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Amazon Tall Tower Observatory
The news is always buzzing as of late and if, like me, you have 
gotten into the habit of checking the news multiple times a day 
then you know that most of it isn’t particularly joyful. However, 
every once in a while you might discover something new whilst 
locked up in a room without a breeze: a cool scientific project 
you might not have heard about before!

The forest that can be seen here is not just any forest, it’s the 
Amazon rainforest: a unique place on Earth that houses a great 
diversity of animals and has a unique atmospheric composition. 
That orange-white not-particularly-inviting tower thing in the 
middle of it? That’s the Amazon Tall Tower Observatory or ATTO 
in short. It might not look that impressive in the middle of such a 
large forest, but with its 325 meter height it is a meter taller than 
the Eiffel tower and the tallest structure in all of South America! 
Still, it’s not just a great lookout delivering a fantastic view of 
near-endless greens, it is a relatively young scientific observatory 
in which large- and small-scale processes in the Amazon forest 
can be studied. Its main goal is to further our understanding 
of the Amazon rainforest and its interaction with both the soil 
beneath and the atmosphere above. 

The project was started in 2009 by scientists from Germany 
and Brazil and, once funding was granted in 2010, the project 
quickly took off. Once a suitable location was found, it only 
took a year to build the tower you see in the picture, which was 
finished in August 2015. The chosen location is deep within 
the Amazon rainforest, which was necessary for studying the 
pristine untouched forest to understand the natural processes 
without human influence. As such, it is far from the edge of 
deforestation where the Amazon fires occur. Still, the sensiti-
vity of the observatory is enormous: if the wind is right it can 
not only detect bush fires in the Amazon, but it can detect 
events happening as far away as central Africa. Finally, one 
last cool thing: over 80% percent of the published research 
associated with the ATTO is open access. So if you want, you 
can dive right into a whole heap of information on the Amazon 
rainforest from the comfort of your room. It might not be as 
great as being there, but it beats looking at the news again.  
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CONTENTS
EDITORIAL
"More of the same" almost always spoken out 
as a form of dissatisfaction. But regarding the 
N!, this always is a good thing in my humble 
opinion. Another edition with the quality 
articles you are used to. You have asked, 
and the editors have delivered. You shall be 
informed, entertained and challenged. 

First of all, Pim Keizer has outdone himself 
again by writing another article about a compli-
cated subject, making it seem light. Pim uses 
his humor and wit to convey his passion for 
physics. And not just any, he has an affec-
tion for the tougher parts of physics, clearly 
showing from his oeuvre. Let’s hope that Pim 
finds another fascinating subject that needs 
some explaining before the next edition!

I hope I can say this every edition: we have new 
editors. Damian Dassen and Anna Bugai have 
joined the editorial staff and have immediately 
started practicing what they preach. They have 
written one Fysicaflits each, a mere warmup in my 
opinion. Their enthusiasm is contagious, even in 
online meetings. There will be many more inter-
esting pieces coming from these two, I am sure.

The department has once again also contrib-
uted to the N!. This time in the form of a nice 
piece about the achievements of the Center 
for Computational Energy Research (CCER) 
and the pain points of creating a sustainable 
energy network on a world scale. The piece is 
completed with some nice experiences from 
students (both Bachelor and Master) who have 
contributed to the developments at CCER.

Changes do happen though; people come and go. 
This edition is the last where you can see the work 
of Jeff as editor-in-chief from VENI. Jeff has put 
tremendous effort in writing and composing arti-
cles for the past editions and I would like to thank 
him for this! I hope that Jeff will maybe still write 
some article(s) in the future, only time will tell….

Coming to fill the gap that Jeff will leave is our 
own Jens Peter Frankemölle. Jens Peter will 
take over the reins from Jeff and will become 
the new editor-in-chief from VENI. I hope he 
will not only compose pieces from others 
but also still keep on writing pieces. Missing 
these iconic articles would be a shame. All 
in all, plenty to enjoy and no time to lose!
—
By: Bouke van Belois 
(editor-in-chief Van der Waals)
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NEWS!
New student housing 
on the TU/e campus
The place that once housed hundreds of students 
during lecture hours, will soon house students at every 
possible moment. The TU/e has big plans for the area on 
campus that is currently occupied by Paviljoen. Before 
the start of the academic year 2023/2024, a total of 
735 new student residences should be ready for both 
international as well as Dutch students. The residencies 
will be for both stand-alone living as for houses with 
shared facilities. The vision of Eindhoven university of 
Technology (TU/e) is to make this, apart from a living 
space, also a meeting place for all students. The main 
building will therefore contain a thrift shop, a creative 
space, and other spaces for which the destination will be 
decided on in collaboration with students. The building will 
be managed by Vestide, with whom the TU/e has made 
arrangements to keep the costs for the rent at a maximum 
of €250 (excluding a maximum of €100 service costs). 

13th Lustrum TU/e
The year 2021 marks the 65th birthday of the Eindhoven 
University of Technology (TU/e), founded in 1956. To cele-
brate the new lustrum, the TU/e is planning on hosting many 
events, both live and online, during the whole calender year. 
This will, among other things, include a ‘Heroes’ festival, 
a theater production, with special happenings during 
King’s Day, Glow festival, and the Dutch Design Week. 

The theme of the 13th lustrum is ‘Heroes like you’, an 
homage to all people who made the TU/e great over 
the years, but also a token of thankfulness of the exec-
utive board for the efforts of all personnel and students 
during the COVID-19 pandemic. This fits in nicely with the 
Christmas gift the executive board sent to all students.

The lustrum is kicked off with a short movie about all 
heroes that the TU/e is so proud of. The movie can be 
found on the website of the TU/e via www.tue.nl/tue65. 
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Arecibo telescope 
collapsed after 57 
years of service
The Arecibo telescope, situated in a former sinkhole 
in Puerto Rico, has collapsed partially on December 
1 2020. The large receiver, that was first elevated 
over the big parabolic reflector dish, fell and crashed 
into the disk below. The receiver was supported 
by multiple steel cables that carried its weight. 

The observatory was on its return already, following 
damage caused by several hurricanes and an earthquake. 
There were serious plans to repair all the damage that 
was done over the years, but this plan was nipped in 
the bud by the breaking of one of the main supporting 
cables. After this cable had broken, any repair had 
become too dangerous, and the telescope was doomed. 
With the final collapse, a glorious legacy has come to 
an end. The diameter of 305 m made it the world’s 
largest single-aperture since its completion in 1963, until 
it was surpassed by the Chinese Five-hundred-meter 
Aperture Spherical Telescope (FAST) in July 2016. 

The telescope is famous for the Arecibo message, an 
attempt to communicate with extraterrestrial life from 1974. 
A 23 by 73 pixel bitmap image including, among other 
things, a stick man and chemical formulas was transmitted 
in the direction of globular cluster Messier 13, situated 
around 25.000 light-years from our own solar system. 
Unfortunately, we will have to receive the possible response 
using another telescope. Until now, scientists have not 
received any words or drawings back from Messier 13.
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Because everyone is working from home, the division 
between work and leisure has become less obvious. This 
has caused many to struggle balancing personal and profes-
sional life. The department board takes the well-being of 
its staff very seriously and, in a new effort to better the 
working conditions of staff members, has committed 
to ten new actions to reduce the work pressure. 
The actions range from reducing the amount of paper-
work that comes with a promotion to reducing the amount 
of work-related actions outside of working hours. The 

Department AP wins 
NNV diversity award
A couple years ago, the Dutch Physics Association (NNV) 
introduced the NNV diversity award. This prize is awarded 
to the physics department that has the most open diversity 
policy, as judged by a jury. This year, the prize is awarded to 
our department of Applied Physics. The department earned 
this prize by applying effective and innovative policies that 
have made eyed the percentage of female staff of 35% 
feasible in the nex couple of years. The efforts of Van der 
Waals are also praised by both the jury and the department. 
The involvement of the next generation is entioned by the 
jury as very important in the sustainability of the policies. 

New world record for 
Korean artificial sun
The Korea Superconducting Tokamak Advanced Research 
(KSTAR) has set a world record for the longest operation time 
at high plasma temperatures (100 million degrees Celsius). 
The new record is set at an operation time of 20 seconds, 
bettering their own previous world best of 8 seconds by 
a big margin. The collaboration between Seoul National 
University (SNU) and Columbia University managed to 
maintain an ion-temperature, the relevant measure for the 
temperature of a fusion plasma, of 100 million degrees. 

The goal of reaching these temperatures has resulted in the 
nickname: the Korean artificial sun. The institute attempts 
to create an energy source like the Sun on Earth. Where 
the sun does its magic at an ion temperature of approxi-
mately 10 million degrees Celsius, the lower pressure on 
Earth has to be compensated with a higher temperature. 

The next big goal for KSTAR is to achieve an operating 
time of 300 seconds at a temperature of 100 million 
degrees Celsius by 2025. This would be an important 
next step towards what many believe to be the ultimate 
goal, having commercial fusion energy on Earth.

Department undertakes action to reduce 
work pressure for all staff

department will abstain from sending any email outside of 
working hours (evenings, weekends and holidays) to give 
staff members more opportunity to relax after work. 
The department board has also committed to no longer 
scheduling any meetings before 8:30, in the lunch break 
or after 17:30 to ensure normal working hours. 

The department board has shown great compassion with 
all those involved with the department and is also open 
to more suggestions from both staff and students. .
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Liquid mirror telescopes on the Moon
Recently, some new cutting-edge telescope projects have 
begun to be realised. These will be able to observe astro-
nomical objects which have never been captured before. 
However, even with the recent breakthroughs in telescope 
technology that are being implemented in these next gener-
ation telescopes, they will still not be able to observe certain 
astronomical objects. For instance, the hypothetical Population 
III stars will not be able to be observed by these telescopes. 

Population III stars are very massive, hot and luminous objects 
that have virtually no metals in their chemical composition. 
These would have existed in the early Universe and could explain 
why metals exist, since metals could not have been created 
during the Big Bang. Some experimental data hints at their 
existence. In very distant galaxies, invisible objects have been 
observed causing inexplicable gravitational lensing. However, 
due to the red shift of the light which these stars emitted in 
the early years of the Universe, they are currently unobservable 
from the surface of the Earth. Their red-shifted light is hidden 
deep within the radio noise that we put in the atmosphere, 
which is the main reason that the next-gen telescopes will 
most likely not be able to observe these hypothetical stars. 

To solve this problem, a new, very ambitious plan for a telescope 
has been proposed: the ULT (Ultra Large Telescope). This a tele-
scope that will be built on the Moon. It will certainly live up to its 
name, since the mirror would need to have a diameter of about 
100 meters. Why would putting a telescope on the Moon solve 
this problem? This is because there is effectively no artificial 
radio noise near the surface of the Moon. Astronomy is increas-
ingly being limited by the artificial electromagnetic radiation that 
is present in the atmosphere, hence astronomical equipment 
needs to be put in places where there is a low artificial noise. 

One might uickly realise that this will be an expensive 
endeavour, so an interesting cost-saving measure has been 
proposed. Miss A. Schauer of UT Austin has advocated to use 

liquid mirrors instead of traditional solid mirrors. This late 19th 
century technology that resurfaced in the late 80s will dras-
tically reduce the costs of putting a telescope on the Moon. 
The parabolic mirror needed for a telescope nearly accounts 
for all the costs of telescope. The costs of making a liquid 
mirror are one hundred times less than those of making a solid 
mirror. This saving makes the telescope nearly 95% cheaper. 

But how do they work? If you put a rotating liquid in a uniform 
gravitational field with the angular momentum of the liquid 
parallel to the gravitational field lines, then the surface of 
the liquid will align itself into a perfect parabola. If you use a 
reflective liquid then you end up with a perfect mirror that is 
suitable for a telescope. This has a few notable advantages 
over traditional mirrors. First of all, the mirror cannot crack. If a 
microscopic meteor lands on the mirror then it will just create a 
small temporary disturbance in the surface of the liquid which 
will disappear quickly thereafter. Another nice property is that 
the focal length of such a mirror is variable. It only depends on 
the angular velocity of the liquid, which comes in handy when 
calibrating the telescope remotely after it is deployed. The main 
downside of a liquid mirror over a traditional solid mirror is that 
the liquid mirror has parts moving constantly, which will wear 
down over time, thereby shortening the lifetime of the telescope. 

This endeavour of putting the ULT on the Moon will be a 
herculean task. It will take at least another decade before 
we can expect this project to be realised. By considering 
liquid mirrors instead of solid mirrors we have drastically 
eased this task for ourselves, since it is easier to package 
a liquid into a rocket then it is to stably package pieces of a 
massive solid mirror. And who knows how those pieces will 
be assembled once they arrive at the moon. Using a liquid 
mirror for this project is a lot easier than using a solid mirror, 
but it will still not be a trivial task to put it on the Moon.
—
By: Damian Dassen (editor Van der Waals)
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Global warming — human-induced warming of the Earth’s 
system that is caused by greenhouse gasses — is one of 
the main threats to our planet. This problem, along with the 
possible solutions like switching to renewable energy, as 
well as protecting forests and animals, are constantly brought 
to the attention of the general public. Despite actions being 
taken, the problem of global warming keeps flaring up, 
which is why scientists keep working on new solutions. 

One of the latest ideas revolves around solar geoengineering. 
This solution helps to cool down the Earth by reflecting solar 
radiation back into space. The two main approaches being 
researched are stratospheric aerosol injection (SAI) and marine 
cloud brightening (MCB). SAI involves injecting tiny reflecting 
particles (aerosols) into the upper atmosphere to reflect sunlight, 
thus leading to the cooling of the planet. On the other hand, 
marine cloud brightening uses sea salt to stimulate cloud forma-
tion over the ocean, which would also help to reflect sunlight. 

Of these solutions, SAI is the more interesting approach 
as it has already been witnessed in action. In 1991, in the 
Philippines, Mount Pinatubo erupted and injected an esti-
mated 20 million tonnes of sulfur dioxide into the strato-
sphere. The sulfate particles had cooled the planet down 
by around 0.5°C and only after about 18 months the Earth’s 
average temperature had returned to what it used to be.

However, apart from the eruption of the volcano, thus far 
the artificial injection of particles into the upper atmosphere 
has been nothing but theoretical. One of the main reasons 
for this is simply people’s fear of the outcome. This fear 
is justified because of the multiple drawbacks that could 
occur. Researchers have focused on working out computer 
models, which suggest that the dimming of the Sun could 
backfire through adverse effects on the Earth’s climate, 

in the form of a reduction in global rainfall, completely 
shifting rain patterns or even robbing crops of sunlight.

Although, as the emissions of greenhouse gases continue 
to rise, conversations about geoengineering research have 
started to gain more attention among scientists, policy-
makers and environmentalists. Now, researchers are coming 
to the conclusion that the only way to prevent severe 
impacts of global warming will either be through sucking 
out a massive amount of carbon dioxide from the atmos-
phere or through cooling the planet artificially. Some are 
even worried that both of these tactics might be needed. 

At this moment, scientists at Harvard University are proposing 
to run the first tests in July 2021 involving balloons that 
drop small amounts of chalky dust and observe its effects. 
This is all part of their project called the Stratospheric 
Controlled Perturbation Experiment (SCoPEx). The first 
phase would focus not on injecting the particles: instead, 
it would pivot on the dry run of the streerable balloons and 
instruments needed to study the chemical reactions in the 
stratosphere. Small plumes of calcium carbonate (around 
100 grams) would be released, with the balloon then 
turning around to observe how the particles disperse. 

Project SCoPEx was predicted to launch as early as the first 
half of 2019, but it still has not started. Even now, this project 
needs to win the approval of the independent advisory board, a 
decision that cannot come earlier than February 2021. For now, 
everyone is waiting to see whether it will be approved or not, 
as global warming is becoming more and more of a problem 
every day and actions need to be taken as soon as possible.
 
—
By: Anna Bugai (editor Van der Waals)

Solar Geoengineering against global warming
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The idea
STOOR aims to make studying Applied Physics at our department 
as enjoyable as possible. In order to do this, we need to stay in 
contact with our students to tackle possible problems. One of the 
methods STOOR uses, is organizing councils once a quartile to 
discuss issues. Obviously, the university also desires feedback 
to ensure the quality of the education. In the Netherlands, the 
government considers the quality of education important and 
therefore universities are obliged to create quality agreements, 
which are made with the help of the lecturers and students. All 
agreements including the one from the TU/e are openly acces-
sible on the website of the Rijksoverheid. To make these agree-
ments the university has many methods to obtain feedback one 
of them being course evaluations. These provide information on 
the development of the TU/e on the course level. A good idea to 
measure the quality on this level, one might say. However, the 
evaluations are subject to skepticism of some students and a 
well-known problem is that they do not have the desired response 
rate, 31% at the TU/e. This raises questions regarding how much 
value should be given to these evaluation results.

Criticism on course evaluation
The TU/e is not the only university that has to deal with diffi-
culties regarding course evaluations. All universities across the 
Netherlands recognize the problem. Actually, at some universities 
there are study programs that research this feedback method. 
Research over the years has resulted in much criticism. First of 
all, it could be argued that being anonymous gives students a free 
pass to write whatever they want with or without good reasons. 
The fact that this can have influences on the job or personal life 
of the lecturer might not hold back a student. You might think 
that nobody would write such evil things but take a look on 
social media platforms such as Twitter and Facebook, and you 
can imagine what happens if people get the chance to be anony-
mous. Another disadavantage is that it is very important to create 
a correct set of well-formulated questions. Each course uses 
different set-ups, materials, etc. so how can these all fit in one 
type of evaluation? Additionally, taking the evaluations very seri-
ously can be of high risk, because the objectivity of the students 
can be dubious. If a teacher hands out cookies every lecture will 
he score high because of his capabalities to explain the mate-
rial or because of these delicious sweets? Finally, Menno van 
der Schoot from the Vrije Universiteit questions whether the big 

What about course evaluations?
STOOR

Everybody will recognize the end of a quartile with an email named Evaluation of course 3... 
. Some might immediately answer these surveys, others will always ignore them. Due to this 
uncertainty, STOOR would like to emphasise the importance of these questionnaires but there 
is more to this story. Namely, where do they come from and where do they go? 

amount of data retrieved after surveys should be valued as highly 
as it is right now. Research has shown that students are good at 
criticising side conditions of a course (Were Powerpoints used 
effectively? Could the teacher be reached easily?), but outside 
their own concrete experience they have a hard time producing 
qualitative feedback. 

"The quality of education is 
reduced to something that we 
can only express in numbers."

Actually, some students might only base their evaluations on  how 
'enjoyable' the course was. Van der Schoot raises the question 
whether good education should be fun education. But not only the 
evaluation capacities of the students are worrisome: according to 
Van der Schoot, the main problem is that the way the evaluation 
is used currently reduces the quality of education to something 
based on numbers and figures. In his opinion quality cannot only 
be identified by measuring (yes, a very non-beta mind set). There-
fore, he states that there are many alternative methods to get 
an indication of qualitative education. One of his examples are 
councils, with which STOOR happily agrees. Most importantly, 
he argues that the story of the lecturers themselves should be 
included more. According to him, a story tells more than numbers 
and a single dialogue can indicate the quality. 

What about at TU/e?
Here at the TU/e, quality assurance is aware of these types of 
criticism regarding course evaluations. However, the evaluations 
also have advantages such as easy comparison between courses 
or with previous years and thus are in a way a source of feed-
back. Still, quality assurance has many ideas to improve their use. 
Several people within our department have been busy with this 
task. However, due to the corona managment of last year this was 
put on hold. Since this academic year Els van Rooij is committed 
to improve the use of the course evaluations and with that their 
value. Right now she does this by focusing on the analysis and 
sharing of the results. Most students are not even aware of the 
fact that these results are broadly used in the department, that 

10 | N! March 2021



not become clear from the questions, it can still be shown in this 
way on the evaluation sheet. This new overview will provide even 
more valuable analyses, which is an important step in ensuring 
quality.

Sharing
Not only analysing the results, but also sharing the results is of 
great importance to increase the value of the evaluation. Van Rooij 
is busy brainstorming on it and how this could be done. It might 
have potential, because if you would ask a random student what 
they think has been done with their evaluation most will answer 
that they have no clue. This is not a weird answer, because 
how would they know what has been improved in their course 
compared to last year when they probably have not followed the 
course. By showing to students what has been done with the 
feedback, Van Rooij hopes to create awareness amongst students 
and thereby increase the response rate. 

A great inspiration is the department of IE&IS, which gives a 
course overview on  OSIRIS including results. There are different 
parts such as at a glance or detailed evaluation results, but 
extremely interesting is that there are the sections student's eval-
uation and teacher's evaluation. Both sections include space to 
indicate positive and improvement aspects. Moreover, the section 
of the teacher's evaluation plans for improvement is included. By 
sharing this with students they will become aware that their feed-
back is actually used.  

Where do they come from...
To come back to the question "Where do they come from where 
do they go?": it is obvious that they come from the idea to assure 
and evaluate the quality of education. Where they will go to is still 
an open end. There are many aspects that give room for criticism, 
but there are also many ideas to improve the value of the results of 
which two were shown earlier. The fact is that these evaluations 
are an indication of problems and start up discussions. Further-
more, it is reasonable to assume that the results will become 
more valuable once the response rate becomes higher. Well, that 
is a very easy change to achieve right? Instead of ignoring those 
mails at the end of the quartile, we should just open them happily 
and fill out those surveys! 
—
By: Sophie de Hont (editor STOOR)

professors themselves get to see all the results and that based on 
these surveys plans for the course next year will be made. 

Analysis 
Many will not realize that the results of a course evaluation 
are an important basis for discussion within the department. 
As Menno van der Schoot states: "only numbers and figures 
are not enough to indicate the quality of the education", which 
is why our university has several ways of discussion. On a 
university level, meetings are organized in which the feedback 
of bachelor courses is discussed. Program committees are 
made in which students and lecturers evaluate the education 
together. Study associations have a commissioner of education 
and in our department we have STOOR to gather feedback.  
According to Van Rooij, the councils play an important part in 
checking feedback on courses. Therefore, she is always present 
during these councils. Moreover, when the results of the evalua-
tions are in, STOOR meets up with Van Rooij to see whether or not 
the feedback given during a council are in line with the results of 
the evaluation. Sometimes it becomes clear that a course scores 
below average for several years, which is an important indication 
for changes and that it should be added to the priority list. To 
indicate easily how a course scores over the years, Van Rooij has 
made a clear overview page per course in which numbers such 
as passing grades are presented, along with the review of the 
teacher.

 

"No clue what has been done with 
my feedback of last year."

She stresses that initially teachers were asked to "respond" to the 
results, which not all did happily because it might have felt like an 
attack. Now she asks for the "input" of the teacher. Van der Schoot 
and Van Rooij would agree on the fact that this input is very impor-
tant, because it tells another side of the story. A teacher notices 
difficulties within his course too and his perspective can be very 
useful. It happens quite often that teachers make use of the coun-
cils to speak out what they have noticed or to share their worries. 
Moreover, in this overview there is quite some place for other 
input coming from the questionnaire. If a feedback point could 

STOOR announcements 
STOOR organizes a master information session 
on Monday the 12th of January.

Hopefully, after reading this article the importance of your 
feedback has become clear. The councils are a great way to 
share this. The following councils are organized: P-council 
for first years, PP-council for second and third years and 
M-council for Master students. Feedback is more than 
welcome especially in these times! If you are interested in 
joining one of these councils please send an email to us. 

In general, for all your questions and feedback you can 
reach out to us at stoor@tue.nl or contact us personally.

STOOR
E-mail: stoor@tue.nl
Who: Jonne Severijns Sophie de Hont

Victor Brouwers  Viktor van Bilsen
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Tiling it all together
Mathematicians speak of ‘tiling’ when a two-dimensional 
plane is covered with a set of geometric shapes such that 
it leaves no gaps and creates no overlap. The most familiar, 
and most satisfying, is a tiling that is periodic, or transla-
tionally invariant. This means one can cut a certain unit cell 
from the plane and copy-paste it in two fixed directions for 
it to span the full tile. The most straightforward way to tile 
the plane is using similar squares: matching neighboring 
edges. But as you can tell from the introductory paragraph, 
such a pattern is rather unexciting. Can we do better?

Yes, we can. Two other known ways using one unique set of 
shapes are with triangles and hexagons as shown in figure 
1. We refer to the shape of a tile as a prototile. As for the 
mentioned examples, these are tiles of a single prototile, as we 
copy-paste one unique tile. Apart from the evident translational 
invariance, the square, triagonal and hexagonal tilings possess 
another form of symmetry: namely rotation. Take for example 
the squares. One can rotate the entire plane by 90 degrees 
and it will fall back onto itself. Usually we like to refer to the 

SCIENCE

Penrose tiling: when 
repetition gets boring
At some moment in your life, you’ve come to the realization that you would like to settle 
down, buy a house and perhaps apply for a fulltime job at ASML. At this point you are 
confronted with the inevitable decisions in life, like how to decorate your house, and in 
particular the bathroom tiles. Knowing you are not your typical Jan des Bouvrie but an 
established physicist, you decide to take lifestyle advice from a mathematician and discuss 
some nice patterns for your bathroom wall. “How coincidental”, he says, “I’ve just been 
informed about the latest trend in interior design: Penrose tiling!”

rotational symmetry as having an n-fold symmetry. It implies 
that it is invariant under rotation of 360/n degrees. Triangles, 
squares and hexagons have 3-, 4- and 6-fold rotation symmetry 
respectively. Evidently, 1-fold rotational symmetry means no 
symmetry. I hope by now that you observe a pattern. We 
can tile the plane with shapes of 3-, 4- and 6-fold symmetry, 
but can we also do it with 5-fold: namely pentagons?

When repetition gets boring
If you happen to have a box filled with regular, similar-sized 
pentagons, I suggest to get it in front of you and follow along. 
When you place these figures together, edges touching, you 
quickly realize that you run into a problem. The internal angle of 
a pentagon equals 108 degrees and it does not require a math 
miracle to realize that multiples of that will never add up to a 
full rotation, i.e. 360 degrees. In other words, pentagons will 
never tile the plane, it will always leave some gaps. Most people 
would by now accept their defeat and perhaps change careers, 
but one English chap named Sir Roger Penrose, a mathemat-
ical physicist, would be the one to break the pattern, literally.

But more on that later. We need to take a step back to fully 
appreciate the development of pentagonal tiling. Starting in the 
1960s, a number of mathematicians concerned themselves 
with more exotic forms of tiling than the examples that were 
discussed above: triangles, squares and hexagons. Although 
these patterns are quite satisfying, from a mathematical stand-
point they are rather dull. A more thrilling way to tile the plane 
is where tiling occurs non-periodically: such that no repeating 
pattern emerges. A well-known tiling could be constructed 
from sphinx tiles. As can be seen in figure 2, depending on the 
chosen orientation with respect to the others, it could either 

Figure 1: The three known examples of regular tilings with regular poly-

gons: squares, triangles and hexagons. Source: Wikipedia.
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form a periodic tiling or a non-periodic tiling. However, the 
sphinx tile is an example that illustrates that periodicity is merely 
a choice: one can decide for themselves what the nature of the 
pattern is they’d be interested in. A logical follow-up question 
that came about at the start of the 1960s was if there existed 
a set of tiles that could only tile the plane non-periodically?

Race to the bottom
In 1961, a mathematician named Robert Berger indeed 
found a set of tiles that could only tile the plane non-pe-
riodically. With how many tiles you say? Well, a modest 
20,426 distinct tiles that is. This may sound like an awfully 
large amount – in particular if you wish you use this pattern 
for your bathroom – but note that this number is finite. The 
consequences are astonishing but also very counter-intui-
tive. Think about it. Given Berger’s finite set of unique tiles, 
one could create an arrangement which would never repeat 
itself – ever – as it goes to infinity. And it does so voluntarily.

"The consequences are astonish-
ing but also very counterintuitive."

The evidence for non-periodic tiling with a finite set of 
distinct tiles kickstarted a math race to reduce the finite size 
to the smallest number possible. Robert Berger managed 
to lower his number down to a respectable 104. Later, 
computer scientist Donald Knuth got the number down to 
92 and eventually in 1969 Raphael Robinson got the last 
laugh with an astounding 6 unique tiles. However, it was our 
English chap who got the number down to a humble 2.

Phony five-fold flowers
In the early 1970s Roger Penrose started out with a single 
pentagon on a piece of paper, like we started ourselves earlier. 
Adjacent to each of the five edges he drew another pentagon 
of the same size, like a flower with 5-fold rotation symmetry. 
Penrose noticed that the resulting shape resembled a larger 
pentagon, only with some gaps missing. Motivated by this, he 
decided to cut up the center pentagon into smaller pentagons, 
similarly to how he had assembled the larger pentagon. Indeed, 
he encountered the same open gaps, but he decided to color 
them in as if they were other parts of the total jigsaw puzzle. He 
continued to split his center pentagon and followed his recipe 

with coloring in the missing gaps. The end result was figure 3. 
What emerged was somewhat of a pattern, but not exactly. One 
could see some periodicity in his pentagons, but not throughout 
the entire plane. The tiling Penrose was able to find was in fact 
non-periodic! Even the missing gaps showed some patterns. 
Apart from the original pentagons, the other pieces were a five-
pointed star (a pentagram), a diamond (formally a thin rhombus) 
and a figure that reminds me personally of a hat you could fold 
from a piece of paper (hoedje van papier) but in literature is 
referred to as a 'boat'. In total, Penrose managed to narrow the 
number down to just four distinct tiles, for his original Penrose 
tiling. In an iterative process, Penrose was able to finally reduce 
his number down to two tiles, by substituting the former four 
for a pair of rhombuses with accompanying colored lines to set 
rules for matching up the vertices. This final tiling, shown in 
figure 4, is nowadays known as the rhombus Penrose tiling.

If you look at the Penrose tiling in figure 4, you start to see 
some regularities: suns, stars and other beautiful regular shapes. 
But then again, if you look for a longer period of time, those 
regularities only appear locally. The suns and stars are merely 
scattered randomly along the plane never really showing a 
pure periodicity. Evidently, a non-periodic shape will go on 
infinitely in all directions never revealing a pattern. There are in 
fact an uncountably infinite number of possible Penrose tiles. 
From here, the non-periodic character of the tiling gets even 
weirder. As each tiling is infinite, any local pattern such as a 
sun or star will occur infinitely many times in all other Penrose 
tiles, therefore it is impossible to tell on which tiling you are 
at. The only way you can find out is if you know the pattern of 
the entire plane, which is a Sisyphean struggle as the plane is 
infinite. There appears to be a strange paradox embedded within 
the tiles; there is an uncountable infinity of different u  

Figure 2: Depending on the their relative orientation and position, sphinx 

tilings can either be non-periodic (left) or periodic (right). Source: Tilings 

Encyclopeida & Wikipedia.

Figure 3: The first and original Penrose tiling consists of pentagons, 

pentagrams, diamonds and boats to tile the plane. Some features ap-

pear to repeat themselves, but it is in non-periodic throughout. Source: 

Wikipedia.
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u versions of Penrose tilings, but just by looking at them locally,
you can never tell which is which. Are you still following along?

Putting it into practice
Evidently, math allows for the study of highly idealized struc-
tures, so a sensible follow-up question was if there existed 
real examples of Penrose tilings in nature. Penrose himself 
believed that his tilings were reserved for the math world 
only. In condensed matter physics, crystals highly rely on 
symmetries of the system. Clearly, nature always aims for the 
configuration that minimizes energy and that is often paired 
with a structure in which atoms are periodically arranged with 
respect to each other. Those structures have readily been 
established over a century ago and can be classified into one 
of the fourteen Bravais lattices. All of them have rotational 
symmetries that are known to be 3-, 4-fold or both. Apparently, 
Penrose tilings does not seem match any of the criteria. Are 
they deemed to be abused for mathematical enjoyment only?

In 1982, a decade later than Penrose, Dan Shechtman was 
on sabbatical at Johns Hopkins University where he studied 
specific aluminum alloys. One of these candidates was an 
alloy with manganese, Al6Mn. To gain insight about its crystal 
structure Shechtman measured the Bragg diffraction pattern, 
which you can use to find its rotational symmetries. To his 
surprise, he observed a 10-fold diffraction pattern, reminiscent 
of a Penrose tiling. To put this into context, the conventional 
symmetries are only 2-, 3-, 4- and 6-fold; similar to what we 
discussed at the beginning. It took some time for Shechtman 
to put the pieces together, but fairly quickly he came to the 
conclusion that his metal alloy could not possess any transla-
tional symmetry – a fundamental property of crystals. In 1984 
he published his findings under the sober title; The Micro-
structure of Rapidly Solidified Al6Mn, where he claimed that 
his structure had a multiple polyhedral shape, which was later 

termed as icosahedral glass. This shape could be thought of a 
three-dimensional arrangement of the Penrose tilings. Shortly 
after Shechtman’s publication, the name quasi-crystal was first 
introduced by colleagues Paul Steinhardt and Dov Levine to 
represent a structure that is ordered but strictly non-periodic.

Breaking the habit
To put it mildly, the scientific community was rather shocked 
by Shechtman’s findings. Shechtman later commented 
that he “was the subject of ridicule and lectures about the 
basics of crystallography”. Renowned scientists in the day 
believed that the very idea of a structure having no peri-
odicity was something that was reserved for fairy tales. 
Two-time Nobel laureate Linus Pauling who put himself 
forward as leader of the opposition, was famously – but 
stretching the bounds of condescension – reported of saying: 
“There are no quasi-crystals, only quasi-scientists”.

After Shechtman’s first apparent observation of a quasi-crystal, 
soon other scientists soon followed with similar, odd results. 
Researchers reported observing 12-fold symmetries in nick-
el-chromium alloys and 8-fold symmetry in exotic nickel-silicon 
alloys. In the following years, the list was extended to hundreds 
of wonderful quasi-crystals, slowly accumulating acceptance 
among the scientific community. A paradigm was shifted in 
which the idea of an ordered structure was completely over-
hauled. In 1992, this led the International Union of Crystallog-
raphy to change its definition of a crystal allowing the order to 
be either periodic or non-periodic. And in 2011 Shechtman was 
given the ultimate recognition for his revolutionary work by being 
awarded the Nobel Prize in Chemistry on his work on quasi-crys-
tals. The committee commented that “his discovery was 
extremely controversial” but that it “eventually forced scientists 
to reconsider their conception of the very nature of matter”.

"There are no quasi-crystals, 
only quasi-scientists."

What struck me the most about this story is that non-periodic 
structures, be it quasi-crystals or Penrose tilings, have always 
been out there in nature but never been discovered before. In 
some sense, the idea of a structure having non-periodicity is of 
the upmost level of counter-intuition, and that is why scientists 
have never been willing to look for them. Even renowned people, 
who have been in the field for years, were naively disgusted 
to the point of offence. Patterns that we thought made so 
much sense, such as squares and triangles, made us seem-
ingly oblivious to the so many other non-trivial arrangements 
in which crystals can be conceived. The results that we have 
found in the form of non-periodic structures are both beautiful 
and paradoxical and lend themselves as a fascinating subject in 
both math and physics. Oh, and on a different note, Sir Roger 
Penrose was recently awarded the 2020 Nobel Prize in Physics 
for discoveries on black hole formation. Just so you know.
—
By: Pim Keizer (editor Van der Waals)

Figure 4: The rhombus Penrose tiling consists of merely two tiles: a pair 

of rhombuses. Altough tiling two rhombuses is straigthforward, there 

are in fact strict rules to prevent them from tiling periodically. Source: 

Wikipedia
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Onze faculteit mocht tijdens de 
afgelopen editie van het natuurkunde-
congres Physics@Veldhoven de 
NNV-Diversiteitsprijs in ontvangst 
nemen. De afgelopen paar jaar heeft het 
faculteitsbestuur met gericht beleid het 
aandeel vrouwen in de wetenschappelijke 
staf weten te verhogen van een schamele 
paar procent naar bijna een kwart.

Het moet rond 2003 zijn geweest dat 
ik in een vlammende column op de 
website van het toenmalige blad ‘Natuur 
en Techniek’ fulmineerde tegen dit 
soort initiatieven. ‘Wat een onzin, het 
merendeel van de vrouwen ambieert 
gewoon geen carrière als hoogleraar. 
En als maar tien procent van de 
natuurkundestudenten vrouw is, dan is 
het toch flauwekul dat zij de helft van 
de staf zouden moeten uitmaken?’ Zeer 
overtuigd van mezelf stuurde ik mijn 
column in en ging verder met mijn leven.

"Veel vrouwen 
hebben onterecht 
het idee dat zo'n baan 
niets voor hen is."

Inmiddels zijn we bijna twintig jaar verder, 
en is mijn mening 180 graden gedraaid. 
Het gaat er niet om dat je per se vrouwen 
moet aannemen op hogere posities, het 
gaat erom dat veel vrouwen onterecht 
het idee hebben dat zo’n baan niets 
voor hen is. En daarmee verspillen we 

als maatschappij onnodig veel talent.
Mijn ogen werden met geweld 
opengerukt toen mijn zoon en dochter 
naar de basisschool gingen. Tot die tijd 
speelden ze met hetzelfde speelgoed, 
en hadden ze hun vader en moeder 
vrijwel evenveel zien werken en zorgen. 
Maar waar onze dochter eerst nog 
in vriendenboekjes opschreef dat ze 
later ‘baas van ASML’ zou worden, 
veranderde dat al snel in ‘moeder 
die thuis voor de kinderen zorgt.’ 
De Nederlandse maatschappij geeft 
kinderen een alomtegenwoordige, 
sluimerende en slopende boodschap 
mee dat meisjes beter kunnen zorgen, 
en jongens vooral stoer moeten zijn. Het 
is de Bart Smit folder die de technische 
dingen op de ‘Voor jongens’ pagina 
zet, en de meisjespagina’s volgooit 
met speelgoedstrijkijzers. Het zijn de 
schoolboeken, waarin papa’s altijd 
stoere beroepen hebben, en mama’s 
steevast het huishouden doen. En het 
zijn de praatprogramma’s, waarin de 
‘deskundigen’ nog veel te vaak mannen 
zijn, en vrouwen met een gefundeerde 
mening als kenau worden weggezet.

Gelukkig lijkt deze olietanker na veel 
geduw en getrek eindelijk langzaam van 
richting te veranderen. De middelbare 
scholen die onze kinderen inmiddels 
bezoeken, stimuleren alle leerlingen op 
dezelfde manier om zich te verdiepen 
in natuur en techniek. Mensen als 
Gerrit Kroesen en TU/e rector Frank 
Baaijens maken zich in het openbaar 
sterk voor meer gelijke verhoudingen, 
en durven daar ook omstreden 
maatregelen voor in te voeren.

Prachtige ontwikkelingen dus, en 
nogmaals chapeau voor de faculteit. Maar 
laten we nu ook meteen doorpakken. 
Want diversiteit gaat verder dan alleen 
genderissues. Het gaat ook over het 
samenbrengen van mensen met 
verschillende culturele, etnische of 
sociaaleconomische achtergronden. 
Daar valt nog wel een wereld te winnen, 
blijkt onder andere uit het schokkende 
nieuws dat schooladviezen op de 
basisschool steevast lager uitvallen voor 
kinderen uit minderheidsgroeperingen 
of met lageropgeleide ouders. 
Hoeveel natuurkundestudenten 
of -hoogleraren zijn er nu eigenlijk 
van Antilliaanse, Marokkaanse, 
Surinaamse of Turkse komaf?

"Er valt nog een 
wereld te winnen."

Natuurkundigen onderzoeken 
wetmatigheden die niet afhangen 
van de achtergrond van degene die 
ze bestudeert. Laten we dat expliciet 
benoemen en op alle mogelijke manieren 
verkondigen dat een natuurkundestudie 
niet alleen is weggelegd voor de zonen 
van blanke, hoogopgeleide ouders. En 
laten we er met zijn allen voor zorgen dat 
de kans dat mijn dochter, haar klasgenoot 
Rajaan, of haar vriendin Salomé baas van 
ASML wordt net zo groot is als die van 
een blanke jongen die Peter of Eric heet.

—
Door: Sonja Knols-Jacobs (VENI-lid)

Stimulans voor Salomé
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In the 4th century BC, the Greek philosopher Aristotle stated 
his theories of how the natural world behaved. He believed 
the Earth to be the center of the cosmos, made up of the four, 
ever-changing, basic elements: water, earth, fire and air. The rest 
of the cosmos was, as he reasoned, divided into the celestial 
spheres, made up of the fifth, unchanging, element: æther. 
All motion in the world was caused by the natures of these 
elements, relative to the cosmos. The heavy elements, earth 
and water, would fall towards the center, hence the Earth, with 
its oceans, lies at the center of the cosmos. In contrast, the 
lighter elements, fire and air, would fly away from the center. The 
uncorrupting element æther, would calmly rotate in the celestial 
spheres, but never move up or down. In his reasoning, Aristotle 
had assumed an absolute space and time. We now know that 
that is not the way nature should be interpreted. Another wrong 
assumption Aristotle made, which hardly catches any attention, 
is that the cosmos itself has an absolute center. This means that 
space must be absolute. Even more than that, the cosmos has 
its very own preferred frame of reference. All movement should 
be seen as relative only to the fixed space of the cosmos.

Let me try to give you an example of how the world would 
behave if it were constructed like this. If you were standing 
on the surface of the earth, things would seem completely 

normal. However, if you were to suddenly jump about 55 million 
kilometers through space – surfing through the æther – directly 
to the surface of Mars, things would quickly go awry. And I 
am not talking about the severe lack of atmospheric oxygen, 
poisonous dust storms, nor the freezing temperatures you 
would encounter there. No, the problem I am aiming to point 
out is that you are mostly made of water-like and earthly matter, 
so you should start moving towards the center of the cosmos. 
This means you would fall right off Mars’ surface (although I 
do not know if you could even stand on a celestial entity made 
from æther) and back towards Earth. This will end poorly for 
you, if you forgot to bring your parachute. But in all seriousness, 
this is a major flaw in Aristotle’s theories. And his erroneous 
rationale would persist for many, many years; it would not be 
properly addressed for over 1900 years after his demise.

Galileo Galilei
When reading about the physical theories of times long past, 
we mustn’t forget that what we call physics was not at all its 
own field of study for much of the past. Back in the days of 
Aristotle, physics was part of natural philosophy. Furthermore, 
this natural science was closely connected to theology, the 
study of the divine and of religion; and to metaphysics, the 
study of the nature of reality, minds and matter, etc. So it should 
come as no surprise that the sky and outer space, believed 
to be the realm of gods, would be described as unreachable, 
divine and of the most pure form of matter. This connection 
of the natural sciences to theology and metaphysics would 
remain the golden standard even until after the spread of 
the scientific method. But even though natural science and 
theology were still strongly connected at the time, it was one 
of the fathers of the scientific method who challenged the 
Aristotelian view of relativity: Galileo Galilei. You might know 
this man for discovering the moons of Jupiter and dropping 
balls of different mass from the top of the tower of Pisa, 
from which he found that all objects accelerate towards the 
Earth at an equal rate, which we now call g. He likely never 
acually performed this experiment, but it is still a good story. 

Some sentences back, I mentioned that Galilei was one 
of the fathers of the scientific method. But what does that 
even mean? And how does that relate to relativity? Well, 
dear reader, Galilei was a strong proponent of closely linking 
mathematics to descriptions of the physical universe. This was 

SCIENCE

As modern physicists, we are all used to the idea of space and time being relative. We see Newtonian 
mechanics as nothing more than a decent approximation and an outdated model of reality. But 
the step from 'heavy objects fall faster' to Newton's nice mathematical description of eality is as 
interesting as it is underappreciated. So let's explore this interesting, revolutionary time in the history 
of our physics.

Relative history

Figure 1: Schematic representation of the Ptolemaic system: a heliocen-

tric system based on Aristotelian Physics. Source: Meteo Maarssen.

16 | N! March 2021



definitely not the standard at the time. Most science would 
be conducted more like philosophy. One would reason on the 
working of certain manners, and would then have theoretical, 
mostly qualitative, discussions. But Galilei, a mathematician 
by education, thought that all the underlying workings of the 
physical world could be described using mathematics. And 
in carrying out his beliefs, he gave us the mathematics of the 
version of relativity the scientific world would assume to be 
true, up until Albert Einstein introduced his theories on relativity 
that we all know and love (or hate, I won’t judge you) today. 

Galilean transformation
This piece of mathematics is what we call a Galilean 
transformation. It describes the transformation between 
two frames of reference, which differ by a set displacement, 
rotation and velocity. If two reference frames only differ 
by some translation, with a convenient choice of axes, the 
x-coordinates of these frames are related by x’ = x + b, where b 
is the distance between the origins of the respective coordinate 
systems of the frames. If they differ by a constant velocity, we 
get x’= x – u·t, where u is the velocity of one reference frame 
relative to the other and t is the time. An important thing to 
note is that time is the same for all reference frames: t’ = t. Of 
course, you could also offset time from one reference frame 
to the next. But we tell time by clocks, so if everyone simply 
agrees on some standard time, we can assume t’ = t, all within 
the constraints of Galilean relativity. Alternatively, you could 
introduce t’ = t + a, with a being some constant offset in time. I 
will not bore you with the rotational part of the transformation, 
as this involves some matrix algebra. You will just have to trust 
me that Galilei incorporated rotation into his description.

Now, these frames of reference that differ only by some 
constant translation, rotation and/or velocity are what we call 
inertial frames: reference frames that undergo no acceleration. 
Galilei was the first to state that the laws of physics should 
behave the same in all reference frames. This is a hard break 
with the Aristotelian idea, where there was really only one 
true reference frame and where the workings of physics 
differed between the heavens and Earth. This made it so that 
Galilei, and many others who supported similar views, were 

shunned or even persecuted. The Roman Catholic church in 
particular seemed to feel threatened by these radical views 
on the nature of the world and many scientists were accused 
of blasphemy. Many of their publications were illegalized, 
with Galilei’s Dialogue ending up on the Index of Forbidden 
Books. Although what we think of as an inertial frame slightly 
differs from what Galilei thought of, the invariance of the laws 
of physics, dubbed Galilean invariance, still plays a key role in 
our modern mathematical description of the universe. Now, 
to you, a clever person educated on modern physics, all this 
talk about inertial frames might seem a tad trivial. Simple 
translation, constant velocities, these were all introduced to 
you even in high school, and made quite rigorous in a course 
on classical mechanics. Just remember, Galilei developed 
his transformation and principle of invariance in a time when 
many prominent scientists would reason on physics without 
even providing any mathematical description whatsoever. 
I think that is quite a feat, and deserves some mention.

Isaac Newton
After all this talk about the absolute marvel that was Galilei, you 
might think that he alone gave us our modern understanding 
of relativity, but that is not quite true. Galilei’s transformations 
would not constitute much if there were no space-time to 
apply it to. To get the idea of such a space-time, we must 
look to another celebrity scientist from the 17th century: Sir 
Isaac Newton. This man, famous for some incident involving 
apples, is also quite well known for being the father of classical 
mechanics and calculus. For his famous three fundamental 
laws of physics, Newton needed a backdrop, a stage, 
nay, a space-time. Newton agreed strongly with Galilean 
invariance; all his laws comply with it. But in the Aristotelian 
system, Galilean invariance does not hold. Therefore, Newton 
described a space-time, which he believed represented our 
universe best. This is Newton’s absolute space-time. It is 
translationally invariant, rotationally invariant, homogeneous 
and absolute. But what does absolute mean here? Well, it is 
the opposite of relative of course. It means that Newton’s 
space and time, which he considered fundamentally 
separate, are unchanged by any internal or external factors. 
A meter of distance will always stay exactly one meter of 
distance; a second will always remain exactly one second.

The idea of this rigid, unchanging space and time carried our 
understanding of physics all the way to the 20th century. All 
this time, when mankind did not come close to achieving 
relativistic speeds and never meddled with large changes in 
gravitational fields, this Galilean and Newtonian understanding 
of relativity was sufficient. Even now, for most applications, 
from building bridges to designing the fastest cars on Earth, 
you need absolutely no knowledge of modern, Einsteinian 
relativity. Yet, we all know what an absolute genius Albert 
Einstein was. But we hardly ever think about how much of 
an innovation the description of relativity given by Galileo 
and Newton were. So please, take some time to appreciate 
the phenomenal revolution in relativity, brought about 
by some of the greatest minds of the 17th century.
—
By: Yuri Janson (editor Van der Waals)

Figure 2: Two reference frames offset in space and by a constant 

velocity. Source: Maranzoni, A. (2020). Galilean-Invariant Expression for 

Bernoulli’s Equation. Journal of Hydraulic Engineering, 146(2).
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A perpetual motion machine – sort of 
I would ask you to excuse the clickbaity sub header, but you 
know the times we live in – short attention spans and all. Now 
that I do have your attention, let's discuss what the fuss is 
all about. KERS is an acronym for Kinetic Energy Recovery 
System, and in true acronym fashion it contains many scientific 
words that reveal essentially nothing about what it actually is. 

You may gather from its name that it is a system that recovers 
kinetic energy, but what does that even mean? Well, the core 
function of KERS is to take all the kinetic energy that usually 
goes to waste in braking and convert it to mechanical energy. 
When needed, this energy can be released again to accelerate 
the car. Perfect! Bye-bye gasoline engine, we don't need you 
anymore – KERS lets us drive forever without refuelling.

I am joking, of course. We all know that perpetual motion 
machines do not exist, and we have the first and second laws 
of thermodynamics to blame for that. KERS, on the other hand, 
does exist, and it has a finite efficiency. So how does it work?

VARIA

Driving a car, if you're anything like me, you wince every time you need to brake because 
of the kinetic energy that has just been converted into waste heat, never to be recovered. 
Curse those fundametal laws of thermodynamics! What if I told you that it doesn't have to 
be this way? That there is a solution to all your suffering? Welcome to KERS.

Mechanical batteries
In its essence, KERS is not doing anything special. In fact, in 
some ways, its operating principle is far more archaic than that 
of a battery. Rather than storing energy in the form of a chem-
ical potential, KERS uses a flywheel – a rotating mass spinning 
around its axis – to store energy mechanically like a watch. 

"Modern flywheels spin at over 
60,000 rpm, meaning the tips of 
their rotors break Mach 2." 
This is no trivial task, since we need the flywheel to spin at neck 
breaking speeds to store any reasonable amount of energy. You 
might remember from your first-year mechanics class that the 
kinetic energy of a rotating body is the product of the body's 
moment of inertia with the square of the angular velocity. Since 
the rotors come in at 5 kg and only have a radius of 10 cm, we 
need to compensate with enormous angular velocity. Modern 
flywheels spin at over 60,000 rpm, meaning the tips of their 
rotors break Mach 2. In order to minimise drag at these speeds, 
the rotors are vacuum-enclosed.

You might ask, why overcomplicate things like this? Well, a 
flywheel has several key advantages over a battery, the most 
important of which is that it can deliver far more power. Electro-
chemical processes simply do not happen as quickly as stealing 
kinetic energy from a rotating wheel. For cars, this has an 
obvious advantage: faster speeds can be attained for the same 
mass. Another vital element is cycle counts – batteries, especial-
ly when you push them hard with high discharge rates, just don't 
last very long as the electrolyte degrades. A flywheel, on the 
other hand, lasts forever, provided you maintain it properly.

Alright, you say, but what about supercapacitors? They can 
deliver high power and have a practically infinite lifespan. That 
is certainly an interesting debate. Indeed, for some applications, 
supercapacitors are the preferred option, particularly in electric 

KERS: The solution to green 
mobility or just an F1 oddity?

Figure 1: A Flybrid Systems KERS that is used in F1 racing to provide 

extra boost at the press of a button when drivers need it most. It can 

provide 60 kW of power for 6.6 seconds every lap. Source: Wikipedia.
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vehicles (EVs) since the energy stays in the electrical domain 
throughout its journey. But if we restrict ourselves to combustion 
engines, we want to stay in the mechanical domain to increase 
our efficiency, which is precisely what makes flywheels so at-
tractive to us. This is the main reason why mechanical flywheels 
can reach such ludicrous round-trip efficiencies of 90%.

The edge in F1 racing 
Formula One racing still very much prefers the good old petrol 
engine. As you might imagine, there is a lot of braking and fast 
acceleration going on there. Since the engine size is limited and 
the cars need to have a certain minimum mass, flywheels sound 
like a great idea for F1 drivers to exploit for an extra boost. In 
fact, F1 engineers build the cars to be so lightweight that they 
weigh considerably less than the minimum 640 kg. They are 
forced to use ballast they can shift around for increased perfor-
mance. Replacing some of the ballast with a flywheel reduces 
the engineer's freedom to position mass around the chassis, but 
this is compensated by the considerable performance increase.

"Remember Need for Speed? 
KERS is like nitrous, but it won't 
blow up your engine – or will it?"
The initial motivation for including flywheels was actually to 
improve the public image of F1, which had a reputation for being 
environmentally catastrophic. By introducing a technology that 
would reduce the emissions of the race cars and recuperate 
some of the otherwise wasted energy, an attempt was made to 
sell F1 as a green sport that was working on relevant innovations 
that could also benefit road car technologies. F1 drivers and 
engineers alike quickly realised the explosive potential of KERS: 
Kimi Räikkönen won the Belgian Grand Prix of 2009 for Ferrari by 
using the extra horsepower of KERS at the onset of the race, the 
same year it was introduced. Nowadays, KERS is an essential 
technology in every F1 car and it is hard to imagine the sport 
without it. While they were initially limited to 80 horsepower 
(hp), flywheels have been allowed to produce 160 hp ever since 
the engine size has been reduced.

However, KERS is by no means a passive technology – drivers 
have a dedicated button on their steering wheel they can press 
to release the energy from the flywheel whenever they need it. 
Exiting a slow corner, overtaking a tricky opponent, or escaping 
on a long straight, the KERS button adds another variable to an 
already intricate and complex sport. Remember Need for Speed? 
KERS is like nitrous, but it won't blow up your engine – or will it?

Safe or not, that is the question
Like a yo-yo, flywheels come with strings attached. Anyone 
that has ever watched a video of a runaway tyre knows how 
dangerous they can be when they crash into objects at speed. 
Now imagine that, but made of hard carbon fibre and completing 
about 100 rotations in the time it takes you to blink. It's easy to 
understand why concerns have been raised about KERS safety.

Indeed, these fears are justified, and KERS does not have a per-
fect safety record. A BMW Sauber mechanic was shocked by a 
battery implementation of KERS when he touched the bodywork 
of a car in 2009. Luckily, he got out of the incident unscathed. 
However, KERS has since become a very advanced technology 
with a high safety margin. Flywheels are made of carbon fibre 
for its incredible tensile strength and are designed to vaporise in 
case they fail, rather than release a shower of high-speed debris 
or take on a life of their own as a runaway wheel. In the event of 
a crash, a flywheel will only release carbon fibre dust.

What if I want to go far, not fast?
Well, you absolutely can! The energy recuperated by KERS can 
just as well be used to increase the range of road cars like the 
Volvo XC90 (Figure 2), decreasing fuel consumption by a consid-
erable amount in consumer vehicles. As you might expect, cars 
equipped with KERS are at their most efficient when driving in 
city traffic, with lots of braking and quick, short bursts of acceler-
ation, as is the case with F1 – see a pattern here? In fact, KERS 
is only starting to appear in consumer cars and remains a rare 
design feature in all but the most futuristic of vehicles. 

Meanwhile, other industries are already well-acquainted with 
the concept of storing energy in a flywheel. Grid controllers 
make use of them to store excess energy when the demand 
for electricity is lower than expected. NASA has used them in 
spacecrafts both as a power source for satellites and in reaction 
wheels for stabilisation and orientation adjustments. They are 
also used in gyroscopes to determine a vehicle's orientation via 
the principle of conservation of angular momentum. Perhaps 
most fascinatingly, they are also used in fusion reactors! The 
Joint European Torus (JET) uses two 775-ton flywheels to pro-
vide the incredibly high currents needed for electromagnets to 
confine the plasma.

It is tough to say whether we can ever expect flywheels to 
become a mainstream component in our cars. KERS, in some 
form or another, will undoubtedly find countless applications, 
not just in the automotive industry but anywhere high power 
demands need to be met. In our future governed by renewables, 
we simply cannot afford to throw away energy. So, rest assured 
in the knowledge that someday, hopefully soon, when you 
press that brake pedal, your kinetic energy will not be wasted.
—
By: Laurenz Edelmann (editor Van der Waals)

Figure 2: The XC90 SUV is Volvo's flagship car, and sports a KERS that 

can reduce fuel consumption by 15%, among many other futuristic tech-

nologies and improvements. Source: NVIDIA.
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DEPARTMENT

CCER: computational 
science impacting future 
energy research
The Center for Computational Energy Research (CCER, pronounced ‘Sea-ser’) is where 
state-of-the-art scientific computational and innovative energy technology meet. CCER is the 
result of a collaboration between the TU/e and the national energy research institute DIFFER. 
Since its inauguration in 2017, CCER focuses on bringing computational scientists from various 
backgrounds together to collaborate and contribute towards the creation of a sustainable energy 
future. BSc and MSc students with a keen interest in computational research contribute to 
CCER’s projects. Some examples of student projects are presented.

Why computational energy research?
You are probably well aware of the fact that fossil fuels domi-
nate the world energy system and that this domination slowly 
but steadily causes global climate change. At the same time, 
chances are that you are under the impression that the domi-
nation of fossil fuels is rapidly diminishing. This represents an 

incorrect view on the global energy system. Fact is, fossil fuel 
not only constitutes the vast majority of the world’s primary 
energy supply, but in terms of growth, fossil also outpaces 
renewables. Figure 1 shows the historic data on the fossil (coal, 
oil and natural gas) vs renewable (solar and wind) components 
of the global annual primary energy consumption. Each year 
of global energy consumption translates into a dot on this path 
in ‘energy space’. Since the early years of the 21st century we 
have started bending away from the fossil axis, but the slope 
of our path in energy space (steeper than 45°) highlights that 
the year-on-year growth in energy consumption continues 
to be dominated by fossil energy. This is to be contrasted 
with the path (dashed arrow) that we should be following: 
a path that brings us in a few decades to the bottom-right 
of the plot (a fossil-free energy system). Why are we failing 
to do so? Why is the world not transitioning to renewable 
energy, thereby reducing our impact on climate change?

"Why is the world not 
transitioning to renewable 
energy, thereby reducing our 
impact on climate change?"

It is all about affordable and available energy technology. An 
average person in Europe consumes a daily amount of energy 
that can be generated from a bucket of oil. This bucket of oil can 
be purchased in a global market for just a few euros. More-
over, the energy in the bucket can be consumed where and 

Figure 1: The sources that deliver the energy demanded by the global 

populous. Source: "the 69th edition of the BP Statistical Review of 

World Energy.
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when it is needed. When you wake up in the early hours on a 
winter day, you take it for granted that warm water is flowing, 
that your house gets heated and that your coffee machine 
receives the power it needs. Your daily bucket of oil is taking 
care of all of this. And the same single bucket also takes care 
of your office heating, your share of global transport (your own 
mobility but also the delivery of that parcel to your doorstep, 
and the goods you are going to buy tomorrow being shipped 
and delivered at the store where you shop), and the share of 
global manufacture and construction for which you are end-user 
(items such as your smartphone, the jeans you are wearing, 
the bicycle you are riding, but also the infrastructure such as 
roads, railways and sewage systems you rely on every day).

"The key underlying issue is that 
we currently lack affordable and 
scalable technology for storing 
renewable energy."

Imagine how you would accomplish all of this with renew-
able energy. For sure solar panels on your roof would not be 
very effective in heating your home or powering your coffee 
machine early in the morning when the sun is still hiding. 
And neither is solar energy very effective in producing the 
aluminum your bicycle is made of, nor in powering ships and 
trucks. The key underlying issue is that we currently lack 
affordable and scalable technology for storing renewable 
energy. Yes, we can store the electricity generated by a solar 
panel in lithium-ion batteries, but to store the amount of energy 
contained in a bucket of oil would require tens of thousands 

of euros of batteries. This is to be contrasted to the negli-
gible cost of a jerrycan that safely stores that bucket of oil. 

Bottom line is that while we can initiate a global energy tran-
sition (the bending away from the vertical axis in the plot from 
figure 1), to execute the full transition that brings us to the 
bottom of the plot requires next generation energy technol-
ogies. We need new discoveries in energy technology such 
as: electrical batteries that pack energy more densely and at 
much lower cost, novel solutions for alternate energy storage 
(e.g. heat batteries and metal fuels), more efficient ways to 
convert renewable electricity into dense energy carriers, etc. 
None of these aspirations can be realized without the discovery 
of specific functional materials optimized for the task at hand. 
These can be wax composites or salt hydrates optimized for 
thermochemical energy storage, electrode materials optimized 
for high energy density batteries, or photocatalytic materials for 
high-efficiency artificial leaves. These materials discoveries can 
be made by trial-and-error experimentation, but often a more 
efficient route towards discovery of the right material combina-
tions is to complement experimentation with simulation. Here, 
one typically explores potential solutions using computer simu-
lations after which the most promising candidate materials get 
synthesized and tested in the lab. This is where CCER comes in. 

CCER
CCER’s strength is in addressing the societal challenge of 
creating a sustainable energy system by putting advanced simu-
lations to use. We combine a world-class capability in ‘atoms-up’ 
simulations with a deep knowledge of connecting computer 
models across wide ranges of length and time scales. We 
optimize performance at device scales by making the connec-
tion with the atomic mechanisms at play. We combine all of this 
with a growing capability in data-driven modeling and discovery. 
We put machine learning to use in exploring large combinato-
rial spaces representing wide ranges of material compositions, 
and in selecting the most promising candidate materials. u

Figure 3: Giel Timmermans. Source: own work

Figure 2: Martijn van Asseldonk. Source: own work
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u Where computational tools are lacking, we don’t shy 
away from developing these. This creates a wide spectrum 
of projects ranging from fundamental algorithm development 
to applied simulations designed to answer specific ques-
tions. In the following we summarize a few specific projects 
and highlight the role of students (both BSc end projects 
and MSc thesis work) under guidance of CCER scientists.

Towards supercharging heat batteries 
Martijn van Asseldonk (MSc student):
The goal of the project is to create a cheap and abundant 
material that is able to quickly store and release energy which 
can later be used for heating purposes. One of such materials 
is eicosane, an alkane used for making candles. The first part 
of my personal research involves determining the thermal 
conductivity of polydisperse eicosane in the molecular simula-
tion code LAMMPS. Thanks to the scale and the collaborative 
nature of the project, I am able to get in touch with a wide 
range of experts. This makes it an exciting and worthwhile 
project for me personally. Plus, I enjoy solving the puzzles 
and problems resulting from molecular level simulations.

Porous flow upscaling
Giel Timmermans (MSc student) 
Porous media play an important role in many sustainable 
energy applications, for example in porous batteries where 
electrodes with a large surface area are needed. In my project, 
I work on a method to determine the effective permeability 
of porous materials with a complex channel structure. For 
realizing this I use an upscaling approach called renormal-
ization coupled with machine learning. What I like about 
this project is that I have a lot of freedom to do numerical 
experiments, and I learn a lot about machine learning. Some-
times I have weeks where I am stuck, and this forces me to 
think deeply about every aspect of the project. This makes 
it even more satisfying when it works out in the end.

Teaching neural nets to solve Schrödinger’s 
equation 
Diederik de Vries (BSc student)
The search for improved functional materials for energy appli-
cations (e.g. batteries and solar cells) creates strong interest 

in describing interactions between atoms using machine 
learning methods. Effectively, this means one tries to teach 
neural nets to solve Schrödinger’s equation. A fundamental 
issue to be solved is: how to represent atom configurations 
as inputs to a neural net? Or more specifically: how to param-
eterize a configuration of points in space in a unique and 
differentiable way while honoring all relevant (translation, 
rotation and permutation) symmetries. The BEP project I am 
involved in addresses the uniqueness question and brings me 
knee-deep into computer simulations that attempt to invert 
the geometrical descriptions back into configurations. This 
all makes me think deep about fundamental math concepts 
while also deepening my numerical simulations skills.

How to build long-lasting perovskite solar cells 
Mike Pols (MSc student)
A promising class of materials for the next generation of 
solar cells are metal halide perovskites. They have shown 
efficiencies that can compete with conventional silicon solar 
cell technology and boast low production costs. However, 
these perovskite solar cells exhibit one main flaw: the lack 
of long-term stability. In my project, I develop a reactive 
force field description for metal halide perovskites to use in 
large-scale simulations of perovskites. From these simula-
tions, I hope to find an atomistic description of the dynam-
ical and reactive processes that cause the instability of the 
perovskites and thus give experimentalists some guidance 
on how to develop long-lasting perovskite solar cells.

—
By: Vianney Koelman (scientific director CCER)

Contact
Are you interested to learn more about CCER? 
You can contact us at: info@ccer.nl

Figure 4: Diederik de Vries. Source: own work

Figure 5: Mike Pols. Source: Shuxia Tao



Exam stress, a well-known subject among students. During the 
quartile, the pressure increases slowly but steadily. However, 
often an exponential growth is experienced during the lecture 
free week. This is not always caused by a bad planning; 
some people will never get rid of the stressed feeling, even 
though they do everything within their own power to prepare 
for an exam. But where does this pressure come from?

Boiling bowels prior to an exam  
Stress, like every other emotion we have, starts in our brain. 
To explain the emotion of stress or anxiety, which are closely 
related, we are going to look at a strongly simplified version of 
our brain structure. This is called the tribune brain, consisting 
of three parts: the reptilian brain, the limbic system and the 
neocortex. These three parts influence each other continuously.

The most ancient part of the brain is the reptilian brain. Millions 
of years ago, when we were still reptiles, our behavior was 
dominated by this part of the brain. It controls our most basic 
traits such as reflexes and instincts. Think of the regulation 
of your body temperature, the regular beating of your heart, 
and the semi-autonomous motion that is called breathing.

Later on, the limbic system started to evolve. This part of the 
brain regulates your emotions, such as fear, happiness and 
sadness. Moreover, it keeps itself busy with feeding, repro-
ducing and other parenting instincts. Since social interactions 
are necessary to be accepted in a group, this part of the brain 
has grown extensively in mammal’s brains. The combina-
tion of the limbic system and the reptilian brain is called the 
subconscious brain, since we cannot actively control it.
 
Finally, we have the neocortex. For most animals, this part of 
the brain is the smallest compared to the other two. It may 
have already grown quite a bit for apes, but it is still small 
compared to the neocortex of humans. For us, it dominates 

Let's talk about it!
VARIA

Over the past year, student well-being has received increased attention among students 
and teachers. But still, the subject remains vague and unfamiliar to many. What is considered 
‘normal’ versus ‘anomalous’ behaviour is still disagreeable. Examples such as stomach ache 
prior to an exam, the avoidance of new situations and pulling an all-nighter before a deadline 
are commonly experienced by students. Perhaps you even recognize some of these symptoms 
yourself. Turns out, you are not the only one! Is that not a relief to hear? By looking into the 
origin of the different problems students encounter, it will become clear on how to deal with 
these problems.

most of our behavior by thinking rationally (or at least, we’re 
trying) and looking ahead. It is this part that distinguishes us 
from animals and makes us the humans that we are: capable 
of consciously controlling the activity of the neocortex.

"We don’t know about you, 
but at least we have not seen 
many lions past days."

In a normal situation, all three parts of the brain work together 
peacefully. However, during times of stress and anxiety, 
the reptilian brain becomes dominant. Take for example the 
dangerous situation in which a Neanderthal is attacked by a lion. 
This sets off an alarm within the brain of the human, causing 
the reptilian brain to take over control. Adrenaline is released, 

Trick your brain 1
How to counteract this very human reaction?

•    Try to get all of the adrenaline out of your 
body! Do this by taking a run or do any kind of 
sport that you like and tires you out. This way you 
give your body an opportunity to start again. 

•    Try to convince your brain that you are physically 
safe and the anxiety symptoms will not help you any 
further. Since your breathing is a semi-autonomous 
motion, it is an interesting point to start. By control-
ling and slowing down your breathing you can acti-
vely (and positively) affect your reptilian brain.
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Figure 1: The three main parts of the human brain. Source: livinginthis-

body.com

Trick your brain 2
How to overcome your fear of failure? 

•    Try to think about the cause: why and when does 
fear of failure hold you back? For more specific situ-
ations, think about all potential outcomes. Is the 
most dreadful case really as bad as you make your-
self believe? You know you succeeded when you 
have the feeling ‘who cares, I will try anyway’.

•    Although you aim to do what is best for you, some-
times it doesn’t work out the way you planned. Don’t 
be too disappointed. Forgive yourself. Take small steps, 
not everything has to be lifechanging immediately.

the heartbeat goes up, you start to breathe more intensively 
and more blood is directed into your muscles. This is called a 
freeze, fight or flight reaction. During this reaction, influences 
of the neocortex and the limbic system are completely blocked. 
In nature, this reaction has often proved to be lifesaving.

"Do you recognize the good 
intention at the beginning of a 
quartile for instance, to keep up 
with your work, this time for real?"

Anyhow, we do not often find ourselves in these kinds of 
situations anymore. We don’t know about you, but at least 
we have not seen many lions past days. However, a lot of 
us still experience these symptoms in cases your neocortex 
or limbic system feels unsafe, despite being physically safe. 
This can be, for instance, before or during an exam. Your 
neocortex triggers the reptilian brain and causes a freeze, 
fight or flee reaction. In effect, your body starts to respond 
accordingly. It increases the heartrate such that your muscles 
receive more blood than usual, and it causes a stomach ache 
as the blood is no longer mainly directed to your inner organs. 
Finally, thinking clearly seems to become impossible as the 
neocortex is blocked out. All in all, a very natural reaction. 

Avoidance of awkward situations
But why does your neocortex trigger your reptilian brain 
anyway? Often, this is caused by an intrinsic fear of failing. 
Fear of failure has been defined as “the persistent and irra-
tional anxiety about failing to measure up to the standards 
and goals set by oneself or others” (American Psychological 
Association). Failing, of course, is a very ambiguous word. For 
one individual, failing can mean not completing your study, 
whereas for another it can mean not being able to find the 
answer to a small bonus question on a test. In the end, it does 

Trick your brain 3
How to convince yourself to choose for the long-term goal?

•    Stick to a routine. wake up: take a shower, get dressed, 
eat breakfast and finish any other morning routines. If 
you don’t, the already very thin line between workspace 
and bed will fade out even more. This makes it harder for 
your brain to distinguish what is work and free time.

•    Split up your tasks and set internal deadlines. 
Furthermore, reward yourself when you meet 
those deadlines to motivate your reptilian brain. 

not matter what your fear is caused by: it all comes down to 
anxiety. And as already stated in the provided definition: irra-
tional anxiety. The neocortex mixes up the irrational, mental 
anxiety with physical anxiety and triggers the reptilian brain. 

"The neocortex mixes up the 
irrational, mental anxiety with 
physical anxiety and triggers the 
reptilian brain." 

This is nothing to worry about, until the fear of failure starts to 
disproportionally impact your life. For example, when you are 
withholding yourself from applying to a new job because you are 
afraid to be rejected or skipping a sports class, just because you 
do not feel comfortable in between all those fitgirls (or boys…).

Pulling an all-nighter
Once you convinced yourself to start with that new project 
and overcame your fear of failure, a new, often existing 
problem appears: procrastination… Do you recognize the 
good intention at the beginning of a quartile for instance, 
to keep up with your work, this time for real? And  u  
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u every time you fall into the same trap of suspending your 
tasks and having to pull an all-nighter, or two, in the end? 
To be able to stop this endless cycle, we will take a look 
on where it all comes from. What is it that makes people 
procrastinate? The problem is: your reptilian brain is 
focused on keeping you alive and comfortable right now. 
It cannot grasp anything out of the present moment. 

"We want to let you know there 
are a lot of people within the TU/e 
ready to help you."

Now, imagine the situation in which you need to study for 
your exam in two weeks. You know, in the back of your 
mind, that studying will help you on the long-term, since 
you will be better prepared for the exam. So, the logical step 
would be to start studying. However, studying does not 
sound very exciting. Therefore, your reptilian brain opposes 
it. You start to look for a distraction which gives you a 
short-term reward like watching an episode of your favorite 
series, or two. All of a sudden, you find yourself wasting 
your whole afternoon, by listening to your reptilian brain.

Where to go?
The symptoms treated in this article are probably recogniz-
able for a lot of people. This is not necessarily a problem, as 
long as you talk about it. Maybe, this article could already 
help as a conversation starter. When talking turns out to be 

Confidential advisors

Judith Beenhakker
040 247 4535 - J.m.beenhakker@tue.nl

Tineke van de Bosch-Doreleijers MA
040 247 3475 - M.m.v.d.bosch@tue.nl

Hjalmar Mulders
040 247 4509 - H.c.j.mulders@tue.nl

not sufficient and the symptoms start to take over your life, 
it is time to take action. We want to let you know there are a 
lot of people within the TU/e ready to help you. For Applied 
Physics students, your main contact points are the academic 
advisors: Désy Block (Bachelor) & Stefan de Vries (Master). You 
can contact them for anything: study delay, stress, personal 
problems etc. If you have any experience with undesirable 
behavior, the confidential advisors are the ones to go to! Within 
the TU/e, we have three confidential counselors. If you feel 
the desire to speak to a psychologist, for whatever reason, 
you can contact the student psychologists of the TU/e. And 
last, within Van der Waals there exist two student supporters. 
These are two students, Mette Schouten & Thomas van 
den Doel, who aim to be a low threshold point of contact. 
If you don’t know who to contact and/or just want to share 
your story with someone, they are very willing to listen. They 
know who to guide you to for professional help if needed.

On this page, you can find an overview of all points of 
contact within the TU/e and how to reach out to them. Do 
not hesitate to contact them if you have any questions.
—
By: Mette Schouten and Lisanne van Dijk (Board members 
Van der Waals)
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Stefan de Vries
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VARIA

The mysterious ingenuity 
behind the Egyptian pyramids

One of the many questions raised by scientists and historians 
after examining pyramids located in Egypt is how the builders 
moved and raised the huge stones out of which they are built 
to the sites of the pyramids. I mean, with some trucks and 
lifting machinery even I could build such a pyramid. But how 
did the ancient Egyptians manage that without any of this 
modern equipment? It is known that materials like blocks of 
limestone and casing stones were transported over canals 
connected to the Nile. One theory is that from there the 
blocks were moved to the pyramid site by wetting the sand 
underneath. When sand is wetted the right amount, friction 
is reduced, and it will take much less effort to move them. 
Physicist Daniel Bonn of the University of Amsterdam discov-
ered this solution by looking at a painting on a tomb, which 
showed a group of people dragging a sled with a statue and, 
in front of them, a group of men wetting the sand with water. 
Where a historian would interpret this as some ceremonial 
ritual, physicist Daniel Bonn saw the practical side of it and 
recognized a smart solution to reduce physical effort.

However, many pyramids are not located near water sources, 
so there must be another possible solution. A second theory, 
thought of by John Bush, describes the transport of heavy 
blocks using cylinder segments, called the Rolling Stones. 
As you all know, cylinders are much easier to move than 
blocks. Why is that? Well, they are round! That was not so 

difficult, was it? So how to make blocks round? Attach four 
cylindrical pieces to the block and you have a cylinder, as 
shown in Figure 1. Then the workers could roll them over 
large distances, which is much easier than dragging them.

"Did they have an even better idea 
that we simply cannot think of?"

Physicist Joseph West came up with an even simpler solution to 
roll the blocks. Twelve rods with a certain radius are tied to the 
four sides of the block, creating a dodecagon, shown in figure 
2. These rods function as new corners, such that the block 
can be rolled, instead of dragged. This method is even easier 
than attaching cylindrical pieces to the blocks, like Bush’s idea. 
It seems to us this is the most useful solution for moving the 
blocks to the pyramid sites. But the question remains: did the 
Egyptians indeed use this technique or did they have an even 
better idea that we simply cannot think of? Now, getting all the 
materials to the building site is not the only challenge in building 
a pyramid, as you might understand. The next question is, how 
did the ancient Egyptian builders manage to raise the blocks to 

Figure 2: Construction of rods tied to a block. Source: Joseph West, 

arxiv.org/abs/1408.3603

Figure 1: Schematic picture of a cylindrical shape to transport blocks 

Source: John Bush, Engineering and Science

The Egyptian pyramids are a source of mysteries. We might think humanity has only been improving 
their knowledge since ancient history, but there are many aspects of those ancient structures that 
we cannot explain with our modern technologies and knowledge. This includes many questions and 
doubts about physics as well. Could the Egyptians have been an advanced society of which we only 
know very little? I always get fascinated by unsolved mysteries. For me, the best part of such mysteries 
is the huge number of theories people come up with while trying to explain them. And the exciting 
thing of not knowing the answer yet is that all of those crazy ideas could even be true!
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heights of up to even 140 meters? Some crazy theories exist for 
this question as well, but most of them include some ramp to 
haul up the blocks. One version is a ramp placed on the pyramid 
like a road on a mountain. Another possibility is a spiral ramp 
inside the pyramid. Again, a final answer is not yet known. 

"Again, a final answer is not yet 
known."

The Egyptian pyramids – such as the Great Pyramid of Giza – still 
receive a lot of attention of physicists due to all mysteries that 
surround them. In figure 4 the pyramids of Giza are shown. In 
2015, detectors were placed inside the Great Pyramid by some 
Japanese physicists. These detectors could detect muon parti-
cles traveling through the spaces inside, such that an image of 
the interior structure could be created. Stone can partially absorb 
these muons, so the detection of a lot of particles suggests the 
presence of large holes. And that is exactly what the researchers 
found. Their conclusion was that there must be a large void 
above the Grand Gallery in the Great Pyramid. In figure 3 you 
can see a simple sketch of the interior of the pyramid. It is not 
yet known what the purpose of this (at least) 30 metres long 
room would have been. You probably saw this coming already, 
but for this question there are many exciting theories as well!

One theory, suggested by the English egyptologist Aidan Dod-
son, is that the room could function as a ‘relieving chamber’. 
This would mean it is placed in the pyramid to reduce the weight 
of the stones lying above the Grand Gallery, to prevent it from 
collapsing. This would again show what great physicists the 
Egyptians were, that they designed such rooms beforehand, to 
ensure the structural integrity of the building. It is a reasonable 
theory, since such chambers are also found above the King’s 
chamber and in other pyramids. However, other experts reject 
this theory, arguing that the void is placed too far away from the 
Grand Gallery.

Geologist and engineer Colin Reader has another thrilling 
suggestion for the function of the room. You need to know 
that the Grand Gallery is a passageway that lies behind the 
‘ascending passage’, which starts at the entrance. The Gallery 

connects the Queen’s chamber to the King’s chamber. But 
if this gallery connects these two chambers, why would the 
newly discovered void not be a second gallery connecting 
the King’s chamber to another one? This genius idea was 
Reader’s imagination by the way, not mine... Either way, a 
great addition to the abundance of theories about the myste-
rious void! And a really exciting one to all researchers as well, 
since the first Grand Gallery is “one of the most fantastic 
rooms constructed in the ancient world” (Bob Brier, American 
egyptologist). How great would it be to have another one?

"An elegant application of the laws 
of physics."

Let us finish with one last theory, to again show the incredible 
knowledge of the old Egyptians. Brier, together with French 
architect Jean-Pierre Houdin, suggested back in 2007 that the 
Grand Gallery could be part of a huge counterweight system. 
A wooden trolley would have been attached with ropes to so 
called ‘benches’ within the passage to enable the lifting of very 
heavy objects, like all the stones that the pyramid is built from. 
An elegant application of the laws of physics: use one object 
to lift another, much heavier, object. After the discovery of 
the empty room above the King’s chamber, Brier and Houdin 
suggested that this space could be a second counterweight 
system, to lift blocks even higher in the pyramid. This could be 
an answer to the question given earlier about raising blocks to 
great heights.

The list of mysteries and theories listed above, is only a very 
small selection of all mysteries that the Egyptian pyramids 
contain. Sadly, I cannot give the answers to all raised questions, 
nor confirm the described theories trying to explain all of the 
mentioned mysteries. And unfortunately, I have never had the 
chance to explore these incredible structures, built thousands 
of years ago, in real life myself. However, by only reading about 
them I get the feeling the Egyptians were much smarter than 
we could ever imagine. Maybe none of the theories named 
above are true, if this extraordinary society secretly had a much 
smarter way of doing things. But that does not take away the 
excitement of thinking of all possibilities! And you should realize 
that in this article I tried to stick with some of the theories based 
on clever, but plausible, applications of physics. I have not even 
started about the ideas of alien intervention in the construction 
of the Egyptian pyramids…

—
By: Daphne Dorrestijn (editor Van der Waals)

Figure 3: Sketch of the interior of Egypt’s Great Pyramid. Source: https://

boingboing.net/2017/11/02/giant-void-detected-in-gre.html

Figure 4: Pyramids of Giza. Source: The Great Pyramids of Giza
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Einstein kreeg in 1945 van een gedesillusioneerde confe-
rentieganger de vraag “Waarom blijkt het de mensheid 
wel mogelijk om het atoom te splijten, maar niet om onze 
onenigheden dusdanig op te lossen dat we elkaar niet met 
het atoom vernietigen?” Zijn antwoord was duidelijk: poli-
tiek is nu eenmaal moeilijker dan natuurkunde. Toch komt 
het niet zelden voor dat natuurkundigen de oversteek wagen 
naar de politieke arena. In ons eigen land kennen we natuur-
lijk de voorbeelden van Jan Terlouw (doctor in de kernfusie 
met een politieke carrière als onder andere minister van 
economische zaken en vicepremier) en Diederik Samsom 
(afgestudeerd kernfysicus en voormalig fractievoorzitter van 
de PvdA). Er zijn echter nog talloze noemenswaardige voor-
beelden! We doen een greep uit de parlementaire archieven.

Gerrit Simons
Als een van de vroegste voorbeelden vinden we de in 1802 
geboren Gerrit Simons, wiens verdienste van het oprichten 
van het Koninklijk Instituut voor Ingenieurs (KIVI) tot vandaag 
de dag weerklinkt. Zijn promotie op het onderwerp van de 
thermische expansie van vloeistoffen was de aanleiding tot 
zijn eerste politieke betrekkingen, voornamelijk in adviserende 

rollen: de commissie voor de drooglegging van het Haarlem-
mermeer is een noemenswaardig voorbeeld. Later, tijdens 
zijn hoogleraarschap in Delft kwam Simons op goede voet te 
staan met de man die spoedig daarna bekend zou worden als 
Willem III. Van het een kwam het ander en op 23 juni 1856 
werd Gerrit Simons minister van Binnenlandse Zaken. Zijn 
bekleding van deze post was echter niet van lange duur: Simons 
vond het niet nodig aandacht te hebben voor de inbreng van 
de Kamer op zijn beleid; de Kamer op haar beurt vond het 
niet nodig om voor Simons’ begroting te stemmen, en zeven 
maanden na zijn aanstelling was Simons alweer minister af. 
Hij zat echter niet bij de pakken neer, nam al spoedig zitting 
in de Raad van State en vervolgens in de Tweede Kamer voor 
de conservatieven, waar hij aanbleef tot zijn dood in 1868.

Marga Klompé
In de twintigste eeuw pakken we de draad weer op bij Marga 
Klompé (1912): een opmerkelijke politica en de eerste vrou-
welijke minister in Nederland. Op haar onderzoek naar de 
stabiliteit van colloïdale oplossingen promoveerde zij in een tak 
van de natuurkunde die in de volksmond ook wel scheikunde 
genoemd wordt. Haar promotie vond plaats in 1942; een tijd 
die niet los te zien is van de woedende oorlog waarin Klompé 
een actieve rol als vrijwilliger had. Als onderdeel van het Korps 
Vrouwelijke Vrijwilligers bood ze ondersteuning gedurende 
de oorlog, bijvoorbeeld door koeriersdiensten te verrichten. 
Na de oorlog sloot zij zich aan bij de nieuw opgerichte Katho-
lieke Volkspartij (KVP, in 1980 samengesmolten met de ARP 
en CHU tot het CDA), en maakte ze daarnaast naam door op 
te komen voor de deelname van vrouwen in de politiek. 

"Haar belangrijkste prestatie als 
minister was de invoering van de 
Algemene Bijstandswet."

Na deel uitgemaakt te hebben van de Nederlandse delegatie 
naar de Algemene Vergadering van de Verenigde Naties stelde 
ze zich verkiesbaar voor de Tweede Kamer. Hoewel ze op een 
onverkiesbare plek stond kwam ze in 1948 toch in de Kamer als 

Natuurkundigen in de 
politiek
Het aantal politici in Nederland met een bèta-opleiding is notoir laag, maar dat wil niet zeggen 
dat ze er niet zijn!
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Figuur 1: Gerrit Simons. Bron: Spaarnestad Photo/Henk Blansjaar, 

Remco van de Pol.

30 | N! March 2021



vervanging voor haar collega Maan Sassen, die minister werd, 
en kreeg ze vanwege haar internationale ervaring de rol van 
buitenlandwoordvoerder. In 1956 werd ze benoemd tot minister 
van Maatschappelijk Werk, waar haar belangrijkste prestatie 
de invoering van de Algemene Bijstandswet werd. Hiermee 
veranderde het karakter van deze sociale ondersteuning “van 
genade naar recht”, zoals Klompé het zelf typeerde. Na het 
beëindigen van haar politieke loopbaan werd ze onderscheiden 
met de uitzonderlijke eretitel Minister van Staat. In haar laatste 
jaren bleef Klompé zich actief inzetten voor de kerk en was ze 
door haar ervaring een veelgezocht adviseur en bestuurslid.
Referenties: Biografie, Thesis.

Eppo Bruins
Maken we nu de stap naar het heden, dan vinden we in ons 
parlement welgeteld één doctor in de natuurkunde: Eppo 
Bruins (1969) zetelt sinds 2015 in de Tweede Kamer. Na zijn 
promotieonderzoek betreffende de magnetische vormfactor 
van het neutron aan de Universiteit Utrecht vertrok Bruins naar 
Boston om te werken als postdoctoraal onderzoeker bij MIT 
van 1995 tot 1997. Na een terugkeer in Nederland volgden 
achtereenvolgens de rollen van programmamedewerker bij 
Stichting FOM en wetenschappelijk manager bij het Lorentz 
Center. In 2008 trad Bruins aan als directeur van Technolo-
giestichting STW, een onderdeel van het NWO dat gericht 
is op het financieren van toepassingsgericht onderzoek en 
het verbinden van academia met industrie. Deze rol vervulde 
Bruins tot zijn toetreden tot de fractie van de ChristenUnie 
in de Tweede Kamer in 2015, als vervanging van vertrek-

Figuur 2: Marga Klompé. Bron: Spaarnestad Photo/Henk Blansjaar, 

Remco van de Pol.
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kend fractievoorzitter Arie Slob. “Ik ben erg enthousiast over 
deze stap”, aldus Bruins destijds, “omdat ik van ‘bovenaf’ kan 
meehelpen om wetenschap en innovatie te stimuleren”. 

Het is overigens te zien dat de bèta-achtergrond van Bruins 
ook doorsijpelt in de door hem gestelde kamervragen. Een 
recent voorbeeld betreffende corona-sneltesten op universi-
teiten en geschreven aan minister Van Engelshoven van OCW 
illustreert dit uitstekend: “Wat is de technische/analytische 
sensitiviteit van de te gebruiken sneltesten (...) hoeveel vals-
positieve en vals-negatieve testuitslagen worden verwacht bij 
deze pilot?” Prettig om te weten dat een dergelijke analytische 
denkwijze ook in het parlement vertegenwoordigd wordt!

Benieuwd geworden naar meer voorbeelden van natuur-
kundigen in de politiek? De twee zoekopdrachten ”natuur-
kunde site:parlement.com” en ”nederlands natuurkunde 
politicus|politica -doorverwijspagina site:nl.wikipedia.org” resul-
teren in meer dan dertig voorbeelden van Nederlandse natuur-
kundigen die Einsteins uitdaging met beide handen aangrepen.

—
Door: Jeff Schulpen (redacteur VENI)

Figuur 3: Eppo Bruins. Bron: Spaarnestad Photo/Henk Blansjaar, Remco 

van de Pol.
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SCIENCE 

The Hype(r)loop
The future of transportation, a disruptive technology and the greatest innovation of transport since 
cars: the Hyperloop was presented to be all of those. In 2012, tech billionaire Elon Musk proposed this 
new method of transportation and got everyone, including me, excited for it. A train gliding through 
a tube, traveling at speeds rivaling that of commercial airplanes. It seems like such an amazing idea, 
ridding transportation of resistance. The hyperloop would make long distance travel efficient, cheap 
and sustainable. What is there not to love? Logically, the internet and media have been hyping up the 
hyperloop ever since. But can the hyperloop really live up to the expectations?

To get you up to speed, what is the Hyperloop exactly? The 
general concept of the Hyperloop is that a train or capsule 
is travelling through a tube. The pressure in the tube would 
be lowered to around a medium vacuum, which is a pres-
sure that is between a thousand and a million times lower 
than atmospheric pressure. This would cut the air resistance 
of the pod, lowering the energy consumption. The little air 
that still remains would be sucked in by a fan at the front and 
used to generate thrust for the train. The train would also be 
hovering above the tracks, minimizing the friction, using what 
is essentially magnetic levitation similar to maglev trains. 
The concept has moved more towards maglev, since it is a 
more proven technique for high speed transportation. So, in 
short, a Hyperloop is a transportation system in which a train 
or pod moves through a vacuum tube with low friction. 

A brief history of the Hyperloop
Contrary to popular belief Musk was not the first person to 
come up with the idea of a Hyperloop. Not even close actu-

ally. The idea of a train running through a low pressure tube 
has been around since the beginning of the twentieth century, 
when rocket pioneer Robert Goddard proposed it. The idea 
of transport using the concept of levitation on air pressure 
has been around even longer, being first proposed in 1799. 
The idea that makes airplanes fly was first proposed at the 
beginning of the twentieth century, just like the low pressure 
tube. However, contrary to the Hyperloop, airplanes have 
transported billions of people. Since the Hyperloop’s proposal, 
it has never been put into practice. This is mainly because 
when the technology that is required for magnetic levitation 
came around, there was no need for the Hyperloop anymore 
due to already the well-developed air travel. But with air travel 
getting a negative reputation due to its inefficiency and envi-
ronmental impact, the idea resurfaced and was rebranded.

"Contrary to the Hyperloop, air-
planes have transported billions."

Since 2012, Musk’s tech companies and a handful of other 
companies have been working on the concept. In 2017 two 
people were successfully transported over 500 meters in a 
Hyperloop on a test track of Virgin Hyperloop. This sounds 
exciting, right? Is the Hyperloop close to becoming reality? No. 
The promised speeds of over 1000 km/h were not even remotely 
reached on such a short track. And I am sorry to disappoint 
everyone, but these promises will most likely never be met. The 
Hyperloop has some fundamental problems, which will not be 
overcome in the next couple of years, or possibly decades. 

Fundamental issues
The first fundamental problem that needs to be addressed 
is that of the feasibility of vacuum tubes stretching hundreds 
of kilometers. The vacuum as proposed by Elon Musk would 
require a rather expensive vacuum pump every ten meters or 

Figure 1: A computer render of a functioning hyperloop. Source: https://

www.spoorpro.nl/innovatie/2018/09/05/hardt-hyperloop-haalt-vijf-mil-

joen-euro-op-voor-ontwikkeling-hyperloop/
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so. This is because no connection is fully airtight. Furthermore, 
these connections are subjected to the weather, which will 
wear the seams over time. With all those kilometers of tube, 
a leak is just a matter of time. When such a leak occurs, air 
will start rushing in, which will increase the pressure in a split 
second. This is because vacuum pumps require roughly the 
same amount of time and energy for a decrease in pressure 
from 10 mbar to 1 mbar as the decrease of 1 bar to 10 mbar. So 
even a small leak would increase the pressure of the tube by 
several orders of magnitude. As the air spreads quickly through 
the tube, the increase of pressure is not just close to the leak.

"A Hyperloop of 150 km would 
differ 75 meters in length between 
a cold and a hot day."

The second fundamental problem is that, even when a tube 
could be made seamless and sufficiently airtight, the tube 
would still be one piece of metal that stretches over hundreds 
of kilometers. For building bridges, which are orders of magni-
tude smaller, the engineers need to keep in mind the thermal 
expansion of all parts. These small deviations can cause serious 
problems. Imagine what would happen if you multiply this by a 
thousand. For example, considering a temperature difference 
of 40 °C, which is well within the realm of possibilities in the 
Netherlands over a year, a Hyperloop of 150 km from Groningen 
to Amsterdam would differ 75 meters in length between a 
cold and a hot day. This distance needs to go somewhere, but 
with the tight seals there is no easy way to let this distance 
disappear. The thermal expansion could cause serious stress 
on the metal, which will lead to leaks and so on and so forth.

The third fundamental problem is the safety. For the sake of 
argument, let’s assume a vacuum tube of hundreds of kilome-
ters is technologically feasible. From a historical point of view 
infrastructure has been a prime target of terrorism. The funda-
mental problems of the vacuum tubes as mentioned before 
also make the Hyperloop vulnerable. The tube can be damaged 
anywhere and the vacuum would drop quickly over the tube, the 
air would flow in with velocities close to the speed of sound. If 
a pod would be close-by, the shockwave of air would certainly 
knock the pod of the track. A crash at supersonic speeds would 
almost certainly be fatal. The tube will be made out of steel most 
likely, a couple of centimeters thick. This may sound sturdy, but 
even with a strong handgun, the tube can be damaged enough 
to tear it. A rip would be more than enough to completely render 
the tube useless and pose a serious danger to the passengers.

So, now what?
After performing research for this article, I was very disap-
pointed by the fact that the Hyperloop is not as amazing an 
idea as I first thought. It got me thinking about why I was 
initially hyped about the Hyperloop and why I didn't see 
through the fundamental issues. It brought me to the prede-
cessors of the Hyperloop. All these proposed ideas or actual 

businesses promised something similar: a technology that 
would change the world. However, usually when things seem 
too good to be true, they unfortunately are. Of course, some 
new technologies are truly disruptive and have changed the 
world forever in a short time. Sadly, most will never reach the 
market and leave the world stage through the backdoor. 

"It turned out to be nothing more 
than a stick on wheels."

An example of such an overhyped technology is the 
Segway. When it was announced, the company said it 
would revolutionize the way we would move around in 
cities. When it turned out to be nothing more than a stick 
on wheels, people quickly dropped their expectations. It 
has never brought the revolution that was promised.

As physicists, we should know better about the poten-
tial of technology. Most of the failed ideas do not have the 
laws of physics on their side. We should quickly realize 
these errors. So, next time when you see a technology 
on the internet that is presented as the greatest inven-
tion of the century, first quickly check whether the tech-
nology really is consistent with the laws of physics.

For full calculations and a more thorough argument on why 
the Hyperloop in its current form will never be the new global 
method of transport, I recommend the videos of Thunder-
foot. He is a YouTuber who discusses more of such novel 
and groundbreaking products. He uses all kinds of scien-
tific equipment to show why they would never work.

—
By: Allard van Belois (editor Van der Waals)

Figure 2: The test site of Virgin Hyperloop where in 2017 the first people 

were transported. Behind the test site are the hyperloop's worst night-

mare: obstacles. Source: Virgin Hyperloop
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Asking the right question
In the beautiful previous edition there was a Fysicafl!ts on the potential of life on Venus. In 
the Nature article on which the piece was based, it referred to Venus as the planet closest to 
Earth. While reading this, a beautiful sentence echoed through my mind: But is it the mostest 
closest? Those who follow CGP Grey on YouTube might recall a video in which he showed 
that, on average, not Venus, but Mercury is the closest planet to Earth. The twist: on average 
Mercury is the closest planet to every planet in the solar system. This proof will not be shown 
here, as it will flounder in comparison to CGP Grey’s video; the video format is simply better 
at illustrating this. For those who want to watch it, the URL will be at the end. However, I do 
want to continue on some points made in his video.

The reason most people think Venus is the closest, is because 
the smallest possible distance between Earth and another 
planet is the distance between Venus and Earth. If I ask you 
to picture the planets and our Sun, most of you will visualize 
the planets in a straight line while singing the jingle: My Very 
Easy Method Just Speeds Up Naming Planets. Quickly you 
recall that Pluto is no longer an acknowledged planet and 
chop the end off. This line is a simple model; a simplification 
of the reality. Or, how Mr. Grey put it: “The line is a lie”. Of 
course the planets are not nice and stationary; sitting in a 
line, but constantly whizzing around the Sun. Furthermore, 
the line you were envisioning will be very off-scale. This is 
one of the points that I want to cover: how using models can 
help us simplify a problem, but can also deceive us when 
finding answers. Another point is asking the right question: 
how does one find the correct question(s) which can return 
the answers you require (though not necessarily expect).

 

“The line is a lie.”
For example: ”what is the closest planet to Earth?” is a horrible 
question. The reason is that I can ask many varying follow-up 
questions; Now?, Ever?, On average?, Easiest to travel to? This is 
the reason why the titles of research papers can be so comically 
specific – they need to be – as the goal is to answer exactly 
what the question is. So, how does one ask a correct question? 
Well that is actually a bad question because it is ambiguous! 
Let’s start with a yes-no question: “Shall I bring an umbrella to 
the shops?” Easy right? However, the beauty of language and 
conversation is that often a lot is already implied. Concerning 
the umbrella question, you will assume I am asking about today, 
and perhaps even that the sky is a bit dreary. Those are fair 
assumptions, as who would ask if he should bring an umbrella a 

year from now, or when the sun is shining and it’s 30 degrees? 
These assumptions are perfectly fine in day to day life, but as 
the desired answer becomes more complicated, constructing 
increasingly complicated questions becomes a prerequisite.

What? How? Why?
For simple answers, simple questions suffice, as seen in the 
earlier examples pertaining to bringing an umbrella. In some 
cases the world can be seen as black and white, or rather, wet 
and dry. Sadly, the world is rarely black or white but rather grey 
with dark and light tones, ever changing with the sway of the 
(metaphoric) tides. Furthermore, how disappointing would it 
be if you pose a question, then do years of research to finally 
pose a conclusion of the form: "well… it depends, with too 
many factors to list them all." So, for day-to-day life, yes-no 
questions are perfectly fine, but for questions with many 

Figure 1: The Solar system displayed as a line Source: https://www.devi-

antart.com/k44du2/art/Vector-Solar-System-Wallpaper-4k-658357436.
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variables which all interact it will only lead to disappointment.
Here we actually stumble upon a dilemma: we want to get 
concrete answers, but often the edge cases that are not so 
straight forward are most interesting. Furthermore, what does it 
depend on, and how? Naturally, before we can answer how two 
quantities influence each other, we must know what quantities 
have influence. This is often done by critical thinking. We can put 
ourselves in the shoes of someone who just had an apple fall on 
their head. It hurt a bit, but not too much. You want to investi-
gate what influenced how much the apple hurt. You ponder a 
bit, and then you realize that the speed, or velocity rather, will 
influence this, as walking into a wall quickly hurts more than 
walking into one slowly. I never thought that such an experi-
ence would come in handy. Next you conclude that the weight, 
or mass, should also have an influence, as a fruit fly hitting 
you in the face will hurt less than fruit flying into your face.

With all this knowledge you can start to set up some exper-
iments. To save yourself the pain, you will just measure the 
velocity just before the moment the object has reached the 
ground. You will start to notice that the mass of the falling object 
does not influence the velocity when it has finished falling. You 
will also notice that the velocity of the object does not linearly 
depend on the height it is dropped from. You can then decide 
to investigate this further, finding an interesting relation.

We could try and formulate some questions that we attempted 
to answer with the experiments. The first being: “what influ-
ences how much the apple hurt?” The second being: “how 
do these ‘whats’ influence how much the apple hurt?” In 
more physical terms: how do the ‘whats’ correlate with how 
much the falling apple hurts?  We could even get a bit phil-
osophical and ponder why the apple hurt in the first place. 
Analyzing the answers to each of these questions, we get 
an idea of the impact the ‘what’, ‘how’ and ‘why’ have.

The ‘whats’ result in a(n) (in)complete list of all terms that 
affect the falling apple. So when asking a question that poses a 
what, be prepared for a long list as an answer. We can imagine 
stumbling across a genie in a bottle, and as a true Dutchman, 
we desire only one thing: knowing what the weather will be. 
This all-knowing genie will start listing off the exact minute 
by minute weather situations till you wish for him to stop.

Considering research questions, often the ‘whats’ are 
known, and the ‘hows’ and ‘whys’ are far more inter-
esting. Naturally to research the how, one must know the 
what. As to  find out how a singular ‘what’ influences our 
research subject, we should only vary the singular ‘what’.

Assume a spherical cow in vacuum
This is where models come into play, as it almost never occurs 
that we are able to only adjust a single variable in the real 
world. For example, when researching how islands affect the 
flow of water around them, just changing their size is implau-
sible, as no two islands have exactly the same shape. We 
simplify reality, assuming we have perfect islands, with only 
their size changing. We perhaps even assume their shape to 
be mathematically circular, something literally impossible.

So, is this the solution to unravel all the secrets of our universe? 
Well, it’s complicated. We gain better understanding of 
the "hows", but this is only assuming the other ‘whats’ are 
completely constrained. Again, I repeat the sentence: “The line 
is a lie”. We are fooled by our simplification, we only know ‘how’ 
we affect our research because we are considering it as a line. 
In our Solar system analogy the first model was the Sun with all 
eight planets in an eight-planet conjunction, keeping in mind the 
interplanetary distance, but not necessarily the adequate scales 
of the planets themselves. In this model Venus is indeed the 
closest planet. To obtain the mostest closest planet we must 
average over all possibilities, in which case a line is no longer 
an adequate model. If we would keep the line, a geocentric 
line should be created, where the Earth is the ‘center’ of the 
line, or more easily said, the leftmost position, with the other 
astronomical objects changing their distance to our blue and 
green planet. This is where our linear model reveals its limita-
tions: the planets shuffle places, as their respective distances 
change, creating complete cosmic chaos. In this case the line 
does not lie, but we need to translate the distances into the 
elliptic orbits of each planet. Some of you might say: “but didn’t 
we use the actual solar system to calculate the distances?” 
This is indeed the case, so what was the point of the line? The 
line has one point: to easily and quickly see how far each planet 
is from Earth and how these distances change over time.

"As a true Dutchman we desire 
one thing: knowing the weather."

Using and even creating models to answer complicated 
questions, is a great way to find answers and even come to 
a deeper understanding of the problem at hand. Creating a 
model forces you to think about all the variables that could 
play a role, and finding different ways to constrain the rele-
vant ones. While assembling our model, mixing and matching 
the constraints, you start to learn and appreciate the inter-
connectivity of the problem. With each constraint we u 

Figure 2: A spherical cow. Source: https://abstrusegoose.com/406.

Assume a spherical cow of uniform density.
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u should take note, as we are straying further from reality.
When we finally find an answer after meticulous research, we 
must consider what exactly we are answering. This would be 
our overly complicated question, not any situation that we would 
realistically encounter. This is very important when formulating 
what you are answering, and what the answer is. Taking this 
back to our Solar system example, we could formulate an 
answer as: when placed in a conjunction, the closest planet to 
Earth is Venus. The corresponding question could be something 
like: what is the closest planet to Earth, assuming each planet 
is as close as it could be? However, this only occurs once in 
about every 1.6 million years. A far more realistic question would 
be: which planet has the largest probability of being closest to 
Earth at any point in time? What is also interesting is that even 
though we do not put any constraints on our Universe, fiction-
ally creating a model, our question is still complicated, stating 
multiple specifics. First, instead of talking about absolutely 
the closest, we ask about the probability of being the closest. 
The reason we ask about probability is that a couple of planets 
have the chance of being closest to Earth. Another specific, 
one we might see as a superfluity, is that we have specified 
"at any point in time." We could argue that this is assumed, 
similar to the example of considering whether or not to bring an 
umbrella. In that example it was assumed the person in ques-
tion was talking about that specific day. However, one could 
also assume that we are interested in which planet is closest 
in the coming year, which considering astronomical timescales 
is not nearly long enough to be representable for eternity.

Decieving models
Where we must be careful, is when we find an answer to our 
complicated question. Namely, we must not generalize this 
answer to every possible state of our Universe. You might think 

that nobody would do that. However, I would like to remind you 
to the example of our Solar system: “which planet is closest 
to Earth?”. Most people would instinctively answer: “Venus”. 
However, we know that Venus is only correct if we model our 
solar system as a line. Here our simple model tricked us into 
generalizing. Let’s analyze this: with each generalization we lose 
a constraint of the model. Let’s take a step back for a minute and 
observe the situation. I want you to think about how we actually 
constructed our model. A good question to ask here is: “what 
exactly is a model?”. The answer is: a series of constraints on 
our universe. These constraints aren’t chosen at random, so 
why does the model have these specific constraints? These 
constraints follow logically from the questions being asked. 
Again we use our interplanetary example: “Which planet is 
closest to Earth when all planets are in conjunction with each 
other?”. Posing this question creates the solar system line 
model. Lifting the constraint of all planets being in conjunc-
tion not only simplifies the model but it does something else: 
are we still asking the same question? Obviously not, as our 
question specifies the conjunction, so adjusting our model 
is actually the same as asking a different question. Naturally 
asking different questions should result in different answers.

I can already hear you thinking: “but what if altering the model 
does not result in a different answer?”. What does it mean for 
us to simplify a model and get the same answer? Remember 
that each constraint of the model is a result of a specification. 
If we simplify the model, basically removing a specific from the 
initial question, and still get the same answer, this means that 
the initial question was non-specified. I will give an example 
using our umbrella question: “shall I bring an umbrella this 
afternoon when there is light rain predicted here and heavy 
rain in Brazil?”. Having it rain in Brazil should not influence the 
answer to our question, creating an over specified model. A 
lesson I learned as a child is that sometimes less is more, which 
is definitely the case here. Create a model, or ask a ques-
tion, with only the necessary specifications and limitations.

"Sometimes less is more."
We have seen that we can ask many questions, and get 
even more answers, most of which end up being completely 
useless. To obtain actually useful answers we must specify 
our questions. Specifying our question forces us to create a 
model of our Universe, simplifying it such that the answer to 
our question will roll out. Where we must be careful tough, is 
when generalizing the answers we found in our model. What 
we are actually doing here is not generalizing our answer, but 
rather the question; We disregard the specifics, leaving us 
with a question that might not even have an answer. There 
is a way to not fall for tricky models disguising themselves 
for the truth. Ironically, this is asking a simple question: 
“Does this make sense?” By asking this simple question we 
can navigate the foggy vagueness of the land of models.

—
Written by: Sander Pol (editor Van der Waals)

Figure 3: A shadow of a motor reminding us that the origin influences 

the outcome Source: Shigeo Fukuda, Lunch With a Helmet On
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Martinus Veltman werd op 27 juni 1931 geboren in Waalwijk. 
Naar eigen zeggen had hij een rustige jeugd, zelfs nadat de 
Tweede Wereldoorlog uitbrak. Echter, de Duitse soldaten 
confisceerden vrijwel alle elektronische apparatuur waar 
Nederlanders toen over beschikten; een doorn in het oog van 
Veltman, die graag radio's en andere apparaten ontmantelde 
om ze vervolgens weer in elkaar te zetten. Aangezien Waalwijk 
dicht bij het front lag, waren er gelukkig andere objecten 
om te ontmantelen. Granaten bijvoorbeeld, die Veltman met 
zijn vrienden (op veertienjarige leeftijd) maar al te graag uit 
elkaar haalde om vervolgens met het buskruit te kunnen 
spelen. Hij zei daar zelf tientallen jaren later over: "Ik weet 
niet hoe ik dat heb overleefd, maar het is toch gelukt."

Na een onbezielde start van zijn studie in Utrecht raakte hij 
pas echt geïnteresseerd in natuurkunde toen hij Einsteins "The 
Meaning of Relativity" las. Het zou het begin zijn van zijn carrière 
als theoretisch natuurkundige, maar niet voordat hij een hoop 
experimentele kennis opdeed tijdens zijn Promotie. Veltman 
achtervolgde tijdens zijn Promotie namelijk zijn promoter, Leon 
van Hove, die in 1960 naar CERN in Genève vertrok en daar 
het hoofd van de theoretische natuurkundeafdeling werd. 
Zijn eigen werk bleef weliswaar theoretisch (hij berekende 
Coulombcorrecties op de productie van vectorbosonen in het 
neutrino-experiment, ben je er nog?) maar hij ontdekte bij CERN 
de schoonheid van experimenteel onderzoek en ontmoette 
er natuurkundigen die hem voor het leven dierbaar bleven.

Een ander project dat voortvloeide uit zijn tijd bij CERN 
was de ontwikkeling van een computerprogramma voor 
analytische wiskundige berekeningen in de hoge-energiefysica. 
Veltman hekelde de toenmalig tergend langzame manier om 
algebraïsche berekeningen uit te voeren en besloot zijn eigen 
programma te ontwikkelen. Deels om aan te geven dat zijn 
programma de toenmalige beschrijvingen moest schoonvegen 
en deels omdat internationale collega's het vervelend 
zouden vinden om uit te spreken, noemde hij dit programma 
Schoonschip (dat hij zelf erg gevat vond). Het programma 
verlichtte het theoretische werk van hemzelf en zijn collega's 
drastisch en bleek later de basis te zijn voor gerenommeerde 
computerprogramma's als Maple en Mathematica. 

Het bekendst werd Veltman echter van zijn samenwerking 
met Gerard 't Hooft. Een aantal jaren na het behalen van zijn 
doctoraat keerde hij terug naar Utrecht, waar 't Hooft één 
van de promovendi onder zijn vleugel werd. Samen bewezen 
ze wiskundig dat twee van de fundamentele krachten uit de 
natuurkunde – de elektromagnetische kracht en de zwakke 
kernkracht – in feite twee zijden van dezelfde medaille zijn. 
Wat fascinerend is, is dat 't Hooft en Veltman dit al ontdekten 
rond 1972 en hier pas in 1999 een Nobelprijs voor ontvingen, 
terwijl voor precies hetzelfde onderwerp in 1979 een Nobelprijs 
aan drie andere natuurkundigen werd uitgereikt. Zelfs voor 
opvolgend onderzoek werd er nógmaals een Nobelprijs voor 
uitgereikt in 1984. Beter laat dan nooit, zullen we maar zeggen.

Hij woonde tussen 1981 en 1996 in de Verenigde Staten, waar 
hij zijn natuurkundige carrière voortzette bij het befaamde 
Fermilab in de buurt van Chicago. Fermilab beschikt net als CERN 
over een flinke deeltjesversneller die tot 2008 de krachtigste 
ter wereld was. Ondanks zijn geslaagde loopbaan in de 
theoretische natuurkunde is zijn waardering voor experimenteel 
onderzoek – mede dankzij Fermilab en CERN – één van zijn 
stokpaardjes geworden: hij vond dat zijn collega-theoretici 
zich te veel blindstaarden op wiskunde en daardoor de fysieke 
werkelijkheid uit het oog dreigden te verliezen. In 1996 keerde 
hij terug naar Bilthoven, waar hij in 2021 is overleden.
—
Door: Joep Nieuwdorp (redactielid Van der Waals)

Martinus Veltman
BNN

Sinds 4 januari jl. is Nederland een bijzondere en eigenzinnige natuurkundige armer. 
Een man met een bijzondere levensloop en een nog bijzonderdere levensprestatie: 
het winnen van de Nobelprijs voor natuurkunde, in samenwerking met Gerard 
't Hooft. Daarnaast ontwikkelde hij de groeibodem van een programma dat ons 
allemaal bekend is: Wolfram Mathematica. Wie is Martinus Veltman?

Waarvan kennen we Veltman?
Samen met Gerard 't Hooft 
Nobelprijswinnaar "voor het 
ophelderen van de kwantum-
structuur van elektrozwakke 
interacties in de natuurkunde."

Ontwikkelaar van Schoonschip, 
een computerprogramma waarop 
andere programma's als Maple 
en Mathematica zijn gebaseerd. B
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