip. Dit is  Gerhart Wolfgang Rathenau.

Who is G.W. Rathenau? 
Gerhart Wolfgang Rathenau was 
Dutch physicist best known as 
a the chair of the advice com-
mittee for micro-electronics. 
Earlier in his career he had been 
researcher at and later director 
of the Natlab, as well as a full 
professor at the University of 
Amsterdam. 
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Are you our 
new editor?

Do you like to read the N! and are you interested in 
writing articles about a variety of subjects? Then you 
are the new member of the editorial staff that we are 

looking for!

The editorial staff is a committee of Van der Waals 
that publishes the N! four times a year. From cover to 
cover, everything is written and edited by enthousiastic 
members of Van der Waals and VENI. As member of 
the editorial staff, you will be writing about subjects that 
you are interested in. Together with the other editors 
you will make sure that a beautiful magazine with inter-

esting articles is written. 

Are you the new editor that the N! is looking for? Please 
let us know, by sending an email to hoofdredacteur@

vdwaals.nl.

The N!  is looking for 
interesting stories 

from students
Are you a Bachelor's that finished an super interesting 
BEP project? Have you been on an internship and would 
you like to share your experiences with other? Or are 
you working on your Master's graduation project and do 

you want to tell other more about it? 

If you answered one or more of the above questions 
with yes, then you can send us an email to hoofdre-
dacteur@vdwaals.nl and an article for one of our 
future editions. Our editor-in-chief will contact you to 

discuss the details! 

We are always looking for interesting stories about 
physics so any article about some scientific research 
is welcome! If you have any other ideas, do not hesi-
tate to contact us as well. You can send us an email or 

contact one of the members of the editorial staff! 
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